
ACUTE PHASE PROTEINS AS 
EARLY NON-SPECIFIC 

BIOMARKERS OF HUMAN 
AND VETERINARY DISEASES 

 
Edited by Francisco Veas 

 
  



 
 
 
 
 
 
 
 
 
 
Acute Phase Proteins  
as Early Non-Specific Biomarkers of Human and Veterinary Diseases 
Edited by Francisco Veas 
 
 
Published by InTech 
Janeza Trdine 9, 51000 Rijeka, Croatia 
 
Copyright © 2011 InTech 
All chapters are Open Access articles distributed under the Creative Commons  
Non Commercial Share Alike Attribution 3.0 license, which permits to copy,  
distribute, transmit, and adapt the work in any medium, so long as the original  
work is properly cited. After this work has been published by InTech, authors  
have the right to republish it, in whole or part, in any publication of which they  
are the author, and to make other personal use of the work. Any republication, 
referencing or personal use of the work must explicitly identify the original source. 
 
Statements and opinions expressed in the chapters are these of the individual contributors 
and not necessarily those of the editors or publisher. No responsibility is accepted  
for the accuracy of information contained in the published articles. The publisher  
assumes no responsibility for any damage or injury to persons or property arising out  
of the use of any materials, instructions, methods or ideas contained in the book. 
  
Publishing Process Manager Davor Vidic 
Technical Editor Teodora Smiljanic 
Cover Designer Jan Hyrat 
Image Copyright Uguntina, 2011. Used under license from Shutterstock.com 
 
First published September, 2011 
Printed in Croatia 
 
A free online edition of this book is available at www.intechopen.com 
Additional hard copies can be obtained from orders@intechweb.org  
 
 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases, 
Edited by Francisco Veas  
    p. cm.  
ISBN 978-953-307-873-1  



  

free online editions of InTech 
Books and Journals can be found at
www.intechopen.com



 



 
 

 
 

 
 
Contents 
 

Preface IX 

Chapter 1 Acute Phase Proteins as Cancer Biomarkers 1 
W. Shannon Orr, Linda H. Malkas,  
Robert J. Hickey and John A. Sandoval 

Chapter 2 Apolipoprotein H, an Acute Phase Protein, a  
Performing Tool for Ultra-Sensitive Detection and  
Isolation of Microorganisms from Different Origins 21 
Ilias Stefas, Gregor Dubois, Sylvia Tigrett,  
Estelle Lucarz and Francisco Veas 

Chapter 3 Diagnostic Value of Acute Phase Proteins in  
Periodontal, Psychosomatic and Cardiometabolic  
Diseases: Response to Treatment 43 
Mena Soory and Una El-Shinnawi 

Chapter 4 Salivary Acute Phase Proteins  
as Biomarker in Oral and Systemic Disease 69 
Assya Krasteva and Angelina Kisselova 

Chapter 5 Acute Phase Protein’s Levels as Potential Biomarkers  
for Early Diagnosis of Neurodegenerative Diseases 89 
De Pablos V, Barcia C, Yuste-Jiménez JE, Ros-Bernal F,  
Carrillo-de Sauvage MA, Fernández-Villalba E and Herrero MT 

Chapter 6 The Role of the Acute-Phase Proteins in  
the Development and Progression of Liver Diseases 107 
Méndez Sánchez Nahum, Kobashi Margáin Ramón Arturo, 
Gavilanes Espinar Juan, Gutiérrez Grobe Ylse,  
Gutiérrez Jiménez Ángel and Uribe Misael 

Chapter 7 Acute Phase Proteins as Biomarkers of Disease:  
From Bench to Clinical Practice 127 
Francisco J. Salgado, Pilar Arias,  
Ana Canda-Sánchez and Montserrat Nogueira 



VI Contents 
 

Chapter 8 The Acute Phase Protein Complement 1  
Inhibitor is an Indicator of Arterial Stiffness 175 
Jong Kwon Park 

Chapter 9 Veterinary Biomarker Discovery:  
Proteomic Analysis of Acute Phase Proteins  189 
Jamie L. Boehmer and Zohra Olumee-Shabon 

Chapter 10 Acute Phase Proteins in Dairy Cows  
and Sows During the Periparturient Period 211 
Gabriel Kováč, Csilla Tóthová, Oskar Nagy and Herbert Seidel 

Chapter 11 Acute Phase Proteins as Markers  
of Diseases in Farm Animals 231 
Csilla Tóthová, Oskar Nagy, Herbert Seidel and Gabriel Kováč 

Chapter 12 Acute Phase Proteins as Biomarkers  
in Animal Health and Welfare 259 
Jaime Gómez-Laguna, Francisco J. Salguero,  
Francisco J. Pallarés, Irene M. Rodríguez-Gómez,  
Inmaculada Barranco and Librado Carrasco 

Chapter 13 Application of Acute Phase Proteins for  
Monitoring Inflammatory States in Cattle 299 
Burim N. Ametaj, Afshin Hosseini, John F. Odhiambo,  
Summera Iqbal, Sumeet Sharma, Qilan Deng, Tran H. Lam,  
Umar Farooq, Qendrim Zebeli and Suzanna M. Dunn 

Chapter 14 Inflammatory Response and Acute Phase Proteins in  
the Transition Period of High-Yielding Dairy Cows 355 
Erminio Trevisi, Massimo Amadori, Ivonne Archetti, 
Nicola Lacetera and Giuseppe Bertoni 

Chapter 15 Acute Phase Proteins in Cattle 381 
Jawor Paulina and Stefaniak Tadeusz 

 



 



 
  



 
 
 

 
 
 
Preface 
 

A dynamic physiological equilibrium known under the name of homeostasis is 
determined by endogenous factors and by interactions of organisms with their 
exogenous environment. To preserve this equilibrium state, which reflects a healthy 
state of the individual, the organism is constantly sensing and adjusting levels of 
factors involved in these mechanisms participating to the equilibrium. Most of these 
homeostatic factors are well preserved because of their highly relevant functional 
importance for life.  

Depending on species, some of them could vary in their expression, and will be 
adapted to the encountered situations. These conserved innate strategies will not only 
have effects on individuals, but also on populations and moreover in their relations 
with the environmental stimuli (temperature, humidity, chemical, infections, diet).  

A broad and conserved response to internal or external stimuli will very quickly be 
induced, in a matter of  minutes,  to generate a cascade of inflammatory processes in 
order to reestablish the homeostatic state in the organism as soon as possible. Stimuli 
inducing homeostatic changes can be of different nature: trauma, toxin, infection, 
genetic dysfunction, childbirth, etc. 

The process of acute inflammation is initiated by cells already present in all tissues, 
including macrophages, dendritic cells, Kupffer cells. These cells harbor surfaces 
pattern recognition receptors (PRRs), which recognize at the beginning of the 
infectious process, exogenous molecules broadly shared by pathogens (pathogen-
associated molecular patterns, PAMPs), but not by the host. Important addition to 
PAMPs, but to a lesser extent, are non-pathogenic microorganisms which also harbor 
the highly conserved molecules recognized as non-self that will induce a very low 
level of local inflammation. This response is amplified by endogenously released 
mediators and by co-factors or concomitant stressful events (burn, trauma, apoptosis, 
etc.) as well as molecular mechanisms involved in the vicious circle of destruction-
reconstruction of vessels and tissues, acting through injury-associated signals known 
as Damage-Associated Molecular Patterns (DAMPs or Alarmins) and acute phase 
proteins. Moreover, some of the APP are also antimicrobials exhibiting a wide range of 
defensive functions, that alongside their repair functions help to reduce pathologic 
damage, and consequently help to restore the homeostasis. 
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The maintaining of homeostasis requires rapid and short acute inflammatory 
responsiveness. Inflammatory mediators, including APP, exhibit short half-lives, 
which ensures that the inflammatory phenomenon ceases as soon as the stimulus 
disappears. In contrast, the presence of APP at increased levels can be considered as 
sensitive sensor of homeostasis disruption. Persisting levels of APP are observed in 
chronic diseases.  

The inflammation process is strongly associated with vascular changes as vasodilation 
and its resulting increased blood flow causes the redness (rubor) and increased heat 
(calor) as well as an augmented permeability resulting in a plasma protein leakage into 
the tissue causing edema, observed as swelling (tumor) and pain (dolor). Activated cells 
will then migrate the injury site. Depending on the intensity of inflammation and the 
organ in question, it is possible to observe the fifth component of inflammation as 
described by Aulus Cornelius Celsus in his treatise On Medicine (1st century BC) -  loss 
of function (functio laesa) that results from cross talk between inflammation process 
and the central nervous system. 

 
The two volumes of Acute Phase Proteins book consist of chapters that give a large 
panel of fundamental and applied knowledge on one of the major elements of the 
inflammatory process during the acute phase response, i.e., the acute phase proteins 
expression and functions that regulate homeostasis. We have organized this book in 
two volumes - the first volume, mainly containing chapters on structure, biology and 
functions of APP, the second volume discussing different uses of APP as diagnostic 
tools in human and veterinary medicine. 

By using an open access publishing model, we wanted to facilitate a large access to 
readers from different places all over the world, notably developing countries, with 
the aim of contributing to a better world of knowledge. We also wanted to dedicate 
this book to our colleagues from both academia and industry in order to create values 
of knowledge in the field of control of inflammatory processes occurring in diverse 
diseases to improve the management efficacy of a more personalized medicine.  

At present, CRP and SAA are the most responsive APP during inflammatory 
processes in humans. In most cases they are associated with the erythrocyte 
sedimentation rate (ESR) marker, which strongly depends on high fibrinogen 
concentration allowing the sticking between erythrocytes. In mice, some changes are 
also reported for SAA. Despite the fact that the field of inflammation and its associated 
factors, including APP, cytokines antimicrobial peptides, etc., have been observed and 
studied from very ancient times, a detailed and updated knowledge is urgently 
needed as well as pivotal in future research for an integrative personalized medicine 
that takes into account several parameters including nutritional and systemic factors. 
Particularly, with the help of large-scale identification methods, such as proteomics, 
transcriptomics, metabolomics and interactomics, it should be important to get more 
precise data on kinetic and on the individual role of each APP within the network of 
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the acute phase responsive elements.  Thus, it should be important, in this research, to 
consider organs involved in this complex network - the central nervous system that 
reflects its involvement by fever, somnolence, anorexia, over-secretion of some 
hormones, liver being the main provider of APP, epithelial cells that produce cationic 
antimicrobials, bone being the site of erythropoiesis suppression and thrombosis 
induction, and the adrenal gland that produces cortisol to regulate inflammatory 
inducers, adipose tissue that induces changes in lipids metabolism.   

As a final note, I would like to thank InTech's editorial staff, particularly Mr. Vidic 
who managed, with patience, difficult tasks in helping the organization of chapter 
reviewing and finalization process.   

 
Francisco Veas, PhD 

Comparative Molecular Immuno-Physiopathology Lab 
UMR-MD3 Faculty of Pharmacy, University Montpellier 1, Montpellier 

France 
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1. Introduction  
Interactions between tumor cells and the host microenvironment have been shown to play a 
significant role in the initiation, progression, and invasiveness of human cancer. The 
complex changes in the tumor microenvironment have been shown to modulate the 
activation of the different arms of the host immune system including the acute phase 
response. Acute phase changes are mediated by several serum proteins [acute phase 
proteins (APP)] whose concentrations may increase (positive APP) or decrease (negative 
APP) as a result of varied clinical conditions, including cancer. To date, a body of evidence 
suggests APP may have a profound impact on cancer growth and appear to court a 
protective immune response by co-opting the body’s innate immune system. In this review, 
we discuss the impact of the host tumor response in relation to acute phase proteins and 
examine literature characterizing APP as helpful cancer biomarkers. Insights gained into the 
mechanism of action of acute-phase reactants towards malignancy and how they are 
induced could be exploited for the future development of more specific and targeted cancer 
biomarker strategies. 

2. Microenvironment and cancer 
In recent decades, the tumor microenvironment has received much attention as compelling 
evidence has demonstrated that a battery of various components interact to play a critical 
role in establishing fertile ground for tumor growth and progression. The neoplastic 
microenvironment roughly includes immune cells (lymphocytes, natural killer cells, and 
antigen presenting cells), stromal cells (including myofibroblasts), and vasculature (see 
Fig.1). Tumor microenvironment has been shown to contribute to tumor growth. Stromal 
cells stimulate cancer cell growth and invasion through the chemokine–chemokine receptor 
axis.(Orimo et al 2005;Polyak & Hahn 2006) Tumor vasculature allows nutrients and oxygen 
uptake by tumors and tumor-infiltrating immune cells anergize the immune effectors. In the 
present work, we will review the relevant interactions between tumor microenvironment 
and solid tumors that aid in creating the conditions for supporting tumor cell survival and 
metastasis. In particular, one important response is the host reaction to a cancer that 
promotes an inflammatory microenvironment. It is clear that this inflammatory 
environment associated with solid tumors can exert pro-and and anti-tumor functions and 
this response can play a central role in modulating cancer development. 
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Fig. 1. Representation of the microenvironment alterations in response to tumor growth. 
Adapted from (Allen & Louise 2011) 

2.1 Cancer microenvironment and acute phase proteins 
As the tumor microenvironment plays a fundamental role in both the organization of and 
the escape from anticancer immune responses, the dynamic interplay of the 
proinflammatory mediators has long supported the notion that inflammation and cancer are 
interelated. Links between cancer and inflammation were first made in the nineteenth 
century, on the basis of observations that tumors often arose at sites of chronic inflammation 
and that inflammatory cells were present in biopsied samples from tumours.(Balkwill & 
Mantovani 2001) The idea that these processes are connected was out of favour for more 
than a century, but there has been a recent resurgence in interest. Several lines of 
evidence(Balkwill et al 2005;Balkwill & Mantovani 2001;Coussens & Werb 2002;Karin 2006) 
— based on a range of findings, from epidemiological studies of patients to molecular 
studies of genetically modified mice have led to a general acceptance that inflammation and 
cancer are linked. General hallmarks of cancer-related inflammation include the presence of 
inflammatory cells and inflammatory mediators (for example, chemokines, cytokines and 
prostaglandins) in tumour tissues, tissue remodelling and angiogenesis similar to that seen 
in chronic inflammatory responses, and tissue repair. These signs of 'smoldering' 
inflammation (Balkwill, Charles, & Mantovani 2005;Roxburgh & McMillan 2010)  are also 
present in tumors for which a firm causal relationship to inflammation has not been 
established. Indeed, inflammatory cells and mediators are present in the microenvironment 
of most, if not all, tumors, irrespective of the trigger for development. The cytokines 
interleukin-6 (IL-6), tumor necrosis factor alpha (TNFα) and interleukin-1 beta (IL-1β) are 
critical mediators of the systemic inflammatory response. As a result, these cytokines are 
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main stimulators for the synthesis of an acute-phase response. A variety of other modulators 
may affect APP responses, which include glucocorticoids, insulin and growth factors such as 
epidermal growth factor, hepatocyte growth factor and transforming growth factor . To 
this effect, the presence of a systemic inflammatory response detected through the 
measurement of acute-phase reactants is considered a poor prognostic factor for various 
cancers. 

3. Acute phase proteins in cancer 
A number of well characterized APP have been linked to distinct cancer types and stages of 
malignancy (See Table 1). C-reactive protein (CRP), serum amyloid A (SAA), -1 
glycoprotein (AGP), haptoglobin (HAP), α-1 antichymotrypsin (ACT), and complement 
proteins represent major positive host response reactants that play different functional roles 
and have relevance to different types of cancer in humans. The following sections describe 
compiled data showing support for APPs in distinct human cancers in addition to 
prognostic significance. 
 

 
Table 1. Acute phase protein expression levels in various cancer types [AAT, α1-antitrypsin; 
ABG, α1-B glycoprotein; ACT, α1-antichymotrypsin; AHS, α2-HS glycoprotein; ATR, 
Antithrombin III; CFB ,Complement factor B; CLU, Clusterin; CPL, Ceruloplasmin; CRP, C-
reactive protein; HAP, Haptoglobin; KNG, Kininogen; LRG, Leucine-rich glycoprotein;  
ZAG, Zinc α2-glycoprotein] Adapted from (Pang et al 2010). 
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3.1 Gastrointestinal (esophagus, stomach, pancreatic, and colorectal) 
3.1.1 Esophagus 
Worldwide, esophageal carcinoma affects approximately 480,000 people per year.(Jemal et 
al 2011)  The prognosis of esophageal cancer remains poor. Most patients are still diagnosed 
with advance stage disease. Advances in neoadjuvant therapy and surgical technique have 
improved the 5 year survival up to 40-50% in patients with localized disease. Patients with 
advanced disease have a 5 year survival of 15%. Accurate staging therefore is essential in 
patients with esophageal cancer. Many investigators have correlated CRP with esophageal 
cancer. Acute phase protein levels are thought to reflect the host response to the biological 
behavior of a tumor. The mean CRP level in patients with esophageal cancer has been found 
to be elevated compared to patients with benign pathology.(Guillem & Triboulet 2005)  CRP 
has been shown to be elevated in both adenocarcinoma (AC) and squamous cell carcinoma 
(SCCA) of the esophagus.(Gockel et al 2006;Nozoe et al 2001;Wang et al 2009)  Nozoe et al 
showed there was no statistical difference in the CRP levels between AC and SCCA.(Nozoe, 
Saeki, & Sugimachi 2001) Elevated CRP in both AC and SCCA correlates with tumor depth, 
lymph node invasion and metastasis.(Gockel, Dirksen, Messow, & Junginger 2006;Ikeda et 
al 2003;Nozoe, Saeki, & Sugimachi 2001;Shimada et al 2003;Wang, Hsieh, Chiu, Li, Huang, 
Fang, & Huang 2009)  Patients with upper third esophageal cancer have a higher CRP level 
than patients with middle and lower third cancers.(Wang, Hsieh, Chiu, Li, Huang, Fang, & 
Huang 2009) An elevated pretreatment CRP is also associated with decrease survival 
compared to patients with normal CRP levels(Gockel, Dirksen, Messow, & Junginger 
2006;Ikeda, Natsugoe, Ueno, Baba, & Aikou 2003;Nozoe, Saeki, & Sugimachi 2001;Shimada, 
Nabeya, Okazumi, Matsubara, Shiratori, Aoki, Sugaya, Miyazawa, Hayashi, Miyazaki, & 
Ochiai 2003;Wang, Hsieh, Chiu, Li, Huang, Fang, & Huang 2009;Zingg et al 2010). Zingg et 
al showed that an elevated serum CRP level independent prognostic indicator for survival 
in patients with esophageal cancer. In patients that underwent neoadjuvant therapy 
followed by esophagectomy, patients with normal CRP levels had a significant survival 
advantage compared to patient with an elevated CRP (median survival 65.4 moths and 5-
year survival 52.1% compared to median survival 18.7 months vs 5-year survival 23.3%, 
p=0.027).(Zingg, Forberger, Rajcic, Langton, & Jamieson 2010) Data for other acute phase 
proteins in esophageal cancer is limited. An et al showed in a small study that SAA and 
HAP were elevated in patients with esophageal cancer.(An et al 2004) 

3.1.2 Stomach 
Worldwide, an estimated total of 989,600 new stomach cancer cases and 738,000 deaths are 
estimated to have occurred in 2008. Over 70% of new cases and deaths occur in developing 
countries. (Jemal, Bray, Center, Ferlay, Ward, & Forman 2011) The prognosis for gastric 
cancer is poor because of advanced disease at diagnosis. (Collard et al 2003) To improve the 
poor survival outcome and help identify earlier diagnosis, there is a need for new and more 
sensitive biomarkers. 
CRP has been shown to be elevated in patients with gastric cancer compared to healthy 
controls. (Ilhan et al 2004;Kim et al 2009;Lukaszewicz-Zajac et al 2010;Tsavaris et al 2005) 
Elevated CRP (>3mg/L) is associated with infiltrative type, larger tumors, serosal invasion, 
lymph node metastasis, distant metastasis. (Chang et al 2010;Kim, Oh, Kwon, Lee, Kwon, 
Kim, Kim, Kim, Jang, Kim, Kim, Han, & Kim 2009;Lukaszewicz-Zajac, Mroczko, Gryko, 
Kedra, & Szmitkowski 2010) Chang et al showed that 5-year survival rate of patients with an 
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elevated CRP was significantly worse than those without (<3.0mg/L).(Chang, Sun, Pai, 
Wang, Hsieh, Kuo, & Wang 2010) 
SAA has been shown to be elevated in gastric cancer. Elevated SAA was associated with 
tumor size, depth of tumor, lymph node metastasis, and tumor location.(Chan et al 
2007;Chang, Sun, Pai, Wang, Hsieh, Kuo, & Wang 2010) Chang et al showed that SAA 
increased 2.10mg/L for each 1mm increase in tumor size and SAA concentration was higher 
in patients with tumors located in the upper portion of the stomach compared to the lower 
stomach. SAA was also elevated in patients with recurrent cancer compared to those who 
did not recur. 
AAT has been reported to be elevated in patients with gastric cancer compared to healthy 
controls. There has not been any correlation with an elevated AAT and disease status or 
patient outcome. Several reports have corroborated elevated levels of AAT in gastric juice in 
patients with gastric cancer compared with healthy controls. (Hsu et al 2007;Lee et al 2004) 

3.1.3 Pancreas 
Pancreatic cancer is the fourth most common cause of cancer-related death in the United 
States. The five-year survival is about 4%, which is the lowest among all cancers. The high 
mortality rate is due to patients presenting with advanced stage of the disease due to the 
early aggressiveness of this cancer, the inability to diagnose it early and the currently lack of 
effective therapies. Surgical resection is the only potentially curative treatment for 
pancreatic cancer. Only 10-20% of patients diagnosed with pancreatic cancer are able to 
undergo surgical resection due to advanced presentation at diagnosis. Advances are needed 
to help accurately detect pancreatic cancer early in its disease process. 
Circulating levels of CRP have been found to be significantly elevated in patients with 
pancreatic cancer compared to healthy controls.(Mroczko et al 2010;Orchekowski et al 2005) 
There was a significant increase in CRP levels with more advanced stages of pancreatic 
cancer. Patients with an elevated pre-operative CRP level were found at surgery to have an 
increase in tumor size, vascular invasion, and poor differentiated tumors.(Jamieson et al 
2005)  Serum levels of CRP have been found to be independent predictor of survival in both 
patients with resectable pancreatic adenocarcinoma and metastatic disease.(Falconer et al 
1995;Jamieson, Glen, McMillan, McKay, Foulis, Carter, & Imrie 2005;Pine et al 
2009;Tingstedt et al 2007) Falconer et al in a respective review of 102 patients with 
unresectable pancreatic cancer found the presence of an acute-phase response to be the most 
significant independent predictor of survival duration.(Falconer, Fearon, Ross, Elton, 
Wigmore, Garden, & Carter 1995)  The median survival of those was an acute-phase 
response was 66 days compared to 222 days for those with no acute phase response. 
Other APP, SAA, AAT, APE, and HAP have been reported as being elevated in patients 
with pancreatic cancer but the correlation with tumor pathology and survival data is 
lacking.(Deng et al 2007;Firpo et al 2009;Koomen et al 2005;Orchekowski, Hamelinck, Li, 
Gliwa, vanBrocklin, Marrero, Vande Woude, Feng, Brand, & Haab 2005;Trichopoulos et al 
1990;Yu et al 2005) Firpo et al demonstrated that HPT and SAA were both elevated in 
patients with pancreatic cancer compared to healthy controls and patients with other benign 
pancreatic diseases. The addition of HAP and SAA improved detection of pancreatic cancer 
when they were added to a screening panel.(Firpo, Gay, Granger, Scaife, DiSario, Boucher, 
& Mulvihill 2009) Trichopoulos et al demonstrated that patients with an elevated AAT at the 
time of diagnosis had a significantly shorter survival. 
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3.1.4 Colorectal 
Yearly, there are approximately 1.2 million new colorectal cancer cases and 608,700 deaths 
are estimated to occur. (Jemal, Bray, Center, Ferlay, Ward, & Forman 2011) Colorectal cancer 
is curable if detected early. New methods are needed to help detect colorectal cancer and 
patients that are at high risk for developing metastatic disease and reoccurrence. 
The association of serum CRP levels with risk of colorectal cancer has been examined in 
several prospective studies. The results of these studies have been inconsistent. 
(Aleksandrova et al 2010;Erlinger et al 2004;Gunter et al 2006;Ito et al 2005;Zhang et al 2005) 
In several prospective studies, patients with an elevated baseline CRP were at a higher risk 
for developing colon cancer compared to rectal cancer.(Aleksandrova, Jenab, Boeing, Jansen, 
Bueno-de-Mesquita, Rinaldi, Riboli, Overvad, Dahm, Olsen, Tjonneland, Boutron-Ruault, 
Clavel-Chapelon, Morois, Palli, Krogh, Tumino, Vineis, Panico, Kaaks, Rohrmann, 
Trichopoulou, Lagiou, Trichopoulos, van Duijnhoven, Leufkens, Peeters, Rodriguez, Bonet, 
Sanchez, Dorronsoro, Navarro, Barricarte, Palmqvist, Hallmans, Khaw, Wareham, Allen, 
Spencer, Romaguera, Norat, & Pischon 2010;Erlinger, Platz, Rifai, & Helzlsouer 2004;Gunter, 
Stolzenberg-Solomon, Cross, Leitzmann, Weinstein, Wood, Virtamo, Taylor, Albanes, & 
Sinha 2006)  In these studies, persons in the highest quartile of CRP concentration had 
greater than a 3-fold increase risk of developing colon cancer compared with those in the 
lowest quartile. Erlinger et al found persons who subsequently developed colon cancer, the 
median CRP was 2.69 vs 1.97mg/L for matched controls (P<.001).(Erlinger, Platz, Rifai, & 
Helzlsouer 2004)  CRP has been shown to be elevated in patients with colorectal cancer 
compared to controls.(Aleksandrova, Jenab, Boeing, Jansen, Bueno-de-Mesquita, Rinaldi, 
Riboli, Overvad, Dahm, Olsen, Tjonneland, Boutron-Ruault, Clavel-Chapelon, Morois, Palli, 
Krogh, Tumino, Vineis, Panico, Kaaks, Rohrmann, Trichopoulou, Lagiou, Trichopoulos, van 
Duijnhoven, Leufkens, Peeters, Rodriguez, Bonet, Sanchez, Dorronsoro, Navarro, Barricarte, 
Palmqvist, Hallmans, Khaw, Wareham, Allen, Spencer, Romaguera, Norat, & Pischon 
2010;Kaminska et al 2000;Kemik et al 2010)   Elevated CRP concentrations are associated 
with tumor length, poorly differinated histology, tumor depth, lymph node metastasis, liver 
metastases, and Duke’s stage.(Nozoe et al 1998;Nozoe et al 2008) There has been controversy 
as to an elevated CRP is an independent prognostic indicator.(Chung & Chang 
2003;McMillan et al 2003;Nielsen et al 2000;Nozoe, Mori, Takahashi, & Ezaki 2008;Simpson 
et al 1995)  Nozoe et al showed the 5-year survival rates in patients with elevated CRP levels 
was 28.8% compared to 94.3% in patients with normal CRP levels.(Nozoe, Mori, Takahashi, 
& Ezaki 2008) 
SAA has been found to be elevated in patient with colorectal cancer compared to healthy 
controls.(Glojnaric et al 2001) Glojnaric et al showed that mean pre-operative SAA 
concentration was 38mg/l in patients with Dukes stage B and C colorectal carcinoma. SAA 
concentrations have been shown to increase with advanced stage in colorectal cancer.(Biran 
et al 1986)  Several studies have shown that patients with colorectal cancer have higher 
levels of circulating HAP and AAT.(Park et al 2010;Ward et al 1977) Patients that developed 
recurrence within 2 years or developed hepatic metastases had elevated HPT and 
AAT.(Ward, Cooper, Turner, Anderson, & Neville 1977) 

3.2 Lung 
In 2008, lung cancer was the most commonly diagnosed cancer and the leading cause of 
cancer death in males. In females, it is the fourth most diagnosed cancer and the second 
leading cause of cancer death. (Jemal, Bray, Center, Ferlay, Ward, & Forman 2011) The 
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expected 5-year survival for all patients diagnosed with lung cancer is 15%. Surgical 
resection of non-small cell lung cancer (NSCLC) offers the potential for cure, but there is 
often difficulty in selecting suitable patients for surgical resection. Newer approaches are 
needed to aid in earlier diagnosis. 
The Rotterdam Study (Siemes et al 2006) found that high levels (>3mg/L) of CRP were 
associated with an increased incidence of lung cancer. There was an age-, sex-, and smoking-
adjusted hazard ratio for incident lung cancer of 2.8 when CRP levels were elevated. After 
the 5-year latent period, the hazard ratio was reduced to a 2.1 fold risk increase. Elevated 
pre-operative CRP levels have been found to be an independent and significant prognostic 
indicator in patients with NSCLC. Elevated pre-operative CPR level is associated with 
increase maximum pathologic tumor size, lymphovascular invasion, and inability to achieve 
complete resection in patients with NSCLC.(Hara et al 2007;Jones et al 2006;Lee et al 2009)    
Disease specific survival and overall survival were significantly decreased in patients with 
elevated pre-operative CRP compared to non-elevated CRP patients, which is independent 
of TNM stage. (Hara, Matsuzaki, Shimuzu, Tomita, Ayabe, Enomoto, & Onitsuka 
2007;O'Dowd et al 2010) 
SAA was found to be higher in patients in patients with NSCLC compared to healthy 
controls.(Benson et al 1986;Dowling et al 2007;Gao et al 2005;Howard et al 2003;Liu et al 
2007)  Howard BA et al found SAA to elevated at 286ng/mL in serum of lung cancer 
patients compared to 34.1ng/mL in serum of control patients. Elevated levels of SAA 
correlated with increase in the clinical stages I-IV and were higher in patients with 
squamous cell carcinoma.(Liu, Wang, Zhang, Dai, Liu, Liu, Wu, Yang, Fu, Xiao, & He 2007)  
SAA has been shown to be a prognostic biomarker. Patients with a survival ≥ 5years had a 
significantly lower SAA than patients with a survival < 5 years.(Cho et al 2010) 
Circulating levels of HAP has been shown to be elevated as high as three-fold in patients 
with SCLC compared to healthy controls.(Bharti et al 2004;Dowling, O'Driscoll, Meleady, 
Henry, Roy, Ballot, Moriarty, Crown, & Clynes 2007) Bharti et al showed a tendency of 
increased survival when HAP was <1.9. AAT and apolipoprotein A-1 (ApoA-1) have been 
also shown to be elevated in lung cancer compared to healthy controls. (Dowling, 
O'Driscoll, Meleady, Henry, Roy, Ballot, Moriarty, Crown, & Clynes 2007;Gao, Kuick, 
Orchekowski, Misek, Qiu, Greenberg, Rom, Brenner, Omenn, Haab, & Hanash 2005) 

3.3 Melanoma 
Malignant melanoma is a cutaneous neoplasm known for its highly aggressiveness, early 
dissemination, and poor prognosis once metastasized. It is estimated that 68, 130 cases of 
invasive malignant melanoma and at least 48,000 cases of melanoma in-situ will be diagnosed 
in the US this year. (Rigel 2010)  Numerous biomarkers help determine exist to help determine 
the prognosis of patients with distant metastases; S100B and lactate dehydrogenase (LDH )are 
the most widely distributed clinical markers, yet these fail to predict disease progression, 
relapse or metastasis in early-stage melanoma.(Findeisen et al 2009) 
CRP levels have been found to be elevated in all stages of melanoma. High levels of 
circulating CRP has been associated with a reduced overall survival in early disease stages 
(stage I to III) and late stage (stage IV).(Findeisen, Zapatka, Peccerella, Matzk, Neumaier, 
Schadendorf, & Ugurel 2009)  Circulating levels of CRP correlate with clinical response to 
interleukin-2 (IL-2) based immunotherapy. (Tartour et al 1994)   Tartour et al found patients 
with CRP levels >10 has a poor clinical response to IL-2 therapy and poor survival 
compared to patients with lower CRP levels. In a prospective study by Deichman et al, CRP 



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

8 

was significantly elevated in stage IV melanoma patients compared to stage I to stage III, 
whereas LDH was not. (Deichmann et al 2004)  They concluded that LDH provided no 
additional information to CRP. 
Circulating levels of SAA was found to be prognositic in melanoma patients.(Findeisen, 
Zapatka, Peccerella, Matzk, Neumaier, Schadendorf, & Ugurel 2009) SAA levels less than 
10mg/mL showed favorable survival complared to patients with high serum levels. SAA 
levels were prognostic when patients were analyzed separately in stage I-III and stage IV. 
ACT has been shown to be elevated in metastatic melanoma. Patients with stage III 
melanoma with low ACT levels, survived 43.4 months compared to 18.5 months in patients 
with high levels of ACT, p = 0.048).(Wang et al 2010)  Similar results were seen with stage IV 
disease. 

3.4 Renal cell 
Renal cell carcinoma (RCC) is difficult to diagnose due to lack of clinical symptoms. 
Approximately 40% of patients with RCC have a metastasis at the time of diagnosis and 
approximately 25-30% of patients will develop metastatic tumors within 5 years after 
nephrectomy.(Cohen & McGovern 2005)  Metastatic RCC has a poor prognosis with a 
median overall survival of about 1 year.(Bleumer et al 2003)  The need for reliable markers 
for diagnosis and follow-up of RCC remains. 
CRP has been shown to be elevated in patients with localized and metastatic RCC. 
(Casamassima et al 2005;Cho et al 2011;Ito et al 2006;Jagdev et al 2010;Komai et al 2007;Saito 
et al 2009)  Patients with localized RCC and elevated CRP levels have been found to have 
larger tumors, higher percentages of lymph node metastasis, higher histological grade and 
higher percentages of microvascular invasion.(Cho, Kim, Lee, Ahn, Kim, & Kim 2011;Ito, 
Asano, Yoshii, Satoh, Sumitomo, & Hayakawa 2006;Komai, Saito, Sakai, & Morimoto 2007)  
Elevated circulating levels of CRP have been shown to be independent factor of disease 
specific survival (DSS) and recurrence free survival (RFS).(Cho, Kim, Lee, Ahn, Kim, & Kim 
2011;Ito, Asano, Yoshii, Satoh, Sumitomo, & Hayakawa 2006;Jagdev, Gregory, Vasudev, 
Harnden, Sim, Thompson, Cartledge, Selby, & Banks 2010;Komai, Saito, Sakai, & Morimoto 
2007) Komai Y et al showed the 5- and 10-year DSS rates with patients with elevated CRP 
were 75% and 30% compared to both 93% in patients with normal CRP (p<0.001)  
Circulating levels of CRP have been shown to be elevated in patients with metastatic RCC 
and predictive of overall survival.(Casamassima, Picciariello, Quaranta, Berardino, Ranieri, 
Paradiso, Lorusso, & Guida 2005;Saito, Tatokoro, Fujii, Iimura, Koga, Kawakami, & Kihara 
2009) Saito et al showed overall survival was significantly different in patients with elevated 
CRP levels who did not normalize while on treatment. Patients with metastatic non-elevated 
CRP levels had a 2-year survival of 69% compared to 4% in patients with elevated CRP that 
did not normalize. 
Circulating levels of SAA has been shown to be elevated in patients with RCC.(Engwegen et 
al 2007;Kimura et al 2001;Ramankulov et al 2008;Tolson et al 2004;Wood et al 2010)  Elevated 
levels of SAA correlated with increased tumor stage, tumor grade, and metastasis.(Kimura, 
Tomita, Imai, Saito, Katagiri, Ohara-Mikami, Matsudo, & Takahashi 2001;Ramankulov, Lein, 
Johannsen, Schrader, Miller, Loening, & Jung 2008)  In relation to histological features, 
median SAA concentration in clear cell, papillary and chromophobe subtypes were not 
statistically different.(Ramankulov, Lein, Johannsen, Schrader, Miller, Loening, & Jung 2008)   
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SAA concentrations have been shown to be an independent prognostic factor for outcome in 
patients with RCC. Patient with high circulating levels of SAA had shorter survival times 
compared to patients with non-elevated SAA.(Kimura, Tomita, Imai, Saito, Katagiri, Ohara-
Mikami, Matsudo, & Takahashi 2001;Ramankulov, Lein, Johannsen, Schrader, Miller, 
Loening, & Jung 2008;Wood, Rogers, Cairns, Paul, Thompson, Vasudev, Selby, & Banks 
2010) 

3.5 Ovarian 
Worldwide, there is approximately 225,000 new cases of ovarian cancer diagnosed 
yearly.(Jemal, Bray, Center, Ferlay, Ward, & Forman 2011)  The 5-year survival for patients 
with early-stage ovarian cancer is approximately 95%, but it is 25% for advanced-stage 
disease. In 80% of patients with ovarian cancer, the disease is already advanced at the time 
of initial diagnosis. This highlights the need for early diagnosis to decrease the morbidity 
and mortality of ovarian cancer. 
Ovarian cancer risk is positively associated with increasing serum levels of CRP 
concentration.(McSorley et al 2007)  In a multicenter, nested, case-control study, McSorley et 
al found a significant increased risk of developing ovarian cancer with increasing serum 
CRP levels. There was a two -fold risk of developing ovarian cancer was observed among 
women with CRP levels within a range of 3 to 10mg/L, as compared to women with CRP 
levels less than 1mg/L. CRP has been shown to be significantly elevated in patients with 
ovarian cancer.(Bertenshaw et al 2008;Edgell et al 2010;Hefler et al 2008;Hefler-Frischmuth 
et al 2009;Kodama et al 1999;Maccio et al 1998)  Circulating levels of CRP have been shown 
to correlate with International Federation of Gynecologists and Obstetricians stage (FIGO), 
post-operative residual tumor.(Hefler, Concin, Hofstetter, Marth, Mustea, Sehouli, 
Zeillinger, Leipold, Lass, Grimm, Tempfer, & Reinthaller 2008;Hefler-Frischmuth, Hefler, 
Heinze, Paseka, Grimm, & Tempfer 2009)  Hefler et al demonstrated patients with platinum-
resistant epithelial ovarian cancer (EOC) had a significantly higher CRP serum levels 
compared with patients with platinum-sensitive EOC. Elevated serum CRP is a significant 
prognostic factor in patients with EOC. Hefler et al found women with an elevated CRP 
(>1mg/L) had a 5-year overall survival of 58.5% versus 82% in women with normal CRP 
(<1mg/L). 
Several other AAP have been reported to be elevated in ovarian cancer, but the correlation 
with tumor stage and prognosis is lacking. SAA has been shown to be elevated in patients 
with ovarian cancer.(Edgell, Martin-Roussety, Barker, Autelitano, Allen, Grant, & Rice 
2010;Helleman et al 2008; Moshkovskii et al 2007a;Moshkovskii et al 2007b) Edgell et al 
found the mean SAA in patients with ovarian cancer to be 113ng/mL compared to 5ng/mL 
in healthy controls. HAP has been demonstrated to be elevated in patients with ovarian 
cancer.(Bertenshaw, Yip, Seshaiah, Zhao, Chen, Wiggins, Mapes, & Mansfield 2008;Ye et al 
2003)  Bertenshaw et al found AAT to be elevated in patients with ovarian cancer compared 
to controls.(Bertenshaw, Yip, Seshaiah, Zhao, Chen, Wiggins, Mapes, & Mansfield 2008) 
Circulating levels of ApoA-1 has been shown to be decreased compared to healthy 
controls.(Bertenshaw, Yip, Seshaiah, Zhao, Chen, Wiggins, Mapes, & Mansfield 2008;Nosov 
et al 2009;Su et al 2007;Zhang et al 2004) Nosov V et al demonstrated that patients with late 
stage ovarian cancer had an ApoA-1 level of 88.10mg/dL compared to 154.36mg/dL for 
healthy controls. 
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3.6 Breast 
Worldwide breast cancer is the most frequently diagnosed cancer among women and the 
leading cause of cancer death in females. In 2008, breast cancer accounted for 1.38 million 
(23%) o the total new cancer cases and 458,000 (14%) of the total cancer deaths in 
females.(Jemal, Bray, Center, Ferlay, Ward, & Forman 2011)  Chronic inflammation has been 
shown to contribute to breast cancer development and progression. Chronic inflammation 
promotes mammary tumor development through mechanisms involving chronic activation 
of humoral immunity and infiltration of Th2 cells and polarized innate inflammatory 
cells.(DeNardo & Coussens 2007)  Inflammatory status is suggested to be a prognostic factor 
for breast cancer. 
The association between circulating concentrations of CRP levels have been widely 
analyzed. There is conflicting reports between baseline levels of CRP and developing breast 
cancer. Rotterdam Study reported a 28% increase in breast cancer risk was associated with 1-
unit increase of CRP levels above baseline.(Siemes, Visser, Coebergh, Splinter, Witteman, 
Uitterlinden, Hofman, Pols, & Stricker 2006)  There was no statistically significantly 
associated breast cancer risk in studies conducted by Il’yasova et al and Trichopoulos et 
al.(Il'yasova et al 2005;Trichopoulos et al 2006)  Results from studies assessing the 
association of NSAIDs and statins, which are also known to lower CRP levels, and breast 
cancer risk have also been mixed. The circulating levels of CRP have been found to be 
higher in patients with breast carcinoma compared to healthy controls. (O'Hanlon et al 2002)   
Significant increases in circulating levels of CRP correlate with increase tumor size, lymph 
node involvement and distant metastasis. As the stage of the disease increased, CRP levels 
increased proportionally. (O'Hanlon, Lynch, Cormican, & Given 2002;Ravishankaran & R K 
2011) Results from several studies have shown an association between CRP and survival in 
patients with metastatic disease.(Al Murri et al 2007;Albuquerque et al 1995;Pierce et al 
2009)  Pierce et al also found that elevated CRP levels were associated with reduced disease-
free survival.(Pierce, Ballard-Barbash, Bernstein, Baumgartner, Neuhouser, Wener, 
Baumgartner, Gilliland, Sorensen, McTiernan, & Ulrich 2009) 

3.7 Neuroblastoma 
Neuroblastoma (NB) is the most common extracranial solid tumor of childhood. Despite 
treatment which may involve multimodality approaches, children with high-risk disease 
still have an overall survival rate of less than 40% despite multi-modality therapy.(Maris et 
al 2007) This highlights the need for earlier detection of advanced stage NB. 
While limited in number, studies have corroborated circulating levels of several acute phase 
proteins to be elevated in children with NB. Serum concentrations of apolipoprotein A-IV 
(ApoA-IV), HAP, AAT and SAA have been shown to be elevated in children with NB 
compared to healthy controls.(Combaret et al 2005;Gerson et al 1977;Lipinska et al 
1992;Sandoval et al 2007) Work from our laboratory demonstrated that ApoA-IV, HAP, and 
SAA were increased in patients with advanced stage neuroblastoma compared to healthy 
controls (Sandoval et al 2007). Others have shown CRP, HP and AAT were higher in 
patients with poor prognosis patient compared to good prognosis patients (Lipinska et 
al1992). Finally, work by Gerson et al demonstrated the APP response returned to normal in 
all patients that responded to treatment by surgery, radiation and chemotherapy, but rose 
again with recurrence of disease. These studies support the notion of an inflammatory 
response to the tumor maybe detected and potentially used as complementary cancer 
markers. 
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4. Profiling acute phase proteins 
Advances in proteomics technologies have provided an important tool that can 
systematically identify and quantify steady-state or perturbation-induced changes in a 
complex biological system in a high throughput fashion. There has been a great interest in 
applying this technology to cancer biomarker discovery. Yet the clinical translation of 
proteomic technology and bioinformatics tools to human samples, such as in the area of 
cancer biomarkers, represents one of the major opportunities and challenges facing this 
field. An ongoing challenge in proteomics continues to be the analysis of the serum 
proteome due to the vast number and complexity of proteins estimated to be present in this 
biofluid. The enormous diversity in protein species and post-translational modifications of 
proteins, and the vast differences in protein abundance, create major challenges, as well as a 
great opportunity, in employing quantitative plasma proteomics for biomarker discovery. 
Nonetheless, an active area of interest includes enrichment strategies for optimal biomarker 
candidates from serum and plasma. 
As proteomics aims for the full identification and quantification of all expressed proteins, 
profiling strategies usually are applied on sub-sets of the proteome. The expression of serum 
proteins can be analyzed concurrently by using the gel-based proteomic technology. This is 
appropriate for studying the acute-phase response, which involves the simultaneous altered 
expression of serum proteins in association to inflammation, infection, injury or cancer. 
Many proteomic studies on serum or plasma have been performed using samples that were 
depleted of albumin and/or immunoglobulins in order to analyze serum proteins of lower 
abundance. However, a number of serum proteins including those that have been used 
clinically or experimentally have been demonstrated to adhere strongly to albumin and 
immunoglobulins. These serum proteins were also removed in experiments involving 
depletion of the high abundance proteins, and thus, may affect interpretation of the results. 
Moreover, recent studies using rat plasma have revealed that depletion of high abundance 
proteins only reduced the dynamic range of plasma proteome by two to three orders of 
magnitude. Removal of albumin, IgG, IgM, transferrin, fibrinogen, HAP and AAT from rat 
plasma leads to the unmasking of only a few proteins and was still far from being able to 
detect the low abundance proteins (Linke et al 2007). Given these barriers, applied 
approaches to simplify and increase the depth of serum proteomic analysis include 
fractionation strategies, targeted protein subpopulation enrichment (phosphoproteins, 
glycoproteins, etc.), and differential quantifying protein methods such as isobaric tags for 
relative and absolute quantification (iTRAQ). In addition, other novel work in biomarker 
discovery involves proximal fluid proteomics. (Teng et al 2010) Proximal fluid, the fluid 
derived from the extracellular milieu of tissues, contains a large repertoire of shed and 
secreted proteins that are likely to be present at higher concentrations relative to 
plasma/serum. It has been hypothesized that many, if not all, proximal fluid proteins 
exchange with peripheral circulation, which has provided significant motivation for 
utilizing proximal fluids as a primary sample source for protein biomarker discovery. 
Finally, opportunities in the exploration of the nano-scale open new strategies for serum 
protein analysis. For example, Pujia and colleagues recently described a tool based on 
biodegradable nanoporous nanoparticles (NPNPs) that allows the harvesting of low-
molecular-weight fractions of crude human serum/plasma. (Pujia et al 2010) NPNPs with a 
diameter of 200 nm and pore size of a few nm were obtained by ultrasonication of 
nanoporous silicon. When incubated with a solution, the NPNPs harvest only the molecules 
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small enough to be absorbed into the nanopores. These in turn can be recovered by 
centrifugation and dissolved in water, making the harvested molecules available for further 
analyses. The development and utilization of novel methods in serum APP biomarker 
discovery may include novel strategies including nanostructured materials and other high 
throughput methods like protein arrays, multiplexed protein assays, and chip-based 
proteomic platforms. 

5. Acute phase proteins as biomarkers 
Blood-based protein biomarkers have been used in clinical laboratories for decades to aid in 
the diagnosis and prognosis of many diseases, including a variety of cancers. As shown in 
this chapter, circulating levels of APPs have been confirmed to coincide in patients with 
many solid malignancies. However, these acute phase reactants are not specific for cancer, 
and these serum APP concentrations need to be interpreted in the context of a full clinical 
examination and the presence of other signs and symptoms of malignancy. Nevertheless, an 
ongoing emerging theme clearly supports the role of a bidirectional tumor-host response 
and the ensuing concept of inflammation as a biomarker for cancer. 
While the analysis of the serum proteome has challenges, we envision contemporary serum 
proteomics studies using high-throughput proteomic methodologies and bioinformatics will 
enable the identification of a subset of acute phase protein markers for the unequivocal 
discrimination of malignancy. While many of these APP are found within the inflammatory 
cascade, an important distinctive feature may include protein glycosylation. Glycosylation-
related changes represent one of the major post translational modifications and can have 
significant effects on protein function. Moreover, changes in the carbohydrate structure are 
increasingly being recognized as an important modification associated with cancer. 
(Hakomori 1996;Hakomori 2002) These differences can be further explored using techniques 
such as microarray platform to characterize glycan structure and to study glycosylation-
related biological interactions using probes as a means to interrogate the spotted or captured 
glycosylated molecules on the arrays. The high-throughput and reproducible nature of the 
microarray platforms allow simultaneous assessment of a number of defined proteins on a 
single platform. For instance, Zeng et al using an integrated system based on multiple lectin 
affinity chromatography (M-LAC) that partions serum proteins based on glycan 
characteristics, found proteins such as ABG, complement C3, ATT, and transferrin 
accurately identified patients with breast cancer. As the field of inflammatory biomarkers 
continues to evolve, we feel the host immune response can be further exploited to better 
integrate these APPs into the design of personalized biomarkers for the noninvasive 
diagnosis of cancer. (Zeng et al 2010) 

6. Conclusions 
Inflammation appears to play a dominant role in the pathogenesis of various cancer types. 
This review has focused on the current understanding of the dynamic role of the host-tumor 
interaction with regards to inflammation and the developing field of acute phase reactants 
as circulating cancer biomarkers. The field of acute phase proteins as cancer biomarkers has 
tremendous potential. The identification of specific proteomic expression patterns in acute 
phase proteins related to cancer as well as a more thorough understanding of this 
proinflammatory response in tumor pathogenesis offers promise not only for novel 
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molecular diagnostic markers but also for new therapy strategies in the treatment of solid 
malignancies. 
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1. Introduction 
Apolipoprotein H (ApoH), also known as beta2-glycoprotein I (ß2-GPI), is a plasma 
glycoprotein of 50 kDa. ApoH is present in human plasma at a concentration of between 150 
and 300 mg/ml (Bouma et al., 1999). In blood, ApoH circulate in free conformations or 
bound to lipoproteins: chylomicrons, very low-density lipoprotein (VLDL), low density 
lipoprotein (LDL) and high-density lipoprotein (HDL). In addition, ApoH has a high affinity 
for triglyceride-rich lipoproteins. The amount of ApoH associated with plasma lipoproteins 
in healthy individuals varies according to the authors from 4 to 13% (Gambino et al., 1999a) 
up to about 40% (Polz & Kostner, 1979). ApoH is able to activate lipoprotein lipases (Lee et 
al., 1983). ApoH was isolated from the fraction of plasma lipoproteins, and described for the 
first time in 1961 by H. Schultze E (Schultze, 1961). In a lesser extent, ApoH is also 
associated to ß2-globulin fraction.  
ApoH is expressed in human liver, in intestinal cells and tissues (Averna et al., 1997). In rats, 
other sites of synthesis in low concentrations were identified as the kidney, small intestine, 
brain, cardiomyocytes of the heart, and at even lower in the spleen, stomach and prostate 
(Ragusa et al., 2006). 
ApoH is an acute phase protein and because when activated, ApoH bind, with a relative 
high affinity, to pathogens or their proteins, ApoH is also considered as an element of the 
host innate immune response, particularly during the acute phase. It is difficult to classified 
as positive or negative acute phase protein. This property is used as a mean to drastically 
improve diagnostic of pathogens from different origins, including human, animal or 
environmental and nature, including enveloped or non-enveloped viruses, parasites, and 
Gram+ or Gram – bacteria. Indeed, activated ApoH coupled to solid supports is used to 
concentrate and “clean” pathogens (from inhibitor of detection methods) to detect 
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pathogens with molecular or immunological methods and thus avoiding false negative 
diagnostics.  

2. ApoH expression 
2.1 Structure and localization of the ApoH gene  
The gene encoding ApoH was localized by fluorescent in situ hybridization, on chromosome 
17, locus q23-24, and extends over 18 kilobases (kb). It consists of eight exons (~ 1.2 kb) 
separated by large introns (~ 16.2 kb) encoding a protein of 345 amino acids (aa). This 
protein is subsequently cleaved at a signal peptide of 19 aa located at the N-terminal 
position (N-ter) to generate the matured protein (Mehdi et al., 1991; Steinkasserer et al., 
1991). 
Eight exons will form the matured protein constituted of five domains. Exon 1 encodes the 
5'-untranslated region (5'-UTR) and the signal peptide. Exons 3 and 4 encode the domain II 
and exons 2, 5, 6 and 7 respectively encode domains I, III, IV and V of the protein. Exon 8 
encodes the C-terminal (C-ter), the stop codon and 3'-UTR region (Fig. 1) (Okkels et al., 
1999). 
 

 
Fig. 1. ApoH gene organization (Sodin-Semrl & Rozman, 2007) 

2.2 Promoter of the ApoH gene 
Using the HepG2 liver cell line, deletion analyses in the 5' region of ApoH gene evidenced 
that its promoter is located between positions -197 and 7 (Wang & Chiang, 2004). The ApoH 
gene expression is governed by several transcription factors including a liver-specific 
atypical TATA box (TATTA) located between positions -97 and -92 and the transcription 
factor HNF-1 (Hepatic nuclear factor-1) located upstream of the TATTA box. The soluble 
transactivation factor HNF-1α interacts with HNF-1 leading to transactivation of the ApoH 
promoter. The gene expression increasing of endogenous ApoH is correlated with an 
overproduction HNF-1α. 
Several transcription factors are able to bind multiple ApoH regulating sites. In liver cells, 
these sites are located near the promoter (up-670pb), as shown in Fig. 2. These transcription 
factors are: 
- STAT Signal Transducer and Activator of Transcription. 
- Leucine zipper domains: CREB (cAMP Response Element Binding) and C /EBPβ 

(CCAAT-Enhancer-Binding Proteins).  
- AP-1 (Activating Protein 1) also known as TPA-responsive element (TRE) 
- HNF-3β (Hepatocyte Nuclear Factor 3β) involved in embryo development  
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- HNF1 (Hepatocyte Nuclear Factor 1), a transcription factor that regulates the expression 
of several hepatic proteins, including serum albumin or α1-antitrypsin. 

- The protein NFAT (nuclear factor of activated T-cells) activated in the cytoplasm by 
calcium-dependent phosphatase. The signal may interact with transcription factors AP-
1 and NF-AT. 

 

 
Fig. 2. Promoter region of the ApoH gene and transcription factors (Wang & Chiang, 2004). 
The transcription sites in the promoter (TATA and CAAT boxes) are located near the 
initiation of ApoH transcription site (+1). Regulatory sites (blue), CAAT &TATA boxes 
(green), initiation site of transcription (red). 

2.3 Protein structure of ApoH 
Primary structure and domain concepts 

The peptide sequence of ApoH was identified in 1984. Its primary structure consists in a 
single polypeptide chain of 326 amino acids. With the exception of collagen and other 
related molecules, ApoH appears as one of the richest eukaryotic structures containing 
prolins, exhibiting 31 prolin residues per molecule. ApoH is also rich in lysin (30 residues), 
glycin (23 residues) and cystein (22 residues) (Lozier et al., 1984) amino-acids. 
The peptide sequence can be divided into four continuous domains of about 60 amino acids 
each, called SCR (short consensus repeat) and a fifth domain in the C-ter region (Lozier et 
al., 1984; Steinkasserer et al., 1991). SCR domains are also known under the term of Sushi 
domain, or CCP (Complement Control Protein) that are motifs often found in proteins of the 
complement system, but also in some proteins, such as interleukin-2 receptor. These SCR 
confer to the ApoH sequence exhibit a homology with several proteins such as VCP 
(vaccinia virus protein), CD46 (binding protein of measles virus) and HI, a Drosophila 
protein that belongs to the family of immunoglobulins and complement proteins. As shown 
in Fig. 3, each SCR contains four cysteins associated by pairs, Cys-1 to Cys-3 and Cys-2 to 
Cys-4 linked by disulfide (S-S) bridges (Okkels et al., 1999) that confers a high structural 
stability to ApoH.  
In contrast, the domain V of ApoH exhibits a very different structure. A sequence of six 
amino-acids (KNKEKK) is inserted within a highly positive charged region, an extension of 
19 residues at the C-ter and the presence of an additional S-S bridge (Steinkasserer et al., 
1991). A highly conserved tryptophan within the domain V will contribute to hydrophobic 
interactions with the ApoH partners. 
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Fig. 3. Alignment and organization of the disulfide bonds of ApoH (Steinkasserer et al., 
1991). 

Secondary structure of ApoH 

ApoH contains four N-glycosylation sites and one site of O-glycosylation linked to domain 
III and IV of the protein (Fig.4A). The glycosylated chains of ApoH are composed of 
galactose, mannose, N-acetylglucosamin, fructose, N-acetylneuraminic acid and sialic acid 
(Kamboh et al., 1988). They are linked to the peptide sequence via a nitrogen or oxygen atom 
(Gambino et al., 1999b).  
Secondary structures of each domain are composed of several anti-parallel beta-sheets, 
shorts, and coiled around a hydrophobic core (Fig. 4B). Two S-S bridges, respectively 
located in N-ter and C-ter stabilize the structure. A long central ß-sheet is framed along of 
the longitudinal axis by short beta-sheets parallels anti-parallels located near the C-ter and 
N-ter. The fifth domain, folds into a central β -sheet composed of four anti-parallel β-sheets 
and two short α-helices and this domain is stabilized by three S-S bridges (Fig. 4C) (Bouma 
et al., 1999). 
 

 
Fig. 4. The different structures of glycosylated chains of ApoH (Gambino et al., 1997) 

Composition and organization of sugar chains 

There are three possible structures for the glycosilated chains (Fig. 5) (Gambino et al., 1997): 
Complex, hybrid and Mannose-rich. These structures have a common motif consisting in 
two N-acetylglucosamins and three mannoses, differing in the antennas composition, and 
their number varies from two to five. 
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Fig. 5. Structural representation ApoH and domains (Bouma et al., 1999). (A) Secondary 
structure ApoH; (B) Secondary structure of domain III of ApoH; (C) Secondary structure of 
domain V of ApoH. 

The ApoH inter-domain regions  

Different ApoH domains are linked each other by sequences respectively composed of three 
amino-acids, between domains IV and V, and four amino-acids for other domains. Between 
domains II-III and III-IV residues form chains of β-sheets connecting the N-ter-B5 B4' sheet 
at the C-ter-sheet B1' B2'. The inter-domain represents 10-15% of the molecular surface. The 
inter-domain orientation varies in its inclination angle, ranging from 128 to 160° and a 
rotation angle ranging from 41 to 137°. Within the conserved domains, all are obtuse angles 
ranging from 120 to 162°, while the rotation angles vary widely between 22 and 180 ° 
(Bouma et al., 1999). 
Tertiary structure 

The analysis of crystallized structure of ApoH revealed a spatial organization to form a "J" 
or fishhook-like shape (Bouma et al., 1999; Schwarzenbacher et al., 1999). The four SCRs are 
arranged along a single axis with a slight spiral to the right to join the domain V. This very 
compact form suggests a certain rigidity of the protein. The X-ray analysis shows that in 
solution, the protein is folded, bulkier and exhibiting an “S-shape” (Fig. 6) (Hammel et al., 
2002).  
These differences may be explained by the absence of sugar chains in the crystallized 
protein and by changing the orientation of different domains due to the use of ions to form 
the crystal.  
 

 
Fig. 6. The ApoH structure (Hammel et al., 2002). Crystal form (left) compared with the 
schematic atomic structure model in solution (right). 
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However, recent studies on electronic microscopy has evidenced the presence of inactive 
ring forms of ApoH as well as the fishhook-like active ApoH able to catch LPS present in 
sepsis cases (Agar et al., 2011). 

3. ApoH and physiology 
The role of ApoH in vivo remains only partially elucidated. Studies conducted in vitro have 
demonstrated that ApoH has the particularity to bind, not only to negatively charged 
molecules and structures, including anionic phospholipids (PL), but also binds platelets, 
apoptotic cells (d'Angeac et al., 2005), mitochondria, DNA as well as bile acids (Schousboe, 
1983). Apart from the PL, ApoH also has the ability to bind cellular proteins such as the 
kidney calmodulin (Rojkjaer et al., 1997), megalin, an endocytic receptor of the renal 
epithelium (Moestrup et al., 1998), Annexin II (Ma et al., 2000) as well as other binding 
proteins or receptors including phosphatidylserine PS , LPS (Agar et al., 2011) and TLR2 
(Alard et al., 2010).  
Expression studies in HepG2 cells demonstrate that ApoH mRNA is regulated in a cell 
cycle-dependent manner, with very low expression in low cycling conditions and increasing 
levels in proliferating cells. p21 WAF-dependent growth arrest, induced by butyrate 
treatment, down-regulate ApoH mRNA levels. Immunolocalization in normal rat liver 
shows a non-homogeneous pattern, being mainly present in the centrolobular area; post-
hepatectomy regenerating rat liver is uniformly immuno-stained and mitotic elements show 
the highest protein expression. Albumin gene expression, studies as control liver specific 
product, was not affected by sodium butyrate induced growth arrest. As previously 
reported for endothelial cells, ApoH behaves as survival factor for HepG2 cells: when 
increasing amounts of the protein (10–50 μg) have been added to serum deficient cultured 
liver cells a progressive reduced cell loss was observed (Averna et al., 2004). 
In some autoimmune diseases, such as anti-phospholipid syndrome (APS), anti-ApoH 
antibodies and the complex ApoH-PL has been reported. These antibodies impact the 
inhibition of coagulation. They are associated with clinical manifestations of thrombotic 
venous or arterial type and recurrent fetal loss (Asherson & Cervera, 1993; Kandiah et al., 
1998). Thus, APS may be associated with various clinical manifestations: thrombocytopenia, 
coronary or valve damage, neurological disorders, and autoimmune hemolytic anemia. The 
presence of these antibodies may also occur in infectious diseases (viral, bacterial or 
parasitic) and neoplasia (solid tumors, lympho-proliferative disorders)(Arnoux & Boutière, 
2006; Harel et al., 2005). 
ApoH is also involved in the whole process of hemostasis regulation. ApoH inhibits both 
the factor Xa genesis, in the presence of platelets and the activation of factor XI (Shi et al., 
2005; Shi et al., 2004), as well as fibrinolysis, by preventing the generation of plasmin 
(Yasuda et al., 2004). ApoH also inhibits activated protein C that is an inhibitor of 
hemostasis (Keeling et al., 1993). ApoH therefore, exhibits both procoagulant and 
anticoagulant activities (McNeil et al., 1990). 
The presence of antibodies to form an immune complex ApoH consisting in ApoH-oxidized 
LDL:anti-ApoH antibodies, complex that is phagocytized by macrophages. Thus, there 
would be presentation of ApoH epitopes, by major the histocompatibility complex type II 
(MHC II), at the macrophages surface, leading CD4+ T cells activation. Moreover, it follows 
an excessive of macrophage lipids burden, and these macrophages are transformed into 
foam cells, the early stage of plaque formation. 
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Thus, ApoH is highly present in atherosclerotic plaques (George et al., 1999). ApoH allow 
binding and internalization of LDL in macrophages because of its ability to bind to LDL and 
oxidized LDL (Kochl et al., 1997). Moreover, ApoH is involved in apoptosis by binding to 
phosphatidylserine (PS), present at the surface of cells undergoing apoptosis (d'Angeac et 
al., 2005). Altogether, these data contribute to characterize ApoH as a scavenger-like protein. 
Finally, ApoH is also necessary to placental homeostasis and is involved in activation of 
endothelial cells and apoptotic mechanisms (Miyakis et al., 2004). However, despite 
available data showing pleitotropic functions of ApoH, many precise physiological roles of 
ApoH remain to be elucidated. 
The high correlation between ApoH and CRP expression during systemic inflammation 
indicates that ApoH is a part of the group of acute phase proteins (Sellar et al., 1993). 
However, the expression of the acute phase protein, ApoH, sometimes is upregulated and 
sometimes is down regulated, reflecting its pleiotropic functions Then, it become difficult to 
classify this APP as positive or negative. Indeed, divers data are sometime contradictory 
such as the observation of ApoH reduction in CSF during cerebral malaria (Agar et al., 2011) 
and the increase of ApoH in several other infectious diseases (Gast et al., 2006; Myles et al., 
2003; van Hemert et al., 2006).  
Due to different results presented here, ApoH can be considered as one of the major 
elements of the first line of the innate immune response regulating homeostasis.  

4. Interactions between ApoH and phospholipids  
ApoH has a strong ability to bind anionic phospholipids (PL), such as cardiolipin or 
phosphatidylserine, rather than the neutral PL, such as phosphatidylcholin (Wang et al., 
1998; Willems et al., 1996; Wurm, 1984). This interaction is ionic strength-dependent.  
 

 
Fig. 7. Binding between ApoH and membranes (Bouma et al., 1999). (A) Representation of 
the electrostatic potential ApoH surface, with a view rotated 180 °. ApoH domains are 
numbered from I to V. negative charges (red); positive charges (blue); (B) Prominent 
representation of half of the domain V. The positive charges are mainly due to the presence 
of lysine; negative charges (red), positive charges (blue); (C) scheme of the binding between 
ApoH (including the Tryptophan from domain V) and phospholipids bilayer. 

C 
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Mechanisms of interaction between the anionic PL and ApoH could involve two types of 
bonds: (i) ionic and (ii) hydrophobic, this latter involving the V domain of ApoH (Hammel 
et al., 2001; Wang et al., 1998). Initially, the sequence C-C-KNKEKK 281-288, highly 
positively charged (Steinkasserer et al., 1991), and most likely exposed on the surface of the 
protein would be responsible for the initiation of ionic bonds with anionic heads responsible 
for PL. A second step, would involves the insertion of a mobile hydrophobic loop of the 
protein in the PL layer (Fig. 8). The authors report a sort of anchor protein to the interface 
head polar/non-polar tail of PL via the hydrophobic (tryptophan) residue of the mobile loop 
region located in the position 311-SSLAFWK-317 (Hong et al., 2001; Mehdi et al., 2000). 

5. ApoH-viruses binding 
Enveloped and non-enveloped viruses  

Human and animal viruses such as influenza have a lipid bilayer coat covering their capsid, 
which is a protein box protecting the nucleic acid (short or large RNA or DNA). These 
envelopes are derived from portions of the host cell membranes including phospholipids 
together with specific viral glycoproteins that frequently mature during virus development. 
These glycoproteins play a pivotal role in the cell entry of these viruses. The cell entry of the 
non-enveloped viruses is less well known. However, for some viruses, such as for 
rotaviruses A, trypsin plays a role in preparing the capsid to find a good “conformation” of 
some peptides to fuse with the cell membrane to enter cells.  

6. The use of ApoH for drastic improvement of viral detection 
An interesting feature of ApoH, is its ability to bind both enveloped and non-enveloped 
viruses. Thus, it was shown that the protein bind hepatitis B virus (HBV), and more 
particularly the surface antigen HBsAg (Mehdi et al., 1994). HBsAg exists in three molecular 
forms: S for small, small protein, M for middle, moderate protein and L for Large protein 
(Fig. 9). The viral anionic PL are also involved in the interaction between ApoH and HBsAg 
(Neurath & Strick, 1994; Stefas et al., 2001). These results are reinforced by the fact that the 
recombinant HBsAg protein and anionic PL share the domain V of ApoH as binding 
domain (Mehdi et al., 2008). When viral PL becomes oxidized, the binding affinity ApoH-
HBsAg increases. It has been shown that ApoH has an affinity for infectious Dane particles  
 

 
Fig. 8. Structure of hepatitis B virus (http://dicos.ens-
lyon.fr/vie/viro/image/V05_2H1_Hepatites_8HBV.jpg) 
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that are characterized by the presence of a myristyl group on the pre-S1 domain of protein 
L. The presence of the myristyl group enhances its binding with ApoH (Stefas et al., 2001). 
Among experiments carried out by us, four HBV/HBsAg and HBV-DNA–positive patients’ 
sera were preincubated for 1 hr at 37°C in the presence or absence of 100 g/mL of 
polymyxin B or 2 mmol/L of iron or a mixture of both. The ability of HBV+ from patient 
sera (diluted at 1/100) to bind to ApoH-coated ELISA wells was assessed in the following 
conditions: sera HBV+ alone, in the presence of either polymyxin B (PB) or in the presence 
of Fe3+. ApoH–coated wells preincubated with PB or Fe3+ and washed were used as 
controls (Fig.9).  
 

 
Fig. 9. Effects of polymyxin B and/or metal ions on the ApoH–HBsAg binding.  

The preincubation of HBV+ sera with PB significantly reduced HBV/HBsAg binding to 
ApoH and this interaction was dose-dependent (data not shown). In contrast, the 
preincubation of HBV sera with Fe3+ increased HBV/HbsAg binding. No effect was 
observed when ApoH–coated wells were preincubated with polymyxin and washed, before 
the addition of serum. These data strongly suggest that viral phospholipids are involved in 
the ApoH–HBV/HBsAg interaction. 
It has been also shown that ApoH interact with antigens of human immunodeficiency virus 
(HIV) types I and II, particularly the Gag proteins of HIV 1 and 2 of p18 and p26 of HIV-1 
HIV-2 or of gp160 of HIV-1 (Stefas et al., 1997), suggesting that the interaction of ApoH with 
HIV proteins may result in part from the ApoH affinity for PL. According to Stefas et al. 
(1997), experimental conditions, such as acidic pH and/or the presence of detergent, could 
lead to conformational changes of ApoH or viral proteins thereby inducing the binding 
between ApoH and HIV-1. 
More recently, within the European USDEP project (www.usdep.eu), it has been shown that 
ApoH capture viruses including Hantavirus in both serum and urine from infected patients 
(Godoy et al., 2009), and very interestingly avoiding false negative generated by 
conventional and standard PCR methods (Fig. 10) and from stools rotavirus–infected 
patients permitting a very highly immune detection as sensitive as quantitative PCR 
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(Adlhoch et al., 2011). Within the same project, many other viruses have been shown 
strongly bind to ApoH, including poxvirus virus, hepatitis C virus, pseudorabies virus, 
vesicular stomatitis virus, and Altogether these data clearly demonstrate that ApoH binds 
enveloped or non-enveloped DNA or RNA virus with high affinity permitting their 
ultrasensitive detection.  
 

 
Fig. 10. ANDV binds serum-purified human ApoH (Godoy et al., 2009). Serum from 
patients S1 and S2 were tested for the presence of anti-hantavirus IgM (A) and IgG (B) 
antibodies by SIA using affinity-purified recombinant ANDV and Seoul virus N antigen. As 
internal controls, two levels (+1 and +3) of human IgG were applied to the blot. Serum from 
a negative donor (-) and of from a known HCPS-positive patient (+) were used as controls. 
Coomassie blue (CB) was used to determine the orientation of the strip. (C) Serum samples 
from patients S1 and S2 were divided in two. RNA was directly extracted from 300 µL of 
sample one without the addition of ApoH beads [(-) B; lanes 5 and 8]. In parallel, the second 
sample of each patient was submitted to an additional step of ANDV capture by ApoH-
coated magnetic beads prior to RNA extraction [(+) B; lanes 6 and 9]. Extracted RNA was 
used as the template in a RT-PCR/heminested PCR assay. As an additional control, total 
RNA extracted from sera of healthy negative donors with [(-) SC (+) B; lane 2] or without [(-) 
SC (-) B; lane 1] a step of virus capture and concentration by ApoH-coated magnetic beads 
was used as the negative control. Water controls for the RT-PCR (C1; lane 3) and heminested 
PCR (C2; lane 4) were included. In vitro-transcribed RNA corresponding to the ANDV S 
segment was used as a positive control for RT-PCR (HV RNA; lane 7). The arrow indicates 
the expected amplicon. 
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7. ApoH and bacteria relationship 
Circulating anti-ApoH antibodies in APS and infections 

In addition to circulating anti-ApoH antibodies in serum of patients exhibiting APS, an 
increased amount of anti-ApoH antibodies is also associated with several bacterial infections 
including: (i) urinary tract bacterial infections (Stojanovic et al., 2004); (ii) presence of 
Helicobacter pylori associated to ulcers (Pellicano et al., 1999); (iii) bacteria-associated 
rheumatic fever (Blank et al., 2004) and some other infections summarized in Table 1. 
 

Infection agents or pathology Frequency (%) 

Typhus 20 
Mycobacterium leprae 33 – 67 

Mycobacterium tuberculosis 27 – 53 

Bacterial endocarditis 5 – 44 
Helicobacter pylori ND 

Mycoplasma pneumoniae 20 – 53 

Staphylococcus aureus 43 

Streptococcus epidermidis 80 

Staphylococcus pyogenes 0 – 80 
Salmonella typhi 60 
Escherichia coli 67 

Coxiella burnetti 42 – 84 
Leptospirosis 50 

Borrelia burgdorferi 14 – 41 

Sacharomyces cerevisiae ND 

Plasmodium falciparum 30 

Table 1. Prevalence of anti-ApoH in infection associated diseases (Blank et al., 2004). *ND= 
undetermined 

Moreover, it was shown that epitopes recognized by the anti-ApoH antibodies, exhibited 
similarities with peptides associated to several infectious diseases (Blank et al., 2002; 
Gharavi et al., 2002). The ApoH-like epitope expressed by microorganisms, might use by 
these latter to escape the immune response via molecular mimicry mechanisms. Thus, 
pathogen ApoH-like epitope expression could induce autoimmune response. The 
involvement of molecular mimicry in the induction of APS was demonstrated in a mouse 
experimental model. Balb/c mice immunized with pathogens having sequence homology 
with the peptide TLRVYK, a peptide recognized by anti-ApoH. The mouse anti-TLRVYK 
Ab were purified and injected into new BALB/c, which have subsequently developed an 
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experimental APS (Blank & Shoenfeld, 2004). Synthetic peptides corresponding to the 
ApoH-phospholipid binding site and having a high sequence homology with 
cytomegalovirus, adenovirus and Bacillus subtilis were used to induce an APS (Gharavi et 
al., 2002; Gharavi et al., 1999). 
Changes of ApoH amounts have been reported in some bacterial infections. In a rare clinical 
case showing that a purpura fulminans phenomenon following an infection with Haemophilus 
influenzae in an adult was associated to a drastic elevation of the ApoH plasma concentration 
(Gast et al., 2006). A gene expression study performed on Helicobacter hepaticus-infected mice 
showed an increased expression of the gene of ApoH three months after infection, once a 
chronic inflammation was established (Myles et al., 2003). The infection of chickens with 
Salmonella leads to high ApoH gene over-expression approximately 40-fold excess as 
compared with uninfected controls (van Hemert et al., 2006). In contrast, it has been 
reported that Legionella pneumophila produces enzymes able to cleave ApoH (Muller, 1980).  
Altogether these reports suggest that increased gene expression of ApoH or even its 
"degradation" by enzymes induced by microorganisms may be in favor of active recognition 
of microorganisms by ApoH. 
Some ApoH-derived peptides have shown antibacterial effects against both Gram-positive 
(Staphylococcus pyogenes and S. aureus) and Gram-negative bacteria (Escherichia coli), while the 
intact entire ApoH protein did not exhibit any antibacterial effects. At the infection site, 
polymorphonuclear neutrophils (PMN) active secrete proteolytic enzymes. These enzymes 
generate antibacterial peptides derived from ApoH that can be found in high concentrations 
at the infected sites. These peptides bind to released bacterial cell wall and induce bacterial 
lysis (Fig. 11A). Thus, ApoH contributes as a precursor to the human innate immunity.  
However, it has been hypothesized that some bacteria, including S. pyogenes, may have 
developed defense mechanisms against the ApoH-derived peptides (Nilsson et al., 2008).  
 

 
Fig. 11. Mechanisms used by Streptococcus pyogenes AP1 to neutralize the effect of anti-
bacterial peptides derived from ApoH (Nilsson et al., 2008). (A) At the site of infection, 
activated neutrophils secrete proteolytic enzymes generating lytic antibacterial ApoH-
derived peptides. (B) Mechanisms proposed to be used by AP1 bacteria to prevent the 
antibacterial activity of ApoH: (i) The binding of ApoH to S. pyogenes surface proteins M1 
and H prevents the cleavage of the ApoH; (ii) soluble proteins M1 and H interact with 
ApoH-derived peptides to neutralize their anti-bacterial effects. 
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The first mechanism is the link between the bacterium and the ApoH. Once ApoH is bound 
to bacteria, proteinases from PMN cannot cleave ApoH and therefore the production of 
antibacterial ApoH-derived peptides is reduced (Fig. 11B1). The second mechanism 
circumventing host immune defenses is the binding of soluble proteins M1 and H with 
peptides derived from ApoH inducing the inactivation of these latter. The proteins M1 and 
H became soluble due to proteases from the PMN that cleaved proteins M and H of the 
bacterium surface (Fig. 11B2). 
Thus ApoH, a precursor of antibacterial peptides, would be a mechanism of host protection 
against infectious agents. It is possible to speculate that certain bacteria are capable to 
neutralize ApoH via their binding mechanisms and thereby escaping the host immune 
responses.  
General structure of bacteria 

Bacteria belong to one independent branch of the tree main phyla of life (Woese, 1987). 
Bacteria have characteristics that are not found in other living prokaryotes (Archeae) or 
eukaryotes. These are bacterial surface structures, which have the most unique features, not 
shared with other living beings. Among these structures, the bacterial wall, the 
exopolysaccharides, protein structures as external S layer, pili, flagella. Most of these surface 
structures are involved in bacteria-host interactions through their adhesion molecules at 
their surfaces with host’s cells. In addition, these interactions play a pivotal role in bacterial 
pathogenicity. 
Despite their simple morphology and unicellular organization, bacteria present both large 
organic and structural diversities. This structural diversity is primarily expressed in surface 
structures. Structure and function properties of the bacteria envelope structures of are a 
direct consequence of their adaptive strategies. 
Bacterial cell wall 

Bacteria cells are particularly robust because of their cell wall, which allow them to 
withstand particularly high variations in osmotic pressure. The wall structure is a base for 
the determination of major bacterial groups mainly including: Gram-positive bacteria, 
Gram-positive and mycobacteria. 
The common component of bacterial cell wall or murein is a peptodoglycane. Murein is a 
polymer of two sugar-derivatives (N-acetylglucosamin and N-acetylmuraminic) and several 
amino-acids and/or lipids that largely differ in a specie-depending manner. 
Gram-positive’s cell wall 

The wall of Gram-positive bacteria is a homogeneous structure with thickness variation 
from 10 to 80 nm. It consists mostly of a thick layer of multimolecular murein associated 
with lesser amounts of other dispersed polymers, especially the teichoic and teichuronic 
acids). 
There are a wide variety of these compounds being highly antigenic. The nature of their 
carbohydrate skeleton, and position of many substitutions are submitted to considerable 
variations. 
Numerous other components are also present in some species, such as proteins or 
polysaccharides, and they can play an important role in the antigenic properties or 
pathogenicity. For example, protein A, found in over 98% of strains of Staphylococcus aureus, 
is a receptor for the Fc fragment of immunoglobulin G that when present on bacteria surface 
will inhibits opsonization. In addition, bacterial mutants lacking protein A present a lower 
virulence in mouse experimental infections. 
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Gram-negative’s cell wall 

The wall of Gram-negative bacteria is more complex. We distinguish an inner membrane 
and outer membrane, which defines a periplasmic space containing a thin layer of 
peptidoglycan. The wall is much thinner than those of Gram-positive bacteria, of about 10 
nm. Murein of gram-negative bacteria does not contain teichoic acid. 
Periplasmic space contains the Braun lipoproteins, which connects the outer membrane to 
peptidoglycan involved in the cohesion of the wall. 
The outer membrane has a distinct chemical composition. Its structure is a phospholipid 
bilayer with the inner layer has a composition similar to that of the cytoplasmic membrane. 
Its outer layer, by cons, has a particular constituent embodiment in the PL: 
lipopolysaccharide (LPS) is a complex molecule consisting of three components: (i) The lipid 
A, which anchors the LPS in the outer leaflet of the outer membrane. This lipid A is also 
called endotoxin because of these properties highly toxic for the host. Endotoxin is 
responsible for septic shock in systemic infections with Gram-negative bacteria; (ii) short 
series of sugar in the center including: desoxyoctonoic keto-acid and heptose; (iii) long 
carbohydrate chain whose length is 40 sugars that constitutes the O antigen, covering the 
surface of the bacterium highly antigenic. 
The outer membrane also contains a large number of proteins such as porins involved in the 
permeability of small hydrophilic molecules (<600 Da) and proteins involved in bacterial 
virulence (http://www.bacterio.cict.fr/bacdico/bacteriogene/structure.html). 

7.1 Bacteria and ApoH binding 
In vitro direct interaction has been shown between S. aureus and ApoH via the Sbi protein 
(Zhang et al., 1999). Furthermore, a study from a DNA library of S. aureus phages and on 
human blood proteins that adhere to implanted materials, such as catheters, showed the 
presence of ApoH on these biomaterials. This study attest to the connection on the ex vivo 
biomaterial ApoH S. aureus (Bjerketorp et al., 2004). More recently (Agar et al., 2011), it has 
been shown that upon interaction of LPS with domain V of ApoH, a conformational change 
occurs in ApoH binds LPS from the  ring or close form to  a “J or fishhook-like form”. Thus, 
the ‘active’ fishhook-like conformation of ApoH in complex with LPS is then able to bind to 
the LPR receptor after which the ApoH-LPS complex is cleared (4). The scavenging of LPS 
by ApoH leads to a decreased binding of LPS to the TLR-4 receptor resulting in a decreased 
expression of the inflammatory markers TNFα, IL-6 and IL-8.  
ApoH also interacts with Streptococcus pyogenes. At least two streptococcal proteins are 
involved in this interaction, M1 protein and H factor, which are surface proteins. M1 protein 
is a virulence factor, allowing the bacteria to resist phagocytosis. The M1 protein would 
interact with plasma proteins (fibrinogen, C4b binding protein, H factor) to avoid bacterial 
lysis (Nilsson et al., 2008). 

7.2 The use of ApoH to drastic improvement of bacterial detection  
As different bacteria are able to interact with ApoH, we used these fundamental property to 
propose that ApoH can be a useful tool to capture, from different complex biological media, 
different kinds of bacteria (Gram- or Gram+) and proceed to their detection and/or 
diagnostic (Fig. 12) by using different methods including ATP detection by luminometry, 
cultivation in an appropriated media or PCR.   
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Fig. 12. Bacterial detection. (left) ATP detection and specific cultivation of Pseudomonas 
aeruginosa and Seratia marcescens from clinical hemocultivation; (right) 16S RNA PCR. 
Bacterial Luria broth (LB) Medium (1), ApoH-captured Escherichia coli from LB medium (2), 
positive PCR control, E. coli DNA (3), H2O (4) 

8. Conclusion  
Taking into account literature data and our own data, it is possible to mention that, probably 
one of the main roles for the acute phase protein ApoH is to be an important actor of host 
innate immune response through its capacity to bind with high affinity to a large panel of 
pathogens and or antigens from different origins. This ApoH property can be applied to face 
a tremendous public health problem that is the existence of (re)-emerging pathogens and 
their difficulties to be detected.  
Indeed, according to the Center for Disease Control and Prevention in Atlanta  (CDC), 70% 
of emerging infectious diseases in humans, are zoonotic pathogens. Most of theses human 
diseases are caused by the introduction of existing pathogens into human populations from 
other species or dissemination from endemic areas into larger populations. This process 
depends upon a complex interaction of factors such as ecological, environmental and/or 
climatic changes, the basic biology of pathogens, host and cell tropism, the route of 
transmission, the natural host reservoir and the vector, social behavior, international travel 
and commerce, political instability, breakdown in public health measures, etc.  
Nucleic acid amplification is widely used for the detection and identification of pathogens. 
Sequencing and comparison to known microorganisms may allow identification of 
unidentified pathogens.  Extraction and careful purification of DNA and/or RNA is an 
essential step for sensitivity and reliability of these diagnostic techniques, but often 
incompatible within high throughput screening in routine diagnostics eg. in blood 
transfusion centres where large series of samples have to be tested. Several major diagnostic 
companies have been involved in the development of universal viral nucleic acid 
purification systems from plasma and serum, compatible with IVD (In Vitro Diagnostics) 
assays. However, despite a gain in sensitivity brought by these methods, the EQA studies 
revealed that molecular diagnostics still showed a poor overall test proficiency compared to 
serological diagnostics. One of the main problems for pathogen detection in clinical but also 
in environmental samples is that they generate false negative results. This problem is mainly 
due to 3 reasons: 
i. Presence of inhibitors such as heme, anticoagulants like EDTA and heparin, high 

concentrations of leukocyte DNA, immunoglobulins and other unknown inhibitors of 
nucleic acid amplification in the plasma or serum (Al-Soud et al., 2000; Al-Soud & 
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Radstrom, 2001; Wilson, 1997). Such an inhibition was described at a frequency of 0.34 to 
2.1% of tests for patients infected with human immunodeficiency virus type 1 or hepatitis 
C virus, respectively (Drosten et al., 2001; Nolte et al., 2001). In the case of patients with 
severe viral hemorrhagic fever false-negative results are also likely to occur, especially in 
the acute phase of the disease where a rapid confirmation is required for the introduction 
of countermeasures(Drosten et al., 2002). In this scenario it is extremely important to 
develop methods for pathogen concentration allowing their separation from these 
reaction inhibitors. Such a technology is critical for the development of novel 
methodologies of sample préparation which would result in the reliable detection of 
pathogens present within complex biological samples such as blood. 

ii. Absence of a universal extraction method that efficiently lyses the pathogens and allow 
the separation of nucleic acids (RNA or DNA) from other components of the 
microorganisms or cellular materials that might interfere with downstream processes. 
Different nucleic acid extraction techniques have shown to result in variable diagnostic 
outcome for viruses detected by the polymerase chain reaction (PCR). The choice of 
appropriate RNA and DNA extraction methods, thus, is a critical step for the successful 
and valid use of RT-PCR and PCR based exams on clinical samples (Fredricks et al., 
2005; Labayru et al., 2005; Scansen et al., 2005), 

iii. Lack of a rapid and reliable pathogen concentration methodology. Often pathogens 
present in clinical samples and particularly in environmental samples are diluted in 
large sample volumes poorly amenable for molecular methods (Brassard et al., 2005; 
Dreier et al., 2004; Fung et al., 2000); in this case, working with a small fraction of the 
sample may lead to false-negative results due to the specific sensitivity of the used 
detection method. Yet, simple and inexpensive methods for the concentration of 
pathogens, present within the samples, that could be easily introduced into the normal 
working scheme used by most clinical microbiology laboratories involved in the routine 
screening of large numbers of human samples are currently not at hand. 

One of the main concerns for pathogen detection in clinical, but also in environmental 
samples, is that they generate false negative results that are mainly due to: (i) presence of 
inhibitors, (ii) absence of suitable molecular detection methods (e.g. PCR) and (iii) lack of a 
rapid and reliable pathogen concentration methodology. 
The above-mentioned disadvantages have been compensated by the use of a matrix-bound 
ApoH to concentrate pathogens from biologically complex fluids (blood, feces, tissues, etc).  
After capture, washing of the ligand-pathogen(s) complex would allow removal of the 
inhibitors of the subsequent diagnostic steps.  Thus, in this novel diagnostic schema the 
concentrated pathogen(s) would be highly accessible to any subsequent method of 
extraction, thus increasing the expected efficiency and sensitivity of nucleic acid detection.  
Thus, ApoH-coated solid matrix is used as a generic capture method for a wide range of 
pathogens in order to concentrate them from large sample volumes of complex biological 
mixtures, otherwise poorly amenable for molecular methods and thus to improve their 
detection threshold (Fig. 13). 
Tools and protocols have been established to use this simple, fast and broad target method 
adapted to different types of specimen, saliva, plasma, serum, urine and feces as well as 
various environmental samples. Thus, the pre-analytical sample processing by ApoH allows 
an efficient and ultrasensitive detection of very divers pathogens from their originated 
media using simple or sophisticated methods related to immunological (ELISA) or 
molecular (real-time RT-PCR) detection techniques, therefore drastically diminishing false 
negative diagnostics generated by classical standardized method. 
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Fig. 13. A schematic representation of different steps to capture and concentrate 
microorganisms from complex biological fluids using ApoH-coated nano-magnetic beads to 
drastically improve their ultra-sensitive detection.  
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1. Introduction 
The host response to bacterial plaque biofilm on tooth surfaces initiates periodontal disease 
and its progression affecting the supporting structures of teeth. Stressor responses of the 
host to plaque biofilm result in markers of inflammation that are common to diabetes 
mellitus and coronary heart disease (Pussinen et al 2007). These inflammatory markers are 
relevant to periodontitis, anxiety states, associated systemic diseases and their sequelae in a 
bi-directional manner. The extent and clinical significance of these associations have 
received increasing coverage in the literature. This is largely dependent on the scale of the 
inflammatory loading based on the severity of periodontal inflammation at the time of 
examination and the number of sites involved (Norse et al 2008). Response to periodontal 
treatment with decreased levels of serum markers is indicative of the importance of this 
source of systemic inflammatory loading. The impact of inflammatory loading from the 
periodontium as a significant source of systemic inflammation has been an area of debate. 
The extent and severity of periodontal inflammation in the presenting population determine 
its significance in this context. It has wider implications in the context of co-morbidities in 
periodontal patients. In addition to the commoner co-morbidities, coronary heart disease 
(CHD), diabetes mellitus and arthritis, other autoimmune conditions and anxiety states also 
show similar links. This chapter aims to provide such evidence, conflicting at times due to 
multifactorial presentations of clinical conditions and individual susceptibility. In relevant 
cases, given a sufficient impetus from inflammatory loading it highlights the importance of 
controlling periodontal disease in a systemically-ill population. Searches were done over the 
past 10-15 years, using keywords relevant to the title; subsequently limited to those 
representing key information focusing on inflammatory markers, their significance and 
relevance to periodontal, psychosomatic and cardiometabolic diseases with implications on 
treatment.  
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This included a systematic review and meta-analysis of C-reactive protein (CRP) in relation 
to periodontitis, a general overview of the acute phase reaction in infections and 
inflammatory diseases as the main core, using objective selection criteria and a 
comprehensive database (Pub Med, Science direct, Wiley-Blackwell, Springer and Ovid-
Medline). Several putative risk factors/indicators involved in periodontal disease 
progression with emphasis on those associated with altered immune mechanisms such as 
markers of stress/ anxiety states, markers of periodontal disease and relevance of 
cardiometabolic disorders and autoimmune diseases have been discussed in the context of 
treatment responses, throughout the text. The search was limited to the last 10 – 15 years 
including reviews and original research in the subject areas of relevant acute phase reactions 
and their role in the progression of periodontitis, treatment responses and association with 
cardiometabolic disorders; and documentation was selected to represent the theme and 
provide insight in key areas of relevance. 
Key words and phrases used for searches include: 1. Psychological stress; acute phase 
proteins, 2. Periodontitis; cardiometabolic diseases; atherosclerosis; periodontal treatment,  
3. Risk factors; atherosclerosis; inflammation; periodontitis; treatment response, 4. 
Biomarkers; periodontitis; cardiovascular disease, 5. Periodontal disease; psychology; stress, 
6. Inflammatory cytokines; periodontitis; atherosclerosis, 7. Aggressive periodontitis; C-
reactive protein; IL-6, 8. Psychosomatic factors; stress; anxiety and periodontal disease. 
The main objectives and key questions asked are:  
1. The effects of psychological stress on acute phase protein profiles in periodontitis 

patients. 
2. Are CRP levels significantly elevated in periodontitis patients and what is the effect of 

periodontal therapy? 
3. What are the potential mechanisms implicated in the association between periodontitis 

and cardiometabolic disorders; and the effect of periodontal treatment on markers of 
coronary arterial, peripheral arterial and metabolic diseases? 

The above theme has been addressed in the context of diagnostic and therapeutic relevance. 

2. Anxiety states and periodontal disease  
Stress-induced neurohormones play a critical role in the outcome of infections. Neuro-
immune-endocrine interactions in response to stress could affect periodontal disease 
progression. Catecholamines (epinephrine and norepinephrine) stimulate the formation and 
activity of prostaglandins and proteolytic enzymes, which can indirectly produce tissue 
destruction. The relationship between stress and periodontal disease could be mediated by 
alteration in gingival crevicular interleukins, depressed polymorphonuclear leukocyte 
chemotaxis and phagocytosis and reduced proliferation of lymphocytes upon stimulation by 
a mitogen. Anxiety states could dysregulate neuro-endocrine regulatory mechanisms 
involved in immune regulation and thereby alter immune responses influencing the 
development and progression of infections and inflammatory diseases including 
periodontitis; with potential impact on bone density and osteoporotic changes via immune 
and endocrine mechanisms. Determination of levels of anxiety states in relation to disease 
markers would clarify cause and effect relationships in psychosomatic diseases. 
Variation in severity of periodontal disease cannot be explained by a limited number of risk 
factors (Teng et al 2003). Associations between stress-inducing factors and periodontal 
disease have been examined in several studies (Wimmer et al 2002, Pistorius et al 2002). 
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Periodontal disease is more widespread and severe in subjects with higher levels of stress. 
Effects of various psychological and psychosocial factors such as emotional and other 
sources of stress have been the focus of documentation in the context of oral diseases. There 
are correlations between psychological factors and advanced periodontal disease (Wimmer 
et al 2002) with unfavourable effects on the progression of periodontal diseases (Pistorius et 
al 2002). A great deal of evidence suggests that stress-induced neurohormones play a critical 
role in the outcome of infections (Aviles et al 2004; Sonnenfeld et al 2002; Belay and 
Sonnenfeld 2002; Lyte 2004). Individual susceptibility factors could affect disease outcome 
and account for the variations seen.  
Glucocorticoids released in the cortex of the suprarenals induce reduced secretion of pro-
inflammatory cytokines such as interleukins (IL), tumour necrosis factor (TNF) and also 
prostaglandins. On the other hand, catecholamines (epinephrine and norepinephrine) have 
the opposite effect, stimulating the formation and activity of prostaglandins and proteolytic 
enzymes, which can indirectly produce tissue destruction. Several studies have explored the 
associations among stress, salivary cortisol, and periodontal disease (Rosania et al 2009; 
Johannsen et al 2006; Hilgert et al 2006). The relationship between stress and periodontal 
diseases could be mediated by alteration in gingival crevicular IL levels (Deinzer et al 1999; 
Mengel et al 2002; Giannopolou et al 2003; Kamma et al 2004), depressed 
polymorphonuclear leukocyte (PMN) chemotaxis, phagocytosis, and reduced proliferation 
of lymphocytes upon stimulation by a mitogen. Other possible mechanisms could involve 
changes in gingival circulation, alteration in salivary flow, its components and possible 
endocrine changes (Sheiham & Nicolau 2005). Raised serum and tissue levels of 
noradrenaline in patients subjected to stress could affect the composition or phenotype of 
subgingival periodontal pathogens. 
Recent studies suggest that stress and depression may affect the onset and progression of 
periodontal disease through behavioral and physiologic mechanisms (Peruzzo et al 2007; 
Rosania et al 2009). Depression may dysregulate cerebral homeostatic  mechanisms involved 
in immune regulation, and thereby influence the initiation and progression of infections and 
inflammatory diseases, including periodontitis (Pavlov & Tracey 2004; Behl et al 2008). 
Antidepressant treatment contributes to immune regulation in patients with major 
depressive disorders (Maes 2001). Venlafaxine and fluoxetine were found to exert negative 
immunoregulatory effects by inducing a change in lymphocyte subsets and by suppressing 
the interferon-γ and interleukin-10 production ratio in whole-blood cells (Kubera et al 2001; 
Basterzi et al 2009).  
There is extensive documentation of individuals under psychological stress being more 
susceptible to loss of periodontal attachment and alveolar bone. Social stressors could 
contribute to glucocorticoid resistance and increased production of IL-1, IL-6 and  
TNF- (Powell et al. as a result of stressor-induced dysregulation of CD11b+ 
monocyte activity in response to microbial products (Bailey et al 2009). There is increased 
toll-like receptor-driven nuclear factor-kappa B (NF) activity (Padgett and Glaser 2003). 
This could exacerbate periodontal and systemic inflammation, insulin resistance and 
hypertension, predictive of vascular impairment. Human stress-response studies of 
peripheral blood leukocytes show under-representation of genes activated by 
glucocorticoids which serve to suppress the immune response and an over-representation of 
genes regulated by NF-B, usually suppressed by glucocorticoids. Some of these 
mechanisms could explain the strong psychosomatic implications of stress on periodontal 
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disease (Hilgert et al 2006; Genco et al 1999; Ishisaka et al 2008; Ishisaka et al 2007). Other 
possible mechanisms include modification of patients’ health behavior. Individuals with 
high levels of stress tend to adopt habits that are harmful to periodontal health, such as 
negligent oral hygiene, increased smoking or changes in dietary habits (Deinzer et al 1999) 
and  the outcome my be modified by genetic predisposition. 
Studies have reported an association between depression and low bone mineral density. 
Depression may induce bone loss and osteoporotic fractures, primarily via specific immune 
and endocrine mechanisms, while use of specific antidepressants such as the selective 
serotonin re-uptake inhibitors (SSRIs) are potential contributory factors (Cizza et al 2009). 
These factors could play a secondary role in the progression of periodontitis in patients thus 
afflicted.  

2.1 Concept of markers for periodontal and systemic diseases, relevant to anxiety 
states 
Based on the psychosomatic interactions discussed, markers which allow identification of 
susceptible individuals prior to the onset of periodontitis, have evolved. There is increasing 
recognition of risk factors that might be modified in order to prevent or alter the course of 
periodontal disease (Van Dyke 2005). An analysis of systemic and microbial factors in 
epidemiological studies points to several risk factors associated with periodontitis. These 
factors include local, systemic, demographic, and behavioural host conditions which 
markedly affect the resistance to infecting pathogens (Albander 2002; Genco 1999). They 
may be considered to be associations which amplify or abate responses but not necessarily 
causative. Non-environmental intrinsic factors such as genetic make-up, are not modifiable 
(Van Dyke 2005), but may be influenced by environmental and behavioural factors.  
Associations have been established between chronic periodontitis, caused by unresolved 
inflammation (Pihlstrom et al 2005), and an increased risk of coronary artery disease where 
inflammation appears to be the main factor (Gibson lll & Genco 2007; Gibson lll et al. 2008; 
Paoletti et al. 2004). Interestingly, both disease entities have been associated with the stress 
response. 
Individuals under psychological stress are more likely to develop clinical attachment loss 
and associated alveolar bone loss (Hugoson et al 2002; Mawhorter & Lauer 2001; Pistorius et 
al 2002; Wimmer et al 2002). One possible link in this regard may be increases in production 
of IL-6 in response to increased psychological stress (Kiecolt-Glaser et al 2003). IL-6 induces 
the expression of CRP, an acute-phase reactant responsible for the increase in expression of 
cellular adhesion molecules and vascular inflammation. Based on the biological properties 
of these pro-inflammatory cytokines, high plasma levels of TNF- and IL-6 have been 
associated with an increased risk for developing cardiovascular events, morbidity and 
mortality (Abeywardena et al 2009; Ryan et al 2009). Periodontal diseases seem to act as a 
source of pathogenic species, virulence factors and inflammatory mediators that are 
conveyed systemically, creating and sustaining a chronic systemic inflammatory burden 
(Haraszthy et al 2000; De Nardin 2001; Beck & Offenbacher 2005). The magnitude of this 
inflammatory burden would depend on the degree of inflammation present at the time of 
examination. It has also been suggested that peripheral blood monocytes from periodontitis 
subjects may present a distinct profile of inflammatory mediator release in response to 
bacterial challenge when compared with healthy subjects (Sorensen et al 2009; Yamaguchi et 
al 2009).  
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Periodontal symptoms can be exacerbated during periods of stress, and stress could 
potentially increase the risk of developing coronary heart disease (Dimsdale 2008), along the 
mechanisms detailed above, depending on individual susceptibility factors. As a result, a 
thorough understanding of the diverse ways in which inflammation can be regulated is 
imperative in order to execute effective management to control inflammatory diseases. 
In response to a stressor, host responses which provide a buffering effect are triggered. 
Chronic activation of stress responses results in chronic release of glucocorticoids and 
catecholamines due to activation of the hypothalamic-pituitary-adrenal- and sympathetic-
adrenal-medullary axes. Glucocorticoids expressed in host immune cells bind cortisol and 
interfere with NF-kB-regulated functions of host cells which produce cytokines. The role of 
stress in contributing to immune dysregulation and the mechanisms involved have been 
reviewed (Padgett & Glaser 2003). Genes encoding for a variety of cytokines are induced by 
adrenergic receptors binding epinephrine and norepinephrine via a cAMP response element 
binding protein, a cellular transcription factor. Glucocorticoids and catecholamines mediate 
changes in gene expression which could cause immune dysregulation. There is good 
documented evidence from animal and human studies of the significant impact of stress-
associated immune dysregulation on health.  

2.2 Effects of stress on inflammation: Role of cytokines as a source of inflammatory 
loading 
Psychological stress increases the expression of markers of peripheral inflammation. There 
is increasing evidence of an association between periodontal pathogens and systemic 
inflammation. The impact of social disruption (SDR) as a social stressor was investigated in 
mice in response to LPS derived from the periodontal pathogen Porphyromonas gingivalis 
(Pg) (Bailey et al 2009). Following consistent exposure to SDR over 6 days, mice were tested 
for anxiety-related behaviour and sacrificed. Harvested spleen cells were stimulated with 
Pg-derived LPS in the presence or absence of increasing doses of corticosterone. SDR-
induced anxious behaviour was associated with the production of significant amounts of IL-
1 and TNF-, when compared with non-stressed control mice. Cultures enriched for 
CD11b+ cells indicate that splenic myeloid cell activity is affected by social stress. The 
inflammatory response to oral pathogens could play an important role in stress-associated 
systemic inflammation.  
The social stressor SDR induces an increased inflammatory response and glucocorticoid 
resistance in CD11b+ monocytes. Splenic dendritic cells (DC) from SDR mice displayed 
increased levels of MHC1, CD80 and CD44 indicating an activated phenotype, compared 
with controls. Increased amounts of TNF-, IL-6 and IL-10 are produced by DCs from SDR 
mice, compared with controls (Powell et al 2009). Previous work has shown glucocorticoid 
resistance in DCs from SDR mice. This is suggestive of DC activation by social stress in the 
absence of an immune challenge, with increased cytokine secretion in response to toll-like 
receptor activity and glucocorticoid resistance.  
SDR, a murine model of social stress alters the phenotype and actions of splenic immune 
cells. In response to SDR, splenic CD11b+ monocytes are increased in number and are less 
sensitive to the negative effects of glucocorticoids on cell viability. Greater amounts of the 
inflammatory cytokines TNF- and IL-6 were secreted by spleen cells from SDR mice in 
response to LPS, compared with controls. Secretion of TNF- was increased by SDR in an 
enriched fraction of CD11+ monocytes stimulated by LPS (Avitsur et al 2005). The kinetics 
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of TNF- release in these cells are also altered with minor changes in attenuation of LPS-
induced TNF- secretion in response to corticosterone and norepinephrine. Responses to 
social stress are determined by complex immunomodulatory mechanisms which could have 
a varied impact on individuals, based on genetic and other environmental factors.  
Both IL-1β and TNF-are known to be important in the development of oral inflammatory 
diseases such as gingivitis and periodontitis; elevated levels of these cytokines have been 
isolated in periodontal patients at the site of active tissue breakdown (Gamonal et al 2003; 
Orozco et al 2006). These cytokines have diverse effects on gingival tissue, such as 
degradation of connective tissue matrix via an increase in matrix metalloproteinases, and 
activation of osteoblastic/osteoclastic responses via disruption of the balance between 
physiological repair and remodelling (Graves & Cochran 2003). Elevated cytokine levels, 
however, are not limited to the infected gingiva, and people with chronic periodontitis have 
been found to have increased levels of cytokines in the circulation, including IL-1β and TNF-
 (Golub et al 2006). These circulatory cytokines are not likely to be the result of “spillover” 
from the infected gingiva, but rather, derived from peripheral cytokine producing cells, such 
as CD11b+ macrophages present in reticuloendothelial organs (i.e., the spleen, liver, and 
lungs), which are capable of producing high levels of  inflammatory cytokines upon 
encountering Pg or its lipopolysaccharide (LPS).  
Oral bacteria and bacterial derived products can enter the bloodstream via standard oral 
hygiene procedures and periodontal treatment (Kinane et al 2005) as well as through 
pathogen-induced ulceration and vascular permeability in the gingivae (Gibson lll et al 
2008). As they circulate systemically, microbial products are recognized by cells of the 
reticulendothelial macrophages and other innate immune cells. These cells are able to 
respond to Pg and Pg-associated products, by producing a variety of inflammatory 
mediators, including the inflammatory cytokines IL-6, IL-1, TNF-and CRP (Pussinen et al 
2007a). These inflammatory mediators are considered to be the link between oral 
inflammatory diseases and associated systemic conditions. 
Inflammatory loading from periodontal disease could contribute to the progression of 
cardiometabolic and autoimmune diseases which are driven by inflammatory mechanisms 
leading to oxidative stress-induced tissue and organ damage (Pussinen et al 2007b). The 
bidirectional relationship between periodontal disease and diabetes mellitus is well 
documented. Serum markers of periodontitis are derived from periodontal pathogens and 
host defence mechanisms. Elevated levels of serum LPS derived from periodontal 
pathogens, antibodies to LPS and LPS binding protein  are detected in periodontitis 
compared with periodontally healthy subjects. Surrogate markers of immune-mediated 
responses to plaque antigens such as antibodies, MMPs, cytokines and markers of 
inflammation are detected. Antibodies to periodontal pathogens are indicative of systemic 
exposure to this antigenic stimulus. Serum screening methods for detection of markers for 
periodontitis would be useful in correlating with inflammatory markers from systemic 
diseases. The scale  of inflammatory loading from periodontal disease would largely 
determine its impact on systemic diseases. This could account for variations in clinical 
presentation and response to treatment.  

3. Acute phase proteins (APPs)  
The APPs are synthesized and released from the liver and have a tendency to increase in 
response to various stimuli, including tissue injury and surgical stress. Activation of the 
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sympathetic nervous system, hypothalamic-pituitary axis and the renin-angiotensin system, 
results in the release of various stress hormones. 
An acute phase response is similar to that associated with inflammation, which is 
characterized by macrophage activation, the production of cytokines, other inflammatory 
mediators, APP, and mast cell activation, all of which promote inflammation (Black and 
Garbutt 2002). IL-1, released from macrophages activated at the site of injury appears to 
be the most important factor in this response. IL-1 initiates a variety of systemic reactions, 
including the production of APP by hepatocytes. C-reactive protein (CRP), alpha-1-acide 
glycoprotein (AAG), ceruloplasmin (CER), haptoglobulin (HPT), and alfa-1-antitrypsin 
(AT) have been shown to be APPs. Serum levels of the acute phase protein AAG, are 
elevated in response to a variety of acute and chronic inflammatory stimuli. Its function is 
unclear, but is used as an indicator of the acute phase response (Mc Pherson 2001). Recent 
documentation demonstrates the importance of CRP and cytokines such as IL-6 and TNF-
 amongst others, in untreated chronic periodontal disease and their association with 
systemic diseases as effective markers of inflammation, showing reduction with disease 
control.  

3.1 Implications of CRP and cytokines on periodontal and systemic diseases  
A thorough understanding of diverse means of regulation of inflammation is imperative for 
effective control and treatment of inflammatory diseases. A spectrum of inflammatory 
mediators, including CRP, the inflammatory cytokines IL-6, IL-1 and TNF- are thought to 
provide a link between periodontal and systemic diseases (Craig et al 2003). Periodontal 
disease is more prevalent and severe in subjects with greater levels of stress, associated with 
psychological and psychosocial factors (Hugoson et al 2002), affecting its progression and 
response to treatment. 
CRP is one of the major acute-phase proteins synthesized in response to pro-inflammatory 
cytokines. The concentration of CRP increases with inflammation. Recently, CRPs have been 
found to activate complement in damaged vessel walls and to promote the formation of 
foam cells during the initiation of atheroma formation. IL-6 is an important activator of CRP 
production and is a key pro-inflammatory and immune-modulatory cytokine, secreted 
mainly by monocytes, macrophages and T lymphocytes recruited to sites of infection or 
inflammation. The pro-inflammatory and pro-coagulant properties of IL-6 are likely to play 
a significant role in the pathogenesis of coronary syndromes. The elevation of CRP and IL-6 
suggests a plausible biological mechanism underlying the association between periodontitis 
and cardiovascular diseases (Ridker 2003). 
Several parameters of systemic inflammation have been linked with CHD and diabetes. For 
example, serum levels of CRP are increased in diabetic patients and CRP has been shown to 
be a strong predictor of cardiovascular events, with reduced levels following periodontal 
treatment (Hussain-Bokhari et al 2009); elevated levels of IL-6 in peripheral blood have been 
associated with unstable angina and metabolic dysregulation. Periodontitis is associated 
with elevated systemic levels of CRP and IL-6. As periodontal infections may increase the 
risk of atherosclerosis and poor glycemic control in diabetic patients, it is postulated that 
CRP andIL-6 are some of the mediators involved in the association between periodontitis 
and cardiometabolic disorders (Freeman et al 2002). 
Inflammation plays a pivotal role in destructive periodontitis and atherosclerotic 
complications, which could be exacerbated by stress (Dimsdale 2008). CRP, monitored as a 
major risk factor for complications of atherosclerosis, also demonstrates raised levels in 
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periodontitis. Mean CRP is shown to be elevated significantly in subjects with extensive 
periodontal pocketing in comparison with those with shallower probing pocket depths. 
Body mass index (BMI) modifies the association of extensive periodontal disease with CRP. 
A BMI of 20 is predictive of a 2-fold difference in mean CRP levels between deep and 
shallow periodontal pocket groups (Slade et al 2003). This would be a relatively simple and 
effective tool for advising patients on improving periodontal and systemic health at baseline 
and in response to treatment.  
It has been demonstrated that several parameters of systemic inflammation are associated 
with cardiovascular diseases and diabetes. For example, CRP has been shown to be a strong 
predictor of cardiovascular events, and the levels of CRP are increased in the serum of 
diabetic patients (Ridker 2003; Freeman et al 2002). In addition, elevated levels of IL-6 in 
peripheral blood have been associated with unstable angina and metabolic dysregulation 
(Biasucci et al 1996; Vozarova et al 2001). 
Furthermore, periodontitis has been related to the elevation of systemic levels of CRP and 
IL-6 (Loos et al 2000; Yamazaki et al 2005; Noack et al 2001). As periodontal infections may 
increase the risk of atherosclerosis and poor glycemic control in diabetic patients (Beck et al 
2005; Taylor et al 1996), it is postulated that CRP and interleukin-6 could be possible 
mediators involved in the association between periodontitis and systemic diseases. 
CRP is one of the major acute-phase proteins, synthesized primarily in the liver in response 
to pro-inflammatory cytokines. The concentration of CRP increases with inflammation 
(Gabay and Kushner 1999). These acute phase proteins are known to activate complement in 
damaged vessel walls and to promote the formation of foam cells during the initiation of 
atheroma formation (Torzewski et al 2000; Du Clos 2000). IL-6 is an important activator of 
CRP production (Steel and Whitehead 1994) and is a key pro-inflammatory and immune-
modulatory cytokine, secreted mainly by monocytes, macrophages and T lymphocytes 
recruited to sites of infection or inflammation. IL-6 has pro-inflammatory properties and 
procoagulant effects, and these properties are likely to play a role in the pathogenesis of 
coronary syndromes (Maseri et al 1996).  
The elevation of CRP and IL-6 suggests a plausible biological mechanism underlying the 
association between periodontitis and cardiovascular diseases. Several inflammatory signals 
and markers including high sensitivity CRP (hsCRP), cytokines such as IL-1, IL-6 and TNF- 
which are reported to be associated with periodontitis are also involved in 
atherothrombogenesis (Ridker et al 2000; Ridker & Silvertown 2008). An elevation of CRP is 
regarded as a biomarker of systemic inflammation and as a risk marker for CVD (Ridker 
2003); hsCRP has been shown to be the strongest biomarker for predicting cardiovascular 
events. A recent meta-analysis of 10 cross-sectional studies showed that CRP in periodontitis 
patients is elevated in comparison with controls without periodontitis (Paraskevas et al 
2008). In addition, the presence of Pg in periodontitis patients is associated with increased 
CRP levels, suggesting that elimination of this periodontal pathogen could reduce serum 
CRP levels (Pitiphat et al 2008). 
Other biomarkers significantly associated with the risk of cardiovascular events are serum 
amyloid A, sICAM-1, IL-6, homocysteine, total cholesterol and low density lipoprotein 
(LDL) cholesterol (Ridker et al 2000). Among them, serum levels of IL-6 in the upper quartile 
of the considered normal range are independently predictive of an increased risk of 
premature death or future myocardial infarction, even after accounting for CRP levels in 
large prospective studies of healthy populations (Nakamura et al 2008). IL-6 is also a marker 
for identifying patients with unstable coronary artery disease independent of other risk 
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indicators. It is relevant that both periodontal and coronary heart disease populations share 
similar risk factors in this context.  

4. Associations of periodontal disease with coronary heart disease 
A possible association of periodontal disease with coronary heart disease (CHD) has 
received attention in the literature, demonstrating a raised antibody titre to 
periodontopathic bacteria in CHD patients compared with healthy controls. When serum 
antibody levels in response to 12 periodontal pathogens were investigated amongst patients 
with CHD and moderate to severe periodontitis, the antibody response was most prevalent 
for Pg  a major causative pathogen implicated in CHD as well as periodontitis (Yamazaki et 
al 2007). When the antibody response to two different strains Pg FDC381 and Su63 was 
analysed, periodontal patients were positive for both strains while CHD patients showed an 
elevated response to Pg Su63 but not for the Pg FDC381 strain. These findings demonstrate 
that periodontal pathogens with high virulence may affect atherogenesis; knowledge of the 
virulence factors of Pg Su63 could open new therapeutic modalites for Pg-associated 
atherosclerotic changes. DNA of Pg has been detected in atherosclerotic plaque suggestive 
of bacteraemias and endotoxaemias during the progression of periodontitis (Pussinen et al 
2007a; Forner et al 2006; Nakano et al 2008). Direct effects of periodontopathic bacteria on 
host cells could contribute to the link between periodontitis and coronary heart disease 
(Schenkein et al 2000). A cause and effect relationship based on these concepts would be 
determined by the size of the inflammatory loading, genetic and environmental factors.  
Destructive periodontal disease is associated with increased risk of atherosclerotic 
complications. Inflammation plays a pivotal role in periodontitis and atherosclerosis. CRP 
an acute phase protein monitored as a major risk factor for complications of atherosclerosis, 
also demonstrates raised levels in periodontitis. The effect of periodontal disease 
progression (>2mm attachment loss, 2 months post-baseline) on the acute-phase response 
has been investigated (Craig et al 2003). ELIZA (enzyme-linked immunosorbent assay) was 
used for measuring serum antibody and a high sensitivity (hs) CRP assay was used to 
measure CRP. Results indicated that periodontal disease status, severity and progression; 
also male gender and smoking were associated with serum IgG antibody to Pg rather than 5 
other species. LDL cholesterol increased in disease, while HDL  increased in health. 
Regression analysis indicated a correlation between IgG antibody to Pg and age, probing 
depth and hsCRP. Multiple sites of disease progression and raised antibody titre to Pg 
increased the odds ratio for elevated levels of hsCRP. It was concluded that destructive 
periodontal disease and its progression are characterized by an acute phase-response 
associated with relevant serum markers. These events are similar to those seen in 
cardiometabolic disorders, underscoring the impact of periodontal disease progression on 
systemic diseases in view of the contribution of extensive periodontal disease and BMI to 
raised CRP levels in susceptible subjects. Also highlighting the importance of 
cardiometabolic disorders in periodontal  patients in evaluating the source of acute phase 
proteins and a bi-directional impact of treatment, beneficial in controlling both periodontal 
and systemic diseases.  
Documented literature indicates the importance of periodontal disease as an inflammatory 
exposure relevant to the progression and outcome of systemic diseases in addition to being 
a disease entity with its own outcome. Clinical, microbiological and inflammatory 
components indicate risk for systemic diseases, associated with an inflammatory burden 
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and its sequelae. These may not necessarily be the same parameters used to define 
periodontal disease. Temporal relationships between exposure and disease outcome are also 
relevant. Clinical parameters of periodontal disease have been correlated with serum levels 
of 2 systemic risk markers of cardiovascular disease,  soluble intercellular adhesion molecule 
(sICAM) as a measure of vascular stress and serum CRP as a measure of an acute phase 
response (Beck & Offenbacher 2002). This was part of a cross-sectional study of the 
relationship between periodontal disease and cardiovascular disease in the Dental 
Atherosclerosis Risk in Communities (ARIC) study. It is relevant that while attachment loss, 
probing depth (PD) and bleeding on probing (BOP) were individually associated with 
sICAM and CRP, only BOP was significant for sICAM when all 3 were included in the 
model; PD was significant for CRP. Both clinical parameters PD and BOP are more robust in 
estimating the extent of systemic inflammation than categorization of early, moderate and 
severe periodontal disease based on bone support or attachment loss which may not 
correlate with the extent of inflammation at the time of examination. A tooth centered 
approach to periodontitis may not fit the mould of systemic inflammation where relevant 
parameters such as PD and BOP would fit the underlying mechanisms and temporal 
sequelae affecting systemic outcome of periodontal inflammation. Study design and 
parameters measured could account for some discrepancies in the reported literature, on 
systemic markers for periodontal and cardiometabolic disorders and response to treatment 
in this context.  
In view of the association between systemic levels of the inflammatory markers CRP, 
fibrinogen and WBC with a risk of CHD, also demonstrated for periodontal disease, the 
effect of periodontal treatment on these systemic parameters has been investigated in 
subjects with or without CHD. The periodontal paramenters, bleeding on probing (BOP) 
and probing depths (PD) were measured in subjects with or without coronary heart disease 
(Hussain-Bokhari et al 2009). All subjects received non-surgical periodontal therapy 
including plaque control measures and thorough root surface debridement. There were 
significant reductions in BOP, PD and systemic inflammatory markers in both groups after 
periodontal therapy. This could contribute to decreased risk for CHD in treated periodontal 
patients. This profile is valuable in the planning of large-scale intervention trials to reduce 
risk for CHD with periodontal intervention.  
Non-surgical periodontal treatment for periodontal pocket reduction induces systemic 
changes in several biochemical markers that reflect the risk for atherosclerosis. In a study 
where successful periodontal treatment with pocket reduction was reported in adult 
periodontal patients with severe periodontitis, serum glucose, lipids and markers of 
systemic inflammation were not significantly altered after 3 months. At one year, HDL-C 
concentrations were significantly increased and LDL-C concentrations decreased with 
concurrent reduction in  IL-18 and interferon  levels (Buhlin et al 2009). Both mechanical 
periodontal debridement and treatment with a nonsteroidal anti-inflammatory drug 
appeared to affect serum glycoprotein markers of infection and inflammation. Steroids and 
disease-modifying anti-rheumatic drugs are also effective in reducing levels of CRP by 30–
70% which have implications for periodontal disease progression in patients presenting 
with co-morbidities. The results of some studies indicate that nonsteroidal anti-
inflammatory drugs had minimal effects on CRP, although others have reported that 
flurbiprofen decreased CRP levels in a subset of patients. A change of 150% (CRP) or 70% 
(haptoglobin) in the levels of these acute-phase reactants indicate significance in the context 
of individual subject variation. 
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5. Periodontitis and dyslipidaemia 
5.1 Psychosomatic aspects of obesity 
There is growing evidence in the recent literature that obesity and periodontitis may be 
triggered or exacerbated by adverse social factors and certain psychological pathologies, 
traits and behaviors. Dental practitioners should therefore give consideration to the fact that 
overweight patients who present with impaired periodontal status may also be experiencing 
anxiety, depression, and impaired satisfaction with life. 
Although periodontal disease is affected by behaviour determined by social and 
psychological factors, periodontists have not seriously considered psychosocial pathways in 
its etiology, diagnosis, and treatment. However, a sound understanding of the psychosocial 
pathways of behavior strongly linked to periodontal disease, and mechanisms whereby 
psychological factors affect the response of periodontal tissues to pathogens, is essential for 
diagnosis and improving the effectiveness of interventions (Sheiham & Nicolau 2005); which 
could also affect impact on co-morbidities. 

5.2 Mechanisms affecting dyslipidaemia, diabetes and periodontitis 
The inflammatory loading from periodontal disease could compromise cardiometabolic and 
autoimmune diseases which are driven by inflammatory mechanisms leading to oxidative 
stress-induced tissue and organ damage. The bi-directional relationship between 
periodontal disease and diabetes mellitus is well documented. Serum markers of 
periodontitis are derived from periodontal pathogens and host defence mechanisms. 
Elevated levels of serum lipopolysaccharide (LPS) derived from periodontal pathogens, 
antibodies to LPS and LPS binding protein are detected in periodontitis compared with 
periodontally healthy subjects; and surrogate markers of immune mediated responses to 
plaque antigens such as antibodies, matrix metalloproteinases, cytokines and markers of 
inflammation. Antibodies to periodontal pathogens are indicative of systemic exposure to 
this antigenic stimulus. Serum screening methods for detection of markers for periodontitis 
would be useful in correlating with inflammatory markers from systemic diseases.  
Several parameters of systemic inflammation have been linked with CHD and diabetes. For 
example, serum levels of CRP are increased in diabetic patients and CRP has been shown to 
be a strong predictor of cardiovascular events; elevated levels of IL-6 in peripheral blood 
have been associated with unstable angina and metabolic dysregulation. Periodontitis is 
associated with elevated systemic levels of CRP and IL-6. As periodontal infections may 
increase the risk of atherosclerosis and poor glycaemic control in diabetic patients, it is 
postulated that CRP and IL-6 are some of the mediators involved in the association between 
periodontitis and cardiometabolic disorders. 
Plasma fatty acids, an important cardiovascular biomarker, showed an altered profile, 
particularly when concentrations were measured in periodontitis patients, who presented 
with higher amounts of total fatty acids, saturated fatty acids, MUFA, and n-6 PUFA than 
controls. Dietary fat may affect immune responses and determine susceptibility of   
lipoprotein to oxidation, which affects the activation of adhesion molecules and other 
inflammatory agents (Von Schacky & Harris 2007). 
Recently, a new association between lipid peroxidation, oxidative stress and periodontitis 
has been suggested and it is also related to the clinical periodontal status (Bullon et al. 2008). 
Evidence suggests an association between inflammatory markers, such as interleukins, 
oxidative stress-related parameters, and CHD events. It has been hypothesized that CHD 
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may be triggered by systemic mechanisms, in addition to local inflammatory factors, and 
chronic periodontal infection is one of the possibilities to be considered. Here, this 
hypothesis is fully supported by reported results on oxidative stress status, fatty acid 
profile, inflammatory interleukines and adhesion molecules. Indeed, the high correlations 
found between plasma triacylglycerols, LDLc, saturated fatty acids, polyunsaturated fatty 
acids, total amount of fatty acids and coenzyme Q10; with some periodontal data such as 
probing depths, gingival margin location and clinical attachment levels, leads to the 
conclusion that there is a close association between periodontitis, plasma fatty acids profile 
and an increase in metabolic risk factors for CHD. 
Periodontal treatment influences blood lipid levels in a manner which is consistent with a 
decreased risk for CHD. HDL-C concentrations increased and LDL-C concentrations 
decreased significantly (Pussinen et al 2004). Previous intervention studies suggest that 
periodontal treatment decreases the levels of inflammatory markers such as CRP, fibrinogen 
and IL-6 (Pussinen et al 2004; Montebugnoli et al 2005). However, these studies were fairly 
small and the follow-up periods were only between 3 and 6 months. It would be important 
to carry out large scale, long-term studies on this theme considering the potential impact of 
controlling periodontal disease progression on coronary heart disease.  
The predictive and prognostic value of CRP and fibrinogen as risk factors for cardiovascular 
disease is well-documented and could be used to stratify patients for this purpose. 
Moreover recent data is also suggestive of a primary role for insulin resistance in the 
pathogenesis of metabolic syndrome and prediction of cardiovascular events. Glycaemic 
indices could function as significant markers of the incidence of new cardiac events in 
subjects who may not be diagnosed diabetics. Although the traditional markers, reduced 
HDL-c, elevated LDL-c, triglycerides and visceral adiposity are associated with insulin 
resistance, it may independently influence the progression of coronary atherosclerotic 
plaques in asymptomatic patients, via endothelial dysfunction. Insulin resistance seems to 
have a significant prognostic role and informative for preventive care in acute coronary 
syndrome (Caccamo et al 2010). These mechanisms could impact on periodontal disease 
progression and therapeutic targets. 
A common pathological pathway associated with systemic inflammation and insulin 
resistance link cardiometabolic disorders (Pischon et al 2007; Saito & Shimazaki 2007). The 
non-glycosylated polypeptide leptin synthesized primarily by adipocytes has several 
regulatory functions, with increased production during inflammatory responses. Its dual 
characteristics as a hormone and a cytokine provide a link between neuroendocrine and 
immune systems. It plays an important role in the pathogenesis of autoimmune 
inflammatory conditions such as diabetes (Lago et al 2008; Soory 2010a) and rheumatoid 
arthritis (Otero et al 2006; Soory 2010b). Metabolic syndrome is diagnosed in individuals 
with a risk of cardiovascular disease, comprising a cluster of abdominal obesity, 
hypertension, impaired glucose tolerance, hyper-insulinaemia and dyslipidaemia (Eckel et 
al 2005). 
A significant relationship between oxidative stress and metabolic syndrome has been 
demonstrated in humans when compared with normo-lipidaemic subjects. Systemic 
oxidative stress and insulin resistance have been shown to correlate with attenuated 
antioxidant capacity. The effects of a hyper-inflammatory state seen in severe uncontrolled 
periodontitis and its impact on organs distant from the focus of inflammation are well 
documented in the context of oxidative stress-inducing mechanisms and the role of 
antioxidants (Soory 2009). Several cytokines are involved in the mediation of insulin 
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resistance, TNF- in particular (Tilg and Moschen 2008). In the context of substances 
derived from oxidative damage, plasma lipid peroxidation plays an important role in the 
diabetic periodontal patient (Sonoki et al 2006) with decreased lipid peroxidation following 
periodontal therapy. The pathogenesis and progression of periodontal disease is escalated 
by advanced glycaemic end products AGE (Takeda et al 2006), receptor for AGE (RAGE) 
which is highly expressed in periodontal tissues and AGE/RAGE interactions in 
uncontrolled diabetics. Using a diabetogenic cell culture model of well characterized 
osteoblasts, it has been demonstrated that the oxidative effects of AGE and nicotine were 
overcome by the antioxidant glutathione (Rahman & Soory 2006). Preliminary studies in 
pro-oxidant cultures of oral periosteal fibroblasts and well characterized osteoblasts 
demonstrated that co-enzyme Q10, phytoestrogens and the antioxidant Pycnogenol derived 
from pine bark, attenuated oxidative stress induced by nicotine in this model (Figuero-Ruiz 
et al 2006); indicating a possible role for these antioxidants in the adjunctive therapy of 
inflammatory diseases characterized by a pro-oxidant profile. 
An uncontrolled immune response could have a synergistic effect in periodontal patients 
with co-existing DM (Nassar et al 2007). Effective treatment of periodontitis could improve 
diabetic parameters such as glycated haemoglobin (Grossi and Genco 1998). 
Hyperglycaemia induces oxidative stress via protein kinase-dependent activation of 
enzymes that catalyse the generation of reactive oxygen species from PMNs in diabetic 
patients with a direct bearing on periodontitis in uncontrolled diabetics (Karima et al 2005). 
Fundamental mechanisms associated with an over-exuberant host response are synergized 
in diabetic and pre-diabetic obese subjects prone to severe periodontal disease (Nishimura et 
al 2007). 

5.3 Role of leptin in periodontal and cardiometabolic diseases  
An association between periodontal disease severity and serum and gingival crevicular fluid  
leptin levels is well documented (Karthekayan et al 2007a,b; Bozkurt et al 2006). There is less 
information on the effects of periodontal treatment on serum leptin levels. Adipose tissue 
cells secrete over 50 bioactive substances including TNF- and IL-6 collectively known as 
adipokines (Ritchie 2007; Saxlin et al 2008). Obese individuals have raised levels of 
circulating TNF- and IL-6 compared with those of normal weight, with some reduction in 
cytokine levels on weight reduction (Ziccardi et al 2002).  
There is documented evidence of a significant association between periodontitis and 
dyslipidaemia and that metabolic syndrome increases the risk for periodontitis; suggesting 
that subjects exhibiting components of metabolic syndrome should be encouraged to 
undergo regular periodontal examination. There are several mechanisms whereby adipose 
tissue mass and secretion of adipokines including leptin affect the host response. Leptin 
levels correlate with increasing periodontal pocket probing depths. Visceral adipose tissue 
in particular is an important organ that secretes several bioactive substances known as 
adipocytokines, including TNF-, which contributes to periodontal disease progression. 
Anxiety states could correlate with visceral fat and its association with periodontal disease. 
A few reports have proposed several mechanisms by which obesity can directly affect 
periodontal tissue. Obesity affects host immunity (Marti et al 2001), and the relationship 
between adipose tissue and the immune system is believed to be related to the secretion of 
numerous adipokines, including leptin, amounts of which correlate with fat mass (Caspar-
Bauguil et al 2006). It has been demonstrated that human leptin is present within healthy 
and marginally inflamed gingiva, and that it could be released coincident with vascular 
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expansion. Gingivae, in addition to adipose tissue may be a source of circulating leptin  
(Johnson & Serio 2001). Recent studies have indicated that adipose tissue, especially visceral 
adipose tissue, is an important organ that secretes several bioactive substances known as 
adipocytokines, including tumor necrosis factor-, which may enhance periodontal 
destruction (Saito & Shimazaki 2007).  
The relationship between body mass index and events leading to risk of CHD is made 
complex by several factors; some of which include potential confounding factors such as 
smoking, medication and weight loss due to prevalent disease. The impact of body mass 
index on CHD is attenuated when mediators of this risk such as diabetes, hypertension and 
hyperlipidaemia are accounted for. It is relevant that markers of inflammation may 
differentiate between fatal and non-fatal events, being more strongly associated with fatal 
events (Logue et al 2011). The cardiovascular disease markers of inflammation, CRP and IL-
6 are more significantly linked with fatal than non-fatal events (Sattar et al 2009), CRP being 
a weaker link than IL-6. If inflammation poses a greater risk of cardiovascular mortality, it 
would apply to adiposity as a source and mediator of inflammatory markers (Logue et al 
2011) with important implications for treatment targets which would also apply to 
periodontal disease control. In addition to severity there could be subtle differences in the 
mechanisms involved. Treatment outcome with weight loss interventions would be a 
relevant area for investigation. The biological effect of obesity as a nidus of inflammation is 
an important one, likely to affect its role as a cardiovascular risk factor. In the context of 
adipose tissue functioning as an endocrine organ and releasing pro-inflammatory cytokines 
(Hotamisligil & Erbay 2008), obesity may be regarded as a low-grade inflammatory state 
(Welsh et al 2010; Cartier et al 2008).  
The effects of periodontal treatment on serum levels of leptin and other cytokines 
adiponectin, TNF-, IL-6 and CRP have been investigated in patients with chronic 
periodontitis before and after non-surgical periodontal treatment (Shimada et al 2010). The 
possible role of periodontal disease in producing serum leptin was investigated by 
determining serum leptin levels in patients with chronic periodontitis and correlated with 
other inflammatory markers for comparison with serum leptin levels following periodontal 
treatment. Serum leptin was associated with mean probing depth, clinical attachment level, 
alveolar bone loss and body mass index, with significant correlations between serum leptin, 
IL-6 and CRP levels. There were significant differences in serum leptin, IL-6 and CRP levels 
between healthy and chronic periodontitis patients. Non-surgical periodontal treatment was 
effective in reducing serum leptin, IL-6 and CRP with significant decreases in their serum 
levels. The efficacy of priodontal treatment in reducing these parameters is suggestive of 
common mediators in the progression of periodontal disease and metabolic syndrome, 
providing an effective therapeutic target.  
Other workers have also reported that serum levels of hsCRP and IL-6 are significantly 
higher in periodontitis patients with decreased levels following treatment (Yamazaki et al 
2005; Nakajima et al. 2010). However there was no significant association between TNF- 
levels and periodontitis. An association between serum TNF-, IL-l-6, body weight and 
periodontitis has been reported (Saxlin et al 2008). They suggest that IL-6 rather than TNF-, 
correlated with periodontal probing depth, BMI and periodontal disease progression. The 
lack of significant change in serum TNF- levels in periodontitis patients after non-surgical 
periodontal treatment has been reported (Ikezawa-Suzuki et al 2008), although high levels 
are detected in GCF or gingival tissue of periodontitis patients. It would appear that IL-6 
shows clearer associations between periodontitis and systemic disease. In addition to IL-6, 
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IL-1 and LPS, also act as pro-inflammatory stimuli in regulating mRNA expression and 
circulating levels of leptin.  
Leptin is also responsible for directly stimulating the production of cytokines such as IL-6 
which in turn could influence the synthesis of CRP. Human CRP could inhibit receptor 
binding of leptin, blocking cell signalling activities; physiological concentrations of leptin 
stimulate CRP expression in human hepatocytes in a dose-dependent manner. This is a 
potential mechanism for leptin resistance whereby CRP in the circulation binds to leptin and 
alters its physiological functions (Chen et al 2006). It is uncertain whether changes in these 
cytokines reflect a common underlying cause such as obesity. A raised level of leptin during 
periodontal inflammation amongst other infectious / inflammatory conditions is suggestive 
of its role in immunolgically mediated host responses.  
Leptin is also involved in modulating bone homeostasis. It stimulates bone formation 
directly via differentiation and proliferation of osteoblasts. It also enhances the lifespan of 
osteoblasts by preventing apoptosis (Gordeladze et al 2002). Leptin is implicated in bone 
modulatory activities in addition to local inflammation in the periodontium. Raised serum 
leptin levels are a risk factor for cardiovascular disease (Parhami et al 2001; Yamagishi et al 
2001). Increased levels of serum leptin seen during the progression of periodontal disease, 
are suggestive of the influence of progressive periodontitis on cardiovascular disease. Larger 
studies are required to establish the connection between periodontitis and metabolic 
syndrome mediated by leptin.  

6. Immune markers common to periodontal and cardiometabolic diseases  
The effect of periodontal therapy on gene expression of peripheral blood monocytes has 
been investigated (Papapanou et al 2007). The time scale was 1 week before treatment, at 
initiation of treatment and post-treatment at 6 and 10 weeks. The periodontal status was 
established at baseline and subgingival plaque samples were obtained. Periodontal 
treatment was completed within 6 weeks. Expression profiles of monocyte RNA were 
determined within the stipulated time frame. Treatment resulted in improved periodontal 
status and reduced numbers of pathogens. About a third of patients showed significant 
changes in gene expression of relevance to cell signalling, apoptosis and innate immunity, 
consistent with a systemic anti-inflammatory effect. These responses could have a positive 
impact on periodontal patients presenting with cardiometabolic diseases.  
There is an association between premature atherosclerosis and rheumatoid arthritis. The 
concept that elevated levels of inflammatory markers such as IL-6, IL-1, TNF-, E-selectin, 
ICAM-1, MMP-9 and VCAM-1 identified in atherosclerosis, are associated with the severity 
of coronary atherosclerosis in patients with RA, was investigated (Rho et al 2009). Levels of 
inflammatory mediators, clinical variables and coronary artery calcification were measured 
in patients with RA and in control subjects. Most of the above markers were significantly 
elevated in patients with RA when compared with controls; and a significant association 
between concentrations of IL-6 and TNF- with greater amounts of coronary calcium. These 
effects were distinctly different from those of controls. It was concluded that TNF-and IL-6 
are significantly associated with the severity of sub-clinical atherosclerosis in patients with 
RA.  
The emergence of periodontal medicine has increased interest in defining the behaviour of 
peripheral blood cells in periodontitis subjects in comparison with a healthy group. E. coli  
LPS-stimulated peripheral blood monocytes (PBMC) from subjects with periodontitis 



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

58

present a different pattern of cytokine release when compared to PBMC from healthy 
subjects, with significantly greater levels of TNF- and IL-6 released by PBMC isolated from 
periodontitis subjects (Goncalves et al 2010). This phenomenon could have implications 
locally, in periodontitis as well as in systemic diseases, in response to circulating levels of 
LPS from periodontal pathogens.  
Periodontopathic bacteria have been detected in 52% of atherosclerotic specimens. 
Cytomegalovirus (CMV) and / or Chlamidophila pneumoniae were detected in 4% of 
specimens (Chen et al 2008). After adjusting for age, gender, diabetes and smoking, 
periodontitis increased the risk of peripheral arterial disease by 5-fold. There were 
preliminary indications that periodontitis was associated with increased serum IL-6 and 
TNF- concentrations which further reinforces a systemic link.  

7. Conclusions 
Psychosomatic pathways in the progression of periodontal and systemic diseases may not 
have received serious consideration. However, a sound understanding of psychosocial 
determinants have important implications on the host response to antigens and disease 
mechanisms instrumental in their progression. These concepts have far-reaching 
consequences in improving the efficacy of diagnoses and treatment interventions for 
periodontal and systemic diseases. 
The schematic diagram below demonstrates that anxiety states could contribute to diseases 
with psychosomatic implications such as coronary heart disease (CHD), diabetes mellitus 
(DM) and periodontal disease. Progression of periodontal disease and its response to 
treatment could influence the progression of cardiometabolic disorders in a bi-directional 
manner. These pathways and their ramifications provide tremendous potential for future 
work, which is likely to clarify increasing interest in the relevance of these connections.  
 

 
 
Comprehensive documentation of biological and physiological mechanisms by which 
psychosocial stress contributes to periodontal destruction provides biological rationale for 
this relationship. Psychosocial implications of cardiometabolic diseases addressed, converge 
on an inflammatory nidus as the driving force of disease progression, providing treatment 
options which attenuate the focus of inflammation. A relevant profile of inflammatory 
markers discussed provides common ground for targeting prognosis and therapeutic 
outcome in periodontal and cardiometabolic diseases with psychosomatic determinants, in a 
bi-directional manner.  
Effects of treatment of periodontal disease show promising pointers towards reducing 
potential systemic inflammatory loading by reducing the levels of inflammatory mediators 
implicated in its pathogenesis. Considering the systemic impact of periodontal 
inflammation, effective periodontal treatment could enhance treatment outcome of 
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cardiometabolic co-morbidities in periodontal patients. A composite profile of inflammatory 
agents is likely to be more useful than individual agents in determining periodontal 
treatment outcome and its systemic implications. The unique role of periodontitis as a 
potential core nucleus of inflammation with systemic implications as discussed and 
extraordinary potential for treatment outcome have global implications. This has received 
universal documentation in the literature, underscoring the importance of early detection 
and intervention. Genetic and environmental predisposition could account for some of the 
diversity observed, in disease presentation and treatment responses.  
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1. Introduction 
The purpose of this review is to present the latest research data regarding the physiological 
and diagnostic significance of acute phase proteins concentrations in saliva during oral and 
systemic diseases. We also show some interesting advantages in using saliva sample as a 
diagnostic fluid.    

2. Saliva as diagnostic tool 
Saliva is a unique biological fluid, with an important role in the oral physiology. It is a major 
player in the process of oral and general health maintenance (Humphrey, 2001). According 
to recent data it mirrors general health condition thus reflecting various systemic changes in 
the body (Chiappelli, 2006; Nagler, 2002, 2008).  
Saliva is a colorless viscous liquid mixture of oral fluids which includes secretions from both 
the major and minor salivary glands. Additionally, it contains several constituents of non-
salivary origin: gingival crevicular fluid, expectorated bronchial and nasal secretions, serum 
and blood derivates from oral wounds, bacteria and bacterial products, viruses and fungi, 
desquamated epithelial cells, leukocytes, electrolytes, immunoglobulins, proteins and 
enzymes, food debris and a small portion is gastro-esophageal reflux, etc.  (Edgar, 1990; 
Nagler, 2002).   
These facts motivate more extended use of saliva samples for diagnosis of different oral and 
systemic diseases. 

2.1 Advantages of saliva as research material 
Recently, saliva has been proven to be among credible diagnostic tools for detecting different 
biomarkers. Its promising future relies on two main reasons. Firstly, characteristic biomarkers 
for different diseases were found in significant concentrations among the components of the 
saliva. Second, the improvement of existing technologies and development of new, highly 
sensitive methods has succeeded to reveal the acceptable sensitivity and specificity of salivary 
biomarkers in term of different local and systemic conditions. 
Additionally, the raised interest in saliva as a useful diagnostic fluid during last few decades 
is motivated by the proven ability to monitor the general health, to discover the disease 
onset and to follow up the progression to be used in large scale screening and epidemiologic 
studies (Irwin, 1990; Jentsch, 2004; Yu-Hsiang, 2009). 
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Compared to the other diagnostic media (such a tissue samples, serum, cerebrospinal fluid, 
etc.) saliva sampling is easy collectable, cost-effective, non-invasive diagnostic tool for 
research and often is preferred as an alternative diagnostic approach.   
Advantages of saliva sampling are mostly seen in some patient’s categories which are 
historically problematic to manage as children, IVDU or any other case when venepuncture 
is difficult to achieve. The saliva collection does not cause anxiety or discomfort and studies 
are reproducible (Hu, 2008). It could be performed by the individuals themselves after 
minimal training, without the help of medical staff. Furthermore it is relatively safe to obtain 
numerous samples during the course of the disease with minimal risk of contamination both 
for the patient and the healthcare staff. 

2.2 Whole or gland-specific saliva? 
Using the whole saliva and gland-specific saliva as objects of diagnostic investigations has 
some specific concerns. Most frequently whole saliva is examined mainly because of its 
simple and facile mode of collection. There are some difficulties to collect and separate the 
gland-specific saliva from individual salivary glands: parotid, submandibular, sublingual, 
and minor salivary glands. When gland-specific samples are compulsory needed, use of 
specific devices is advised (Navazesh, 1993). In case of inflammatory and obstructive 
diseases of the particular salivary gland, examination of gland-specific saliva is more 
accurate and thus is preferable. 
Analysis of the saliva may be useful in increasing number of clinical situations, such as 
infectious diseases, hereditary disorders, autoimmune diseases, malignant and endocrine 
disorders. It is also beneficial in the assessment of therapeutic levels of drugs and the 
monitoring of illicit drug use (Yu-Hsiang, 2009). The list of the implicated clinical and 
research use of the saliva samples is kept growing.  
Furthermore, the whole, unstimulated saliva contains serum and local constituents, which 
reliably reflect changes in the local immunity. These components are derived from the local 
vasculature of the salivary glands and also reach the oral cavity via the flow of gingival 
fluid.  

2.3 The collection of saliva  
The preanalitic stage is essential for obtaining reliable and reproducible study results. This is 
the reason many authors to focus particular attention to the prerequisites which patients and 
devices need to meet before collection of the saliva sample. Usually several conditions have 
to be fulfilled. Avoiding of any oral-hygienic procedures on the study day, restrain of food, 
liquids and smoking before sample collection are among most popular, but might vary 
according to the objectives of the study (Dawes, 1990, Jentisch, 2004). It is found that best 
approach is to obtain samples at the same time of the day, most often between 8 and 9 a.m. 
(Dawes, 1990). 
Importantly, in healthy subjects, gingival crevicular fluid from the tooth/gum margin may 
constitute up to 0.5% of the volume of mixed saliva (Cimasoni, 1974). During the oral-
hygiene procedures minor abrasions appear and plasma exudate from in the mouth 
increased. Therefore, it is usually recommended that subjects should not brush their teeth or 
practice any other methods of oral hygiene for several hours before collecting a saliva 
sample (Hold, 1999).  
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2.3.1 Collection time of saliva 
From practical point of view, time for collection of the saliva is usually from 5 to 15 minutes. 
The necessary quantity is 2-10 ml according of the number of tested components (Dawes, 
1990, Jentisch, 2004; Marton, 2004). The samples are gathered in special sterile containers, 
which might be plastic, glass, polypropylene, etc. However, small molecules tend to stick to 
the polyethylene container for collection. Therefore, the most suitable plastic material is 
polypropylene, but not if recycled (Hold, 1999).  

2.3.2 Methods of saliva collection 
Techniques for the collection of saliva 
Several methods have been described for the collection of mixed saliva: 
 Draining method - the patients are instructed to swallow before collecting saliva. The 

saliva is secreted in the collecting bottle using a funnel, held near the mouth (Navazesh, 
1993).  

 Spitting method - saliva is collected in the mouth while patient keeps lips closed. At the 
end of each minute the patient emerged oral samples in sterile bottles (Navazesh, 1993).  

 Suction method - the procedure starts with swallowing, to release the mouth of 
available saliva. Special devices are placed under the tongue and attached to the suction 
pump that drains saliva. At the end of the procedure the suction tube is placed in the 
vestibulum and in the floor of mouth and, likewise, is collecting residual saliva 
(Navazesh, 1993).  

 Absorbent method - absorbent tampons or sponges (0.2 x 0.6 cm) are placed under the 
tongue near the exit channels of the sublingual and submandibular glands. Two other 
sponges are placed between the gingiva and cheek at the exit channel of the parotid 
gland (Navazesh, 1993).  

2.4 Stimulated and unstimulated saliva 
Although most patients prefer donating saliva rather than blood, a substantial social barrier 
exists to "spitting". For this and other reasons, subjects often experience decreased salivary 
secretion (dry mouth) if asked to provide a sample. Many researchers have found it 
advantageous to further stimulate salivation and a number of stimuli have been used:  
mechanical with inert material - paraffin wax, parafilm, rubber bands, pieces of teflon, 
polytetrafluoroethylene (PTFE), chewing gum or chemical stimulation with 2% citric acid, 
acid lemon drops  or a few drops of 0.5 mol/l citric acid are among the most potent of taste 
stimuli and will generally induce a maximal secretion of 5 to 10 ml/min (Dawes, 1992; Hold, 
1999; Ruhl, 2004).  
Some authors recommend that, when these types of stimuli are used, the subject should 
allow saliva to accumulate in the mouth until the desire to swallow occurs, at which time 
the fluid can be expelled smoothly into a vessel. Repeated expectorations should be avoided 
since this introduces bubbles, which may result in changes in pH leading to errors in 
interpretation of the saliva/plasma concentration ratio (S/P ratio) (Hold, 1999). 
There are several advantages of stimulating salivary flow. Firstly, large volumes of saliva 
can be obtained within a short time. Secondly, the pH of stimulated saliva mostly lies within 
a narrow range around the value of 7.4, whereas the pH of unstimulated saliva shows a 
larger variability. It may be of importance for the salivary secretion of weak acidic and basic 
compounds (Feller, 1977; Ritschel, 1983). The last, but not at least the intersubject variability 
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in the S/P ratio may be diminished when stimulated saliva is used, as has been reported for 
digoxin (Hold, 1999). 

2.5 Storage of saliva 
Some authors believe that saliva rest stable at room temperature for several days (George, 
1997; Schramm, 1991, Wade, 1991). Other recommend elimination of bacteria and enzymes 
prior to storage or otherwise stabilizers might need to be added stabilizers (Frerichs, 1992). 
Most authors suggest freezing the material immediately after collecting, especially when 
evaluating levels of hormones, immunoglobulins and interleukins (Zapryanova, 1989). 
Further processing of collecting saliva depends on the methods of study that will be used, 
but most usually saliva is centrifuged at 15 000G 4 º C for 10 minutes (Jentisch, 2004; Rohan, 
2000; Ruhl, 2004; Zapryanova, 1989).  

2.6 Diagnostic features of saliva 
Currently, three major restrictions limit the development of clinical diagnostics: 
 The lack of definitive molecular biomarkers for specific diseases; 
 The lack of easy and inexpensive method of sampling with minimal discomfort; 
 The lack of accurate, easy to use and portable platform to facilitate early detection 

disease (Yu-Hsiang, 2009).  
Since 2002, the National Institute of Dental and Craniofacial Research (NIDCR) has 
created opportunities to overcome these limitations by exploring oral fluids as a 
diagnostic tool for assessment of health and disease status. Through the visionary 
investment by the NIDCR, the discovery of salivary biomarkers and ongoing 
development of salivary diagnostics technologies now provide promising solutions for 
the rest (Yu-Hsiang, 2009).  

2.6.1 Tested substances in saliva 
Like blood, saliva is a complex fluid containing a variety of numerous organic and inorganic 
constituents, of which the most frequent subject of investigations is: proteins, enzymes, 
hormones, carbohydrates, calcium, sodium, magnesium, copper and others.  
Also it is important that saliva is a biologic medium for the study of genomic DNA (Ng, 
2004). Therefore it is a unique fluid for the development of molecular diagnostics. 
Unfortunately its potential seems to be frequently underestimated due to technological 
barriers. Further studies are awaited to prove if it meets the requirements necessary to 
screen saliva containing complex constituents with low concentration (Yu-Hsiang, 2009). 
Some of the components exert similar concentrations in blood and saliva and it is possible to 
easily move from their determination in serum to saliva. It is supposed that the saliva is 
functionally equivalent to serum in reflecting the physiological state of the body, including 
emotional, hormonal, nutritional, and metabolic variations (Ivanova, 2009). Others 
substances (like cholesterol, creatinine, uric acid etc) have very low concentration making 
their determination with the available techniques in saliva unreliable and clinically 
unfeasible (Ivanova, 2009). 

2.6.2 Techniques for investigating saliva 
The concentration of many substances in saliva was significantly lower than in blood plasma 
and this requires the use of highly sensitive tests and methods designed for saliva, and the 
proper collection of material.  
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At this level of knowledge the researchers aim to improve the sensitivity of the different 
methods that is believe to help further implementation of saliva sampling in diagnostic 
process in various disease processes. The low concentration of different substances 
compared with levels in the blood may prevent salivary diagnostics from being clinically 
practical. However this limitation was recently overcome as new and highly sensitive 
techniques (e.g., molecular diagnostics, nanotechnology) were developed. Unfortunately, 
they are still available only in a limited number of specifically equipped labs (Yu-Hsiang, 
2009). 
Most commonly radial immunodiffusion, immunoelectrophoresis, turbidimetry, 
nephelometry are used for determining salivary protein levels. For detecting cytokines 
levels ELISA, flowcytometry, ELISPOT, RT-PCR are preferred. The most common ELISA 
method is characterized with quite low sensitivity. The ELISPOT assays surpass ELISA 
techniques in terms of higher sensitivity achieved, but the proceeding times are usually 
longer. Compared to precipitation methods, ELISA essays are more sensitive thanks to the 
use of monoclonal antibodies (Altankova, 2001).  
Based on currently emerging biotechnology in salivary diagnostics became possible to 
determine the number of biomarkers for various diseases. The list includes malignancies 
(Kaufman, 2000), hereditary, autoimmune, viral and bacterial infections, cardiovascular 
diseases, HIV related conditions. We cannot miss the convenient use of saliva diagnostics in 
therapeutic drug monitoring, measurement of hormone levels, and of course diagnosis of 
local oral disease. These developments have extended the range of saliva-based diagnostics 
from the simple oral cavity to the whole physiological system. Thus, saliva-based 
diagnostics is on the cutting edge of diagnostic technology, and may offer a robust 
alternative for clinicians to use in the near future to make clinical decisions and predict post-
treatment outcomes (Yu-Hsiang, 2009). 
For the past two decades, salivary diagnostic approaches have been focused on the oral 
diseases. Interest represents a concentration of proven proteins in saliva, on the other hand 
their attitude to medical conditions and diseases affecting not only the oral cavity and the 
body. Therefore we would like to direct the focus of this review on determination the 
positive and negative acute phase protein in saliva in oral and systemic diseases. 

3. Acute phase proteins in saliva 
3.1 Origin of acute phase proteins in saliva 
The serum concentration of the most acute phase proteins increases in response to tissue 
injury, inflammation or infection. The changes in serum/plasma concentrations correlate 
with increased hepatic synthesis (Fournier, 2000). The majority of acute phase proteins are 
synthesized in the liver and some of them diffuse or are actively transported into saliva 
from the blood. Others are locally produced, including into the salivary glands.  
Although haptoglobin is mainly produced in the liver, some other organ may contribute: 
skin, lungs, kidneys, adipose tissue (Li, 2005). A local synthesis in oral cavity of transferrin, 
alpha 1-acid glycoprotein, alpha 1-antitrypsin and haptoglobin was observed in infants 
(Szabo, 1988). Increased CRP mRNA expression in the submandibular glands of rats with 
experimentally induced inflammation was recently reported (Dillon, 2010). It is now widely 
accepted that acute phase protein synthesis may take place in extra-hepatic cell types. 
Presumably, the same inflammatory mediators as observed in hepatocytes regulate the 
process (Fournier, 2000). Depending on the quantity of measured level, acute phase 
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response might be positive or negative. Some protein levels are found elevated during the 
acute phase (positive acute phase proteins), while the production of other proteins is 
decreased (negative acute phase proteins).  
When the concentration of specific component in saliva strongly correlates the serum one, a 
serum source is accepted (Nagler, 2008). However, the lack of a high correlation between 
concentrations of a component in saliva and in serum does not necessarily reject the serum 
origin. It may simply reflect variability in the diffusion process or local synthesis for the 
component (Nagler, 2008).   
The determination of the salivary acute phase proteins’ concentration is an object of many 
studies. Basically it is not a routine practice in the daily dentistry, but we hope it would be 
soon. 

3.2 Positive acute-phase proteins in saliva (positive app)  
Abnormal serum levels of positive acute phase proteins have been reported in various 
studies on myocardial infarction, Inflammatory bowel disease psoriasis, and malignancy. 
Some oral diseases as parodontitis, oral lichen planus, oral levkoplakia, oral squamous cell 
carcinoma etc. are also characterized with increased positive APP.   

3.2.1 Haptoglobin 
The diagnostic and prognostic value of haptoglobin and CRP in different diseases motivates 
further interest of their salivary concentrations and dynamics (Rocha-Pereira, 2004; Chen, 
1989; Clayman, 1992).  
There are a limited number of studies regarding the salivary haptoglobin (Backhausz, 1975; 
Grimoud, 1998; Katnik, 1990). This might be at least partially explained by the difficulties in 
determination of the acute phase protein in the oral cavity due to their low concentrations 
(Backhausz, 1975; Grimoud, 1998; Katnik, 1990; Keur, 1994).  
Some authors reported immunoenzyme method to determine haptoglobin in different 
biofluids, including saliva, which ranged 5 to 150 μg/l (Katnik, 1990). The salivary 
haptoglobin measurement is commonly used in the veterinary practice (Hiss, 2003; Parra, 
2005).  
Human studies show that saliva haptoglobin increases in patients with parodontitis 
(Backhausz, 1975). Bell's palsy (Keur, 1994) and in oral manifestation of AIDS (Grimoud, 
1998). 
 Backhausz et al.  investigated salivary samples from 60 individuals by  immuno-
electrophoresis. Transferrin and haptoglobin levels in subjects with periodontal 
inflammation were found twice as frequent as in control individuals, which is indicative of a 
correlation with the inflammatory process (Backhausz, 1975). 
Keur et al. evaluated the flow rate of extra-parotid and parotid saliva in patients with Bell's 
palsy compared to healthy volunteers. Concentration of total protein and seven acute-phase 
proteins were measured. Either extra-parotid or parotid saliva APP levels do not differ by 
means of patient’s age. Interestingly, an elevated concentration of  haptoglobin, alfa2-
macroglobulin and ceruloplasmin were found in  extra-parotid saliva, while only 
haptoglobin and ceruloplasmin were increased into saliva from parotid gland (Keur, 1994). 
This study demonstrates that haptoglobin presence in parotid and extraparotid saliva might 
serve as a reliable marker and it is worth to determine it in whole as well as in gland-specific 
saliva. 
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In HIV positive patients presented with typical oral mucosal manifestations a correlation 
between salivary and serum concentrations of IgA, haptoglobin and alpha1-protease 
inhibitor were observed (Grimoud, 1998). This is additional confirmation of reliability of 
saliva sampling for studying the diseases natural history and may successfully replace or at 
least add value to serum samples.  
There is a number of data confirming that haptoglobin levels can predict the clinical 
outcome. In 2003 S. Hiss et al. created an immune-enzyme technique to determine 
haptoglobin  in different swine fluids with  sensitivity threshold of 0.02 mg/l. haptoglobin 
concentrations in swine’s saliva were found between 0.3 and 3.0 microg/ml and correlated 
poor with serum levels (n=93, r=0.35, p<0.001) (Hiss, 2003). Parra et al. reported highly 
sensitive immunofluorimetric method for evaluation of dog serum and saliva haptoglobin. 
The detection level was 0.002 microg/ml. Saliva haptoglobin levels in diseased dogs were 
found significantly higher than in healthy ones (Parra, 2005).  

3.2.2 CRP (C-reactive protein)  
CRP serum concentration usually increases in case of systemic inflammation. Explicably 
CRP is the most commonly used acute phase protein in clinical practice. Few studies 
evaluated the CRP levels in oral cavity. It was detected in whole saliva in study which 
included 45 adults. The concentrations (range from 0 to 472 pg/ml) were found higher in 
patients with gingivitis, moderate and severe periodontitis (Pederson, 1995). Additionally, 
edentulous volunteers showed lower levels than healthy subjects (Pederson, 1995, Sibraa, 
1991). Some authors used monoclonal antibodies and a radioisotope assay to measure CRP 
levels in gingival crevicular fluid (GCF) from 24 periodontitis patients. CRP did not differ 
significantly between diseased and healthy sites in same patients (Sibraa, 1991). 
Salivary haptoglobin and CRP in oral neoplasm 
The serum levels of C-reactive protein and haptoglobin have prognostic and diagnostic 
value in patients with oral cancer, inflammatory bowel disease and psoriasis (Vucelić, 1990, 
Florin, 2006; Solem, 2005; Landowski, 2007; Koelewijn, 2008). 
It is known that serum levels of both proteins reflect disease activity and treatment outcome 
and might challenge the prognosis. Lead by the question if these changes are also observed 
in saliva, we conducted prospective study to evaluate if the saliva concentrations followed 
the same trend. We prospectively studied the haptoglobin and CRP levels in saliva samples 
from 16 patients with parotid tumors and 35 treatment-naïve oral squamous cell carcinoma. 
Thirty-one healthy subjects served as matched controls. The results clearly showed elevated 
CRP and haptoglobin levels in both study subgroups as compared to the controls (Table 1).  
 

Groups CRP (mg/1) Haptoglobin (mg/l) 
Healthy subjects (n=31) 0,105 ± 0,115 15 ± 12,9 

Patients with parotid tumors (n=16) 0,185 ± 0,89* 38 ± 58* 
Patients with oral squamous cell carcinoma (n=35) 0,346 ± 0,602* 45 ± 61* 

*p<0.05 versus healthy subjects 

Table 1. Saliva CRP and haptoglobin levels in patients with parotid tumors and oral 
squamous cell carcinoma 

Three months even insignificant decrease of CRP and haptoglobin was found (Krasteva, 
2009).  
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As discussed above, the haptoglobin is found in the cytoplasm of epidermal Langerhans 
cells (Li, 2005). Basically, we believe that that increased levels found in squamous cell 
carcinomas patients are related to local production and in oral mucosa. Possibility of 
systemic/serum origin however could not be overlooked. The levels of CRP in untreated 
oncology patients were almost three times higher than in control subjects almost 25% of the 
untreated cancer patients had levels above the established highest value in controls. 
Following appropriate treatment (chemotherapy, radiotherapy, surgery) 15 patients had 
salivary haptoglobin and CRP which were not different from the control subjects (mean 17 ± 
36 mg/l and 0,136 ± 0,72 mg/l respectively). Salivary haptoglobin and CRP levels decreased 
after treatment as expected due to the removal of tumor and subsiding of the inflammatory 
process (Krasteva, 2009).  
We found moderate correlation between CRP and haptoglobin (r = 0,502, p = 0,008) which 
provides additional evidence to confirm the same trend of elevation of both APP the parallel 
movement (increase) of two acute phase proteins (Krasteva, 2009).  
Salivary haptoglobin and CRP in systemic disease 
In 32 currently untreated psoriatic patients with PASI >10 we observed increased salivary 
CRP and haptoglobin levels (Table 2).  
 

Groups CRP 
(mg/l) 

Haptoglobin 
(mg/l) 

Healthy subjects (n=31) 0,10 ± 0,115 15 ± 12,9 
Patients with psoriasis (n=32) 0,166 ± 0,55 26,9 ± 24,6 

*p<0.05 versus healthy subjects  

Table 2. Saliva level of CRP and haptoglobin in psoriatic patients 

We suggest that elevated salivary haptoglobin levels may be due to transudation or local 
production in Langerhans cells and keratinocytes of oral mucosa. This could reflect a kind of 
local defense mechanisms involving systemic inflammatory process, which underline the 
basis of psoriasis. 
Furthermore the salivary levels of haptoglobin and CRP in 31 patients with inflammatory 
bowel disease (IBD) under immunosuppressive therapy were also examined.  No significant 
difference in the salivary concentrations as compared with healthy individuals was found 
(Table 3).   
 

Groups CRP 
(mg/l) 

Haptoglobin 
(mg/l) 

Healthy subjects (n=31) 0,105 ± 0,115 15 ± 12,9 
IBD (n=31) 0,175 ±0 ,246 20,6 ± 28,8 

Table 3. Saliva level of CRP and haptoglobin in psoriatic patients 

This could be partially explained by the lack of oral inflammation or might reflect the 
treatment-induced control of the disease. In patients with more active disease we observed 
slight increase of CRP values (slight elevation of Mayo index and CDAI index) (Krasteva, 
2009).  
Published data and our results has driven the conclusion that routine determination of CRP 
and haptoglobin in saliva in oral diseases as well as in systemic disorders. They could be 
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used as biomarkers in addition to diagnostic and prognostic value in patients. It would be 
most useful if they could be determined at the baseline and during the treatment with a 
regular follow up at first, third, sixth and twelfth month. 
There are just a few data for the presence of the other positive acute phase proteins in saliva.    

3.2.3 Alpha 2-macroglobulin 
Alpha-2-macroglobulin  is a large plasma protein produced by the liver. It is able to 
inactivate an enormous variety of proteinases (including serine-, cysteine-, aspartic- and 
metalloproteinases).  
Alpha 2-macroglobulin was studied in patients with oral diseases (Sengupta, 1988; 
Pederson, 2005, Rao, 1995). Alpha 2-macroglobulin levels in whole saliva were found 
between 0 and 4941 ng/ml using  ELISA (Pederson, 2005). It has been often studied in 
patients with gingivitis and periodontitis (Sengupta, 1988; Pederson, 2005, Rao, 1995).and 
the salivary levels was found even higher in severe disease (Pederson, 2005).    
The concentration of alpha 2-macroglobulin in human gingival sulci has been investigated 
in gingival washings of experimental gingivitis   and in crevicular fluid   before and after 
initial periodontal therapy (Condacci, 1982). The alpha 2-M was found elevated in the 
washings. The absolute amount of alpha 2-M in the crevicular fluid showed a significant 
decrease and ever reached undetectable levels after treatment (Condacci, 1982).  
In opposite of the above studies, Sibraa et al. found in gingival crevicular fluid lower levels 
of alpha-2-macroglobulin in periodontally diseased than healthy sites (p < 0.001) (Sibraa, 
1991). Gautam et al. found lower concentrations both in the serum and saliva in phenytoin 
treated patients with varying grades of gingival enlargement compared to phenytoin-naïve 
subjects with normal gingiva. The mean serum and salivary concentrations increased after 
the fading the inflammatory process (Gautam, 2009). 
Recently, Chen et al. both alpha-2-macroglobulin and alpha-2-macroglobulin-like protein 
are essential components of the salivary innate immunity acting like a natural inhibitor 
against swine origin influenza A virus (Chen, 2010). Additionally, аlpha 2-macroglobulin 
was reported between salivary biomarkers of type-2 diabetes (Rao, 1995). 

3.2.4 Alpha 1-antitrypsin (A1AT) 
Alpha 1-antitrypsin inhibits a wide variety of proteases. It protects tissues from enzymes of 
inflammatory cells, especially neutrophil elastase.  
There is very few data for alpha 1-antitrypsin in saliva.  Alpha 1-antitrypsin was measured 
in whole saliva between 2-2271 ng/ml by ELISA (Pederson, 1995). In contrast to alpha-2-
macroglobulin, A1AT was not found to increase in case with gingivitis (Pederson, 1995). 
However, similarly to alpha-2-macroglobulin it was lower in phenytoin  gingival 
enlargement compared to  normal gingival (Gautam, 2009). Smokers have also low levels of 
A1AT in crevicular fluid (Persson, 2001).  

3.2.5 Alpha-1-acid glycoprotein (A1AG)  
Alpha-1-acid glycoprotein  or orosomucoid  is a 41-43-kDa glycoprotein, one of the major 
acute phase proteins in humans, rats, mice and other species (Fournier, 2000). A1AG is 
synthesized primarily in hepatocytes, but mild production was also found in the salivary 
glands and spleen. Minor expression is detected in all other tissues, including lung, lymph 
nodes, uterus, ovary, kidney and tongue  (Lecchi, 2009). In the setting of established 



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

78

immunomodulatory and direct antibacterial activity of A1AG, its expression in the salivary 
glands might be explained with local immunity, even in healthy condition (Lecchi, 2009). 
In pre-matured infants the salivary A1AG and albumin concentration were found higher 
than in controls, due to the increase of the protein transudation. The last is a late 
consequence of intrauterine malnutrition (Szabó S, 1988). 

3.2.6 Fibrinogen 
Fibrinogen is a soluble plasma glycoprotein, synthesised by the liver, that is converted by 
thrombin into fibrin during blood coagulation. It may be elevated in any form of 
inflammation, it is especially apparent in human gingival tissue during the initial phase of 
periodontal disease (Page, 1976)  
One of the first, but unfortunately unsuccessful attempts for fibrinogen determination in 
saliva was made in 1965 (Brandtzaeg, 1965). Almost three decades later, Sukharev et al.  
succeeded to determine salivary lactoferrin and fibrinogen levels in 1205 salivary samples 
using an agar immunodiffusion test (Sukharev, 1991). Salivary fibrinogen degradation 
products and lactoferrin detection rates do not depend on the subject's gender but increases 
with age and intensity of the aggressive admixture effects in inhaled air. These are also 
related to the intensity of the inflammatory and proliferative processes in the oral cavity and 
bronchopulmonary system (Sukharev, 1991). 

3.2.7 Ferritin 
Ferritin is a ubiquitous intracellular protein that stores iron and releases it in a controlled 
fashion. In humans, it acts as a buffer against iron deficiency and iron overload. 
Inflammation induces the hepatic synthesis of the apo-ferritin, which is released into the 
circulation, and behaves as an acute phase protein. 
Very recent study revealed corresponding salivary and serum ferritin levels in 33 children 
suffering from protein-energy malnutrition – PEM. The salivary ferritin was measured very 
low both in serum and saliva in children with PEM even in grade I, as compared to normal 
children. In PEM grade III the mean ferritin value was reported 3.28 +/- 0.75 μg/l versus 
169.3 +/- 21.9 μg/l in normally nourished children. The salivary ferritin levels in PEM may 
be used to distinguish the early stage of the disease and to estimate the disease severity 
(Agarwal, 1984).   

3.3 Negative acute phase proteins 
3.3.1 Albumin 
Albumin is the main protein of plasma; it binds water, cations, fatty acids, hormones, 
bilirubin and drugs - its main function is to regulate the colloidal osmotic pressure of blood.  
Common saliva albumin concentration usually is not found decreased in inflammation and  
is often used as a marker for the degree of mucositis or inflammation in the oral cavity 
(Izutsu, 1981). Whole saliva albumin as an indicator of stomatitis in cancer therapy patients. 
On the contrary, albumin is substantially increased, like lactoferrine, in case of acute 
inflammation of the salivary glands (Dodds, 2000).  
 in saliva arises from contamination by either traces of blood or gingival fluids. Normal 
range of albumin in saliva is still issue of debate. Different concentrations of salivary 
albumin in healthy adults were reported (Ruhl, 2004 -  S 38.5 μg/ml and Vaziri, 2009 - 64.50 
± 38.40 μg/ml).   
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Almost all samples obtained after stimulation of the major salivary glands contain albumin 
in concentration about r below the detection limit of 18.9 μg/ml (Ruhl, 2004).   
Salivary albumin was evaluated in early childhood. High levels of albumin are found in 
saliva of 63 newborn infants,  as early as within the first 10 days of life (Bastian Manfred 
Seidel) (Selner, 1968).   
The median concentrations of serum albumin in whole saliva increased from 1 to 12 μg/ml 
during the first year of infancy, within an intra-individual range from 10.4 to 105 μg/ml. A 
shift in median concentrations was observed prior to the eruption of the first teeth. In 
individual infants, the albumin concentration started to rise about a month before eruption 
of the first tooth (Ruhl, 2005).  
 The concentration and the within-child variability of albumin increased with age (from 6 
months to 5 years). Between-child variances were greater than the within-child variances by 
a factor of 1.3 for log (albumin). There were no changes in albumin levels between infection 
and non-infection periods, suggesting a local immune response rather than serum leakage. 
(Gleeson, 1991).   
There was not any difference in the concentration of salivary albumin depending on 
pregnancy, as the same levels were measured in pregnant and non-pregnant women (Selby, 
1988). 
Salivary albumin concentration in subjects with gingivitis or perodontitis is caused by 
leakage of plasma proteins (Henskens, 1993). The increase in the concentration of albumin in 
whole saliva was always detected prior to the clinical appearance of stomatitis, suggesting 
that albumin in whole saliva may be a marker and predictor of this complication. Therefore, 
the monitoring of salivary albumin can assist in the identification of stomatitis at a pre-
clinical stage and enable the chemotherapy dosage to be adjusted or treatment for the 
stomatitis to be initiated at an early stage (Izutsu, 1981) 
Differences between glandular and gingival contributions to the composition of saliva were 
explored in patients medicated with cyclosporin who exhibited gingival overgrowth 
(responders), those without gingival overgrowth (non-responders). In responders the 
albumin level was 88 μg/ml and in non-responders 52 μg/ml (Ruhl, 2004).  
Unfortunately, measurement of the salivary albumin failed to predict microvascular 
impairment in diabetic patients (Fisher, 1991). Twenty years later Vaziri et al. found adults 
with type 2 diabetes mellitus have higher concentration of salivary albumin (73.47 ± 31.35 
μg/ml versus 64.50 ± 38.40 μg/ml in controls). It is discussed it may play a diagnostic role in 
oral health and disease in diabetic patients (Vaziri, 2009).  
Importantly, the saliva albumin and prealbumin concentrations in elderly are correlated 
with serum ones (albumin: R2 = 0.308, p = 0.0010, prealbumin: R2 = 0.433, p<0.0001). Thus 
salivary determination of these markers might facilitate the evaluation of protein nutritional 
status in this specific group (Murayama, 1999). 

3.3.2 Transcortin 
Transcortin, also corticosteroid-binding globulin officially called serpin peptidase inhibitor 
is an alpha-globulin and binds several steroid hormones: Cortisol, Progesterone, 
Aldosterone, 11-Deoxycorticosterone.  
Early reports failed to detect transcortin in saliva (Riad-Fahmy, 1982), but low transcortin's 
concentration  (about 25 pg/l),  was detected some years later in saliva (Hammond, 1986; 
Chu, 1988). About 15% of salivary cortisol is bound to transcortin, which is a normal 
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component of uncontaminated parotid saliva. The cortisol in saliva being mainly free, 
implying that the elevation of the salivary cortisol concentration is not due to higher 
concentrations of transcortin (Umeda, 1981; Hammond, 1986; Chu, 1988).   
One of the first reports regarding detection of salivary transferin was published by Gugler et 
al. (Gugler, 1968). The study demonstrated the presence of pre-albumin, albumin, alpha-1-
antitrypsin and transferrin in submaxillary saliva. Retinol (pre-albumin) could not be 
detected in parotid saliva (Gugler, 1968). The salivary transferrin is supposed to be a marker 
of blood contamination (Schwartz, 2004).  This underlies its suggestive use as a biomarker 
for early detection of oral cancer (Jou, 2010).   
It is quite important to known if the blood components are present in the oral mucosa as the 
quantitative estimates of different salivary tests may be compromised. To provide a 
quantitative measure of blood contamination in saliva, Schwartz et al. developed an enzyme 
immunoassay for transferrin, which is usually present in very small amounts (<5 mg/l) in 
saliva and in high concentration in whole blood (Schwartz, 2004). Transferrin saliva 
concentration was found below 4.0 mg/l  in healthy volunteers.  These results suggest that 
salivary transferrin can serve as a marker for quantification of blood contamination in saliva 
in the absence of visual evidence of blood contamination (Schwartz, 2004), especially in the 
absence of oral abnormalities. Further more than three hundreds and sixty children’s saliva 
samples were studied to reveal if blood contamination could influence the measurement of 
salivary cortisol, testosterone, and dehydroepiandrosterone. Transferrin levels averaged 0.37 
mg/dl (3,7 mg/l) that in fact supported previously mentioned results and clearly 
demonstrated that blood contamination in children saliva samples is quite rare.   
Studies, which involved oncology patients, are important as most of them aim to provide 
new serum or other body fluids biomarkers for early detection of cancer. Very recently Jou 
et al. studied saliva samples from patients diagnosed with oral cancer patients aiming to 
identify salivary markers for early cancer detection. In neck squamous cell carcinoma 
patients the transferrin levels in the saliva were found increased more than 3 times than 
normal values. Additionally, the increased salivary transferrin levels strongly correlated 
with the size and stage of the tumor (Jou, 2010). As the saliva biologically is within an 
immediate surrounding of the developing tumor the detection of Transferrin might be 
useful.  Many experts thus agreed that it is worth to include Transferrin in a panel of 
biomarkers for therapeutic monitoring and for early detection of HNSCC (Dowling, 2008).   
Similarly the iron binding proteins, lactoferrin and transferrin were measured higher in 
patients with periodontitis, partial dentures and edentulous patients as well as those 
wearing complete dentures. A probable explanation is their bacteriostatic effect on salivary 
gram-positive and negative bacteria (Emiko, 2000).  
The future 
Human saliva proteomics is a novel approach in the search of protein biomarkers for 
detection of different local and systemic diseases. Currently more than 1400 salivary 
proteins have been identified (Scarano, 2010). Proteomics is the large-scale study of proteins, 
particularly their structures and functions. After genomics, proteomics is considered the 
next step in the study of biological systems. It is much more complicated than genomics 
mostly because while an organism's genome is more or less constant, the proteome differs 
from cell to cell and from time to time (Wilkins, 2009; Wasinger, 1995). Understanding the 
proteome, the structure and function of each protein and the complexities of protein-protein 
interactions will be critical for developing the most effective diagnostic techniques and 
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disease treatments in the future. CH Chen using a proteomic approach describes the 
immune properties of alpha-2-macroglobulin in saliva (Chen, 2010). The emerging 
proteomic technologies aim to identify biomarkers for head and neck squamous cell 
carcinoma diagnostics (Drake, 2005).  

4. Conclusion 
Assess the health in the oral cavity requires specific tests and non-invasive approach to 
detect and monitor the diseases are preferred.Saliva is a unique clear fluid, composed of 
electrolytes, immunoglobulins, proteins and enzymes. The basic role of saliva is to assure 
the integrity of the upper part of the alimentary tract, through: lubrication; buffering action 
and clearance; maintaining tooth and mucosal integrity; antibacterial and antiviral activity 
as well as taste and digestion. In the last 10 years, saliva has become the object of various 
studies. Curiously, there are most of the papers on saliva samples are used for analysing 
drug abuse individuals as well as detection of various oral and systemic diseases. The most 
important advantage in collecting saliva samples is that an easy access and non-invasive 
nature of this approach is permitted. Furthermore, the possibility to measure a wide range 
of molecules both in saliva and serum allows evaluating microbiological, immunological, 
hormonal, pharmacological and oncological biomarkers. The FDA defines a biomarker as, 
“A characteristic that is objectively measured and evaluated as an indicator of normal 
biologic processes, pathogenic processes, or pharmacologic responses to a therapeutic 
intervention”.Historically the blood levels of the acute phase proteins  are used as 
biomarkers in physiology and disease. Haptoglobin might serve as a simple example. Its 
serum levels increases during acute conditions such as infection, injury, tissue destruction, 
some cancers, burns, surgery, or trauma. Levels are low in some diseases and hemolysis is a 
classic example of a dramatic decrease. Haptoglobin binds the free hemoglobin released 
from erythrocytes. Haptoglobin also contributes in the regulation of the host immunity 
(Huntoon, 2008). There are enough data to support the acute phase proteins determination 
in saliva.  In contrast to the serum levels the negative acute phase proteins are found in 
higher concentration in saliva in oral diseases. Elevation of albumin in gingivitis and 
paradontitis as well as those of transferrin  in blood contamination has been already 
discussed above.  
However, we still need larger and logtidinal studies to define the normal limits of the 
salivary concentration of different proteins. Table 4 summarizes the reported levels in 
healthy subjects. Comparability of the different studies however is still controversial 
deopending on different non standardized methods used.  
Determination of the concentrations of the APP in paired serum (plasma) and saliva 
samples allow easy to calculate “serum-salivary gradient”.  Table 5 summarizes a proposed 
relative gradient, calculated from the published serum and saliva upper limits of normal in 
healthy controls for every of the evaluated proteins. The salivary concentration of the acute 
phase proteins usually is about  1 -  2% from the plasma (serum) levels.  The lower values 
are difficult to be explained.  
Most of the discussed data were obtained from small number of observational studies. We 
do believe that large, prospective, controlled and longitudinal studies are needed to confirm 
the range of saliva APP and its correlation with serum levels. This seems to be mandatory 
before using the saliva APP evaluation routinely in the setting of sepsis, malignancy, 
inflammation, autoimmune diseases and transplantation. 
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Protein Salivary level Author 
Albumin 38.5 μg/ml Ruhl, 2004 
Albumin 64.50 ± 38.40 μg/ml Vaziri, 2009 

Alpha 1-antitrypsin 2-2271 ng/ml Pederson, 1995 
Alpha 2-macroglobulin 0 - 4941 ng/ml Pederson, 1995 

CRP 0 -  472 pg/ml Pederson, 1995 
CRP 0,105 ± 0,115 mg/l Krasteva, 2009 

Ferritin 169.3 ± 21.9 μg/l Agarwal, 1984 
Haptoglobin (in animals) 0.3 - 3.0 μg/ml Hiss, 2003 

Haptoglobin 15 ± 12,9 mg/l Krasteva, 2009 
Transcortin 25 pg/l Hammond, 1986; Chu, 1988 
Transferrin < 5 mg/l Schwartz, 2004 

Table 4. Salivary level of acute phase proteins in controls 

 
Parameter Saliva level (%) Author 

Alpha-1 antitrypsin 0,2 Gautam, 2009 
Alpha-2 macroglobulin 1 Gautam, 2009 

Haptoglobin 1,7 Krasteva, 2009 
Transcortin 0,1 Hammond, 1986; Chu, 1988 
Transferrin 0,5 Schwartz, 2004 

СRP 1,2 Krasteva, 2009 

Table 5. Saliva/serum concentration ratio of acute phase protein in controls 
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1. Introduction 
1.1 Inflammation 
Inflammation is a response of the organism that facilitates the immune response and/or 
repair after a harmful stimulus, such as pathogens, damaged cells, or irritants. The 
inflammatory process is necessary for the healing of the tissues. However, the uncontrolled 
chronic inflammation can also lead to harmful diseases, such as atherosclerosis or 
rheumatoid arthritis, among others (Eming et al., 2007; Tabas, 2010; Libby, 2008). 
The cause of inflammation may be of different origin. An inflammatory response could be 
stimulated by chemical or physical damages, but also by pathogens or immune reactions 
(Moore et al., 2010). 
The cardinal signs of inflammation in the majority of the tissues include pain, redness, 
immobility, swelling and heat. These signs usually encompass the increase of blood flow in 
the inflamed area and the accumulation of fluids that help to increase the possibilities of 
tissue repair. However, inflammation of particular tissues, such as in the central nervous 
system (CNS), those characteristics are not fully applicable (Carson et al., 2006). 
Many cells are implicated in the inflammatory process. One of the initial players is the 
resident macrophages, that are able to respond rapidly to damage. Particularly in the CNS, 
the macrophage-analogue cells are the resident microglia but their role is not fully 
understood and it is some how different from macrophages (Schwartz, 2003). Other tissue 
resident cells, like Dendritic cells or Kupfer cells, not present in the CNS, may also be initial 
responders to inflammation but other cells, entering in the CNS and coming from the 
systemic circulation, such as natural killer (NK) cells, leukocytes, and lymphocytes are also 
implicated in the inflammatory response (McMahon et al., 2006; Haskill et al., 1992). 
Inflammation also comprises a complex biological response implicating vascular tissues and 
the activation of the endothelium to facilitate the specific entrance of blood cells (Trepels et 
al., 2006). 
After a specific insult, several cascades of factors are activated. The plasma derived 
inflammatory mediators such as the complement and the coagulation system, together with 
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the cell-derived inflammatory mediators (Pesce and Dosekun, 1983). In the latter case, 
resident inflammatory cells start to release different factors that trigger and amplify the local 
inflammatory response. Among these factors, the cytokines and chemokines are the crucial 
players in the inflammation cascade (Luster, 1998) and, as we describe in depth in following 
sections of this chapter, are important mediators of the Acute Phase Protein (APP) response. 
Pro-inflammatory cytokines are proteins able to induce specific inflammatory responses in 
the tissue. Each type of cytokine participates in a particular function and it is specifically 
stimulated in particular scenarios and pathologies (Kopf et al., 2010). In the CNS, the 
cytokines play very important roles and their deregulation may result in neurological 
disorders. In fact, cytokines has been many times proposed as biomarkers for 
neurodegenerative diseases (Reale et al., 2009). The most studied cytokines, with clear 
effects in the CNS are the tumor necrosis factor alpha (TNF-), the interferon gamma (IFN-
), interleukin (IL)-6, IL-1 IL-17, and transforming growth factor beta (TGF-) among many 
others. 
TNF- is a cytokine involved in many inflammatory processes, with fundamental roles in 
inflammation and lymphoid organogenesis as well as in neuro-degenerative diseases (Idriss 
and Naismith, 2000). It is expressed by several cell-types including macrophages, 
lymphocytes and NK cells. Its deficiency or exacerbation may cause inflammatory and 
autoimmune diseases. The blockade of TNF- with specific antibodies has been largely 
developed with therapeutic purposes as for example anti tumor activity, but also it has been 
developed for brain disorders. 
IFN- is produced mainly in lymphocytes and NK cells and its expression by macrophages 
is still controversial. It has a crucial role in maintaining the host defense against pathogens 
and has been linked with the progression of many autoimmune diseases including those in 
the brain. Surprisingly, mice lacking IFN- or IFN- receptor (IFN-R) develop an 
exacerbated inflammation in models autoimmune diseases, which suggest that Th1 T cells, 
that produce IFN-, may be indirectly involved in these diseases (Jacob, 1992; Olsson, 1992). 
IL-1 is produced by several types of cells and it is involved in many inflammatory responses 
(Dinarello, 2006). The overproduction of IL-1 has been associated with a group of 
inflammatory disorders. Mice lacking the receptor for IL-1 or lacking both IL-1 and IL-1 
are protected from the development of autoimmune alterations. IL-1 promotes dendritic 
cell maturation and Th-17 cell clonal expansion, contributing to autoimmunity in brain 
diseases. The blockade of IL-1 has also been developed as a possible anti-cancer treatment 
(Dinarello, 2010; Curti et al., 1995) and may be beneficial to treat some brain degenerative 
disorders. 
IL-6 is produced by various cell types in response to infection or tissue alteration. 
Importantly, it is a crucial mediator of the immune system inducing a liver APP response 
and the B cell and T cell effector responses to pathogens (Hirano, 1992). Its target has 
therapeutic potential, since it is directly involved in some inflammatory diseases such as 
arthritis or colitis (Dayer and Choy, 2009; Atreya et al, 2000). As we describe below IL-6 is 
critically involved in the APP regulation. 
Chemokines also contribute to the specific inflammatory responses in the tissue. There are 
many types of chemokines involved in particular scenarios and pathologies similarly to 
cytokines. Importantly, chemokines play crucial roles in recruiting factors and cells into the 
parenchyma, contributing to enhance the local inflammatory response (Semple et al., 2010). 
Chemokines also may be considered biomarkers for tissue alteration. One of the most 
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important subfamily of chemokines is the subgroup so called CC chemokine ligand (CCL). 
Examples of CC chemokine include the CCL2, formerly called monocyte chemoattractant 
protein-1 (MCP-1), which is involved in the extravasation and recruitment of macrophages 
and lymphocytes into the tissue. CCL5 or RANTES also contributes to the entrance of T 
cells, basophils and eosinophils (Ge et al., 2008). In the CNS, CCL2 seems to play a key role 
in some neurodegenerative diseases. Accordingly, in other neuro-inflammatory processes, 
such as acute brain trauma, stroke, as well as during chronic affections like multiple 
sclerosis or Alzheimer´s Disease (AD), prolonged and sustained inflammation mediated by 
CCL2 may have cytotoxic effects, aggravating the incidence and the severity of the disease 
(Conductier et al, 2010). Therefore, the CCL2 modulation may be considered as an 
interesting potential therapeutic target to control local inflammatory responses. 
This complex inflammatory response, driven by cytokines and chemokines, and 
consequently by APP, although it is necessary for the repair of the tissue, if is not controlled 
may contribute to the development of pathological conditions. Particularly in the CNS, 
increasing evidences show that the inflammatory response may be a crucial contributor to 
the neurodegenerative process. 

1.2 Inflammation and neurodegenerative diseases 
The inflammatory response in the CNS is very different from the rest of the systems. The 
particular anatomical location, inside the cranium, and the crucial importance of the brain 
function has shaped the need for a particular immune response. These characteristics have 
lead many scientists to think that the brain is an immune privileged tissue. The special brain 
blood barrier (BBB) and the absence of dendritic cells, or clear analogous cells, makes 
difficult to understand the mechanisms of the immune responses in the brain keeping in 
mind the standards of other tissues (Yong and Rivest, 2009). Glial cells, and in particular 
microglial cells, has been widely known as the initial responders of the immune response in 
the brain, however, there are many questions that remain unanswered regarding their 
function in neurodegenerative diseases (Henkel et al, 2009). 
The glial activation is a histological hallmark in many neurodegenerative diseases. Post 
mortem histopathology of brains from patients with Parkinson’s disease (PD) and AD show 
activation of microglial cells and astrocytes, which suggests that the neuronal degeneration 
is associated with inflammatory response (McGeer et al., 1988). However, it is still unclear 
whether glial activation precedes or is secondary to the neuro-degeneration. Previous 
studies in experimental Parkinsonism have shown that exacerbated microglial activation 
lead to the degeneration of dopaminergic neurons (Mount et al., 2007, Barcia et al., 2004). In 
line with this, when the microglial cells are activated locally with lipopolysaccharide (LPS), 
a large molecule found in the outer membrane of Gram-negative bacteria that elicits a strong 
immune response in animals, the local dopaminergic neuronal loss is exacerbated (Saijo et 
al., 2009). However, the endogenous and constitutive factors responsible of the local glial 
activation that may lead to degeneration in neurodegenerative disorders are still uncertain. 
Cytokines and chemokines are clear candidates to be directly involved in the activation of 
glial cells in the brain. Recent studies performed in our laboratory have shown in 
experimental models of PD that cytokines, specifically IFN- and TNF-, are responsible of 
the local glial activation in the brain parenchyma. Importantly, the levels of cytokines in the 
brain correlates with the neuronal degeneration and are persistently increased along the 
years, which suggest that the perpetuation of the neuronal loss may be mediated by certain 
cytokines (Barcia et al., 2011). Moreover, and most importantly for this review, the cytokines 
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are also increased in the circulating plasma demonstrating that the inflammatory response 
goes beyond the brain parenchyma in neurodegenerative processes. In addition, other 
studies have demonstrated that the artificial induction of increasing circulating levels of 
specific cytokines in the blood exacerbates the neuronal death in experimental models of 
neuro-degeneration in vivo (Pott Godoy et al., 2008). Coherently with this evidences, patients 
with neurodegenerative disorders also show increased levels of cytokines in the blood and 
cerebrospinal fluid (CSF), which suggests a general and systemic inflammatory response 
involving the whole organism (Reale et al., 2009). This generalized inflammatory response 
could certainly activate many other inflammatory cascades in other organs. One of the 
general responses that may be activated is the APP reaction. However, there are many 
proteins that are included in the APPs, and each disorder may have a particular response 
involving different proteins. Unfortunately, one of the caveats to keep in mind for this kind 
of measurements is the putative variation of these proteins that individuals may have when 
they are under pharmacological treatment. Nevertheless, the clinical significance of specific 
APP levels in serum or plasma of patients for specific neurological symptoms may be crucial 
in order to find biomarkers that may help for the early and accurate diagnosis of 
neurodegenerative diseases.  

1.3 Acute phase response and acute phase proteins  
The first reaction of the body to immunological stress is the innate, non-specific response 
preceding specific immune reactions. The acute phase response (APR) is a prominent 
systemic reaction of the organism as a result of this innate response to local or systemic 
disturbances in its homeostasis and may be caused by infection, tissue injury, trauma or 
surgery, neoplastic growth or immunological disorders (Gordon and Koy, 1985; Gruys et al., 
1999). 
This response takes place at the very beginning of the inflammatory process and lasts for 1-2 
days. After that, the host returns to normal functions. However, the systemic response can 
also be prolonged, if acute inflammation becomes chronic (Kushner et al., 1981). 
The purpose of acute-phase reaction is to counteract the underlying challenge in order to 
restore rapidly the homeostasis. This phenomenon is accomplished by isolating and 
destroying the infective organisms, or removing the harmful molecules, and activating the 
process of repair. Their function in neurodegenerative disorders is unclear but there are 
evidences that suggest their involvement and may be important for diagnosis. Acute-phase 
reaction includes a wide range of neuroendocrine (Fever, anorexia, decrease of thyroxine, 
increase of cortisol), hematopoietic (Anemia, leukocytosis, thrombocytosis), and metabolic 
changes (muscle atrophy, increase of lipolysis) that can be reflected systemically (Woo and 
Gorman, 1992; Whicher and Westacott, 1992).  
Precisely, one of the most interesting features of the acute-phase is the change in the 
concentrations of many plasma proteins, known as the acute-phase proteins, which can be 
easily detected in the blood. The APP has been defined as one whose plasma concentration 
increases (positive acute-phase proteins) or decreases (negative acute-phase proteins) by at 
least 25 percent during inflammatory reactions (Gabay and Kushner, 1999). The very first 
APP to be described, C-reactive protein (CRP), was discovered in 1930 in the plasma of 
patients during the acute phase of pneumococcal infection. In some pathologies CRP may 
even increase more than 1000 times (Gabay and Kushner, 2001) being an excellent marker 
for diagnosis. 
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1.4 The regulation of the acute-phase expression and activation 
The synthesis and release of plasma APP takes place in the liver and it is regulated by 
inflammatory mediators. These mediators fall into four major categories: IL-6-type 
cytokines, IL-1-type cytokines, glucocorticoids, and growth factors. Cytokines mainly 
stimulate the APP gene-expression, while glucocorticoids and growth factors modulate the 
cytokine activity (Figure 1). Binding of the inflammatory mediators to their respective 
receptors on hepatocytes and the transduction of this signal induce changes in APP gene 
expression that are primarily regulated at transcriptional level (Gauldie et al., 1987). 
As we stated above, cytokines are a group of proteins acting as extracellular and 
intercellular signaling molecules. The role of cytokines during inflammation is both 
initiation and fine-tuning of the whole process: some cytokines initiate and amplify the 
response, others sustain or attenuate it, and some of them cause it to resolve (Martínez-
Subiela, 2001, Heinrich et al., 1990). 
 

 
Fig. 1. Local inflammation in neurodegenerative diseases induces a Serum amyloid A  (SAA) 
APP peripheral inflammatory responses in a cytokine-dependent fashion. This APP 
response is orchestrated in the liver, and it is characterized by the increase of some factors 
such as CRP, fibrinogen or SAA and the reduction of some others like albumin. 
Furthermore, this response may contribute to the general inflammatory response and may 
exacerbate the local neuro-degeneration. 
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During inflammation, inflammatory cells, mainly macrophages and neutrophils that 
assemble at the site of challenge, together with endothelial cells, secrete the so-called pro-
inflammatory cytokines TNF-, IL-1, and IL-6, in that order. This order is important, 
since each cytokine fulfills a precise role in up-regulating or down-regulating the 
expression of the others. TNF-released by T cells and macrophages precedes the release 
of IL-1 and both stimulate the anti-inflammatory or proinflammatory cytokines 
(Feldmann, 2002). 
Pro-inflammatory cytokines induce a number of local and systemic responses like: a) the 
expression of selectins on local endothelial cells, that recruit inflammatory cells from the 
bloodstream; b) the activation of recruited cells in developing their optimal defensive 
activity, i.e. increased expression of receptors (Complement receptors), or cell metabolism, 
such as oxidative burst, and c) expression of other cytokines, such as chemokines, that 
recruit more and more defensive cells to the inflammation site (Richards et al.; 1992) and 
importantly d) the production of APPs. 
Then, cytokines are clear inducers of the APP response and both, cytokines and APP, may 
vary by the same pattern. However, changes in cytokines are less evident and more difficult 
to be measured while APPs changes are usually higher and clearly identifiable, which 
makes them suitable for early diagnosis. 

1.5 Classification of APP 
Since their discovery several classifications of acute phase proteins have been proposed. 
All the up-regulated proteins have been called “positive APP”, in order to differentiate 
them from the so-called “negative APP”, that are down regulated. Importantly, the most 
physiologically expressed proteins, albumin and several other proteins, usually present 
in blood, belong to the latter group, which makes the positive ones suitable for 
diagnosis. 
Another interesting classification differentiates the APPs for the rate of their expression. 
For example, the apolipoproteins serum amyloid SAA1 and SAA2 (commonly called 
SAA) are considered “major acute-phase proteins” and their concentration, as we have 
stated above, can increase as much as 1000-fold. Other major APPs are CRP and Alpha-1-
acid glycoprotein (AGP) (Gabay and Kushner, 2001) which are important for degenerative 
disorders. 

Relevant APPs for CNS disorders 
C-Reactive Protein (CRP) 

CRP is an acute phase protein that circulates as a pentamer (pentameric CRP) in plasma and 
with serum levels rising as much as 1000-fold following injury or infection. It is increased by 
bacterial infections and generally less elevated in viral infections (Jaye and  Waites, 1997). 
The name derives from its ability to react with the C polysaccharide of Streptococcus 
pneumoniae, but it may also bind to chromatin in nuclear DNA-histone complexes. Once 
bound, it is able to activate the classical complement pathway (Woo and  Gorman, 1992). 
An increased CRP may be due to: (i) inflammatory disorders, e.g. inflammatory arthritis, 
vasculitis, Crohn's disease, (ii) tissue injury or necrosis, e.g. burns, necrosis, myocardial 
infarction, pulmonary embolus, (iii) Infections, especially bacterial, (iv) malignancy, and (v) 
tissue rejection. 
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CRP concentrations typically return to normal level after 7 days of appropriated treatment 
for bacterial meningitis, if no complications are developed. Thus, serial monitoring of CRP 
concentrations in serum and CSF concentrations may be clinically useful. 
However, CRP is non-specific and its clinical usefulness is therefore limited, especially in 
diagnosis. CRP is useful in monitoring inflammatory disease activity, including rheumatoid 
arthritis, infections or malignancy and can also be useful as a prognostic marker for some 
conditions (e.g. acute pancreatitis). There is also evidence that CRP has a stronger predictive 
value for the risk of coronary heart disease and stroke events than low-density lipoprotein 
(LDL) cholesterol (Ridker et al., 2002), in contrast its predictive value for neurodegenerative 
diseases is still under development. 
Homocysteine 
Homocysteine (Hcy) is an amino acid formed from the metabolism of the essential amino 
acid, methionine. It is a homologue of the amino acid cysteine, differing by an additional 
methylene (-CH2-) group. It is biosynthesized from methionine by the removal of its 
terminal C methyl group. Homocysteine can be recycled into methionine or converted into 
cysteine with the aid of B-vitamins (Selhub, 1999). 
High dietary consumption of methionine, which can be found in meats and dairy products, 
can result in the overproduction of homocysteine. Once homocysteine is produced it is 
metabolized in the body through one of two possible pathways - remethylation or trans-
sulfuration. Re-methylation is a process that utilizes folate, vitamin B12 or betaine 
(trimethylglycine) to convert homocysteine back to methionine. Alternately, trans-
sulfuration utilizes vitamin B6, pyridoxal-5-phosphate, to catabolize excess homocysteine 
into a number of metabolites for eventual excretion from the body (Graham et al., 1997) and 
it can be increased in some neurodegenerative diseases, as we will describe below. 
Plasma homocysteine concentrations may differ, depending on which metabolic 
homocysteine pathway is defective. An abundance of research indicates that an increased 
homocysteine level may indicate an increased risk of cardiovascular disease like coronary 
heart disease, stroke and peripheral vascular disease (Boushey et al., 1995) 

Fibrinogen 
Fibrinogen is a soluble plasma glycoprotein, with high molecular weight of 340 kDa, 
synthesised by the liver that is converted by thrombin into fibrin during blood coagulation. 
This is achieved through a process in the coagulation cascade that activates the zymogen 
prothrombin to the serine protease thrombin, which is responsible for converting fibrinogen 
into fibrin. Fibrin is then cross-linked by factor XIII to form a clot (Weisel, 2005). 
Fibrinogen normal plasma levels are between 150 and 450 mg/dl. More than 300 mg/dl are 
related with the risk of heart attack. It is still controversial the role of fibrinogen as an 
atherosclerotic vascular disease risk factor; epidemiological evidences seem to be coincident 
about its role as a marker or predictor of new or reiterated atherothrombotic events 
(Paterno, 2000). 
The reasons by which fibrinogen is elevated in cardiovascular disease and atherosclerosis 
are, in general, only incompletely understood; but all cells involved in the atherogenetic 
process are able to produce cytokines, which induce an acute phase reaction that increases 
fibrinogen levels in plasma (Canseco-Ávila et al., 2006). 
Recent research has also shown that fibrin also plays a key role in the inflammatory 
response and the development of rheumatoid arthritis. In addition, it has been related with 
AD as we will discuss in following sections. 
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Serum amyloid A proteins (SAA) 

SAA constitutes a protein family related to the A proteins of secondary amyloidosis 
(Bausserman et al, 1980, 1982; Betts et al, 1991; Strachan et al, 1989).  
SAA is one of the major APPs (encoded by SAA1 and SAA2; collectively referred to also as 
A-SAA (acute phase serum amyloid A). Its level in the blood increases dramatically (up to 1 
000-fold; 1 000 micrograms/mL) in response to various stimuli, which suggests an 
important short-term beneficial role in responses to tissue injury and inflammation. 
Although the liver is the primary site of synthesis of both A-SAA and C-SAA, extrahepatic 
production has also been reported for most family members in most of the mammalian 
species studied. Bacterial lipopolysaccharides and several cytokines (mainly IL-1, IL-6 and 
TNF- but also LIF, CNTF, oncostatin M, IL-11, and cardiotrophin-1) are involved in the 
induction of SAA synthesis and some of these cytokines act synergistically (Benigni et al, 
1996).  
Although the precise role of A-SAA in host defense during inflammation has not been 
defined, many potential clinically important functions have been proposed for individual 
SAA family members. These include involvement in lipid metabolism/transport, induction 
of extracellular-matrix-degrading enzymes, and chemotactic recruitment of inflammatory 
cells to sites of inflammation. A-SAA is potentially involved in the pathogenesis of several 
chronic inflammatory diseases: it is the precursor of the amyloid A protein deposited in 
amyloid A amyloidosis, and it has also been implicated in the pathogenesis of 
atheroscelerosis, rheumatoid arthritis and, importantly, PD. 

2. Neurodegenerative diseases and Acute Phase Protein 
2.1 Alzheimer’s disease and APP 
AD is a complex neurodegenerative disorder characterized by progressive loss of cognitive 
function and subsequent death. Since the first case of this disease was diagnosed one 
century ago, much effort has been dedicated to find a cure. However, even though progress 
has been made in the knowledge of the pathogenesis of this disease, its ultimate cause 
remains unknown. An effective treatment has not yet been found and the efforts to prevent 
the neuronal death are crucial. Therefore, new approaches are urgently needed regarding 
the early diagnosis. 
The relevance of APP measurements in the diagnosis of neurodegenerative diseases like AD 
is actually under evaluation. Obviously, the inflammatory response generated in these kinds 
of illnesses is less noteworthy than the inflammatory response that may be observed in other 
pathological conditions such as viral or bacterial infections.  
A large number of proteins, peptides and aminoacids, other than β-amyloid, have been 
examined in plasma, based on their putative role in AD pathology. Perhaps the two most 
consistent findings are the increase in total Homocystein (tHcy) and CRP seen in AD. First 
reported by Clarke and colleagues, an increase of tHcy in plasma has been widely 
reported and a recent systematic review of large and prospective studies, found a relative 
risk of AD in individuals with elevated tHcy. Increased tHcy and CRP are both associated 
with a risk of cardiovascular disease but it is worth noting that neither contributes to risk 
estimation, even in cardiovascular disease, enough to warrant recommendation for use in 
clinical practice. Given that the association with AD may well be weaker than 
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cardiovascular disease, this emphasizes the gap between finding an association with 
disease and proof of utility as a biomarker. Nonetheless, CRP and tHcy may have 
independent effects on the risk of developing AD. Regarding CRP, the studies are some 
how controversial and complex. Some studies reported that an elevation in CRP has been 
associated the rate of progression of AD but also with MCI and Down’s syndrome. 
However, other large longitudinal studies found that markers of inflammation, such as 
TNF- but not CRP, were associated with the risk of dementia while others found an 
association between CRP and vascular dementia (VD). 
Accordingly, a recent study by O’Bryant and colleagues (2010) analyzing a combined pool of 
192 patients diagnosed with probable AD and 174 non-demented controls show that mean 
CRP levels were found to be significantly decreased in AD (2.9 mg/mL) versus controls (4.9 
mg/mL; P<.003). These findings, together with previously published results, are consistent 
with the hypothesis that these changes in CRP may be time-dependent, therefore, midlife 
elevations in CRP may be associated with increased risk of AD development, although 
elevated CRP levels may not be useful for prediction in the immediate prodrome years 
before AD becomes clinically expressed.  
There is significant evidence that AD patients suffer from inadequate circulation and 
cerebrovascular pathology, and one theory that is gaining evidence is the importance of 
vascular factors in the onset and progression of this disease (Farkas et al., 2001; Iadecola C, 
2004; de la Torre 2004). In line with this, AD patients have an abnormal cerebral vasculature 
and brain hypoperfusion, and a large body of research, implicates cerebrovascular 
dysfunction as a contributing factor to AD.  Some recent studies show how reducing 
fibrinogen, a circulating protein critical in hemostasis, provides a significant decrease in the 
neurovascular damage, blood–brain barrier permeability and neuroinflammation present in 
AD. These studies involve fibrinogen as a possible contributor to AD (Cortes-Canteli and 
Strickland, 2009). 
On the other hand, some other studies show increased levels of tHcy in patients with 
probable AD and established negative correlation between serum tHcy concentrations and 
cognitive damage tested By Mini-Mental State Examination (MMSE) scores, suggesting a 
potential role for tHcy in the pathogenesis of AD and cognitive impairment (Lepara et al., 
2009). 
These findings imply that the serum tHcy level may be a potential biomarker for AD, as well 
as a marker of cognitive damage associated with this disease. 

2.2 Parkinson’s disease and APP 
PD is a neurodegenerative disorder characterized by the loss of dopaminergic neurons of 
the Substantia Nigra pars compacta (SNpc). A big problem with this particular disease is that 
the neurological symptoms only appear when more than 60% of the neurons are already 
lost. For this reason the early diagnosis is crucial to prevent the neuronal degeneration. The 
areas of neurodegeneration are accompanied by local inflammation characterized by a 
strong glial response mediated by cytokines. These proinflammatory compounds also travel 
outside the brain and can be detected in the blood. 
It is known that some cytokines, such as IL1-, TNF- and IFN-, are increased in the 
blood and cerebrospinal fluid (CSF) of patients with PD. These cytokines are able to 
reactivate the local inflammation in the CNS but they are also able to induce the activation 
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of other peripheral inflammatory pathways such as the activation of APP. Then, the 
measurement of blood APP levels may be a valuable tool for assessing and confirming the 
early diagnosis in Parkinsonism, and the secretion of these anti-inflammatory markers 
such as cytokines or APPs could be utilized to help the diagnose of the disease (de Pablos 
et al., 2009). 
There are very few studies regarding the levels of APP in PD and some of the results are 
apparently in conflict. Dufek and coworkers (2009) only found sporadic and slight 
abnormalities in the concentration of CRP and SAA in the serum of PD patients but McGeer 
and coworkers (2004), however, observed an increase of CRP in the affected dopaminergic 
areas of the brain. This apparent contradiction may be explained since the patients studied 
by Dufek and colleagues were moderately impaired and were all taking antiparkinsonian 
drugs, which may interfere in the peripheral APP measurements. In fact, a study of our 
laboratory shows that tHyc is increased in PD patients under L-dopa treatment (Martín-
Fernández et al., 2010). On the other hand, other study regarding the APP levels in the blood 
of PD patients show an increase of CRP in the plasma according with the Hoehn-Yahr stages 
of PD severity (Seet et al., 2009). Importantly, in the study of Seet and coworkers the patients 
were advised to refrain from consuming their anti-parkinsonian medications 4 h before 
collection of the samples suggesting that a previous wash out of drugs may be needed in 
order to detect changes in these proteins. These results suggest that the dopaminergic loss in 
the brain is able to induce an increase of the peripheral APP that can be detected in the 
serum. In line with this, previous studies of our group have demonstrated that the specific 
degeneration of dopaminergic neurons induced by MPTP administration in non-human 
primate, stimulates an increase of CRP, SAA and Haptoglobin (HP) in plasma (de Pablos et 
al., 2009). This increase is very fast and transient, except for HP, which suggest that this 
response is related with the immediate effect of the toxin. On the other hand, a persistent 
increase of APP in the plasma suggests a persistent damage, which can be related with 
chronic degeneration. 
The role of APP in PD is still unclear but increasing evidences show that the local 
inflammatory response in the brain is also reflected by several markers systemically and 
may be easily detected in the blood by well-established techniques. CRP seems to be a clear 
candidate as a PD biomarker but further studies are needed to soundly determine the 
specific factors that are increased in PD, which APPs are particularly increased and how are 
they correlated with the dopaminergic degeneration and the level of Parkinsonism.  

2.3 Vascular dementia and APP 
Several inflammatory proteins, such as cytokines are linked with AD and some APP, such as 
tHcy and CRP, has been associated with the disease (Clarke et al., 1998). However, the 
relation between the APP and the presence of absence of dementia is still unclear. Very few 
studies report changes in the APP levels in VD and some of them present inconclusive 
results. Mancinella and coworkers (Mancinella et al., 2009) described that CRP levels are 
elevated in patients with VD respect to controls but still they show lower levels than 
patients with AD, which makes difficult to distinguish both disorders based in the 
peripheral biomarkers. Other authors did not find any differences in the CRP levels in VD 
but they however found an increase in tHcy (Davis et al., 2009). Importantly, high blood 
levels of tHcy have been related with cardiovascular diseases and may be also related with 
similar alterations in the VD (Lepara et al., 2009). 
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A. Proteins whose plasma concentrations increase
  Complement system
     C3
     C4
     C9
     Factor B
     C1 inhibitor
     C4b-binding protein
     Mannose-binding lectin
  Coagulation and fibrinolytic system
     Fibrinogen
     Plasminogen
     Tissue plasminogen activator
     Urokinase
     Protein S
    Vitronectin
    Plasminogen-activator inhibitor 1
  Antiproteases
-1 -Protease inhibitor 
 -Antichymotrypsin 
     Pancreatic secretory trypsin inhibitor

      Inter -trypsin inhibitors 
  Transport proteins
     Ceruloplasmin
     Haptoglobin
     Hemopexin
  Participants in inflammatory responses
     Secreted phospholipase A2
     Lipopolysaccharide-binding protein
     Interleukin-1–receptor antagonist
     Granulocyte colony-stimulating factor
  Others
     C-reactive protein
     Serum amyloid A
1 -Acid glycoprotein 
     Fibronectin
     Ferritin
     Angiotensinogen

B. Proteins whose plasma concentrations decrease
     Albumin
     Transferrin
     Transthyretin
Alpha-2-HS glycoprotein 
     Alpha-fetoprotein
     Thyroxine-binding globulin
     Insulin-like growth factor I
     Factor XII

Table 1. Human Acute-Phase proteins. 
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Fig. 2. Different inflammatory triggering factors activate cells to stimulate local reactions. 
This response is mediated by different cytokines that are able to provoke a secondary 
systemic reaction characterized by the increase of leukocytes, activation of complement, 
increase of glucocorticoids in serum, reduction of Fe++ and Zn+ and the cascade of APPs. 
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Acute Phase Protein Normal concentration in 
plasma (mg/l) 

GROUP 1 
(50% increase) 

Ceruloplasmin 150-600 
C3-Complement  800-1700 
C4-Complement 150-650 

GROUP 2 
(2-5-fold increase) 

Haptoglobin 400-1800 
1-glycoprotein 550-1400 
1 antichemotrypsin 300-1600 
1  protease inhibitor protease 2000-4000 
Fibrinogen 2000-4500 

GROUP 3 
(1000 -fold increase) 

C-Reactive Protein < 5.0 
Serum Amyloid A <10.0 

Table 2. APP Classification production depending on the rate of their expression and normal 
concentration in human. 

3. Conclusions and therapeutic perspectives 
In neurodegenerative diseases changes observed blood parameters could be considered as 
putative hallmark of diseases evolution that might be helpful for personalized diagnosis, 
prognostic and/or progression diseases monitoring.  
Obviously, the inflammatory response triggered in neurodegenerative diseases such as PD 
or AD is less easily detectable than those observed in other pathological conditions such as 
viral or bacterial infections. Accordingly, the APPs increase observed in neurodegenerative 
diseases is of less extent than the increase observed in infectious pathologies. Therefore, it is 
to be expected that the increase in APPs in patients exhibiting neurodegenerative diseases 
will be low as compared with other diseases. Although the relevance of APP measurements 
in the diagnosis of neurodegenerative diseases should need further evaluations, we believe 
that the prospects for blood-based biomarkers may be useful in the near future. We suggest 
that blood-based APP markers, perhaps in association with other biomarkers, will be useful 
tools for diagnosis of neurodegenerative diseases such as AD or PD and it is very likely that 
plasma markers will become part of the armamentarium for the investigation of CNS 
disorders. 
The measurement of blood APP levels will be a safe and valuable tool for assessing and 
confirming the diagnosis of some disorders; the secretion of anti-inflammatory markers such 
as cytokines or APPs could be used to help to diagnose and evaluate the progression of the 
neurodegenerative process. However, more sensitive techniques of APP detection are 
needed, in particular to be used as putative diagnosis marker of neurodegenerative 
disorders. 
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1. Introduction 
The liver is a unique organ that is rich in cellular effectors for diverse systems, including the 
innate immune system, which plays a central role in hepatocellular injury (Gabay & 
Kushner, 1999). The innate immune system is based on broadly specific antigen recognition 
and does not rely on the more specialized antigen recognition pathways of the adaptive 
immune system. Although the innate immune response has broad specificity and is 
complex, acute-phase proteins (APPs) have been identified as biomarkers of the innate 
response (Table 1). 
APPs are mostly synthesized in the liver. Their concentrations in plasma increase (positive 
APPs) or decrease (negative APPs) by at least 25% during inflammatory disorders. Most 
changes in APP concentration are due to infection, trauma, surgery, burns, tissue infarction, 
immunologically mediated or crystal-induced inflammation, and advanced cancer. Exercise, 
heatstroke, childbirth, or even psychological stress and some psychiatric disorders may also 
affect concentrations of these proteins. Cytokines are the chief stimulators and regulators of 
the production of these proteins. Interleukin (IL)-6 is the principal stimulator of APPs but 
other proinflammatory cytokines such as IL-1, tumor necrosis factor alpha (TNF-), 
interferon gamma (INF-), and transforming growth factor beta (TGF-), and chemokines 
such as IL-8 are also involved. 
In the liver, the Janus kinase signal transducer and activator of transcription (STAT) 
pathway has been implicated in the action of cytokines. STAT 1 and STAT 2, which are 
activated by INF-/, are involved in antiviral defense and the former is involved in liver 
inflammation and injury. STAT 3 has been implicated in the acute-phase response as well as 
in hepatoprotective effects and liver regeneration. This pathway is mostly activated by IL-6. 
STAT 4 and STAT 6 are associated with the ischemia/reperfusion cycle as promoters of and 
protectors against injury, respectively, and STAT 5 plays an important role in the regulation 
of hepatic genes and growth factors. Several studies have confirmed that IL-6 and IL-22 (a 
related cytokine) are responsible for important liver functions such as liver regeneration, 
glucose and lipid metabolism, and induction of antiapoptotic proteins (Gao, 2005). 



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

108 

ACUTE PHASE PROTEINS 
POSITIVE NEGATIVE 

Complement system Albumin 
C3, C4, C9, Factor B, C1 INH, C4b-binding protein, Mannose binding 
lectin 

Transferrin 

Coagulation and fibrinolytic system Transthyretin 
Fibrinogen, Plasminogen, Tissue plasminogen activator, Urokinase, 
Protein S, Vitronectin, Plasminogen activator inhibitor-1 

A2-HS 
glycoprotein 

Antiproteases Alpha-fetoprotein 
α1-Protease inhibitor, α1-Antichymotrypsin, Pancreatic secretory 
trypsin inhibitor, Inter- α -trypsin inhibitors 

Thyroxin-binding 
globulin 

Transport proteins Insulin-like 
growth factor-1 

Ceruloplasmin, Haptoglobin, Hemopexin Factor XII 
Inflammation responders Antithrombin 
Phospholipase A2, Lipopolysaccharide-binding protein, IL-1R 
antagonist, Granulocyte colony-stimulating factor 

Retinol-binding 
protein 

Others α1-Acid 
glycoprotein 

C-reactive protein, Serum amyloid A and P, Fibronectin, Ferritin, 
Angiotensinogen, α2-Macroglobulin 

 

Table 1. Descriptive table of some of the positive and negative acute-phase proteins. 

Many clinical applications are based on these proteins. The most widely used indicators of 
the APP response are erythrocyte sedimentation rate (ESR) and plasma C-reactive protein 
(CRP) concentration. The latter is considered more reliable because ESR changes slowly, 
whereas CRP concentration changes rapidly. 

2. Acute-phase proteins and the liver 
The synthesis of these proteins takes place, as mentioned before, in the liver, which is an 
organ with multiple implications for the metabolism of many compounds in the organism. It 
is logical to believe that any impairment in the functioning of this organ would affect the 
concentrations of and, therefore, the function of these proteins. In this chapter, the 
pathophysiology of these changes and the clinical repercussions thereof are discussed. 
To begin this chapter, it is important to review information on one of the APPs that has been 
most associated with the liver. It is well known that albumin is the most abundant protein in 
the body and albumin concentration is often used to assess liver function as well as the 
nutritional state of the patient because a decrease in the level of this protein is often associated 
with liver dysfunction. As such, it is an important component in several scales of dysfunction 
and prognosis. Albumin level is a component of the Child–Turcotte–Pugh scale, the Model of 
End-stage Liver Disease scale (specifically designed for the liver), and global scales such as the 
Sepsis-related Organ Failure scale and the Acute Physiology and Chronic Health Evaluation 
scale. Some authors (Chan, 2010) have detected albumin mRNA in the blood, indicating that 
cell death could occur in liver impairment, which would release this element to the blood. 
Unlike albumin, the albumin mRNA level increases at an early stage of liver impairment. 
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Research is needed to confirm this finding, but analysis of levels of circulating nucleic acids 
may be an interesting option for opportune detection of liver damage. Furthermore, in acute 
liver failure, the reduction in the production of albumin and 1-acid-glycoprotein alters the 
protein-bound fraction of many drugs, resulting in higher levels of the free and active forms of 
drugs and their associated effects. Nevertheless, albumin is not entirely specific for liver 
function impairment or injury; therefore, several other biomarkers have been investigated. 
These will be discussed in relation to the various liver pathologies. 

2.1 Alcoholic liver disease 
Although liver disease may have many etiologies, alcohol is still the most frequent cause of 
liver deterioration, whether acute or chronic. The hepatotoxic threshold at which alcoholic 
liver disease (ALD) develops is 40 g of ethanol per day (about four drinks) for men and 20 g of 
ethanol per day (about two drinks) for women and it has been estimated that 7.4% of the adult 
population of the USA and 20–30% of the adult population of Europe consume high quantities 
of alcohol. It is alarming that, in these locations and in many developing countries, the increase 
in alcohol consumption has been continuous and is predicted to continue during the next 
decade. Figure 1 shows worldwide mortality due to alcoholic liver disease. 
 

 
Fig. 1. Annual mortality from alcoholic liver disease. The countries with the highest 
mortality rates are shown. 
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Nevertheless, alcohol consumption is considered by many people to be normal and 
customary; this and the fact that patients usually do not seek medical assistance until the 
damage is well established (it is usually asymptomatic in the early stages) suggests that the 
prevalence of ALD is underestimated. 
Several studies have proven that activation of Kupffer cells increases TNF- secretion, and 
therefore the immune response. Su and colleagues (Su et al., 1998) found in rat models that 
lipopolysaccharide, an endotoxin usually present in Gram-negative bacteria, is responsible 
for the activation of Kupffer cells. Lipopolysaccharide binding protein (LBP) opsonizes cells 
and presents the endotoxin to CD14, a membrane-bound glycoprotein that activates 
macrophages. Alcohol is one of the stimuli necessary to increase the level of LBP-1 and, 
therefore, mediates liver damage. Until recently, IL-17 was thought to play an important 
role in alcohol-induced liver damage by activating T-helper cells, which maintain and 
increase inflammatory damage. 
Another APP that has been associated with alcohol is alpha-fetoprotein (AFP). Although 
AFP has been considered a biomarker for hepatocellular carcinoma (see later in this 
chapter), this can be misleading because AFP is also present in ALD. 

2.2 Liver steatosis 
Nonalcoholic fatty liver disease (NAFLD) is the most common metabolic cause of liver 
dysfunction worldwide. It is believed that 10–24% of the general population has NAFLD, 
most cases of which are asymptomatic. It is a form of chronic liver disease that encompasses 
a wide spectrum of conditions that range from deposits of lipids (liver steatosis) to liver 
damage caused by proinflammatory compounds (nonalcoholic steatohepatitis, NASH). The 
natural history of this pathology has been thoroughly studied and it has been reported that 
NAFLD represents the first step in a progression to NASH (10–20% of cases develop 
NASH), liver cirrhosis (3–5% of cases develop liver cirrhosis), and hepatocellular carcinoma 
(Figure 2). 
 

 
Fig. 2. Natural history of metabolic liver disease. NAFLD, nonalcoholic fatty liver disease; 
NASH, nonalcoholic steatohepatitis. 
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Under normal conditions, the liver is often exposed to endo- and exotoxins, which initiate 
the innate immune response. TNF- target genes are normally expressed at minimal levels, 
preventing damage to the organ. Furthermore, it has been demonstrated that TNF- is 
responsible for promoting liver regeneration. NAFLD and NASH are characterized by an 
increase in free fatty acid levels and NASH is also accompanied by an increase in lipid 
peroxidation and high concentrations of TNF-, which cause mitochondrial dysfunction. 
Mitochondrial impairment renders the cell susceptible to TNF--induced cytotoxic damage. 
Obesity has been considered a major risk factor for the development of NAFLD because it 
produces a proinflammatory state that gradually injures the liver. Nevertheless, authors 
such as Crespo and colleagues found that TNF- levels are significantly higher in patients 
with NASH than in obese patients without NAFLD, suggesting that the former patients 
have increased susceptibility to TNF--mediated injury, rather than there being a cause–
effect relationship between the cytokine and NASH. 
Although several biomarkers of hepatic fibrosis have been identified (as is discussed later in 
this chapter), there are no reliable markers for NAFLD or NASH. Alanine aminotransferase is 
considered a marker for liver injury, but obesity may reduce the level of alanine 
aminotransferase, rendering it misleading in patients with NASH. Another issue is that 
identification of alcoholic and nonalcoholic liver damage is difficult. Gamma-glutamyl 
transpeptidase (GGT) levels are commonly used for this purpose but, in cases of NASH, they 
have also led to uncertain conclusions. Another report (Ohtsuka, 2005) suggested that 
carbohydrate-deficient transferrin could be a marker for differentiating between NAFLD and 
NASH. Nevertheless, Yoneda and colleagues (Yoneda et al., 2008) found that, although CRP 
and amyloid A levels are often used to assess inflammatory injury to the liver in clinical 
practice, these APPs are members of the short pentrexin family, the levels of which are only 
elevated as a systemic response to inflammation, whereas the long pentrexin, PTX3, is rapidly 
induced in damaged tissue in a tissue-specific manner. Thus, they concluded that PTX3 could 
be a more important biomarker for NASH than for non-NASH cases of liver damage. 

2.3 Viral hepatitis 
Infection with the hepatitis C virus (HCV) is a leading cause of chronic liver disease. 
According to the World Health Organization, over 3% of the world’s population (about 180 
million people) is infected and about 130 million are at risk of developing cirrhosis. The 
majority of those infected with HCV (60–80%) develop chronic hepatitis, which is associated 
with progressive fibrosis. Of chronic hepatitis patients, 3–9% develop cirrhosis within 20 years. 
El-Serag and colleagues (El-Serag et al., 2003) found that HCV-infected patients are more 
frequently coinfected with viral or bacterial entities than are patients with other liver 
diseases. Few studies have been performed to explain this finding, but Wegert and 
colleagues (Wegert, 2009) found that CRP, SAA, haptoglobin, and fibrinogen levels are 
diminished secondary to an impairment caused by an HCV core protein that inhibits 
activation of transcription factors for protein production and disrupts TNF- and IL-6 
signaling, affecting the whole immune response, at least in mice. Complement activity has 
also been suggested as an inducer of fibrosis and, therefore, of progression to cirrhosis in 
HCV-infected patients. It was reported that C5 is associated with this progression 
(Hillebrandt, 2005), but subsequent studies have failed to demonstrate this relationship; 
thus, it is unclear if this component is relevant to the induction of fibrosis in humans 
(Halangk, 2008). Despite this, the involvement of complement in the progression of fibrosis 
is still a topic of research. Interestingly, HCV-infected patients also have significantly lower 
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cholesterol levels than normal subjects. This may be associated with APP level, which, as 
mentioned before, is reduced, as in the proinflammatory and proatherogenic states. 
On the other hand, even though vaccination has considerably diminished the number of cases 
of HBV infection, the prevalence of this disease is high. About 350 million people worldwide 
are infected and are at risk of progression to a worse state (Te, 2002). Some authors have found 
that the response to the vaccine is closely related to complement activity. C4, a crucial protein 
for the classical complement pathway, links innate immunity with adaptive immunity by 
targeting the antigen to follicular dendritic cells and B cells through the specific receptors, 
CD21 and CD35. It has been shown that patients who do not show the expected response to 
the vaccine have human leukocyte antigen class-II alleles, which impair C4 activity. Vaccines 
should be linked to complement fragments to avoid this problem. 
Both HCV and HBV infections are considered chronic. This characteristic enables a 
proinflammatory state to exist, which will eventually affect the synthesis of APP in the liver. 
Although other hepatotropic infections may also produce an acute state, it is usually self-
limited and therefore the levels of APP do not change markedly. 

2.4 Liver cirrhosis 
Fibrosis is a type of tissue repair that is characterized by the replacement of normal 
parenchyma with connective tissue (collagen) and is mainly secondary to chronic 
inflammation. Fibroblasts and myofibroblasts are partly responsible for this process, and it 
is important to note that the principal stimulus for these cells is IL-6, which is initially 
secreted by macrophages and subsequently secreted by B cells at the site of the lesion. When 
inflammation is chronic, the stimulus is persistent; thus, abundant amounts of collagen are 
synthesized, resulting in abnormal accumulation of connective tissue. The gold standard for 
the diagnosis of cirrhosis is still the liver biopsy. Several scoring systems have been 
developed to stage cirrhosis. The Metavir scoring scale is most commonly used to indicate 
the grade of inflammation and scarring on the liver and was first developed for HCV-
infected patients. The Knodell score is a histological staging system that assesses the extent 
of inflammation: a score of 0–10 is allocated to periportal or bridging necrosis and a score of 
0–4 is allocated to intralobular degeneration and portal inflammation. The various grades 
used in these two scoring systems are shown in tables 2 and 3. 
 

Grade Description
0 No scarring
1 Minimal scarring
2 Scarring has occurred and extends to blood vessels
3 Bridging fibrosis
4 Advanced scarring, cirrhosis

Table 2. The METAVIR scoring system for cirrhosis. 
 

Score Description
0 No inflammation
1–4 Minimal inflammation
5–8 Mild inflammation
9–12 Moderate inflammation
13–18 Marked inflammation

Table 3. The Knodell scoring system for cirrhosis. 
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Although the gold standard for the diagnosis of cirrhosis is the liver biopsy, the invasive 
nature of this procedure makes it difficult to perform with every patient. Although 
noninvasive methods such as the FibroScan and FibroTest are available, they may result in 
false-negative results in obese patients or patients with ascites. Although CRP and serum 
amyloid A (SAA) levels are biomarkers for liver injury and inflammation, it has been 
demonstrated that they are not correlated with fibrosis. Fortunately, there are other 
biomarkers that have been validated in several studies. Alpha-2 macroglobulin (A2M) is a 
protein that inactivates proteinases and inhibits fibrinolysis by reducing plasmin and 
kallikrein expression; thus, it inhibits the catabolism of matrix proteins, facilitating the 
development of fibrosis. The FibroTest involves this biomarker (Franciscus, 2010). The level 
of apolipoprotein A1 (ApoA1), a structural component of high-density lipoprotein 
cholesterol, is also correlated with the advanced stages of fibrosis (F3–F4). Other authors 
(Ho et al., 2010) described a novel biomarker: vitamin D binding protein (VDBP). Although 
A2M expression is upregulated in fibrotic livers, both ApoA1 and VDBP are negative APPs 
and are downregulated in fibrotic livers. 
As mentioned in the introduction, there are several signaling pathways that control diverse 
functions. In the case of fibrosis, the STAT 3 family has the greatest impact. Activation and 
high activity of this signaling pathway have been implicated in the genesis of cirrhosis as 
well as in its evolution to HCC. Under normal circumstances, insulin-like growth factor-1 
(IGF-1) maintains the activity of the STAT 5 signaling pathway; nevertheless, when liver 
damage occurs, growth hormone is released, with consequent lowering of IGF-1 level 
(therefore, it is known as a negative APP), which stops the activation of the STAT 5 pathway 
and the phosphorylation of STAT 3. TGF- is a closely related cytokine because it is also 
secreted when liver damage occurs and it activates the STAT 3 pathway as well as the 
expansion of T-helper cells, which increases fibrosis. 
It has also been reported (Parsian et al., 2010) that expression of other components such as 
hyaluronic acid, alpha glycosaminoglycan distributed in extracellular spaces and 
synthesized by hepatic stellate cells in the liver, and laminin, a basal membrane glycoprotein 
synthesized in hepatocytes, also increase in the early stages of fibrosis in chronic liver 
diseases. These serum parameters have been compared with APP-based indices such as A1-
apolipoprotein level and prothrombin time, and it was found that hyaluronic acid is the 
most strongly correlated with liver fibrosis. 

2.5 Hepatocellular carcinoma and other liver tumors 
As mentioned in the discussion of cirrhosis, downregulation of the STAT 5 signaling 
pathway and activation of the STAT 3 pathway increase fibrosis. Practically all chronic liver 
diseases result in fibrosis and, if not controlled, in malignant transformation of hepatocytes, 
and HCC (figure 3). 
HCC accounts for 5.6% of all human cancers, more so among men than women (7.5% and 
3.5%, respectively), and its prevalence increases with age. It has a 5-year survival rate of 
6.5% and is considered responsible for 660,000 deaths per year worldwide. Viral hepatitis, 
alcohol, oral contraceptives, and aflatoxins are the most important risk factors for its 
development and its prevalence is expected to increase in the future. 
HCV and HBV infection are the main causes of HCC; they are responsible for 80% of HCC 
cases (96% in HBV endemic regions). It has been established that 10–40% of all chronic HBV 
patients will develop this entity. The progression to liver cancer is monitored using serum 
levels of alpha-fetoprotein (AFP), an oncofetal glycoprotein that serves as an APP for several  
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Fig. 3. Evolution and risk factors for the development of hepatocellular carcinoma. 

liver diseases; nevertheless, it is not cancer specific. Comunale and colleagues (Comunale et 
al., 2010) identified more than 100 glycoproteins that are elevated in cirrhotic and HCC 
patients and that may serve as markers of the early development of HCC, and they 
suggested that alpha-1-antitrypsin was the most promising. 
CRP and SAA levels are correlated with tumor activity (Jong, 2001), i.e., with increasing tumor 
load, necrotic tumors, and tissue destruction. Levels of these proteins are even increased by 
gastric and colorectal metastases. It has also been suggested that APPs provide an ideal 
environment for tumor recurrence or growth (Harimoto et al., 2009). It is also accepted that 
CRP-positivity in HCC patients often indicates a poor prognosis and portal vein invasion. 
As mentioned earlier in the chapter, hypoalbuminemia was considered a marker of liver 
impairment. For a long time, it was thought that tumor activity was responsible for the 
decrease in albumin level; however, recent studies (Al-Shaiba et al., 2004) have 
demonstrated that the reduction in serum albumin level is related to the inflammatory 
response rather than to nutritional depletion caused by the tumor. 

2.6 Autoimmune hepatitis 
Autoimmunity is also an important cause of liver disease. It encompasses a broad spectrum 
of diseases, including autoimmune hepatitis (AIH), primary biliary cirrhosis (PBC), primary 
sclerosing cholangitis (PSC), and autoimmune cholangitis. The most common are AIH and 
PBC. Clinical, biochemical, histopathological, and cholangiographic criteria are used for 
differential diagnosis (Table 4). 
AIH is characterized by severe liver damage with a modest or low elevation of alkaline 
phosphatase level (Oo,  2010). It is classed into three types according to the autoantibodies 
expressed: type 1, smooth muscle antibodies (SMA) or anti-nuclear antibodies (ANA) are 
present; type 2, anti-liver kidney microsomal antibodies (LKM) are present; and type 3, 
soluble liver antibodies (SLA) or liver/pancreas antigens are present. All of these antibodies 
induce proinflammatory cells that mostly activate T-helper cells, which cause liver damage. 



 
The Role of the Acute-Phase Proteins in the Development and Progression of Liver Diseases 

 

115 

Parameter AIH PBC PSC AIC 
Female:male 4:1 9:1 1:2 9:1 
Liver test 
elevation 

ALT, AST AP, GGT AP, GGT AP, GGT 

Ig elevation IgG IgM IgG, IgM IgM 
Autoantibodies ANA, ASMA, 

LKM, SLA, p-
ANCA 

AMA, AMA-M2 p-ANCA ANA, ASMA 

HLA association A3, B8, DR3, DR4 DR8 DR52 B8, DR3, DR4 
Histology Lymphocyte 

interface hepatitis
Florid bile duct 
lesion 

Fibrosing bile 
duct lesion 

Florid bile duct 
lesion 

Table 4. Comparative table for the differential diagnosis of autoimmune liver diseases. AIH, 
autoimmune hepatitis; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; 
AIC, autoimmune cholangitis; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; AP, alkaline phosphatase; GGT, gamma-glutamyl transpeptidase; Ig, 
immunoglobin; ANA, anti-nuclear antibodies; ASMA, anti-smooth muscle antibodies; LKM, 
anti-liver kidney microsomal; SLA, anti-soluble liver antigen; p-ANCA, perinuclear anti-
neutrophil cytoplasmic antibodies; AMA, anti-mitochondrial antibodies; UDCA, 
ursodeoxycholic acid. 

In PBC (Poupon, 2010), inflammation is associated with similar rates of apoptosis and 
proliferation of biliary cells. Cytolytic T cells are attracted to autoantibody-marked cells by 
cytokines and chemokines, which also induce the killing of cells via TNF-, CD-40, and Fas 
receptors. It is under this pressure that cholangiocytes proliferate to compensate for cell 
death. It has been suggested that the cholinergic pathway, the IGF-1 system, and estrogens 
(through alpha receptors) are possible mediators of this process. 
Takahashi and colleagues (Takahasi et al., 2010) found that ALT and transferrin levels are 
correlated in autoimmune diseases and in other collagen-related diseases. CRP and AP 
levels are also correlated, at least in vasculitis syndrome. The explanation for these results is 
that, because the immunological response is increased in all these diseases, APPs are 
induced. IL-17 is a new cytokine that has been suggested to play an important role in the 
pathogenesis of AIH, as it is a strong neutrophil recruiter and, importantly, is also 
associated with the pathogenesis of ALD. 
Furthermore, several authors have described “overlap syndromes”. These entities are 
characterized by clinical or biochemical features common to two or more autoimmune 
diseases affecting the liver. In overlap syndromes, the magnitude of the immunological 
response in the early stage is elevated in that APP levels are altered to a greater extent. 
Comorbidities are not considered overlap syndromes. Kessel and colleagues (Kessel et al., 
2007) reported that HCV-infected patients have a high titer of CRP antibodies, which is 
correlated with the level of rheumatoid factor, cryoglobulinemia, and the severity of liver 
disease, suggesting that it facilitates autoimmune liver disorders. This is important because 
it has been shown that 65% of patients infected with HCV have low titers of ANA, SMA, 
and anti-thyroid antibodies, and 7% have anti-LKM-1 antibodies. Some authors suggest 
that, if titers of these antibodies are >1:320, and/or hypergammaglobulinemia, and other 
risk factors (female gender, young age, and other autoimmune disorders) are present, it 
should be considered as a co-morbidity between HCV and AIH (Beuers, 2005). 
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3. Clinical repercussions 
Clinically, insulin resistance (IR) and cardiovascular disease (CVD) have been suggested to 
arise from a common basis, i.e., chronic inflammation. As mentioned before, chronic liver 
diseases are important sources of a proinflammatory state and, therefore, several studies 
have tried to link liver impairment with the development of IR, type 2 diabetes mellitus 
(T2DM), and CVD. It is important to comment on this situation because several reports have 
suggested that the prevalence of chronic liver diseases will increase in the next few years 
and have shown that chronic liver diseases are currently among the leading causes of 
mortality in all parts of the world. 

3.1 Liver-related insulin resistance (IR) 
One of the manifestations of liver impairment is IR. IR is defined as an increased need for 
insulin in the peripheral tissues (muscle and adipose tissue) to achieve normal cellular 
glucose uptake and to reduce glucose output from the liver. The incidence of T2DM is 
increasing worldwide. IR is considered the pathophysiological basis of T2DM and is 
responsible for micro- and macrovascular complications associated with this condition. 
Some studies have associated IR with other deleterious effects on the biliary tract and liver 
such as the induction of gallstones and NAFLD, considered the most common chronic liver 
disease in Western countries and the liver manifestation of metabolic syndrome (MS), a 
pathology proven to be intrinsically related to IR. Some studies have even found that IR 
tends to favor the progression of NAFLD to NASH, cirrhosis, and HCC. 
To comprehend the entire pathophysiology of IR, it is important to understand the normal 
physiology of insulin signaling. The main signaling pathway begins with the binding of 
insulin to its receptor, which activates insulin receptor substrates (ISR-1 or ISR-2), which 
activate phosphatidylinositol-3 kinase (PI3K). The subsequent cascade results in the 
production of protein kinase Corwhich promotes translocation of the glucose 
transporter, GLUT 4, and activation of Akt, facilitating glucose uptake, gluconeogenesis, 
and protein synthesis through the production of GSK-3, FOXO-1, and mTOR, respectively. 
The last-mentioned mediator also exerts negative feedback on insulin signaling by 
phosphorylating IRS-1 (Méndez et al., 2005) (figure 4). 
Two main pathways are involved in liver-related IR. One path is through the production of 
free fatty acids, an increased level of which inhibits insulin-induced suppression of 
endogenous glucose production, and the other is through stimulation of gluconeogenesis, 
associated with activation of protein kinase C. 
Nevertheless, there are other factors associated with IR, such as a mutation of 2,6 fructose 
bisphosphonatase that causes an alteration in the fructose 2,6-bisphosphonate, which causes 
three results: a lower efficiency of suppression of hepatic glucose production (increased 
gluconeogenesis); a disruption of glucose flux, and a decrease in insulin-induced Akt 
phosphorylation in the liver. Furthermore, phosphorylation of ISR-2 in the cascade of 
activation of insulin also has an important impact on glycogen synthesis. It has been 
demonstrated that ISR-2 phosphorylation inhibits glycogen synthetase-3-kinase, which, in 
normal situations, induces glycogen synthesis and increases the use of plasma glucose. In 
pathological cases, synthesis is interrupted and glucose is not taken up by cells, promoting 
the progression of IR. 
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Fig. 4. Mechanisms involved in insulin signaling. Under normal circumstances, insulin 
binds to its receptor, which activates IRS 1/2, which then initiates a cascade of reactions that 
activate PKC, inducing the synthesis and migration of GLUT4 to the cell membrane, and 
Akt, which promotes glucose uptake, gluconeogenesis, and protein synthesis. mTOR also 
exerts negative feedback on the activation of IRS. IRS, insulin receptor substrate; PI3K, 
phosphatidylinositol-3 kinase; PKC, protein kinase C. 

 

 
Fig. 5. Liver-related insulin resistance. FFA, free fatty acids; IRS, insulin receptor substrate. 

As mentioned before, TNF- concentrations are elevated in liver diseases and, through the 
activation of inhibitory , which enables activation of nuclear factor-, cause 
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upregulation of IL-6. IL-6 induces the suppressor of cytokine signaling (SOCS), which 
induces IR through a specific inhibitor of IRS-2 (SOCS-1) or by competition for the docking 
sites of SOCS-3 (Méndez et al., 2005). 
Festa and colleagues (Festa et al., 2002) reported that APPs are not only impaired in cases of 
T2DM but proposed that they serve as early biomarkers of T2DM. CRP and fibrinogen were 
related to IR, but several studies have related them to adipose tissue secretion, and therefore 
to body mass index. Nevertheless, they also found that PAI-1 was independently related to 
the development of T2DM when compared with BMI and other risk factors, even IR, 
suggesting that this APP is suitable for early screening of people who are predisposed to 
T2DM. 
Recent studies have also confirmed a close relationship between IR and liver diseases such 
as chronic hepatitis caused by HBV and HCV, hemochromatosis, cirrhosis, and HCC. Some 
authors have even reported so-called “hepatogenous diabetes”, which is recognized by the 
World Health Organization as an independent entity that refers to the development of the 
T2DM due to cirrhosis. 
It is important to note that the incidence of viral hepatitis has increased worldwide, 
especially the types that produce a chronic state. In regards to these, some studies have 
reported that HCV infection induces degradation of IRS-1 through activation of the mTOR 
pathway (genotype 1) or SOCS-7 and PPAR- (genotype 3). In either eventuality, the result 
is IR. It is also important to mention that these two genotypes have been related to IR in 
HCV infection. 
Several studies have been performed to analyze the relationships of IR and T2DM with liver 
disease. Although the prevalence of liver diseases varies between countries, it has been 
noted that liver cirrhosis and viral hepatitis C infection have the strongest relationship with 
T2DM; nevertheless, other liver diseases have also been correlated with T2DM. Table 5 
shows the prevalence of these diseases. 

3.2 Relationship between cardiovascular risk and liver impairment 
Metabolic syndrome is the pandemic of the new millennium and is considered a major risk 
factor for CVD. NAFLD is now considered a liver manifestation of this syndrome. As 
mentioned before, IR is the pathophysiological basis of metabolic syndrome and is therefore 
closely linked to both CVD and liver diseases. 
As also mentioned above, CRP is considered the most important APP correlated with IR and 
CVD; nevertheless, there are some studies that have shown that CRP has anti-inflammatory 
properties and is involved in the reduction of the development of atherosclerosis in mouse 
models with hypercholesterolemia. This is most probably due to CRP-mediated 
upregulation of the IL-1 receptor antagonist and upregulation of serum leptin-interacting 
protein activity. 
NASH, as also mentioned before, characteristically elevates CRP, PAI-1, and fibrinogen 
activities (more so than NAFLD), which are also correlated with CVD and could be 
considered markers for this entity because these APPs have been demonstrated to be related 
to cardiovascular events independently of other risk factors such as age, visceral adiposity, 
and metabolic abnormalities. As such, patients with viral hepatitis also have a markedly 
greater carotid artery intimae medial thickness. Figure 6 shows the physiopathology of this 
interaction. 
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 Study Country Prevalence of T2DM (%) 
Hepatitis B virus 

Arao M et al., 2003 Japan 11.9
Knobler H et al., 2000 USA 12
Kobashi R et al., 2010 Mexico 16.7

Hepatitis C virus
Moucari R et al., 2008 USA 33
Mangia A et al., 1998 Italy 23 
Lecube A et al., 2004 Spain

Arao M et al., 2003 Japan 20
Singal AK et al., 2008 Saudi Arabia 22
Fraser GM et al., 1996 Israel 39
Kobashi R et al., 2010 Mexico 22.7

Nonalcoholic fatty liver disease
Dixon JB et al., 2001 USA 20–45
Gaiani S et al., 2009

Italy 
80

Bellentani S et al., 2007 30–50 
Targher G et al., 2007
Mendez N et al., 2007 Mexico 15.9–45 

DeLusong MAA et al., 2008 Philippines 60
Kobashi R et al., 2010 Mexico 17.6

Nonalcoholic steatohepatitis
Nugent C et al., 2007 USA 25–45 

Harrison SA et al., 2006
Prashanth M et al., 2009 India 25

Amarapurkar DN et al., 2008 27
Kobashi R et al., 2010 Mexico 25

Cirrhosis 
Tolman KG et al., 2007

USA 25–30 
Hickman IJ et al., 2007
Zeinn NN et al., 2000 34

Arao M et al., 2003 Japan 30.8
Costa-Braganca et al., 2010 Brazil 64.5

Kobashi R et al., 2010 Mexico 34.4
Hepatocellular carcinoma

Davila JA et al., 2010 USA 9.7
Donadon V et al., 2008 Italy 31.2

Lagiou P et al., 2000 Greece 18
Kobashi R et al., 2010 Mexico 35.7

Hemochromatosis
Sampson MJ et al., 2000

USA 
0.4

Conte D et al., 1998 1.34
Adams PC et al., 1991 50–85 (hereditary) 
Kobashi R et al., 2010 Mexico 0.77 (general) 

Autoimmune hepatitis
Jalihal A et al., 2009 Brunei 21

Choudohuri G et al., 2003 India 39.5
Kobashi R et al., 2010 Mexico 25

Table 5. Prevalence of type 2 diabetes mellitus (T2DM) and liver diseases reported from 
several studies worldwide (from Kobashi et al., 2010). 
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Fig. 6. Relationship between liver steatosis and cardiovascular events (atherosclerosis). 
Several APPs are elevated in NASH, which may directly injure the endothelium, but 
adipose tissue alone may also produce the same alteration. FFA, free fatty acids; IR, insulin 
resistance; NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; 
TG, triglyceride; VLDL, very low density lipoprotein; HDL, high density lipoprotein. 

It is important to mention that several risk factors for the development of CVD are also 
important risk factors for diabetes and some liver diseases. The transport of cholesterol is 
intrinsically related to these pathologies. Recently, studies have focused on the ATP binding 
cassette, A-1 (ABCA-1), an ATP-binding membrane transporter that plays an important role 
in cholesterol efflux from tissues and interacts directly with apolipoprotein A1, which is a 
structural component of high density lipoprotein cholesterol (HDL-c) and therefore plays a 
crucial role in lipid transportation. Because ABCA-1 and Apo-A1 have been demonstrated 
to be reduced in some liver diseases, it is comprehensible that liver impairment could be 
reflected in decreased HDL-c levels through this mechanism (Figure 7). HDL-c plays a 
protective role in cardiovascular events because it transports cholesterol from peripheral 
tissues to the liver where lipid is metabolized. The metabolism and transport of cholesterol 
demonstrates the close relationship between liver diseases and cardiovascular events. 
Several studies have also pointed out that adiponectin, an adipocyte-derived enzyme, plays 
a protective role in the pathogenesis of liver impairment (induction of NAFLD) and 
therefore, in the increase in cardiovascular risk. Acetyl-CoA carboxylase (ACC) and fatty 
acid synthase (FAS) are important rate-limiting enzymes for fatty acid synthesis. The  
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Fig. 7. Cholesterol reverse transport metabolism. Oxysterols (ligands for LXR receptors) and 
activators of PPAR induce the production of ABC-A1, which transports molecules of 
cholesterol from inside the cell to the outer cell membrane. Once presented, the structural 
molecule, ApoA1, of HDL-c attaches to the molecules of cholesterol and they are 
transported to the liver where they can be metabolized and excreted from the organism. In 
the absence of HDL-c stimulation (i.e., in liver diseases), the LXR- receptor and RXR are 
activated and inhibit ABC-A1, maintaining cholesterol accumulation within tissues. LXR, 
liver X receptor; RXR, retinoid X receptor. 

activity of these enzymes and that of carnitine palmitoyl transferase I (CPT-I), which 
mediates fatty acid entry to the mitochondrion, where the fatty acids are degraded, are 
regulated by adiponectin. This enzyme promotes CPT-I expression and inhibits ACC and 
FAS expression, reducing serum and hepatic lipid concentrations and, thus, the activity of 
TNF-. Uribe and colleagues (Uribe et al., 2008) have shown that adiponectin expression is 
reduced in metabolic liver diseases and in obesity. 

4. Conclusions  
Although albumin level is generally correlated with liver disease, it is not specific for the 
various liver diseases. Consequently, several studies have been conducted to identify 
biomarkers specific for each liver disease. Table 6 lists APPs associated with various liver 
diseases. 
It is important to mention that although chemical analysis has improved over the years, the 
clinical status of the patient is the most important and reliable factor in the approach of the 
patient. APPs measurement gives the clinician, the proper guidance and orientation of the 
problems, that usually are subclinical, but they are not the gold standard for any liver 
disease; therefore, they all need a confirmation with some other studies.  
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Liver disease Positive APP Negative APP 
Alcoholic disease AFP, LBP-1  
NAFLD ALT  
NASH GGT, CRP, SAA, PTX3  
Viral hepatitis  CRP, SAA, Fibrinogen, 

Complement activity (C4, C5) 
Cirrhosis A2MG ApoA1, VDBP, HA, IGF-1 
HCC AFP, A1AT, CRP, SAA  
Autoimmune CRP, ALT, AP  

Table 6. APP, acute-phase protein; AFP, alpha-fetoprotein; LBP-1, lipopolysaccharide 
binding protein 1; NAFLD, nonalcoholic fatty liver disease; ALT, alanine aminotransferase; 
NASH, nonalcoholic steatohepatitis; GGT, gamma-glutamyl transpeptidase; CRP, c-reactive 
protein; SAA, serum amyloid A; PTX3, pentrexin 3; A2MG, alpha-2 macroglobulin; ApoA1, 
apolipoprotein A1; VDBP, vitamin D binding protein; HA, hyaluronic acid; IGF-1, insulin-
like growth factor-1; HCC, hepatocellular carcinoma; A1AT, alpha-1 antitrypsin; AP, 
alkaline phosphatase. 
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1. Introduction 
The term acute phase response (APR) refers to the inflammatory response of the host 
occurring shortly after the tissue injury. It comprises a wide variety of reactions started by 
different causes, like infection, tissue injury, burn, trauma, surgery, cancer or immunological 
disorders. These reactions aim to prevent ongoing tissue damage, isolate and eliminate the 
cause of the inflammation, and begin the repair process necessary to restore the normal 
function. Usually, the local response is accompanied by a systemic reaction characterized by 
the fast alteration of the concentrations of several plasmatic proteins, the APPs (Acute Phase 
Proteins) produced by the liver (Baumann & Gauldie, 1994). In some diseases, the persistent 
immunological activation can cause chronic inflammation, often with pathological 
consequences. In other words, APR is a physiological condition occurring at the beginning 
of the inflammatory process and it is independent of the inflammation origin. 

1.1 The inflammatory response 
The inflammation is the ordered process mediated by the appearance of intercellular 
adhesion molecules on endothelia, and various inflammatory mediators released by tissue 
cells and leucocytes in response to tissue aggression; it is a protective response to injury or 
destruction of tissues, which serves to destroy, dilute, or wall off both the injurious agent 
and the injured tissues. It is the first reaction of the body under a situation of immunological 
stress: the innate non-specific response preceding specific immune reactions. 
The term inflammation is purely descriptive and originally defined by the four Latin words 
dolor, rubor, calor and tumor (meaning pain, redness, warmth and swelling); these are the 
result of changes in the local blood vessels which in turn, lead to their dilatation and 
increased stickiness and permeability for passing leukocytes. Combined, the cell and fluid 
leakage into the tissue, as well as their local activities, account for the pain and swelling. The 
function of this inflammatory response is to bring serum molecules and immune cells to the 
damaged zone. In this response three principal components can be considered: i) increased 
blood supply, ii) increased capillary permeability and, iii) migration of cells out of the 
vessels and into the tissues. 
In an inflammatory reaction there are implicated several cells of the immunological system 
and a great variety of response mediators. The uncontrolled migration of different 
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leukocytes populations would make impossible the generation and control of the immune 
response. In this setting, the endothelium plays a key role. Endothelial cells are 
multifunctional cells that form a thin layer in the interior surface of blood vessels (Cines et 
al., 1998). They are responsible for maintaining the vascular homeostasis but, also, they are 
capable of secreting biologically active mediators when affected by infection, stress, 
hypertension, dyslipidemia or high homocysteine levels. The primary essential function of 
these endothelial cells is to regulate the permeability of the blood vessel and the exchange of 
fluids and cells between the blood and the surrounding tissue. In the inflammatory response 
they raise the expression of cell adhesion molecules that, therefore, increments the number 
of leukocytes binding endothelium (Pate et al., 2010). The increased permeability of the 
endothelium allows the migration of these cells, a process called extravasation, where they 
will exert its function. That is why they are so important for the recruitment and 
orchestration of an acute inflammatory response. 
The role of the different cells and different interactions has been extensively described 
(Imhof & Aurrand-Lions, 2004; Langer & Chavakis, 2009; Ley et al., 2007; Schenkel et al., 
2004; Vestweber, 2007), but briefly we are going to comment those. Normally, neutrophils 
are the first cells to appear at acute phase response, followed by macrophages (monocytes), 
lymphocytes (if there is an immunological challenge) and a small amount of basophils and 
eosinophils; if an extreme vascular leakage occurs, red blood cells may also be found. We 
can distinguish three steps for the migration of cell to the tissue during the inflammatory 
response (Butcher, 1991):  
1-Receptor-mediated recruitment and adhesion to the endothelial cells: the regulation of the 
expression of selectin-P and selectin-E by the endothelium is key in this process (Lasky, 
1995; Lawrence & Springer, 1991). The expression of P-selectin is increased by inflammatory 
molecules such as histamine and thrombine, it is a weak binder to the leukocytes but causes 
them to “slow” their movement in the vessel. Selectin-E expression, on the other hand, it is 
upregulated by cytokines produced by injured cells, such as IL-1 and TNF-; these cytokines 
also activate and increase the expression of integrins on the circulating leukocytes. Activated 
leukocytes, therefore, increase the affinity of their integrins for certain ligands on the 
endothelial surface, attaching them firmly to the endothelium. 
2- Transmigration, or the movement of the activated leukocytes through the endothelium to 
reach the damaged tissue: the leukocytes adhered to the endothelium are stimulated by the 
chemokine gradient to move between the endothelial cells and across the basal membrane to 
the damaged area. Among the chemotactic factors we can find: i) products  of the 
complement like C3a, C4a, C5a (Hartmann et al., 1997; Okusawa et al., 1988), ii) fibrin 
degradation products (FDPs) like the D-dimer (Gross et al., 1997), iii) prostaglandins (PGD2, 
PGE2) (Konya et al., 2010; Kuehn et al., 2011), iv) leukotrienes (LTB4) (Aked & Foster, 1987) 
and chemokines like CCL5 (Kawai et al., 1999; Murooka et al., 2008) and IL-8 (Huber et al., 
1991). 
3- Movement of the activated leukocytes through the tissue: the binding to extracellular 
matrix proteins through the integrins and the CD44 protein allows these cells to arrive to the 
origin of the inflammation following the chemokine gradient (Kinashi, 2005).  

1.1.1 The Pro-inflammatory cytokines 
But in this local inflammatory process, activated leukocytes are not passive: in turn, they 
release cytokines and other mediators like glucocorticoids into the bloodstream, thus 
eliciting a widespread reaction in the organism. There are at least 15 cytokines known to be 
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involved in this process. Some of them are positive/negative regulators of cell growth (IL-2, 
IL-3, IL-4, IL-7, IL-10, IL-11, IL-12 and GM-CSF), while others have got pro-inflammatory 
(TNF-α/β, IL-1α/β, IL-6, IFN-α/γ, IL-8) or anti-inflammatory activities (IL-1 antagonists, 
soluble IL-1R, IL-1 and TNF-α binding protein)(van Miert, 1995).   
Proinflammatory cytokines, released mainly by activated macrophages, are crucial for the 
induction of other cytokines (IL-6, IL-8), while agents such as platelet activating factor, 
prostaglandins, leukotrienes and nitric oxide increase the chemotactic gradient and 
therefore the leukocyte recruitment to the inflammation site. They are also responsible for 
the fever and catabolism of muscle proteins through their action at the CNS level: We will 
briefly comment some carachteristics of the proinflammatory cytokines involved in the 
acute phase reaction and the production of APPs: 
- Tumor necrosis factor-alpha (TNF-α) 
TNF-α is the main cytokine that mediates acute inflammation. TNF is produced by 
monocytes, macrophages, dendritic cells, Th1 cells, and other cells. Some of its functions 
include: to stimulate the cells from the endothelium to produce selectins and the leukocytes 
to express integrins, to activate the coagulation pathway, to increase the production of 
chemokines in endothelial cells and macrophages, to activate neutrophils and their killer 
activity, etc (Baud & Karin, 2001). It is also responsible for stimulating the liver to produce 
APPs (Xanthoulea et al., 2004), and acting on muscles (Collins & Grounds, 2001) and fat (Lu 
et al., 2006; Plomgaard et al., 2008; Rydén et al., 2002) to stimulate catabolism for energy 
conversion. In addition, it interacts with the hypothalamus to induce lack of appetite 
(Tracey et al., 1990), fever (Rothwell & Hopkins, 1995; Stefferl et al., 1996) and sleep (Deboer 
et al., 2002; Fang et al., 1997). It also participates in the cicatrization process through the 
stimulation of collagen and collagenase synthesis (Theiss et al., 2005).  
-Interleukin-1 (IL-1) 
IL-1 function is similar to TNF- as it also mediates acute inflammatory responses, and 
together they enhance the inflammatory response (Dinarello & Wolff, 1993; Vassalli, 1992). 
Monocytes, macrophages, dendritic cells and endothelial cells are the main sources of IL-1. 
Functions of IL-1 include the promotion of the inflammation through the activation of the 
coagulation pathway and the synthesis of adhesion factors on endothelial cells and 
leukocytes (Bevilacqua et al., 1984; Nawroth et al., 1986) and the activation of macrophages 
(Dinarello, 1988). It is also responsible for stimulating the liver to produce APPs (Baumann 
& Gauldie, 1994; Mortensen et al., 1988; Prowse & Baumann, 1989), for activating the 
catabolism of the fat tissue for energy conversion (Feingold et al., 1992; Tocco-Bradley et al., 
1987); and for regulating the synthesis of collagen and collagenase for scar tissue formation 
(Duncan & Berman, 1989; Mizel et al., 1981).  
It is also noteworthy the role that IL-1 plays in the induction of the fever and sleep (Krueger 
et al., 1984; Opp & Krueger, 1991), as well as the stimulatory effect of IL-1 on the pituitary-
adrenal axis in the CNS (Besedovsky et al., 1986; Sapolsky et al., 1987), thus making it 
responsible for the control of food intake (Luheshi et al., 1999) during the acute phase 
response.   
Interleukin-1 and TNF- have also being linked to the depression and sickness behaviour 
associated to the inflammatory response (Dantzer, 2001; Konsman et al., 2002). One theory 
behind this effect it is the role of IL-1 over serotoninergic neurons, where IL-1 could activate 
the serotonin transporter directly. This could lead to the removal of serotonin from the 
synaptic cleft, thus generating a serotoninergic deprivation signal together with the 
tryptophan deprivation derived from the APPs production (Leonard & Song, 1999).   
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- Interleukin-6 (IL-6) 
IL-6 stimulates the liver to produce APPs and it is released by many cells including T-
lymphocytes, macrophages, monocytes, endothelial cells, and fibroblasts (Prowse & 
Baumann, 1989). It is also responsible for the proliferation stimulation of B-lymphocytes 
(Muraguchi et al., 1988; Taga et al., 1987) and increases the neutrophil activity (Brom & 
König, 1992).  
The outcome of the inflammation will depend on the tissue as well as the extent of injury 
and the injurious agent that has caused it. Usually, the resolution will bring the inflamed 
tissue to its status prior to the injury but, some times, the inflammation is not resolved 
properly. Sometimes a persistent damage or an incomplete resolution process can produce a 
chronic inflammation due to the continuous production of pro-inflammatory cytokines. 
Often, the reason behind the abnormal inflammatory response is not known, and it is the 
reason behind many human diseases. Some of them have got an immunological origin like 
the allergic reactions or myopathies (Lundberg & Grundtman, 2008); but sometimes the 
origin is non-immunological like in rheumatoid arthritis, cancer (Coussens & Werb, 2002), 
atherosclerosis (Libby, 2002), ischaemic heart disease (Maseri et al., 1996), inflammatory 
bowel diseases (Fiocchi, 1998), etc (many articles, reviews and books cover these topics, so 
this is not an extensive list). In all of the above mentioned disorders we can also see 
alterations in the levels of different APPs produced by the liver; the next section will present 
an extensive list of these proteins, where the main characteristics of the different groups will 
be commented briefly.  

2. Acute phase proteins 
APPs is a group of plasma proteins whose concentration varies in response to inflammation 
(Baumann & Gauldie, 1994). They are synthesized mainly by the liver but also by other cell 
types (monocytes, endothelial cells, fibroblasts and adipocytes). According to the variations 
in the concentration of these proteins they can be classified in positive APPs, those that 
increase the concentration, and negative APPs, those that show decreased concentrations 
upon the inflammatory response. There are also other sub-classifications for the positive 
APPs, according to the variation in concentration: Group I positive APPs increase up to 50% 
(ceruloplasmin and complement factor-3 (C3)), Group II from 2 to 5 times (haptoglobin, 
fibrinogen, α-globulins with antiprotease-activity and lipopolysaccharide binding protein), 
and Group III from 5 to more than 1000 times (CRP and SAA) (Dowton & Colten, 1988). 
There is a lot of diversity regarding the timings that each of these proteins show any 
variation on its levels. Some proteins alter their levels as soon as 4 h, while others can take 
up to 24 h or even days. CRP (C-reactive protein) and SAA (serum amyloid A) are some of 
these very rapidly increasing proteins: they elevate their levels within the first 4 h after 
tissue injury, opposite to the lipopolysaccharide binding protein, that requires at least 8 h, or 
the serum alpha-l-acid glycoprotein, that needs 48 h. Some of these proteins remain elevated 
for various days, while other only for few hours. The origin behind the inflammation is also 
important: the plasma fibrinogen shows a peak in the concentration at 24 h-48 h or at 96 h, 
depending on the inflammatory stimulus (Colley et al., 1983; Gruys et al., 2005) 
As commented before TNF-, IL-1, and IL-6 are the main cytokines involved in the 
hepatocytic secretion of APPs, but there are many others. Indeed, all type of combinatorial 
effects can regulate the hepatocytic secretion of an APP (addition, synergy, antagonism).  IL-
1 and IL-6 have been used to classify APPs into two subgroups: Type 1 requires the 
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synergistic effect of both interleukins for maximum synthesis (examples: CRP, SAA, Alpha-
1-acid glycoprotein 1); type 2 are those that only require IL-6 and usually IL-1 acts 
suppressing more than enhancing its production (examples: fibrinogen chains, haptoglobin, 
alpha-2-Macroglobulin (Ramadori & Christ, 1999)). There are some cytokines that regulate 
the expression of one or two APPs, like Activin A, a cytokine related with the superfamily of 
TGF-β. On the other hand, other APPs are the result of a wider combination of cytokines. 
That is the case of SAA that requires the synergitic effect of bacterial LPS and several 
cytokines (mainly IL-1, IL-6, and TNF, but also LIF, CNTF, oncostatin M, IL-11, and 
cardiotrophin-1) to be produced (Benigni et al., 1996). 
The main structural characteristics of APPs can be found in Table 1. Regarding their 
functions, summarized in Table 2, they are opsonisation and elimination of microorganisms 
and their products (CPR), activation of the complement system (complement C4a, C4b) and 
the lectin complement pathway (manan-binding lectin), inhibition of certain enzymes 
(alpha-1-antitrypsin, alpha-2-antiplasmin) or interleukins (interleukin-1 receptor antagonist 
protein), blockade of free radicals and/or elimination of haemoglobin residues 
(haptoglobin, serotransferrin, hemopexin), regulation of the immune response (serum 
amyloid P), coagulation and tissue repair/remodelling (fibrinogen, plasminogen), transport 
of ions (apolipoproteins, calcitonin precursor) and hormones (serum albumin), etc. Others, 
like alpha 2-macroglobulin and the coagulation factors, also play an important role in 
wound healing, because they collaborate with the immune system by increasing the 
vascular permeability, because they have chemotactic properties, or even because they are 
able of trapping pathogens in local blood clots. 

3. Acute phase proteins currently used in routine clinical practice 
As compared with cytokine and other short distance mediators of cellular responses 
production, which occurs in pulsed patterns cleared from the circulation within a few hours 
due to their small size, the native molecular mass of APPs secreted by the liver is larger than 
the kidney filtration cutoff (about 45 kDa). An example is albumin, which is just larger and 
has a lifetime of about 21 days. This fact, together with their large half-life, ensures an 
extended residence time in plasma, which means that levels of some APPs may remain 
unchanged for days and may be useful for diagnostic purposes. Currently, alterations in 
levels of some APPs are used to assess either the health/nutritional status of an individual 
or, mainly, to check for the presence of reactive processes, which has more advantages than 
measuring IL-6, a sensitive indicator of inflammation or infection but with a normal range of 
0-5 pg/ml and short plasma clearing times. An analysis of US Food and Drug 
Administration (FDA) approvals for IVD assays aimed to the quantitative detection of acute 
phase reactants reveals about 80 companies involved (Table 3), of which 15 dominate the 
market: Abbott Laboratories, Beckman Coulter, Dade Behring, Diasorin, Globalemed, 
Kamiya Biomedical, Kent Laboratories, Nitto Boseki, Olympus Life Science Research, Ortho-
Clinical Diagnostics, Polymedco, Randox Laboratories, Roche Diagnostics, Siemens Medical 
Solutions Diagnostics, and The Binding Site. 
About 51% of FDA-cleared or approved IVD assays are aimed to the detection of unique 
plasma or serum proteins that carry out their normal function in plasma. Most of these 
proteins are negative or positive acute phase reactants, like albumin, C-reactive protein,  1 
antitrypsin, transferrin, ceruloplasmin, or fibrinogen. Table 4 summarizes different tests 
from the companies listed in Table 3 intended to the detection of APPs in clinical practice. 
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Existing APPs test provide a spectrum of clinical information, including definitive diagnosis 
of acute events (e.g. CRP), prediction of disease risk (CRP increases in coronary disease) or 
detection of disease recurrence. Thus, if we check the clinical diagnostic catalog at the 
Beckman Coulter home page, one of the companies with the broader list of IVD tests for 
APPs (Table 3), we will find that those tests have the following intended uses 
https://www.beckmancoulter.com/eCatalog/Catalog/Disease_Management): albumin, to 
evaluate the hepatic/renal function, infectious diseases, inflammatory responses or 
nutritional assesment; alpha 1 acid glycoprotein, to assess the existence of infectious 
diseases or inflammation; alpha 1 antitrypsin, to check the presence of infectious diseases or 
inflammation; alpha 2 macroglobulin and antithrombin III, to detect anemia, thrombofilia or 
to assay the hepatic function; ApoA1 and ApoB, to measure the cardiovascular risk; 
ceruloplasmin, for the evaluation of the hepatic function or the detection of 
infection/inflammation; complement factors (C3 and C4), to evaluate the liver function or 
unmask autoimmune or inflammatory processes; fibrinogen, for thrombofilia and bledding 
disorders detection; haptoglobin, to uncover infectious diseases, inflammation, and 
anemia; plasminogen, to assess fibrinolysis; transferrin, to value the presence of anemia, 
the nutritional status, the presence of infectious diseases, or the renal function; and finally 
transthyretin/prealbumin, for hepatic function and nutritional assesment. In addition, 
detection of beta 2 microglobulin (e.g. Quantikine® IVD® Human 2M Immunoassay, 
R&D) is an aid in the diagnosis of autoimmune diseases (rheumatoid arthritis, systemic 
lupus erithematosus), viral infections or reduced glomerular filtration rates (kidney 
diseases). On the other hand, low levels of plasminogen activator inhibitor 1 (PAI-1) are 
linked to bleeding, while its elevation is related with an increased number of blood clots 
(surgery, infection, diabetes) and elevated risk of heart attack or coronary artery disease 
(CAD).  
 
 Company name   Company name  

1 Abaxis, Inc ABX 40 Health Chem Diagnostics, 
Llc HCD 

2 Abbott Laboratories ABL 41 Horiba Abx HOR 

3 Access Bio, Inc ACC 42 Human Diagnostics 
Worldwide HDW 

4 Affinity Biologicals, Inc AFF 43 Ibl, Gmbh IBL 

5 
Alfa Wassermann 
Diagnostic Technologies, 
Inc 

AWDT 44 Immunostics, Inc IMMTICS 

6 American Diagnostica, Inc AMER 45 Immuno, Gmbh IMM 

7 Amico Lab, Inc AMI 46 Instrumentation Laboratory, 
Co ILAB 

8 Arkray, Inc ARK 47 Jas Diagnostics Systems, 
Gmbh JAS 

9 Arlington Scientific, Inc ARL 48 Kamiya Biomedical, Co KB 

10 Axes-Shield Diagnostics, 
Ltd AS 49 Kent Laboratories, Inc KL 

11 Bacton Assay Systems BAS 50 Medical Diagnostic MDT 
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Technologies 

12 Baxter Diagnostics, Inc BAX 51 Medical Laboratory 
Automation Systems, Inc MLAS 

13 Beckman Coulter, Inc BC 52 Nitto Boseki Co., Ltd 
(Medical Division) NB 

14 Biocheck, Inc BCK 53 Novamed, Ltd NVM 

15 Bio/Data, Corp BIODT 54 
Olympus Life Science 
Research Europa, Gmbh 
(Europa)

OLSR 

16 Biokit, S.A. BK 55 Ortho-Clinical Diagnostics, 
Inc OCD 

17 Bio-Medical Products, Corp BMP 56 Polymedco, Inc POL 
18 Biopool AB BAB 57 Precisa Intl Corp PREC 
19 Boditech Dioagnostics, Inc BODIT 58 Quidel Corp QUID 
20 Brahms AG BAG 59 R2 Diagnostics, Inc R2 

21 Carolina Liquid 
Chemistries, Corp CLC 60 Randox Laboratories, Ltd RDXL 

22 Cenogenetics, Corp CNG 61 Reagents Applications, Inc RA 
23 Cezanne SAS CSAS 62 Remel, Inc REM 
24 Cliniqa, Corp CLINQ 63 R&D Systems R&D 

25 Covance Research 
Products, Inc CRP 64 Roche Diagnostics, Gmbh ROD 

26 Dade Behring, Inc DB 65 Rowley Biochemical 
Institute, Inc ROW 

27 Dako Denmark A/S DAK 66 Seradyn, Inc SER 

28 Dexall Biomedical Labs, Inc DEX 67 
Shanghai Shenfeng 
Biochemistry Reagent Co, 
Ltd

SSBR 

29 Diagnostica-Stago DS 68 Siemens Medical Solutions 
Diagnostics SMSD 

30 Diagnostix Technology, Inc DT 69 Stago R&D STG 
31 Diamedix Corp DIAMED 70 Sterling Diagnostics, Inc SD 
32 Diasorin, Inc DIA 71 Teco Diagnostics TECO 

33 Diasys Diagnostics 
Systems, Gmbh DSYS 72 Texas Immunology TEXAS 

34 Dominion Biologicals, Ltd DOM 73 The Binding Site, Inc TBS 
35 DRG Instruments, Gmbh DRGI 74 Tosoh Bioscience, Inc TOS 
36 Eucardio Laboratory, Inc EUL 75 Trinity Biotech, Plc TB 

37 Fisher Diagnostics FISH 76 Ventana Medical Systems, 
Inc VMS 

38 Genetic Technologies, Inc GEN 77 Wako Pure Chemicals, Inc WAKO 

39 Globalemed, Llc GBL 78 YK & E Advance Trading, 
Inc YK&EAT 

Table 3. Some companies developing in vitro diagnostics (IVD) tests for clinical use. 

This table is not expected to be a comprehensive summary of all existing IVD companies. 
Mainly, data have been collected from different sources, like the US Food and Drug 
Administration Home Page (http://www.fda.gov), ZapConnect.com, or the home page of 
each company.  
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Amongst this first group of IVD tests for APPs, C-reactive protein/CRP is, by far, the most 
frequent offered by different companies (Table 4). That is due to a dual use: On the one 
hand, a low sensitivity test for inflammation or infectious/autoimmune diseases. On the 
other hand, systemic inflammation and CRP levels increase as the amount of visceral 
adipose tissue and the waist circumference become excessive, and that is because CRP (as 
well as the fibrinolysis inhibitor PAI-1) are not only produced by liver but also by 
adipocytes (Libby et al., 2010). Based on that, a high-sensitivity assay for cardiovascular risk 
(denoted hs-CRP) has been developed to predict future clinical cardiovascular events. 
Elevation of average hs-CRP level is linked to atheroesclerosis, and therefore point to a 
higher potential of stroke, myocardial infarction or severe peripheral vascular disease 
development. Thus, apparently healthy people with some inflammation (above median 
hsCRP) but below median levels of low-density lipoprotein (LDL) could nonetheless benefit 
from statin therapy (Libby et al., 2010). 
Moreover, these companies are continuosly adding new products to their growing portfolio 
of IVD assays, as it is the case for some acute phase reactants (Table 4). For example, tests for 
factor VIII (hemophilia A) and von Willebrand (von Willebrand disease) are included within 
the pannels of reagents to check hemostasis, and alpha 1 microglobulin is been introduced 
in market for the functional evaluation of liver and kidney, diabetes and stroke. As well, 
elevation of calcitonin  precursor levels in plasma represent a high risk for progression to 
severe sepsis if the measurement of this acute phase reactant is done shortly after the 
systemic infection process has started (on the first day). Still, there are other IVD tests that 
have not been included in Table 4, like properdin Factor B (autoimmune diseases) or 
apolipoprotein (a)(cardiovascular risk), that are also manufactured by some companies.   
A large majority of APPs are typically measured by enzyme immunoassays (EIA, ELISA), 
but also by immunoturbidimetric or nephelometric technologies through chemistry 
analyzers such as Alfa Wassermann Alera/ACE, Roche/Hitachi, Roche/Cobas, Beckman 
Synchron®, Beckman/Olympus, Abbot Aeroset, Siemens/Bayer Advia or Siemens/Dade 
Dimension. There are some radioimmuno- (RIA) (e.g., Abbott Beta-2-Microglobulin RIA) 
and chromogenic assays too (e.g., BCG method for albumin), and some of these analytes 
have waived versions (simple and accurate, according to the CLIA complexity classification; 
e.g., Abaxis, Inc). 

4. New methods and technologies for the quantification of acute phase 
proteins: APPs as disease biomarkers 
The high-throughput genomic and proteomic technologies, combined with bioinformatics, 
give the most recent approaches to the study and analysis of APPs in human body fluids 
(plasma, serum). There are different methods that permit the simultaneous 
qualitative/quantitative analysis of several APPs from small volume of samples: 2-DE/MS, 
2-DE-DIGE/MS, MALDI-TOF-MS, SELDI-TOF-MS, label-free LC-MS profiling, CE-ESI-MS, 
isotope tagging/MS/MS, or antibody arrays for serum profiling. Proteomic methods can 
now detect more than 1000 proteins in plasma at the same time. However, the 
comprehensive analysis of the proteome of any body fluid is still beyond our reach, despite 
great methodological advances in recent years. Several major challenges must be faced by 
researchers. For instance, proteomics of body fluids is limited to a ~g/L (ng/mL)  
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ABX X                         

ABL X X X     X X X X  X   X      X X   
ACC             X             

AFF              X            

AMI           X               

AWDT X       X              X    

AMER                  X        

ARK X                         

ARL             X             

AS         X                 

BAS        X                  

BAX                  X        

BC X X X  X X X X X X X  X   X   X   X X   
BCK         X    X             

BIODT               X           

BK  X X      X    X           X  

BMP             X             

BAB                  X        

BODIT             X             

BAG            X              

CLC X          X     X      X    

CNG             X             

CSAS            X              

CLINQ                X       X   

CRP   X                       

DB X X X X  X X X X X X  X X  X X  X  X X X   
DAK         X                 

DEX             X             

DS   X X  X X    X    X    X X      

DT             X             

DIA  X X   X X  X X X  X   X   X   X X   
DIAMED           X               

DSYS        X               X   

DOM             X             

DRGI        X                  

EUL        X                  

FIS               X           

GEN             X             

GBL   X   X  X X  X  X      X  X X    
HCD   X                       
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HOR                       X   

HDW X       X   X  X  X       X    

IBL           X               

IMMTICS             X             

IMM        X                  

ILAB              X X           

JAS                       X   

KB  X X  X  X X   X  X X X X   X   X X   
KL  X X   X    X X  X   X X     X X   

MDT                  X        

MLAS                  X        

NB  X X    X    X     X   X   X X   
NVM        X                  

OLSR  X X     X X X X  X   X      X    
OCD   X     X   X  X   X      X X   
POL X       X   X  X         X X   

PREC             X             

QUID           X               

R2                          

RDXL X       X   X  X         X X   
RA  X         X  X   X          

REM             X             

R&D         X                 

ROD   X      X  X  X   X      X X   
ROW               X           

SER             X             

SSBR        X               X   

SMSD X  X   X  X X  X X X         X    
STG           X        X       

SD             X             

TECO             X             

TEXAS             X             

TBS  X X   X X  X X X     X   X  X X X   
TB       X        X    X X      

TOS         X                 

VMS   X                       

WAKO        X     X          X   

YK&EAT        X                  

Table 4. In vitro diagnostic (IVD) tests for the quantitative determination of acute phase 
proteins in serum or plasma. 

This table is not intended to be a comprehensive summary. Data come from different 
sources, like the US Food and Drug Administration Home Page (http://www.fda.gov), 
ZapConnect.com, or the home page of each company. Sometimes this one does not offer 
directly IVD tests for some APPs, but can do it through strategic alliances that are not 
reflected in Table 3 (e.g., Beckman Coulter and Instrumentation Laboratory and the 
HemosIL® Fibrinogen-C kit). Abbreviations used for the name of the companies are the 
same as in Table 3. Abbreviations for APPs are the same as in Table 1.  
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sensitivity, which is roughly 1000-fold less sensitive than the most specific immunoassays. 
Another additional problem is the range of protein concentrations in body fluids. The 
dynamic range of plasma proteins concentrations spams from that much as 40 mg/mL for 
albumin (50% of the total mass of plasma proteins) to less than 4 pg/mL; i.e., the 
concentration of many cytokines. Therefore, we are talking about 10-12 orders of magnitude, 
which means that disease-mediated alterations in soluble mediators (e.g., cytokines), or 
modifications in those released into the circulation through cell-leaking processes during 
normal cell turnover (apoptosis) or specific injuries (e.g., myocardial infarction), are hardly 
detectable. For example, the most common technology for fractionating and identifying 
proteins, 2-DE, has a range of detection of no more than 3-4 orders of magnitude with 
differential gel electrophoresis (DIGE). About 99% of total protein mass in plasma depends 
on only 22 abundant species, like albumin (35-45 mg/mL), IgG, IgA, IgM (12-18 mg/mL), 2 
and -lipoproteins (LDL; 4-7 mg/mL), fibrinogen (2-6 mg/mL), 1-antitrypsin (2-5 
mg/mL), 2-macroglobulin (2-4 mg/mL), transferrin (2-3 mg/mL), 1-acid-glycoprotein (1 
mg/mL), hemopexin (1 mg/mL), -lipoproteins (HDL, 0.6-1.5 mg/mL), haptoglobin (0.3-2 
mg/mL), prealbumin (0.3-0.4 mg/mL) or ceruloplasmin (0.3 mg/ml). Most of them are 
acute phase reactants; i.e., plasma resident proteins with a molecular mass larger than the 
kidney filtration cutoff and large half-lives, both characteristics ensuring an extended 
residence time and high protein concentrations (45 mg/mL-0.001 mg/mL). Thus, this high 
abundance makes them easily accessible to proteomic technologies, although there are still a 
couple of questions to consider: complexity of this family of proteins and their time-
dependent concentration modulation (kinetics). 
Regarding complexity, the most important APPs are usually glycoproteins. This means that 
APPs, like immunoglobulins, are highly heterogeneous (Anderson and Anderson, 2002). 
The difficulty of their analysis is even enhanced by processing events, that lead to the 
generation of smaller proteins or peptides from larger precursors (both the plasma and cells 
contains numerous proteases), or the presence of genetic variants in acute phase reactants as 
apoE, apoH, transferrin or haptoglobin. Two-dimensional electrophoresis (2-DE) was the 
first used method in clinical biofluids proteomics, and still is one of the most used nowadays 
for different reasons. After the introduction of high resolution 2-DE in 1975 this technique 
was applied to the plasma proteins (Anderson & Anderson, 1977). These authors were able 
to resolve by 2-DE about 300 or more spots and a number of about 40 distinct plasma 
proteins. This initial amount has been extended to 626 identified spots, 1966 detected spots 
and 69 proteins in the current Swiss 2D-Page Web site (http://expasy.org/swiss-2dpage), 
which may represent the limit in terms of 2-DE analysis of unfractionated plasma. 
Therefore, it was clear very soon than 2-DE had limitations with respect to the resolution to 
cope with the extraordinary dynamic range of plasma proteins concentrations and the 
complexity issue, apart from additional problems: low and high molecular weight, 
hydrophobic, and very acid or basic proteins. Still, isolectric points of APPs are mostly 
between pH 5 and 6, and these proteins are originated mainly from liver secretion (not cell 
leakage; i.e., hydrophilic) and have a medium-high molecular size. In addition, there are 
means to reduce sample complexity and enhance the loading capacity of 2-DE (see below). 
Therefore, 2-DE is a technique specially suited to screen the acute phase response, and can 
be even essential to determine the post-translational and genetic modifications of APPs.  
Nevertheless, and largely because of novel methods of serum fractionation and MS based 
protein identification, after the turn of the century the number of plasma proteins that could 
be identified increased over time. Thus, thanks to extensive fractionation serum 
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fractionation and tandem mass spectrometry, Adkins et al. (2002) were able to identify 490 
proteins. That number suffered a huge increase in 2004, to achieve an identification of 1,175 
non-redundant plasma proteins, by using multidimensional chromatography and MS 
analysis (Anderson et al. 2004). At present, the Human Proteome Organization (HUPO) 
Plasma Proteome Project (PPP) has a list of 3020 plasma proteins (http://www.hupo.org/ 
research/hppp/) 

4.1 Quantitative proteomics technologies applied to the study of APPs 
However, the elaboration of a detailed list of serum/plasma proteins provides relatively 
limited biological information. To understand the biology of any pathological process, 
quantitative analysis of these proteins is essential. Perhaps, 2-DE or 2-DE fluorescence 
differential gel electrophoresis (DIGE), followed by MS analysis, remains as the most 
commonly used method (see Table 5). DIGE is a quantitative technique that enhance the 
dynamic range of 2-DE up to four orders of magnitude. DIGE is commercially available 
from GE Healthcare, and allows the direct comparison of different samples at the same time 
on a single 2-DE gel. This technique involves the use of up to three different samples and 
three cyanide dyes (Cy2, Cy3, and Cy5). These dyes have an NHS-ester reactive group 
designed to covalently attach to the epsilon amino group of lysine of proteins via an amide 
linkage. In addition, dyes label 1-2% of all the available proteins (minimal labelling, about 
one dye molecule per protein), without changing their pI and adding only 0.5 kDa to the 
protein mass. Normally, a pooled sample, comprising equal amounts of each of the initial 
samples within the study, is labelled with Cy2 and used as internal control. This internal 
standard allows normalization and is an effective way to increase accuracy and 
reproducibility during quantification. On the contrary, one particular disadvantage of DIGE 
is the equipment required for visualization and spot excision, and another major problem 
with these 2-DE based methodologies is that they are labor intensive and difficult to 
automate. In addition, as we have just commented, they are not able to effectively mine the 
low abundance biofluids proteome (<100 ng/ml). Therefore, the detected proteins limit 
primarily to high (0.1–40 mg/ml) and medium abundance (0.1–100 g/ml) species, which is 
enough to study the classical acute phase reactants (e.g., CRP <10 g/ml), but does not 
allow to find new ones. All these limitations of 2-DE based methods are driving the 
development of new proteomic methodologies for serum/plasma profiling that seek to 
reduce the workload of 2-DE (since they use automated equipment), such as MALDI-TOF-
MS, SELDI-TOF-MS, label-free LC-MS profiling, CE-ESI-MS, isotope tagging/MS/MS, or 
antibody arrays. Although it is outside the scope of this chapter to review comprehensively 
these techniques, we will go through a brief summary of some of them. 
Simple adsorption/washing/desorption methods are fast, easily automated and have a 
widespread use (Table 5). In matrix-assisted laser desorption/ionization mass spectrometry 
(MALDI-TOF-MS) samples are digested with trypsin and deposited on the MALDI plate 
prior peptide mass fingerprinting (PMF) or partial sequencing of peptides (MS/MS; e.g., 
MALDI-TOF/TOF). In surface-enhanced laser desorption/ionization (SELDI) (e.g., 
ProteinChip®, Ciphergen Biosystems, Palo Alto, CA) different chromatographic surfaces 
(hydrophobic, hydrophilic, etc) are used on a metal array to bind a subset of proteins from a 
sample. The unbound proteins are washed away, the bound proteins are overlaid with an 
organic matrix, and finally this fraction is profiled by MS analysis (e.g., MALDI-TOF-MS), 
generating rather simple mass spectra which can be easily analyzed. SELDI is a very useful 
method for high throughput screening, although this approach is not very reproducible and 
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quite cumbersome to identify detected proteins, since require mass spectrometers such as 
FT-ICR-MS instruments to get a direct fragmentation of high molecular weight ions.  
However, patterns of peaks are usually found to be useful for the classification of 
pathological samples (Table 5).   
Combination of online sample preparation with liquid chromatography (LC) and mass 
spectrometry (MS; LC-MS) is a common practice. Leaving aside the peptidomics approach, 
which is perhaps less interesting to study acute phase reactants, these medium-high 
molecular weight proteins can be analyzed through shotgun proteomics (Murakoshi et al., 
2011). During the shotgun proteomics approach the entire serum/plasma proteome is 
submitted to trypsin digestion followed by peptides separation through one or normally 
(due to the very complex mixture of peptides) several liquid chromatography steps prior to 
MS. Multidimensional protein identification technology (MudPIT), for example, consists of a 
2D chromatography separation prior to electrospray (ESI)-MS. In MudPIT the first 
dimension is normally a high loading capacity strong cation exchange (SCX) column, while 
the second dimension is reverse phase chromatography. After this extensive peptide 
fractionation and MS, the fragmentation data are matched against sequence databases using 
different software (e.g., SEQUEST) in order to identify serum/plasma proteins. However, 
several runs are required to get a comprehensive analysis of the whole proteome and, as 
with 2-DE, there are problems to mine the low abundant subproteome. In addition, 
qualitative over quantitative data are obtained by LC-MS, although the use of label-free LC-
MS profiling (Wesner et al., 2010) or techniques such as isotope-coded affinity tag (ICAT) 
(Lin et al., 2009), isobaric (iTRAQ) and MRM (multiple reaction monitoring; mTRAQ) tags 
for relative and absolute quantitation (Boylan et al., 2010; Kanq et al., 2010), or 18O labelling 
(Qian et al., 2010) allows for quantitative comparisons between different samples. Finally, 
there are other high throughput methods to analyze the acute phase response in 
serum/plasma samples, such as capillary electrophoresis connected to electrospray 
ionization MS (CE-ESI-MS) or antibody arrays. Regarding antibody arrays, their main 
problem is that these methodologies are not discovery based; i.e., the only proteins that can 
be detected and quantitated are those targeted by the available antibodies. Moreover, 
several technological advances must be accomplished before truly high density antibody 
microarrays are readily available (Borrebaeck & Wingren, 2009)     

4.2 Complexity and sensitivity: Strategies to enhance the detection of lower abundant 
APPs 
The unmasking of low abundant proteins (protein depletion), together with new 
technologies with enhanced resolving power, will provide access to more sensitive and 
specific biomarkers, and it is likely that some of them will represent new acute phase 
reactants. One way to reduce sample complexity and enhance the capacity to detect proteins 
or peptides at lower concentrations is to remove high-abundance proteins selectively. Only 
albumin (3.4-5.4 g/L) and immunoglobulins (IgG, 7.2–15 g/L; IgA, 0.9–0.33 g/L; IgM, 0.5–
2.5 g/L; IgD, 0–0.4 g/L; IgE, 100–200 g/L) account for >70% of total serum proteins. 
Several affinity columns, based on dye ligands (e.g., Cibacron-blue) or specific antibodies 
(e.g., IgY, IgG), have been developed for albumin removal, while either thiophilic gels 
(Salgado, 2010) or resins with fixed antibodies (anti-IgG and, sometimes, even anti-IgA or 
anti-IgM) or immunoglobulin binding-proteins (protein A, protein G, protein A/G mixtures, 
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protein L) have been used for immunoglobulins substraction methods (Fang & Zhang, 
2008).  
Although albumin is an acute phase reactant, removal of this abundant protein together 
with immunoglobulins facilitate the detection of less abundant or previously masked new 
acute phase reactants. A good example of this comes from our 2-DE analyses of human 
serum samples, where we were able to identify both leucine rich 2 glycoprotein (LRG) and 
apolipoprotein H (ApoH) (Salgado, 2010). LRG is a positive acute phase reactant whose 
concentration in serum (LRG; ~ 3 g/ml) is close to the detection limit of 2-DE 
electrophoresis (g/mL range), and therefore very difficult to show in order to measure 
quantitative differences. The second one, apolipoprotein H, has a position coincident with 
immunoglobulin G heavy chains in 2-DE maps, appearing fully hidden prior 
albumin/immunoglobulins depletion (Salgado et al., 2010).   
Sometimes, methods to eliminate albumin or immunoglobulins can be rather inespecific. For 
example, dye-ligand affinity columns (e.g, Cibracron Blue-based kits), still used in 
proteomic studies due to its relatively low cost, show a low specific binding for albumin and 
causes retention of unwanted proteins (Bellei et al., 2011). Thus, to achieve deeper and more 
specific protein depletion, different companies have developed several alternatives, like 
antibody immunoaffinity media or combinatorial peptide libraries. An example is the 
MARS-Hu-14 column (Agilent Technologies, Santa Clara, California, USA), intended to 
deplete the 14 most abundant proteins from serum or plasma samples. Another one is the 
ProteoPrep® 20 Plasma Immunodepletion spin or LC-column from Sigma (St Louis, MO, 
USA), allowing the simultaneous depletion of 20 abundant proteins (97-98% of 
plasma/serum proteins) and up to 50-fold increased protein loads (according to the 
company data). However, despite these clear benefits, the use of these affinity 
chromatography technologies generates great losses of information about the acute phase 
response, since all the removed proteins are acute phase reactants themselves. For example, 
the ProteoPrep® 20 Plasma Immunodepletion column from Sigma eliminates albumin, IgG, 
transferrin, fibrinogen, IgA, α2- Macroglobulin, IgM, α1- Antitrypsin, complement C3, 
haptoglobin, apolipoprotein A1, A3 and B; α1-Acid Glycoprotein, ceruloplasmin, 
complement C4, C1q, IgD, transthyretin, and plasminogen.  
Another choice to reduce sample complexity in order to study the acute phase response is to 
use ProteoMiner (Bio-Rad Laboratories) or ProSpectrum Libraries (Prolias). Both are 
approaches based upon a combinatorial peptide libraries displayed on beads. These beads 
are incubated with the starting material and are capable of interacting with most of proteins 
in serum/plasma proteome. Because the binding capacity of those beads is limited, and each 
peptide combination binds, in theory, to a unique protein sequence, the high-abundance 
proteins (e.g., albumin, immunoglobulins) quickly saturate the beads, so their excess can be 
washed away. Thus, low-abundance proteins are concentrated in the final sample, thereby 
decreasing the dynamic range of proteins and becoming a good alternative to 
immunoaffinity separation media. Using this technology, modification in APPs like 
apolipoprotein A1, apolipoprotein A4, antithrombin-III, C4a complement, vitamin D 
binding protein or apolipoprotein J can be easily traced (our unpublished data; Kolla et al., 
2010).  
Prefractionation is another choice to augment the depth of the analysis, even though at the 
expense of having to analyze multiple subsamples. One example is to select narrower pH 
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ranges during the first dimension in 2-DE, to visualize only the part of the serum/plasma 
proteome we are interested in. Another way, perhaps not so popular, is to use preparative 
in-solution isoelectric focusing (e.g., Zoom IEF fractionator ®, Invitrogen) as the first step in 
body fluid analysis prior to 2-DE or, preferably, an automated method (e.g., LC-MS). 
Finally, the last strategy that we will mention to reduce sample complexity and cover more 
of the lower-abundance acute phase proteome is to enrich some protein families specifically. 
Thus, most of acute phase reactants are glycoproteins. Therefore, they can be enriched by a 
number of different techniques; one of the most commonly used is lectin affinity 
chromatography. More than 100 different lectins (concanavalin A, wheat germ agglutinin, 
peanut agglutinin, etc) are commercially available, which differ in specificity (a drawback of 
lectin chromatography). Glycoproteins are involved in many diseases (e.g., cancer), so the 
study of the O- and N-linked glycosilated APPs may therefore be particularly interesting 
(see below).    
There is still another concern to address, which is associated with the removal of proteins 
like serum albumin or immunoglobulins. These high abundant proteins appear to fullfill the 
function of carriers for less abundant species, especially low molecular weight proteins 
(cytokines, growth factors, etc) that can only escape kidney clearance when bound to these 
high molecular weight carrier proteins. Moreover, some APPs, which are not so small, are 
also bound to these carrier proteins. Therefore, immunoaffinity subtraction may potentially 
remove non-targeted and potentially important APPs from serum/plasma samples, which 
may lead to unnoticed loses of information. In other words: what do we know about the 
interactome of APPs? For instance, it is known that transthyrretin binds another APP, the 
retinol binding protein (Folli et al., 2010), and the same happens with albumin (Gundry et 
al., 2007). In fact, almost every single APP has been described associated with albumin, like 
retinol-binding protein, 2-antiplasmin, complement factors, fibrinogen ( chain), histidine-
rich glycoprotein, prothrombin, serum amyloid A4, 1-acid glycoproteins 1 and 2, 1-
antichymotrypsin, 1-antitrypsin, 1B-glycoprotein, 2HS-glycoprotein, antithrombin III, 
apolipoproteins, ceruloplasmin, haptoglobin, hemopexin, inter-a-trypsin inhibitor (heavy 
chain H4), leucine-rich 2 glycoprotein, paraoxonase 1, plasminogen, transferrin, 
transthyretin, vitamin D-binding protein or zinc-2-glycoprotein (Gundry et al., 2007; 
Salgado et al., 2010). Immunoglobulins are another example, since they fix complement 
factors. Immunoglobulins-complement factors interactions may cause unwanted loss of the 
second ones during the process of removing antibodies from biological fluids, which could 
account for the reduced levels of complement factors (C1, C3, C4) found in some clinic 
proteomic studies (Table 5). Finally, another good example comes from the association of 
haemoglobin and its scavenger protein haptoglobin with ApoA1 under an inflammatory 
context (Salvatore et al., 2007; Watanabe et al., 2009), so removal of haptoglobin can affect to 
ApoA1 detected levels, and vice versa. Despite these different setbacks, it can be stated that 
immunoaffinity depletion of just the two most abundant plasma proteins (i.e., albumin and 
immunoglobulins) still appears to be necessary, or at least beneficial, to enhance the 
resolving power (e.g., in 2-DE), reduce technical variation, detect or unmask lower abundant 
acute phase reactants (e.g, ceruloplasmin, C1q, ceruloplasmin, LRG) or reveal qualitative or 
quantitative differences in this group of plasma proteins more accurately. In any case, we 
always recommend analyze the retained fractions in order to extract more information from 
our clinical plasma/serum proteomic studies (Salgado et al., 2010).   
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Another problem of studying the APP is their modulation across the time. As commented in 
the introduction, the so-called negative acute phase reactants are highly abundant proteins 
which are rapidly down-regulated in response to a variety of stimuli, (e.g., transthyretin). 
The same “stressors”, in turn, cause the up-regulation of another important subclass: the 
positive APPs. This last class may be divided into three subclasses (I-III), based on their 
normal plasma concentrations. Class I, like ceruloplasmin (0.3 mg/mL) or complement 
factors C3 (0.8-1.7 mg/mL) or C4 (0.15-0.65 mg/mL), whose concentration may increase by 
50%; Class II (1-acid glycoprotein, ~1 mg/mL; 1-antitrypsin, 2-5 mg/mL; 1-
antichymotrypsin, 0.3-1.6 mg/mL; haptoglobin, 0.3-0.2 mg/mL; fibrinogen, 2-6 mg/mL) 
begin to increase 24 to 48 hours and reach to their maximum level (two to five fold 
enhancement) in about 7-10 days, and require about two weeks to return to their normal 
levels; and finally class III (e.g, C reactive protein/CRP < 5 g/mL; serum amyloid A/SAA; 
< 10 g/mL), whose concentrations rise as early as 4 hours after inflammatory stimulus and 
attain their maximum levels within 24 to 72 hours (concentration may increase up to 1000 
fold) and also decline very rapidly. Thus, depending on the acute/chronic nature of the 
pathology or the sampling time, one may get different results.            

4.3 Clinical proteomics 
The field of clinical proteomics holds tremendous potential for discovery of noninvasive 
diagnostic and prognostic biomarkers or the identification of novel drugs targets, although 
there is a lack of approved IVD biomarkers (Table 4) based on clinical proteomics data 
(Anderson, 2010). However, scientists have accumulated during the last years a huge 
amount of high-throughput proteomic data with a true translational potential. Table 5 
summarizes a literature review on different proteomics strategies used for the study of 
serum/plasma samples from several important diseases, as well as an overview on the 
major APPs alterations observed.  
There are at least three sources of plasma/serum biomarkers: a) the primary diseased 
tissue, such as endothelial cells in atherosclerosis or neoplastic cells in cancer; b) the 
microenvironment around the primary cells; c) the systemic response to these local 
alterations, where APPs are involved. APPs are altered in bacterial infections, fractures, 
tumors, Crohn´s disease, surgery, rheumatoid arthritis,burns or systemic vasculitis; 
however, they remain unaltered in others. The use of this third source of biomarkers has a 
clear advantage, as the APR is a kind of “amplificated biological response” (Omenn et al., 
2007). Maybe for that reason, most of candidate biomarkers discovered in clinical 
proteomic studies using biofluids (plasma, serum, urine, cerebrospinal fluid, pleural 
effusion, etc) are APPs, which are shared among different pathological situations, like 
different cancers or autoimmune diseases. Therefore, contrary to single proteins 
biomarkers like PSA (prostate cancer), CA 125 (ovarian cancer), CEA (pancreatic cancer or 
CA 19-9 (breast cancer), which show a low sensitivity and specificity during disease 
detection, acute phase reactants (for example, C-reactive protein and cardiovascular risk 
detection) are more sensitive, but lack specificity. For example, Table 5 shows that CRP is 
elevated in allogeneic hematopoietic stem cell transplantation/HSCT, Down syndrome 
(maternal plasma), or hepatocellular carcinoma. Similarly, alpha 1 acid glycoprotein, 
alpha 1-antichymotrypsin, 1- B-Glycoprotein, antithrombin  III, apoA1, ceruloplasmin, 
leucine rich glycoprotein, prothrombin, serum amyloid A, serum amyloid P component, 
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transferrin, transthyretin, vitamin D Binding Protein or zinc 2-glycoprotein are 
systematically either down- or up-regulated in different diseases (low specificity) (Table 
5).  This fact does not mean they are not useful as biomarkers. Rheumatoid arthritis (RA) 
is an autoimmune disease affecting 0.5-1% of adults characterized by persistent synovitis, 
systemic chronic inflammation and presence of autoantibodies. About 50-80% of RA 
patients are seropositive for rheumatoid factor (RF; IgM and IgA autoantibodies directed 
against the Fc region of IgG), antibodies against cyclic citrullinated peptides (anti-CCP), 
or both. Anti-CCP antibodies are more sensitive and specific for RA diagnosis than RF, 
which is present in up to 20% of elderly individuals, and also seem to be a better predictor 
of progressive joint destruction (Scott et al., 2010). Early diagnosis of RA is fundamental to 
achieve significantly better clinical outcomes, and acute-phase reactants can help to assess 
tha probability of developing RA once there are evidences of inflammatory arthritis. 
Indeed, the low specific C-reactive protein is part of the ACR (American College of 
Rheumatology)/EULAR (European League Against Rheumatism) 2010 criteria to classify 
both early and established disease. Also on this regard, in 2010 our group published a 
preliminary 2-DE study using Immunoglobulins/HSA-depleted serum samples from 
healthy individuals and recently diagnosed/untreated rheumatoid arthritis (RA) patients. 
This work found that leucine rich glycoprotein was significantly upregulated, while 
antithombin III was downmodulated (Salgado et al., 2010). Separately, Satoshi Serada 
(Serada et al., 2010), using iTRAQ, found that leucine rich glycoprotein is increased in RA 
patients before therapy. Like C-reactive protein, leucine rich glycoprotein is a low specific 
biomarker, as elevations of this APP are observed in bacterial (toxic shock syndrome) and 
viral (HIV) infections, autoimmune diseases (Crohn´s disease, Behcet´s disease) and some 
kind of cancers. However, this novel biomarker may be particularly useful to monitor 
disease activity in patients with active disease but normal C-reactive protein levels 
(Serada et al., 2010). In clear contrast (Table 5), other APPs, such as alpha 1 antitrypsin, 
hemopexin and, curiously, haptoglobin (considered a positive acute phase reactant), show 
a higher variability. Perhaps, such variability is rather due to genetic or posttranslational 
based changes more than simple augmented or reduced levels (see below), but there is not 
doubt that this kind of APPs may be more specific and therefore attractive from a 
diagnostic point of view.  
Anyhow, the simple test paradigm, where one expects changes in the concentration of 
unique biomarkers linked to the diagnosis of single diseases, is gradually moving on to 
the use of multivariate tests. In classical clinical chemistry, a biomarker determination has 
diagnostic value only if compared with a reference interval including 95% (about 2 
standard deviations above and below the mean value) of the reference values from the 
reference population (normally “healthy” people, but not always). Thus, plasma levels of 
a particular disease biomarker should lie within that reference interval, and values 
outside that reference range could point out (in theory) a pathological situation. However, 
this is not so straightforward. As mentioned above, it seems not likely to find a fully 
specific acute phase protein, since other diseases may alter the blood levels of this 
biomarker too (Table 5). What is more, acute phase protein concentrations within non-
diseased subjects may vary substantially and overlap with those within diseased 
populations because: (A) genetic influences, like gender or race; (B) non genetic 
influences, like age, exercise, circadiam rhythm, season, smoking, diet or sleep; (C) 
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medical treatment, such as drug therapy; and (D) pre-analytical phase variation, including 
sample drawing (body posture, time of venous occlusion by the tourniquet), transport 
and preparation. Indeed, there is a strong evidence of genetic control of plasma protein 
abundance: ~ 12-95% of the quantitative variation in specific plasma protein levels is 
genetic in origin (Anderson & Anderson, 2002). Therefore, it is important to control both 
the analytical and biological variation in any clinical proteomic study of the acute phase 
response in order to predict the number of samples and replicates that should be analyzed 
to find statistically significant differences (Hunt et al., 2005). 
As we have just mentioned, most biomarker studies in scientific literature detecting acute 
phase response proteins are based on transversal/cross-sectional comparisons (e.g., healthy 
vs diseased group; Table 5). This approach suffers sometimes from large biological variation 
in the baseline values of APPs within the reference population, which, summed to the 
technical variation, generate a significant overlap with the concentration range of diseased 
populations. This overlap may mask the existence of significant changes and leads to low 
sensitivity (false negatives) and, especially for APPs, low specificity (false positives), once a 
cut-off value is set. ROC curves can help us to select such a discriminative value in order to 
maximize the specificity without renouncing to a good sensitivity level. Nonetheless, even if 
we find a sensitive and specific acute phase protein for a disease, the positive predictive 
value of that biomarker would depend, in the end, on the disease’s prevalence, since even 
specificities as high as 99% will result in false positive results of low prevalent pathologies 
(Hoffman et al., 2007).  
To solve these problems, two changes may help. The first one is the use of individual 
instead of population-based reference intervals for APPs (personalized medicine). 
Different authors have monitored the protein expression dynamics that take place within 
one individual to overcome all these limitations and to get more meaningful data; for 
example, to reveal serum/plasma biomarkers or to predict the recovery or treatment 
response during acute events such as trauma, infection or drug intervention. An example 
is the study of Han Roelofsen in 2007, who studied the kinetic of serum proteome before 
and after colon laparoscopic surgery (Roelofsen et al., 2007). Using SELDI-TOF-MS, this 
group could distinguish up to four groups of proteins based on their expression pattern 
kinetics. Thus, they identified serum amyloid protein and C-reactive protein as part of 
the positive slow response cluster, and transthyrretin as a negative reactant belonging to 
the fast response group. These authors were also able to observe serum amyloid protein 
differences between patients, related to their recovery from surgery (Roelofsen et al., 
2007). Another interesting work was the recent study on the serum proteome changes 
produced during allo hematopoietic stem cell transplantation by Joohyun Ryu (Ryu et 
al., 2010). The aim of this work was to find biomarkers suited for the diagnosis and 
follow-up of patients who experience complications after allo-HSCT (Table 5). Using 2-
DE analysis of HSA/IgG depleted sera obtained at different times (pretransplant, 7, 14 
and 21 days), these authors found 14 differentially expressed APPs. They observed three 
different expression patterns: A) serum amyloid P, ApoE and C-reactive protein, 
elevated 14 or 21 days post-HSCT; B) haptoglobin, alpha 2 HS glycoprotein, decreased 
upon HSCT; C) and APPs with irregular patterns. Based on their data, this group has 
suggested CRP as a risk factor for the development of major transplant-related 
complications, and haptoglobin as a prognostic biomarker of relapses in underlying 
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hematologic disease (Ryu et al., 2010). On the other hand, the second change consist in 
using multiplex panels of specific APPs (a proteome signature), which may improve 
diagnostic performance through the use of protein ratios (Gruys et al., 2006) or more 
sophisticated interpretive algorithms. In time, some of acute phase response biomarkers 
combinations might perhaps mature to FDA/EMEA-approvable IVD-tests, something 
costly and time-consuming (~10-20 years).   
As commented above, 12-95% of the quantitative variation in specific plasma protein levels 
depends on genetic background. Thus, haptoglobin shows a 20% CV intraindividual, and 
27.9% CV interindividual, and C-reactive protein 42.2% CV intraindividual and 92.5% CV 
interindividual (Anderson & Anderson, 2002). Polymorphic APPs, such as haptoglobin, 
alpha 2 HS glycoprotein, alpha 1 antitrypsin, vitamin D binding protein, and  transferrin, 
have been detected by proteomic techniques (2-DE) since the seventies (Anderson & 
Anderson, 1977; Goldman et al., 1985; Salgado et al, 2010). Some of these variations have 
been associated with several pathological conditions. For example, schizophrenia shows 
enhanced levels of haptoglobin (Table 5) and a significant association with the HP 1-2 
genotype (Wan et al., 2007), while the Hp 2-2 genotype seems rather linked to increased 
hemoglobin/haptoglobin/hemopexin content on HDL (ApoA1) particles and higher risk of 
coronary heart disease (Watanabe et al., 2009). It also has been found a higher susceptibility 
to chronic graft versus host disease (GVDH) after allogeneic hematopoietic cell 
transplantation (HSCT) in HP 2-2 patients (McGuirk et al., 2009). On the other hand, it was 
detected a higher incidence of myotrophic lateral sclerosis in vitamin D binding protein GC2 
isoform carriers (Palma et al., 2008). 
Post-translational modifications (PTMs) have also an important role in determining the 
function of proteins and come in a great degree of variation: citrullination, 
phosphorylation, proteolysis, glycosylation, oxidative modifications, etc. Many APPs 
show a complex combination of post-translational modifications, which may be disease- 
or inflammation-dependent. Thus, analysis of serum glycome in chronic inflammation 
associated to advanced ovarian cancer patients (Saldova et al., 2007) revealed sialyl 
Lewis x (SLex) structures in APPs that already had this marker: haptoglobin β-chain, 
alpha 1 acid glycoprotein, and alpha 1 antichymotrypsin. These glycosylation changes 
were parallel to the upregulation of these proteins (Amon et al., 2010; Lin et al, 2009) 
(Table 5), and could be tumour specific (Saldova et al., 2007). In addition, PTMs may 
have an impact on 2-DE patterns (Butler et al., 2003; Saldova et al., 2007), and 
application of lectin affinity chromatography prior 2-DE (or other proteomic 
techniques) could sometimes unmask previously unnoted expression changes 
(Seriramalu et al., 2010). Some of those pathological-dependent post-translational 
modifications in APPs may result in the generation of new antigens (neo-antigenicity), 
and hence autoantibodies against them (autoimmune diseases). Two good examples to 
illustrate this point are autoantibodies specific for citrullinated proteins in rheumatoid 
arthritis/multiple sclerosis and autoantibodies recognizing oxidatively modified C1q in 
rheumatoid arthritis and systemic erythematosus lupus (Eggleton, 2008). Similarly, 
phospholipids and apolipoproteins (e.g., ApoB100) of low-density lipoprotein (LDL) are 
also susceptible to oxidation, promoting chronic inflammation and the generation of 
autoantibodies against highly immunogenic oxidation-specific neoepitopes (Eggleton, 
2008).  
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Table 5. A

cute phase protein patterns revealed by proteom
ic studies in different diseases.  
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Sometimes, different studies on a particular disease yield opposite data regarding the same 
acute phase reactant, and there are examples even within the same paper: e.g., alpha 2 
macroglobulin, inter--trypsin inhibitor in breast cancer, and transthyretin in severe acute 
respiratory syndrome. In the last case, this is due to different modulation of low a high 
molecular weight forms.  Abbreviations are the same as in Table 1. Blue colour indicates 
prototypical positive acute phase proteins, while yellow colour points out characteristic 
negative acute phase reactants. Proteomic methodologies used: Cardiovascular disease 
(Kim et al., 2011) 2-DE. Silver staining. MS/MS. Western blot. ELISA. Type 2 diabetes (Li et 
al., 2008) 1-DE/Coomassie. Rheumatoid arthritis (Salgado et al., 2010) HSA/Ig depleted 
sera. 2-DE/Coomassie. MS/MS ; (Doherty et al., 1998) whole plasma. 2-DE/Coomassie. 
Immunoassays; (Serada et al., 2010) Sera were depleted with MARS-Hu-14 (14 abundant 
proteins removed, Agilent Technologies), iTRAQ labelling. nanoLC-MS/MS. ELISA. 
Schizophrenia (Wan et al. 2007) 2-DE/Coomassie. MALDI-MS (PMF). Bipolar disorder 
(Sussulini et al., 2011) SELDI-TOF. Cystic fibrosis (Charro et al., 2011) Pooled serum 
samples processed with Multiple Affinity Removal System (MARS) spin cartridges (6 
abundant proteins removed ; Agilent Technologies). 2-DE/Coomassie. MALDI-TOF/TOF 
(MS/MS). Shotgun proteomics (nanoRPLC-MS/MS). Wilson disease (Park et al., 2009) Sera 
were depleted using MARS column (6 abundant proteins removed, Agilent Technologies). 
2-DE/Coomassie. MALDI-TOF (MS), MS/MS and Western blot. Severe acute respiratory 
syndrome (Chen et al., 2004) Unfractionated plasma samples. 2-DE/Sypro Ruby. MALDI-
TOF-MS and LC-MS/MS; (Wan et al., 2006) HSA/IgG depleted pooled plasma samples. 2-
DE DIGE. MALDI-MS/MS and Western blot. Allogeneic HSCT (Ryu et al., 2010) HSA/IgG 
depleted sera. 2-DE/silver staining. L-MS/MS. (McGuirk et al., 2010) HSA depleted sera. 2-
DE/Silver staining. LC-MS/MS. Down syndrome (Kolla et al., 2010) Plasma samples 
depleted with ProteoMiner Enrichment Kit (BioRad). Trypsin digestion, iTRAQ labelling, 
and SCX/Nano LC MALDI-TOF-TOF (MS/MS). Endometrial adenocarcinome (Abdul-
Rahman et al., 2007). Unfractionated sera, 2-DE/ Silver Stain/Coomassie. MALDI-MS (PMF 
and MS/MS). Western blot. Competitive ELISA. Squamous cell cervical carcinoma (Abdul-
Rahman et al., 2007). Unfractionated sera, 2-DE/ Silver Stain/Coomassie. MALDI-MS (PMF 
and MS/MS). Western blot. Competitive ELISA. Cervical adenocarcinoma (Abdul-Rahman 
et al., 2007). Unfractionated sera, 2-DE/ Silver Stain/Coomassie. MALDI-MS (PMF and 
MS/MS). Western blot. Competitive ELISA. Ovarian cancer (Amon et al., 2010) Serum 
samples were depleted using Multiple Affinity Removal System (MARS-7) columns 
(Agilent). 2D (Anion exchange/Reverse phase)-LC. MS/MS and ELISA. (Lin et al., 2009)  
Depleted sera (IgY12 columns). ICAT/LC/MS/MS and ELISA. (Boylan et al., 2010) 
Depleted sera (MARS and IgY12 columns). Trypsin digestion, iTRAQ labelling, and 
SCX/reverse phase LC/MS/MS. Western blot. Breast cancer (Kadowaki et al., 2011) MARS-
6 (Agilent) depleted sera. Reverse phase HPLC followed by 2-DE/Coomassie. Western blot 
and ELISA. Hepatocellular carcinoma (Yang et al., 2007) Serum samples. 2-DE/silver 
staining. Nano-HPLC-ESI-MS/MS. Lung adenocarcinoma (Hongsachart et al., 2009) Crude 
sera or WGA lectin-bound serum proteins. 2-DE/Sypro and 2-DE-DIGE. MALDI-TOF MS 
and MS/MS. Western blot.  

5. Conclusion  
The acute phase response is a highly conserved system that takes place during 
inflammation. During this response the serum levels of a continuously growing list of 
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plasma proteins change, either up- (some of them even 1000 fold) or downwards, under the 
influence of cytokines like IL-1, IL-6 or TNF. Some APPs have antiinflammatory effects 
(e.g., C-reactive protein, leptin), while others influence leukocyte activation/trafficking (e.g., 
serum amyloid A), modulate the coagulation/complement cascade (e.g., anti-thrombin 3, C-
reactive protein) or work for example as scavenger proteins (e.g., haptoglobin, serum 
amyloid A). With such a variety of functions, it is not surprising to find that some of these 
APPs are useful for diagnosis and prognosis of different diseases, and for that reason 
different companies have developed a high number of IVD tests based on single acute phase 
reactants. For example, amongst others, APPs-based tests are being used nowadays in 
hepatic/kidney function or nutritional status evaluation, to check the presence of infectious 
diseases, inflammation or autoimmune diseases, or to detect anemia or 
thrombofilia/bledding disorders. Apart from the discovery of new APPs whose potential 
clinical interest awaits future studies, some older ones seem to have got a second life as 
biomarkers, like C-reactive protein and cardiovascular risk assesment. In addition, the role 
of many of these APPs has not been completely elucidated (e.g., leucine rich 2 
glycoprotein, serum amyloid A), and experimental evidences also point out new 
associations of some of these proteins with different diseases, like for instance serum 
amyloid A and obesity-related disorders (e.g., cardiovascular diseases, atherosclerosis, 
diabetes, insulin resistence) (Zhao et al., 2010). Therefore, it can be said that much work 
remains to be done in the future around the acute phase reactants field. Actually, body fluid 
proteomics techniques have become promising tools to uncover new APPs and their 
associations with human disorders, and it is likely that some of these proteomic studies will 
finally reveal proteins within the expanding group of APPs with potential clinical interest. 
Moreover, these findings might even lead to the development and marketing of new IVD 
tests by the biotechnology industry. Nevertheless, according to data from different 
pathological scenarios, it is more likely that combinations of APPs will characterize disease 
states or predict disease outcomes better than single APPs. Thus, what the future may hold 
is the use of IVD assays with improved tests properties (e.g., sensitivity, specificity) based 
on disease-associated acute phase reactants patterns (or APPs “signatures”).  
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1. Introduction 
An acute phase protein has been defined as a protein whose plasma concentration increases 
(positive acute phase protein) or decreases (negative acute phase protein) by at least 25 
percent during an inflammatory condition (Gabay & Kushner, 1999). The complement 
system is a biochemical cascade and major effecter mechanism of humoral or innate 
immunity. However, the complement system also has the potential to damage host tissues; 
thus, its activation must be tightly regulated (Zanker, 2008). Spontaneous complement 
activation continuously occurs at a low level, and if such activation is not appropriately 
controlled, damage to normal cells and tissues can occur.  
Complement 1 (C1) inhibitor is a naturally occurring serine proteinase inhibitor that inhibits 
activated C1s and C1r, components of the classical complement pathway. It also inhibits 
other plasma serine proteinases, such as factors XIa and XIIa, plasmin, and kallikrein 
(Caliezi et al., 2000). C1 inhibitor is essentially an acute phase protein whose plasma level 
may increase 2- to 2.5-fold during an inflammatory episode (Kalter et al., 1985; Woo et al., 
1985). Arteriosclerosis or arterial stiffness is hardening of the artery due to the loss of 
elasticity through any cause. On the other hand, atherosclerosis is a chronic inflammatory 
disease of the artery characterized by hardening of the artery specifically due to an 
atheromatous plaque or inflammation in the arterial wall (Kostner et al., 2006; Jani & 
Rajkumar, 2006; Ridker & Silvertown, 2008; Wykretowicz et al., 2009). Atherosclerosis is the 
most common form of arteriosclerosis, and is known to be positively correlated with 
brachial–ankle pulse wave velocity (baPWV), a parameter of arterial stiffness (Imanishi et 
al., 2004; Jani & Rajkumar, 2006; Nicoletti et al., 2000; van Popele et al., 2001; Wykretowicz et 
al., 2009; Yamashina et al., 2003). baPWV is a non-invasive test for arterial stiffness that has 
been used in large-scale population studies, and has become available in the clinical setting 
(Yamashina et al., 2002). Previous studies have shown that activation of the complement 
system is involved in the pathogenesis of atherosclerosis (Bhatia et al., 2007; Fosbrink et al., 
2006; Niculescu & Rus, 2004; Oksjoki et al., 2003, 2007; Thorbjornsdottir et al., 2005; Yasojima 
et al., 2001). If atherosclerosis develops, inflammation of the arterial wall, increased arterial 
stiffness, and accompanying activation of the complement system simultaneously occur and 
progress. Production of the acute phase protein C1 inhibitor may also increase to regulate 
over-activation of the complement system. This chapter describes the role of the 
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complement system in the development of atherosclerosis and the relationship between the 
acute phase protein C1 inhibitor and arterial stiffness. 

2. Complement activation is involved in the development of atherosclerosis 
The complement system was first identified by Bordet, who discovered serum factors that 
were inactivated by heat and assisted or complemented the lytic function of antibodies. The 
complement system is composed of plasma proteins that are normally inactive. However, 
under certain conditions, such as infection, trauma, surgery, burns, tissue infarction, various 
immunologically mediated and crystal-induced inflammatory conditions, and advanced 
cancer, they become activated and generate substances that mediate various effecter 
functions of the complement system. C3, C4, C9, Factor B, C1 inhibitor, C4b-binding protein 
(C4BP), and mannose-binding lectin are typical complements that are positive acute phase 
proteins (Gabay & Kushner, 1999). At the time of complement activation, regulators of 
complement activation are generated to limit over-activation of the complement system. C1 
inhibitor, Factor I, Factor H, C4BP, membrane cofactor for protein (MCP CD46), decay-
accelerating factor (DAF), and CD59 are well known regulators of complement activation 
(Abbas et al., 2010). Activation of the complement system has been suggested to be involved 
in the development of atherosclerosis, and there is extensive circumstantial evidence to 
support this hypothesis. 
Vaccinia virus complement control protein (VCP) is a complement activation inhibitor. In an 
animal study of mice with diet-induced atherosclerosis, VCP was injected into the mice 
regularly once per week after 8 weeks of a high-fat diet. On microscopic examination, the 
atherosclerotic lesion at the aortic root exhibited a significant (50%) reduction in lesion size 
at 15 weeks (Thorbjornsdottir et al., 2005). This finding demonstrates that inhibition of 
complement activation slows the progression of atherosclerosis, and indicates the central 
role of the complement system in the pathogenesis of atherosclerotic disease. 
Atherosclerosis is essentially a chronic inflammatory disease of the arteries. 
Inflammation and immunity, including the complement system, play important roles in the 
development of atherosclerosis. Activation of the complement system occurs in human 
atherosclerotic lesions and is regulated by local synthesis of complement components and 
accompanying complement regulatory proteins. It has been documented that potential 
triggers of complement activation in the arterial intima include immunocomplexes, C-
reactive protein (CRP), modified lipoproteins, apoptotic cells, and cholesterol crystals 
(Oksjoki et al., 2003). Recently, it has been shown that enzymatically modified low-density 
lipoprotein (LDL) efficiently triggers C1 activation in the presence of excess C1 inhibitor 
(Biro et al., 2007). This result suggests that activation of the classical complement pathway 
by modified LDL may be important in the development of atherosclerosis. Clearance of 
apoptotic cells by phagocytes is important in the pathogenesis of atherosclerotic disease, and 
also plays a role in progression of atherosclerotic plaque (Seimon & Tabas, 2009).  
In the early lesion, when apoptotic cells are present in atherosclerotic plaque, activation of 
C1 is important to prevent atherosclerotic plaque from progressing, likely through enhanced 
phagocytosis and subsequent removal of apoptotic cells. C1q has been found to be 
expressed on dendritic cells residing in the arterial wall (Cao et al., 2003). Professional 
phagocytes such as macrophages or dendritic cells expressing C1q are assumed to clear 
apoptotic cells from atherosclerotic lesions. In a recent study of C1q-deficient mice and 
normal C1q mice, the aortic roots were examined after feeding the mice a normal rodent diet 
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for 22 weeks. In the aortic roots, apoptotic cells were detected in the C1q-deficient mice, but 
not in the normal-C1q mice; the C1q-deficient mice had 3-fold larger atherosclerotic lesions 
than the normal-C1q mice (Bhatia et al., 2007). This experiment suggests that activation of 
complement C1 in the early lesion reduces atherosclerotic plaque by enhancing the removal 
of apoptotic cells from the arterial wall, and that clearing apoptotic cells may be an 
important mechanism in preventing progression of the atherosclerotic lesion in the early 
stage of atherosclerosis. However, in the late stage of atherosclerosis, because phagocytosis 
of apoptotic cells by macrophages is significantly impaired, the detrimental effects of 
phagocytosis of lipoproteins, platelets, and erythrocytes outweigh the benefits of apoptotic 
cell uptake. Hence, atherosclerosis progresses despite phagocytosis of substances in the 
atherosclerotic lesion by macrophages (Schrijvers et al., 2007).  
Recent studies have provided additional direct evidence that complement activation is 
crucial in the development of atherosclerosis. mRNA of C1r and C1s in atherosclerotic 
plaque has been shown to increase by 2.35- and 4.96-fold, respectively, compared to in 
normal arteries (Yasojima et al., 2001). These results indicate that C1 is locally synthesized in 
atherosclerotic lesions. C4BP is a major inhibitor of the classical complement pathway by 
interfering with the binding of C4b with C2b to form C4b2b, the C3 convertase of the 
classical complement pathway. Immunohistochemistry of human coronary arteries has 
shown C4BP to be virtually absent in normal arteries, but present in early and advanced 
atherosclerotic lesions (Oksjoki et al., 2007). This finding suggests that complement 
activation occurs in atherosclerotic lesions, and the accompanying regulator of complement 
activation C4BP actively participates in controlling complement activation.  
The final step of complement activation is the formation of C5b-9, the membrane attack 
complex (MAC). In human and experimental atherosclerosis, C5b-9 deposition has been 
found in atherosclerotic lesions (Niculescu & Rus, 2004; Niculescu et al., 2004). Moreover, 
C5b-9 has been demonstrated to induce endothelial cell proliferation and migration in the 
aorta (Fosbrink et al., 2006). CD59 blocks C9 binding and inhibits formation of the MAC. 
Experiments with CD59 knockout mice showed that a CD59 deficiency accelerates 
development of atherosclerotic lesions and increases the plaque vascular smooth muscle cell 
composition (Wu et al., 2009; Yun et al., 2008). These results indicate that formation of the 
MAC is an important mechanism of atherogenesis. Activation of the complement 3 
component is a key process in formation of the MAC. Complement 3 is the most abundant 
complement protein and plays a central role in the cascade of complement activation, 
classical, alternative, and lectin pathways. 
Hepatocytes are the main source of C3; however, peripheral white blood cells (PWBCs) such 
as monocytes, macrophages, lymphocytes, and neutrophils also produce C3 in the blood 
stream (Einstein et al., 1977; Morgan & Gasque, 1997; Moshage, 1997). Previous studies have 
provided direct evidence that C3 is involved in the development of atherosclerotic lesions. 
In an animal study with mice, following intravenous injection of 20% Intralipid, C3 was 
observed to bind to albumin-encapsulated microbubbles and mediate microbubble 
adherence to the vascular endothelium during the atherosclerotic process (Anderson et al., 
2007). In another mouse model animal study, in which a venous interposition was placed in 
the common carotid artery, interference with C3 activation resulted in a decrease in vein 
graft thickening (Schepers et al., 2006). DAF (CD 55) is a membrane protein that regulates 
complement pathway activity at the level of C3. An animal experiment with DAF knockout 
mice revealed that DAF deficiency increased deposition of C3d and C5b-9, and accelerated 
atherosclerotic lesion development (Leung et al., 2009). The results of these studies strongly 
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suggest that activation of the complement system and induction of complement regulatory 
molecules are actively involved in the pathogenesis of atherosclerosis. High C3 is 
characteristic of progression of atherosclerosis. C3 has significant independent correlations 
with atherosclerotic risk factors, such as triglyceride, LDL, cholesterol, and cigarette 
smoking (Ajjan et al., 2005; Capuano et al., 2006). In women, C3 ≥ 1.8 g/L has been 
suggested as a value predictive of major complications of atherosclerosis (Szeplaki et al., 
2004). The author has also shown that C3 has a strong positive correlation with baWPV, a 
measure of arterial stiffness (Table 1) (Chae & Park, 2009). In this study, C3 increased with 
baPWV, indicating that C3 has the potential to predict the extent and severity of 
atherosclerotic lesions. 
 
Variables Coefficient P
Age 0.713  < 0.001* 
BMI  0.362  < 0.001* 
Total cholesterol 0.070  0.484* 
LDL 0.037  0.710* 
HDL - 0.243  0.014† 
TG 0.349  < 0.001† 
HbA1C 0.414  < 0.001† 
C1 inhibitor 0.329  < 0.001* 
C3 0.329  < 0.001* 
ESR 0.129  0.199† 
CRP 0.324  < 0.001† 

*Pearson correlation (variables with a normal distribution); †Spearman correlation (variables without a 
normal distribution); P < 0.05 was considered significant. 

Table 1. Univariate correlations between brachial–ankle pulse wave velocity and patient 
characteristics 

2.1 Complement 1 inhibitor 
C1 inhibitor, a serine protease inhibitor, is one regulator of the complement system (Abbas 
et al., 2010). C1 inhibitor is a positive acute phase protein, and its blood level escalates under 
inflammatory conditions. Sixteen hours after acute myocardial infarction, plasma C1rC1s-C1 
inhibitor complex increases 8-fold (Gabay & Kushner, 1999; Langlois & Gawryl, 1988). 
Increased production of C1 inhibitor in atherosclerosis is a systemic response to a local 
inflammatory condition in the atherosclerotic lesion. Although mRNA for C1r and C1s in 
atherosclerotic plaque increased by 2.35- and 4.96-fold compared to a normal artery, mRNA 
for C1 inhibitor did not show any significant difference between atherosclerotic plaque and 
a normal artery (Yasojima et al., 2001). These results suggest that the acute phase protein C1 
inhibitor is not produced locally at the atherosclerotic lesion in the artery, but is synthesized 
in other cells or tissues as a systemic response. Although hepatocytes are the main source of 
C1 inhibitor, many other cells, including mononuclear phagocytes, microglial cells, 
fibroblasts, umbilical vein endothelial cells, the placenta, and megakaryocytes also 
synthesize and secrete C1 inhibitor into the blood stream (Carter et al., 1988; Lappin & 
Whaley, 1989; Prada et al., 1998; Zuraw & Lotz, 1990). The primary roles of C1 inhibitor are 
regulation of the activation of the classical complement pathway and of the contact system 
of kinin formation (Prada et al., 1998). The observed strong positive correlation between C1 
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inhibitor and C3 indicates that C1 inhibitor actively regulates the cascade of complement 
activation and coincides with the primary role of C1 inhibitor (Table 2) (Chae & Park, 2009). 
Moreover, the fact that C1 inhibitor also has significant correlation with the inflammatory  
marker CRP suggests that C1 inhibitor is another inflammatory marker which can reflect the  
inflammatory condition in atherosclerotic lesion (Table 2) (Chae & Park, 2009). 
 

Inflammatory marker Coefficient P
C3 0.359 < 0.001 
ESR 0.111 0.269 
CRP 0.242 0.015 

Spearman correlation; P < 0.05 was considered significant. 

Table 2. Relationships between C1 inhibitor and inflammatory markers 

The molecular weight of C1 inhibitor is 104 kD. C1 inhibitor interacts with C1r and C1s, 
subsequently dissociating them from C1q. The normal human serum concentration of C1 
inhibitor is 200–230 μg/ml. In an experiment with C1 inhibitor-depleted serum, the 
minimum concentration of C1 inhibitor that limits spontaneous C1 activation was shown to 
be 55 μg/ml (22% of the normal concentration) (Windfuhr et al., 2005). C1 inhibitor exerts an 
anti-inflammatory and anti-apoptotic action on ischemic reperfusion injury, and it has been 
determined that the mechanism of the action is decreased mRNA expression of the adhesion 
molecules P-selectin and ICAM-1, induced by ischemic insult. C1 inhibitor also significantly 
downregulates the pro-inflammatory cytokines TNF-α and IL-18, although it increases 
protective cytokine IL-6 and IL-10 gene expression (Storini et al., 2005). 

2.2 Brachial–ankle pulse wave velocity 
baPWV is a noninvasive test for measuring arterial stiffness. In recent years, baPWV has 
become more widely available and used in clinical settings as a simple test for predicting the 
prognosis of patients (Farrar et al., 1978; Hung et al., 2009; Kim et al., 2008; Tomiyama et al., 
2005; van Popele et al., 2001; Xu et al., 2008). Carotid femoral pulse wave velocity (cfPWV) 
and baPWV are frequently used clinical tests for measuring arterial stiffness, and both have 
clinical significance. In a multicenter study involving 2287 patients, there was a significant 
positive correlation between baPWV and cfPWV (Tanaka et al., 2009). baPWV is easy to 
conduct, and its clinical significance has been demonstrated in many studies. baPWV is 
measured in a stable environment (Chae & Park, 2009). The examination is performed in the 
morning after 10 minutes of rest in a temperature-controlled warm room (24 ± 1 °C). 
Measurements are performed in the supine position. Waveforms are obtained from volume 
plethysmographic sensors in cuffs on the right brachium and both ankles. The time interval 
(ΔTba) between the wave at the right brachium and at the ankles is recorded automatically 
by the machine. The distance between the sampling points is calculated using the following 
equations (Yamashina et al., 2002): Lb is the length from the suprasternal notch to the right 
brachium, and La is the length from the suprasternal notch to the ankle.  

  Lb = 0.2195 × height (cm) – 2.0734 (1) 

  La = 0.8129 × height (cm) + 12.328  (2) 

  baPWV = (La – Lb)/ΔTba  (3)  
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The average values of the right and left baPWVs are used in the statistical analysis. The 
validity and reproducibility of baPWV measurements are high, and this method appears to 
be an acceptable indicator of vascular damage (Yamashina et al., 2002). In the author’s 
study, using a volume plethysmographic apparatus (Vasoguard, model P84; Nicolet 
Vascular, Golden, CO, USA), inter-observer (reproducibility) and intra-observer reliability 
(repeatability), calculated using the intraclass correlation coefficient (ICC), were 0.8783 and 
0.8927, respectively, indicating excellent reproducibility and repeatability (Fig. 1) (Chae & 
Park, 2009). 
 

 
a) 

 

 
b) 

Fig. 1. Inter-observer and intra-observer reliability of measurements of the brachial–ankle 
pulse wave velocity (cm/s). A) Inter-observer reliability (reproducibility) shows 
relationships for three independent measurements by three observers, r1 (observer 1), r2 
(observer 2), and r3 (observer 3). The ICC value is 0.8783. B) Intra-observer reliability 
(repeatability) shows the relationship between two different measurement trials by one 
observer. The ICC value is 0.8927. 
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Vascular aging leads to loss of arterial elasticity and reduced arterial compliance. The single 
most important factor related to increased baPWV is age (Jani & Rajkumar, 2006; Tomiyama 
et al., 2003; Wykretowicz et al., 2009). Based on a study of 7881 healthy subjects (4488 males 
and 3393 females, 25–87 years old) without any atherogenic risk factors, it was determined 
that aging influences baPWV and its effect is more prominent in females (Tomiyama et al., 
2003). The author has also demonstrated that baPWV increases in proportion to advancing 
age in both males and females, and that females had a stronger correlation between age and 
baPWV than males (Fig. 2) (Chae & Park, 2009). 
 

 
b) 

 

 
b) 

Fig. 2. Linear regression graphs between baPWV and age in both males and females. A) 
male, B) female, baPWVs increase in proportion to the age in both males and females.  
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The mechanism of the more prominent relationship between age and baPWV in females 
compared to males is not clear; however, menopause appears to be a critical process that 
augments the increase in arterial stiffness with age in females, according to the author’s and 
other reports (Tomiyama et al., 2003). Clinically, baPWV serves as an indicator of either 
atherosclerotic cardiovascular risk or the severity of atherosclerotic vascular damage 
(Imanishi et al., 2004; Yamashina et al., 2003).  
Moreover, it has been shown that baPWV is also correlated with abdominal aortic 
calcification and long-term cardiovascular risk (Hung et al., 2009; Nakamura et al., 2003). 
baPWV > 14.0 m/sec has been suggested as a cutoff value for screening high-risk 
individuals for cardiovascular disease (Yamashina et al., 2003). 

2.3 Complement 1 inhibitor has a strong positive correlation with brachial–ankle 
pulse wave velocity 
Initially, C1 inhibitor was shown to be associated with angioedema, and its deficiency was 
identified as the cause of hereditary angioedema (Donaldson & Rosen, 1964; Johnson et al., 
1971). However, C1 inhibitor belongs to a group of positive acute phase proteins whose 
production and release increase during inflammation (Gabay & Kushner, 1999; Kalter et al., 
1985; Woo et al., 1985). C1 inhibitor has a tissue protection effect, and markedly inhibits 
activation and recruitment of macrophages (Storini et al., 2005). C1 inhibitor also limits 
neointimal plaque formation by blocking complement activation, inhibiting leukocyte 
recruitment, and reducing triglyceride levels (Shagdarsuren et al., 2008). Recently, it has 
been suggested that all of the risk factors for atherosclerosis contribute to its development 
by aggravating the underlying inflammatory process (Bisoendial et al., 2007; Buono et al., 
2002; Kostner et al., 2006; Mallika et al., 2007; Natali et al., 2003; Nicoletti et al., 2000; Ridker 
& Silvertown, 2008; van Popele et al., 2001). The inflammatory cytokine interferon-γ (IFN-γ) 
has been demonstrated to be highly expressed in atherosclerotic lesions (McLaren & Ramji, 
2008). IFN-γ enhances the expression of C1 inhibitor mRNA, primarily due to an increased 
transcription rate (Zahedi et al., 1994). Other cytokines, such as tumor necrosis factor-α, IFN-
α, monocyte colony stimulating factor, and interleukin-6 have also been shown to stimulate 
the synthesis of C1 inhibitor (Caliezi et al., 2000; Gabay & Kushner, 1999). Clinically, C1 
inhibitor is an independent predictor of cardiovascular disease (Kostner et al., 2006). In the 
author’s study, the serum level of C1 inhibitor showed a positive correlation with baPWV 
(Fig. 3, Table 1, 3) (Chae & Park, 2009).  
 

Variables Regression Coefficient P R2 
Constant 657.06 < 0.001 

0.695 

Age  7.365 < 0.001 
Gender - 137.521 < 0.001 
Hypertension - 143.066 < 0.001 
Body mass index 14.605 0.006 
C1 inhibitor 6.367 0.025 

Multiple regression analysis (stepwise method); gender (male = 1, female = 2); hypertension (yes = 1, no 
= 2); P < 0.05 was considered significant. 

Table 3. Predictors for brachial–ankle pulse wave velocity in multiple regression analysis 
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Fig. 3. Linear regression between baPWV and C1 inhibitor. baPWV showed a trend of 
positive relationship with the serum level of C1 inhibitor.  

The results of the author’s study suggest that the serum level of C1 inhibitor reflects the 
degree of arterial stiffness, thus having the potential to predict the severity of 
atherosclerosis. 

3. Conclusion 
Atherosclerosis is a chronic inflammatory disease of the artery, and activation of the 
complement system is an important underlying mechanism in atherosclerosis. Increased 
production of the acute phase protein C1 inhibitor is a systemic response to local 
inflammation of the atherosclerotic lesion in the artery. The serum level of C1 inhibitor has a 
positive correlation with baPWV, a measure of arterial stiffness. Based on this finding, it is 
suggested that C1 inhibitor is associated with atherosclerosis through its association with 
increased inflammation, and that the acute phase protein C1 inhibitor is a useful indicator of 
arterial stiffness. Future research should be directed toward the preventive or therapeutic 
use of C1 inhibitor, which will lead to progress in the treatment of atherosclerotic disease. 
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1. Introduction 
Modulation of acute phase protein (APP) expression in biological fluids and tissues during 
disease has emerged as a primary means of assessing both local and systemic innate 
immune responses. From a veterinary biomarker perspective, APPs are attractive candidates 
for the diagnosis of disease in food animals, as well as for differentiating between chronic 
and acute inflammation and for evaluating response to therapeutics (Horadagoda et al., 
1999). Several diseases of economic importance in livestock, most notably respiratory 
disorders and mastitis in cattle, remain a primary focus of veterinary disease research, due 
to the lack of efficacious treatment options for the profound inflammation caused by 
exposure to causative bacterial agents. Additionally, inflammatory diseases are often 
accompanied by the widespread use of antibiotics for treatment and prevention; an aspect 
that causes concern for food safety, as well as for the emergence of resistant strains of 
bacteria. Accordingly, recent veterinary biomarker discovery initiatives have focused on the 
identification of sensitive and reliable indicators for use in evaluating the efficacy of 
adjunctive therapies for the treatment of inflammation associated with disease in food 
animal species. As a result, modulation in several APP, including haptoglobin (HPT), alpha-
1-acid glycoprotein (AGP), bovine serum albumin (BSA), inter-alpha-trypsin inhibitor heavy 
chain-4 (ITIH4), and serum amyloid A (SAA), have been detected in the analyses of bovine 
milk, plasma, and broncheoalveolar lavage fluid (BALF) during both naturally occurring 
and experimentally induced disease (Boehmer et al., 2010; Danielsen et al., 2010; Mitchell et 
al., 2007; Eckersall et al., 2006).  
Classic approaches to the characterization of protein changes in complex biological fluids 
have required the availability of species-specific antibodies for the detection and 
quantification of a given protein. Use of antibody-based strategies such as enzyme-linked 
immunosorbent assays (ELISA) in biomarker discovery analyses, however, limits the 
identification and characterization of novel candidates, as well as the detection of post-
translational modifications (PTM) of target proteins. Previous research has established that 
APPs are subject to modifications, such as glycosylation, in altered physiological states 
(Gruys et al., 2005; Higai, et al., 2003; Anderssen et al., 2001). While APPs are thought to lack 
specificity as candidate biomarkers of disease because of their prominence during the innate 
immune response, there is evidence to suggest that the modification of certain APPs could 
be disease-specific. Thus, characterization of the post-translational modifications in APPs 
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during the inflammatory response in different diseases could aid in the establishment of the 
specificity of APPs as biomarkers.  
Proteomics, defined as the identification of all proteins within a cell or tissue, involves the 
use of analytical methodologies such as liquid chromatography (LC) to separate proteins or 
peptides, and mass spectrometry (MS), to isolate, identify, and characterize proteins and 
their associated PTMs. An advantage of proteomics in biomarker discovery is the ability to 
detect a theoretically unlimited number of proteins in a given sample without the need for 
antibodies. Bottom-up proteomics including proteolytic digestion of proteins prior to the 
use of LC to separate peptides coupled with tandem MS (MS/MS) for peptide sequencing, a 
process commonly referred to as LC-MS/MS, has become the most widely used proteomic 
approach for the identification of individual proteins in complex mixtures. Additionally, 
advances in ion fragmentation strategies, including electron transfer dissociation (ETD), 
have provided superior tools for the characterization of modified peptides. Detection of 
disease-specific modifications of APP glycopeptides, however, is still an emerging aspect of 
veterinary biomarker discovery. The following chapter will discuss the role of APP as 
biomarkers of infection and inflammation in food animals, as well as proteomic strategies 
and the proteomic analyses of APPs during inflammatory disease in ruminant species. 
Strategies for characterizing modified glycopeptides will also be introduced, including the 
potential disease-specific modification of APPs.  

2. Acute phase proteins: Biomarkers of infection and inflammation in food 
animals 
Because APPs have demonstrated changes as great as 25% in serum concentrations during 
altered physiological states, APPs have garnered attention for use as potential biomarkers 
for diagnosing animal disease, monitoring health status, and evaluating responses to 
primary and adjunctive veterinary therapies (Eckersall and Bell, 2010). In particular, APPs 
have been investigated as potential biomarkers for inflammatory diseases in food animals, 
because the etiological agents are bacterial in origin, and the use of antibiotics for treatment 
and prevention is common. Antibiotic use in food animals, however, causes concern for 
food safety, and could increase selective pressures for the emergence of resistant strains of 
bacteria. Additionally, antibiotics are not always the appropriate treatment for diseases in 
food animals with affiliated inflammatory responses. Though APPs have been characterized 
as non-specific responders to pro-inflammatory signals, differences in APP expression 
during disease across species have been reported, and evidence exists that circulating 
concentrations of APPs in blood and other biological fluids are a direct indication of disease 
severity (Eckersall and Bell, 2010; Gruys et al., 2005; Murata et al., 2004). Additionally, more 
recent data based on the proteomic analyses of APPs during disease suggests that 
modification of glycoproteins could be disease specific (Wilson et al., 2008). The prospect of 
using APPs as biomarkers of inflammation and infection for veterinary applications has 
inspired a significant body of research, including the development of antibodies and other 
quantitative methods for analyzing APP expression during disease in food animal species 
(Murata et al., 2004). More recently, interest in APPs as potential veterinary biomarkers has 
led to the application of proteomic strategies for the evaluation of APPs and measures of the 
host response in complex biological samples (Bendixen et al., 2011; Boehmer et al., 2010; 
Danielsen et al., 2010; Smolenski et al., 2007).  
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2.1 Modulation of acute phase proteins during disease in swine 
Alteration in APP expression has been associated with a number of food animal diseases 
(Table 1), including mastitis, metritis, and amyloidosis in lactating dairy cattle (Chan et al., 
2010; Safi et al., 2009; Suojala et al., 2008; Eckersall et al., 2001, 2006; Takahashi et al., 2006; 
Grönlund et al., 2003, 2005); sepsis, trauma, and respiratory diseases in swine (Amory et al., 
2007;  Sorensen et al., 2006; Hultén et al., 2003; Heegaard et al., 1998; Eckersall et al., 1996); 
infectious bronchitis virus in chickens (Nazifi et al., 2011); respiratory diseases in beef cattle 
(Orro et al., 2011; Heegaard et al., 2000; Godson et al., 1996; Horadagoda et al., 1995); as well 
as pulmonary damage and caseous lymphadenitis in sheep (Eckersall et al., 2007; Pfeffer and 
Rogers, 1989). 
 p p
Protein Diseases Species
Haptoglobin Pneumonia, Sepsis, Inflammation Swine
Serum amyloid A Pneumonia, Sepsis Swine
C-reactive rpotein Sepsis, Inflammation Swine
pig-MAP1 Sepsis Swine
α-1-acid glycoprotein Inflammation Swine
Ceruloplasmin Inflammation Swine
Acid soluble glycoprotein Inflammation Swine

Haptoglobin Infectious bronchitis Chickens
Serum amyloid A Infectious bronchitis Chickens

Lipopolysaccharide binding protein Mastitis, Respiratory Disease Cattle
Serum Amyloid A Mastitis, Respiratory Disease, Amyloidosis Bovine
Haptoglobin Mastitis, Respiratory Disease, Amyloidosis Bovine
α-1-acid glycoprotein Mastitis, Respiratory Disease Bovine

Haptoglobin Caseous lymphadenitis, Pulmonary damage Sheep
Serum amyloid A Caseous lymphadenitis Sheep
α-1-acid glycoprotein Caseous lymphadenitis Sheep
Fibrinogen Pulmonary damage Sheep
Ceruloplasmin Pulmonary damage Sheep

Haptoglobin Inflammation Goat
Serum amyloid A Inflammation Goat
Fibrinogen Inflammation Goat
Acid soluble glycoprotein Inflammation Goat
pig-MAP1 = pig major acute phase protein  

Table 1. Acute phase proteins associated with disease in food animals 

In swine, increased levels of serum HPT have been associated with pathological indications 
of Mycoplasma hyopneumoniae, a leading cause of porcine enzootic pneumonia (Amory et al., 
2007). Similarly, serum concentrations of HPT and SAA were elevated in pigs with 
experimentally induced Actinobacillus pleuropneumoniae pneumonia (Hultén et al., 2003; 
Heegaard et al., 1998). Peak expression of HPT and SAA in pigs with A.pleuropneumoniae 
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pneumonia was detected approximately 4 days following infection. However, serum HPT 
and SAA levels were lower in pigs treated with the antimicrobial enrofloxacin following 
experimental infection with A.pleuropneumoniae, which indicated the feasibility of using 
APPs to monitor response to therapeutic treatment (Hultén et al., 2003). 
During experimental induction of sepsis, pigs infected with Streptococcus suis exhibited 
increases in serum concentrations of the APPs CRP, SAA, HPT, and pig-MAP (Sorensen et 
al., 2006). Both CRP and SAA peaked on day 1 following infection with S. suis, and returned 
to near baseline levels 5-12 days following infection, while HPT and pig-MAP peaked on 
days 5-8 following infection and remained elevated for the duration of the study (Sorensen 
et al., 2006). Conversely, serum levels of HPT and CRP peaked just 2 days after the 
experimental induction of inflammation in pigs, while ceruloplasmin levels did not reach 
peak concentrations until 4 days after experimental treatment with turpentine (Eckersall et 
al., 1996). Though the same positive APPs were detected in a variety of different 
experimental swine disease models, it should be noted that temporal expression patterns 
and peak serum concentrations of each APP varied for each disease, indicating some level of 
disease specificity.  

2.2 Modulation of acute phase proteins during ruminant disease 
Currently, only limited data is available regarding acute phase protein expression in small 
ruminants during disease. Experimental induction of inflammation in goats revealed 
increases in serum levels of HPT, SAA, fibrinogen, and acid soluble glycoprotein following 
injection with turpentine (González et al., 2008), while experimental-induction of caseous 
lymphadenitis in sheep revealed increases in serum levels of SAA, HPT, and AGP (Eckersall 
et al., 2007).  
Conversely, there have been several investigations into the acute phase response during 
both naturally-occurring and experimentally-induced bovine diseases. In studies of bovine 
respiratory disease, peak levels of serum SAA and HPT were reported during week 3 of an 
outbreak of respiratory disease in calves caused by respiratory syncytial virus (Orro et al., 
2011), while experimental infection with respiratory syncytial virus caused maximal 
increases in serum levels of HPT and SAA in cattle as early as 7-8 days following inoculation 
(Heegaard et al 2000). Of the bovine diseases studied, however, APP expression has been 
investigated most extensively during mastitis in lactating dairy animals (Safi et al., 2009; 
Suojala et al., 2008; Eckersall et al., 2006, 2001; Grönlund et al., 2003; Hirvonen et al., 1999). 
Mastitis is defined as an inflammation of the mammary gland, and is considered the most 
dominant and costly of diseases to affect lactating dairy cattle. Staphylococcus aureus and 
Escherichia coli are perhaps the most prevalent species of Gram-positive and Gram-negative 
bacteria, respectively, that cause clinical mastitis. Due to affiliated financial losses and food 
safety concerns, characterization of the innate immune response during clinical mastitis has 
remained a primary focus of veterinary research. Studies of the first line of defense against 
invading pathogens in the bovine mammary gland have provided valuable information on 
the expression of acute phase proteins during inflammation in dairy cattle, and have 
revealed differences in temporal expression of APPs dependent on the causative bacterial 
species (Bannerman et al., 2004). APPs have been the center of numerous studies of both 
naturally-occurring and experimentally-induced mastitis because of their ability to opsonize 
and trap microorganisms, activate complement, neutralize enzymes, and modulate the host 
response to infection (Gruys et al., 2005). Likewise, the bovine mammary gland is an 
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established source of extra-hepatic APP production; thus the evaluation of APP expression 
in milk could aid in the early detection of mastitis (Hiss et al., 2004). 
Studies directed at the innate immune response in the bovine mammary gland following 
challenge with either LPS or Escherichia coli (E. coli) have reported increases in the APPs 
SAA, HPT, AGP, and lipopolysaccharide binding protein (LBP) in milk and serum from 
cows during clinical mastitis (Suojala et al., 2008; Ceciliani et al., 2005; Hiss et al., 2004; 
Eckersall et al., 2001; Hirvonen et al., 1999). Increases in serum concentrations of both SAA 
and HPT following intra-mammary challenge with E. coli were reported 24 hours after 
experimental infection, with peak expression of both APPs apparent on day 3 after challenge 
(Suojala et al., 2008; Hirvonen et al., 1999). Intracisternal injection of lipopolysaccharide, 
however, caused elevations in serum HPT levels in infected cows as early as 9 hours 
following challenge (Hiss et al., 2004). Reports of serum HPT levels in cows with naturally 
occurring coliform mastitis were in accord with values detected following experimental 
challenge (Ohtsuka et al., 2001). LBP appeared to increase more rapidly than HPT and SAA 
in cows with experimentally-induced coliform mastitis, as peak expression was reported as 
early as 36 hours following challenge (Suojala et al., 2008). Conversely, reports of AGP 
indicate that peak expression was not detected in serum from cows with coliform mastitis 
until 9 days after the onset of clinical symptoms (Ohtsuka et al., 2001). The evaluation of 
APP expression in milk from cows with experimentally-induced coliform mastitis revealed 
increases in HPT, SAA, and LBP as early as 12 hours following challenge with peak 
expression at 44, 60, and 36 hours, respectively (Suojala et al., 2008). Increases in both milk 
and serum levels of HPT and SAA in cows experimentally infected with Staphylococcus 
aureus (S. aureus) have also been reported (Hiss et al., 2007; Eckersall et al., 2006; Grönlund et 
al., 2003). Evaluation of the acute phase response following experimental challenge with S. 
aureus revealed increases in HPT and the mammary isoform of SAA (M-SAA3) in both 
bovine serum and milk that were in accord with data from experimental challenge with E. 
coli (Eckersall et al., 2006; Grönlund et al., 2003). 
While the primary source of APPs is the liver, local production of SAA, HPT, and AGP in 
the bovine mammary gland have also been demonstrated, which mark APPs as potential 
indicators of both systemic and local inflammation in cattle (Larson et al., 2006; Jacobsen et 
al., 2005; Ceciliani et al., 2005; Hiss et al., 2004). Additionally, aside from both local and 
hepatic production of AGP, the granules of bovine neutrophils are likewise a reported 
source of APPs (Rahman et al., 2008). Regardless of source of production, however, 
ruminant animals differ from other species in terms of APP expression during 
inflammation, in that HPT is the major APP in bovine innate immunity, whereas in other 
animal species CRP predominates the acute phase response (Ecksersall and Bell, 2010; 
Petersen et al., 2004).  

2.3 Detection methods for acute phase proteins in biological samples 
Most prior analyses of the acute phase response during bovine mastitis have utilized 
ELISAs, immunodiffusion, haemoglobin binding, or the evaluation of messenger RNA 
(mRNA) expression to evaluate changes in APP expression during disease (Hiss et al., 2007; 
Eckersall et al., 2006; 2005; 2001; Jacobsen et al., 2005; Grönlund et al., 2003). Use of such 
strategies in biomarker discovery analyses, however, limits the identification and 
characterization of novel protein candidates, as well as the detection of potential PTMs of 
APPs, due to a reliance on the availability of species-specific antibodies, and the ability to 
evaluate only one APP per assay. The most crucial element of the ELISA detection strategy 
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is a highly specific antibody-antigen interaction. Thus, characterization of protein changes in 
complex biological fluids using ELISA requires the availability of species-specific antibodies 
for the detection and quantification of a given protein. Unfortunately, a very limited number 
of antibodies are commercially available for livestock species. Additionally, there is no 
practical protocol for the development of an immunoassay targeting a modified site if 
neither the site nor the modification is known.  
Genomic methodologies, including gene arrays and the evaluation of mRNA expression can 
also limit biomarker discovery because of the demonstrated weak correlation that often 
exists between mRNA levels and actual protein concentration. Thus, quantitative mRNA 
data is often an inadequate indicator of protein expression (Gygi et al., 1999; Ideker et al., 
2001; Griffin et al., 2002; Tian et al., 2004). However, advances in soft ionization techniques 
in mass spectrometry (MS), including electro-spray ionization (ESI), nano-spray ionization, 
and matrix-assisted laser desorption/ionization (MALDI), have broadened the applications 
of mass spectrometry to include the characterization of biopolymers such as intact proteins 
and peptides, and has given rise to a new field of protein study termed proteomics 
(reviewed in Mann et al., 2001). Proteomics, defined as a scientific approach used to 
elucidate all proteins within a cell or tissue (Colantonio and Chan, 2005) boasts a significant 
advantage over genomic and antibody-based analyses, because proteomics involves the use 
of analytical methodologies, such as LC and MS, to isolate, identify, and characterize 
proteins, and is not reliant on the use or availability of antibodies. Additionally, proteomic 
methodologies can detect a theoretically unlimited number of proteins in a given sample 
without the need for antibody or reagent development. 

3. Proteomic strategies 
Protein identification through the use of MS can be divided into two main categories, 
referred to as top-down and bottom-up. The primary distinguishing features between the 
two main proteomic approaches is the isolation and fragmentation of intact proteins using 
MS in a top-down approach, versus proteolytic digestion of mixtures of proteins, and the 
subsequent separation and fragmentation of peptides, in bottom-up proteomics. 
Identification of proteins in complex biological mixtures using bottom-up proteomics is 
reliant upon the measurement of the masses of the peptides that are generated following 
proteolytic cleavage of the proteins. The mass of a peptide is determined using MS, and is 
based upon a mass-to-charge ratio (m/z). Charged peptides are generated as a result of 
ionization, or the addition of a proton to the peptide, which results in the conversion of the 
peptide into an ion. The two most popular forms of ionization used in bottom-up proteomic 
analyses are ESI and MALDI. 

3.1 Two-dimensional gels and MALDI-TOF mass spectrometry 
Over the past two decades, two-dimensional gel electrophoresis (2D-GE) followed by 
MALDI time-of-flight (TOF) MS and LC-MS/MS have become the most widely used 
proteomic approaches in bottom-up proteomic analyses (Ferguson et al., 2003). Protein 
profiling by 2D-GE is characterized by a first dimension separation of proteins by charge 
(isoelectric point), followed by a second dimension separation by molecular weight. 
Advances in 2D-GE technology including gel strips with immobilized pH gradients have 
dramatically increased the resolving power of 2D-GE. Additionally, the development of 
radioactive and fluorescent labeling has improved the ability to visualize proteins in a 2D 
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gel, as well as the detection of low-abundance and post-translationally modified proteins 
(Van den Bergh et al., 2005). 
In a MALDI-TOF/MS experiment, the protein or peptide(s) of interest is mixed with a 
suitable energy-absorbing matrix and allowed to co-crystallize by air-drying on a stainless 
steel plate. Matrices used in MALDI-TOF/MS are typically small aromatic molecules 
capable of absorbing high levels of UV light at a specific wavelength, such as sinapinic acid 
(SPA) or alpha-cyano-4-hydroxycinnamic acid (CHCA). The generation of ions in MALDI-
TOF/MS is initiated by short pulse irradiation with a laser (Karas and Krüger, 2003), 
typically nitrogen or neodymium-doped yttrium aluminum garnet (Nd:YAG), and occurs 
when the matrix becomes electronically excited following absorption of photons from the 
UV laser. Analytes in the sample accept a proton from the matrix and become singly 
charged positive ions as they are ejected from the matrix and converted into the gas phase. 
The ions are then directed into the TOF analyzer where they are separated based on their 
m/z and generate a mass spectrum. Separation of ions is based on the principle that ions 
with smaller m/z “fly” faster than larger ions. The subsequent protein identification is 
accomplished by peptide mass fingerprinting, which is the comparison of the set of peptide 
masses generated from a specific protein to a protein database containing theoretically 
calculated mass fingerprints of all known proteins. A process called post source decay (PSD) 
can be used on TOF instruments equipped with a reflectron to further enhance resolution of 
the MALDI peak separation. In this technique, the voltage on the reflectron is modulated 
during analysis to allow the detection of ion fragments formed during ionization or 
acceleration down the flight tube (Kaufmann et al., 1994).   

3.2 LC-MS/MS 
Despite the recent advancements in reproducibility and protein quantification, 2D-GE as a 
means of protein separation still suffers from issues including isolation of proteins with low 
abundance, high hydrophobicity, or extreme isolelectric points. Consequently, LC has 
emerged as the best alternative for the separation of proteins or peptides in solution prior to 
mass analysis using MS. Recently, the combination of two LC-based separation techniques 
coupled with MS was introduced, and has profoundly increased the ability to resolve and 
detect a greater number of peptides in LC-MS/MS-based proteomic experiments. 
Multidimensional protein identification technology (MudPIT), utilizes the combination of 
strong cation-exchange chromatography and reverse-phase chromatography followed by 
ESI-MS/MS for the characterization of proteins in a complex mixture (Washburn et al., 
2001). Using the MudPIT approach, proteins are typically digested into peptides using a 
protease such as trypsin, which cleaves at every arginine and lysine residue, and separated 
online by 2-dimensional LC prior to introduction into the mass spectrometer for mass 
analysis. In 2-dimensional LC, peptides are separated in the first dimension by charge using 
ion exchange chromatography, and are then further separated in the second dimension by 
hydrophobicity using reversed-phase (RP) chromatography.  
In a one-dimensional (1D) LC-MS/MS experiment, peptide mixtures are typically separated 
only by hydrophobicity by passage over a column packed with non-polar stationary phase. 
Thus, the number of proteins identified using 1D-LC-MS/MS is directly dependent on the 
efficiency of peptide separation prior to introduction into the mass spectrometer (Jensen et 
al., 1999). In LC-MS/MS experiments, ESI is the dominant method of ionization. Ionization 
occurs in ESI after the peptide solution is dispersed as a fine spray of charged droplets after 
passage through a heated metal capillary tube to which voltage is applied. The charged 
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droplets get desolvated by a dry inert gas, and multiply charged ions are produced. Nano-
spray ionization (NSI) functions in essentially the same manner as ESI, but flow rates from 
the LC instrument into the ionization source of the mass spectrometer are much lower with 
nano-spray than those used for ESI, and ionization efficiency is greatly improved (Wilm et 
al., 1996). Ions resulting from either ESI or NSI are then directed into the vacuum chamber of 
the MS instrument, and are resolved according to their m/z ratio to produce the first MS 
spectrum. While the first MS scan generates the mass of all peptides, peptide(s) of interest 
are subjected to further fragmentation by a process called collision-induced dissociation 
(CID) in the second MS scan. An inert gas such as argon (Ar) or helium (He) is introduced 
into the collision cell of the mass spectrometer which results in the production of a tandem 
or MS/MS spectrum. Peak lists generated from the fragment ion masses in tandem mass 
spectra are then searched against a protein database to determine the amino acid sequence 
of the peptides in the complex mixture. The assignment of the sequenced peptides to a given 
protein is the means by which protein identification is accomplished (Jensen et al., 1999).  

3.3 Post-translational modifications 
Comparative proteomic analyses are designed to elucidate changes in the relative 
abundance of proteins among different biological states, most commonly healthy versus 
diseased. Detection of the same peptides from a given protein is not always possible in 
comparative studies, however, because post-translational modification of peptides as a 
result of disease is expected. Characterization of PTMs is crucial for biomarker discovery, 
because much of the regulation of the biological activity of proteins is mediated by the 
modification of peptide amino acid residues, including the phosphorylation of serine and 
threonine, and the glycosylation of asparagine, arginine, or tyrosine. Identification of PTMs 
is especially useful for the detection and characterization of APPs during disease because 
APPs are glycoproteins and are subject to modification. Unfortunately characterization of 
PTM’s has been hindered in past experiments due to the fact that modifications are labile 
and are often lost in a CID experiment. Electron-transfer dissociation (ETD), which is a 
superior fragmentation strategy for the analysis of PTMs, however, was recently introduced, 
and shows promise as a strategy for the characterization of APP modification during disease 
(Syka et al., 2004). The ETD technique uses electrons to promote fragmentation along the 
peptide backbone, which produces a series of c and z ions, instead of CID fragmentation, 
which produces a series of b and y ions. The fragmentation of the peptide backbone using 
ETD allows for amino acid side chains and modifications such as glycosylation and 
phosphorylation to remain intact, making it possible not only to deduce the amino acid 
sequence of a peptide, but also to detect any modified residues (Syka et al., 2004). 
Furthermore, the combination of CID and ETD has proven effective as well in the 
characterization of isolated glycopeptides, including modified peptides from HPT in human 
lung cancer patients (Wang et al., 2011).   

4. Proteomic analysis of acute pphase proteins during animal disease 
Proteomic approaches boast the capability to analyze an unlimited number of protein 
targets in a single experiment, independent of antibody availability. Proteomics is rapidly 
gaining popularity in veterinary biomarker studies, especially those aimed at the discovery 
of biomarkers of disease, productivity, product quality, and animal welfare in cattle and 
swine (Bendixen et al., 2010). Furthermore, compared to a recent review of the evaluation of 
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APP expression during disease in companion animals and cattle (Eckersall et al., 2010), a far 
greater overall number of APPs have been identified in biological fluids from food animals 
using proteomic strategies (Table 2) than have been detected using more traditional 
approaches. 
The most widely studied biological fluids in proteomic-based biomarker discovery analyses 
in swine and cattle have been serum, plasma, and milk. To date, protein profiles have been 
generated for serum and plasma of both healthy cattle and pigs, using 2D-GE (Miller et al., 
2009; Talamo et al., 2003; Wait et al., 2002). Comparative proteomic analyses have likewise 
been conducted using 2D-GE to profile differentially expressed proteins in plasma from pigs 
with peritonitis-induced sepsis, with findings that the APP inter-alpha trypsin inhibitor-
heavy chain-4 (ITIH-4), HPT, hemopexin, alpha-2-HS-glycoprotein, albumin, and 
apolipoprotein-A1 all exhibited modulated expression levels as a result of disease 
(Thongboonkerd et al., 2009). Proteomics has also been applied to the study of the 
gastrointestinal tract in swine (Wang et al., 2009; Danielsen et al., 2007, 2006), as well as diet-
induced fatty liver disease in Ossabaw pigs (Bell et al., 2010). 
Studies aimed at the elucidation of potential biomarkers of bovine mastitis have specifically 
dominated veterinary biomarker initiatives in cattle, however,  due in large part to affiliated 
inflammation, economic and food safety concerns, and the lack of efficacious treatment 
options (Boehmer et al., 2010; 2008; Danielsen et al., 2010; Smolenski et al., 2007; Hogarth et 
al., 2004). Several comparative proteomic studies have focused on the identification of 
diagnostic biomarkers of mastitis in bovine milk, though the proteomic analysis of 
mammary tissue from healthy cows and cows with clinical mastitis has also been conducted 
(Yang et al., 2009). Likewise, other diseases of economic importance to the cattle industry 
have been the focus of proteomic-based veterinary biomarkers studies, including the 
analysis of bronchoalveolar lavage fluid (BALF) from the bovine respiratory tract following 
administration of dexamethasone, as well as after the stress of transport (Mitchell et al., 
2008, 2007).  
The earliest comparative proteomic analyses of normal versus mastitic bovine milk were 
accomplished using 2D-GE followed by MALDI-TOF/MS (Smolenski et al., 2007; Hogarth et 
al., 2004), or MALDI-TOF/TOF PSD (Boehmer et al., 2008).  Despite a limited number of 
proteins detected, promising discoveries that resulted from the 2D-GE- MALDI-TOF/MS of 
bovine milk included the identification of the APP α-1-acid glycoprotein (AGP) in both 
normal and mastitic whey samples, and the apparent higher relative abundance of AGP in 
mastitic milk as early as 18 hours following challenge (Boehmer et al., 2008). Previously, the 
analyses of APP expression in milk during bovine mastitis using more traditional 
quantitative strategies had only identified the APPs SAA, HPT, and LBP (Hiss et al., 2004; 
Bannerman et al., 2004; Eckersall et al., 2001). Similar to the 2D-GE- MALDI-TOF/MS of 
bovine milk, the proteomic analysis of changes in the bovine BALF proteome induced by 
dexamethasone revealed increases in the APPs alpha-2-HS-glycoprotein, alpha-1-
antichymotrypsin, alpha-1-antitrypsin, and AGP in treated animals when compared to 
controls (Mitchell et al., 2007). 
To avoid some of the limitations imposed by a 2D-GE-MALDI-TOF/MS proteomic 
experiment, more recent proteomic analyses of bovine milk have been accomplished 
through the use of LC-MS/MS (Boehmer et al., 2010; Danielsen et al., 2010; Smolenski et al., 
2007). The first attempt to characterize proteins related to host defense in mastitic bovine 
milk did result in the identification of the APPs serum albumin, fibrinogen, and SAA, but 
very few biological replicates were used in the analyses, and the objectives were strictly 
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proteome coverage, not comparisons between the healthy and diseased states (Smolenski et 
al., 2007). The two most recent comparative proteomic analyses of normal versus mastitic 
bovine milk, however, have not only identified several APPs in milk, but tracked changes in 
APPs over the course of infection, and quantified modulation in relative abundance of APPs 
during disease (Boehmer et al, 2010; Danielsen et al., 2010).  
 
Protein Accession Number Species Fluid Method of Detection
Inter-α-trypsin inhibitor heavy chain-4 P79263 Swine Plasma 2D-GE-MALDI-TOF/MS
Haptoglobin Q8SPS7 Swine Plasma 2D-GE-MALDI-TOF/MS
α-2-HS-glycoprotein P29700 Swine Plasma 2D-GE-MALDI-TOF/MS
Serum albumin P08835 Swine Plasma 2D-GE-MALDI-TOF/MS
Apolipoprotein-A1 P18648 Swine Plasma 2D-GE-MALDI-TOF/MS

Serum Amyloid A P35541 Bovine Milk LC-MS/MS
Haptoglobin Q2TBU0 Bovine Milk LC-MS/MS
α-1-acid glycoprotein Q3SZR3 Bovine Milk LC-MS/MS, 2D-GE MALDI-TOF/MS

Bovine BALF1 2D-GE MALDI-TOF/MS
Serum albumin P02769 Bovine Milk LC-MS/MS, 2D-GE MALDI-TOF/MS
Serotransferrin Q29443 Bovine Milk LC-MS/MS, 2D-GE MALDI-TOF/MS
α-2-HS-glycoprotein P12763 Bovine Milk LC-MS/MS, 2D-GE MALDI-TOF/MS

Bovine BALF1 LC-MS/MS
α-2 Macroglobulin Q7SIH1 Bovine Milk LC-MS/MS
Inter-α-trypsin inhibitor heavy chain-4 Q3T052 Bovine Milk LC-MS/MS
Apolipoprotein-A1 P15497 Bovine Milk LC-MS/MS, 2D-GE MALDI-TOF/MS
α-1- Antitrypsin P34955 Bovine Milk 2D-GE MALDI-TOF/MS

Bovine BALF1 2D-GE MALDI-TOF/MS

α-1- Antichymotrypsin Q28921 Bovine BALF1 LC-MS/MS
Fibrinogen P02672 Bovine Milk LC-MS/MS, 2D-GE MALDI-TOF/MS
BALF1 = Bronchoalveolar lavage fluid (Mitchell et al., 2008; 2007)  
Table 2. Acute phase proteins identified disease in food animals using proteomic strategies 

4.1 Quantification of acute phase proteins in bovine milk using proteomics 
Relative and absolute quantification of changes in the abundance of potential biomarkers 
identified in biological matrices using proteomic strategies is a topic that has garnered 
significant attention in recent years (Simpson et al., 2009; Mueller et al., 2008; Fenselau, 2007; 
Roe and Griffin, 2006). Several strategies exist for the quantification of individual proteins in 
complex mixtures using proteomics; however, quantification methods can be assigned to 
one of two broad categories: a labeling approach that requires the incorporation of labels 
into proteins or peptides prior to MS analysis, or the use of a label-free method such as ion 
intensities or spectral counts (Simpson et al., 2009). The modulation of the APPs HPT and 
SAA during mastitis have been evaluated in bovine milk using both a labeled (Danielsen et 
al., 2010) and a label-free approach (Boehmer et al., 2010). Despite different experimental 
approaches in the in vivo challenge portion of the studies, both proteomic analyses of 
mastitic bovine milk detected changes in the concentration of SAA and HPT in within hours 
after challenge. Following infection with LPS, nearly 3-fold changes were detected in both 
SAA and HPT in bovine milk as early as 7 h after induction of disease (Danielsen et al., 
2010). Unlike previous ELISA analyses that were limited to the evaluation of only targeted 
APP, changes were likewise detected in the APPs serum albumin, alpha-2-macroglobulin, 
alpha-2-HS-glycoprotein, and serotransferrin in bovine milk during clinical mastitis using 
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the incorporation of isotopic labels and proteomic identification strategies (Danielsen et al., 
2010). 
In the proteomic analyses of a longitudinal set of bovine milk samples collected over the 
course of clinical mastitis following intra-mammary infusion with Gram-negative  E. coli, 
modulation in the APPs serum albumin, SAA, HPT, alpha-2-HS-glycoprotein, AGP, inter-
alpha trypsin inhibitor heavy chain-4 (ITIH4), serotransferrin, apolipoprotein- A1, and the 
α-, β-, and γ-chains of fibrinogen, (Figure 1) were evaluated using spectral counts. The 
theory behind spectral counting, or the number of MS/MS spectra that contribute to the 
identification of a given protein, is that the abundant proteins, when proteolytically 
digested, will yield numerous copies of the same peptide (Zybailov et al., 2005; Liu et al., 
2004). Furthermore, the probability that abundant peptides will trigger multiple MS/MS 
events is higher than the likelihood of repeatedly sampling a peptide from a lower 
abundance protein. In previous investigations into the accuracy and linearity of spectral 
counts, the spectral counts for peptides from proteins spiked into yeast samples at known 
concentrations exhibited linearity over two orders of magnitude, and were highly correlated 
to relative protein abundance (Liu et al., 2004).  
Spectral counts were used to evaluate the expression of the APPs HPT and SAA in bovine 
milk over the course of clinical mastitis, and trends revealed by spectral counts were 
compared to quantification of the APPs using commercially available ELISAs (Figure 2). 
Though the comparison indicated slight advantages in the sensitivity of the ELISA to detect 
the presence of APPs in milk at earlier time points than MS, overall trends were similar. 
Furthermore, the fact that peptides from relatively low abundance acute phase proteins 
were detected in an extremely biologically complex matrix using LC-MS/MS supported the 
use of spectral counts to track changes in proteins for which no antibody or ELISA currently 
exists.  
 
 

 
 

Fig. 1. Boehmer et al., 2010. Temporal expression patterns of proteins involved in the acute 
phase response following experimental induction of mastitis in bovine milk determined 
using total spectral counts (mean spectral counts ± standard error) for (A) apolipoprotein-
A1 and serontransferrin, and (B) the three chains of the blood coagulation protein 
fibrinogen.  
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Fig. 2. Boehmer et al., 2010. Comparison of temporal expression patterns of low abundance 
acute phase proteins determined using ELISA and total spectral counts (mean spectral 
counts ± standard error) for (A) milk Haptoglobin and (B) milk serum amyloid A. Though 
sensitivity levels differ, the correspondence of the overall patterns exhibited by the LC-
MS/MS data and the ELISA data indicates that spectral counts can be used as a screening 
tool to profile changes in biologically relevant proteins without a reliance on antibodies. 

The added advantage of using proteomics to characterize APP expression during disease 
was the identification and characterization of the APP ITIH4, a potentially novel biomarker 
of coliform mastitis. Prior reports of ITIH4 in cattle were limited to isolation of the APP from 
the serum of heifers with experimentally induced summer mastitis (Pineiro et al., 2004). The 
association of ITIH4 with innate immunity has, however, been studied in models of acute 
inflammation in swine (Gonzalez-Ramon et al., 2000), and ITIH4 was recently reported to be 
a novel marker of acute ischemic stroke in humans (Kashyap et al., 2009). Previous research 
and similarity to a human homolog led to the classification of ITIH4 as a plasma kallikrein-
sensitive glycoprotein, but the exact role and function of ITIH4 in the bovine mammary 
gland during inflammation associated with coliform mastitis is not yet clear (Nishimura et 
al., 1995).  
As with any analytical method, drawbacks exist regarding the use of proteomic strategies to 
characterize proteins involved in the acute phase response during disease in livestock 
species. However, given the fact that the majority of previous reports of APP expression 
during mastitis and other food animal diseases have used data derived from ELISAs, and 
that there are only a limited number of commercially available antibodies for livestock 
species,  proteomic strategies afford clear advantages over traditional methods for the 
detection and characterization of APP during animal disease. Additionally, proteomic 
strategies offer the opportunity to evaluate the post-translational modification of APP 
during disease, which could lead to the establishment of specific relationship between the 
modification of APP and select animal diseases. 

5. Detection of the modification of acute phase proteins using proteomics 
Modification of the glycosylation patterns of APPs has been implicated in a number of 
inflammatory diseases in humans and food animals (Gruys et al., 2005). Because post-
translational modifications often dictate the biological activity of certain proteins, the 
characterization of glycosylation patterns of APPs during disease may advance current 
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knowledge of the mechanisms involved in food animal disease, and aid in the development 
of new therapeutics.  Glycosylation is the most diverse PTM involved in the modulation of 
protein function (Ohtsubo et al., 2006). Glycosylation is a site specific enzymatic process 
which covalently binds sugar moieties to proteins in two ways, either through linkage of 
polysaccharides to the amide nitrogen of asparagine side chains, or to the oxygen atoms of 
serine, threonin, or tyrosine, which forms N-linked or O-linked glycans, respectively. N-
linked glycosylation modulates protein folding and stability through a variety of 
mechanisms, whereas O-linked glycosylation plays important roles in protein localization, 
trafficking, and solubility (Spiro 2002). 

5.1 Post-translational modification of acute phase proteins during human disease 
The majority of published reports detailing the proteomic analysis of the PTM of APPs have 
focused on the glycosylation pattern of serum proteins associated with human inflammatory 
diseases (Higai, et al., 2003; Brinkman-van der Linden et al., 1996; Turner et al., 1992), and 
different forms of cancer (Mazhar et al., 2006; Saldova,et al., 2007; Latif et al., 2002). 
Modification of the biantennary structures and the α1, 3 fucosylated N-glycan structures of 
alpha-1-acid-glycoprotein (AGP) have been reported in patients with acute inflammation 
(Turner et al., 1992), and chronic conditions such as rheumatoid arthritis and diabetes 
mellitus (Higai, et al., 2003). A remarkable feature of AGP is the microheterogeneity of its 
sugar moieties and the modification of these sugars during disease. AGP has five N-linked 
complex type glycans which may be present as bi-, tri-, and tetra-antenary structures 
(Gornik et al., 2008). Studies have indicated significant enhancement of bi-antennary 
complex glycans and alpha-1-3fucosylated bi-, tri-, and tetra-antennary glycans, as well as 
decreases in tri-antennary glycans of AGP, in patients with inflammatory diseases. 
However, the modifications of AGP  in patients with diabetes were not disease-specific 
(Higai, et al., 2003).  
Different forms of human cancer have likewise been associated with alterations in the 
glycosylation patterns of APPs. The most well characterized N-glycosylation changes in 
APPs have been studied in AGP. Modulation of glycan branching, which is the number of 
N-acetylglucosamine (GlcNAc) residues attached to the chitobiose core, and the levels of 
Sialyl Lewis X (SLex) structures has been reported (Van Dijk et al., 1994; Chandrasekaran et 
al., 1984,; Katnik et al., 1988). Lung cancer patients were reported to exhibit significant 
alterations in N-linked glycosylation in total blood serum (Arnold, et al., 2011). In contrast, 
decreases were observed in core-fucosylated biantennary glycans, with some being 
detectable as early as Stage I lung cancer. In the same study, the N-linked glycan profile of 
HPT revealed similar modifications to those detected in the total serum glycome (Arnold, et 
al., 2011). Specific HPT isoforms have also been evaluated in serum from patients with small 
cell lung cancer (Shah et al., 2010). The human form of HPT was reported to have only one 
type of beta subunit, but two different isoforms of its alpha subunit (Shah et al., 2010). 
Higher circulatory levels of alpha HPT were reported in patients with small cell lung cancer 
when compared to healthy control subjects. Additionally, a beta chain variant of HPT was 
discovered that appears to be differentially expressed only in small cell lung cancer patient 
serum (Shah et al., 2010). Changes in the glycosylation patterns of APPs have also been 
reported for ovarian cancer (Saldova et al., 2007). Reported findings indicated that the 
changes in glycosylation patterns of APPs associated with ovarian cancer involved doubling 
the amount of core fucosylated, galactosyl biantennary glycans and sialyl Lewis X. 
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5.2 Post-translational modification of acute phase proteins during animal disease 
In veterinary research, differential expression and increased abundance of fucosylated 
peptides have been reported for lymphoma and transitional cell carcinoma (TCC) in dogs 
(Wilson et al., 2008). The progression of canine lymphoma was monitored during the course 
of disease, and it was discovered that the same fucosylated peptides that increased during 
the pre-chemotherapy period were reduced post-chemotherapy treatments. Additionally, 
the same peptides increased in abundance upon recurrence of the lymphoma. Furthermore, 
the comparison of all fucosylated peptides detected in lymphoma and TCC, revealed only 
two common peptides for the two different forms of cancer. The results of the study 
indicated the power of glycoproteomics in discriminating between fucosylation of specific 
glycopeptides in two different types of cancer in dogs (Wilson et al., 2008). 
Modulation in the glycosylation of the APP HPT in serum from dogs with several diseases 
including anaemia, inflammation, lymphoma, and chronic progressive hepatitis has also 
been reported (Anderssen et al., 2001). Following pretreatment of serum with a fucose-
specific lectin, abnormal microeterogeiety in the glycosylation pattern of HPT was detected 
using iso-electric focusing (IEF) and immunoblotting. The major modification of HPT was 
increased fucosylation, and was predominantly observed in dogs with anaemia, but also to a 
lesser extent in dogs with inflammation and lymphoma. Conversely, dogs with liver disease 
exhibited reduction of sialic acid residues in HPT (Andersson et al, 2001). 
Similar to the PTM of HPT, glycosylation of AGP is also altered during animal diseases. 
During inflammation, increases in plasma concentrations of AGP, as well as many structural 
modifications including the glycoslyation pattern and the degree of branching and 
fucosylation of AGP have been reported (Ceceliani et al., 2007). The structure of the 
glycoprotein AGP has been analyzed in several species including cows, sheep and rats, with 
the results indicating that the glycosylation pattern of AGP was quite variable (Nakano et 
al., 2004). Using MALDI-TOF MS, it was determined that in sheep the mono- and 
disialodiantennary carbohydrate chains  of AGP were elevated, while the abundance of tri- 
and tetra-sialo triantennary carbohydrate chains were decreased. Some novel carbohydrate 
chains containing both N-acetylneuraminic acid and N-glycolylneuraminic acid were 
observed in bovine AGP. No triantennary carbohydrate chains were detected in bovine 
AGP, however, elevated abundance of diantennary carbohydrate chains with tri- or tetra-
sialyl residues were observed. In rats, a complex mixture of disialo carbohydrate chains of 
N, O-acetylneuraminic acids were detected on AGP (Nakano et al., 2004). The glycosylation 
pattern of AGP in cats was investigated in animals with feline immunodeficiency virus and 
feline leukemia virus. Increased sialylation of AGP was observed in cats with lymphoma; 
however, decreased sialylation of AGP was detected in animals with feline infectious 
peritonitis (Pocacqua et al., 2005; Ceciliani et al., 2004).  
Due to complexity and the fact that low abundant N-glycosylated proteins or peptides exist 
in complex mixtures among a large excess of nonglycosylated counterparts, complete 
analysis of these markers in a clinical laboratory is still not feasible. In the research 
laboratory setting, enrichment methods including lectin-affinity chromatography or 
chemical linkage of the carbohydrate to surfaces are used to isolate glycosylated proteins 
from complex mixtures (Abbott, et al., 2010; Ito et al., 2009). However, peptide enrichment 
combined with proteomic strategies such as LC-MSMS is the latest technology for large-
scale analysis of glycosylated proteins. In particular the use of fragmentation strategies 
including CID and ETD has shown to dramatically improve detection and characterization 
of the post-translational modification of glycoproteins (Alley et al., 2009 and Zielinska et al, 
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2010). All data available to date indicate that in both human and veterinary medical 
research, identification of APPs and characterization of the alteration in glycosylation 
patterns could provide valuable clinical information for use as specific biomarkers of many 
divergent diseases.  

6. Conclusion 
While results of comparative proteomic analyses conducted on biological samples collected 
from food animals during naturally-occurring and experimentally-induced disease have 
revealed promising candidate acute phase protein biomarkers and identified PTMs that are 
potentially disease specific, inherent roadblocks still exist that have precluded the validation 
of APPs as biomarkers of food animal disease. Caveats to proteomic strategies include the 
complexity of biological matrices, both before and during disease, the intense dynamic 
range of proteins present in most biological fluids, the lack of a universal analyses platform 
(i.e. the use of different instrument systems), as well as the intrinsic variability apparent 
across biological replicates during in vivo challenge models. Nonetheless, the data generated 
on APPs during recent comparative proteomic analyses of biological fluids collected from 
food animals is more comprehensive than information compiled from previous research, 
due in large part to the fact that LC-MS/MS methodologies allow for peptide identification 
and subsequent protein discovery without a reliance on antibody availability. Likewise, 
innovations in MS ion fragmentation strategies, including the use of ETD to elucidate 
modified amino acid residues, have advanced current capabilities to characterize post-
translational modifications using MS, and show promise as a means to determine the 
specificity of APP as biomarkers of disease. Some attempts have been made to conduct 
comparative proteomic analyses of disease specific PTMs of APPs and glycopeptides for 
veterinary applications, but the specificity of APP modifications as biomarkers of disease is 
still an emerging area of research. Further development of sample preparation strategies 
designed to isolate glycoproteins and glycopeptides, coupled with advances in the 
capabilities of both LC and MS instrumentation to separate, detect, and characterize the 
post-translational modifications of APPs will undoubtedly broaden current knowledge of 
the role of APPs in inflammation, and aid in the establishment of APPs as specific 
biomarkers of disease. 
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1. Introduction 
Acute phase proteins have been used as biomarkers of diseases for decades in human 
medicine, but have been relatively under-utilised in the veterinary medicine. Over recent 
years, significant progress has been made in studies on acute phase response in farm 
animal medicine, including the detection, measurement and application of acute phase 
proteins as biomarkers of diseases in both cattle and pigs. Acute phase proteins are blood 
proteins primarily synthesized by hepatocytes as part of the acute phase response. The 
acute phase response is a complex systemic early-defense system activated by impaired 
homeostasis, trauma, tissue injury, infection, inflammation, stress or neoplasia (Cray et 
al., 2009). This response leads to a range of metabolic activities and alterations in a wide 
variety of biochemical processes. One of the most important metabolic changes during the 
acute phase response is the strongly increased or decreased production and secretion of 
some plasma proteins from the liver, the acute phase proteins (Murata et al., 2004). 
Although non-specific, the acute phase response serves as a core of the innate immune 
reactions involving physical and molecular barriers and responses with the goal to 
prevent infection, clear potential pathogens, and contribute to the resolution and healing 
processes (Petersen et al., 2004).  
Much of the recent attention on the assessment of acute phase proteins in farm animals has 
resulted not only from the advances described above, but also because they have been 
recognized as valuable markers of diseases. As indicators of inflammation, the assays of 
acute phase proteins provide valuable additional information to more traditional 
haematological and biochemical investigations (Skinner et al., 1991; Eckersall, 2000). 
Application of acute phase protein analyses in disease investigations also in farm animals 
has shown that it has a major diagnostic contribution to make in the evaluation of various 
inflammatory, as well as non-inflammatory diseases (Gruys et al., 2005). In the clinical field, 
acute phase proteins may serve as non-specific indicators of health status and surveillance 
of animals at the herd level. In the last decade, emphasis has been laid also on the 
application of blood test for acute phase reactants to monitor animals suffering from 
specified classes of diseases. However, the behavior of acute phase proteins in some disease, 
as well as physiological conditions, e.g. during the reproduction cycle of cows and sows, 
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particularly around the parturition, still remain to be uncovered. Moreover, the 
pathophysiology of the changes in the concentrations of acute phase proteins in relation to 
some metabolic and biochemical reactions, as well as the relationships between immune 
functions and metabolic adaptations during some disease and physiological conditions are 
less well documented. These conditions involve e.g. changes in the concentrations of acute 
phase proteins in relation to altered metabolism, especially energetic metabolism in dairy 
cows around the parturition.   

2. Acute phase proteins in farm animals  
Animals undergoing external or internal challenge to their state of health manifest a 
vigorous response including activation of both the innate and acquired immune systems. 
The natural immunity is phylogenetic older, and is characterized by uniform nature to any 
intruder, and by immediate response (Janeway et al., 2001). The mechanisms of natural 
immunity defend an organism since the very first second of a danger. The defence 
mechanisms of innate immunity are numerous; the acute phase response belongs to those of 
the most important (Murata et al., 2004). It is designed to hold the infection in check until 
the adaptive, highly specialized immune response is initiated, which is followed by 
repairing processes terminating the episode of inflammation bringing the organism back to 
its physiological state (Baumann & Gauldie, 1994). 
The varied reactions of the host to disturbances in its homeostasis caused by infection, tissue 
injury, trauma or surgery, neoplastic growth or immunological disorders are collectively 
known as the acute phase response, and encompass a wide range of pathophysiological 
responses (Johnson, 1997; Gruys et al., 1999) (Fig. 1). At the site of invasion by 
microorganisms and at the place of tissue injury, a number of responses of the tissue itself 
are initiated (Koj, 1996; Cray et al., 2009). Pro-inflammatory cytokines are released, 
subsequently, to activation of the immune and the vascular systems (Bellomo, 1992; Gruys 
et al., 2005). Another systemic response to injury is an increase or decrease in the production 
of a number of plasma proteins produced by the liver, which are known as acute phase 
proteins (Whicher & Westacott, 1992). These biomarkers are highly sensitive indicators of 
inflammation, but there are major differences among species in their acute phase response 
(Pyörälä, 2000). As described by Eckersall & Bell (2010), haptoglobin and serum amyloid A 
are the diagnostically most valuable acute phase proteins in cattle. In the pig, C-reactive 
protein, haptoglobin, and α1-acid glycoprotein were identified as the major acute phase 
proteins (Du Clos, 2004).  
Acute phase proteins might be applied as non-specific markers of clinical infections, and for 
prognostic purposes (Lauritzen et al., 2003). Measurement of acute phase proteins can detect 
or confirm the presence of infection or pathological lesion, but a major role for these analytes 
could be in the monitoring of the health status of animals in the production. Acute phase 
proteins can detect the presence of sub-clinical diseases, which are the cause of reduced 
growth rate and lost production (Eckersall, 2000). In the pig production system, health 
status is usually accepted that individuals are infectious agents-free. However, the pigs 
might be frequently infected leading to poor health despite high health declarations that 
may cause suboptimal growth and decreased welfare (Toussaint et al., 2000). Acute phase 
protein testing offers a tool for assessing health estimation based on the extent of 
inflammation and tissue damage (Petersen et al., 2004).   
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Fig. 1. The acute phase response (Jacobsen, 2003) 

3. Acute phase proteins and the period after parturition in dairy cows 
The period after parturition is the most critical period in dairy cows regarding health status 
and production. Factors such as pregnancy, parturition, blood calcium concentrations, 
initiation of lactation and feed intake all affect the ability of the cow’s immune system to 
efficiently combat infections. The periparturient period is the time where complex 
physiological changes occur simultaneously, having a significant effect on the animal’s 
health (Cai et al., 1994; Lippolis, 2008). Parturition, changes in homeostasis, metabolic and 
physiological challenges occuring in this stressful period, as well as other external and 
internal harmful stimuli may contribute to the activation of host immune system and 
inflammatory responses, including the initiation of the production of acute phase proteins.  
Acute phase proteins have various activities by which contribute to germs destruction, to 
reduce tissue damage and help its regeneration (Pyörälä, 2000). Major bovine acute phase 
proteins, haptoglobin and serum amyloid A, play an important role also in the reproductive 
processes, they intensify the phagocytosis process against the pathogens introduced into the 
uterus, and help by the reconstruction of the endometrium (Regassa & Noakes, 1999; 
Krakowski & Zdzisińska, 2007).  
Moreover, the transition of pregnancy to lactation, with the concomitant negative energy 
balance during early lactation, requires substantial adaptation of the cow, including 
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metabolic and physiological adaptations, and is accompanied by changes in whole 
metabolism (Hachenberg et al., 2007; Leroy et al., 2008). It has been described in human 
medicine that physiological reactions around parturition, as well as metabolic changes are 
known to trigger several key events that can initiate and promote uncontrolled systemic 
inflammation (Gatzka et al., 2002; Sordillo et al., 2009). Yaqoob & Calder (2007) reported that 
in humans, altered lipid metabolism, increased circulating concentrations of non-esterified 
fatty acids and oxidative stress are factors that significantly contribute to both systemic 
inflammation and development of inflammatory-dependent diseases. Dairy cows undergo 
similar metabolic adaptations and changes in homeostasis after parturition. However, the 
pathophysiology of the aforementioned metabolic events and changes in immune functions 
are less clear. 

4. Acute phase proteins in relation to the reproduction cycle of sows 
Reproductive state and parity are important factors influencing most of the biochemical 
parameters of sows (Reese et al., 1984). In general, the time around parturition is the most 
challenging period of the reproduction cycle. Nutritional and metabolic stress around 
parturition is an increasingly important phenomenon because during this period the 
physiological balance of the animal is challenged. These phenomena and underlying 
mechanisms can be reflected in several endocrinological, immunological and biochemical 
parameters. Moreover, animals may react to disturbances in their homeostasis not only with 
systemic reactions, but also with increased production of acute phase proteins (Marnell et 
al., 2005). 
In sows, there are very scarce data about the changes in the concentrations of acute phase 
proteins in connection to the reproduction cycle. It has been described in humans that the 
concentrations of most of the acute phase proteins do not change during pregnancy, but 
increase at parturition (Berkova et al., 2001). It is important to realize that physiologically, 
acute phase proteins may react at parturition also in animals (Alsemgeest et al., 1993). The 
time around parturition and its metabolic challenges constitute a potentially stressful 
period, if stress is defined as the impact of external and internal stimuli that challenge 
homeostasis (Moberg, 2000). Animals react to disturbances in their homeostasis with a set of 
physiological changes and systemic reactions like fever, alterations of appetite, and 
decreases in serum concentrations of iron and zinc. The most striking phenomenon, 
however, is the changing concentration in a number of serum proteins, particularly acute 
phase proteins (Petersen et al., 2004).  
The stress due to prefarrowing dislocation and farrowing might activate subclinically present 
chronic urogenital infections, resulting in postparturient diseases of sows (Glock & Bilkei, 
2005). Urinary tract infection, postparturient swine urogenital diseases, chronic endometritis, 
and mastitis-metritis-agalactia syndrome are the most important diseases affecting the sows 
in the early postparturient period (Thornton et al., 1998; Waller et al., 2002). These important 
disorders of the sows may cause increased values of acute phase proteins and may contribute 
to lower number of piglets in litter, inadequate lactation, even to sow mortality (Mirko & 
Bilkei, 2004). However, the influence of reproduction stage, predominantly parturition on the 
concentrations of acute phase proteins in sows is less well documented.  
Therefore, here we propose a two-phases study.  The first objective was the assessment of 
concentrations of some selected acute phase proteins and variables of energetic metabolism in 
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dairy cows after parturition, as well as at the evaluation of the relationships between the 
activated acute phase response, characterized by higher concentrations of acute phase 
proteins, and between altered energetic metabolism shortly after calving. The second objective 
of this study was to evaluate the concentrations of selected acute phase proteins – haptoglobin 
and C-reactive protein in blood serum of sows during different stages of reproduction cycle, 
including the period before and after farrowing, as well as after weaning. 

5. Material and methods  
5.1 Relationships between acute phase proteins and altered energetic metabolism in 
dairy cows after calving  
5.1.1 Animals and clinical examination  
The evaluation of the relationships between the concentrations of acute phase proteins and 
some variables of energetic metabolism shortly after parturition was performed in 195 dairy 
cows of a Slovak spotted breed and its crossbreeds on a farm of high yielding dairy cows. 
The monitored cows were in a period of 1 – 2 weeks after parturition. The animals were 
housed loosely, and fed twice a day individual feeding rations according to the phase of 
lactation with free access to water. Before sample collection, the cows were examined 
clinically using standard clinical examination procedures (Jackson & Cockcroft, 2002). The 
evaluated cows showed no health disorders during the observation.  

5.1.2 Laboratory analyses  
The laboratory analyses of evaluated parameters were performed in blood samples. Blood 
for the investigations was taken by direct puncture of v. jugularis. Blood samples were 
collected into plastic serum tubes with clot activator and gel without anticoagulant. The 
separated serum was stored at -20 °C until analyzed. Blood serum was analyzed for selected 
acute phase proteins – haptoglobin (Hp, mg/ml) and serum amyloid A (SAA, μg/ml), and 
variables of energetic metabolism – glucose (Glu, mmol/l), total cholesterol (TCH, mmol/l), 
total lipids (TL, g/l), triglycerides (TG, mmol/l), non-esterified fatty acids (NEFA, mmol/l), 
and β-hydroxybutyrate (BHB, mmol/l).  
Haptoglobin was assessed using commercial colorimetric kits (Tridelta Development, 
Maynooth, Ireland) in microplates, based on Hp-haemoglobin binding and preservation of 
the peroxidase activity of the bound haemoglobin at low pH. Serum amyloid A was 
analyzed by method of sandwich enzyme linked immunosorbent assay using commercial 
ELISA kits (Tridelta Development, Maynooth, Ireland). The reading of absorbancies and the 
consecutive calculation of final concentrations of both acute phase proteins were performed 
on automatic microplate reader Opsys MR (Dynex Technologies, Chantilly, USA). The 
concentrations of Glu, TCH, TG, and BHB were determined using commercial diagnostic 
kits (Randox) on automatic biochemical analyser ALIZE (Lisabio, Pouilly en Auxois, 
France). Total lipids were analyzed using commercial diagnostic kits (Ecomed, Zilina, 
Slovak Republic) by spectrophotometric method. The concentrations of NEFA were assessed 
according to Curtius (1974) by spectrophotometric method.  

5.1.3 Study groups  
The obtained results from evaluated cows were divided into two groups according to the 
measured concentrations of NEFA: Group A (n = 108) – cows with serum concentrations of 
NEFA below 0.35 mmol/l; Group B (n = 87) – cows with serum concentrations of NEFA 
above 0.35 mmol/l.  
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5.1.4 Statistical analyses 
Statistical analyses of experimental results were performed by assessment of average values 
(x) and standard deviations (SD) in each group of cows. The significance of the differences 
in the obtained results (P) of corresponding variables between monitored groups of animals 
was evaluated by Mann-Whitney nonparametric test. The relationships between the 
concentrations of evaluated variables in the monitored cows were calculated by linear 
regression and Spearman (R) correlations coefficient, including significance of the 
correlation. Statistical analyses were done in the programme GraphPad Prism V5.02 
(GraphPad Software Inc, San Diego, USA).    

5.2 The concentrations of selected acute phase proteins during the reproduction 
cycle of sows  
5.2.1 Animals and sample collection  
The evaluation of the influence of different stages of the reproduction cycle on the 
concentrations of selected acute phase proteins included 24 sows, which were crossbreeds of 
large white and landrace after 1–5 farrowings. The animals were fed complete feedstuff 
according to corresponding stages of reproduction cycle twice a day, and they had free 
access to drinking water. Before each sample collection, the animals were clinically 
examined by standard clinical examination procedures (Jackson & Cockcroft, 2002).  
The monitored sows were divided into 4 groups according to different stages of 
reproduction cycle at the beginning of the evaluation: Group I (n = 6) – sows 4 weeks before 
farrowing, Group II (n = 6) – sows 1 week before farrowing, Group III (n = 6) – sows 1 week 
after farrowing, Group IV (n = 6) – sows 1 week after weaning.  
Blood for the investigations was collected by direct puncture of v. cava cranialis into plastic 
serum tubes with clot activator and gel without anticoagulant. Blood samples were taken in 
each group of sows four times at intervals of two weeks (Table 1). 
 

Groups of 
sows 

Sample collections 
1st 2nd 3rd 4th 

I 4 weeks a.p. 2 weeks a.p. 1–2 days p.p. 2 weeks p.p. 
II 1 week a.p. 1 week p.p. 3 weeks p.p. 1 week p. wean. 
III 1 week p.p. 3 weeks p.p. 1 week p.wean. 3 weeks p.wean. 
IV 1 week p.wean. 3 weeks p.wean. 5 weeks p.wean. 7 weeks p.wean. 

a.p. – ante partum, p.p. – post partum, p. wean. – post weaning 

Table 1. Time-table of blood sample collections within the evaluated groups of sows  

In the first part of the study, we evaluated the dynamics of changes in the concentrations of 
measured acute phase proteins during the reproduction cycle in the mentioned groups of 
sows. In the second part of the study, we summarised the individual values of acute phase 
proteins from these groups of sows according to four selected periods of reproduction cycle 
– 4 weeks ante partum, 1 week ante partum, 1 week post partum and 1 week post weaning.  

5.2.2 Laboratory analyses  
Venous blood samples were centrifuged at 3.000 g for 30 minutes. Serum was separated and 
stored at -18 ˚C until laboratory analyses could be performed. Blood serum was analyzed for 
selected acute phase proteins – haptoglobin (Hp, mg/ml), and C-reactive protein (CRP, 
ng/ml).  
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Haptoglobin was assessed using commercial colorimetric kits (Tridelta Development, 
Maynooth, Ireland) in microplates. Blood serum samples were initially diluted 1:5. C-
reactive protein was analyzed by method of sandwich enzyme linked immunosorbent assay 
using commercial ELISA kits (Tridelta Development, Maynooth, Ireland). Serum samples 
for the determination of CRP were diluted 1:500 prior to assay. The optical densities were 
read on the automatic microplate reader Opsys MR (Dynex Technologies, Chantilly, USA) at 
630 nm for Hp, and at 450 nm using 630 nm as reference for CRP.  

5.2.3 Statistical analyses 
Statistical evaluation of the obtained results was performed by assessment of means (x) and 
standard deviations (SD) in each monitored group of sows according to the sample 
collection. The significance of the differences in measured values (P) of the investigated 
variables in relation to the corresponding monitored periods of reproduction was evaluated 
by one way analysis of variance (ANOVA). The significance of differences in measured 
values between the sample collections in the groups was evaluated by Student’s paired test 
(the 1st part of the study), and the significance of differences in the obtained concentrations 
between selected periods of reproduction cycle was evaluated by Student’s unpaired test 
(the 2nd part of the study).  

6. Results  
6.1 Relationships between acute phase proteins and altered energetic metabolism in 
dairy cows after calving  
The results of the concentrations of selected acute phase proteins, and variables of energetic 
metabolism characterised by average values (x) and standard deviations (SD), as well as the 
evaluation of the significance of differences in the obtained results (P) between two groups 
of cows are given in Table 2, and on Fig. 2 and 3. The analyses of relationships between 
monitored variables in cows are summarised in Table 3 and are shown on Fig. 4 - 7.   
 

Soluble factors Group of cows P A (n = 108) B (n = 87) 
Hp (mg/ml) 0.067 ± 0.113 0.607 ± 0.610  < 0.001 
SAA (μg/ml) 30.77 ± 20.95 93.94 ± 43.64  < 0.001 
Glu (mmol/l) 4.19 ± 0.57 3.95 ± 0.44  < 0.001 
TCH (mmol/l) 3.25 ± 1.11 3.05 ± 1.12  n. s. 
TL (g/l) 3.48 ± 1.44 3.43 ± 1.31  n. s.  
TG (mmol/l) 0.14 ± 0.11 0.12 ± 0.09  n. s. 
NEFA (mmol/l) 0.21 ± 0.09 0.65 ± 0.25  < 0.001 
BHB (mmol/l) 0.46 ± 0.26 0.65 ± 0.35               < 0.001 

Group A – cows with serum concentrations of NEFA below 0.35 mmol/l; Group B – cows with serum 
concentrations of NEFA above 0.35 mmol/l  

P – significance of the differences in the obtained results between the groups of cows, n. s. – non 
significant 

Table 2. Comparison of the concentrations of Hp, SAA and selected variables of energetic 
metabolism in two groups of dairy cows (x ± SD) 
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In cows with serum concentrations of NEFA above 0.35 mmol/l we found significantly 
higher mean value of haptoglobin than in cows with NEFA concentrations below 0.35 
mmol/l (P < 0.001, Table 2). It is shown on Fig. 2 that while in cows with serum NEFA 
concentrations below 0.35 mmol/l (Group A) the median Hp concentration was 0.029 
mg/ml and the individual values ranged from 0.001 to 0.697 mg/ml, in cows with NEFA 
values above 0.35 mmol/l (Group B) we recorded higher median Hp concentration (0.470 
mg/ml), as well as markedly wider range of individual values with minimum concentration 
of 0.006 mg/ml and maximum value of 2.540 mg/ml. By more detailed analysis of 
individual Hp concentrations we found that while in Group A 50 % of measured values 
ranged from 0.010 mg/ml to 0.067 mg/ml, in Group B this range was from 0.162 mg/ml to 
0.834 mg/ml.  
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Fig. 2. The concentrations of Hp in serum from cows with NEFA concentrations below 
0.35 mmol/l (Group A) and above 0.35 mmol/l (Group B). The plots show the median 
(line within box), 25th and 75th percentiles (box)), minimum and maximum values 
(whiskers) 
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Fig. 3. The concentrations of SAA in serum from cows with NEFA concentrations below 
0.35 mmol/l (Group A) and above 0.35 mmol/l (Group B). The plots show the median 
(line within box), 25th and 75th percentiles (box), minimum and maximum values 
(whiskers) 
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In cows with concentrations of NEFA above 0.35 mmol/l, significantly higher mean serum 
concentration was found also for SAA (P < 0.001). The median SAA concentration in cows 
from Group A was 27.70 μg/ml, and the individual values ranged from 1.95 μg/ml to 89.78 
g/ml (Fig. 3). The median SAA concentration in cows from Group B was higher (90.30 
g/ml), and the measured concentrations showed wider range of individual values (from 
8.38 g/ml to 204.00 g/ml).  
Trend of significantly higher values in cows with NEFA concentrations above 0.35 mmol/l 
was found also in the serum concentrations of BHB (P < 0.001). On the other hand, cows 
with higher values of NEFA showed significantly lower mean concentration of glucose (P < 
0.001). In mean concentrations of total cholesterol, total lipids, and triglycerides we observed 
no significant differences between two groups of cows.  
By the assessment of correlations we recorded a significant positive correlation between the 
concentrations of both measured acute phase proteins – Hp and SAA, and the values of 
NEFA (R = 0.716, P < 0.001; R = 0.710, P < 0.001, respectively), as well as the values of BHB 
(R = 0.291, P < 0.001; R = 0.300, P < 0.001, respectively) (Figs. 4 - 7).  
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Fig. 4. Correlation and regression analysis between Hp and NEFA concentrations 
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Fig. 5. Correlation and regression analysis between SAA and NEFA concentrations 
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Significant negative correlations was found between the concentrations of both acute phase 
proteins and the values of glucose (R = -0.247, P < 0.001; R = -0.249, P < 0.001, respectively), 
as well as the concentrations of total cholesterol (R = -0.181, P < 0.05; R = -0.241, P < 0.001, 
respectively). Moreover, the concentrations of Hp in cows shortly after parturition 
significantly positively correlated with the values of SAA (R = 0.647, P < 0.001). Significant 
correlations we observed also between some variables of energetic metabolism, which are 
listed in Table 3.  
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Fig. 6. Correlation and regression analysis between Hp and BHB concentrations 
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Fig. 7. Correlation and regression analysis between SAA and BHB concentrations 
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 Hp SAA Glu TCH TL TG NEFA BHB 
Hp - 0.647c -0.247c -0.181a -0.137 -0.069 0.716c 0.291c 

SAA 0.647c - -0.249c -0.214c -0.041 -0.024 0.710c 0.300c 

Glu -0.247c -0.249c - 0.179a 0.043 0.195b -0.27c -0.175a 

TCH -0.181a -0.214b 0.179a - 0.663c 0.197b -0.125 -0.331c 

TL -0.137 -0.041 0.043 0.663c - 0.205b -0.049 -0.196b 

TG -0.069 -0.024 0.195b 0.197b 0.205b - -0.093 -0.100 
NEFA 0.716c 0.710c -0.277c -0.125 -0.049 -0.093 - 0.320c 

BHB 0.291c 0.300c -0.175a -0.331c -0.196b -0.100 0.320c - 
a, b, c indexes show statistical significance of correlations: a – P < 0.05; b – P < 0.01; c – P < 0.001  

Table 3. The correlations between selected acute phase proteins and variables of energetic 
metabolism 

6.2 The concentrations of selected acute phase proteins during the reproduction 
cycle of sows  
The results of the determination of selected acute phase proteins during the reproduction 
cycle of sows, characterized by average values (x), standard deviations (SD), and the 
statistical evaluation of the obtained results (P) are summarised in Tables 4 and 5.  
In the Group I, by the evaluation of the serum concentrations of Hp we recorded in sows 2 
weeks ante partum (2nd sample collection) markedly higher mean value compared with the 
1st sampling (Table 4), However, the values differed not significantly. By other sample 
collections (post partum), there was a continuous decrease in its concentrations. In CRP 
concentrations, we found in sows by the 3rd and 4th sample collections nonsignificantly 
higher values compared with the 1st and 2nd samplings (Table 5). The highest average 
concentration of CRP was recorded in sows after farrowing (3rd sampling). The changes in 
average concentrations of Hp and CRP during the monitored period in this group of sows 
were not significant. All animals from this group were clinically healthy throughout the 
whole monitored period.  
 
Groups of 

sows 
Sample collection ANOVA 

P 1st 2nd 3rd 4th 
I 1.27 ± 0.45 2.30 ± 1.83 1.63 ± 0.40 1.57 ± 0.44 n. s. 
II 1.76 ± 0.21a 1.79 ± 0.44 1.63 ± 0.45 1.16 ± 0.16a n. s 
III 2.96 ± 1.06a,b,B 1.91 ± 0.65a,A 1.27 ± 0.40b 1.20 ± 0.59A,B < 0.01 
IV 2.10 ± 0.68a,b 1.44 ± 0.94 1.00 ± 0.71b 0.99 ± 0.86a n. s. 

The same indexes in lines mean statistical significance of differences in measured values between the 
groups of sows: a, A – P < 0.05; b, B – P < 0.01  

P – significance of the differences in the obtained results, n. s. – non significant 

Table 4. The changes in the concentrations of Hp (mg/ml) in blood serum of sows during 
different stages of reproduction cycle (x ± SD) 

In the Group II, the analyses of the serum Hp concentrations showed no significant changes 
in its values from the period of 1 week before farrowing until 3 weeks after farrowing. 
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Significantly lower mean Hp concentrations compared with the 1st sampling was found 5 
weeks after farrowing (4th sampling, P < 0.05). In the concentrations of CRP we found a 
nonsignificant increase of values by the 2nd and 3rd sample collection with consecutive 
more marked, but statistically not significant decrease of its average concentration bellow 
the level of initial values by the 4th sampling. The changes in the obtained results of Hp and 
CRP concentrations in this group of sows throughout the whole monitored period were not 
significant. All animals from this group were clinically healthy during the monitored period, 
and didn’t exhibit changes in reproductive system after farrowing.  
In the Group III, we recorded a trend to decrease Hp concentrations from the 1st (1 week 
p.p.) till the 4th sample collection (7 weeks p.p.). The mean value of Hp by the 1st sampling 
was significantly higher compared with its average concentrations recorded by the 3rd (P < 
0.05) and 4th samplings (P < 0.01). The average Hp concentration in sows 3 weeks after 
farrowing (2nd sampling) was also significantly higher compared with the mean value 
obtained in animals by the 4th sampling (P < 0.05). Similarly, decreasing trend of values was 
found also in the concentrations of CRP. The average concentration of CRP in sows by the 
1st sample collection was significantly higher compared with the mean value found by the 
3rd sampling (P < 0.05). The changes in the concentrations of Hp and CRP in this group of 
sows during the monitored period were significant (P < 0.01 and P < 0.05). Almost in all of 
the animals from this group, clinical signs of mastitis-metritis-agalactia syndrome (MMA) 
were found by the 1st collection of specimens (1 week p.p.), characterized by a decreased 
food intake, discharge from vagina, erythema, and firmness of mammary gland. By the 2nd, 
3rd and 4th sample collections, we did not record in these animals clinically evident changes 
in the reproductive system.  
 

Group of 
the sows 

Sample collection ANOVA 
P 1st 2nd 3rd 4th 

I. 16.27 ± 9.38 15.97 ± 12.35 27.19 ± 21.96 20.85 ± 10.16 n. s. 

II. 23.97 ± 11.84 31.92 ± 37.20 49.98 ± 39.04 9.83 ± 7.36 n. s. 

III. 64.92 ± 60.10a 14.47 ± 14.82 7.78 ± 8.76a 4.10 ± 3.39 < 0.05 

IV. 23.59 ± 17.67a 52.44 ± 48.27A 8.25 ± 7.68a 6.93 ± 12.91A < 0.05 

The same indexes in lines mean statistical significance of differences in measured values between the 
groups of sows: a, A – P < 0.05 

P – significance of the differences in the obtained results, n. s. – non significant 

Table 5. The changes in the concentrations of CRP (ng/ml) in blood serum of sows during 
different stages of reproduction cycle (x ± SD) 

In the Group IV, different changes in the concentrations of evaluated acute phase proteins 
were found. The analyses of serum Hp concentrations showed a trend of decreasing values. 
The concentrations of Hp by the 1st sample collection (1 week post weaning) were 
significantly higher compared with the values obtained by the 3rd and 4th samplings (5 and 
7 weeks post weaning, P < 0.05). In the concentrations of C-reactive protein, after a non-
significant increase of average value by the 2nd sampling, we recorded repeated decrease of 
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its values by the 3rd and 4th samplings. While the changes in the concentrations of Hp in 
this group of sows during the whole monitored period were not significant, the values of 
CRP showed significant changes throughout the monitored period (P < 0.05). By the 1st 
sample collection, we found in one animal from this group inflammatory changes on the 
carpal joint, the others were clinically healthy. The clinical examination of the evaluated 
animals by next samplings did not reveal any disorders of general health state.  
 

Variable 
Sample collections ANOVA 

P 4 weeks a.p. 1 week a.p. 1 week p.p. 1 week p.wean. 

Hp 1.27 ± 0.45b 2.09 ± 1.40 2.17 ± 0.93a,b 1.55 ± 0.64a n.s. 

CRP 16.27 ± 9.38a 19.17 ± 12.19 42.52 ± 
44.34a,A 14.22 ± 14.05A < 0.05 

The same indexes in lines mean statistical significance of differences in measured values between the 
groups of sows: a, A – P < 0.05; b – P < 0.01 

P – significance of the differences in the obtained results, n. s. – non significant; a.p. – ante partum; p.p. 
– post partum;, p. wean. – post weaning 

Table 6. The average concentrations of Hp and CRP in blood serum of sows in selected 
periods of reproduction cycle (x ± SD) 

A more detailed analysis of the individual concentrations of measured acute phase proteins 
from the evaluated groups of sows according to selected stages of reproduction cycle is 
summarised in Table 6. The highest average concentration of Hp (2.17 mg/ml) we found in 
sows 1 week after the farrowing. This value was significantly higher compared with average 
concentrations recorded in sows 4 weeks before parturition and 1 week after the weaning (P 
< 0.01 and P < 0.05, respectively). By the evaluation of the concentrations of CRP we found 
a similar trend of significantly increasing values with the highest mean value in sows 1 
week post partum. While the differences in the concentrations of haptoglobin between the 
sows in different stages of reproduction cycle were not significant, in the values of C-
reactive protein we found significant differences (P < 0.05).  

7. Discussion  
7.1 Relationships between acute phase proteins and altered energetic metabolism in 
dairy cows after calving  
The immune system is significantly affected during pregnancy. There are significant 
interactions between the immune system and cells and tissues of the reproductive system 
that are critical for the maintenance of pregnancy, but are responsible for immune 
suppression that is associated with increased risk of diseases (Kehrli et al., 1990; Lippolis, 
2008). Parturition with following metabolic challenges constitutes a potentially stressful 
event for the dairy cow. One of the ways how an animal can manifest its stress state is by 
activating its acute phase response, mainly by an increased production of acute phase 
proteins by the liver. According to Alsemgeest et al. (1993), the physiological processes 
taking place around the time of parturition are mainly responsible for higher concentrations 
of acute phase proteins in blood serum. Regassa & Noakes (1999) and Rottmann (2006) 
reported that higher values of acute phase proteins could be related to the tissue damage 
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occuring due to the increased myometrial activity during expulsion of the calf, involution of 
the uterus, as well as degeneration and regeneration of the endometrium. Young et al. (1995) 
found that higher concentrations of these proteins, determined in the last phase of 
pregnancy and after calving may be connected with the changing hormone profile (the 
influence of estrogens and progesterone). According to Alsemgeest et al. (1996), increased 
acute phase protein concentrations in cattle may be due to the increased concentrations of 
cortisol as part of the response to stress.  
However, even if this response conserved it exhibit varations from one animal to another, 
some of them respond markedly, other have moderate or minor responses. Therefore, the 
differences between two groups of evaluated dairy cows, observed in our study in the 
concentrations of both measured acute phase proteins, may be due to numerous differences 
in the inflammatory responses to various external or internal stimuli. Pyörälä (2000) 
reported also that the production of acute phase proteins vary not only among different 
animal species, but also within them. Higher values of standard deviations obtained in both 
groups of cows reflect the different reactivity of acute phase proteins. The wider range of 
individual values of Hp, as well as SAA, suggests also the differences in the variability of 
animals reacting to both injury and impaired homeostasis.  
Moreover, homeostais of all the energy substrates and the whole metabolism is altered 
during the time around parturition. Hardardottir et al. (1994) reported also that the acute 
phase response initiated by processes occuring around parturition is associated with 
numerous changes in lipid and glucose metabolism, such as decreased cholesterol, 
accelerated lipolysis, and increased NEFA concentrations in plasma. Investigations in 
human medicine showed that altered lipid metabolism, increased concentrations of non-
esterified fatty acids in blood serum, and oxidative stress may markedly influence the 
systemic inflammatory response, and the development of inflammatory-based diseases 
(Sordillo et al., 2009). Our study showed highly positive correlation between the 
concentrations of Hp and SAA, as well as between both measured acute phase proteins and 
the concentrations of NEFA in dairy cows after calving. Kushibiki et al. (2002) stated that 
administration of tumor necrosis factor α to dairy cattle, promotes the production of acute 
phase proteins and is associated with decreased appetite and cachexia, and increased release 
of NEFA from adipose tissue into the plasma. Therefore, higher concentrations of non-
esterified fatty acids in serum could be related to the activation of the immune system. 
Ametaj (2005) and Ametaj et al. (2005) reported that higher concentrations of haptoglobin 
and serum amyloid A after parturition correlate positively with total lipids in the liver, and 
proposed that fatty liver found in cows could be a response to non-specific inflammation 
associated to parturition.  
The periparturient period is characterized by a sudden increase in energy requirements 
imposed by the onset of lactation and by a decrease in voluntary dry matter intake which 
results in negative energy balance (Leroy et al., 2008). A significant adaptation to the 
negative energy balance during the transition period is the mobilization of fat from body 
stores and the release of non-esterified fatty acids into the blood stream, which constitute 
important sources of energy in this period. Animals may react to these disturbances in their 
homeostasis and changes in metabolism with a set of physiological changes, including 
changes in the concentration of some plasma proteins, especially acute phase proteins. 
However, according to Bernabucci et al. (2005) and Sordillo et al. (2009), increased 
circulating NEFA concentrations are directly associated with increased systemic 
inflammatory conditions, and large amounts of adipose stores during time of energy 
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deficiency are linked with adverse health effects on the transition cow. Other authors 
demonstrated also a clear relationship among nutrition, inflammation and disease 
susceptibility, and that elevated NEFA concentrations are positive risk factors for many 
inflammatory periparturient diseases in dairy cows (Goff, 2006; Calder, 2008; Wood et al., 
2009).  
Highly significant positive correlation was found also between Hp, SAA and β-
hydroxybutyrate, as well as between NEFA and BHB. These relationships may be explained 
by metabolic changes after parturition, since fat-derived substances are important sources of 
energy, because the majority of available glucose is redirected to the mammary gland for 
lactose synthesis (Herdt, 2000). However, further studies are needed to explain the 
aforementioned relationships with the immune response, characterized by changes in the 
concentrations of acute phase proteins in dairy cows after calving, and with the altered 
energetic metabolism.  
Our study showed also a network of energetic metabolism factors, reflecting mutiple 
overlapping metabolic reactions, and physiological adaptations of the cow in the period 
after calving. Seifi et al. (2007) reported that after calving there is a positive correlation 
between NEFA and TG, as well as between NEFA and BHB. While between glucose and the 
other energetic profile factors no correlation was established. 

7.2 The concentrations of selected acute phase proteins during the reproduction 
cycle of sows  
Reproductive state and gravidity are important factors influencing most of the biochemical 
parameters of sows, including acute phase proteins (Lampreave et al., 1994; Verheyen et al., 
2007). At present, physiological reference values for haptoglobin and C-reactive protein in 
pigs are not definitely established. However, it appeared that the time of sampling (before 
or after farrowing) has an important influence on most of the acute phase proteins.  
Many researchers reported that concentrations of acute phase proteins undergo significant 
changes associated to parturition (Alsemgeest et al., 1993; Ametaj, 2005). In horses and cows 
the highest concentrations of major acute phase proteins were observed at day 1 post partum 
(Gymnich et al., 2003). Data from sows during parturition are lacking. Our results suggest 
that in sows there are also important changes in the concentrations of acute phase proteins 
associated to the reproduction cycle. In sows, at the week 1 after farrowing, significantly 
higher average concentrations of Hp, as well as CRP were found, as compared with samples  
analyzed before and later after parturition. Kostro et al. (2003) reported similar findings. 
According to Verheyen et al. (2007), serum Hp concentrations showed a significant increase 
one week after farrowing over 2.09 g/l. On the other hand, the aforementioned authors 
reported that, similarly to our results, the concentrations of Hp on the 94th and 108th day of 
gestation are roughly uniform (1.36 and 1.54 g/l). The increased Hp concentration post 
partum could be explained by physiological events during the puerperium. Moreover, higher 
values of Hp and CRP, recorded after parturition, may be consequences of increased cortisol 
production in adrenal cortex, as part of the response of the organism to stress (Uchida et al., 
1993; Burger et al., 1998). According to Busch et al. (2003), Hp concentrations in young sows 
increase 2–8 weeks before farrowing, and the elevations are higher than in older sows. 
Verheyen et al. (2007) reported also that parity one sows showed higher Hp concentrations. 
This finding is in contrast whit the results presented by Petersen et al. (2002), who reported 
an increase in concentrations of acute phase proteins with age.  
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The reproductive tract of sows is susceptible to infection after farrowing because of the 
periparturient increase in the number of both nonpathogenic microflora and facultative 
pathogens in the caudal vagina and urinary bladder (Bilkei et al., 1994). Elevated 
concentrations of Hp and CRP in sows may reflect the inflammation in the reproductive 
tract and mammary gland. Mirko & Bilkei (2004) evaluated sows without postparturient 
complications of normal process of puerperium and sows suffering from MMA syndrome 
after parturition. In both groups they recorded an increase of the concentrations of Hp and 
α1-acid glycoprotein in postparturient period. The concentrations of the aforementioned 
acute phase proteins on the 1st and 5th day after parturition were higher in sows suffering 
from MMA syndrome compared with sows without clinical signs of reproductive disorders. 
Friendship & Bilkei (2005) stated that in sows with MMA syndrome and other urogenital 
diseases the Hp concentrations were higher on the 1st and 5th day of lactation. Therefore, 
monitoring the concentrations of these indicators during the first days after parturition may 
be used to diagnose early stages of the MMA syndrome and to start suitable therapy 
(Gymnich et al., 2003).  
In general, the acute phase response is considered to be useful tool in prevention of 
microbial growth, and may help in recovery of the organism. In addition, an active cell 
immune response in sow, indirectly negatively influence growth rate in preweaning piglets, 
probably due to decreased milk production (Bilkei, 1995; Segales et al., 2004).  

8. Conclusion 
Our present results indicate strong relationships between acute phase proteins and some 
variables of energetic metabolism in cows shortly after parturition. In this critical period, we 
recorded significant correlations between evaluated acute phase proteins and non-esterified 
fatty acids, as well as -hydroxybutyrate. Understanding how all these factors interact with 
the immune system will help in developing disease control and management strategies that 
will aid in maintaining good health in dairy cattle, resulting in greater production.  
The aforementioned results suggest that acute phase proteins, haptoglobin and serum amyloid 
A, may be potential candidates for monitoring the around parturition time. However, future 
possibilities for acute phase reactants depend on basic new molecular mechanims involving 
known proteins, as well as new discoveries such as organ-specific components, and new 
technological possibilities for rapid immunological or chemical multi-analyses. 
The aforementioned results suggest that the reproductive state influences the production of 
acute phase proteins, and indicates that around parturition in sows there are important 
changes in the concentrations of diagnostically useful acute phase proteins. In the monitored 
period we recorded significant changes in the values of haptoglobin and C-reactive protein 
with their highest concentrations shortly after parturition. However, the interpretation of 
these metabolites should always be performed together with a thorough anamnesis 
and clinical evaluation of individual animals.  
The advantages and uses of acute phase protein assays are well supported in the human 
medicine. Unfortunately, because of the practical limitations of current technology, clinical 
application of acute phase protein analyses in veterinary medicine is not widespread. 
Continuing challenges include the need for automated assays and standardization of tests 
across laboratories. However, many potential uses are possible for acute phase protein 
measurements to assess the health state, poor hygiene and welfare in pig production processes. 
In addition, acute phase proteins seem to be a promising marker of health status by reflecting a 
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broad spectrum of ongoing clinically declared, as well as asymptomatic diseases. Exceptionally 
sensitive, but non-specific markers of diverse inflammatory etiologies, acute phase proteins are 
excellent candidates to monitor both animal health, and animal wellbeing.  
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1. Introduction 
Acute phase proteins have been studied widely in human medicine, especially as 
biomarkers of diseases, inflammatory processes and various infections, to diagnose and 
monitor the success of diseases, as well as to follow-up the treatment in clinical praxis 
(Hilliquin, 1995; Deans & Wigmore, 2005; Endre & Westhuyzen, 2008). However, the 
possible influence of inflammatory conditions on the concentrations of acute phase proteins, 
and the use of these indicators in the monitoring of animal health and detection of diseases 
in veterinary medicine, especially in farm animal medicine is less well documented. 
Therefore, an increased focus on the application of acute phase proteins in veterinary 
clinical practice has recently been developed. Recently studies show their functions, and 
influences on the organism (Murata et al., 2004; Petersen et al., 2004).  
The acute phase response is in animal species, by which the organism respond to impaired 
homeostasis, caused by tissue injury or inflammation, leading to a range of metabolic 
activities and biochemical processes (Whicher & Westacott, 1992 ; Baumann & Gauldie, 
1994). One of the most important metabolic changes during the acute phase response is the 
strongly plasma-increased or decreased liver production and secretion of the acute phase 
proteins. These biomarkers are non-specific but highly sensitive exhibiting strong 
differences in their production between different animal species (Eckersall & Bell, 2010).  
For this reason, the objective of this article is provide an integrated overview about the 
diagnostic value of acute phase proteins levels in farm animals along with  some clinical 
aspects of veterinary practices.  

2. The acute phase response 
All vertebrates demonstrate an early and non-specific complex of reactions to injury known 
as the acute phase response. The acute phase response is a cascade of host responses, which 
is induced by any process that leads to tissue damage e.g. bacterial and viral infection, 
parasite infestation, trauma, surgery, ischemic necrosis, burns, neoplastic growth (Baumann 
& Gauldie, 1994; Suffredini et al., 1999). The acute phase response is characterized by 
numerous local and systemic changes and involves a variety of cell types and organs (Koj, 
1996; Gabay & Kushner, 1999). The reactions of the acute phase response are part of the non-
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specific immune system and thus the first line of defense against invading pathogens. It is 
designed to hold the infection in check until the adaptive, highly specialized immune 
response is initiated (Fearon & Locksley, 1996).  
Blood monocytes and tissue macrophages are central to initiating the acute phase response. 
After being activated by “alarm molecules” e.g. arachidonic acid metabolites and modified 
host proteins recognized as foreign, released from injured cells and tissues, monocytes and 
macrophages produce a vast number of inflammatory mediators, among which the 
cytokines play very important roles (Bellomo, 1992). The local, paracrine effects and the 
distant, endocrine effects of cytokines propagate the continuation of the acute phase 
response by stimulating various other cell types to the secondary release of cytokines 
responsible for the start of the systemic inflammatory response (Janeway et al., 2001; Cray et 
al., 2009).  
During the acute phase response, the metabolic effort is directed at removal of the 
inflammatory stimulus, promotion of healing and repair processes and restoration of the 
homeostasis (Murata et al., 2004). However, the acute phase response is not uniformly 
beneficial. For example, iron sequestration and catabolism may result from prolonged 
cytokine production and cause anemia and impaired growth and weight loss (Jennings & 
Elia, 1996). Furthermore, when pro-inflammatory cytokines are produced in excessive 
amounts – as may occur during sepsis – shock and even death may ensue. The acute phase 
response thus needs to be tightly controlled.  

2.1 Stimulation of the acute phase response 
The acute phase response is stimulated by the release of pro-inflammatory cytokines such as 
interleukin-1 beta (IL1-), interleukin-6 (IL-6) and tumor necrosis factor α (TNF-α) from 
macrophages and monocytes at the site of inflammatory lesions or infection (Heinrich et al., 
1990). Cytokines are soluble proteins, which act at picomolar to nanomolar concentrations to 
regulate host inflammatory functions (Nathan & Sporn, 1991). Cytokines exert their effects 
mainly over shorter distances, but they may also affect cells far from their site of synthesis 
(Hagiwara et al., 2001). They have a short half-life span, their continue synthesis is a 
requisite for sustained elevated concentrations of cytokines. In addition, active inhibition 
through anti-inflammatory mediators such as IL-4, IL-10 and IL-13 is involved in 
termination of the acute phase response (Koj, 1996). The disease outcome depends on the 
balance between pro- and anti-inflammatory activities (Adrie & Pinsky, 2000). If their effects 
are not properly modulated or if they are synthesized in excessive amounts, the pro-
inflammatory cytokines are potent enough to cause tissue injury, organ failure and death 
(Taniguchi et al., 1999).   

2.2 Acute phase response and homeostasis 
Cytokines activate receptors on different target cells leading to systemic inflammatory 
reactions, including hormonal, metabolic or biochemical reactions, and resulting in a 
number of changes clinically characterized by fever, anorexia, weight loss or slow-wave 
sleep (Gruys et al., 2005). These symptoms reflect multiple changes in the homeostatic 
control of the diseased animals, such as increased production of adrenocorticotrophic 
hormone and glucocorticoids, activation of the complement cascade and blood 
coagulation system, decreased serum concentrations of calcium, zinc, iron, vitamin A 
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and α-tocopherol, and changes in the concentrations of some plasma proteins (Pyörälä, 
2000). One of the most important metabolic changes is the strongly increased synthesis of 
a group of plasma proteins, namely acute phase proteins, by the liver (Raynes, 
1994).  

3. Acute phase proteins 
Acute phase proteins are phylogenetically old and may be found not only in mammals, 
but also in other vertebrates such as birds, marsupials, and fish. In general, acute phase 
proteins are a group of blood proteins that change in concentrations in animals subjected 
to external or internal challenges, such as infection, inflammation, trauma or stress 
(Murata et al., 2004).  
By definition, the serum concentrations of acute phase proteins increase (positive acute 
phase proteins) or decrease (negative acute phase proteins) with at least 25 % during the 
acute phase response (Ceron et al., 2005; Eckersall & Bell, 2010). Moreover, there are large 
differences in the responsibility of various acute phase proteins, some of them respond 
markedly to inflammatory stimuli, another have moderate or minor responses (Petersen et 
al., 2004). Major acute phase proteins have low concentrations in the serum of healthy 
animals, but with their concentrations increase over 100- or 1000-fold on stimulation, 
reaching a peak 24 – 48 hours after the insult and fall rapidly during recovery (Niewold et 
al., 2003). Moderate acute phase proteins are present in the blood of healthy animals, but 
after stimulation their concentrations increase 5 – 10 fold, reaching a peak concentration 2 – 
3 days after stimulation and decrease more slowly than major acute phase proteins 
(Eckersall, 2006). Minor acute phase proteins show a gradual increase of 50 – 100 % of 
normal values.  
The functions of the acute phase proteins are varied and combined to defend the host 
against pathological damage and assist in the homeostasis restoration. A number of acute 
phase proteins are likely to participate directly in the protection of the host. Some of the 
acute phase proteins (α1-antitrypsin, α2-macroglobulin) have anti-protease activity designed 
to inhibit proteases released by phagocytes or pathogens to minimize damage to normal 
tissues (Pyörälä, 2000). Another acute phase proteins (haptoglobin, serum amyloid A, C-
reactive protein) have scavenging activities and bind metabolites released from cellular 
degradation so they can re-enter host metabolic processes rather than be utilized by 
pathogen (Wagener et al., 2001). Other acute phase proteins (α1-acid glycoprotein) are 
characterized by anti-bacterial activity and by the ability to influence the course of the 
immune response (Eckersall, 2006a).  

3.1 Acute phase proteins in cattle 
Despite the uniform nature of the acute phase response, there are numerous differences in 
the acute phase characteristics between different animal species (Pyörälä, 2000). C-reactive 
protein is a good example of this phenomenon: in healthy humans it is practically 
negligible, but has a high relative increase during infections, whereas in healthy cattle it is 
present, but does not increase markedly during the acute phase response (Steel & 
Whitehead, 1994). Acute phase proteins have typically their representatives in different 
species (Table 1). In cattle, haptoglobin and serum amyloid A were identified as major 
acute phase proteins. 
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Animal species  Major APPs Moderate APPs 
Cat SAA AGP, Hp 

Dog CRP, SAA Hp, AGP 
Horse SAA Hp 
Cattle Hp, SAA AGP 
Pig CRP, MAP, SAA Hp 

Table 1. Acute phase proteins in different animal species (Eckersall, 2007) 

3.1.1 Haptoglobin 
Haptoglobin (Hp) is a glycoprotein composed of 2 α and 2 β subunits. The α subunit has a 
molecular weight of 16 – 23 kDa and the β subunit 35 – 40 kDa. The subunits combine in the 
form of a β-α-α-β tetramer chain. Human Hp has 3 subtypes known to be genetic 
polymorphism (Hp 1-1, Hp 1-2, Hp 2-2). In animals, Hp tetramers have noticeable species 
differences. Haptoglobin in carnivores and omnivores is thought to be similar to human Hp 
1-1, while bovine Hp has closer similarities to Hp 2-2 (Morimatsu et al., 1991). In circulation, 
Hp is highly polymerized having a molecular weight of approximately 1000 – 2000 kDa, and 
exists also as polymer associated with albumin (Godson et al., 1996).  
The primary function of Hp is to bind free hemoglobin in the blood. The affinity of Hp for 
hemoglobin is one of the major protein transporters (Bowman, 1992). By removing from the 
circulation any free hemoglobin, which has inherent peroxidase activity, Hp prevents 
oxidative damage of tissues (Yang et al., 2003). The Hp-hemoglobin binding also reduces the 
availability of the heme residue from bacterial growth and therefore Hp has an indirect anti-
bacterial activity (Murata et al., 2004).  
Many studies have indicated the significance of Hp as a clinically useful parameter for 
measuring the occurrence and severity of inflammatory responses in cattle with mastitis, 
pneumonia, enteritis, peritonitis, endocarditis, abscesses, endometritis and other natural or 
experimental infectious situations (Ohtsuka et al., 2001; Eckersall, 2006). Haptoglobin is used 
to monitor the treatment efficacy of antibiotics in cows with toxic puerperal metritis (Smith 
et al., 1998). Hp is also used to determine the effect of anti-inflammatory drugs following the 
castration of bull calves, the relative effects of bacterial contamination and involution of the 
uterus in dairy cows after calving, the effects of treatment in transport-stressed feedlot 
cattle, the effects of tail docking or surgical castration, and the changes in the blood profile 
of neonatal calves (Carter et al., 2002).  
Haptoglobin is also induced in cows with fatty liver syndrome, by starvation, and in calves 
following stress associated with road transport (Katoh et al., 2002).  

3.1.2 Serum amyloid A 
Serum amyloid A (SAA) is a small hydrophobic protein (9 – 14 kDa), which is found in 
serum associated with high density lipoprotein. In humans, four separate isoforms have 
been identified (Jensen & Whitehead, 1998). Of these, SAA1 and SAA2 respond to an acute 
phase reaction with increased production from the liver. In contrast, SAA4 is a constitutive 
protein that is produced normally at low concentrations and is not affected by the acute 
phase response. The SAA3 isoform is expressed in non-hepatic tissues during the acute 
phase response with increases found in lung, adipose tissue, ovarian granulosa, as well as in 
the mammary gland (Weber et al., 2006). The mammary isoform (M-SAA3) has also been 
detected in bovine colostrum (McDonald et al., 2001).  
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Serum amyloid A is the precursor of amyloid A and is therefore implicated in the 
pathogenesis of amyloidosis (Uhlar & Whitehead, 1999). Among the functions ascribed to 
SAA have been reverse transport of cholesterol from tissue to hepatocytes, inhibition of 
phagocyte oxidative burst and platelet activation (Petersen et al., 2004). Recently, a direct 
antibacterial action of SAA was identified, in which SAA was found to bind to Gram-
negative bacteria leading to opsonisation of the target pathogen (Hari-Dass et al., 2005). The 
M-SAA3 isoform found in colostrum stimulates the production of mucin from intestinal 
cells assisting the initiation of secretions from the neonatal intestine and helping to prevent 
bacterial colonization (Mack et al., 2003).  
Serum amyloid A is a valuable acute phase protein in diagnosing cattle with 
inflammation. Increased milk SAA concentrations can be detected in cows with mastitis 
(Eckersall et al., 2001). Moreover, SAA in conjunction with haptoglobin may be useful 
markers of milk quality. Elevated serum SAA concentrations are also found in cows at 
parturition or in cattle subjected to physical stress, suggesting that the acute phase 
response is also activated under conditions unrelated to inflammation (Alsemggest et al., 
1993). In cattle, it was raised also by experimental infection with Mannheimia haemolytica 
and with bovine respiratory syncytial virus (Heegaard et al., 2000). The mammary 
isoform M-SAA3 is secreted in milk from the mammary gland of dairy cows with 
mastitis, which suggests a potential role of this biomarker for this condition (Jacobsen et 
al., 2005).  

3.1.3 Fibrinogen 
Fibrinogen (Fbg), a precursor of fibrin, is also an acute phase protein, which has been used 
for many years to evaluate inflammatory and traumatic diseases in cattle, and is 
characterized by markedly increased synthesis in response to infection (Hirvonen & Pyörälä, 
1998). Fibrinogen is involved in homeostasis, providing a substrate for fibrin formation, and 
in tissue repair, providing a matrix for the migration of inflammatory-related cells (Thomas, 
2000).  
Fibrinogen is used in cattle and sheep as a reliable indicator of the presence of inflammation, 
bacterial infection or surgical trauma (Cheryk et al., 1998). It increases in various 
inflammatory conditions of cattle, such as peritonitis, endocarditis, pericarditis, pneumonia, 
and nephritis, or E. coli infection in calves (Jafarzadeh et al., 2004). However, plasma Fbg 
concentrations can also remain unchanged or decrease during acute inflammatory 
conditions of cattle. This may reflect consumption of the protein at the inflamed area which 
transiently can exceed the production (Welles et al., 1993).  

3.1.4 Albumin 
Serum albumin is the major negative acute phase protein. During the acute phase response 
the demand for amino acids for synthesis of the positive acute phase proteins is markedly 
increased, which necessitates reprioritization of the hepatic protein synthesis: albumin 
synthesis is down-regulated and amino acids are shunted into synthesis of positive acute 
phase proteins (Aldred & Schreiber, 1993). It has been reported that during the acute phase 
response 30 to 40 % of the hepatic protein synthesizing capacity is used for production of 
positive acute phase proteins, and the production of other proteins thus need to be 
diminished (Mackiewicz, 1997).  
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3.2 Acute phase proteins in small ruminants 
The acute phase proteins in small ruminants have not been studied in as much detail as in 
cattle, but it appears that the acute phase response is similar. Experimental studies showed 
that caseous lymphadenitis in sheep can cause a marked increase of Hp and SAA 
concentrations, which is accompanied by lower and more lasting increase of the 
concentrations of α1-acid glycoprotein (Eckersall, 2007). Haptoglobin has proven useful as 
prognostic indicator of dystocia in sheep, and can be used to investigate the relationship 
between uterine involution and the presence of intrauterine bacteria in ewes (Scott et al., 
1992). A recent study reports that vaccination of lambs causes an acute phase response that 
reaches a peak within 24-48 hours, and could have a role to play in the assessment of 
vaccine efficacy (Dowling et al., 2004).  

3.3 Acute phase proteins in pigs 
In pigs, C-reactive protein, haptoglobin, α1-acid glycoprotein, and pig specific major acute 
phase protein were identified as the diagnostically most important acute phase proteins.  

3.3.1 C-reactive protein 
In pigs, as in dogs and humans, C-reactive protein (CRP) is the prototypical acute phase 
protein with major diagnostic value. Tillet and Francis (1930) discovered CRP over 70 years 
ago in the blood of pacients with Streptococcus pneumoniae infection, as a substance that 
precipitated the C-polysaccharide of the cell wall of the pneumococcus and they called it C-
reactive substance, which was later changed to C-reactive protein (Du Clos, 2004). C-reactive 
protein plays important roles in the protection against infection, clearence of damaged 
tissues, and regulation of the inflammatory response (Mold et al., 2002). Structurally, CRP is 
a cyclic pentamer which binds with a variety of pathogenic bacteria or intracellular antigens 
of damaged cells, thus recognizing foreign molecules and altered self (Murata et al., 2004).  
In pigs, CRP is considered to be one of the best markers for the identification of 
inflammatory lesions. It can be used as a parameter for monitoring a pig’s general state of 
health, including for stress assessment (Burger et al., 1998). Serum CRP concentrations 
increased following aseptic inflammation and during the experimental infection with 
Actinobacillus pleuropneumoniae (Lampreave et al., 1994). Porcine CRP has also been found to 
rise in experimental models of Mycoplasma hyorhinis, Toxoplasma gondii, Streptococcus suis and 
porcine reproductive and respiratory syndrome virus infection (Eckersall, 2006).  

3.3.2 Alpha1-acid glycoprotein 
The precise function of α1-acid glycoprotein (AGP) is not yet clear, but it does bind to a 
number of metabolites such as heparin, histamine and serotonin, steroids and 
catecholamines (Israili and Dayton, 2001). It is also known to bind to pharmacological 
compounds which may have therapeutic implications as the amount bound can affect the 
metabolically active fraction of the drug. Increased AGP due to an acute phase response 
thus may reduce the concentration of free drugs, thus affecting their pharmacokinetics.  

3.3.3 Pig specific major acute phase protein 
Specifically in pigs, a specific acute phase protein (pig MAP) of unknown function has been 
reported as a sensitive indicator of infection. Increased levels in pig MAP have been shown 
during infections with Actinobacillus pleuropneumoniae, in post weaning multisystemic 
wasting disorder as well as following animal transportation (Segales et al., 2004).  
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4. The usefulness of the evaluation of acute phase proteins in the veterinary 
clinical practice 
The measurement of the concentrations of acute phase proteins can detect or confirm the 
presence of infection or pathological lesion, but a major role for these analytes in farm 
animal medicine could be in the monitoring of the health status of animals in production. 
Acute phase proteins can detect the presence of sub-clinical disease which is the cause of 
reduced growth rate and losses in the production (Petersen et al., 2004). Use of an acute 
phase index, by combining the results of both positive and negative acute phase proteins has 
been suggested as a means to increase the sensitivity of detection of sub-clinical disease 
(Toussaint et al., 2000). In the clinical field, acute phase proteins may serve as indicators of 
prognosis and effect of treatment. The magnitude and duration of the acute phase response 
reflect the severity of the infection and underlying tissue damage (Heegaard et al., 2000).  
Acute phase proteins have been extensively investigated in various inflammatory and non-
inflammatory conditions. However, there are many more areas of enquiry which can be 
pursued to deepen our knowledge about the acute phase response and also to develop novel 
applications for the acute phase proteins, e.g. in various physiological conditions (after 
birth), during some less frequently studied diseases of young (diarrhoea, omphalophlebitis) 
and adult cattle (laminitis, mastitis), as well as not only in acute infections, but also in 
chronic inflammatory conditions. 

5. Material and methods  
5.1 Animals used in the study, clinical examination, sample collection, and the 
evaluated parameters  
5.1.1 Acute phase proteins in relation to the growth and development of calves 
The evaluation of the dynamics of age-dependent changes in the concentrations of selected 
acute phase proteins during the first 6 months of life was performed in seven clinically 
healthy calves (three males, four females) on a farm near to the University of Veterinary 
Medicine and Pharmacy in Kosice. The calves were of a low-land black spotted breed and its 
crossbreeds. The observation of the calves started at the age of 1 month and body weight of 
45 – 51 kg. The animals were kept loosely in individual pens and fed ordinary whole milk 2 
times a day. The transition to a solid diet lasted until the age of 2.5 month. During this 
period, the calves were fed gradually decreasing amounts of milk, and increasing amounts 
of meadow hay, and concentrates (transitional feeding period). At the age of 3 months, they 
were moved to a stable and housed loosely in larger groups of animals, and fed hay and 
grain with free access to water. Before each sample collection, the calves were examined 
clinically using standard clinical examination procedures (Jackson & Cockcroft, 2002). The 
evaluated calves showed no health disorders during the whole time of observation.  
The analyses of evaluated parameters were performed in blood samples. Blood samples 
were taken monthly by jugular venipuncture during the first 6 months of life. The first 
collection was established at the age of 1 month. Blood samples were collected into plastic 
tubes with gel and clot activator. Serum was stored at -20 °C until analysis of haptoglobin 
(Hp, mg/ml) and serum amyloid A (SAA, μg/ml). Moreover, blood samples were 
collected also into tubes with sodium citrate, and the separated plasma was used for the 
analysis of the concentrations of fibrinogen (Fbg, g/l) immediately after the separation 
without storage.  
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5.1.2 Acute phase proteins in calves suffering from various inflammatory diseases 
Sixty-nine sick calves with clinical signs of various inflammatory diseases such as 
respiratory diseases, diarrhoea or omphalophlebitis were used in this study. The calves were 
of a Slovak spotted breed, low-land black spotted breed, or their crossbreeds at the age from 
2 weeks to 6 months. The evaluated calves were sent to the Clinic for Ruminants of the 
University of Veterinary Medicine and Pharmacy in Kosice (Slovak Republic) by privat 
veterinarian from three different conventional dairy farms. On the clinic, the animals were 
housed individually, fed twice a day with free access to water.  
After the arrival to the clinic, all calves were thoroughly clinically examined using standard 
clinical examination procedures, oriented to the examination of general health state (body 
temperature, food intake, behaviour), and than specially to the respiratory system, 
gastrointestinal tract and umbilicus, including the recording of the clinical signs of the 
diseases (Jackson & Cockcroft, 2002). The evaluation of acute phase proteins was performed 
in 4 groups of calves grouped on the basis of the clinical examination: Group A – calves with 
clinical signs of respiratory diseases (n = 46); Group B – calves with diarrhoea (n = 10); 
Group C – calves with omphalophlebitis (n = 5); Group D – calves with multisystemic 
diseases (n = 8). This group of calves consisted of animals with more than one affected organ 
(respiratory system, digestive tract, navel, joints). To compare the evaluated variables 
between sick and healthy animals, twenty-eight clinically healthy calves (Group H) of the 
same age and breed, in good general health without any obvious disease were used as 
a group of controls.  
Blood samples were taken from both healthy and sick animals once after initial clinical 
examination, when the clinical signs of the disease in sick animals were apparent. Blood 
samples were collected by direct puncture of v. jugularis, subseqeuntly haptoglobin (Hp, 
mg/ml), serum amyloid A (SAA, μg/ml), and fibrinogen (Fbg, g/l) were assessed.  

5.1.3 The influence of chronic respiratory diseases on the concentrations of acute 
phase proteins in calves  
The influence of chronic respiratory diseases on the concentrations of selected acute phase 
proteins was investigated in twenty-seven sick calves of a low-land black spotted breed and 
its crossbreeds at the age of 3 – 6 months, which were clinical cases suffering from chronic 
respiratory diseases of various degree, and were hospitalized on the Clinic for Ruminants of 
the University of Veterinary Medicine in Kosice (Slovak Republic). The animals were 
submitted to the clinic by privat veterinarian from three dairy farms localized in the district 
of the university. The feeding regime of the animals on these farms was similar. On the 
clinic, the animals were kept in individual pens, fed twice a day with free access to water. 
The body weight of the calves was 85 – 140 kg.  
In this study, calves with clinical signs manifested for more than 2 weeks despite 
antimicrobial, antiinflammatory, and supportive therapy done by private veterinarians of 
the farm were analyzed. The duration of the disease in animals was estimated from the 
history of the disease process. Diagnosis was done by clinical examination and in some cases 
by ultrasound as well as endoscope examination by the same veterinarian. Clinical 
examination was oriented predominantly to the examination of general health state (body 
temperature, food intake, behaviour), and the respiratory system by visual inspection 
(breathing rate, nasal discharges, type of breathing, dyspnoe, coughing) and auscultation 
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(increased or decreased loudness of the breathing sounds, abnormal sounds). The calves did 
not show pathological lesions on other organ systems. On the clinic we performed further 
therapy of sick calves by antibiotics (marbofloxacine, amoxicillin, tetracycline, 
benzylpenicillin, streptomycine), antiinflammaatory drugs (flunixin-meglumine), 
supportive remedies (vitamins), and infusions. 
Blood samples for the investigations were taken from calves once during the study period, 
after the clinical examination and including the animals into the study. Blood samples were 
collected by direct puncture of v. jugularis. subseqeuntly Hp and SAA, were assessed.  
Calves were divided into two groups according to their health state during the treatment: 
Group A (n = 16) – calves with observable response to treatment and improvement of 
general health state (normal body temperature, improved appetite, intermittent coughing, 
less marked abnormal breathing sounds, but not in a comparable general condition as 
healthy calves); Group B (n = 11) – calves with no response to treatment, which despite long 
lasting antibiotic, anti-inflammatory, and supportive therapy during the treatment died, or 
because of poor prognosis (as a consequence of persistent disturbance of general health state 
and marked changes on the respiratory system) were euthanised. The control group consist 
in fifteen clinically healthy calves of the same age, nutrition and breed.   

5.1.4 Acute phase proteins in the laboratory diagnosis of mastitis in dairy cows  
To assess the relationship between clinical and sub-clinical mastitis and concentrations of 
milk amyloid A in milk samples, and selected acute phase proteins in blood serum 41 dairy 
cows (of a low-land black spotted breed and its crossbreeds with various clinical findings on 
the mammary gland) were studied. These cows were in the 3rd – 4th lactation, but not in the 
period shortly after parturition. Clinical examination of the mammary gland was performed 
by visual inspection and palpation, using standard physical methods of examination. 
Clinical mastitis was diagnosed by the presence of observable signs of inflammation in the 
infected quarter such as swelling, heat, pain or redness, and by the presence of clots and 
flakes in the milk, or by its abnormal color or consistency. To detect sub-clinical mastitis the 
Californian Mastitis Test (CMT) was performed. According to the results of the clinical 
examination of the udder and to the results of CMT the animals were divided into 4 groups: 
Group I – cows without clinical changes on the mammary gland and with negative CMT (n 
= 7), Group II – cows without clinical changes on the mammary gland and with weakly 
positive CMT (n = 12), Group III – cows without clinical changes on the mammary gland 
and with strongly positive CMT (n = 13), Group IV – cows with clinical changes on the 
mammary gland and changes in milk appearance (n = 9).  
Milk samples were collected into plastic tubes by hand-stripping. Blood samples were 
collected by direct puncture of v. jugularis. Milk samples were used to assess concentrations 
of milk amyloid A (M-SAA, ng/ml) and Hp and SAA were assessed in blood samples. 

5.1.5 Acute phase proteins in heifers affected by hoof diseases  
Selected acute phase proteins were assessed in 35 heifers of a low-land black spotted breed 
and its crossbreeds, with various clinical findings on hoofs. These animals were hospitalized 
on the Clinic for Ruminants of the University of Veterinary Medicine and Pharmacy in 
Kosice (Slovak Republic). The animals were submitted to the clinic by private veterinarian 
from a private farmer. On the clinic, the heifers were housed individually, fed twice a day 
and had ad libitum access to water.  
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All heifers were clinically examined using standard clinical examination procedures, 
oriented to the examination of general health state (body temperature, food intake, 
behaviour, gait, and movement). Hoof disorders were diagnosed by orthopedic inspection 
performed according to the method described by Jackson & Cockcroft (2002). In the 
evaluated heifers pododermatitis, laminitis, sole ulcer, and digital dermatitis were the most 
often diagnosed diseases, and they did not show pathological lesions on other organ 
systems. Another 23 clinically healthy animals of the same age and breed, in good general 
health without any obvious disease, including lameness, as evaluated by routine clinical 
inspection were used as controls to compare the evaluated variables between sick and 
healthy animals.  
Blood samples were collected by direct puncture of v. jugularis into plastic tubes with gel 
and clot activator for serum (analysis of haptoglobin and serum amyloid A), and into special 
tubes with sodium citrate for plasma (analysis of fibrinogen).  

5.2 APP analyses  
5.2.1 Haptoglobin  
Haptoglobin was assessed using commercial colorimetric kits (Tridelta Development, 
Ireland) in microplates, based on Hp-haemoglobin binding and preservation of the 
peroxidase activity of the bound haemoglobin at low pH. The optical densities were read on 
automatic microplate reader Opsys MR (Dynex Technologies, USA) at an optical density of  
630 nm.  

5.2.2 Serum amyloid A  
Serum amyloid A was analysed by a commercial ELISA kit (Tridelta Development, Ireland). 
The optical densities were read on automatic microplate reader Opsys MR (Dynex 
Technologies, USA) at 450 nm using 630 nm as reference.  

5.2.3 Milk amyloid A  
The concentrations of M-SAA were analyzed according to the method described in the 
section 5.2.2, modified by the manufacturer for the determination of amyloid A in milk 
samples.  

5.2.4 Fibrinogen   
The determination of fibrinogen was performed on the semi-automatic 4-channel 
coagulometer Behnk CL-4 (Behnk Elektronik GmbH & Co., Germany) using commercial 
diagnostic kits (Diagon Kft, Hungary), based on the principle of electromagnetic detection of 
fibrin formation.  

5.2.5 Californian Mastitis Test   
The Californian Mastitis Test was performed using equal volumes of milk and alkyl-aryl-
sulphonate by the same person in each cow. 

5.3 Statistical analyses 
Statistical analyses were done in the programme GraphPad Prism V5.02 (GraphPad 
Software Inc.) by assessment of arithmetic means (x) and standard deviations (SD) for each 
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evaluated parameter and each group of animals, calculated using descriptive statistical 
procedures. 
The significance of the influence of age (P) on the evaluated variables during the whole 
monitored period was analyzed by the non-parametric Friedman's rank sum test. The 
significance of the differences in values between the sample collections was evaluated by the 
Dunn`s Multiple Comparisons Test. 
The analysis of the significance of differences in measured values between calves with 
various inflammatory diseases was performed by Kruskal-Wallis nonparametric ANOVA 
test and Dunn's Multiple Comparisons Test. The aforementioned statistical methods were 
used also by the evaluation of the differences between cows with various clinical findings on 
the mammary gland.  
The assessment of the significance of differences in measured values of the evaluated 
variables between healthy animals and calves affected by chronic respiratory diseases was 
peformed by Mann-Whitney non-parametric test. Similar statistical methods were used for 
the analyses of differences between healthy animals and heifers with hoof diseases.   

6. Results  
6.1 Acute phase proteins in relation to the growth and development of calves 
Concentrations of acute phase proteins during the first six months of calves life were 
monitored. The results showed significant changes in haptoglobin, serum amyloid A, as 
well as fibrinogen concentrations (P < 0.05, P < 0.05, and P < 0.01, respectively). The serum 
concentrations of Hp during the first three months of life and in the 5th month of age were 
roughly uniform. More marked changes in the mean Hp concentrations were recorded in 
the 4-month-old calves (increase) and in the 6-month-old ones (decrease).  
Serum concentrations of SAA in calves gradually and significantly decrease (P < 0.05). The 
mean concentrations of SAA in the first three months of life were more than two-fold higher 
than those in older animals. The highest mean concentration of Fbg (3.14 g/l) in blood 
plasma of calves was recorded in the 2nd month of age. In the 3rd month of age a repeated 
decrease of the values measured with the lowest mean Fbg concentrations (2.17 g/l) was 
observed in the 6-month-old calves.  
 

Variable Age of the calves (months)  
P 1 2 3 4 5 6 

Hp 
(mg/ml) 

x 0.068A 0.064 0.056 0.213 0.062 0.021A 
< 0.05 ± SD 0.021 0.026 0.024 0.344 0.081 0.018 

SAA 
(μg/ml) 

x 59.12a 53.37 39.71 21.20 10.51a 19.86 
< 0.05 ± SD 35.61 21.43 26.65 19.97 10.36 27.42 

Fbg 
(g/l) 

x 2.31 3.14a 2.55 2.87 2.82b 2.17a,b 
< 0.01 ± SD 0.76 0.75 0.32 0.57 0.40 0.20 

The same superscripts in rows mean statistical significance of differences in concentrations between the 
columns: a, b – P < 0.05, A – P < 0.01 
P – significance of the differences 

Table 2. Age-related changes in the concentrations of evaluated APPs in clinically healthy 
calves from the 1st till 6th month of age  
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6.2 Acute phase proteins in calves suffering from various inflammatory diseases 
Hp exhibited significant differences between clinically healthy calves and calves suffering 
from various inflammatory diseases (P < 0.001, Table 3). The highest mean value among the 
sick animals was found in calves with clinical signs of respiratory diseases (Group A). The 
Hp concentrations obtained in calves with respiratory signs were significantly higher than 
the values recorded in clinically healthy animals (Group H, P < 0.001). Higher mean 
concentration we found also in calves with multisystemic diseases (Group D), but the 
obtained results were not significantly different compared with values recorded in clinically 
healthy animals. The mean concentrations found in calves with diarrhoea (Group B) and in 
calves with omphalophlebitis (Group C) were roughly uniform and lower than in the above 
mentioned animals from the Group A and D.  
Significant differences between the evaluated groups of calves were found also for SAA (P < 
0.001, Table 3), with concentrations in samples from calves with clinical signs of respiratory 
diseases (Group A) being significantly higher than in clinically healthy calves (Group A, P < 
0.001). Markedly higher mean concentration of SAA compared with healthy animals was 
found also in calves with omphalophlebitis (Group C), with the maximum individual 
concentration of 106.00 μg/ml. The SAA concentrations recorded in calves with signs of 
diarrhoea (Group B) and in calves affected by multisystemic diseases (Group D) were the 
lowest among the evaluated groups of calves, and were nearly similar.  
 

Variables Groups of calves K-W 
P H A B C D 

Hp 
 (mg/ml) 

x 0.04a 0.73a 0.10 0.13 0.43 
< 0.001 SD 0.03 0.78 0.16 0.16 0.78 

SAA 
(μg/ml) 

x 29.78a 93.38a 51.47 74.94 42.02 
< 0.001 SD 24.62 50.96 25.05 26.16 28.21 

Fbg 
(g/l) 

x 2.31a 3.86a 2.84 2.81 3.16 
< 0.001 SD 0.41 1.55 0.77 0.51 1.22 

The same superscripts in rows mean statistical significance of differences in measured concentrations 
between the groups of calves: a – P < 0.001 
K-W – Kruskal-Wallis analysis; P – significance of the analysis 
Groups of calves: H – clinically healthy calves, A – calves with clinical signs of respiratory diseases, B – 
diarrhoeic calves, C – calves with omphalophlebitis, D – calves with multisystemic diseases 

Table 3. Comparison of the concentrations of Hp, SAA and Fbg between clinically healthy 
calves and calves affected by various inflammatory diseases 

Similarly, the concentrations of Fbg in blood plasma differed significantly between the 
evaluated groups of calves (P < 0.001). Significantly higher concentrations of Fbg compared 
with clinically healthy calves we observed in calves suffering from respiratory diseases 
(Group A, P < 0.001). Trend of higher Fbg concentrations was observed also in calves 
affected by multisystemic diseases (Group D) with the maximum individual concentration 
of 5.04 g/l in this group of calves. Higher values of Fbg were found also in calves suffering 
from diarrhoea (Group B), as well as in calves with navel inflammation (Group C). 
However, the differences between these groups of animals and the healthy ones were not 
significant.  
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6.3 The influence of chronic respiratory diseases on the concentrations of acute 
phase proteins in calves  
The average Hp concentration was significantly higher (P < 0.001) in calves suffering from 
chronic respiratory diseases as compared with healthy animals (Table 4). Moreover, the 
analyses of results in sick animals showed significantly higher serum concentration of Hp in 
died, or euthanised calves (Group B; P < 0.05) as compared with those in improved health 
state (Group A, Table 5).  
 

Variables Group of calves P Healthy (n = 15) Sick (n = 27) 
Hp (mg/ml) 0.05 ± 0.06 1.11 ± 0.80  < 0.001 
SAA (g/ml) 28.02 ± 20.60 63.19 ± 39.42  < 0.01 

P – significance of the differences in measured values between healthy and sick animals, n. s. – non 
significant 

Table 4. Concentrations of Hp, and SAA in healthy animals and calves suffering from 
chronic respiratory diseases (x ± SD) 

SAA levels (P < 0.01) in sick calves were significantly higher  than in healthy individuals. 
The mean value of this variable in calves with poor prognosis (Group B) was about two-fold 
higher (P < 0.01) compared with the mean in the Group A (Table 5).  
 

Variables Group of sick calves P A (n = 16) B (n = 11) 
Hp (mg/ml) 0.81 ± 0.60 1.56 ± 0.86  < 0.05 
SAA (μg/ml) 44.70 ± 30.78 90.07 ± 35.73  < 0.01 

Groups of calves: A – group of calves with improved general health state; B – group of died or 
euthanised calves 
P – significance of the differences in measured values between two groups of sick calves, n. s. – non 
significant 

Table 5. Comparison of concentrations of Hp, and SAA between two groups of sick calves (x 
± SD) 

6.4 Acute phase proteins in the laboratory diagnosis of mastitis in dairy cows  
M-SAA concentrations in milk samples differed significantly between the groups (P < 0.001), 
with concentrations in samples from cows with clinical mastitis (group IV) being 
significantly higher than in samples from groups I and II (P < 0.001 and P < 0.05, 
respectively, Table 6). The concentrations of M-SAA in milk samples increased with 
increasing CMT score.  
The serum concentrations of Hp showed also tendency of gradual significant increase with 
increasing CMT score and clinical changes on the mammary gland (P < 0.05, Table 6). The 
highest mean Hp concentration we found in cows with clinically manifested signs of 
mastitis. Similarly, SAA concentrations differed significantly between the evaluated groups 
of cows (P < 0.05), with the highest mean concentration in animals with clinical signs of 
mastitis. However, the differences in the obtained results of Hp and SAA concentrations 
between the evaluated groups of cows were less significant (P < 0.05) compared with M-
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SAA concentrations. The mean SAA concentrations found in cows from group I and group 
II were roughly uniform.  
 

Variable Groups of cows  K-W 
P I. (n=7) II. (n=12) III. (n=13) IV. (n=9) 

M-SAA 
ng/ml 

x 325.7A,B 1433.1a 3910.4A 6073.8B,a 
< 0.001 

± SD 173.8 949.2 2145.8 4414.0 
Hp 

mg/ml 
x 0.046 0.122 0.299 0.329 < 0.05 

± SD 0.053 0.263 0.314 0.339 
SAA 
μg/ml 

x 29.7 27.6a 48.2 71.5a 
< 0.05 

± SD 27.6 28.0 42.5 31.5 
The same superscripts in rows mean statistical significance of differences in measured concentrations 
between the groups of cows: a –  P < 0.05; A, B –  P < 0.001 
K-W – Kruskal-Wallis analysis; P – significance of the analysis 
Groups of cows: I – cows without clinical findings on the mammary gland and with negative CMT, II – 
cows without clinical findings on the mammary gland and with weakly positive CMT, III – cows 
without clinical findings on the mammary gland and with strongly positive CMT, IV – cows with 
clinical changes and changes in the milk appearance  

Table 6. The concentrations of M-SAA, Hp, and SAA in dairy cows with various findings on 
the mammary gland  

6.5 Acute phase proteins in heifers affected by hoof diseases  
The data referring to the concentrations of evaluated acute phase proteins in healthy 
animals and heifers with hoof diseases are presented in Table 7. In affected animals, the 
concentrations of Hp, SAA, as well as Fbg were significantly higher than in healthy animals 
(P < 0.05, P < 0.001, and P < 0.001, respectively). 
 

Variables Groups of animals P Healthy (n = 23) Sick (n = 35) 
Hp (mg/ml) 0.094 ± 0.086 0.450 ± 0.601  < 0.05 
SAA (μg/ml) 12.70 ± 16.80 113.90 ± 55.66  < 0.001 
Fbg (g/l) 2.19 ± 0.37 2.95 ± 0.65  < 0.001 

P – significance of the differences in measured values between healthy and sick animals, n. s. – non 
significant 

Table 7. Comparison of the concentrations of evaluated acute phase proteins in healthy 
animals and heifers with hoof diseases (x ± SD) 

7. Discussion  
7.1 Acute phase proteins in relation to the growth and development of calves 
A high number of biochemical parameters in calves have been investigated earlier by 
several authors, stating that growth and development of the organism is accompanied by 
dynamic changes in the values of various haematological parameters (Hugi & Blum, 1997; 
Knowles et al., 2000). The evaluation of metabolic disorders in calves is helpful for 
interpreting results of biochemical parameters regarding physiological processes. These 
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processes include development, nutrition, functional immaturity of various organs, 
unstableness of the homeostasis, and immunological reactions. However, there are only 
scarce data about the possible influence of age on the concentrations of other parameters, 
including APP.  
After birth, newborns and young animals go through a period of rapid growth and 
development, and adapt their life outside the uterus. This transition from foetal to neonatal 
life and then from newborn to young animal necessitates major physiological adjustments 
(Bittrich et al., 2004). Young calves must adapt to various environmental factors, including 
nutrition which changes from a primarily carbohydrate-based energy supply during the 
foetal period to a high fat and relatively low carbohydrate nutritional energy supply in 
colostrum and milk, and then from milk to solid diet (Odle, 1997). The exposure to the new 
environment and foreign antigens requires the establishment of appropriate defence 
responses. The neonate is immunocompetent, but the adaptive immune system is immature 
(Morein et al., 2002). Non-specific defence mechanisms, including the reactions of the acute 
phase response may thus be important for the adaptation to complicated physiological 
processes during growth and development of calves. Therefore, the concentrations of acute 
phase proteins were expected to be also influenced by the age of evaluated animals. The 
concentrations measured in young calves thus may differ from the values in adult cattle.  
The results presented here indicate that there are significant changes in the concentrations of 
the evaluated acute phase proteins in calves. The most pronounced changes were observed 
in the concentrations of SAA. The highest mean of SAA concentration was observed at the 
age of 1 month followed by a gradual decrease up to 5th month of life. Orro et al. (2008) 
reported higher mean serum concentrations of SAA shortly after birth, being the highest at 
the age of 7 days (112.0 mg/l), decreasing after 10 days of age. According to the 
aforementioned authors, possible factors contributing to the higher serum SAA 
concentrations in newborn and young calves include neonatal synthesis of acute phase 
proteins in the liver due to the birth trauma or intake of colostral inducers such as cytokines. 
Studies performed by Hagiwara et al. (2001) have shown that colostrum contains high 
amounts of pro-inflammatory cytokines, which are the main inducers of the APP production 
by the liver. These inflammatory mediators present in colostrum may stimulate the hepatic 
production of acute phase proteins. On the other hand, the higher serum concentrations of 
SAA in newborn and young calves could also be caused by direct transfer of this protein 
from the colostrum to the calf, similarly to immunoglobulins, as colostrum of healthy cows 
contains mammary-associated amyloid A (McDonald et al., 2001). These age-dependent 
changes of SAA concentrations in young calves may reflect physiological adaptation 
mechanisms to the new environment,  that are not necessarily a sign of a disease. The higher 
values of standard deviations obtained in calves reflect the different reactivity of acute 
phase proteins to various external or internal stimuli. The wider range of individual values 
of measured acute phase proteins, predominantly SAA, also suggests the differences in the 
variability of animals reacting to impaired homeostasis. Pyörälä (2000) reported a significant 
variation between the different APP profiles and that the production of these proteins varies 
not only among different animal species, but also within them.  
There are only few studies available about the serum concentrations of Hp in newborn and 
young calves, and the data are contradictory. The results obtained in calves showed less 
pronounced changes in the Hp concentrations during the first three months of life than 
those observed in the serum SAA concentrations. The concentrations of Hp in the blood 
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serum of calves in the first three months after birth were roughly uniform, and the values 
were comparable with the concentrations measured in healthy adult cattle. Similar findings 
were reported by Hyvönen et al. (2006). Orro et al. (2008) stated also that serum Hp 
concentrations after birth were more stable compared with serum amyloid A. Slightly 
higher mean Hp concentration was observed by above-mentioned authors at the age of 3 
days, and then (after a small decrease) the serum concentrations of Hp remained relatively 
stabile. On the other hand, Knowles et al. (2000) reported considerable fluctuation and high 
Hp concentrations during the first two weeks of life. According to Dobryszycka (1997) lower 
concentrations of Hp shortly after birth may be related to the increased consumption of Hp 
due to haemolysis of foetal red cells and the functional immaturity of the neonatal liver to 
compensate for this. A more pronounced increase in serum Hp concentrations was observed 
in calves aged of 4 months with repeated decrease of values approximately to the initial 
concentrations. These higher Hp concentrations can be explained by sub-clinical infections, 
other stressors (e.g. displacement of calves from individual pens to stable, larger groups of 
animals), or possible effect of exposure to changing environmental factors.  
Studies performed by Knowles et al. (2000) showed that mean Fbg concentrations in calves 
increased during the first 2 weeks after birth, although the rise was relatively small, and the 
concentrations did not exceed the general reference limit used for healthy cattle. Very 
similar transient and relatively small increases in Fbg concentrations during the first 2 
weeks of life in calves have been reported by Gentry et al. (1994). Our results showed a 
transient increase in the plasma concentrations of fibrinogen at the age of 2 months, which 
was followed by a repeated decrease of mean Fbg concentrations, and the obtained values 
were similar to those usually measured in healthy adult cattle. Higher concentrations of Fbg 
in calves, obtained in our study at the age of 2 months, may be related to the exposure of 
calves to changing nutritional and rearing factors and may be associated with the normal 
process of growth.  

7.2 Acute phase proteins in calves suffering from various inflammatory diseases 
In this study results suggest that among the evaluated diseases of calves, respiratory 
diseases induce the most marked acute phase response as measured by significantly higher 
concentrations of haptoglobin, serum amyloid A, as well as fibrinogen compared with 
clinically healthy animals. Higher concentrations of Hp, SAA and Fbg in blood samples 
observed in this study agree with previous findings which reported that the concentrations 
of these proteins rise in cattle with repiratory diseases (Godson et al., 1996; Wittum et al., 
1996). Carter et al. (2002) indicated also the usefulness of APP as important diagnostic 
factors in calves with respiratory infections, and suggested them as valuable markers for 
differentiating animals with respiratory signs from healthy ones.  
In the presented study, significantly higher concentrations of the evaluated acute phase 
proteins in calves with clinical signs of respiratory diseases were found for Hp, SAA, as well 
as fibrinogen, although there was a considerable variation between the aforementioned 
inflammatory proteins in the ability to react to an acute phase response causing event. The 
most marked differences between healthy calves and calves suffering from respiratory 
diseases we found in the concentrations of haptoglobin. While the mean serum Hp 
concentration in calves affected by respiratory diseases was more than eighteen fold higher 
than the average concentration recorded in the group of clinically healthy animals, the 
average concentration of SAA in calves with respiratory signs was about three fold higher 
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compared with healthy calves. The findings correspond to the data presented by Angen et 
al. (2009), who obtained higher concentrations of Hp, as well as SAA in calves affected by 
harmful agents in the respiratory tract compared with healthy animals, but the serum SAA 
concentrations in diseased calves were much closer to those of the healthy calves than what 
was found for haptoglobin. Therefore, the aforementioned authors concluded that Hp is 
a more sensitive indicator of diseases in the investigated herds. Similarly, Carter et al. (2002) 
suggested that even if SAA is more sensitive and rapidly reacting biomarker, haptoglobin 
might be preferable in the field, its bigger and more prolonged response is giving rise to its 
usefulness to detecting disease.  
The usefulness of the measurement of plasma Fbg concentrations in cattle has been 
demonstrated mostly by the diagnosis of traumatic conditions, monitoring of postoperative 
complications, e.g. peritonitis, as well as by the differentiation of traumatic 
reticuloperitonitis from other gastrointestinal disorders (Jafarzadeh et al., 2004). The results 
presented show that the determination of the concentrations of Fbg may be useful also in the 
monitoring of respiratory diseases, as in calves with clinical signs of respiratory diseases we 
found significantly higher concentrations of Fbg than in clinically healthy calves. However, 
the differences in the concentrations of Fbg between healthy calves and calves with 
respiratory signs were in means less marked than the differences observed in the 
concentrations of Hp and SAA. On the other hand, marked increase in plasma Fbg 
concentrations was found in calves after infection with Dictyocaulus viviparus, Mannheimia 
haemolytica or bovine viral diarrhoea virus (Gänheim et al., 2003). Therefore, in this area of 
research, further investigations are needed to deepen our knowledge about the synthesis of 
fibrinogen in calves suffering from respiratory diseases. 
Although the evaluated calves with clinical signs of respiratory disorders were found to 
have higher concentrations of measured acute phase proteins compared with healthy calves, 
in sick animals we observed a markedly wider range of individual values of Hp, SAA, as 
well as Fbg. The higher values of standard deviations recorded in our study may reflect the 
different reactivity of various acute phase proteins to impaired homeostasis. Similarly, 
considerable individual variations in acute phase response to respiratory tract infections 
were reported by Wittum et al. (1996). Lomborg et al. (2008) reported also that animals can 
vary in their acute phase response to the same exposure. Different disease severity (i.e. more 
severe diseases are accompanied by higher concentrations of acute phase proteins) might be 
another reason for higher values of standard deviations of measured acute phase proteins 
(Young et al., 1996).  
The influence of other disease conditions on the concentrations of acute phase proteins in 
calves is less well documented, and there are only scarce data reporting some results in this 
area of interest. Experimental Salmonella infection in young calves has been shown to cause 
an increase in the production of haptoglobin (Deignan et al., 2000). However, the Hp values 
following Salmonella infection, obtained by the aforementioned authors, did not reach the 
concentrations seen in other disease conditions in cattle. In our study, presented results 
showed in calves with clinical signs of diarrhoea a slightly higher mean SAA concentration 
compared with clinically healthy calves. However, in Hp and Fbg concentrations we found 
no marked differences between healthy and diarrhoeic calves. Thus, these findings indicate 
that the disturbances in the homeostasis, inflammatory reactions of the organism, and tissue 
damage caused by diarrhoea did not evoke sufficient inflammatory response giving a more 
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marked systemic increase in the concentrations of measured acute phase proteins. Similarly, 
according to Muller-Doblies et al. (2004), Hp requires a stronger stimulation to induce an 
increase in serum concentrations.  
Seeing that the inflammation of the navel, the tissue damage and other pathologic lesions in 
the associated structures may cause inflammatory reactions, we expected that 
omphalophlebitis in calves may affect the concentrations of major acute phase proteins. 
However, to the best of our knowledge, there are no published reports describing the 
influence of omphalophlebitis on the concentrations of acute phase proteins. In our study, 
the presented results showed in calves with clinical signs of omphalophlebitis, similarly to 
the calves with diarrhoea, more markedly higher mean concentration of SAA than in 
clinically healthy calves, but in the concentrations of Hp and Fbg we did not find marked 
differences between these two groups of calves. These findings might be a consequence of a 
different initiation of the production of various acute phase proteins, seeing that SAA is a 
more sensitive acute phase protein than Hp in cattle, with rapid increase in serum 
concentrations after the inflammatory stimulus (Werling et al., 1996). An opposite trend 
with more markedly higher mean concentrations of Hp and Fbg was observed in calves 
affected by multisystemic diseases, while the mean SAA concentration obtained in this 
group was only slightly higher compared with clinically healthy calves. Similar findings 
were reported by Gänheim et al. (2007), who found higher concentrations of Hp and Fbg in 
calves with diarrhoea at the same time as respiratory symptoms compared to those that had 
signs of only respiratory diseases or diarrhoea. Because of only scarce data available about 
the changes in the concentrations of acute phase proteins in calves affected by diarrhoea, 
omphalophlebitis, as well as multisystemic diseases, further investigations in larger animal 
groups are needed to yield satisfactory results.  

7.3 The influence of chronic respiratory diseases on the concentrations of acute 
phase proteins in calves  
Most of the investigations about the synthesis of acute phase proteins in respiratory diseases 
have been focused on the immediate or acute phase response to the infection (Wittum et al., 
1996; Carter et al., 2002). However, only a few reports on the acute phase protein production 
in chronic inflammatory conditions have been published, and the data are not uniform. 
Horadagoda et al. (1999) found that the concentrations of Hp, SAA, and α1- acid 
glycoprotein were higher in cases of acute compared with chronic inflammation. In contrast, 
Alsemgeest et al. (1994) indicated that serum Hp concentrations and Hp:SAA ratios were 
elevated in cases of chronic rather than acute inflammation. Our results indicate that in 
chronic inflammatory processess, especially chronic diseases of the respiratory tract, 
increased serum concentrations of Hp and SAA are generally observed. However, the 
response to chronic inflammation varies from one protein to another. Similarly, in general, 
Horadagoda et al. (1999) observed differences in the inducibility of SAA and haptoglobin by 
chronic disorders. Our results suggest that Hp is more typical indicator for chronic 
conditions than SAA, as in calves suffering from chronic respiratory diseases we found 
more than twentyfold higher mean Hp concentration compared with healthy animals, 
whereas average concentration of SAA in sick calves were significantly higher, but 
compared with Hp only about twofold higher than in healthy calves. Alsemgeest et al. 
(1994) found that Hp did not increase in very acute inflammatory conditions such as 
peracute pneumonia. They found the largest Hp concentrations in animals with serious, 
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often chronic inflammatory diseases, at which bovine SAA was a more sensitive indicator of 
acute disease than haptoglobin. This may be consequence of a different initiation of the 
production of various APPs, as Hp is characterised by a later increase in serum 
concentration after stimulus remaining elevated for longer period. On the other hand, SAA 
is rapidly reacting acute phase protein characterised by a dramatic increase in serum 
concentration after the inflammatory stimulus and a relatively rapid normalisation (Petersen 
et al., 2004).   
The aforementioned results indicate that serum concentrations of acute phase proteins, 
particularly Hp, may reflect the severity of the disease and may be useful as a prognostic 
indicator, as in calves, which during the treatment died or were euthanised, we found 
significantly higher mean concentrations of measured acute phase proteins, compared with 
those with good response to treatment and improved general health state. Eckersall et al. 
(2007) concluded that investigation of a range of acute phase proteins could provide 
additional diagnostic information on the progress of the disease, and could be sensitive 
marker of respiratory infections in calves. Similar findings for haptoglobin are reported by 
Godson et al. (1996). On the other hand, Berry et al. (2004) questioned the efficacy of SAA as 
a diagnostic tool because it may be elevated under stressful situations. Heegaard et al. (2000) 
found that the magnitude and duration of serum Hp concentration correlated well with the 
severity of experimental respiratory infection, whereas serum SAA concentrations increased 
more rapidly following infection. Carter et al. (2002) and Gånheim et al. (2007) concluded 
that measurement of blood Hp concentrations is a better way to predict morbidity in calves 
than SAA. However, our results obtained in serum concentrations of Hp and SAA in calves 
affected by chronic respiratory diseases indicate that both indices may be useful in the 
determination of the severity and prognosis of the disease. The aforementioned results 
suggest that Hp concentrations in the range of 1 – 3 mg/ml, and SAA concentrations around 
100 μg/ml predict severe course of the disease with poor prognosis. Similar findings in 
calves are reported by Heegaard et al. (2000). Skinner et al. (1991) found that haptoglobin 
concentrations of more than 0.2 mg/ml indicated mild infection, values above 0.4 mg/ml 
diagnosed severe infection, while extended pathological conditions were typically 
associated with Hp concentrations in the range of 1 – 2 mg/ml. These results closely 
correlate with our observations in sick calves.  

7.4 Acute phase proteins in the laboratory diagnosis of mastitis in dairy cows  
The results of our study indicate that inflammatory diseases of the mammary gland lead to 
an increase in the concentrations of M-SAA. Raised levels of Hp and SAA have previously 
been shown in milk from cows with clinical mastitis as a result of the leakage of these 
proteins from the blood to the milk (Hirvonen et al., 1999; Eckersall et al., 2001). On the 
other hand, M-SAA is synthesized directly in the mammary epithelia of the udder in 
response to infection (Jacobsen et al., 2005). Therefore, M-SAA is believed to be a more 
sensitive indicator of mastitis; it accumulates in milk only during mammary inflammation. 
Petersen et al. (2005) reported that M-SAA concentrations, similarly to our results, were 
higher in quarters with mastitis compared to healthy quarters. On the other hand, Nazifi et 
al. (2008) presented markedly higher mean M-SAA concentrations for clinically healthy 
cows and for cows with sub-clinical mastitis (6.96 and 54.53 mg/ml, respectively). These 
contradictory data indicate that further studies are necessary to deepen our knowledge 
about the behavior of M-SAA in such conditions.   
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Mastitis can be caused by different microbial agents, mostly bacteria. Some bacteria 
invading a cow’s mammary gland absorb milk nutrients, and some of them can produce 
endotoxins that destroy mammary tissue (Haltia et al., 2006). If these toxins escape the gland 
and spread throughout the cow’s body, they may activate systemic inflammatory reactions. 
Moreover, other inflammatory mediators, e.g. cytokines released in response to infection 
and injury may activate systemic inflammatory reactions, including the induction of the 
synthesis of acute phase proteins by the liver (Baumann & Gauldie, 1994). The results of our 
study showed that the concentrations of Hp and SAA were higher in serum from cows with 
clinical mastitis, and increased with increasing CMT score. The increases observed in the 
concentrations of these proteins in serum of cows with mastitis are in line with several 
previous studies (Hirvonen et al., 1999; Eckersall et al., 2001). It appears that localized severe 
inflammation of the udder is sufficiently intense to induce a measurable systemic acute 
phase response. The concentrations of measured acute phase proteins had a tendency to be 
higher in the serum from the cows with local signs of mastitis and also in cows without 
clinical changes on the mammary gland, but with positive CMT. However, the finding that 
the differences in Hp and SAA concentrations observed between the groups of cows were 
less significant than the differences in M-SAA concentrations means that the measuring of 
serum concentrations of some acute phase proteins would be less useful to the evaluation of 
the severity of mastitis than the measuring of the concentrations of M-SAA directly in milk 
samples.  

7.5 Acute phase proteins in heifers affected by hoof diseases  
Presented results indicate that hoof diseases in cattle, accompanied by various local changes, 
lameness, as well as systemic reactions may induce increased production of some acute 
phase proteins. Smith et al. (2009) reported that sole ulcers, white line disease, and lameness 
in cows may cause not only decreased milk production and reproduction problems, but may 
have also a marked impact on the synthesis of acute phase proteins as a result of a 
generalized acute phase response. On the other hand, in the study of Laven et al. (2004), no 
increased concentrations of acute phase proteins were found in cattle with hoof 
haemorrhages.        
In the presented study, significantly higher concentrations of the measured acute phase 
proteins in heifers affected by hoof disorders were found for Hp, SAA, as well as Fbg. 
However, marked differences between the aforementioned inflammatory proteins were 
observed in the ability to react to an acute phase response causing event. The most 
marked differences between healthy and sick animals we recorded in the concentrations 
of serum amyloid A. The mean SAA concentration in heifers with hoof diseases was about 
nine fold higher than the average concentration recorded in the group of clinically healthy 
animals. On the other hand, the average serum concentration of Hp in heifers with clinical 
signs of hoof diseases and lameness was about fivefold higher compared with healthy 
ones. These findings correspond partially to the data presented by Kujala et al. (2010). The 
aforementioned authors showed higher mean concentration of SAA in lame cows due to 
sole ulcer and white line disease than in healthy animals. However, in Hp concentrations 
they found no significant differences between healthy and lame cows. Therefore, the 
authors suggested that SAA is a better indicator for claw disorders than haptoglobin. 
Werling et al. (1996) reported also that SAA is a more sensitive acute phase protein than 
Hp in cattle with rapid increase in serum concentrations after the inflammatory stimulus. 
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According to Muller-Doblies et al. (2004), Hp requires a stronger stimulation to induce an 
increase in serum concentrations. On the other hand, Smith et al. (2009) described, 
similarly to our results, elevated serum Hp concentrations in lame cows with claw 
disorders.   
The influence of hoof diseases and lameness on the plasma Fbg concentrations in cattle is 
less well documented. The usefulness of the measurement of the Fbg concentrations in 
cattle has been demonstrated by other, predominantly gastrointestinal disorders 
(Jafarzadeh et al., 2004). The presented study suggest that the determination of the 
concentrations of fibrinogen may be also useful by the diagnosis of other diseases, as we 
found higher plasma Fbg concentrations in heifers affected by hoof disorders compared 
with clinically healthy animals. However, the differences in the concentrations of Fbg 
between the two groups of animals were less marked than the differences observed in the 
concentrations of Hp and SAA. Increased concentrations of Fbg have been recently 
described but only in 14 lame cows with clinical signs of claw diseases (Jawor et al., 2008). 
Therefore, in this area of research, further investigations are needed to deepen our 
knowledge about the synthesis of some acute phase proteins in cattle with hoof diseases 
and lameness.  

8. Conclusion 
In the study presented results indicate that most of the evaluated acute phase proteins were 
pronouncedly related to the age of clinically healthy calves. Therefore, these data suggest 
that the age of evaluated animals should be taken into consideration during the diagnostic 
procedure, and by the interpretation of measured values of acute phase proteins when using 
these proteins as disease markers. Our data support the usefulness of APP assessments to 
monitor animals with respiratory diseases, and indicate their use as sensitive markers to 
identify calves with various inflammatory diseases.  
Our findings also indicate that not only acute diseases of the respiratory tract, but also 
chronic cases are characterized by an increased production of some acute phase proteins. 
Moreover, diseases with severe clinical signs and poor prognosis (death or euthanasia) are 
associated with markedly higher Hp and SAA concentrations. Therefore, the 
aforementioned data suggest that the measurement of some acute phase proteins may serve 
as prognostic indicator in respiratory diseases.  
Generated data also suggest the usefulness of milk amyloid A for diagnosis of bovine sub-
clinical mastitis, as well as in the determination of the severity of mastitis. Moreover, 
presented results indicate that hoof diseases and lameness in heifers may be also associated 
with a systemic acute phase response characterized by elevated concentrations of some APP, 
suggesting that their assessment as a part of the laboratory diagnosis would be a valuable 
supplementation to the proper clinical diagnosis and determination of other blood 
laboratory parameters regarding to a better evaluation of the systemic status. 
Although at present, the routine use of APP to monitor the herd health state, as well as 
healthy individual has not been a current veterinary diagnosis, presented data suggest their 
usefulness also in the veterinary medicine. The aforementioned findings may deepen our 
knowledge about the production of these proteins in a variety of physiological conditions, 
as well as during some inflammatory disease conditions in farm animals.  
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1. Introduction 
The acute phase proteins (APPs) are reactants synthesized during an acute phase response 
(APR) against several stimuli like infection, inflammation, stress, trauma or tissue damage 
(Petersen et al., 2004; Cerón et al., 2005). The main role of the APR is to restore the normal 
homeostasis of the organism after any of the stimuli mentioned above. In this sense, the 
APR is considered as part of the innate immune system triggering off functions just as 
leukocytosis, fever, chelation of serum zinc and iron, or opsonization (Cerón et al., 2005). 
During the APR organic concentrations of APPs may change, and measuring APPs levels is 
being used widely nowadays both in human and in veterinary medicine. The concentration 
of APPs may increase or decrease after an appropriate stimulus being classified as positive, 
moderate or negative APPs depending on the enhancement of its concentration. Thus, a 
positive APP may show up to 100-1000-fold increase in its serum concentration in 1-2 days; 
a moderate APP displays a 5 to 10-fold increase in 2-3 days; and a minor APP increase 
between 50% and 100%. Negative APPs are those which decrease after a specific stimulus 
(Petersen et al., 2004; Cray et al., 2009; Eckersall & Bell, 2010). 
Serum samples are the most common sample used to measure the levels of APPs in both 
companion and farm animals. Recently, other specimens such as saliva or meat juice has 
been successfully used as samples for APPs measurements in dog (Parra et al., 2005) and pig 
(Gutiérrez et al., 2008; 2009). Saliva presents the advantage of being a non-invasive, easier 
and less stressful sampling method for the animals and meat juice represent a suitable 
alternative to serum or blood samples and simplifies the process of sampling collection at 
slaughter. 
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In this sense, the extrahepatic synthesis of APPs is one of the recent subjects of study in the 
field of the APR. The synthesis of APPs is regulated by both endogenous glucocorticoids and 
the production of proinflammatory cytokines, mainly interleukin-1 (IL-1), IL-6 and tumor 
necrosis factor-alpha (TNF-α), which activate specific cells to synthesize APPs. The liver is the 
main target for the production of APPs, specially the hepatocytes; however, several 
extrahepatic sites have been reported. An extrahepatic synthesis of haptoglobin (Hp) has been 
reported in airway epithelial cells and immigrated leucocytes (Hiss et al., 2008) and 
extrahepatic production of C-reactive protein (CRP) has been observed in vascular smooth 
muscle cells (Kuji et al., 2007), pulmonary fibroblast and endothelial cells in the lung 
(Päiväniemi et al., 2009). In our group an extrahepatic expression of both Hp (Gutiérrez et al., 
2011) and CRP (unpublished data) has been observed in epithelial cells from the respiratory 
tract, in the parotid salivary gland and in diaphragmatic myofibers from sick pigs (Fig. 1). 
 

 
Fig. 1. Immunohistochemical haptoglobin expression in hepatocytes (1A), airway epithelial 
cells (1B, arrow), epithelial glandular cells (1C, arrows), and diaphragmatic myofibers (1C, 
arrows). 

Before describing the role of APPs in veterinary medicine, it should be useful to remind 
some of the functions of the main APPs. The main biological function of Hp consists on 
prevention of iron loss by the formation of haemoglobin-iron complexes (Ceciliani et al., 
2002; Petersen et al., 2004). Therefore, Hp develops a bacteriostatic effect reducing the level 
of available iron for the microorganisms (Petersen et al., 2004). The expression of Hp has 
also been related to the secretion of anti-inflammatory cytokines, particularly IL-10, through 
the interaction with CD163, a haemoglobin scavenger receptor that is solely present in cells 
of monocyte/macrophage lineage (Moestrup & Moller, 2004; Philippidis et al., 2004). 
However, the exact mechanism used by Hp as modulator of the immune response is not 
clear, acting as suppressor of lymphocyte proliferation in bovine (Murata & Miyamoto, 
1993), and as supporter of B and T lymphocytes proliferation and differentiation in Hp-
deficient C57BL/6J mice (Huntoon et al., 2008). 
Serum amyloid A (SAA) shows more than 100-fold increase after any injury, which triggers 
off the APR (Petersen et al., 2004). SAA carries out several functions related with the 
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inflammatory response, just as cholesterol removal from the local site of inflammation and 
transport to hepatocytes; chemotaxis of monocytes, polymorphonuclear leukocytes and T 
cells; inhibitory effect on fever, oxidative burst, platelet activation and in vitro immune 
response (Ceciliani et al., 2002; Petersen et al., 2004). Secondary amyloidosis is triggered by a 
conformational change of SAA into an insoluble peptide, AA, which takes place when there 
is a marked high expression of SAA (Ceciliani et al., 2002). 
CRP was first discovered in the serum of patients which suffered a pneumococcal infection, 
as a substance which reacted with C polysaccharide (Petersen et al., 2004). In the acute phase 
response, CRP increases often more moderately than Hp or SAA, showing between 1 to 10 
times increase (Petersen et al., 2004). Although some authors consider CRP as a useful tool 
to differentiate between a bacterial or a viral infection, other authors could not detect such 
differences because of the individual variability (Petersen et al., 2004). CRP participates in 
the innate immune response removing bacteria and damaged cells by complement 
activation and opsonisation, activating monocyte/macrophage to inflammatory cytokines 
production, and preventing neutrophils migration (Ceciliani et al., 2002; Petersen et al., 
2004). Since CRP is a component of the innate response, it may be considered as an early 
bioindicator of health status in swine herds (Stevenson et al., 2006). 
This chapter will deal with the role of APPs in domestic animal species, as well as their role 
in animal welfare, in disease and in the evaluation of prophylactic and therapeutic 
strategies. 

2. Useful acute phase proteins in domestic animal species 
As mentioned above, APPs are classified as positive, moderate, minor or negative 
depending on either the enhancement or the decrease in their serum concentration during 
the APR (Petersen et al., 2004; Cray et al., 2009; Eckersall & Bell, 2010). The synthesis and 
role of APPs may differ depending on the animal species. In this sense, whereas an APP 
may act as a positive APP in one species, it may not suffer any change in other species, such 
as CRP in swine and in cattle, respectively (Table 1). 
 

Species Major APP Moderate APP Minor APP Negative APP 
Dog CRP, SAA AGP, Hp, Cp, Fb - Albumin, Tf 

Albumin, Tf 
Albumin 

Albumin, Apo A-I 
Albumin 
Albumin 

 
Albumin 

Cat AGP, SAA Hp - 
Horse SAA Hp, Fb - 
Swine  Pig-MAP, Hp, SAA AGP, CRP Fb 
Cattle Hp, SAA AGP, MAP Fb 
Sheep Hp, SAA AGP Fb, Cp 

Goat Hp, SAA Fb, ASG Cp 

CRP: C-reactive protein; SAA: serum amyloid A; AGP: α1-acid glycoprotein; Hp: haptoglobin; Cp: 
ceruloplasmin; Fb: fibrinogen; Tf: transferrin; Pig-MAP: pig major acute phase protein; Apo A-I: 
apoliprotein A-I; MAP: major acute phase protein; ASG: acid soluble glycoprotein. 

Table 1. Expression of APPs in different species according to their degree of importance. 

It is well established that albumin participates as a negative APP in most of the animal 
species. On the other hand, Hp and fibrinogen (Fb) are considered as positive APPs, 
although the enhancement shown by the former may be up to ten times higher than the one 



 
Acute Phase Proteins as Early Non-Specific Biomarkers of Human and Veterinary Diseases 

 

262 

observed by the latter. CRP is a really useful biomarker in human for monitoring the course 
of different clinical processes, and its measure is also of interest in swine and dog. 
Nonetheless, the serum concentration of CRP does not suffer big changes in the APR in 
bovine or in cat. Therefore, the selection of the appropriate APP for each species is of key 
importance. 

2.1 APPs of significance in small animals 
The APR is mounted in a similar way both in dogs and cats; however they show few 
differences with respect to the behaviour of some APPs. Whereas Hp, SAA, and α1-acid 
glycoprotein (AGP) are considered as positive APPs in both species, CRP acts as a positive 
APP in dogs but usually shows no changes in cats (Petersen et al., 2004; Cerón et al., 2005; 
Eckersall and Bell, 2010). In addition, Fb is a positive APP in dogs, but no information is 
available in cats (Petersen et al., 2004; Cerón et al., 2005). Finally, albumin participates as a 
negative APP in all mammalian species (Mackiewicz, 1997). 

2.1.1 Canine APPs 
In the dog the main APPs to consider are CRP and SAA, as positive APPs; AGP, Hp and 
ceruloplasmin (Cp), as moderate APPs; and albumin and transferrin, as negative APP 
(Petersen et al., 2004; Cerón et al., 2005) (Table 1). No age- or sex-related differences have 
been observed in the concentration of CRP for dogs (Yamamoto et al., 1994), however, adult 
dogs respond to inflammation with a higher enhancement in the concentration of both CRP 
and AGP than young animals do (Hayashi et al., 2001).  
The concentration of APPs has been reported to rise after several bacterial, viral or parasitic 
infections, in autoimmune disorders and in neoplasia (just as lymphoma) (Table 2). In this 
sense, the magnitude of the increase of different APPs has been reported as a valuable tool 
to monitor parvoviral (Kocaturk et al., 2010) and Erlichia canis (Rikihisa et al., 1994) 
infections. Moreover, a correlation has been observed between the levels of APPs and the 
remission of the autoimmune hemolytic anemia (Mitchell et al., 2009). Some studies have 
been focused on the role of APPs in the monitoring of mammary tumors in the bitch but the 
results are contradictory. In these reports, the changes observed in the concentration of 
APPs have been related mainly to the inflammation associated to the tumor (Planellas et al., 
2009; Tecles et al., 2009). 
In the same way, it is interesting to take into account that the measure of APPs may not be of 
help in several processes. Nakamura et al. (2008) performed a study to determine the role of 
CRP in different diseases, concluding that the measure of CRP was not useful in 
neurological and endocrine processes. 

2.1.2 Feline APPs 
The APR has not been thoroughly studied in cats. However some relevant data are available 
in the literature. AGP and SAA act as positive APPs in the APR in cats, whereas Hp 
participates as a moderate APP and albumin and transferring as negative APPs (Petersen et 
al., 2004; Cerón et al., 2005; Paltrinieri, 2008) (Table 1). No age-related differences have been 
observed in the concentration of APPs in cats (Campbell et al., 2004).  
Although scarce studies have been carried out to determine the role of APPs in feline 
species, there are several studies available concerning the role of APPs in feline infectious 
peritonitis (FIP) (Table 3). Thus, a persistent increase in the concentration of AGP, SAA and 
Hp has been reported in cats suffering from FIP (Giordano et al., 2004; Paltrinieri et al.,  
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Disorder Acute Phase 
Protein Reference  

Inflammation Acute pancreatitis 
Pyometra 
Polyarthritis 
Inflammatory bowel disease 
Rhinitis 
Surgery 

CRP 
CRP, Hp, SAA 

CRP 
CRP 

CRP, Hp 
CRP , Hp, Cp 

Nakamura et al., 2008 
Dabrowski et al., 2009 
Tvarijonaviciute et al., 2011 
Jergens at al., 2003 
Sheahan et al., 2010 
Serin & Ulutas, 2010 

Bacteria Bordetella bronchiseptica 
Escherichia coli 
Staphylococcus aureus 
Leptospira interrogans 

CRP 
CRP, SAA, Hp 
CRP, SAA, Hp 

CRP, Hp 

Yamamoto et al., 1994 
Dabrowski et al., 2009 
Dabrowski et al., 2009 
Mastrorilli et al., 2007 

Viruses Parvovirus CRP, SAA, AGP Yule et al., 1997 
Kocaturk et al., 2010 

Parasites Babesiosis 
 
Erlichia canis 
Leishmania infantum 
Trypanosomiasis 
Granulocytic anaplasmosis 

CRP, SAA, AGP
 

CRP, AGP 
CRP, Hp, Cp 

CRP, Hp 
CRP 

Lobetti et al., 2000; 
Matjako et al., 2007 
Rikihisa et al., 1994 
Martínez-Subiela et al., 2002 
Ndung’u et al., 1991 
Pantchev, 2010 

Neoplasia Round cell tumor (lymphoma)
Carcinoma 
Sarcoma 

CRP, AGP 
 

Ogilvie et al., 1993 
Mischke et al., 2007 
Nakamura et al., 2008 
Yuki et al., 2011 

Endocrine Cushing’s syndrome Hp, Fb Caldin et al., 2009 
Autoimmune  Autoimmune hemolytic 

anemia 
Rheumatoid arthritis 

CRP 
 

Cp 

Caspi et al., 1987 
 
Tecles et al., 2005 

CRP: C-reactive protein; Hp: haptoglobin; SAA: serum amyloid A; CP: ceruloplasmin; AGP: α1-acid 
glycoprotein. 

Table 2. Main canine disorders and specific APPs that play a significant role in each disease 
(modified from Cerón et al., 2005). 

2007b). Moreover, AGP has been shown to be useful in monitoring the early interferon 
(IFN) treatment of parvoviral infected cats (Paltrinieri et al., 2007a). SAA has been 
reported as a useful tool in the diagnosis, monitoring and treatment of feline pancreatitis 
(Tamamoto et al., 2009). An enhancement in the concentration of AGP and Hp has been 
observed in anemic cats suffering from pyothorax, abscesses or fat necrosis (Ottenjann et 
al., 2006). Some studies have been focused on the expression of APPs in cats with 
neoplasia, however, whereas some authors describe no changes in APPs concentration in 
cats with lymphoma (Correa et al., 2001) others show a significant increase of AGP or 
SAA in cats bearing carcinomas, sarcomas or round cell tumors (Selting et al., 2000; 
Tamamoto et al., 2008). 
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Disorder Acute Phase 
Protein Reference 

Inflammation Pancreatitis
Reactive amyloidosis 
Renal failure, FLUTD1 

Abscesses, pyothorax, fat 
necrosis 
Lipopolysaccharide 
Injury, liver disorders 
Surgery

SAA
AGP, SAA, Hp 

SAA 
AGP, Hp 

 
AGP, SAA, Hp 

SAA 
AGP, SAA, Hp

Tamamoto et al., 2008, 2009 
Kajikawa et al., 1999 
Sasaki et al., 2003 
Ottenjann et al., 1996 
 
Kajikawa et al., 1999 
Sasaki et al., 2003 
Kajikawa et al., 1999 

Bacteria Chlamydophila psittaci AGP Terwee et al., 1998 
Viruses Feline infectious peritonitis

 
 
Feline immunodeficiency 
Parvovirosis 
Feline calicivirus

AGP, SAA, Hp
 
 

AGP, Hp 
AGP 
AGP

Duthie et al., 1997 
Giordano et al., 2004 
Paltrinieri et al., 2007b 
Duthie et al., 1997 
Paltrinieri et al., 2007a 
Terwee et al., 1997 

Neoplasia Lymphoma
Malignant mesothelioma 
Carcinoma 
Sarcoma

SAA, AGP Selting et al., 2000 
Sasaki et al., 2003 
Tamamoto et al., 2008 

Endocrine Hyperthyroidism
Diabetes mellitus 

SAA Sasaki et al., 2003 
Tamamoto et al., 2008 

Autoimmune Autoimmune hemolytic 
anemia 
Polycystic disease 
Familial amyloidosis

SAA Paltrinieri, 2007 
 
Tamamoto et al., 2008 

1 FLUTD: Feline Low Urinary Tract Disease; SAA: serum amyloid A; AGP: α1-acid glycoprotein; Hp: 
haptoglobin. 

Table 3. Main APPs related with the diagnosis of feline disorders. 

2.2 APPs of significance in large animals 
In large animals, besides all the research carry out concerning the role of APPs in 
inflammatory and infectious disease, there is an intense ongoing investigation on the APR 
triggered off by the stress related to several conditions, such as transport, feeding or housing 
conditions. These studies are valuable in order to determine the animal welfare status of the 
herds in order to both improve the production and obtain products of higher quality. 

2.2.1 Equine APPs 
As in cats, there are just few studies concerning the role of APPs in horses. SAA is the main 
APP in equines participating in the APR as a major APP, whereas both Hp and Fb acts as 
moderate APPs. Similar to other mammalian species, albumin is considered as a negative 
APP (Cray et al., 2009; Eckersall & Bell, 2010) (Table 1). Attention must be paid to the age 
were the concentration of APPs is going to be measured. Thus, in the first week of life of the 
foal there is a physiological enhancement in the level of SAA, as well as in the mare just after 
foaling (Nunokawa et al., 1993; Paltrinieri et al., 1998). In addition, an increase of SAA is 
observed after vaccination (Andersen et al., 2011).  
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Disorder Acute Phase Protein Reference 
Inflammation Surgery 

Colic 
Non-infectious arthritis 
Infectious arthritis 
Laminitis 
Equine dysautonomia 

SAA, Fb 
SAA 

SAA, Hp, Fb 
SAA 
Hp 

Hp, Cp 

Jacobsen et al., 2009 
Vandenplas et al., 2005 
Hultén et al., 2002 
Jacobsen et al., 2006a; 2006b 
Petersen et al., 2004 
Milne et al., 1991 

Bacteria Escherichia coli 
(endometritis) 
Streptococcus zooepidemicus 
(bronchopneumonia) 
Septicemia 

SAA, Fb 
 

SAA 
 

SAA 

Mette et al., 2010 
 
Hobo et al., 2007 
 
Paltrinieri et al., 2008 

Viruses Equine Influenza SAA Hultén et al., 1999 

Stress Training Fb, Hp Fazio et al., 2010 
Others Early embrionary death 

Vaccination 
SAA, Hp 
SAA, Fb 

Krakowski et al., 2011 
Andersen et al., 2011 

AGP: α1-acid glycoprotein; SAA: serum amyloid A; Hp: haptoglobin. 

Table 4. Equine disorders and specific APPs for their diagnosis and monitoring. 

Changes in the concentration of SAA have been reported in horses in several conditions, 
just as non-septic arthritis, laminitis, colic, or influenza infection. Other conditions which 
may lead to an increase in the level of this and/or another APPs in horses are shown in 
Table 4. 
However, there are several conditions in which the use of APPs is not completely 
justified. In foals it is controversial if the measure of SAA may be a useful tool for the 
diagnosis of bronchopneumonia associated to Rhodococcus equi (Hultén & Demmers, 2002; 
Cohen et al., 2005). In addition, other plasmatic proteins, such as the plasma iron, have 
been reported to better reflect acute inflammation than do APPs (Borges et al., 2007). On 
the other hand, the levels of APPs are not affected by selenium dose or source (Calamari 
et al., 2010).  

2.2.2 Bovine APPs 
In bovines it is important to take into consideration that some APPs, just as CRP, are not 
useful tools to measure the APR. The major APPs in cattle are Hp and SAA, acting both 
AGP and major acute phase protein (MAP) as moderate APPs and Fb as a minor APP. 
Albumin participates in the APR as a negative responder (Petersen et al., 2004; Eckersall & 
Bell, 2010) (Table 1).  
There are several factors that may imply variations in the expression of APPs. In this sense, 
the breed of the animals has to be considered before carrying out an analysis since, for 
example, the Holsteins show a prolonged production of the AGP, which is only slightly 
elevated in the Sahiwals (Glass & Jensen, 2007). In another study, differences with respect to 
the level of Cp in both calves and cows were observed between Angus and Romosinuano 
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breeds in response to weaning and transportation (Qiu et al., 2007). Another factor to 
consider is the age of the animals, being increased the levels of the APPs at calving and 
reaching baseline values during the first 3 weeks of life (Orro et al., 2008). 
 

Disorder Acute Phase 
Protein Reference 

Inflammation Lameness
 
Postpartum 
 
 
Chronic respiratory disease 
Metritis 
 
 
LPS 
Clinical mastitis 
Subclinical mastitis 
Traumatic reticuloperitonitis 

Hp, SAA
 

Hp, SAA 
 
 

Hp, SAA 
Hp, SAA 

 
 

Hp, SAA 
Fb, Cp 

MAA, MHp, 
Fb 

SAA, Hp

Kujala et al., 2010; Smith et 
al., 2010 
Gabler et al., 2010; Humbledt 
et al., 2006 
Tóthová et al., 2010 
Huzzey et al., 2009; Chan et 
al., 2010 
Carroll et al., 2009 
Tabrizi et al., 2008 
Safi et al., 2008; Tabrizi et al., 
2008 
Nazifi et al., 2009a 

Bacteria Escherichia coli (mastitis)
Staphylococcus aureus (subclinial 
mastitis) 
Mannheimia haemolytica 
Pasteurella multocida 

SAA, Hp, LBP*
SAA, HP* 

 
SAA, Hp, Fb 

SAA, Hp, AGP

Suojala et al., 2008 
Eckersall et al., 2006 
 
Gånheim et al., 2003 
Dowling et al., 2004 

Viruses Bovine viral diarrhea virus
BRSV1 

Foot and mouth disease virus

SAA, Hp, Fb
SAA, Hp 

Hp

Gånheim et al., 2003 
Heegard et al., 2000 
Höfner et al., 1994 

Parasites Trypanosoma congolense
Theileria annulata 

SAA
SAA, Hp, Cp, 

Fb

Meade et al., 2009 
Nazifi et al., 2009b 

Stress Weaning
Housing 
Feeding (ruminal acidosis) 
Transport

Hp, Fb
Hp 

SAA, Hp, LBP
SAA, Hp

Lynch et al., 2010 
Lynch et al., 2010 
Khafipour et al., 2009 
Lomborg et al., 2008 

Other Fatty liver (F.l.)
F.l. + abomasal displacement

Hp
Hp, SAA

Katoh & Nakagawa, 1999 
Guzelbektes et al., 2010 

1BRSV: bovine respiratory syncytial virus; *All the three APPs increased both in milk and serum. Hp: 
haptoglobin; SAA: serum amyloid A; Cp: ceruloplasmin; Fb: fibrinogen; MAA: milk A amyloid; MHp: 
milk haptoglobin; LBP: lipopolysaccharide-binding protein; AGP: α1-acid glycoprotein. 

Table 5. Main APPs reported in different disorders in cattle useful for their diagnosis and/or 
monitoring. 

Several studies are available concerning the role of APPs in different disorders affecting 
bovine species (Table 5). Many of them are focused on the APR in mastitis, being interesting 
the higher concentration of Hp and LBP response triggered off in mastitis caused by gram 
negative bacteria than in those caused by gram positive bacteria (Wen et al., 2010). Some of 
these studies determine the differences between the concentration of APPs in serum and in 
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milk. As it could be expected in cases of mastitis, the concentration of APPs is much higher 
in milk than in serum (Tabrizi et al., 2008; Safi et al., 2009). 
Other studies are also focused on the changes experimented by APPs against different 
stressors or metabolic conditions, such as hepatic lipidosis (fatty liver) (Table 5). 

2.2.3 APPs in small ruminants 
The APR in small ruminants is poorly described. The different APPs may play a similar role 
both in sheep and goat but some differences have been reported. Hp and SAA are 
considered as major APPs and Cp as a minor APP in both ovine and caprine APRs. 
Nonetheless, Fb participates as a minor APP in sheep but as a moderate APP in goat. AGP 
and acid soluble glycoprotein (ASG) are also moderate APPs of the ovine and caprine APRs, 
respectively (Table 1). In both species the concentration of albumin diminishes after an 
appropriate stimulus (González et al., 2008; Cray et al., 2009). 
Most of the studies performed on sheep are focused on the role of APPs after several 
inflammatory stimuli, being carried out few studies concerning specific bacterial, viral or 
parasitic infections (Table 6). Some studies are focused on the expression of APPs against 
lentiviral infections, being observed a local expression of SAA (Sack & Zink, 1992) but no 
serum enhancement of Hp or  Fb concentrations (de la Concha et al., 2000). 
Few studies have been focused on the changes of APPs in milk secretions of sheep. Whereas 
SAA levels in milk may be useful for the diagnosis on subclinical mastitis in individual ewes 
further studies are needed to determine its usefulness from bulk milk (Winter et al., 2006). 
Interestingly, opposite to bovine, the changes in the concentration of SAA in ewes with 
mastitis experimentally induced by Staphylococcus epidermidis are observed earlier in serum 
than in milk (Winter et al., 2003). 
In goats the studies are rather limited than in sheep. The measure of APPs has been shown 
to not imply any advantage against the traditional markers observed for the diagnosis of 
pregnancy toxemia (González et al., 2011). Moreover, an increase of several APPs has been 
observed in the Alpine ibex with sarcoptic mange (Rahmann et al., 2010), which probably 
would act in the same way in domestic goats. 

2.2.4 Porcine APPs 
In swine there is an extensive literature available concerning the usefulness of APPs as a tool 
for monitoring both the health status of a herd as well as its welfare conditions. In pigs there 
are three major APPs, namely Hp, SAA and pig-major acute phase protein (Pig-MAP), 
whereas CRP and AGP are considered as moderate APPs and Fb as a minor APP (Petersen 
et al., 2004; Cray et al., 2009). Gender differences have been reported in swine exposed to 
stressors, being observed significantly higher concentrations of CRP and Hp in females than 
in males, although males tend to have higher Pig-MAP concentrations (Piñeiro M et al., 
2007). 
As it has just been said, APPs have been tested in pigs after exposure to stress (Salamano et 
al., 2008) and after natural (Chen et al., 2003; Parra et al., 2006) or experimental infections 
(Francisco et al., 1996; Asai et al., 1999; Magnusson et al., 1999; Knura-Deszczk et al., 2002; 
Van Gucht et al., 2005; Stevenson et al., 2006). Increased levels of different APPs have been 
reported in porcine viral and bacterial infections. The most significant of them are 
summarized in Table 7. As occurred in other species, inflammation or bacterial diseases 
trend to trigger off a more marked APR with a higher increase in the concentration of APPs 
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 Disorders in ovine Acute Phase 
Protein Reference 

Inflammation Peptidoglycan-polysaccharide 
Uterine involution 
Pneumonia 
Chronic pneumonia 
Subclinical mastitis 
Intrathoratic yeast inyection 
Surgery 
Castration 

Hp, SAA 
Hp 

Hp, Cp, Fb 
SAA 
SAA 

Hp, Cp, Fb 
Hp, Cp, Fb 

Hp 

Dow et al ., 2010 
Regassa & Noakes, 1999 
Pfeffer & Rogers, 1989 
Kingston et al., 1982 
Winter et al., 2006 
Pfeffer et al., 1993 

Pfeffer & Rogers, 1989 
Paull et al., 2009 

Bacteria Corynebacterium 
pseudotuberculosis 
Mannheimia haemolytica 
Staphylococcus epidermidis 
(mastitis) 

Hp, SAA, AGP 
 

Hp, SAA, CRP, Cp
SAA 

Pépin et al., 1991; 
Eckersall et al., 2007 

Ulutas & Ozpinar, 2006 
Winter et al., 2003 

Viruses Lentivirus SAA Sack & Zink, 1992 

Parasites Myasis SAA, Hp, Fb Colditz et al.,  2001; 
O’meara et al., 1995 

Stress Feeding SAA Eckersall et al., 2008 
Other Mulesing 

Carprofen + mulesing 
NSAIDs + mulesing 
Vaccination 

Hp, SAA, Fb 
Hp 
Hp 

Hp, SAA 

Lepherd et al., 2011 
Colditz et al., 2009 
Paull et al., 2008 

Eckersall et al., 2008 
 

Disorders in goats Acute Phase 
Protein Reference 

Inflammation Pregnancy toxemia 
Turpentine oil 

Hp 
Hp, SAA, ASG, Fb

González et al., 2011 
González et al., 2008 

Viruses Lentivirus SAA Sack & Zink, 1992 

Parasites Sarcoptes scabiei 
Trichuris spp. + 
Trichostrongylidae spp. + Fasciola 
spp. 

SAA, AGP, Hp, Cp
SAA, Hp 

Rahmann et al., 2010 
Ulutaş et al., 2008 

Hp: haptoglobin; SAA: serum amyloid A; Cp: ceruloplasmin; Fb: fibrinogen; AGP: α1-acid glycoprotein; 
CRP: C-reactive protein; ASG: acid soluble glycoprotein. 

Table 6. Main APPs reported in different disorders in small ruminants. 

than viral infections, however, the infection with specific porcine viruses such as porcine 
circovirus type 2 induces an enhancement in APPs comparable to the one observed in 
inflammation or Mycoplasma hyopneumoniae infection (Parra et al., 2006). 
Recently, an interesting paper regarding the role of APPs in the diagnosis of infectious 
diseases in pigs has been published. In this paper the authors demonstrate specific 
combinations of APPs which may help to the diagnosis of porcine infectious diseases better 
than the analysis of individual APPs (Heegard et al., 2011). 
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Disorder Acute Phase 
Protein Reference 

Inflammation Lipopolysaccharide 
Surgery 

 
CRP, Hp 

Dritz et al., 1996 
Hernandez-Richter et al., 
2001 

Bacteria Actinobacillus 
pleuropneumoniae 
Mycoplasma hyopneumoniae 
Streptococcus suis 
Bordetella bornchiseptica +  
Pasteurella multocida type D 
Mycoplasma hyorhinis 
Brachyspira hyodysenteriae 

 
SAA, CRP 

Pig-MAP, Hp, CRP
SAA, CRP 

 
Hp 
Hp 

SAA, Hp 

 
Skovgaard et al., 2009 
Parra et al., 2006 
Sorensen et al., 2009 
Francisco et al., 1996 
Magnusson et al., 1999 
Jacobson et al., 2004 

Viruses PRRS1 

PCV22 

Influenza 
Aujeszky 

Pig-MAP, Hp 
Pig-MAP, Hp 

Hp, CRP 
Hp 

Gómez-Laguna et al., 2010a 
Grau-Roma et al., 2009 
Barbé et al., 2011 
Parra et al., 2006 

Parasites Toxoplasma gondii Hp Jungersen et al., 1999 
Stress Transportation 

Housing 
Slaughter 

Pig-MAP, Hp 
Hp, CRP 

SAA, CRP, Pig-
MAP, Hp 

Piñeiro et al., 2007 
Salamano et al., 2008 
Piñeiro M et al., 2007 

Others Gestation Fb Sorrels et al., 2007 
1PRRS: porcine reproductive and respiratory síndrome; 2PCV2: porcine circovirus type 2; CRP: C-
reactive protein; Hp: haptoglobin; SAA: serum amyloid A; Pig-MAP: pig-major acute phase protein; Fb: 
fibrinogen. 

Table 7. Main conditions and APPs increased in the early response in pigs. 

Although several studies are being conducted to determine the welfare status of several 
potential stressors in pigs, just as transportation, housing conditions, feeding or slaughter, a 
lack of an evident APR is reported in some investigations (Johnson et al., 2008; Weber et al., 
2008). In the Table 7 appear some conditions which may evoke an increase in APPs. 

3. Acute phase proteins as biomarkers of animal welfare 
Stress is considered to be the most important factor to control on animal welfare. Hans Selye 
was the first author to introduce the concept of stress in 1936, as the non-specific response of 
the body to external challenges such as pathogens or a harsh physical environment (Selye, 
1998). Nowadays in the animal production systems some aspects related to the housing and 
feeding system, changes in diet and transportation are considered as causes of stress, which 
compromise the welfare of animals (Broom & Johnson, 1993). Also, stress causes a risk in the 
animal homeostasis which results in an inflammatory response leading to 
immunosupression. This immunosupression favors the appearance of diseases such as 
shipping fever of feedlot cattle and Glasser’s disease in pigs. Additionally, poor welfare may 
conduct to losses in performance and meat quality. Recently, the population has a 
significant and increasing concern for animal welfare where consumers prefer to pay higher 
prices for those products whose quality is guaranteed.  
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Animal welfare can be measured by different parameters such us mortality in the herd, 
presence of injuries, behavioral assessment, plasma glucocorticoid concentrations and heart 
rate (Broom & Johnson, 1993). Nonetheless, a high number of measured factors should be done 
to establish a reliable evaluation (Grandin, 1997). Different studies have shown that APPs are 
a useful tool in the assessment of animal welfare (Eckersall, 2000; Murata et al., 2004). With the 
measure of APPs, a rapid diagnosis can be made before the behavioral signs appear, as a result 
an effective treatment can be performed in order to solve losses in performance.  
Firstly, it is definitely important to know the baseline APPs concentrations in healthy 
animals just to establish the reference ranges for the proteins. Different studies (Heegaard et 
al., 1998; Petersen et al., 2002; Campbell et al., 2005; Carpintero et al., 2005; Martín et al., 
2005; Clapperton et al., 2007; Piñeiro et al., 2007, 2009) have determined the baseline ranges 
of APPs in pigs, these results were summarized by Diack et al. (2011). 
There is no agreement if the age of the animal can modify the baseline levels of APPs. Thus, 
Piñeiro C et al. (personal communication) pointed to not changes in APPs values, whereas 
Alsemgeest et al. (1993, 1995) and Orro et al. (2008) showed significant differences 
depending on the age in calves. Also, there were significant differences between genetic 
lines for CRP, Pig-MAP and transthyretin in pigs, the same finding was reported by Frank et 
al. (2005), Shutterland et al. (2006), and Clapperton et al. (2005, 2007). These results highlight 
that APPs concentrations should be adjusted for factors such as age, sex, genetic line or 
individual herds, being needed the determination of a reference range which allow a reliable 
use of APPs measurement. Even, it has been reported that the same stressor can cause 
differences among animals (Von Borell, 1995).      
Recently, some authors have shown that it is more significant to study the correlation 
between two APPs than the changes of the level of only one APP following a stressful 
situation. In this sense, significant correlations have been found between Hp and CRP 
(Diack et al., 2011), between Hp and Pig-MAP (Clapperton et al., 2007; Diack et al., 2011) and 
between CRP and Pig-MAP (Diack et al., 2011) in pigs. 

3.1 APPs and welfare in small animals 
Dogs and cats also experience changes in their homeostasis due to stressors (Eckersall, 2000). 
Although it has not been reported any article about the behaviour of APPs in dogs and cats, 
cortisol levels have been reported to increase when dogs are introduced to novel kennels 
(Rooney et al., 2007) and where cats are maintained in non-enrichment shelter (McCobb et 
al., 2005). Knowing that APPs are sensitive biomarkers of welfare, it may be possible that an 
increase in APP concentration occurs after these conditions. 
As a conclusion, not only transportation but also the stress of adapting to new environment 
comprising feeding, housing and different stock densities may cause an enhancement in 
APP concentration levels. Thus, the measure of APPs results in a useful parameter in order 
to assess animal’s welfare, particularly in farm animals where the analysis of APPs could 
help to assess if the new automation machines are according to welfare conditions or in 
contrast are a cause of stress in animals and taking into account that a decrease in the APPs 
levels can express an adaptation to the stressful situation. 

3.2 APPs and welfare in large animals 
3.2.1 Bovine APPs of importance in stress and welfare 
The majority of studies concerning to APPs performed in this species suffer from baseline 
ranges which allowed to compare the experimental results with the healthy situation. 
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Indeed, the absence of some control animals in the experiments carried out in matter of 
transportation and mixing animals, does not allow having a clear understanding of the APP 
behaviour. However, it is important to highlight that SAA suggests being the better APP to 
determine changes in weaning, feeding and housing systems in cattle.  
Conner et al. (1988) described the increase of APPs in response to stress stimuli in calves. Table 
8 summarized the studies performed in different possible stressful situations in this species. 
 

Conditions Acute Phase Proteins Reference 

3 hours transport after weaning ↑SAA, Fb, Cp Arthington et al., 
2003 

Road and sea transport NC Hp, Fb Earley & Murray, 
2010 

Mixing animals NC Fb, Cp, AGP Arthington et al., 
2003 

Dietary differences on diet NC Hp, Fb, SAA Berry et al., 2004 

Different housing and feeding systems ↑SAA 
NC Hp Saco et al., 2008 

Housing (different number of heifers 
per concentrate feeding place) ↑Hp González et al., 2008 

Housing (different types of floor) ↑SAA 
NC Hp 

Alsemgeest et al., 
1995 

Parturition ↑SAA, Hp, AGP, LPS Orro et al., 2008 

↑: increased expression; NC: no change in expression; SAA: serum amyloid A; Fb: fibrinogen; Cp: 
ceruloplasmin; Hp: haptoglobin; AGP: α1-acid glycoprotein; LPS: lipopolysaccharide. 

Table 8. APPs levels depend on the studied stressor. 

Regarding transportation, Arthington et al. (2003) showed changes in APPs levels, these 
changes were transient and not significantly altered. Also, the absence of a weaning control 
does not allow establishing a solid conclusion. 
In cattle, it has been reported that competition for food can result in poor welfare and 
production losses (Miller & Wood-Gush, 1991). The results showed that the energy level of 
the diet does not induce changes in APP concentrations. The genetics background has also 
proven to be important in cows, where SAA levels showed an increase in semi-feral cows in 
comparison with feed type selected breed.  
SAA was the main protein enhanced depending on the housing system, this major APP in 
cattle may be a better biomarker of the health status.  
The results found in bibliography about parturition are controversial. Nonetheless, 
concentrations of APPs were higher in those calves which needed the use of forceful 
extraction, so we conclude that parturition increases the levels of APPs. 

3.2.2 APPs of importance in small ruminants stress and welfare 
The number of studies about welfare and APPs in this species of animals is scarce. In ewes, 
it has been reported that sheep which were transported for 30 and 48 hours, exhibit greater 
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total plasma protein concentrations than those transported for 12 hours. Hp and albumin 
were considered within the total plasma protein levels (Fisher et al., 2010). More studies 
should be performed in this topic in order to assess the use of APPs as biomarkers of welfare 
in sheep and goats. 

3.2.3 Porcine APPs of importance in stress and welfare 
Pigs belong to the species in which more studies have been carried out regarding animal 
welfare. In fact, there is a tight European Union Legislation which regulates the conditions 
of raising animals to assess the well-being.  
 

Condition Acute Phase Proteins Reference 

Average time transport (24h) + 
poor transport conditions ↑ Pig-MAP, Hp Saco et al., 2003 

Piñeiro M  et al., 2007 

Long time transport (48h) + great 
transport conditions ↑Pig-MAP Saco et al., 2003 

Piñeiro M  et al., 2007 

Short time transport (6-12h) + 
commercial conditions 

↑Pig-MAP, Hp, CRP, SAA
↓Apo A-I 

Saco et al., 2003 
Piñeiro M  et al., 2007 

Long time transport + 
management and new 
accommodation 

↑Pig-MAP, Hp, CRP Salamano et al., 2008 

Changes in pattern of food 
↑Pig-MAP, Hp, CRP 

(males) 
↓Apo A-I (males) 

Piñeiro C et al., 2007 

Organic versus conventional food NC Hp Millet et al., 2005 

Housing (gestation crates) NC Hp, Fb, AGP Sorrels et al., 2007 

Group versus cages NC Pig-MAP Rodríguez-Gómez et al., 
(unpublished data) 

Organic versus conventional 
housing ↑Hp Millet et al., 2005 

Different stock densities housing ↑Pig-MAP 
NC Hp, CRP, Apo A-I 

 
Marco-Ramell et al., 2011 

↑: increased expression; ↓: decrease expression; NC: no change in expression; Pig-Map: pig-major 
acute phase protein; Hp: haptoglobin; CRP: C-reactive protein; SAA: serum amyloid A; Apo A-I: 
apoliprotein A-I; Fb: fibrinogen; AGP: α1-acid glycoprotein. 

Table 9. APPs changes depend on the stressful condition studied. 

Different studies have shown that shipment of animals can result in an APP response 
related to the stress of transportation. Stress in transportation can affect meat quality and as 
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a result, the value of the commercial product (Warris, 1998, 2003). Table 9 summarizes the 
different studies performed according to the stressful condition studied. In general, APP 
levels are extremely sensitive to shipment in pigs. Although all major APPs experience 
changes in their levels, the variation in Pig-MAP and Hp concentrations were constant in the 
different situations. Apoliprotein A-I (Apo A-I), as a negative APP, was a good biomarker 
too (Saco et al., 2003; Piñeiro M et al., 2007). APP levels not only were increased after the trip 
but also as a result of the adaptation to the unfamiliar accommodation, handling procedures 
and mixing of the animals (Salamano et al., 2008). 
The appearance of gastric ulcer is related to stress conditions such as poor management and 
changes in feeding. This damage leads to huge economical losses in porcine industry. In one 
study, feeding changes were transient and only in males, possibly due to a higher 
manifestation of behavior, where the fight, dominance and competition for the food 
between males are more evident than in females (Piñeiro C et al., 2007). Also, the 
implementation of organic food did not show any advantage with respect to conventional 
food (Millet et al., 2005).   
Other controversial topic which is in constant study is the type of gestation crates used 
during gestation in pigs. It is well-known that stress related to gestation can result in weird 
behaviour to the offspring and disturbances in the immune response leading to higher 
susceptibility to diseases (Eicher & Burton, 2005). In the majority of the studies performed, 
no changes were found in APP levels. Only Hp and Pig-MAP proteins altered their 
concentrations as a result of changes in housing or stock densities housing, respectively. It 
should be expected that changes between organic versus conventional housing are more 
patent due to the intention to reproduce natural conditions. However, these results should 
be interpreted carefully due to some important stressors were not taken into account. 
In summary, Pig-MAP and Hp should be considered the best biomarkers of welfare in pig 
production due to that their analysis can reflect a stressful situation. 

4. Disease and acute phase proteins 
The discovery of new biomarkers which allow the clinical monitoring of different diseases is 
nowadays encouraged in order to improve the treatment and therapeutics in each phase of 
the disease. Therefore, the use of APPs in diagnosis and their application in monitoring of 
treatments is considered as one of the most interesting applications of these proteins. In this 
sense, APPs have been widely used in human medicine as biomarkers of inflammation, 
infection or trauma; however, their use in veterinary medicine is more recent. Thus, a 
significant progress has been made in the detection, measurement and application of APPs 
as biomarkers in both companion and farm animals over recent years. 
The monitoring of two or more APPs is highly valuable in different diseases as each APP 
may display a different kinetic after the infection or trauma in the animal (Eckersall, 2000). 
This information may be of interest to evaluate the progress of the disease and may help in 
the prognosis of the animal or herd health. 

4.1 Disease and APPs in small animals 
4.1.1 Disease and APPs in dogs 
CRP, SAA, Hp and/or AGP are the main APPs in dogs which may show changes after 
different infectious diseases, inflammation or other disorders, just as neoplasia (Table 2). For 
example, an increase of CRP has been observed in parvovirus infection, and in this disease 
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the magnitude of the increase in APPs could be a useful indicator of the prognosis, being 
CRP a potent predictor of mortality due to this process (Kocaturk et al., 2010). 
High levels of CRP have been related to the onset of sepsis in several disease models in 
dogs. Thus, the marked increased of CRP reported in dogs infected by canine parvovirus 
type 2 were due to the appearance of sepsis in these animals (Kocaturk et al., 2010). In fact, 
the levels reported in this study were similar to those observed previously in dogs with 
septic processes (Caldin et al., 2009), and deal with the knowledge that usually bacterial 
infections elicit a much higher APR than viral infections do (Gruys et al., 2005). However, in 
the previous study (Kocaturk et al., 2010) the use of CRP was evaluated as diagnostic tool 
for differentiation of survivors versus non survivors displaying a high sensitivity (91%) but 
a low specificity (61%). For these reasons, the role of CRP as useful marker of sepsis in dogs 
although indicative of a septic disease remains still controversial. 
Serum levels of SAA have been used in the monitoring of responses to treatments as 
hyperadrenocorticism treatment (Arteaga et al., 2010) or possible complications in 
postoperative periods as after surgery because of pyometra (Dabrowski et al., 2009). Due to 
the particular sensitivity of Hp to effects of corticoid in the dog, elevated concentrations of 
Hp are found after corticosteroids treatments or in cases of hyperadrenocorticism so this 
protein could be used as a method of screening for canine hyperadrenocorticism but not in 
monitoring of inflammation because of steroid treatments could interfere with results 
interpretation (Arteaga et al., 2010; Eckersall & Bell 2010).   
In dogs with a fracture or subjected to percutaneous gastrostomy, serum CRP and AGP 
levels correlated with the condition of the dogs and may be useful in routine testing for 
inflammation, in preclinical studies and in veterinary clinical biochemistry (Hayashi et al., 
2001). 
Changes in CRP and Hp have been reported in dogs with lymphatic neoplasia (Mischke et 
al., 2007). Dogs with mammary neoplasia have high CRP, SAA and Hp levels but the 
increased concentrations of APPs could be stimulated by different factors, such as 
metastasis, large size of the primary mass and ulceration or secondary inflammation of the 
neoplasm (Planellas et al., 2009; Tecles et al., 2009). Serum levels of these APPs are of use in 
the diagnosis and management of steroid responsive meningitis-arteritis (SRMA), 
particularly in relation to identifying relapse (Lowrie et al., 2009). Dog with gastric mucosa 
injury present elevated serum CRP, SAA and Hp levels and may be potentially useful 
together with gastroscopy in the diagnosis and monitoring of gastric injury (Bayramli & 
Ulutas, 2008). 

4.1.2 Disease and APPs in felines 
Feline serum SAA, AGP and/or Hp levels increase in infectious diseases, such as feline 
infectious peritonitis (FIP), and others inflammatory conditions (Table 3). The serum 
concentration of SAA may be also a useful marker for evaluating response to treatment and 
disease exacerbation in feline pancreatitis (Tamamoto et al., 2009).  
Elevated concentrations of AGP have been also found in serum of cats with lymphoma 
although did not provide useful information regarding response or survival of affected 
animals (Correa et al., 2001). 
Increased levels of Hp have been seen in cats affected by FIP (Giordano et al., 2004). In cats 
experimentally inoculated with feline infectious peritonitis virus Hp levels increased very 
early and then slight decreased, but two weeks after experimental induction of the disease 
increased concentrations were found again (Stodddart et al 1988). Besides Hp, increased 
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levels of AGP have also been reported in cats suffering from FIP, as it has been mentioned 
above. AGP may trigger several functions related with the regulation of the immune 
response. In this sense, the sialic acid content has been associated to the defensive functions 
proposed for AGP, favoring the competition of AGP for cell surface receptors, blocking the 
binding and the invasion of infectious agents (Ceciliani et al., 2004). Interestingly, it has been 
postulated that the enhancement in AGP concentrations observed in FIP may play a 
significant role in the immunopathogenesis of the disease. As stated before, AGP and its 
glycosylation pattern are associated with resistance or susceptibility to some viral diseases 
(Rabehi et al 1995). Furthermore, a hyposialylitation of feline AGP has been reported in cats 
with FIP (Ceciliani et al 2004). Following these results, Paltrinieri et al. (2007c) hypothesized 
that cats with endemic FCoV infection respond to increased viral burden by increasing the 
production of AGP and only cats with hyposialylated AGP have persistently increased AGP 
levels and develop FIP. 

4.2 Disease and APPs in large animals 
4.2.1 Disease and APPs in equines 
The measurement of APPs has potential use in the study of inflammatory disorders in 
equine medicine (Crisman et al., 2008). Increased serum concentrations of SAA have been 
found in horses affected by arthritis and a local synthesis of this protein has also been 
reported in the inflamed joint (Jacobsen et al., 2006a). Synovial fluid SAA concentration 
seems to be a good marker of infectious arthritis and present advantages as ease and speed 
of measurement and the fact that concentrations in synovial fluid were not influenced by 
repeated arthrocentesis in healthy horses (Jacobsen et al., 2006b). High levels of SAA in 
serum and an increased expression in endometrium have been reported in mares with 
experimentally induced endometritis (Mette et al., 2010). The serum concentration of SAA 
has demonstrated its utility for identification of the clinical condition of horses with 
bacterial pneumonia (Hobo et al., 2007). Horses with enteritis or colitis and conditions 
characterized by chronic inflammation (e.g. abdominal abscesses, peritonitis, or rectal tears) 
had SAA concentrations significantly greater than those for horses with other conditions so 
evaluation of SAA concentrations may be of use in identifying horses with colic attributable 
to diseases that have inflammation as a primary component of pathogenesis (Vandenplas et 
al., 2005). 
In foals, increased concentrations of SAA have been found in septicaemic animals 
(Paltrinieri et al., 2008) and has been observed that foals with a strong suspicion of sepsis 
have significantly higher concentrations of SAA than compromised foals with non-
infectious inflammatory disease (Duggan, 2008). The measurement of SAA could be a useful 
tool in the early diagnosis of neonatal septicaemia (Paltrinieri et al., 2008). 
Surgical trauma produces an acute phase response and elective and non-elective surgery 
induces an increase in the serum levels of SAA (Pollock et al., 2005). The concentration of 
SAA have shown to reflect the intensity of the surgical trauma and  may be useful for 
comparing surgical trauma associated with novel versus well-established surgical 
techniques (Jacobsen et al., 2009). 
Elevated serum Hp levels have been reported in processes such as experimental aseptic 
arthritis, experimental local aseptic inflammation, experimentally induced noninfectious 
laminitis, grass sickness (equine dysautonomia) or castration (Petersen et al., 2004) (Table 
4).  
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4.2.2 Disease and APPs in cattle 
In ruminants, the acute phase response is different from other species since Hp is considered 
as a major APP (Eckersall & Bell 2010). Hp serum levels have been found increased in 
several inflammatory diseases such as endometritis, pneumonia, enteritis, peritonitis, 
mastitis and endocarditis (Murata et al., 2004; Petersen et al., 2004) (Table 5). In the case of 
metritis Hp values may assist in the early detection of the disease, providing increased 
opportunities for early treatment and prevention (Huzzey et al., 2009). Lameness due to 
claw disorders can be associated with a systemic acute phase response and elevated serum 
Hp in dairy cattle and the values of this protein can be used for monitoring the effectiveness 
of different treatments (Smith et al., 2010). In lame cows as a result of hoof disease increased 
concentrations of serum SAA were found while Hp values did not increased significantly 
what could mean that a greater stimulation associated with inflammation is needed for 
serum haptoglobin to increase (Kujala et al., 2010).  
The serum values of SAA seem to be more sensitive marker for acute inflammation than Hp 
values (Horadagoda et al., 1999). In calves with chronic respiratory diseases elevated 
concentrations of Hp and SAA were found, and were significantly higher in dead or 
euthanized calves compared with calves in improved health status during therapy, so their 
evaluation could be useful in the determination of prognosis of the respiratory disease 
(Tóthová et al., 2010). In the case of viral pneumonias, the concentration of both proteins are 
elevated but the magnitude and duration of the Hp response was found to correlate well with 
the severity of clinical signs (fever) and with the extent of lung consolidation while SAA 
responded most rapidly to infection, so this last protein seems to be a more sensitive marker 
for viral pneumonia (Heegaard et al., 2000). In experimental infection with Mannheimia 
haemolytica, SAA was found to be more rapidly induced than Hp (Horadagoda et al.,1994), but 
in field cases, Hp produce a bigger and more prolonged response giving rise to its higher 
sensitivity in detecting disease (Angen et al., 2009). 
The serum concentrations of Hp and SAA are increased in cases of mastitis (Gerardi et al., 
2009; Petersen et al., 2004; Safi et al., 2009). In animals suffering from this disorder, the levels 
of these proteins have been also measured in milk. Hp levels in milk in cows affected by 
clinical mastitis were higher in cows with moderate to severe versus mild systemic disease 
(Wenz et al., 2010). In a study carried out by Safi et al. (2009) in Holstein cows from 7 
different dairy farms the levels of Hp and amyloid A were measured in milk (AAM) and 
serum in order to evaluate the use and compare the accuracy of both APPs in these 
specimens for the diagnosis of subclinical mastitis based on bacterial culture results and 
with comparison with the California mastitis test (CMT) and somatic cell counts (SCC). The 
results of the study showed that the bacteria most found in the cases of subclinical mastitis 
were Streptococcus agalactiae and Staphylococcus aureus and the most accurate test for the 
diagnosis was AAM followed by CMT, SCC, HP in milk, SAA in serum and Hp in serum. 
Therefore test on milk generally were more accurate than test in serum in the diagnosis of 
subclinical mastitis. In another study carried out by Gerardi et al. (2009) about the use of 
SAA and AAM for the diagnosis of subclinical mastitis, the levels of AAM measured with a 
milk ELISA kit were significantly different between cows with subclinical and clinical 
mastitis and resulted to be a better tool for distinguishing subclinical from clinical mastitis 
than AAM measured with a serum ELISA kit. The results of this study also showed that the 
measurement of AAM could allow the identification of subclinical mastitis in equal or 
higher measure than SCC so the control of AAM and SAA on dairy farms could reduce both 
the laboratory costs and the time required for milk analysis.  
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Serum levels of Hp and SAA have been measured in cows with left displaced abomasum, 
right displaced abomasum or abomasal volvulus and the values were most strongly 
associated with liver fat percentage than with the alteration in abomasums so an increase in 
SAA or Hp may indicate the presence of hepatic lipidosis in cattle with abomasal 
displacement (Guzelbektes et al., 2010) 
AGP is considered as moderate APP in cow. Elevated serum levels of this protein have been 
reported in cows with respiratory disease (Nikunen et al., 2007). In experimental infections 
with Pasteurella multocida increases in the concentrations of AGP have been found to be more 
gradual and to remain elevated for longer than those observed for SAA or Hp (Dowling et 
al., 2002). Elevated serum levels of AGP have been also reported in animals with mastitis 
(Eckersall et al., 2001). 
CRP serum levels have shown their utility as a marker or tool for evaluating the health 
status of a herd and could also be considered as useful criteria to assess the stress levels as 
well as in early surveillance of disease conditions in a dairy herd (Lee et al., 2003). 
Another utility of APPs could be the assessment of animal health and welfare as an aid to 
meat inspections (Eckersall & Bell, 2010). Hp and SAA serum concentrations al slaughter 
have been found increased in cows with infectious and metabolic diseases compared to 
animal with minor lesions and animal with acute lesions compared with healthy animals 
(Hirvonen et al., 1997; Tourlomousis et al., 2004). 

4.2.3 Disease and APPs in small ruminants 
In goats, Hp and SAA can be considered as major APPs, while ASG and Fb can be 
considered as moderate (Table 1). Increase in Hp, SAA, ASG, and Fb serum concentrations 
have been found after inducing an inflammatory response by subcutaneous injection of 
turpentine oil (González et al., 2008). Elevated serum levels of Hp have been reported in 
experimentally induced pregnancy toxemia in goats (González et al., 2011) (Table 6).  
In sheep, serum Hp seems to be useful as a marker for the presence of bacterial infection 
(Skinner & Roberts, 1994). Serum Hp, SAA and AGP were increased in an experimental 
model of caseous lymphadenitis, suggesting the results that AGP could have a role as a 
marker for chronic conditions in sheep (Eckersall et al., 2007). Increased serum CRP, Hp, Cp 
and Fb levels have been reported in animals infected with M. haemolytica (Ulutas & Ozpinar, 
2006) (Table 6). 

4.2.4 Disease and APPs in swine 
Increased serum levels of APPs have been reported in pigs experimentally and naturally 
infected with different virus and bacteria. Hp, CRP, SAA and Pig-MAP increased serum 
levels have been recently reported in pigs experimentally infected with porcine reproductive 
and respiratory syndrome virus (PRRSV) by our research group (Gómez-Laguna et al., 
2010b). In this study we found an increase at 10 days post inoculation (dpi) in the serum 
levels of Hp and Pig-MAP. The serum levels of CRP and SAA showed a delayed increase at 
17 dpi, being this last APP which reached the highest increase. The increase in the serum 
concentrations of Hp coincided with the highest titer of viraemia and a light enhancement in 
the levels of IL-6 and TNF-α, and might be related with and increased expression of IL-10. 
CRP participates in the complement activation and opsonization, and induces cytokine 
production by macrophages, whereas SAA is chemotactic for monocytes, T cells and 
polymorphonuclear, so the delayed increased expression found in both APPs may 
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contribute to the establishment of an impaired non-efficient host-immune response. The 
result of our study suggested a modulation of the immune response by the enhanced 
expression of Hp, and the poor or/and delayed expression of TNF-α, CRP and SAA making 
feasible a prolonged viraemia and an inefficient PRRSV clearance. Another study carried out 
by our research group showed that the  values of Hp and CRP in saliva and meat juice 
showed a similar kinetic than in serum in PRRSV-infected animals, so these samples could 
serve as complementary or alternative biomarkers in this disease (Gómez-Laguna et al., 
2010a). The serum levels of these proteins are also increased in swine influenza virus (SIV) 
experimentally infected animals (Barbé et al., 2011). In pigs experimentally infected with 
classical swine fever and African swine fever viruses the serum concentrations of Hp, CRP 
and SAA were increased, being the levels of this last protein what more increase presented 
in the animals infected by both viruses (Sánchez-Cordón et al., 2007). 
In animals naturally infected by PRRSV serum levels of Hp, CRP and SAA were found 
increased but not Pig-MAP concentrations. This APPs did not present any change when 
compared with Specific Pathogen Free (SPF) pigs taken as controls. In animals affected with 
Aujeszky's disease virus (ADV) only Hp showed increased levels, whereas pigs with porcine 
circovirus type 2 (PCV2) showed marked modifications in all APPs tested. The increases in the 
concentrations of APPs were higher in animals with clinical signs and concurrent bacterial 
processes (Parra et al., 2006). In a study in farms with animals clinically affected by 
Postweaning Multisystemic Wasting Syndrome (PMWS) caused by PCV2, the serum levels of 
Hp and Pig-MAP correlate with PCV2 viremia and the clinical course of the disease, 
concluding that Pig-MAP, in the conditions of this study, was better indicator of the PMWS 
status than Hp (Grau-Roma et al., 2009). In another study in farms affected by PMWS the 
increase in the viral load did not induce any SAA response (Wallgren et al., 2009). 
In pigs experimentally infected by Streptococcus suis showed increased serum concentrations 
of Hp, CRP, SAA and Pig-MAP (Sorensen et al., 2006). In an experimental infection with 
Actinobacillus pleuropneumoniae increased serum levels of CRP and SAA were found but 
extrahepatic expression of these two proteins and of Hp and Pig-MAP was also detected in 
peripheral lymphoid tissues by PCR (Skovgaard et al., 2009). Extrahepatic presence of Hp 
has been also detected in lung by immunohistochemistry (Hiss et al., 2008). In field cases of 
enzootic pneumonia (EP) caused by Mycoplasma hyopneumoniae elevated serum levels of Hp, 
CRP, SAA and Pig-MAP have been reported (Parra et al., 2006) (Table 7). 
In slaughter-aged pigs, the serum levels of Pig-MAP resulted to be more sensitive marker 
than Hp to differentiate animals suffering of pleuritis and cranio-ventral pulmonary 
consolidations (Saco et al., 2010). In a study carried out at slaughter by our research group 
serum levels of Hp and CRP in apparently healthy pigs were significantly higher in 
animals with lesions than those without lesions. In this same study was found that the 
extent and severity of lung lesions were related to serum levels of Hp (Pallarés et al., 
2008). In another study the findings indicative of lesions compatible with enzootic 
pneumonia were associated with increased serum Hp at slaughter (Amory et al., 2004). In 
pigs with carcass condemnations due to abscesses increased serum APPs have been also 
reported (Heinonen et al., 2010). The use of APPs in finishing pigs just before sacrifice 
could provide information to the veterinary inspector about the possible appearance of 
lesions in these pigs and could serve as a tool to the meat industry to differentiate pigs 
with different health status that probably will match with different quality of carcasses 
(Pallarés et al., 2008).   
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5. Conclusion: APP in the evaluation of prophylaxis and therapeutic 
strategies  
APPs may act as biomarkers of inflammation allowing us to study the progression of the 
inflammatory response which is evoked during the acute phase of several diseases. The 
application of different therapeutic agents should diminish the intensity and the length of 
the inflammation and, therefore, the APR. Monitoring diseases and their treatments by 
means of APPs, may allow us to determine the efficiency and efficacy of a specific treatment. 
In this sense, Arteaga et al. (2010) monitored the response of canine hyperadrenocorticism to 
trilostane, and concluded that whereas only Hp (together with cholesterol and alkaline 
phosphatase) give some information about the control of the disease, no information was 
obtained from SAA or CRP, despite the former also decreased after the treatment. On the 
other hand, CRP represents an interesting parameter to measure in other processes, just as 
in canine lymphoma, where a significant decrease in CRP values was associated to 
remission after treatment with specific cytotoxic drugs (Nielsen et al., 2007). Specific APPs 
have been reported as value tools in monitoring both infectious diseases, just as CRP and Cp 
(but not SAA or Hp) in leishmaniasis (Martínez-Subiela et al., 2003) or CRP (but not Hp) in 
trypanosomiasis (N’dungu et al., 1991), and inflammatory processes, just as SAA in feline 
acute pancreatitis (associated with remission and recurrence) (Tamamoto et al., 2009) or Hp 
in bovine respiratory disease (Carter et al., 2002). In other conditions, just as canine 
hemolytic anemia, the changes in APPs were not useful to monitor the success of specific 
treatments (Griebsch et al., 2009; Mitchell et al., 2009). 
On the other side, some prophylactic strategies are carried out in order to prevent the 
disease. One of the most common prophylactic strategies is the use of vaccines, which may 
prepare the organism to fight against a specific pathogen. Some vaccines are made with 
peptidic fragments from the microorganism or with the whole microorganism inactivated 
by different methods. Thus, vaccines may develop also an APR which may have an adverse 
effect and limit the efficacy and safety of these prophylactic strategies (Gruys et al., 2005). 
For these reasons, APPs may be used to determine the usefulness of vaccines as prophylactic 
agents, determining the magnitude of the inflammatory response evoked by their use. 
Moreover, aminoacids are required for the production of APPs, specifically phenylalanine, 
tryptophan and tyrosine may be detected in high percentage in some positive APPs. 
Therefore, vaccination may limit in some cases the recovery of the diseased animal acting 
opposite to the anabolism of the muscle (Gruys et al., 2005). 
The inflammatory and the acute phase responses have been measured in cattle vaccinated 
with different clostridial vaccine candidates, being observed a higher expression of Hp and 
a decrease in feed consumption when a multiple clostridial- instead of a mono-clostridial 
vaccine was used, which points to the potential negative effects of multiple clostridial-
vaccinations (Stokka et al., 1994). Moreover, the utility of Hp values have been shown in the 
follow-up of the trimming and antibiotic treatment against several claw disorders (Smith et 
al., 2000). 
In pigs, monitoring the APPs has been widely used to determine the usefulness of specific 
vaccines against both bacteria and viruses. A panel of APPs (Pig-MAP, Hp, CRP and Apo A-
I) has been used in order to monitor pigs challenge against both the bacteria Hameophilus 
parasuis and commercial and non-commercial bacterins finding a lower expression of APPs 
in vaccinated animals together with a shorter course of the disease and higher survival rates 
(Martín de la Fuente et al., 2010). Apo A-I and Pig-Map has been shown to be useful tools to 
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monitor vaccination against Aujeszky’s disease, showing the vaccinated animals none or 
only mild clinical signs, a less pronounced APR and recovered earlier to normal values 
(Carpintero et al., 2007). Nonetheless, further studies are required in order to assess the 
predictive value of APPs in vaccine testing. 
Although a wide range of studies have been carried out to determine the role of APPs in 
several conditions just as stress, inflammation, infection or vaccination there is still necessity 
for establishing reference values which allow interpreting the results from the different 
studies and disorders. Some of this information may be available for some species of 
domestic animal; however, there is no still a global consensus to accept specific ranges for 
each APP in each species, as well as, validation of specific analytical techniques which 
enable the interlaboratory comparison of results.  
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1. Introduction 
The animal body functions in a controlled internal environment, strictly regulated by a 
variety of homeostatic mechanisms. However, the internal milieu is disturbed by external 
factors that lead to imbalance of the inner homeostasis. The host is equipped with multiple 
tools to abolish external challenges like tissue injury and infection by activation of various 
defense mechanisms; however, mobilization of all these responses is associated with 
alterations of the homeostatic status. The multifaceted immune and metabolic responses of 
the host to external challenges are commonly referred to as the acute-phase response (APR) 
(Kushner, 1982; Koj, 1985; Baumann & Gauldie, 1994; Moshage, 1997; Mackiewicz, 1997). 
The aim of the APR is to eliminate the agent(s) that caused the interference and to bring the 
homeostasis back to normality (Figure 1). The APR is initiated in response to a variety of 
stimuli including acute trauma, bacterial infection, surgery, fracture, burns, tissue necrosis, 
presence of a chronic disease, or ongoing inflammatory processes (Kushner, 1982; Gordon & 
Koj, 1985; Baumann & Gauldie, 1994; Steel & Whitehead, 1994; Boosalis et al., 1996; 
Mackiewicz, 1997). The APR usually resolves within a few days or weeks, however 
sometimes it can persist when the causal agent is defiant (Boosalis et al., 1996; Mackiewicz, 
1997; Koj, 1998).  
The APR is regulated by numerous compounds referred to as cytokines (Mackiewicz, 1997; 
Koj, 1998; Martin et al., 1999). The latter are produced by macrophages, when they are 
activated by bacterial endotoxin, viruses, free radicals, prostaglandins, or other factors 
released under different inflammatory conditions. The main cytokines released by 
macrophages are interleukin-1 (IL-1), IL-8, tumor necrosis factor-alpha (TNF-), and 
interferon-gamma (INF-) (Koj, 1998; Martin et al., 1999). The release of proinflammatory 
cytokines, at the site of tissue injury, stimulates various other cell types to produce a cascade 
of other cytokines, including IL-6-type cytokines, which act to stimulate the production of 
acute phase proteins (APP) from liver hepatocytes or other tissues (Baigrie et al., 1991; 
Mackiewicz, 1997). Although the production of cytokines in the liver or other local sites is 
complex, it is believed that IL-1 and IL-6 are the two main stimulants of APP production 
(Gauldie et al., 1987; Nijsten et al., 1991; Ohzato et al., 1992).  
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Over the years three different systems of classification of APP have been developed. The 
first system is based on the degree of blood elevation of the APP, referred to as positive or 
negative APP; the second system is based on the time when APP are released during an 
APR; and the third system is based on the subset of cytokines responsible for stimulating 
gene expression of APP (Mackiewicz, 1997; Moshage, 1997). In the first system, positive APP 
are classified into one of three groups based upon the degree of rise in the blood 
concentration: type I APP, whose concentration increases by 50% (e.g. ceruloplasmin (Cp), 
complement factor C3, and factor C4); type II APP, whose concentration increases 2- to 5-
fold (e.g. fibrinogen and haptoglobin - Hp); and type III APP, whose quantity rises more 
than 5-fold the normal value [e.g. C-reactive protein (CRP) and serum amyloid A (SAA)]  
 

 
Fig. 1. Acute phase response in animals triggered by infection, tissue damage or 
inflammation initiates rapid activation of transcription factor NF-kB in macrophages and 
fibroblasts in peripheral tissues. This is followed by increased production of cytokines. 
Subsequent signaling cascades result in transcription of acute phase genes and ultimately, 
secretion of acute phase proteins that function to restore homeostasis. APRF: Acute phase 
protein factor; CGRP: Calcitonin gene related peptide; Cp: Ceruloplasmin; CRP: C-Reactive 
protein; Ft: Ferritin; Hp: Haptoglobin; IL: Interleukin; Lf: Lactoferrin; LBP: 
Lipopolysaccharide binding protein; SAA: Serum amyloid A; sCD14: Soluble cluster of 
differentiation antigen 14. 
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(Mackiewicz, 1997; Moshage, 1997). A few APP decrease during an APR and they are 
known as negative APP. The most studied negative APP include retinol binding protein 
(RBP), albumin, trasferrin, and transthyretin. 
Based on the time when they are released APP are classified as either first- or second-phase 
proteins (Kushner & Mackiewicz, 1987; Mackiewicz, 1997). Examples of the first-phase APP 
are SAA and CRP, whose levels rise as early as 4 h after the initiation of inflammation, peak 
within 1-3 d, and quickly return to baseline concentrations (Mackiewicz, 1997). Examples of 
the second-phase APP are Hp and fibrinogen, which increase 1-3 d after the initiation of 
APR, peak within 7-10 d, and decrease to baseline levels within 2 or more wk (Mackiewicz, 
1997; Moshage, 1997). 
The third system classifies APP based on which cytokine subsets induce their gene expression 
(Baumann & Gauldie, 1994; Mackiewicz, 1997). Type I APP are induced by IL-1-like cytokines, 
including IL- 1, IL-1, TNF-, and TNF-, and synergistically by IL-6-like cytokines, while 
type II APP are stimulated by IL-6-like cytokines alone, including IL-6 and IL-11 (Baumann & 
Gauldie, 1994; Mackiewicz, 1997; Moshage, 1997). C-reactive protein, SAA, and C3 are 
examples of type I proteins, while type II proteins include Hp and fibrinogen.  
At least forty different plasma proteins have been defined as APP. They include clotting 
proteins, complement factors, anti-proteases, and transport proteins (Samols, 2002). 
However, the number of APP commonly used in cattle research is smaller than in human 
research. In this chapter we will discuss only about 9 of the most studied APP in cattle.  
Recent evidence also indicates that several APP are secreted extrahepatically playing 
important roles in immune defenses against different pathogens populating mucosal layers 
in the body. In the following sections we will discuss the most recent reports regarding 
structures, functions, tissue expression as well as various factors that affect expression and 
production of SAA, Hp, LBP, soluble(s)CD14, CRP, Cp, lactoferrin (Lt), calcitonin gene-
related peptide (CGRP), and ferritin in cattle (i.e., dairy and beef cattle).  

2. Serum amyloid A 
2.1 Structure 
Serum amyloid A is an APP that belongs to a family of apolipoproteins that are coded by 
different genes with a high degree of homology between species (Uhlar, 1994; Malle, 1993). 
The family of SAA proteins in mammals has a MW of 12 kDa with 104 amino acids. They 
are very well conserved throughout evolution and have a wide range of functions. 

2.2 Functions 
It is known that SAA is over expressed several orders of magnitude during infections and 
inflammation. Four different isoforms of SAA have been described in humans and mice 
(Uhlar & Whitehead, 1999) and seven different isoforms were reported in the blood of dairy 
cows (Takahashi, 2009). Among the known isoforms, SAA1 and SAA2 are the only ones 
reported to be overproduced during the APR and are known as acute phase (A)-SAA. They 
are mainly expressed in the liver hepatocytes. The third isoform, SAA3, is expressed 
extrahepatically by adipose tissue, mammary gland, intestinal epithelial cells, and 
macrophages and is present in the plasma at a very low level (Meek, 1992; Chiba, 2009; 
Eckhardt, 2010). The fourth isoform, SAA4, is constituitively expressed (de Beer, 1995) and 
does not respond to external stimuli. A recent investigation in cows with amyloidosis and 
chronic inflammation showed seven different isoforms of SAA in the serum (Takahashi, 
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2009). Larson (2005) reported production of SAA3 by ductal cells in the mammary gland of 
healthy lactating dairy cows. Moreover, Mukesh (2010) showed presence of SAA3 in the 
adipose tissue of dairy cows. However, the precise functions of these seven different 
isoforms of SAA in dairy cows are not known yet. 
Serum amyloid A is transported in blood in association with lipoprotein particles, 
particularly high-density lipoproteins (HDL) (Eriksen, 1980; Coetzee, 1986). During an APR, 
SAA replaces almost 85% of the apolipoprotein-A1 (apo-A1) and becomes the main 
apolipoprotein on HDL (Uhlar & Whitehead, 1999; Coetzee, 1986). The reason for 
replacement of apo-A1 during APR is related to the fact that SAA half-life is 75-80 min 
compared with that of apo-A1 of 11 h (Hoffman & Benditt, 1983). It is believed that 
endotoxin-lipoprotein complexes are quickly removed from circulation by liver hepatocytes 
(Harris, 2002; Ametaj, 2010). The shorter half-life of SAA might help in expedited clearance 
of endotoxin-lipoprotein complexes from circulation (Harris et al., 1998).  
The main known functions of SAA are to: 1) bind to lipoproteins and help in their expedited 
clearance from liver hepatocytes (Harris, 2002), 2) extract cholesterol from cells (van der 
Westhuyzen, 2007); 3) bind and activate neutrophils and macrophages (Furlaneto & Campa, 
2000), 4) kill coliform bacteria (Shah, 2006). Other reported functions of SAA include 
suppression of lymphocyte response to antigens (Benson, 1979), inhibition of platelet 
aggregation (Zimlichman, 1990), and regulation of expression of tissue collagenase 
(Brinckerhoff, 1989). In addition, SAA has been shown to stimulate adhesion of mast cells to 
the extracellular matrix (Hershkoviz, 1997), migration and adhesion of T cells (Preciado-Patt, 
1996), and migration, adhesion, and tissue infiltration of monocytes and neutrophils 
(Badolato et al., 1994). Serum amyloid A also induces mobilization of calcium (Ca) and 
chemotaxis in monocytes (Badolato, 1995) and enhances synthesis of eicosanoid in human 
monocytes (Malle, 1997).  
Although early research indicated that SAA in dairy cows is increased more during acute 
rather than chronic inflammatory conditions (Horadagoda, 1999), recent research shows that 
SAA is also increased during chronic conditions (Chan, 2010). This protein is also raised 
following experimental infection of cattle with Mannheimia haemolytica and during bovine 
respiratory syncytial virus infections (Horadagoda, 1994; Heegaard, 2000).  

2.3 Factors that affect its expression 
2.3.1 Mammary gland infections 
Molenaar (2009) demonstrated presence of a constituitive isoform of SAA3 in the mammary 
gland tissue of dairy cows. These authors reported that the expression profile of SAA3 was 
different in relation with stage of lactation and disease. Thus, SAA3 was high in the 
mammary tissue of pregnant cows, low during lactation, elevated during involution of the 
gland, and strongly increased during mastitis. An interesting observation of the same 
authors was that SAA3 was not expressed in lactational tissues of the gland (i.e., alveoli) but 
only in the epithelial cells lining ductal tissue of the teat. The role of SAA3 in ductal cells 
might be to protect the teat potential colonization of that area by bacteria during milking or 
suckling. Several other authors have reported elevated mammary gland SAA3 in the milk of 
cows and ewes with mastitis (Eckersall, 2001; Winter et al., 2003; Nielsen et al., 2004; 
Jacobsen et al., 2005). Moreover, experimental models of mastitis have demonstrated that 
SAA3 in the mammary gland is synthesized by the infected udder and is not coming from 
the blood (Grönlund, 2003; Eckersall, 2006). Gram-negative bacterial lipopolysaccharide 
(LPS) and the Gram-positive bacterial lipoteichoic acid (LTA) were shown to upregulate 
SAA3 in bovine mammary epithelial cells by 18.5-fold and 12.5-fold, respectively (Larson, 
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2006). Concentrations of SAA in the milk of normal cows were 0.5 ± 1.0 mg/mL and in cows 
affected by mastitis were 2.2 ± 8.6 mg/mL (Åkerstedt, 2011). Another group of investigators 
showed that concentrations of SAA in the serum of normal cows were 3.6-11.0 mg/mL, in 
those with mild mastitis 5.4-142 mg/mL, and those with moderate mastitis 5.9-141 mg/mL 
(Eckersall, 2001). 
Molenaar (2009) tested the bacterial activity of recombinant SAA3 from the mammary gland 
and they reported that mammary(M)-SAA3 had antimicrobial activity against Escherichia 
coli, Streptococcus uberis, and Pseudomonas aeruginosa with the greatest activity against E. coli. 
This offers an explanation as to why the protein is expressed in the mammary gland at times 
where defense against bacteria is required. Another interesting report comes from Weber 
(2006) who showed presence of SAA3 in high concentrations in the colostrum of healthy 
cows. Moreover, the same authors reported that the colostral SAA3 has a unique four amino 
acid motif (TFLK) within the first residues that is not present in the isoforms produced in 
the liver (McDonald, 2001). This isoform has the ability to stimulate intestinal epithelial cells 
to produce a protective intestinal mucin and lower the adherence of enteropathogenic E. coli 
to these cells (Mack, 2003; Larson, 2003). This feature of SAA3 might help protect newborn 
calves during their first days of life from enteropathogenic bacteria.  

2.3.2 Dietary factors 
Recent research work conducted by our team and others has shown that feeding of high 
grain diets is associated with enhanced concentrations of SAA in the blood of both dairy 
(Emmanuel, 2008) and beef cattle (Ametaj, 2009). Dairy cows fed barley grain at 0-15% of the 
diet dry matter (DM) had plasma SAA concentrations between 2-12 mg/mL and those fed 
30-45% of diet DM had values ranging between 19-46 mg/mL (Emmanuel, 2008). The reason 
for the increased SAA in the plasma of cattle fed high grain diets is suggested to be related 
to translocation of endotoxin into the systemic circulation which then stimulates the release 
of pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6 by liver macrophages (Gabay 
& Kushner, 1999), resulting in enhanced secretion of SAA from hepatocytes (Emmanuel, 
2008). Our team also showed that feeding high grain diets was associated with development 
of fatty liver and greater concentrations of SAA in the blood of cows diagnosed with fatty 
liver. We proposed a role for expedited internalization of SAA-LPS-lipoprotein complexes 
from liver hepatocytes in development of fatty liver (Ametaj, 2005a; 2005b). Other 
investigators demonstrated that plasma SAA was increased in cows affected by displaced 
abomasum (Guzelbektes, 2010). 
In another study conducted by our team we found that concentrations of SAA in the plasma 
of steers, during a 12-wk period of feeding a backgrounding diet with 45% barley grain-
based concentrate and 55% barley silage (DM basis), were 2.5-14 mg/mL (Ametaj, 2009). In 
addition, during a 15-wk period of feeding a finishing diet with 91% barley grain-based 
concentrate and 9% barley silage concentrations of SAA in the plasma were 8-24 mg/mL 
(Ametaj, 2009). Plasma SAA was greater in the group of steers fed the finishing diet 
compared to those fed the backgrounding diet (8.0 vs 17.0 mg/mL). Interestingly, the peak 
concentration of SAA in steers fed the finishing diet reached at 3 wk (21 mg/mL) after the 
starting of the diet (Ametaj, 2009). 

2.3.3 Uterine infections 
Serum amyloid A is related to infections of the uterus in postpartal dairy cows (Chan, 2010). 
The latter authors indicated that concentrations of SAA in the serum of cows affected by 
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metritis reached peak values 4-7 d after calving (85 ± 23 mg/mL) compared to healthy cows 
(48 ± 20 mg/mL) and remained above the baseline values for 2 mo after parturition. This is 
the first report indicating that SAA might be produced not only during acute states of 
inflammation but also during chronic diseases such as metritis. Besides its role as an 
antibacterial compound SAA in the uterus might also activate macrophages and neutrophils 
to clear the tissue from bacterial infections.   

2.3.4 Lameness 
Lameness and hoof health is an important disease of dairy cows that affects their wellbeing 
and most importantly the economic efficiency of dairy farms. In a recent trial several cows 
were selected on the day they showed signs of lameness and if they were diagnosed with 
sole ulcers and/or white line abscesses. Concentrations of SAA were reported to be greater 
in lame dairy cows (37-60 mg/mL) than their counterparts (10-12 mg/mL) during days 0, 4, 
7, and 8 of the disease (Kujala, 2010). Serum amyloid A fell on day 14, which was confirmed 
by healing of cows on that day. Concentration of SAA in the serum of lame cows reached 
values of 50 mg/mL versus lower than 10 mg/mL of the healthy cows. 

2.3.5 Fatty liver and downer cow syndrome 
In an investigation about the etiology and pathology of fatty liver we reported that 
postpartal cows affected by fatty liver had greater plasma SAA compared to the healthy 
ones (Ametaj et al., 2005a, 2005b). Concentration of SAA in the bloodstream of cows affected 
by fatty liver reached peak value of ca. 80 g/mL (Ametaj et al., 2005a). Moreover, the 
average concentrations of plasma SAA in cows with fatty liver were greater than those in 
the control cows during days 3, 8, 12, and 27 postpartum. In the same study, we reported 
that after 12 d postpartum, mean plasma SAA in fatty-liver cows decreased below prepartal 
values, and was similar to values for control cows, ca 15 g/mL (Ametaj et al., 2005a). 
In a case study with clinical signs of downer cow syndrome we also found that plasma 
concentrations of SAA were between 3.3-11.5 mg/mL during day -14 and -7 before calving, 
respectively; they increased to 82.7 mg/mL 2 wk  after calving and ranged between 11.7-27.8 
mg/mL in eight normal cows. These data suggest a role of inflammation and endotoxin in 
the etiology and pathogenesis of the downer cow (Ametaj, 2010). Although the pathology of 
this disease has been a mystery for a long time, in dairy industry, the data generated from 
our team implicate bacterial components or proinflammatory cytokines released in response 
to these by-products in development of the disease. Further research would be needed to 
explore the role of inflammatory conditions in etiopathology of downer cows. 

2.3.6 Adipose tissue 
Both bovine and non-ruminant research has indicated expression of SAA3 in adipose tissue 
(Poitou, 2009; Mukesh, 2010). The latter authors showed that SAA3 mRNA abundance was 
greater in mesenteric than subcutaneous tissue of dairy cows. Expression of SAA3 has been 
related to gastrointestinal bacterial components such as LPS. Moreover, injection of LPS in 
the mammary gland or intraperitoneum was associated with enhanced SAA3 mRNA in 
both dairy cows and rodents (Mukesh, 2010). Data with mice support a role for SAA3 in 
exerting local inflammatory functions in adipose tissue from obese animals (Larson, 2006). 
The greater abundance of SAA3 mRNA in adipose tissue during an inflammatory challenge 
could play a role in lipid/steroid metabolism and/or transport (Benditt, 1989). Yang (2006) 
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suggests that SAA has a long-term effect in stimulating basal lipolysis and that the lipolytic 
activity of SAA can be an autocrine feedback mechanism by which increased SAA 
production from enlarged adipocytes limits further triacylglycerol accumulation and 
increases non-esterified fatty acid (NEFA). The resulting increased release of NEFA into the 
circulation may contribute to insulin resistance.  

2.4 Age-related changes 
Alsemgeest et al. (1994) reported that SAA is present in neonatal veal calves and that serum 
SAA was greater in calves with different inflammatory diseases including diarrhea, 
pneumonia, and omphalitis. The same authors showed that concentrations of SAA in 
newborn calves were lower than in adult cows. Weaning and transportation was shown to 
affect concentrations of SAA in the serum of newly weaned beef calves (Arthington, 2003). 
Serum SAA were greater on d 1 and decreased steadily on d 3 and 7 (51.2, 43.8, and 
28.5g/mL, respectively) after transportation.  

3. Haptoglobin 
3.1 Structure 
Haptoglobin (Hp) is another APP reported to be present in the blood of all mammals 
analyzed so far (Bowman & Kurosky 1982). The protein is synthesized mainly from liver 
hepatocytes as a precursor polypeptide, which after oligomerization and cleavage, is split 
into two types of chains, called  and  (Kurosky et al. 1980). The -chain contains a 
complement control protein (CCP) domain and the -chain contains a serine proteinase (SP) 
related domain. In humans, but not in other primates, the Hp gene is found in two allelic 
variants, Hp1 and Hp2 (Maeda et al. 1984). The shorter -chain (1) forms a link to one, and 
the longer chain (2) to two other -chains. The two alleles, therefore, give rise to three 
different serotypes composed of two 1 units (in Hp1-1), two 1 and variable numbers of 
2 units (in Hp1-2), or variable numbers of 2 units (in Hp2-2). The sizes of the three Hp 
proteins are Hp1-1 ~100 kDa; Hp2-1 ~ 120-220 kDa; and Hp2-2 ~ 160-500 kDa (Carter & 
Worwood, 2007). 
Haptoglobin of cow (Bos taurus) contains an -chain, the structure of which is similar to that 
of the human Hp2 -chain. Interestingly, comparison of the structure of bovine Hp and 
human Hp2 suggests that the bovine gene arose by a duplication of the gene segment 
homologous to that duplicated in human Hp2 (Wicher & Fries, 2007). In ruminants, 
however, multiple electrophoretic bands of Hp have been observed, which are similar to 
those observed after electrophoresis of human Hp2-2 (Travis & Sanders, 1972); interestingly, 
no other Hp phenotypes seem to exist in these animals. In addition, it has been suggested 
that the structure of Hp in cattle, goat, sheep, and deer is similar to that of human Hp2 
(Busby & Travis, 1978). 

3.2 Functions 
The main reported function of Hp is to bind hemoglobin (Hb). It is known that bacteria need 
iron (Fe) for their growth and they have developed sophisticated means to acquire Fe from 
Hb, like hemolysins. Hemoglobin has four Fe atoms and one hemolysed red blood cell 
might release ~ 250 million Hb molecules. In addition, by binding Hb, it inhibits its 
oxidative activity and its passage through the glomeruli (Lim et al. 1998). Hemoglobin also 
is highly toxic (Alayash, 2004) and its prosthetic group, heme, is lipophilic and intercalates 
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into cell membranes to disrupt the lipid bilayers. Iron present in heme catalyzes the 
generation of reactive oxygen species (ROS; Sadrzadeh et al., 1984). Moreover, Hp binds to 
apo A-1 to protect it from free radical-mediated damage and also to prevent HDL from 
forming adducts with other lipoprotein molecules (Salvatore et al., 2007). Another function 
of Hp is to inhibit both cyclooxygenase (COX) and lipooxygenase (LOX) activities, which 
provide a means to modulate responses to inflammation or infection that may be harmful to 
tissues (Saeed et al., 2007). Arredouani et al. (2005) showed evidence that Hp has the ability 
to selectively antagonize effects of LPS in vitro by suppressing monocyte production of 
TNF-, IL-10, and IL-12. Haptoglobin is an established suppressor of T cell proliferation, 
exhibiting strong inhibition of Th2 cytokine release and weak inhibition of Th1 cytokine 
release (Arredouani et al., 2003). 

3.3 Tissue distribution and factors that affect expression of haptoglobin 
3.3.1 Tissue distribution 
The expression of Hp is in abundant amounts in liver hepatocytes, which is the main source 
of Hp in blood (Yang et al., 1983). However, Hp has been detected in multiple tissues 
besides plasma such as in white and brown adipose tissue, placenta, lungs, arteries, testis, 
ovaries, and mammary gland tissues of dairy cows (Friedrichs et al., 1995; Kalmovarin et al., 
1991; Yang et al., 1995; Hiss et al., 2004). The induction of Hp gene expression is mediated 
mainly by IL-6, which is the cytokine mediator for stimulation of Hp production in the liver 
hepatocytes of different species studied (Quaye, 2008). 

3.3.2 Dietary factors  
Two experiments were conducted by our team to investigate the effects of oral 
supplementation of the lactic acid-producing bacterium Enterococcus faecium EF212 alone or 
in combination with Saccharomyces cerevisiae (yeast) on mediators of the APR in feedlot steers 
(Emmanuel et al., 2007b). The effects of E. faecium alone or with yeast were evaluated. We 
found that feed supplementation with E. faecium had no effect on concentration of Hp in the 
plasma compared with control animals. However, feeding E. faecium and yeast increased 
plasma concentrations of Hp. Tourlomoussis et al. (2004) reported Hp concentration of 
110g/mL in the plasma of healthy beef cattle; however, cattle under different pathological 
conditions have average plasma Hp values of approximately 270 g/mL. Results of E. 
faecium alone experiment, conducted by us, showed Hp concentrations of about 270 g/mL 
in control group and about 225 g/mL in experimental steers (Emmanuel et al., 2007b).  

3.3.3 Mammary gland infections 
Although it was believed that the liver is the main and the only source of Hp in cattle, in a 
recent study, Hiss et al. (2004) demonstrated that Hp also is expressed extrahepatically in 
mammary gland including parenchimal tissue, tissues surrounding the cisternal milk ducts, 
and in the teats. They also observed that milk Hp was increased 3 h after LPS challenge to 
one of the quarters, whereas elevation of blood Hp occurred 9 h after the challenge (Hiss et 
al., 2004). Concentrations of Hp in the blood and milk of cows before LPS challenge were at 
32.8 and 0.9 mg/mL and increased 12 h after the LPS administration at 371.7 and 152.2 
mg/mL, respectively (Hiss et al., 2004). In other studies conducted by Ohtsuka et al. (2001) 
and Pedersen et al. (2003) it was reported that concentrations of Hp in the milk increased in 
cows affected naturally from severe Gram-negative coliform mastitis and in those in which 
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mastitis was induced experimentally with Gram-positive Streptococcus uberis, respectively. 
Eckersall et al. (2001) also showed increased concentrations of Hp in the milk of cows with 
naturally occurring mild and moderate mastitis. These findings suggest that milk Hp might 
be a good biomarker of mastitis in dairy cows. In another study conducted by Åkersted et 
al. (2008) milk with detectable levels of Hp showed lower total protein and casein levels and 
higher somatic cell counts. It is not clear whether the relationship between Hp in the milk 
and differences observed in the milk composition is causal or simply the result of bacterial 
presence.  
In a recent article Wenz et al. (2010) observed that concentration of Hp in the group of cows 
affected by Gram-negative bacterial mastitis was approximately twice that of the group 
infected by Gram-positive bacteria (1,126 vs 575 mg/mL, respectively). Moreover, cows in 
the mid-lactation group tended to have greater concentrations of Hp in the milk compared 
with those in the early lactation group (470 vs 891 mg/mL, respectively). Moreover, 
concentration of Hp was lower in cows with clinical mastitis during the Spring (345 
mg/mL) vs those with clinical mastitis in the Summer (1,362 mg/mL), or Fall (1,105 
mg/mL) and tended to be lower than those in the Winter (808 mg/mL). 

3.3.4 Uterine infections 
Different authors have reported an association among concentrations of Hp in the blood and 
diseases of the reproductive tract of dairy cows. For example, Smith et al. (1998) and 
Sheldon et al. (2001) showed an association between elevated concentrations of Hp in the 
postpartum period and metritis and Huzzey et al (2009) indicated that cows with 
concentration of Hp of more than 1.0 g/L at 3 days in milk were 7 times more likely to 
develop metritis. Data from our team (unpublished) also support the fact that Hp is 
increased in dairy cows around calving especially in those affected by metritis. In a recent 
article Dubuc et al. (2010) indicated that blood Hp is a risk factor for reproductive disorders. 
They used a cut off concentration of Hp in blood, for cows with risk of metritis, at more than 
0.8 g/L. They showed that Hp at more than 0.8 g/L, in the first 7 days of milk, is associated 
with more than 2 times the odds of developing metritis. In addition, the same authors found 
that elevated concentration of Hp is a risk factor for purulent vaginal discharges and 
cytological endometritis at 35 d in milk.  

3.3.5 Lameness  
Different investigators have reported increased concentrations of Hp in the serum of cows 
with claw disorders. Interestingly, most of them have suggested that all claw disorders, 
whether infectious or non-infectious, lead to a systemic APR (Shearer et al., 1996; Bergsten 
et al., 1998; Hoblet & Weiss, 2001). For example, Smith et al. (2010) showed that 
concentrations of Hp in the serum of healthy cows, free of lameness, were below the 
detection limit of <1.0 mg/dL. Lame cows, with infectious or non-infectious claw 
disorders, were found to have either increased serum Hp of more than 1.0 mg/dL, or 
found with concentrations lower than 1.0 mg/dL. Cows that tested positive for Hp had 
concentrations ranging between 37 and more than 100 mg/dL. Additionally, Jawor et al. 
(2008) demonstrated that increased concentrations of Hp in the serum are associated with 
lameness in cattle; however, the authors caution that there are also lame cows with 
undetectable Hp levels in the serum.  
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3.3.6 Fatty liver and downer cow syndrome 
In a study conducted by us we showed that in cows fed high amounts of grain, to induce 
fatty liver in periparturient cows, concentrations of plasma Hp were similar to those of 
control cows before parturition, but after parturition plasma Hp increased markedly (ca. 200 
mg/dL) and remained higher than that of control cows on days 3, 8, and 12 postpartum 
(Ametaj et al., 2005a). By day 14 postpartum, plasma Hp decreased to prepartal 
concentrations (ca. 40 mg/dL) in fatty-liver cows and remained at that level up to 36 d 
postpartum. 

3.3.7 Age-related factors  
Alsemgeest et al. (1995) showed that healthy newborn calves had no detectable amounts of 
Hp in the serum. On the other hand, only 25% of the newborn calves suffering from 
different diseases immediately after birth had detectable concentrations of Hp. It is possible 
that the assay for measuring Hp in the serum has affected detection of Hp during the 1990s. 
In 1999 Katoh & Nakagawa showed association of Hp with the high-density (HDL) and 
very-high density (VHDL) lipoprotein fractions but not with those of chylomicrons, VLDL, 
and LDL fractions in the sera of calves experimentally infected with Pasteurella hemolytica. 
Concentration of Hp in the sera of calves with pneumonia were <0.01, 194, 717, 940, 722, and 
524 mg/mL on d 0, 1, 2, 3, 4, and 7 of infection with P. hemolytica, respectively. Orro et al. 
(2008) showed that Hp in the plasma of the newborn calves between 0-21 d were between 
100-350 mg/mL. 

4. Lipopolysaccharide-binding protein 
4.1 Structure and tissue distribution 
Bovine LBP is a 50-kDa polypeptide that consists of 481 amino acids (Khemlani et al., 1994). 
The protein is mainly synthesized by hepatocytes and is released into the bloodstream as a 
60 kDa glycoprotein (Schumann et al., 1990; Khemlani et al., 1994). Its amino acid sequence 
reveals an 86% similarity compared to human LBP (Khemlani et al., 1994). Moreover, a 
recent investigation, showed that mRNA LBP is widely expressed extrahepatically, in the 
gastro-intestinal tract (i.e., submandibular salivary gland, rumen, reticulum, omasum and 
abomasum), lung, female reproductive system (i.e., ovary and uterus), thyroid gland, 
nervous system (i.e., brain and cerebellum), and mammary gland (i.e., parenchyma, cistern, 
and teat) of cattle. Moreover, research reveals that the highest expression of bovine LBP 
gene is observed in the reticulum (72-fold) and parotid gland (50-fold) compared with 1–
fold in the liver (Rahman et al., 2010). These results show that epithelial mucosal tissues of 
the ruminant particularly forestomach secrete LBP and that LBP might play a significant 
role in mucosal immunity. It is worth mentioning that besides LBP there is another similar 
protein known as bactericidial permeability increasing protein (BPI) and that both LBP and 
BPI belong to the family of lipid transfer/LPS binding proteins (Bingle & Craven, 2004). In 
cattle, both genes are closely located on the chromosome 13. Interestingly, both LBP and BPI 
interact with bacterial endotoxin, however, the mechanism by which they deal with LPS is 
different. Lipopolysaccharide-binding protein causes disaggregation of LPS as part of its 
role in promoting LPS signaling, whereas BPI inserts itself into LPS aggregates, promotes 
formation of larger aggregates, and interferes with the ability of LBP to disperse large LPS 
aggregates (Tobias et al., 1997). Lipopolysaccharide-binding protein is considered to be 
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proinflamatory, as it induces the LPS signaling, whereas BPI as anti-inflammatory because it 
removes the LPS molecules without inducing the LPS signaling (Elsbach & Weiss, 1998, 
Fenton & Golenbock, 1998). 

4.2 Functions 
The main known function of LBP is to bind and transport LPS either to immune cells or 
lipoprotein particles (Gallay et al., 1994). The principle mechanism by which this occurs is 
through the ability of LBP to dissociate LPS aggregates into LPS monomers. In this process 
other proteins like CD14 help LBP to transfer LPS. In fact, CD14 is found in two isoforms, as 
a membrane-bound (mCD14) and a free soluble molecule (sCD14). Interestingly, when 
blood LPS is at low concentration LBP directs it to the macrophages and when LPS is at 
greater concentration it directs it to lipoprotein particles, especially HDL (Gallay et al., 1994). 
The LBP-LPS complex interacts either with mCD14, which is expressed by monocytes, 
macrophages, and neutrophiles (Schumann et al., 1994) or with sCD14 that transefers LPS to 
HDL particles (Tobias et al., 1999). Binding of LPS to immune cells triggers the release of 
cytokines, which are responsible for stimulating the APR (Moshage, 1997). Toll-like receptor 
(TLR)-4 and MD-2 are also involved in the activation of both monocytic cells and those that 
do not express CD14 during binding of LPS (Chow et al., 1999). It is also known that CD14 
facilitates the binding and activation of TLR4/MD-2 complex (Fitzgerald et al., 2004). 
Interestingly, sCD14 is also present in bovine milk. For example, milk concentration of 
sCD14 was shown to be increased following the LPS challenge or Escherichia coli infection in 
dairy cows (Lee et al., 2003a, b).  

4.3 Factors that affect expression of LBP 
4.3.1 Dietary factors 
A study by our team indicated that the amount of grain in the diet affects concentration of 
LBP in the plasma of dairy cows (Emmanuel et al. 2008). Thus, cows fed diets containing 
high proportions of barley grain (45%) had greater LBP concentration (10 μg/mL) compared 
with control cows (5.7 μg/ mL) that were fed no barley grain. The same study reported that 
concentration of LBP in the plasma differed between cows fed diets containing 15% (4.6 
μg/mL) and 30% (6.5 μg/mL) barley grain. Furthermore, no differences were found in 
plasma LBP levels between groups of cows fed 0 and 15% barley grain (i.e. 6 μg/mL). In an 
investigation by Khafipour et al. (2009) they showed similar results with elevated blood and 
milk LBP (18.2 vs 53.1 μg/mL and 3.02 vs 6.94 μg/ mL) during induced subacute ruminal 
acidosis (SARA). The reason for increased LBP in the blood circulation of cows fed high-
grain diets has been related to translocation of endotoxin into the systemic circulation 
(Emmanuel et al., 2008; Khafipour et al., 2009). Research conducted in beef steers (i.e., 
backgrounding and feedlot cattle) has also shown that feeding high amounts of grain (i.e., 
barley grain) induces an inflammatory state in those animals (Ametaj et al., 2009). The same 
authors report that concentration of LBP in steers fed a finishing diet shows peak values of 
LBP within 3 wk from the initiation of the diet (23 μg/mL).  
In an effort to find a solution against grain-induced inflammatory states in dairy cows we 
fed cows barley grain steeped in lactic acid for 48 h and found that treatment was associated 
with lowered concentration of LBP in the plasma (Iqbal et al. 2010). Different investigators 
have studied the potential application of direct-fed microbials as prophylactic tools against 
ruminal acidosis. In a study conducted by our team we infused Enterococcus faecium EF212 
(E. faecium; 6 × 1010 cfu/d) alone or in combination with Saccharomyces cerevisiae (S. cerevisiae; 
6 × 1010 cfu/d) in the diet of feedlot steers fed 87% steamed rolled barley grain and 8% 
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whole-crop barley silage for a period of 3 wk (Emmanuel et al., 2007b). Data showed that 
feeding E. faecium and yeast increased plasma concentrations of LBP versus controls on both 
day 17 and 21 of the experimental period (22 vs 10 g/mL and 40 vs 25 g/mL, 
respectively). 
It is known that during early lactation the concentration of glutamine, the most abundant 
amino acid in the plasma and milk, is lowered in dairy cows (Meijer et al., 1993). Therefore, 
we conducted a blood infusion study administering daily 0 (control), 106, and 212 g/d of L-
glutamin to periparturient dairy cows for 7 consecutive days starting on d 1 after calving. 
Data showed increased LBP concentrations by administration of L-glutamin (10.8 vs 35.6 
and 50.0 g/mL, respectively; Jafari et al., 2006).  
In another investigation involving oral supplementation of feedlot cattle, fed with 86% 
barley grain and 9% barley silage, with four different amounts of cinnamaldehyde (0, 400, 
800, and 1,600 mg/steer) we showed lowered blood concentration of LBP in relation with 
the amount of cinnamaldehyde in the diet (1.63, 2.36, 1.78, and 0.98 g/mL; Yang et al., 
2010).  

4.3.2 Mammary gland infections 
Concentrations of LBP in the serum and milk of cows with natural or induced clinical 
mastitis was reported to be greater than in dairy cows with healthy udders (Zeng et al., 
2009). Interestingly, blood LBP increased earlier and remained longer at high levels 
compared with other APP such as SAA following an intramammary challenge with 
Escherichia coli, Mycoplasma bovis, or Pseudomonas aeruginosa (Bannerman et al., 2005, Kauf et 
al., 2007). Other investigators also have shown that intramammary challenge with LPS or E. 
coli increases both blood and milk LBP (Bannerman et al., 2004; Kauf et al., 2007). For 
example in a recent experiment, mastitis was induced with a dose of 1,500 cfu of E. coli in 
one quarter of six cows and inoculation was repeated in another quarter after an interval of 
14 days (Suojala et al., 2008). Concentrations of LBP in both milk and blood were found to be 
greater in this expriment compared with those of Bannerman et al. (2004). Thus, Suojala et 
al. (2008) reported that the basic concentrations of serum LBP before the LPS and E. coli 
challenge were at 10.8 g/mL after the first challenge and 10.0 g/mL after the second one. 
Serum LBP started to increase rapidly in both groups of cows and peaked at 36 h  after 
challenge, being on average 148.6 g/mL after the first challenge and 108.9 g/mL after the 
second one. Interestingly, milk LBP was associated with somatic cell counts (SCC) 
regardless of the infection status. Milk samples containing > 250,000 and those containing < 
250,000 had blood LBP levels at 12.78 and 0.33 μg/mL, respectively.  

4.3.3 Fatty liver and downer cow syndrome 
As mentioned before, production of LBP is stimulated by LPS, which might affect different 
metabolic pathways in dairy cattle. Therefore, different metabolic disturbances might be 
triggered either directly by endotoxin or indirectly by the inflammatory response (i.e., 
cytokines) initiated by endotoxin. Previous studies have supported the hypothesis that 
impaired insulin sensitivity mediated by cytokines such as TNF-α activates lipolysis and 
decreases glucose production in cows with fatty liver (Ametaj et al., 2005a, Bradford et al., 
2009).  
Recent data have suggested that blood LBP might be used as a biomarker for downer cow 
syndrome (DCS). An observational study by Ametaj et al. (2010) showed a strong 
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association between DCS and plasma LBP (a 10-fold increase) at 7 d before parturition. 
Moreover, results indicated that cows affected by DCS had lower anti-LPS IgG and greater 
concentrations of anti-LPS IgM. Involvement of LBP in different metabolic disturbances 
suggests it can be used as a valuable diagnostic biomarker in dairy cattle. 

4.3.4 Age-related factors 
Hoadagoda et al. (1995) and Schrödl et al. (2001) showed presence of LBP in several weeks 
old calves. They reported values of serum LBP ranging between 1.6 – 2.3 g/mL. Both 
groups of investigators infected calves with Mannheimia haemolytica (Pasteurella) and 
observed a sharp increase (4- to 7-fold) in the serum LBP several hours (6 h) after the 
challenge. On the other hand they (Schrödl et al. 2001) reported that Hp was increased only 
12 h after the inoculation with bacteria. Based on those results they suggested to use LBP as 
a biomarker of disease in calves infected by M. haemolytica. Furthermore, in a study 
conducted by Nikunen et al. (2007) calves with clinical respiratory disease (i.e., Pasteurella 
multocida) had elevated concentrations of LBP in the serum compared to noninfected healthy 
calves (13.5 vs 6.3 μg/mL).  

5. C-reactive protein 
5.1 Structure 
C-reactive protein belongs to the pentraxin family of calcium-dependent ligand-binding-
proteins consisting of 5 identical 23-kDa protomers arranged symmetrically around a central 
pore. Each protomer consists of 206 amino acids folded into 2 antiparallel β sheets. In the 
assembled protein, all protomers have the same orientation. Thus, each protomer has a 
recognition face with a phosphocholine (PCh) binding site consisting of two coordinated Ca 
ions adjacent to a hydrophobic pocket, and an effector face, where complement C1q binds 
and Fcγ receptors are presumed to bind (Shrive et al., 1996; Thompson et. al., 1999). Binding 
of PCh to CRP is mediated by 2 key amino acid residues:  Phe-66 that provides hydrophobic 
linkages with methyl groups of PCh, and Glu-81 that interacts with positively charged 
choline nitrogen (Agrawal et al., 2002; Black et al., 2003). Asp-112 and Tyr-175 are the critical 
residues required for CRP binding to complement C1q (Agrawal & Volanakis, 1994; 
Agrawal et al., 2001). 

5.2 Functions 
C-reactive protein is a highly conserved plasma protein that participates in systemic 
responses to inflammation. It binds specifically to host molecules exposed during apoptosis 
or found on surfaces of pathogens. More specifically, CRP has a Ca-dependent binding 
specificity to PCh. The CPR synthesis increases within hours of infection or tissue injury and 
has thus been considered part of the APR (Black et al., 2004; Volanakis, 2001). Its ability to 
recognize pathogens and to mediate their elimination by recruiting the complement system 
proteins and phagocytic cells makes CRP an important constituent of the first line of innate 
host defense. Furthermore, the protein appears to play a key role in the clearance of 
apoptotic and necrotic host cells, thus contributing to restoration of normal structure and 
function of injured tissues (Volanakis, 2001). The discovery of CRP stemmed from studies of 
patients with Streptococcus pneumoniea infection where a protein was found that could 
precipitate the C polysaccharide of the bacterial cell wall during acute phase of the illness 
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(Tillet & Francis, 1930). Phosphocholine was later identified as the specific ligand for CRP in 
the pneumococcal C polysaccharide, part of the techoic acid of the pneumococcal cell wall 
(Volanakis & Kaplan, 1971). 
The main biological function of CRP is particle recognition on pathogens and damaged cells 
of the host followed by mediation of their removal through activation of the complement 
cascade and phagocytosis. As mentioned previously, the main ligand of CRP is PCh, which 
is found on a number of bacterial species. Membrane phospholipids of eukaryotes also 
contain PCh but their head groups are only accessible to CRP in damaged or apoptotic state 
(Kaplan & Volanakis, 1974; Volanakis & Wirtz, 1979). The other well-recognized ligands of 
CRP are phosphoethanolamine, chromatin, histones, fibronectin, small nuclear 
ribonucleoproteins, laminin, and polycations (Black et al., 2004). Binding of CRP to these 
nuclear constituents is Ca dependent and has been observed in nuclei of necrotic cells at 
sites of inflammation (Gitlin et al., 1977). In addition to interacting with various ligands, 
CRP can activate the classical complement pathway, stimulate phagocytosis, and bind to 
immunoglobulin IgG receptors (FcγR). C-reactive protein bound to a multivalent ligand is 
recognized by C1q and can efficiently initiate the formation of a C3 convertase through the 
classical complement pathway (Volanakis, 2001). This cascade efficiently results in recruitment 
of the opsonic function of the complement system, but not its pro-inflammatory and 
membrane damaging effects, which requires cleavage of C5 (Volanakis, 2001). The opsonic 
properties of CRP have been demonstrated for both macrophages and neutrophils (Volanakis, 
2001). Indeed, phagocytosis of CRP-opsonized particles by mouse monocytes and neutrophils 
was shown to proceed through the FcγRI (Mold et al., 2001). Enhancement of phagocytosis by 
CRP is also mediated indirectly by opsonic complement fragments attached to CRP ligands as 
a result of CRP-initiated complement activation (Edwards et al., 1982). 

5.3 Factors affecting its concentration  
Plasma CRP is produced mainly by hepatocytes, predominantly under transcriptional 
control by IL-6, although other sites of local CRP synthesis and possibly secretion have been 
suggested. De novo hepatic synthesis starts very rapidly after a single stimulus. The plasma 
half-life of CRP is about 19 h and is constant under all conditions of health and disease, so 
that the sole determinant of circulating CRP concentration is the synthesis rate (Vigushin et 
al., 1993), which thus directly reflects the intensity of the pathological process(es) 
stimulating production of CRP. When the stimulus for increased production completely 
ceases, concentrations of circulating CRP fall rapidly, at almost the rate of plasma CRP 
clearance. Concentrations of CRP in the serum of healthy dairy cows range between 10-30 
µg/mL (Lee et al., 2003c; Morimatsu et al., 1989, 1991). However, these levels can 
dramatically rise following natural or experimental infections. The following factors have 
been reported to affect CPR levels in dairy cows. 

5.3.1 Lactation 
The circulating CRP was observed to increase a few days after parturition in dairy cows but 
it was attributed to tissue injury in the uterine epithelium (Morumatsu et al., 1991). 
Interestingly, serum CRP also increased gradually as milk production increased during peak 
lactation in dairy cows. Thus, the lactation-induced pattern of CRP might be useful in 
monitoring milk production and progression of mastitis in dairy cows (Morimatsu et al., 
1991). In a recent article we indicated a strong relationship between rumen endotoxin and 
plasma CRP and suggested a potential role of CRP in milk fat depression syndrome in dairy 



 
Application of Acute Phase Proteins for Monitoring Inflammatory States in Cattle 

 

313 

cows (Emmanuel et al., 2008). We proposed that CRP might prevent interaction of apo-C-II 
with lipoprotein lipase to shift lipoprotein particles toward liver and as a result lowering 
transferring of lipid loads into the mammary gland (Zebeli & Ametaj, 2009). 

5.3.2 Body condition score (BCS), age, and pregnancy status 
An inverse relationship was found in serum CRP levels and BCS of dairy cows and 
subsequent regression analysis indicated that a unit increase in BCS decreased CRP level by 
20.2 µg/mL (Lee et al., 2003c). On the other hand, age of the cow correlated poorly with 
serum CRP levels. Interestingly, concentrations of CRP in the serum increased during the 
first 4 mo of gestation (34.5 µg/mL) and gradually decreased to nadir levels (4.9 µg/mL) 
during late gestation (Lee et al., 2003c, Turk et al., 2008). Although it is not clear what is the 
function of CRP during gestation in cattle, human research indicates that high 
concentrations of CRP during pregnancy have been associated to complications during its 
course (Teran et al., 2001). Elevated CRP levels at first trimester may represent a risk to 
gestational preeclampsia (Wolf et al., 2001). On the other hand, Sacks et al. (2004) observed a 
very early increase of circulatory CRP at 4 wk of gestation in non-obese young pregnant 
women, suggesting a maternal low-grade inflammatory response during the earliest phases 
of ovule implantation.  

5.3.3 Stress and disease 
Concentration of CRP in the serum of cows is invariably affected by stress. Handling and/or 
sampling stress has been shown to influence serum CRP in dairy cows; however, the effect 
subsides within 48 h (Lee et al., 2003c). Diseases accompanied by inflammatory reactions 
induce greater stress and in turn elevate CRP levels in dairy cows. Lee et al. (2003c) 
categorized disease in dairy cows into inflammatory (for example, acute and chronic 
mastitis, foot rot, endometritis, and pneumonia) and non-inflammatory (for example, 
abortion, reproductive disorders, stillbirth, and ovarian cysts) groups. The authors reported 
greater concentrations of CRP in both groups of diseased cows whether classified as 
inflammatory or non-inflammatory, and indicated that CRP levels might be useful in 
monitoring herd health and disease surveillance in dairy cows. The amount of CRP (i.e., in 
optical density values) in the diseased cows was 3-3.5 fold greater than the healthy cows 
(Lee et al., 2003c).  

5.3.4 Mastitis 
Mastitis is an important production disease of dairy cattle commonly caused by infectious 
agents in the environment. The results regarding utilization of milk CRP as an indicator of 
mastitis have been controversial. Thus, Schrödl et al. (1995) reported as much as 10-fold 
increase in the concentration of CRP in the milk of cows with mastitis (1,083 ng/mL) 
compared to normal healthy cows (82 ng/mL). On the other hand, Hamann et al. (1997) 
showed that the capacity of the milk CRP to distinguish between healthy and mastitic 
quarters was poor, and the correlation between the concentration of the CRP in the milk and 
SCC was low (r = 0.32). 

5.3.5 Age-related factors 
Only a few studies have addressed blood CRP in young ruminants. Schrödl et al. (2003) 
showed presence of CRP in all plasma samples of calves before the first colostrum intake, 
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and a greater concentration in the blood 1 d after colostrum application. The authors 
postulated that the increase of the CRP concentration (1 d postpartum) is affected by the 
passive transfer of CRP from colostrum to blood. The same authors showed that feeding 
lactulose, a prebiotic compound, further increased the levels of CRP in the plasma of calves 
fed colostrum. 
In conclusion, CRP, like other APP, is an important constituent of the first line of innate host 
defense. Most evidence for these functions to date has been obtained in studies using human 
and murine CRP. Even though increased concentrations of bovine CRP during naturally 
occurring infections and a correlation with herd health status have been reported, CRP has 
not been fully considered as an APP in cattle. 

6. Soluble cluster of differentiation 14 
6.1 Structure 
Soluble CD14 is a single chain protein with a molecular weight of about 50-53 kDa and 
spans approximately 348 amino acids in length. Structure analysis by proteolytic cleavage 
has shown that the molecule is made of two tightly folded domains, the main binding site 
for LPS (Juan et al., 1995; McGinley et al., 1995). 

6.2 Functions 
The bovine cluster of CD14 is an important player in host innate immunity in that it 
mediates host defense against Gram-negative bacterial infections and also confers immunity 
against viral infections (Chen et al., 1999; Haziot et al., 1996). Two forms of CD14 have been 
reported; a membrane bound form (mCD14) and a soluble (sCD14) form (Ulevitch & Tobias, 
1995). The sCD14 helps to carry LPS in cells that lack mCD14 (e.g., endothelial and epithelial 
cells). The mCD14 is attached to the surface of myeloid cells (monocyte/macrophages) via 
glycosyl-phosphatidyinositol tail (Haziot et al., 1998). Moreover, CD14 is required for the 
recognition of other bacterial products including peptidoglycan, lipoteichoic acid (LTA), and 
lipoarabinomannan (Gupta et al., 1996; Pugin et al., 1994; Savedra et al., 1996). The CD14 
gene in cattle was initially cloned and sequenced by Ikeda et al. (1997) and recently by the 
bovine genome project. In this review we will focus on sCD14 as an APP.  
The serum sCD14 is believed to originate from enzymatic cleavage of its membrane 
homologue mCD14 through the action of specific phospholipases or proteases (Bazil et al., 
1989, Sohn et al., 2007). It was first described by Maliszewski et al. (1985) as a culture-
supernatant blocking factor, soluble My 23, an antigen from human myeloid cells that was 
able to block staining of monocytes by anti-CD14 monoclonal antibodies. Together with 
LBP, sCD14 plays a crucial role in enabling cellular responses to Gram-negative bacterial 
LPS by shuttling LPS between LPS micelles to HDL (Kitchens & Thompson, 2005; Wurfel et 
al., 1995). 
Soluble CD14 facilitates transfer of LPS to lipoproteins, preventing over stimulation during 
the inflammatory responses (Maliszewski, 1991; Schutt et al., 1992). Transfer of LPS to HDL 
occurs either by the direct action of LBP or by a two-step reaction in which LPS is first 
transferred to sCD14 and subsequently to HDL. However, the two-step pathway of LPS 
transfer to HDL is strongly favored over direct transfer (Wurfel et al., 1995). Interestingly, 
movement of LPS from LPS-sCD14 complexes to HDL neutralizes the capacity of LPS to 
stimulate neutrophils. 
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Soluble CD14 also functions as a soluble receptor for bacterial LPS to cells that do not 
express CD14 such as epithelial and endothelial cells and thereby activates TLR-4 and the 
release of cytokines (Frey et al., 1992; Kitchens & Thompson, 2005). Toll-like receptor 4 
mediates cellular responses to microbial LPS and acts as a co-receptor with mCD14 for LPS 
(Sohn et al., 2007).  
Soluble CD14 also has pro-inflammatory activities in the extravascular compartments where 
it increases resistance to bacteria. In breast milk, for example, sCD14 has been associated 
with reduced occurrence of gastrointestinal infections in infants (Labéta et al., 2000). 
Moreover, sCD14 isolated from mouse, human, and bovine subjects have been involved in 
activation of B cell activity (Filipp et al., 2001). Therefore, it has been hypothesized that 
consumption of cow milk containing sCD14 might confer similar beneficial effects (Lee et 
al., 2003a). In a bovine model of intramammary Escherichia coli infection, co-injection of 
recombinant bovine sCD14 with the bacteria accelerates the recruitment of neutrophils and 
clearance of bacteria (Lee et al., 2003b). 

6.3 Tissue distribution and factors affecting sCD14 expression 
Expression of sCD14 in human subjects has been detected in the lung, heart, thymus, and 
liver; however, expression in the liver is much greater than the other tissues. Therefore, liver 
is considered to be the major source of sCD14 in circulation. To our best knowledge, no 
information about sCD14 expression in cattle liver has been reported so far. 
Another important source of sCD14 are immune cells. Thus, human monocytes express high 
levels of CD14 (~105 receptor/cell) whereas mCD14 expression on neutrophils is much 
lower (~3 x 103 receptors/cell). Expression of mCD14 on tissue macrophages can vary 
depending upon their origin. In cattle CD14 is expressed at 99,500-134,600 receptors, on the 
cell membrane of monocytes and to a lesser extent, at 1,900-4,400 receptors on neutrophils 
(Antal-Szalmas et al., 1997; Paape et al., 1996). An intracellular pool of CD14 exists in bovine 
PMN and is capable of translocating to the cell surface as mCD14 (Paape et al., 1996). 
Research conducted by Sohn et al. (2007) indicated that mCD14 expressed on bovine 
neutrophils is a source of plasma sCD14 in cattle. Moreover, they showed that sCD14 is shed 
from bovine neutrophils after stimulation by LPS. 
A third major source of sCD14 is the mammary gland, which in cows is at concentrations 
around 1-6 μg/mL (Bannerman et al., 2003; Bannerman et al., 2004; Lee et al., 2003a,b). 
Interestingly, the cellular source of sCD14 in human milk was shown to be mammary 
epithelial cells, which secrete in culture a slightly smaller form of sCD14 than that released 
by monocytes (Labéta et al., 2000). Apparently, there is no research in dairy cows to indicate 
the source of CD14 in the mammary gland. Interestingly, Sohn et al. (2004) reported that in 
bovine milk the molecular mass of sCD14 ranges between 53 and 58 kDa, very similarly 
with the forms found in the blood plasma. 
Various infectious diseases have been shown to increase sCD14 in the serum (Kitchens et al., 
2001). For example, circulatory sCD14 increased in respiratory tract secretions of patients 
suffering from acute respiratory distress syndrome, and in cerebrospinal fluid of patients 
with bacterial meningitis. 
Concentration of sCD14 in the milk, from healthy quarters of dairy cows, was reported to be 
at 6.90 μg/mL (Lee et al. 2003a,b). Intra-mammary inflammation, induced by LPS challenge, 
increases milk SCC in dairy cows, which in turn increases concentrations of sCD14 in the 
milk from the infected quarters. In addition, stage of lactation also affects concentration of 
sCD14 in bovine milk with higher levels observed during 0–4 d postpartum than other 
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periods of lactation (Bannerman et al., 2004; Lee et al., 2003a). However, in normal human 
breast milk much greater concentrations of sCD14 (14.84 μg/mL) have been reported 
(Labéta et al., 2000).  

6.4 Utilization of sCD14 for treatment of bacterial mastitis 
Intramammary injection of recombinant bovine sCD14 together with low concentrations of 
LPS in lactating dairy cows induced recruitment of neutrophils when compared to either 
LPS or CD14 alone (Wang et al., 1997). Moreover, administration of a high concentration of 
LPS in the mammary gland causes an increase of sCD14 in the milk, attributed to shedding 
of mCD14 from recruited neutrophils, and might play a role in modulating the 
inflammatory responses during coliform mastitis in cows (Paape et al., 2002). Furthermore, 
recombinant bovine sCD14 was able to lower the severity of intrammmary gland infection 
by E. coli in a mouse model of mastitis (Leet et al., 2003a) and also decrease the severity of 
infection in dairy cows after intramammary challenge with E. coli (Leet et al., 2003b). 

7. Ceruloplasmin 
7.1 Structure 
Ceruloplasmin (Cp; or ferroxidase) is a protein of the -2 globulin fraction of the bovine 
serum. This protein belongs to the family of multicopper oxidases. Serum Cp is synthesized 
mainly in the liver hepatocytes (Løvstad, 2006). However, the protein is expressed in other 
tissues as indicated in the next section of this review. Dooley et al. (1981) were the first to 
characterized bovine Cp. It is the product of an intragenic triplication and is comprised of 
three homologous domains (Yang et al., 1986). In humans, Cp is a single polypeptide chain 
of 1,046 amino acids (Endo et al., 1982), whereas bovine Cp is comprised of 1,063 amino 
acids (Zimin et al., 2009). Early studies estimated bovine Cp at a MW of 100 kDa (Dooley et 
al., 1981), whereas more recent comparative studies between bovine and human Cp 
indicated MWs of 125.1 and 129.8 kDa, respectively (Boivin et al., 2001). Bovine Cp includes 
six copper atoms as an integral part of the native protein (Zgirski & Frieden, 1990). Liver 
hepatocytes produce apo-Cp that has no copper (Cu) in it (Macintyre et al. 2004). 
Subsequently, 7 Cu atoms are added to the protein (Mukhopadhyay et al. 1997), which 
establishes a more stable product, holo-Cp (Terada et al. 1995). Almost 90% of Cp in blood is 
in the form of holo-CP (Matsuda et al., 1974). 

7.2 Functions 
Ceruloplasmin contains more than 95% of plasma Cu and might play a role in Cu 
homeostasis (Martinez-Subiela et al., 2007). However, its role in Fe homeostasis has 
overshadowed its Cu-related function. Therefore, the main reported function of Cp is 
ferroxidation or facilitation of oxidation of Fe2+ to Fe3+ and its subsequent binding to apo-
ferritin (Fleming et al., 1991). The ferroxidase activity of Cp is required for proper Fe 
homeostasis and lack of Cp leads to internalization and degradation of ferroportin, an Fe 
exporter (De Domenico et al., 2007). Furthermore, genetic defects of the Cp gene cause 
aceruloplasminemia, a rare disease with clinical manifestations, including retinal 
degeneration, diabetes mellitus, and neurological symptoms, which include ataxia, 
involuntary movements, and dementia (Miyajima, 2003). Humans with aceruloplasminemia 
also show Fe accumulation in various organs including the retina, liver, and brain, but there 
is no evidence of Cu deficiency or abnormalities in Cu metabolism (Jeong & David, 2003). It 
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has also been reported that Cp may play a role in scavenging reactive oxygen species (Healy 
& Tipton, 2007).  

7.3 Tissue distribution and factors that affect its expression 
7.3.1 Tissue distribution 
Serum concentration of Cp increases during inflammation, infection, and trauma largely as 
the result of increased gene transcription in hepatocytes, mediated by the inflammatory 
cytokines (Gitlin, 1988). Although the liver is the predominant source of serum Cp, 
extrahepatic expression of Cp gene has been demonstrated in many other tissues including 
spleen, lung, testis, brain, uterus, yolk sac, and placenta (Aldred et al., 1987, Thomas & 
Schreiber, 1989; Thomas et al., 1989). Ceruloplasmin also was detected in the milk and 
mammary gland of dairy cows (Tabrizi et al., 2008).  

7.3.2 Stage of lactation and breed 
The half-life of serum Cp is around 5.5 days, and studies demonstrate little or no exchange 
of Cu bound to Cp following its synthesis (Gitlin & Janeway, 1960; Sternlieb et al., 1961). 
Interestingly, failure to incorporate Cu during synthesis results in the secretion of an 
unstable apo-Cp moiety devoid of ferroxidase activity (Holtzman et al., 1970). In the normal 
adult human about 10% of the total circulating Cp is found as the apoprotein, which is 
rapidly catabolized with a half-life of about 5 h (Matsuda, 1974). Consistent with these data, 
an increase in the hepatic Cu pool results in a sustained increase in the concentration of Cp 
in the serum, whereas a decrease, as occurs in nutritional Cu deficiency, results in a marked 
decrease in serum Cp (Holtzman et al., 1966; Olivares & Uauy, 1996). Under normal 
circumstances the hepatic Cu pool is not rate-limiting for holo-Cp synthesis, as 
concentration of Cp in the serum concentration increases rapidly during infection, trauma, 
and pregnancy while the ratio of apo- to holo-Cp is maintained (Matsuda et al., 1974). 
The basal oxidase activity of Cp in the plasma of female Angus calves, Holstein dairy cows, 
and steers (Angus and Angus x Simmental) was estimated at 1.31, 60, and 21.9 µg/mL, 
respectively (Cerone et al., 2000, Hansen et al., 2008, Nazifi et al., 2009); whereas the basal 
concentration of Cu was approximately 0.75 and 1.14 µg/mL in calves and steers, 
respectively (Cerone et al., 2000, Hansen et al., 2008).  
A recent study of Hussein et al. (2011) reported concentrations of Cp in the serum of dairy 
cows during different stages of lactation (3–1 wk prepartum; 0–1 wk; 3–5 wk, and 15–18 wk 
postpartum) and showed greater concentration during 0-1 wk postpartum. Interestingly, 
these authors found that the activity of Cp is lower in the serum and in EDTA-treated 
plasma compared to heparinized plasma. They recommended heparinized plasma as the 
best way to preserve blood for measurement of Cp in dairy cow (Hussein et al., 2011).  
A study involving supplementation of Cu in steers showed that concentration of Cp in 
plasma was increased in association with liver Cu. They found that 10 mg of Cu/kg of DM 
increased plasma and liver Cu, and concentration of Cp compared with steers 
supplemented with 5 mg of Cu/kg of DM. In addition, the same study demonstrated that 
feeding steers copper glycinate was associated with greater plasma Cp than with copper 
sulfate (19.0 vs. 14.6 µg/mL) (Hansen et al., 2008).  

7.3.3 Ceruloplasmin during disease states 
Ceruloplasmin has been evaluated as a marker of animal health and welfare (Skinner, 2001). 
Several studies in cattle indicate its diagnostic use (Sheldon et al., 2002, Szczubiał et al., 
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2008). During administration of LPS (2.5 mg/kg body weight) in steers there is a decrease in 
concentration of Cp in the serum 2–3 h after LPS infusion (Carroll et al., 2009). The latter 
authors suggested that the decline in serum Cp might be related to Fe redistribution in the 
host blood, to lower Fe circulation in blood in order to prevent bacteria from that essential 
nutrient (Weinberg, 1984).  
In another study involving infection of the mammary gland, with Staphylococcus aureus in 
dairy cows, it was demonstrated an increased concentration of Cp in the mammary gland 
in infected quarters compared to the healthy ones. Studies in young animals have shown 
that concentration of Cp in the serum increases during induced pneumonic pasteurellosis, 
with the highest concentration observed 2 and 4 h after the inoculation (Fagliari et al., 
2003).  
In a recent investigation Chassagne et al. (1998) suggested a breakpoint level of Cp over 143 
µg/mL (oxydase units) in dairy cows as a reliable threshold to detect early mastitis cases. 
They showed that 83.5% of the cows that had lower than 49 Cp oxidase units in the serum 
were unaffected by mastitis versus 16.5% that were affected. Interestingly the same authors 
showed that high precalving plasma ceruloplasmin oxidase activity was a risk factor for 
early clinical mastitis.  
In sheep and cattle, serum Cp has been used to a limited extent to investigate Cu deficiency 
(Lorentz & Gibb, 1975, Mills et al., 1976). This was based on the fact that Cu deficient 
animals injected with Cu show an increased Cp activity and blood Cu concentrations 
thereafter (Bingley & Anderson, 1972, Lorentz & Gibb, 1975). Another study by Cerone et al. 
(2000) demonstrated that in Cu deficient (Cu < 0.35 µg/mL) calves, plasma activity of Cp 
was lower (i.e. 0.62 µg/mL) compared to control calves (i.e. Cu < 0.75 µg/mL; Cp = 1.31 
µg/mL).  
The low level of plasma Cp might lead to decrease antimicrobial activity of phagocytes 
(Boyne & Arthur, 1981). It is anticipated that the Cp might deliver Cu to enzymes such as 
lysyl oxidase; ceruloplasmin might transport Cu to maintain the activity of leukocyte 
enzymes involved in the respiratory burst (Cerone et al., 2000).  
A recent study demonstrated variations in Cp levels during intramammary 
administration of antibiotics alone (cefotaxime = 250 mg; 6 doses in total) or in 
combination with proteolytic enzymes (wobenzym drg and 100 mg of cefotaxime; 5 doses 
in total) in cows with clinical mastitis (Bakeš & Illek, 2006). In fact, concentration of Cp in 
the plasma before therapy was 25.77 μg/mL in both control and treated animals; 
however, concentration of Cp increased to 37.22 and 31.49 μg/mL after the treatment with 
antibiotics alone or in combination with proteolytic enzymes, respectively. Interestingly, 
the study of Bakeš & Illek (2006) showed that the enzyme therapy lowers the need for the 
use of antibiotics in dairy cows.  
Another study involving bovine Tropical Theileriosis demonstrated alterations in the blood 
APP, including Cp in serum. The cut-off point for concentration of Cp in the plasma of 
Holstein dairy cows to be recognized as affected by the disease was suggested to be greater 
than 64 µg/mL, with 80% sensitivity for detection (Nazifi et al., 2009).  
In conclusion, the potential to use serum Cp as a biomarker of disease state in dairy cattle is 
not very well established yet. Although, it was reported by several investigations that 
concentrations of Cp increase during administration of endotoxin (Conner et al., 1989), 
clinical mastitis (Tabrizi et al., 2008), or Tropical Theileriosis (Nazifi et al., 2009) further 
research is warranted to evaluate the functions and benefits of measuring Cp in cattle 
health. 
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8. Lactoferrin 
8.1 Strucuture 
Lactoferrin (Lf) is an 80 kDa non-heme Fe-binding glycoprotein of the transferrin family that 
is expressed in most biological fluids and is a major component of the mammalian innate 
immune system (Susana et al., 2009). Although the overall structure of Lf is very similar to 
that of transferrin they differ in their relative affinities for Fe and the propensity for release 
of Fe (Moore et al., 1997). The bovine Lf is a simple polypeptide chain comprised of 689 
amino acid residues, and folded into 2 symmetrical lobes (N and C lobes), each of which is 
divided into 2 domains  (Moore et al., 1997; Susana et al., 2009). Each lobe has a binding site 
for Fe3+ that lies between these 2 domains (Kurokawa et al., 1995). Furthermore, the Fe-
binding sites comprise 4 protein ligands that provide 3 negative charges to balance the 
positive charge of Fe3+. Lactoferrin might be in an open conformation (Fe-free), or a closed 
one, as a Fe-saturated molecule (Baker & Baker, 2005). Additionally, bovine Lf binds Fe 
more weakly than human transferrin (Aisen & Leibman, 1972) and it releases Fe more 
readily (Legrand et al., 1990). 

8.2 Functions 
Several different functions have been attributed to Lf including regulation of cellular growth 
and differentiation, intestinal Fe homeostasis, and host defense against microbial infection 
and inflammation (Ward et al., 2002). In this review we will focus on the anti-microbial 
functions of Lf related to its function as an APP. Lactoferrin possesses several antimicrobial 
activities that contribute to the innate immune responses at the mucosal layers. Most 
bacterial pathogens are dependent on Fe for their metabolic activities, growth, and 
proliferation. Lactoferrin, by its Fe-binding capability, sequesters this essential metal 
affecting growth of Fe-requiring pathogenic bacteria including enteropathogenic E. coli 
(Brock 1980). Interestingly, removal of Fe favors the growth of bacteria with low Fe 
requirements such as lactic acid producing bacteria, which are beneficial to the host 
(Petschow et al. 1999). Antimicrobial activities have also been described for Lf, which are 
independent of the Fe status of the protein. In this regard, a direct bactericidal activity has 
been described for Lf, which is due to a cationic domain located in the N-terminus of the 
molecule (Bellamy et al. 1992). Recent findings indicate that Lf binds to surface molecules 
(receptors) expressed on many microorganisms, causing cell death. Most interestingly, it 
was shown that Lf prevents interaction between Gram-negative bacteria outer cell wall 
component LPS and cations like Ca2+ and Mg2+. The latter initiates the release of LPS from 
the cell wall, making bacteria vulnerable to external antimicrobial attacks (Coughlin et al., 
1983; Ellison et al., 1988). Lactoferrin causes similar harm to Gram-positive bacteria based on 
its binding to anionic molecules on the bacterial surface, such as LTA, which subsequently 
decrease the negative charge on the cell wall favoring the contact between lysozyme and the 
underlying peptidoglycan over which it exerts an enzymatic effect (Leitch & Willcox, 1999). 
Lactoferrin aborts the viral infection at an early stage, by binding to certain viral antigens. 
This phenomenon is explained by binding of Lf to the glucosaminoglycans of eucaryotic 
cells; which prevents penetration of viral particles into cells (Yi et al., 1997). The protective 
effect of Lf is exerted by its suppression of major pro-inflammatory cytokines such as TNFα, 
IL-1β, and IL-6 (Machnicki et al., 1993; Haversen et al., 2002), and in increasing the amount 
of anti-inflammatory IL-10. 
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8.3 Tissue distribution and factors that affect lactoferrin expression  
8.3.1 Tissue distribution  
Synthesis of Lf can be continuous as part of exocrine fluids, under control of hormones such 
as in the reproductive tract and mammary gland (Teng et al., 2002), or at certain stages of 
neutrophil differentiation (Masson et al., 1969). Lactoferrin is secreted in the apo-form from 
epithelial cells in most exocrine fluids such as saliva, bile, pancreatic and gastric fluids, tears, 
and milk (Montreuil et al., 1960). In milk, Lf is synthesized mostly by glandular epithelial 
cells; its concentration in humans may vary from 1-7 mg/mL (milk and colostrum). In 
bovine milk, average concentration of Lf is at 30 g/mL. Prolactin has been shown to affect 
the amount of Lf synthesized in the mammary gland (Green & Pastewka, 1978), whereas 
estrogens affect its production in the reproductive mucosa (Pentecost & Teng, 1987; Walmer 
et al., 1992; Teng et al., 2002). Synthesis of Lf in the endometrium is influenced by both 
estrogens and epidermal growth factor (Nelson et al., 1991). In neutrophils, Lf is synthesized 
during their differentiation and is subsequently stored in specific granules, whereas in 
mature neutrophils the production of Lf ceases (Masson et al., 1969). During inflammation 
and disease conditions, concentration of Lf in biological fluids may increase greatly and 
constitute a potential biomarker of inflammatory states. This is particularly obvious in 
blood, where concentrations of Lf range from 0.4-2 g/mL, under normal conditions, to 200 
g/mL during septicemia.  

8.3.2 Lactoferrin in plasma, milk, and cervical mucus  
Concentrations of Lf in milk vary from 0.1–1.0 mg/mL in healthy cows; however, it can 
rapidly increase in cows with sub-clinical and clinical mastitis and this concentration is 
positively correlated with SCC (Kawai et al., 1999; Hagiwara et al., 2003). Concentration of 
Lf is usually 100-fold greater during drying off and early mammary involution periods than 
during lactation (Kutila et al., 2003). 
Health status of the cows is a very important factor influencing the amount of Lf in the milk 
secretions. For example, Harmon et al. (1975) induced E. coli infection in a bovine mammary 
gland, which resulted in a 30-fold increase in the concentration of Lf in the mammary 
secretion, by 90 h post-inoculation. Furthermore, they observed that during acute mastitis, 
Lf levels in the milk increased up to 30-fold with the greatest production of Lf occurring in 
the infected quarter.  
Concentrations of Lf in the cervical mucus of dairy cows range from 50 to 600 g/mL, with 
a mean of 250 g/mL (Rao et al., 1973). Interestingly, concentrations of Lf in the bovine and 
human cervical mucus are of the same order of magnitude. In samples collected from 7 
women during mid-cycle, concentrations of Lf (Masson, 1970) ranged from 80 to 1,000 
g/mL with a mean of 350 g/mL. Although it is not clear what is the source of Lf in the 
cervical gland it is likely that the cervical glands might secrete Lf in response to the bacterial 
presence in the reproductive tract. 
Interestingly, a considerable variation in Lf content is also seen in the milk from different 
agricultural management systems. The concentration of Lf in the organic milk samples was 
found to be 0.03 mg/mL, or 1.5 times greater, compared to the 0.02 mg/mL in the 
conventional milk. The increased concentration of Lf in the organic milk is related to various 
factors like type of immunity boostings and other management interventions in organic 
dairy farms. Furthermore, a high concentration of Lf in organic milk strongly emphasizes 
the anti-microbiological functions of this APP in raw milk. It is well established that Lf 
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prevents the supply of Fe for pathogens, such as coliforms, thus inhibiting their growth and 
proliferation (Zagorska, 2007). 

8.3.3 Age-and breed-related changes of lactoferrin in milk 
Various studies have indicated that concentrations of Lf in different body fluids vary in 
relation with the gender and age of the animals (Bennett & Mohla, 1976; Bezwoda et al., 
1985; Antonsen et al., 1993). For example, Tsuji et al. (1990) demonstrated that Lf content in 
the milk of 2 breeds of dairy cows (Holstein and Jersey) and 2 breeds of beef cattle (Japanese 
Black and Japanese Brown) was different among the breeds and cows of the same breed. 
They also showed that multiparous dairy cows had 2- to 3-fold greater Lf content in the 
colostrum than primiparous ones. The highest Lf content in the colostrum of dairy cows was 
observed in the second lactation; however, no differences were observed after the third 
lactation. Lactoferrin content among individual cows was variable, especially in dairy 
breeds. The highest concentration of Lf in milk was 11.77 mg/mL and the lowest was not 
detectable. Average Lf content in colostrum of dairy breeds was 2 mg/mL and in the 
colostrum of beef breeds was 0.5 mg/mL. The authors suggested that the reason for lower 
Lf content in the milk of beef cows is that they produce less milk than dairy cows. 

8.4 Lactoferrin supplements against endotoxin-related diseases 
Published studies indicate that the use of Lf as a supplement and its effects on immunity 
have been quite promising. When Lf is fed to adult animals and human infants, it increases 
markedly the beneficial microbiota such as Bifidus and decreases the number of pathogenic 
bacteria such as E. coli, streptococcus, and clostridium (Kruzel et al., 1998). In one study, 
administration of endotoxin in mice was associated with septic shock, whereas when mice 
were fed Lf the lethal effects of endotoxin subsided to a great extent (Zhang et al., 1999). In 
another study with baby piglets, Lf fed alleviated the severe effects of endotoxin when they 
were injected with E. coli and it was found that only 17 pigs died compared to 74 pigs in the 
control group (Lee et al., 1999). In addition, 2 human studies, using healthy human 
volunteers, demonstrated that ingestion of Lf, derived from cow’s milk, had positive 
immunoregulatory effects. These effects were specific to each individual and were related to 
the initial profile of the immune system of each person. Those data suggested that cow’s Lf 
might be used to improve the immune status of the patients (Zimecki et al., 1998). In another 
similar human study, it was demonstrated that administration of Lf influenced the primary 
activation of the host defense system (Yamauchi et al., 1998). 
Moreover, Griffiths et al. (2004) examined the effects of oral supplementation of newborn 
Balb/c mice with bifidobacteria (B. infantis, B. bifidum) and Fe-free apo-lactoferrin (bovine and 
human) on gut microbial environment and endotoxin concentration in the ileocecal filtrates 
as well as mucosal immunity. They observed that oral administration of mice with 
bifidobacteria and/or apo-lactoferrin resulted in lower concentration of endotoxin compared 
to saline controls. These data suggest that Lf can also be used as a preventive tool against 
endotoxin-related diseases in other species including dairy cattle. In addition, since 
antimicrobial properties of Lf have been documented against both Gram-positive and Gram-
negative bacteria Lf can be used against infections from those groups of bacteria (Sanchez et 
al., 1992; Chierici & Vigi, 1994). Lactoferrin content also varies considerably within breed. In 
beef breeds, half of the cows had values of Lf at nearly zero level (Tsuji et al., 1990). 
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9. Calcitonin gene-related peptide 
9.1 Structure  
Calcitonin gene-related peptide (CGRP) is a 37 amino acid neuropeptide generated by the 
splicing of the RNA transcript of calcitonin gene (Amara et al., 1982). By using NMR and 
distance geometry studies, Breeze et al. (1991) reported that CGRP sequence comprises an 
N-terminal disulfide bridge-linked loop between Cys2 and Cys7, followed by an alpha-helix 
in residues Val8-Arg18, and a poorly defined turn-type conformation between residues 
Ser19-Gly21. In a more recent study, an investigation conducted with NMR and molecular 
modeling techniques proposed a structure for CGRP characterized by a rigid N-terminal 
disulfide-bonded loop leading into helix segments between amino acids Val8-Leu16 
compared to Val8-Arg18 and a gamma-turn between amino acids Ser19 and Gly21 
(Boulanger et al., 1995). Two available isoforms of CGRP, from most species, have been 
reported including alpha-CGRP and beta-CGRP, derived from different genes (Amara et al., 
1985). Both alpha- and beta-CGRP exhibit similar functional activities and differ with 1 and 
3 amino acids from each other (Morris et al., 1984). The amino acid sequence of bovine 
CGRP shows a homology with other CGRPs identified so far. It is different by only 1 amino 
acid with rat alpha-CGRP and porcine CGRP and by 3 and 4 amino acids from human 
alpha- and beta-CGRP, respectively (Collyear et al., 1991). 

9.2 Functions  
Although CGRP is involved in multiple functions in various tissues including 
gastrointestinal, cardiovascular, respiratory, endocrine, and central nervous systems we will 
focus our review on the role of CGRP in the APR. In fact, CGRP was reported to be 
associated with the APR by Russwurm et al. (2001). Concentrations of CGRP in the plasma 
increase during sepsis and septic shock in humans (Joyce et al., 1990; Arnalich et al., 1995) 
and during endotoxicosis in rats (Tang et al., 1997). A recent study of 61 patients with sepsis 
demonstrated that CGRP levels were greater in non-survivors than in survivors as early as 
day one of sepsis and remained increased in non-survivors throughout the entire disease 
state (Beer et al., 2002).  
As an APP, CGRP may affect various metabolic, immunological, and biochemical processes 
of the host. For example, injection of CGRP in rodents is associated with increased 
concentrations of plasma glucose, lactate, and decreased plasma Ca (Young et al. 1993). 
Therefore, the increase of CGRP in plasma has been reported in various disease states, thus 
suggesting an important role of CGRP as a potential biomarker in predicting inflammatory 
conditions and diseases.  
With regard to its immune roles CGRP was shown to stimulate eosinophil infiltration into 
tissues (Davies et al. 1992). Interestingly, CGRP also promotes adhesion of T cells to 
fibronectin, a glycoprotein component of the extracellular matrix, which plays a role in 
migration of T cells to the inflammed sites (Nong et al., 1989). Additionally, CGRP has been 
identified as a factor that inhibits capacities of macrophages to activate T-cells. It also 
prevents the inflammatory damage of the liver cells, inhibiting production of TNF-
(Kroeger et al., 2009). Besides its anti-inflammatory properties, recent data show that 
CGRP stimulates the release of pro-inflammatory cytokines. For example, exposure of 
BEAS-2B cell line to CGRP, at a range of concentrations, caused synthesis of IL-6, IL-8, and 
TNF- 2 h after exposure and the release of their proteins 6 h after exposure (Veronesi et al. 
1999).  
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Only a few studies have looked at the effects of CGRP in cows. In conscious 
hypophysectomized calves, this peptide caused a significant fall in adrenal vascular 
resistance and promoted steroidogenesis on the adrenal cortex in the absence of exogenous 
adrenocorticotrophin (ACTH) (Bloom et al., 1989). In fact, this experiment showed that 
CGRP produced a substantial rise in cortisol output, which rose steadily to a peak mean 
value of 409 pg/min/kg within 10 min, in the absence of exogenous ACTH.  

9.3 Tissue distribution and factors that affect its release 
9.3.1 Tissue distribution 
To the best of our knowledge, there is no information about expression of CGRP in cattle 
tissues. Research in other species indicates that CGRP is highly expressed throughout the 
central and peripheral nervous systems and exhibits functional roles in various systems 
including gastrointestinal, cardiovascular, respiratory, endocrine, and central nervous 
(Brain & Grant, 2004). In another study in hamsters, infected with E. coli to cause sepsis, 
CGRP was expressed in multiple tissues including stomach, small intestines, colon, 
pancreas, heart, muscle, skin, visceral fat, testis, brain, spine, lungs, liver, kidneys, adrenal 
gland, spleen, white blood cells, peripheral macrophages, and thyroid glands versus 
expression only in thyroid glands, lungs, brain, colon, and spine in control animals 
(Domenech et al., 2001). 

9.3.2 Disease states 
There is a scarcity of data regarding the role of CGRP during inflammatory conditions in 
dairy cows and other ruminant species. In a study conducted by our team, to understand 
the etiology and pathogenesis of milk fever in dairy cows, we compared concentrations in 
the plasma of different variables including CGRP. Data from this study showed that dairy 
cows affected by milk fever had lower concentrations of CGRP in the plasma (38 vs 65 
pg/dL) than control counterparts, and this effect was associated with lowered 
concentrations of Ca and P in the plasma (Ametaj et al., 2003). Interestingly, low plasma 
CGRP were associated with lowered concentrations of plasma Ca around calving date, 
particularly in the sick cows.  
In another study conducted by us, in relation with the cause and pathology of fatty liver in 
dairy cows, we reported that cows with fatty liver had lower concentrations of CGRP in the 
plasma (ca. 20 pg/mL) throughout the study. On the other hand, cows that were not 
affected by fatty liver had greater concentrations of CGRP in the plasma on d 4 prepartum 
(45 vs 28 pg/mL) and during d 3, 8, 12, and 14 after calving. Moreover, concentration of 
plasma CGRP in control cows decreased by d 14 to levels similar to those observed in cows 
with fatty liver (ca. 25 pg/mL) and remained at that approximate concentration to the end of 
the study (Ametaj et al., 2005a,b). Although the functions of CGRP in dairy cows are not 
clear yet, it is possible that CGRP is involved in the metabolism of glucose and Ca in 
transition dairy cows. This hypothesis is supported by studies in rodents where injection of 
CGRP is associated with increased concentrations of glucose and lactate in the plasma 
(Young et al. 1993). Our data also demonstrated greater concentrations of glucose and 
lactate in the plasma of control cows, at several time-points, after partutrition versus fatty 
liver cows. Interestingly, Hinshaw et al. (1974) reported that intravenous administration of 
glucose helped removal of TAG from the liver and lessened the lethal effects of 
endotoxemia. Indeed, in our study we found an inverse correlation between total lipids in 
the liver at d 8 and 12 after parturition and plasma CGRP, and with plasma glucose and 
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lactate at different postpartal times. These correlations raise the possibility that CGRP may 
help prevent fatty liver by increasing concentration and supply of glucose. 

10. Ferritin 
10.1 Structure 
Ferritin was discovered in 1937 from horse spleen by French scientist Laufberger (1937), 
who coined the term “ferritin” from the Latin “ferratus” meaning “bound with Fe” after 
observation of the Fe content in the newly isolated protein  (Laufberger, 1937). Ferritin is the 
principal Fe storage protein with 387-464 kDa. It contains a protein shell encasing an inner 
cavity where variable amounts of Fe are stored as a ferrihydrite mineral (Koorts & Viljoen, 
2007). Structurally, a spherical protein coat of ferritin molecule, the apoferritin, surrounds an 
Fe core of hydroxyphosphate (Farrant, 1954). The apoferritin comprises 24 subunits that are 
composed of various combinations of 2 types of subunits, termed L (lever) and H (heart), 
having molecular weights of 19 and 21 kDa, respectively (Suryakala & Deshpande, 1999; 
Orino & Watanabe, 2008). The amount of core Fe ranges from 0 to 4,500 Fe atoms per 
molecule and reflects somatic Fe reserves, although naturally occurring ferritin contains less 
tha 3,000 Fe atoms/molecule (Theil, 1987; Harrison & Arosio, 1996). Ferritin isomers vary 
with each other in-terms of H to L subunits ratio depending on tissue type and 
developmental stage and in their metabolic properties (Wang et al., 2010). The H subunit 
contains the enzyme ferroxidase essential for incorporation of Fe, whereas the L subunit is 
devoid of ferroxidase and is primarily involved in Fe nucleation and physicochemical 
stability (Lawson et al., 1991; Levi et al., 1992). Serum ferritin is composed primarily of the L 
subunit type and relatively poor in Fe, whereas the ration of H/L subunits ranges from 0.03 
to 0.27 (Kakuta et al., 1997).  
Ferritin from cattle contains a major and a minor protein band, which contains high 
aspartate, glutamate, and glycine and lower methionine and histidine (Suryakala & 
Deshpande, 1999). Furthermore, bovine ferritin has comparatively higher concentrations of 
proline, threonine, and valine than equine or human ferritins (Cetinkaya et al., 1985). 
Although sequence identities of amino acids between mammalian ferritin H and L subunits 
are relatively low (50–56%), they are highly conserved among the corresponding subunits 
(H: 88–99%; L: 78–92%; Orino & Watanabe, 2008).  PO4(-3)/Fe ratio of 0.26 and two values of 
16.9 and 10.8 S20w were noted for bovine liver ferritin (Suryakala & Deshpande, 1999). 
Additionally, ferritin molecule contains 20% neutral carbohydrates. Iron content of liver 
protein is 9.58% in cattle and the Fe:protein ratio of bovine ferritin has been reported to be at 
0.161 (Suryakala & Deshpande, 1999). Using quantitative immunoprecipitation techniques 
concentration of Fe in serum ferritin was from 0.16 to 0.96 mg/mL (Suryakala & Deshpande, 
1999), and the Fe content of ferritin was at 20%, regardless of its protein concentration in 
bovine fetal sera (Kakuta et al., 1997). For measurement of serum ferritin, antibody-driven 
reactions such as radioimmunoassay or enzyme linked immunosorbent assay (ELISA) are 
the commonly used assays. The purified ferritin from cattle liver cross-reacts with anti-
buffalo liver and anti-equine spleen ferritins (antisera) by immunogel diffusion and 
immunoelectrophoresis (Suryakala & Deshpande, 1999). 

10.2 Functions  
Different studies have shown that extracellular ferritin can function as an Fe transporter to 
provide Fe to various cells (Wang et al. 2010). Sibille et al. (1988) calculated that one Kuppfer 
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cell could accumulate over 160,000 Fe molecules/minute via an efficient carrier mechanism. 
Moreover, ferritin plays a major role in intracellular Fe storage (Harrison et al., 1986). The 
survival of a bacterium within a host depends on its ability to extract nutrients from 
surrounding environment. Indeed Fe is an essential component or cofactor of many enzyme 
systems in bacterium, hence, it is a very important nutrient for bacteria to survive. However, 
because of its hydrophobic nature, most of the Fe in the host tissues is bound to high-affinity 
binding proteins like transferrin and lactoferrin while free Fe is very low (at 10-18 M). To 
scavenge Fe from these binding proteins, bacteria have evolved various kinds of highly 
developed and efficient mechanisms. For example, some highly virulent bacteria, such as E. 
coli and Klebsiella species, secrete siderophores or siderochromes, which serve as high 
affinity extracellular Fe chelating molecules. Similarly, mycobacteria produce mycobactin 
and exochelin, both Fe-binding proteins, to acquire Fe from the environment (Momotani et 
al. 1986). Other species of bacteria express receptors for transferring lactoferrin on their 
surfaces and internalize Fe this way. Still few others extract bounded Fe by proteolytic 
cleavage. In response to bacterial infection, host antimicrobial defense mechanisms involve 
sequestration of Fe away from the pathogens (Squires, 2004; Kannon, 2006). To make a 
host’s internal environment more hostile to an invading microorganism, pro-inflammatory 
cytokines such as IL-1β inhibit synthesis of hepatic transferrin concurrently stimulating 
synthesis of ferritin in various cells throughout the body (Rogers et al., 1990). Interestingly, 
Gray et al. (2002) found activation of regulatory T cells by H ferritin subunit, resulting in IL-
10 production. Similarly, TNF- induces ferritin secretion in cultured human hepatocyte 
(Torti & Torti, 2002). The overall result is a redistribution of Fe from extracellular to 
intracellular compartments, thus rendering Fe less accessible to invading pathogenic 
bacteria (Squires, 2004; Kannon, 2006). 
Superoxide radicals (O2-), produced by enhancement of mitochondrial cytochrome P450 by 
toxins or pro-oxidants, or NADPH oxidase by phagocytes (Vignais, 2002), play key roles in 
oxidative stress by releasing Fe2+ from ferritin after donating an electron to Fe3+ (McCord, 
1996; Orino & Watanabe, 2008). Oxidative stress mediated by reactive oxygen species (ROS) 
is major factor which is directly linked to inflammatory, malignant, and metabolic diseases 
in domestic and farm animals (Orino & Watanabe, 2008). However, oxidative stress 
mediated damage depends on the level of cellular Fe content, cell type, and total body Fe 
status because through the Fenton reaction an excess Fe2+ pool produces the most harmful 
free radicals (i. e., hydroxyls). There is an emerging body of evidence indicating that ferritin 
plays a protective role against oxidative stress. For instance, mouse ferritin H or L subunits 
are over-expressed in HeLa cells, and this lowers production of cellular ROS by pro-
oxidants (Orino et al., 2001; Orino & Watanabe, 2008). 

10.3 Tissue distribution and factors that affect its expression 
10.3.1 Tissue distribution 
Ferritin is widely distributed in almost each system of the body, which includes blood, 
spleen, liver, kidney, bone marrow, heart, pancreas, intestines, and placenta although its 
concentration is comparatively greater in the liver, spleen, and bone marrow (Harrison et 
al., 1986; Cetinkaya et al., 1985; Suryakala & Deshpande, 1999). Ferritin is distributed 
intracellularly in cytosol, mitochondria, and nucleus (Cai et al., 1997; Levi & Arosio, 2004; 
Surguladze et al., 2005); however because of the water-soluble nature, a small amount leaks 
into the extracellular fluid (Orino & Watanabe, 2008). In the circulatory system, it generally 
circulates in relatively low concentrations, at < 1 µg/mL. Circulating ferritin can be 
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classified into two types: (1) serum ferritin, of which the source and secretion mechanisms 
remain to be elucidated, and (2) tissue ferritin, which probably leaks from damaged tissues 
(Orino & Watanabe, 2008). Ferritin is also isolated from other extracellular fluids, such as 
synovial fluid (Ota & Katsuki, 1998) and milk (Orino et al., 2004). Most of the serum ferritin 
remains in equilibrium with tissue ferritin, and it is directly proportional to Fe stores under 
normal conditions. The percentage of ferritin Fe to total serum Fe ranges from 8.8 to 28.5% 
in bovine fetus (Kakuta et al., 1997). Concentration of ferritin in the serum increases 
markedly with Fe supplementation in calves (Miyata et al., 1984). In cattle, various studies 
have shown that the normal concentration of serum ferritin ranges between 33-55 ng/mL 
(Smith, 1997). Moreover, serum ferritin levels between 10-30 ng/mL indicate Fe deprivation, 
whereas those of more than 80 ng/mL suggest Fe overload (Suttle, 2010) 

10.3.2 Stage of lactation, breed, and age  
Furugouri et al. (1982) reported that from a relatively baseline concentration during late 
gestation (35 ng/mL), ferritin gradually increases strating at 3 d prepartum and reaches its 
peak level at 2 wk postpartum (75 ng/mL). Subsequently, up to 10 wk postpartum it 
declines gradually, and thereafter remains almost unchanged (40 ng/mL). Although, 
concentration of ferritin in the serum is associated with gender in humans (Urushizaki, & 
Kohgo, 1980), no such differences are recorded in cattle (Miyata & Fourgouri, 1984; Atyabi et 
al., 2006), which might be attributed to absence of menstruation and blood loss in cows. On 
the other hand, serum ferritin in calves is as low as 14 ng/mL during the first wk and rises 
to 33 ng/mL at 1 mo of age; however, no further change is observed up to 25 mo of age 
(Miyata & Furogouri et al., 1987). Grazing has also been reported to be associated with 
serum ferritin concentration in cattle (Miyata et al., 1986). There are no studies in cattle to 
show an effect of breed and parity on concentrations of serum ferritin, however, such 
differences among human races and an inverse relationship between human parity and 
serum ferritin has been reported (Lazebnik et al., 1989).  
Synthesis of feritin is controlled at both transcriptional and translational levels. In fact, this 
is regulated by Fe, at a translational level through interaction between Fe regulatory protein 
and conserved Fe responsive element (IRE, 28 bp) in the 50-untranslated region of ferritin H 
and L subunit mRNAs (Klausner & Harford, 1989; Torti & Torti, 2002; Orino & Watanabe, 
2008). Contrary to this well-defined regulatory mechanism, transcriptional regulation of 
ferritin gene by oxidative stress (Wasserman & Fahl, 1997; Tsuji et al., 2000), cytokines (Torti 
et al., 1988; Wei et al., 1990), oncogenes (Tsuji et al., 1993), and hormones (Yokomori et al., 
1991; Leedman et al., 1996) is Fe-independent and less evident (Orino & Watanabe, 2008). 

10.3.3 Ferritin during disease states  
Serum ferrtin is a true indicator of Fe-deficiency anemia and is reflected by lower than 
normal concentration of serum ferritin. Increased serum ferritin suggests pathologies 
associated with increased storage of Fe such as hemolytic anemia, megaloblastic anemia, or 
anemia of chronic disease in animals. Similarly, concentration of ferritin in the serum 
gradually increases with advancement of anemia in calves infected with Theileria sergenti. 
Serum ferritin also is increased during hepatic disease and neoplastic disorders (Roperto et 
al., 2010). Interestingly in steers fed a diet with lower calories there was an increase of serum 
ferritin within a 5 mo period (Furugouri, 1984). Underfeeding in cattle has been reported to 
lower hepatic glucose-6-phosphate dehydrogenase and superoxide dismutase activities, 
which result in depletion of antioxidant defense mechanisms and eventually give rise to a 
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state of oxidative stress and peroxidation. Serum ferritin is overproduced in conditions such 
as uncontrolled cellular proliferation, excessive production of toxic oxygen radicals, and 
during infectious and inflammatory states (Orino & Watanabe, 2008). Increased circulatory 
ferritin, during those states, reflects elevated total body Fe storage; however, these stores are 
sequestered and are not available for hematopoiesis, a process, which contributes to the 
widely recognized anemia of inflammation (Wang et al., 2010). Practical implication of 
meaurement of serum ferritin is to differentiate between true Fe deficiency (ferritin 
decreases) from the anemia of inflammation (ferritin is normal or increases). It is worth 
mentioning that true Fe deficiency could be missed if serum ferritin is elevated by a 
concomitant inflammatory condition. For example, concentration of ferritin is not 
recommended as a marker for the size of Fe stores in the early stages of lactation due to 
inflammation that accompanies parturtion (Furugouri et al., 1982). Thus, it is imperative to 
monitor serum ferritin in association with other APP (Smith, 1997). 
The study of Orino et al (2004) showed that ferritin in the bovine milk is an indicator of 
intramammary infection as the concentrations of ferritin in the milk of mastitic cows (134.2 ± 
28.7 ng/mL) were significantly greater than those of non-infected lactating cows (7.2 ± 1.2 
ng/mL). The latter authors suggested that serum ferritin is an indicator of disease status and 
also may be a prognostic indicator of the disease (Orino & Watanabe, 2008). 

11. Conclusions 
Research on APP in cattle started several decades ago and the number of publications 
during the last 5-10 years has increased noticeably. There is an increasing body of evidence 
to support utilization of APP as biomarkers of inflammation in cattle. Different investigators 
have reported enhanced concentrations of APP in various metabolic and infectious diseases 
including fatty liver, milk fever, downer cow syndrome, milk fat depression, mastitis, 
metritis, laminitis, grain-induced ruminal acidosis and several infectious and viral diseases. 
However, it’s more appropriate to conclude that APP might be used to indicate a general 
inflammatory state in the host and not a specific disease. Therefore, increased presence of 
APP in various fluids of the host should be used to suggest breaching of immune barriers of 
the host by bacterial, viral, fungal cells or their toxic products. Several APP have just begun 
to be tackled by bovine researchers; however, more research is warranted to establish the 
role(s) that APP play in host innate immunity. 
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1. Introduction  
Dairy cows undergo tremendous adaptive changes during the transition from late gestation 
to early lactation (Drackley et al., 2005). The importance of the periparturient period in 
determining health, productivity and profitability has been accurately described by 
Grummer (1995), Goff & Horst (1997), Drackley (1999) and Drackley et al. (2005). 
Many are in fact the metabolic and microbial diseases typical of this period: milk fever, 
metritis, rumen acidosis, lameness (Drackley, 1999). Furthermore, the well known reduction 
of immune competence  increases the susceptibility to mastitis and other infections. The risk 
of diseases seems to be increased as much as milk yield is genetically increased (Müller et 
al., 1999). This could be due to the metabolic stress consequences of high milk yield 
compared with nutrients intake, which is likely the cause of an impairment of the defence 
systems (Pond & Newsholme 1999). Another possibility, suggested by Drackley et al. (2005), 
is that multiple stressors, as much as they are severe and prolonged, can divert enough 
resources (energy, amino acids, etc.) and cause  immune system depression. This 
mechanism could account for  the increase of risks  in case of poor management, heat stress 
conditions, excessive rain and mud, etc. 
The hypothesis of multiple stressors combined with the general observation that many 
cows, in the same farm, are able to meet the challenge of the transition period, suggests that 
a genetic component is important for metabolic adaptation and, contemporaneously, that an 
improved management of farms could reduce the risks of affections. Therefore, according to 
Goff & Horst (1997), “the well-being and profitability of the cow could be greatly enhanced 
by understanding those factors that account for the high disease incidence in periparturient 
cows”. Regarding these aspects, particularly intriguing are the following issues: 
- how do some metabolic diseases increase the risk (Erb & Gröhn, 1988) of further  

metabolic and  microbial  diseases? 
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- how is the immune system  depressed, considering that signs of disregulated responses 
can be detected even before calving, when energy balance is still positive? 

- which role is played by the dry matter intake (DMI) as well as the energy efficiency in 
early lactation and which mechanisms determine their changes? Namely, why is DMI 
more or less depressed in the last days of the “dry” period before calving and, 
thereafter, its rate of increase is often not related to milk yield? 

1.1 Inflammation in the periparturient period  
Unfortunately, we do not have an  answer to all the above questions; yet, there is evidence 
that  inflammatory phenomena could provide a suitable conceptual framework for several 
of them: 
- Cappa et al. (1989)  showed the appearance of clinically overt inflammatory problems 

after calving (30% in a farm and 100% in another one); 
- Bertoni et al. (1997) showed a positive relationship between haptoglobin at day in milk 

(DIM) 15 and both days open (calving to conception) and culling rates of cows, 
particularly in case of high genetic merit (Calamari et al., 1997); 

- Trevisi et al. (1998) showed that early lactating cows with a lower liver synthesis 
activity were less fertile (137 vs. 89 days from calving to conception). The low liver 
activity was indexed by lower levels of albumin, Retinol Binding Protein - RBP - and 
lipoproteins. Probably, this activity is linked to inflammatory disorders because 
concomitantly high haptoglobin and globulin levels were also observed; 

- Trevisi et al. (2001) evaluated the inflammatory response after calving on the basis of 
the blood levels of albumin, vitamin A (RBP index) and total cholesterol (lipoprotein 
index) and developed a composite Liver Activity Index (LAI): the lower the index, the 
higher the inflammatory condition (as shown by +APP changes). 

- Bertoni et al. (2008) retrospectively separated parturient cows of 5 herds in accordance 
with LAI values in the 1st month of lactation. Results were very interesting, in fact cows 
with low LAI values (the lower quartile of the cows under study) showed: 
 higher frequency of clinical symptoms (42% vs 5% for LO-LAI and UP-LAI groups 

respectively) and often more than one disease case per cow; 
 less milk yield and reduced fertility; 
 higher haptoglobin peaks after calving, confirming the more severe inflammation, 

also observed in cows without clinical symptoms; 
 a larger energy deficiency, despite the lower milk yield, as confirmed by the more 

accentuated  losses of body condition score (BCS) and the higher levels of beta-
hydroxy-butyrate. Interestingly, the worse negative energy balance (NEB) could be 
due to a lower DMI, as suggested by the lower plasma levels of urea; in fact, 
uremia is related to total protein intake and therefore - in a population fed the same 
Total Mixed Ratio (TMR) – to DMI; 

 a lower energy efficiency utilization, as likely result of the increased maintenance 
cost necessary to support immune system activity (Trevisi et al., 2007; Trevisi et al. 
2010b); 

- Trevisi et al. (2010c) showed that cows with a higher inflammatory response after 
calving are characterized by pronounced differences of inflammatory markers in the 
previous dry period too [e.g. higher levels of sialic acid and Reactive Oxygen 
Metabolites (ROM) and lower ones of RBP, cholesterol, haemolytic complement].  
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The occurrence of inflammatory conditions in periparturient dairy cows and their 
consequences were also confirmed ex iuvantibus. Consistent results have been obtained by 
the authors following administration of acetylsalicylate (i.m. or by os) in apparently healthy 
cows at calving time, to prevent and/or to treat possible sub-clinical inflammatory 
conditions. In fact, the incidence of clinical  disorders and the severity of the inflammatory 
response after calving were reduced in treated cows and, most important, milk yield and 
fertility were significantly improved (Bertoni et al., 2004; Trevisi & Bertoni, 2008; Trevisi et 
al., 2008a). Analogous results were also observed using both phytoextracts (showing 
immunomodulatory and antinflammatory properties) and anti-Endotoxin serum. Namely, 
diet supplementation with Echinacea angustifolia, over 3-4 weeks around calving, seems able 
to attenuate some typical adverse effects of inflammation around calving and to improve 
energy metabolism (Trevisi et al., 2008b). Nevertheless, the presence of some contradictory 
aspects (e.g. marked post calving rise of plasma haptoglobin) suggests the need for further 
investigations. Treatment with an anti-Endotoxin serum immediately before calving did not 
reduce the prevalence of disease cases in the transition period, but attenuated the response 
to the disease stress and anyway improved reproductive activity and conception rates 
(Bertoni et al., 2003). 
In other trials, treatments with antibiotics immediately before calving (Bertoni et al., 2003) 
failed to improve performance and to reduce disease prevalence at the beginning of 
lactation. Furthermore, the anticipation of acetylsalicylate treatments before calving did not 
show encouraging results, in that the incidence of health disorders was not reduced and the 
attenuation of inflammation appeared less evident in comparison to acetylsalicylate 
treatments after calving (Trevisi et al., 2008). Moreover, oral, low-dose treatments with IFN-
α (a cytokine that exerts anti-inflammatory effects in monogastric species) in late gestation 
also failed to reduce inflammation  after calving. Contrariwise to the supposed effect, IFN-α 
caused an increased inflammatory response after calving, with consequent reduction of milk 
yield and a worsening of performance, suggesting a pro-inflammatory effect in ruminants; 
the possible causes of this phenomenon were illustrated by the authors in a previous study 
(Trevisi et al., 2009).  
The above displayed results clearly suggest that calving time is accompanied by more or 
less serious inflammatory conditions, often without clinical symptoms. Furthermore, these 
conditions could negatively affect metabolism, health and reproductive activity of cows. The 
possible mechanism is the liver synthesis deviation (from usual to acute phase proteins), 
reduction of DMI and energy efficiency, thus negative energy balance (NEB) and its 
consequences (immune system impairment, delay of reproductive resumption, etc.). 
Nevertheless, it remains a major question: which is (are) the cause(s) of these 
inflammations? 

1.2 Possible causes of inflammation in dairy cattle, with particular attention to the 
transition period 
Inflammation is a well known condition – described by Celsus (50 BC) – characterized by 
“rubor et tumor cum calore et dolore”. It was suggested to be caused by tissue damage and 
infections, although many types of injury produce a similar inflammatory response (Hunter, 
1794; cited by Grimble, 2001). It is in fact noteworthy that different types of injuries (e.g. 
trauma, burns, exposure to noxious chemicals, etc.), as well as various stresses (e.g. 
oxidation, heat, intense physical exercise etc.) in addition to autoimmune diseases, cancer, 
some toxic substances, can be responsible for an inflammatory response (figure 1). 
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Moreover, very peculiar is the possibility of endotoxins (LPS) and/or bacteria passing 
through the digestive channel wall, when its barrier function is damaged for different 
reasons: excessive fermentation, ischemia-reperfusion etc. (Rowlands and Gardiner, 1998). 
Inflammation process is also termed as acute-phase response (Richard and Gauldie, 1995), 
and comprises immediate events localized at sites of damage as well as an activation of 
systemic phenomena mediated by cytokines. A counter-regulatory system plays a critical 
role during APR in preventing the host from mounting an excessive defence response 
(Kapcala, 1999), which would be dangerous. A large variety of leukocyte and non-leukocyte 
cell types are able to synthesize either pro-inflammatory cytokines (e.g. IL-1, IL-6 and TNF-
α), which promote local and systemic responses (Cousins, 1985; Dinarello, 1997; Elsasser et 
al., 1997; Gruys et al., 1999),  or  anti-inflammatory cytokines (e.g. IL-4, IL-10), which depress 
the activity of the former to avoid dangerous side effects (Grimble, 2001). Thereafter, some 
cytokines initiate the cascade of inflammatory mediators  targeting the endothelium, and 
causing the release of eicosanoids (prostaglandins, leukotrienes, lipoxins, etc.) by activation 
of the cyclo-oxygenase-2. Eicosanoids are the main mediators of inflammation and justify 
the typical clinical symptoms of this process. 
Inflammation can be triggered by several factors that often occur in the transition period 
(Drackley, 1999). In this phase, any type of disorder, although apparently modest or 
originated from apparently not so dangerous agents (e.g. common parasites or infections, 
modest lesions or injuries, little diet mistakes, grouping and movement of cows, deficiency 
in  housing), could be conducive to more severe affections in the whole transition period if 
the usual homeostatic adaptation strategies fail. Peculiar causes of inflammation during the 
transition period could be the following: 
- mammary gland differentiation and proliferation; 
- uterus and placenta interactions; 
- physical effort during the calving as well as possible traumas consequent to difficult or 

abnormal calving (dystocia); 
- immunosuppression, as possible reason of more frequent infections. 
Moreover, different clinically adverse events could interact and progressively magnify each 
other, allowing for the development of secondary forms before or after calving (i.e. 
respiratory affections, ketosis and/or liver lipidosis, metritis, laminitis, mastitis etc.). 
Furthermore, any activating stimulus of inflammation causes an up-regulation of 
inflammatory gene expression, mostly through activation of Nuclear Factor–kB (NF-kB), a 
transcription factor associated with inflammation (Lindström & Bennett, 2005), and in 
particular to the expression of the relevant pro-inflammatory genes. Consequently, NF-kB 
up-regulates the release of pro-inflammatory cytokines as well as the release of several other 
proteins related to inflammation (e.g. monocyte chemoattractant Protein-1, the inducible 
isoform of cyclo-oxygenase, an inducible form of nitric oxide synthase, NOS-2, with higher 
nitric oxide production, adhesion molecule ICAM-1; Elewaut et al., 1999). Thus, pro-
inflammatory cytokines would be responsible of their further synthesis and, hence, of the 
amplification of inflammation itself. Therefore, inhibitors of NFkB (e.g. cortisol, 
antioxidants, ω3 fatty acids, etc.) are useful to stop inflammation. 

1.2.1 Mammary gland  
In the last 2 weeks of pregnancy, in coincidence with  mammary gland development a small 
rise of body temperature (about +0.3-0.5°C) and sometime a slight rise of plasma 
haptoglobin levels are usually observed; this could be one of the first signals of 
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inflammation onset. It is also known that mammary development is a process with features 
in common to the inflammation  (e.g. edema, rash), and that it is tightly modulated by  
systemic hormones and local secreted  factors like  beta-1 integrin, epidermal growth factor 
receptor, matrix metalloproteinases etc. The possible relationship between  these two 
phenomena (development of mammary gland and inflammation) has not  been investigated 
yet, but it seems intriguing (see also section 4.2).  
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Fig. 1. Cause, physiological and pathological outcomes of inflammation (adapted from 
Medzhitov, 2008) 

1.2.2 Uterus and placenta 
As previously reported (Trevisi & Bertoni, 2008), the inflammation is considered a key 
feature of both preterm and term labour in humans (Lindström & Bennett, 2005), with an 
influx of inflammatory cells into the uterus and elevated levels of pro-inflammatory 
cytokines observed during parturition. Some years before, Simpson et al. (1998)  identified a 
basal production of both pro-inflammatory and anti-inflammatory cytokines at parturition. 
During its whole life, placenta seems able to produce cytokines to improve its function 
(Hauguel-de Mouzon & Guerre-Millo, 2006), and the anti-inflammatory cytokine IL-10 
seems important to counteract inflammation associated to preterm parturition (Hanna et al., 
2006).  Both inflammation and labour seem associated to the activity of NF-kB and thus to 
the expression of the relevant pro-inflammatory genes, as above reported. 
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Interestingly, Sibai et al. (1993) observed that “low-dose aspirin decreases the incidence of 
preeclampsia among nulliparous women” as possible consequence of lower thromboxane 
production. This result confirms the possibility to modulate the production of pro-
inflammatory mediators  around calving and, therefore, the inflammatory response itself; 
more research is undoubtedly needed to improve this basic knowledge. 

1.2.3 Physical effort 
Strenuous exercise is accompanied by an increase in circulating proinflammatory and 
inflammation-responsive cytokines, which shows  some similarities with the response to 
sepsis and trauma as suggested by Pedersen et al. (1998). The same authors observed that 
sequential release of TNF-α, IL-1β, IL-6 and IL-1 receptor antagonist (IL-1ra) in the blood is 
comparable to that observed in relation to bacterial diseases. In particular, Lambert (2009) 
suggests that prolonged and strenuous exercise, can cause the impairment of intestinal 
mucosa integrity, increasing its  permeability. The exhausting exercise can in fact determine 
several consequences, like high glucocorticoid levels, reduced blood flow rate, 
hyperthermia, hypoxia, oxidative and nitrosative stress as well as absorption of 
lipopolisaccharides, which promote the release of pro-inflammatory cytokines. According to 
Lambert (2009) data, such intestinal dysfunction is a  non-rare condition in pigs. We are not 
aware of specific data on dairy cows, but prolonged physical activity can occur in case of 
difficult calving (or dystocia). This physical challenge, accompanied by other disturbances 
typical of  calving time (e.g. trauma, psychological stress, digestive upset, etc.) could induce 
a release of pro-inflammatory cytokines and, thus, inflammation. 

1.2.4 Infectious diseases linked to immunosuppression  
As previously demonstrated, there exists a strict correlation between the occurrence of 
infections and a state of substantial immunosuppression in transition dairy cows. Several 
studies documented impairment of the ability of lymphocytes and neutrophils to respond to 
infectious challenges in periparturient dairy cows, which is likely to provide an explanation 
for the high incidence of infections (namely, metritis and environmental mastitis) during the 
early lactation period (Kehrli et al., 1999; Lacetera et al., 2005; Goff, 2006; Mulligan & 
Doherty 2008). 
Immunosuppression goes along with marked changes in the endocrine, nutritional and 
metabolic status that are much more dramatic than at any other time in the life cycle of a 
dairy cow. The most common causes are:  
 increased concentrations of circulating cortisol for several hours around parturition;  
 metabolic disturbances [e.g., NEB, hypocalcemia, etc.];  
 frequent inadequate feed intake despite an increased energy requirement for the 

developing conceptus and the impending lactogenesis;  
 reduced intake of immunomodulating nutrients (vitamins A and E, selenium, copper 

and zinc);  
 digestive disturbances due to sudden dietary changes;  
 oxidative stress with risk of damage for membranes of immune cells; 
 environmental stressors deriving from the usual management of dry and lactating dairy 

cows.  
The above events contribute to immunosuppression in the transition period, as shown in 
previous studies (Grummer, 1995; Burton et al., 2005; Goff, 2006; Spears and Weiss, 2008). 
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However, most of  them occur at calving time or immediately thereafter. Thus, there are 
probably further causes of immunosuppression, considering that signs of a disregulated 
innate immune response start 2-3 weeks before calving. 
In this scenario, convincing evidence suggests that periparturient immunosuppression can 
be partly accounted for by the negative energy balance and related phenomena (e.g. fatty 
liver syndrome), which act as major contributing factors (Breukink & Wensing, 1997; 
Lacetera et al., 2005). Several studies have thus been performed to establish possible cause-
and-effect relationships between NEB and impairment of the immune response in 
periparturient dairy ruminants. Recently, Wathes et al. (2009) reported that several 
inflammatory response genes were upregulated in cows undergoing conditions of severe 
NEB, whereas Moyes et al. (2010) reported that the majority of genes involved in the 
acquired immune response were down-regulated in NEB cows. Previous studies indicated 
that ketotic ruminants are immunosuppressed as well. Also, the hypothesis was tested that 
immunosuppression under NEB conditions  might be due to increased concentration of 
some metabolites [namely, ketone bodies and nonesterified fatty acids (NEFA)] 
(Suriyasathaporn et al., 1999; Lacetera et al., 2004). In particular, studies on NEFA indicated 
that concentrations of plasma NEFA mimicking intense lipomobilization altered (a) the 
ability of lymphocytes to proliferate or secrete immunoglobulin M and interferon-γ in 
response to polyclonal stimuli (mitogens) (Lacetera et al., 2004), as well as (b) the viability 
and oxidative burst of polymorphonuclear (PMN) cells (Scalia et al., 2006). Furthermore, 
some authors recently suggested that plasma concentrations of NEFA may be possible 
diagnostic markers of impaired immunity and higher risk of infections around parturition 
(Moyes et al., 2009; Ospina et al., 2010). In particular, Ospina et al (2010) indicated that 
prepartum and postpartum serum NEFA higher than 0.3 or 0.6 mmol/l, respectively, were 
associated with increased risk for displaced abomasum, clinical ketosis, retained placenta 
and metritis. 
In addition to that, evidence of a distinct worsening of inflammatory conditions and signs of 
transient immunosuppression in the periparturient period were consistently detected by the 
authors in field studies on cohorts of Frisian cattle. Thus, decreased levels of blastogenic 
response of lymphocytes to mitogens and lower levels of hemolytic complement around 
parturition went along with APR and altered hematological values, persistent 
hypoalbuminemia and hyperalphaglobulinemia (see a few results in figure 2). Such a shift 
from the reference values should be traced back to the peculiar adaptation strategies of these 
animals to NEB and perhaps to the serious metabolic stress of high-yield lactation. 

1.3 Inflammation and energy balance 
As well known, “Nature has accorded a high priority to the functions of pregnancy and 
milk secretion, allowing them to proceed at the expense of other metabolic processes even to 
the point that a disease state is created” (Bauman & Currie, 1980). Namely, as previously 
stressed (Bertoni et al., 2009) and except for the case of very serious diseases, milk yield in 
the first weeks of lactation is pursued much more quickly and independently from feed 
intake (Figure 3); as a result, NEB is unavoidable. For this reason post-calving cows are 
characterized by  shortage of some metabolic fuels (e.g. glucose and aminoacids), drained by 
the mammary glands for milk syntheses, and by an increase of metabolites due to lipid 
mobilization (e.g. NEFA, BHBA). Therefore, what can be avoided is simply an excessive 
NEB, mainly through a good DMI, because energy concentration cannot be modified to a 
large extent avoid health disorders. Thus, as suggested by Villa-Godoy et al. (1988), the 
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severity of NEB does not seem a consequence of the high milk yield at the beginning of 
lactation, but a result of poor DMI, which can be caused by diseases (and inflammation) and 
not only by physical factors.  
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LEGEND 
This study was performed on 30 healthy, high-yielding Italian Frisian dairy cattle (10 heifers and 20 
cows), from two herds with a record of  very good productive and reproductive performances. Blood 
samples in vacuum tubes were always collected from the same animals at 10-day intervals from the last 
two weeks of the dry period until day 60 after parturition. At each time point animals were within a 10-
day range with respect to the date of parturition. The tests were carried out as previously described 
(Amadori et al., 1997).  

Fig. 2. Time-course of some serum protein fractions and haemolytic complement. 
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In general, feed intake is affected by both physical and metabolic factors, but the former 
appear the limiting ones in early lactation. Nevertheless, in transition cows, other factors 
could also account for a reduction of DMI. In fact, cows often show marked rises of body 
temperature (>39.5°C) in the days following calving. These rises of temperature are mainly 
consequences of common malaise conditions immediately after parturition, linked to 
inflammatory phenomena, thus to a release of pro-inflammatory cytokines. As previously 
suggested,  inflammation is also recurrent without disease, because pro-inflammatory 
mediators, which induce fever as well as anorexia and muscle catabolism (Elsasser et al., 
2000), can be released for other causes (figure 1). Unfortunately, NEB is worsened since the 
metabolic changes induced by cytokines   increase the availability of energy for  a higher 
immune system activity. Puigserver et al. (2001) have in fact demonstrated that 
inflammation is coupled with the increase of cellular respiration and expression of genes 
linked to mitochondrial uncoupling (e.g. body temperature rise). In accordance with that, 
cows with more severe inflammation after calving are likely to suffer from a reduced 
efficiency in the use of Net Energy (Trevisi et al., 2007 and Trevisi et al., 2010); coupled with 
lower DMI, this means a worsening of usual NEB.  
The severe NEB, quite common in early lactating cows, is really dangerous as cause of 
metabolic diseases (ketosis) and immunosuppression; furthermore it has been associated to 
a reproductive failure for a negative (toxic) effect on follicles and oocytes (Kruip et al., 1999; 
Jorritsma et al., 2004).  
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Fig. 3. Average levels of appetite and energy requirements (energy mobilization was not 
considered) in the transition of high yielding dairy cows. In brackets the suggested net 
energy for lactation concentrations (NEL) of diets of 3 stages. 

2. Mechanisms of the acute phase response (APR) in the liver 
The negative effect of inflammation at calving time can be also mediated by the liver 
diversion of activities due to  the acute phase response (APR); the increased synthesis of 
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haptoglobin and several other positive APP causes a lower synthesis of usual liver proteins, 
for this reason called negative -APP (albumin, lipoproteins, retinol binding protein etc.). 

2.1 Inflammation and liver changes 
As above explained, some of the inflammation effects - anorexia, catabolic conditions, fever 
(with an increase in feed energy wastage; Klasing, 2000), adipose mobilization and maybe 
more the significant disturbance of liver synthesis activity - can be particularly pernicious in 
the peripartum period. Altogether, they can increase the risk of metabolic diseases, such as 
ketosis and liver lipidosis, but indirectly of the infectious ones as well (Goff & Horst, 1997). 
Looking at  liver, pro-inflammatory cytokines promote the liver synthesis of several plasma 
proteins (Powanda, 1980; Cousins, 1985; Elsasser et al., 1997; Gruys et al., 1999; Murata et al., 
2004; Peterson et al., 2004; Gruys et al., 2005) including the positive acute phase proteins 
(+APP: i.e. haptoglobin, SAA, ceruloplasmin, C-reactive protein, a1-antitrypsin). 
Unfortunately, this increased synthesis partly competes with the production of the usual 
liver proteins, which are to some degree reduced at the same time (Fleck, 1989; Wan et al., 
1989). Thus, several of these proteins, named the negative APP (-APP), are affected (i.e. 
albumins, “carriers” of vitamins and hormones, lipoproteins, some specific enzymes as 
paraoxonase, etc.) (Gruys et al., 2005). The functions of -APP are essential to the metabolic 
integrity of the animal and their synthesis is therefore highly maintained.  

2.2 Indices to evaluate the consequences of acute phase reactions during the early 
lactation period 
From the above considerations, -APP seem  appropriate indices to detect  consequences of 
an inflammatory condition  in the peripartum period. In fact,  changes of –APP (e.g. low 
levels or retarded increases) are prolonged in comparison to the rise of +APP. Moreover, in 
our experience the association between  +APP response after calving and  acute 
inflammatory phenomena is not always very clear and marked. Therefore, we have recently 
proposed two composed indices based on levels of some –APP observed in the first month 
of lactation, with the aim to evaluate the changes on liver activity synthesis caused by 
inflammatory events occurred around caving: the Liver Activity Index (LAI, Trevisi et al., 
2001a) and the Liver Functionality Index (LFI; Bertoni et al., 2006).  
LAI includes the average blood level at 7th, 14th and 28th DIM of some proteins synthesized 
by the liver: albumin, lipoproteins (indirectly measured as total cholesterol), and Retinol-
binding Protein (RBP, measured as retinol, as the retinol level in the plasma is strictly 
related to RBP synthesized by the liver). Data of these 3 blood parameters were transformed 
into units of standard deviation obtained for each cow as follows: the mean value of the 
herd population of each plasma parameter (albumin, total cholesterol, and RBP) was 
subtracted from each cow value at 7, 14, and 28 DIM and divided by the corresponding 
standard deviation . Thus, the final LAI of each cow is the result of the arithmetical mean of 
the 3 partial values obtained from the 3 selected blood indices of 3 bleedings. At the end, 
LAI values represent a good estimation of the consequences of an inflammatory challenge 
which occurs at calving time, or around it, in each cow checked within a defined herd; 
therefore, LAI allows to retrospectively rank cows of the same herd from low to good 
adaptation to some very important risky situations during the transition period.  
LFI has the same aim, but includes albumin, lipoproteins (indirectly measured as total 
cholesterol) and bilirubin (as indirect measure of the enzymes, synthesized by the liver, 
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which operate its clearance). LFI is an index of the relevant  changes between DIM 3 (V3) 
and 28 (V28), standardized in accordance with the optimal pattern of changes of the 3 
parameters, obtained from healthy cows at the same stage of lactation. For each parameter, 
LFI calculation is done in 2 steps (table 1). Briefly, the 1st one considers the effects occurred 
at 3rd DIM (V3) and changes between 3rd and 28th (V28) DIM. For albumin and cholesterol 
these two effects equally concur (50%) to the partial LFI result (Alb-I and Chol-I), while for 
bilirubin the effect at DIM 3 represents 67% of the total partial LFI index. In the 2nd step, 
these partial indices were standardized in accordance with the average values observed in 
“healthy” cows, as defined by the upper LAI quartiles (Bertoni et al., 2008) (e.g. subtracting 
the correspondent mean value and dividing by the correspondent standard deviation). 
Ultimately, LFI was obtained by adding the values of the three partial indices. In table 1 are 
also included two examples of LFI calculation, belonging to 2 cows, with a low and with a 
high LFI index. 
Respect to LAI, LFI allows to evaluate the same consequences of an inflammatory challenge, 
occurring  at calving time or around it, but the retrospective ranking can include  cows 
belonging to different herds. Anyhow it is interesting that the two indices are well 
correlated (Trevisi et al., 2010b). Therefore, considering that  the determination of LFI is 
easier and cheaper than LAI, and that LFI allows for a comparison between herds, LFI 
appears a more reliable index to measure the success/failure of cow adaptation in the 
transition period. 
 
Step 1

Step 2 LFI = (Alb-I – 17,71)/1,08 + (Chol-I –2,57)/0,43 – (Bil-I –6,08)/2,17

COW 1 (low LFI)
V3 V28 partial LFI indexes

albumin g/L 30.00 33.00 Step 1 16.50
cholesterol mmol/L 1.50 3.75 1.88
bilirubin mcmol/L 15.50 3.50 14.35

LFI

Step 2 -6.52

COW 2 (high LFI)
V3 V28 partial LFI indexes

albumin g/L 35.00 38.00 Step 1 19.00
cholesterol mmol/L 1.80 5.50 2.75
bilirubin mcmol/L 6.00 1.50 6.17

LFI

Step 2 1.57

Bil-I = 0,67 * 6,0  +  0,33 * (8,0 - 1,5)  =

LFI = [(19,0 - 17,71) / 1,08] + [(2,75 - 2,57) / 0,43] - 
[(6,17 - 6,08) / 2,17]

Alb-I = 0,5 * 35  +  0,5 * (38-35)  =
Chol-I = 0,5 * 1,8  +  0,5 * (5,5 - 1,80)  =

Alb-I = 0,5 * 30  +  0,5 * (33-30)  =
Chol-I = 0,5 * 1,5  +  0,5 * (3,75-1,50)  =
Bil-I = 0,67 * 15,5  +  0,33 * (15,5-3,5)  =

Albumin (Alb-I) sub-index = 50% V3 + 50% (V28-V3)
Cholesterol (Chol-I) sub-index = 50% V3 + 50% (V28-V3)
Bilirubin (Bil-I) sub-index = 67% V3 + 33% (V3-V28)

LFI = [(16,5 - 17,71) / 1,08] + [(1,88 - 2,57) / 0,43] - 
[(14,35 - 6,08) / 2,17]

 
Table 1. Example of the calculation of LFI index.  

2.2.1 Practical use of LAI and LFI indices 
Inflammatory phenomena at calving time are well related to more severe health problems - 
sometime without strong reduction of milk yield reduction – as well as to the reduction of 
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performance and fertility (Bionaz et al., 2007; Bertoni et al., 2008). Therefore, by monitoring 
LAI or more conveniently LFI, it is possible to identify subjects that need more attention and 
proper therapies. In fact, these indexes, if determined in all the transition subjects in a herd, 
measure the extent of inflammatory consequences and are useful to show their presence in 
cows not affected by clinical symptoms. In accordance with the low LAI and LFI as well as 
some other indices (clinical, metabolic, productive, BCS, etc.,) we can observe two different 
types of cows at the end of the first month of lactation: 
i. subjects that continue to suffer from inflammatory phenomena, indicated - for example 

- by high plasma haptoglobin level. These cows require an accurate diagnosis, mainly 
concerning uterus, mammary gland, foot integrity and functioning, etc.; 

ii. subjects that have solved inflammatory events occurred around calving, but maintain  
inadequate liver function, which demands some support to accelerate liver recovery. 

Finally, all the subjects under these  conditions are at risk for fertility.  

2.2.2 APR changes with prognostic value 
In any case, in consideration of the adopted procedures both LAI and LFI are not able to 
detect in advance cows at risk in the peripartum period. Therefore, of remarkable usefulness 
would be the identification of parameters showing differences in the period that precedes 
calving, and, therefore, with a predictive meaning at calving time. 
Interestingly, by ranking cows at the end of the 1st month of lactation for LAI or LFI values, 
we detected important changes in some markers before calving. Cows with low LAI (Trevisi 
et al., 2010c) are characterized – even without any symptom - by slightly lower plasma levels 
of some –APP (e.g. RBP, lipoprotein, albumin) and haemolytic complement, as well as 
higher levels of syalic acid and ROMs in the last month of pregnancy. In other experiments 
(Trevisi et al., 2010a; Trevisi et al., 2010b), cows with lower LFI showed – again before 
calving and without clinical symptoms - higher levels of IL-6, ceruloplasmin, bilirubin, 
NEFA, ROM and lower ones of RBP and lysozyme. Most of the differences observed in the 
latter experiences were marked in comparison to previous research and reached statistical 
significance. Despite these results are been obtained in cows with extremely low levels of 
LFI, they confirm what appears in several experiences: animals which previously suffered 
for inflammations are more responsive to new inflammatory challenges; it is difficult to 
establish if higher susceptibility is innate or acquired.  
In general, these results suggest that before calving we can observe two different conditions: 
 subjects that show inflammatory phenomena without clinical symptoms, which could 

be detected by the rise of +APP (e.g. haptoglobin), pro-inflammatory cytokines (e.g. IL-
6), lipomobilization (e.g. increase of NEFA) and oxidative stress (e.g. rise of ROM); 

 subjects that only present residual signals of previous inflammatory events, which 
could be detected mainly by the slightly lower levels of some –APP (e.g. lipoprotein, 
albumin and RBP), but also lysozyme. 

In the first case (subclinical inflammations), the approach will be an attempt to identify the 
possible cause of health disorders (e.g. mastitis, lameness, etc.) with further and detailed 
investigations, followed by  appropriate therapy. In the second case, the subjects should be 
followed with more attention at calving time because they are likely to be more susceptible 
to any inflammatory challenge; these animals are eligible for treatments with anti-
inflammatory molecules (e.g. acetyl-salicylic acid) immediately after parturition.  
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2.3 From APR to a metabolic stress: Causes and effects 
As previously suggested (Figure 1), the APR can take place in the absence of detectable 
infections  even  before calving, thus increasing the risk of possible traumas and related 
tissue damage at calving time. Thus, the observed response does not fit into conventional 
models of APR, which implies that the origin of such a response should be set into an 
alternative conceptual framework. In this respect, we have to consider that APR is part of an 
ancestral, overlapping set of immune, stress and inflammatory responses aimed at the 
neutralization of stimuli perturbing immune system homeostasis (Ottaviani & Franceschi, 
1998). In this scenario, the effector mechanisms are remarkably similar for both infectious 
and non–infectious stimuli. In fact, a pro-inflammatory cytokine like IL-1 induces activation 
of the hypothalamo-pituitary-adrenocortical (HPA) axis as well as stimulation of cerebral 
noradrenaline; the effects of IL-1 are remarkably similar to those observed following either 
LPS administration (reminiscent of infectious stress) – that  cause the release of pro-
inflammatory cytokines - or acute, non-infectious  stressing events in laboratory animals, 
such as electric shock or restraint (Dunn et al., 1999). Therefore, an innate immune response 
can be mounted in different forms and extent by the host after exposure to both infectious 
and non-infectious stimuli.  
Not surprisingly, acute inflammation (e.g. cellular damage)  also triggers innate immune 
responses, which are very similar to those observed after an infectious stress.  Nevertheless, 
at  ordinary calving cows do not suffer from  severe metabolic stress; therefore, this  does 
not seem  the cause of inflammatory conditions, but a consequence and a possible 
amplification factor. On the other hand, compelling evidence shows that some cytokines  
promote the metabolic stress, on which a potent regulation can be also exerted by orally (e.g. 
IFN-alpha; Trevisi et al., 2009) or parenterally administered cytokines. Some major findings 
deserve utmost attention: 
 there is an up-regulation of several genes related to metabolic and physiologic functions 

after oral delivery of human IFN-alpha in cattle (Namangala et al., 2006), which implies 
a connection with  metabolic stress; 

 the IL-6 gene plays a crucial homeostatic role in hepatocytes of transition cows during 
inflammation and ketosis; under these conditions IL-6 can exert important effects on 
metabolic and energy production pathways, while inducing APR at the same time 
(Loor et al., 2007). 

2.4 Effector mechanisms of the APR  
Which rational link can be surmised between metabolic stress, inflammatory cytokines and 
APR?  One of the likely associations between metabolic stress and innate immunity could be 
traced back to the lymphoid stress-surveillance system, i.e. to the network of lymphocyte 
populations (mainly γδ T cells) which recognize neo-antigens like MIC on stressed cells 
(Hayday A.C., 2009), i.e. cells exposed to events as diverse as heat shock, infections, DNA 
damage, etc. Also in cattle, MIC proteins are ligands for the activating NK cell receptor 
NKG2D, expressed on NK cells, CD8+αβ T cells and γδ T cells; stimulation of these cells 
with recombinant MIC causes an IFN-γ response (Guzman et al., 2010); this is likely to 
trigger and sustain inflammatory cascades by activating macrophages for a sustained 
release of ROM and reactive nitrogen intermediates (RNIs) (Schreiber & Schreiber, 2003).  
Levels of oxidative stress are actually increased in the periparturient period, but it often 
occurs only after calving (Bertoni et al., 2008; Sordillo et al., 2009), as consequences of 
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inflammatory conditions that precede metabolic stress. Interestingly, this condition seems 
more evident in high-yielding dairy cows that are more susceptible to inflammatory events 
that occur at calving time. In this scenario, major negative outcomes of metabolic 
performance (oxidative stress, tissue hypoxia, accumulation of toxic metabolites, etc.) could 
easily give rise to activation of the lymphoid stress-associated surveillance system, thus 
worsening the inflammation.  
On the other hand, an inflammatory response could be directly triggered by both hypoxia 
and accumulation of ROM in tissues and organs. In particular, by a specific hypoxia-
inducible transcription factor (HIF-1), hypoxia induces the synthesis of vascular endothelial 
growth factor (VEGF), which increases the permeability of blood vessels in co-operation 
with NO and CO generated by endothelial nitric oxide synthetase (eNOS); in turn, the 
activity of HIF-1 is stimulated by IL1-β, Tumor Necrosis Factor (TNF)-α and NO even under 
normoxic conditions (see Hellwig-Bürgel et al., 2005 for review). Again these conditions are 
common after calving, therefore the metabolic stress does not seem the primer of 
inflammation in the periparturient cows, but it confirms an important role in the worsening 
and in the reiteration of inflammation at this stage. 
Owing to the above, the induction of inflammatory conditions underlying APR in 
periparturient cows can be accounted for by activation of both lymphoid and myeloid 
effector cells, with  possible complementation / synergisms of the relevant final effects, to be 
investigated in further studies. In addition, the opening of the calving canal in 
periparturient cows and the exposure of uterus to contaminating environmental bacteria can 
account for a short-term APR.  

3. Risk factors underlying high APR in the periparturient period 
A few parameters underlying inadequate homeostatic regulation of the inflammatory / AP 
responses were revealed in some studies of ours and other authors. These can be 
conveniently divided into factors underlying the very onset of APR (points 1, 2) and its 
subsequent, abnormal amplification (points 3,4):   
1. The prepartum levels of serum lysozyme. These are significantly lower in subjects 

which develop lower levels of –APP in the first month of lactation (Trevisi et al., 
manuscript submitted). Interestingly, lysozyme at certain concentrations can exert in 
vitro a significant down-regulation of IL-8, TNF-alpha and caspase-1 responses (Trevisi 
et al., manuscript submitted). The lysozyme gene is located on chromosome BTA5 in a 
region where quantitative trait loci (QTL) for milk production have been mapped. The 
role of lysozyme in controlling post-partum inflammation makes the lysozyme gene a 
possible candidate for the QTL effect, since lysozyme can affect animal health and 
welfare in this delicate period and therefore milk production during the entire lactation. 

2. Dehydroepiandrosterone (DHEA). This hormone plays an important role in the 
regulation of inflammatory cytokines like IL-6, as shown by the aging models in 
humans (Daynes et al., 1993); a major control of the TNF-alpha response has been 
described as well (Danenberg et al., 1992). Owing to the above, low levels of such a 
hormone in the dry period may be conducive to the development of an IL-6 and 
ceruloplasmin response in this phase, as observed by the authors in previous studies. 
(Trevisi et al., manuscript submitted).  

3. The intra ed extracellular Heat Shock Protein 72 kDa (HSP72) complex. In the authors’ 
experience (Catalani et al., 2010a), the HSP72 response is an important component of 
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the adaptation strategy of periparturient dairy cows to negative energy balance and 
lipomobilization after calving. In a global view, the crucial functions of HSP72 in the 
control of  both TNF-alpha and a fundamental cellular alarmin like High Motility 
Group Box-1 (HMGB-1) (Tang et al., 2007) are probably the foundation of the strong 
and long-lasting HSP72 response of cows after calving. Beyond that, the HSP72 
response is conducive to induction and differentiation of immuno-regulatory Treg cells 
(CD4+, CD25+), aimed at containing and restricting the inflammatory responses of the 
host (Van Eden et al., 2005). Therefore, a defective HSP72 response could outline a risk 
condition for cows in the post calving period.  

4. Some undefined factors underlying the blast response of lymphocytes to bacterial LPS. 
In the authors’ experience (Catalani et al., 2010b) there is a general tendency to a 
reduction of  the blast response of bovine peripheral blood mononuclear cells (PBMC) 
to LPS after calving; yet, low and high responders in this assay tend to maintain such a 
feature on a different scale; most important, high responder cows show the least 
number of disease cases in first weeks of lactation, with a possible association to Single 
Nucleotide Polymorphisms (SNPs) of the Toll Like Receptor 4 gene to be verified in a 
large number of animals (see Catalani et al., 2010b). Interestingly, Treg cells induced by 
the aforementioned HSP72 complex could play a role in the overall reduction of the 
blast response to LPS, as also suggested by the significant negative correlation between 
the two variables. 

Interestingly, circumstantial evidence in the authors’ labs on thousands of cow serum 
samples (Table 2) indicated that high-yielding Frisian dairy cows show much lower serum 
lysozyme contents (< 1 g/ml) compared with other dairy and beef cattle breeds; also, the 
lower lysozyme contents are correlated in our experience with higher peripheral blood 
granulocyte counts, lower albumin/globulin ratios and persistent monocytosis (data not 
shown). In this scenario, the IL-6 response observed in some dairy cattle before and after 
calving (Trevisi et al., manuscript submitted) can contribute to a functional differentiation of 
monocytes to macrophages (Chomarat et al., 2000), i.e. cells with a higher pro-inflammatory 
potential.  

4. Hypotheses and acceptable speculations 
4.1 The crucial role of the late pregnancy period 
We have already addressed in a previous section the issue of possible prognostic factors in 
cow pregnancy. This tenet was actually suggested by accumulated evidence, showing that a 
high and long-lasting APR in the periparturient period stems from a major failure of the 
cows’ homeostatic control circuits. Thus, the combined effects of some genetic and 
environmental factors before calving should activate the aforementioned lymphoid and 
myeloid surveillance systems; the observed features of defective homeostatic control of the 
inflammatory response could contribute all together to high and long-lasting APR after 
calving, associated to a poor outcome of the transition period. In addition, on the basis of the 
accumulated data (as explained in section 2.2.2 “APR changes with prognostic value”), the 
authors believe that a defective homeostatic response takes place first before lactation onset, 
i.e. before the expected phase of serious metabolic stress. In particular, the time-course of 
both IL-6 and some APP (e.g. ceruloplasmin for +APP and albumin for –APP) responses 
indicates that relevant noxae should be searched in the late pregnancy, non-lactating  period. 
In this respect, the aforementioned early risk factors for APR occurrence (lysozyme,  
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Albumin 
(mg/ml) 

Lysozyme 
(g/ml) 

Haptoglobin 
(mg/dL HbBC) 

Beef cattle (all)    
Average 30.27 2.28 10.25 

 Standard deviation 3.69 2.40 13.17 
n 459 465 465 

Male dairy cattle *    
Average 29.94 1.47 7.84 

 Standard deviation 3.08 1.31 8.91 
n 24 24 24 

Cattle with haptoglobin > 
100 mg/dL HbBC **    

Average 26.52 1.70 146.20 
 Standard deviation 3.74 1.60 41.15 

n 7 7 7 
   

Beef cattle <350  KG    
Average 28.34 2.07 12.20 

 Standard deviation 4.29 1.66 13.51 
n 62 63 63 

Beef cattle 350-500 KG    
Average 30.12 2.44 10.94 

 Standard deviation 3.41 2.70 14.79 
n 262 263 263 

Beef cattle > 500 KG    
Average 30.69 2.05 9.29 

 Standard deviation 3.60 1.93 9.86 
n 99 99 99 

*   18 Frisian and 6 Brown cattle < 3 years old 
** Cattle with high haptoglobin serum levels were set apart to illustrate the correlation with low 
albumin concentrations (negative APR) 
Total protein was assessed by the biuret reagent on a Synchron CX5 multi-analyzer (Beckman-Coulter). 
Serum albumin was determined by electrophoresis on an agarose gel and densitometric examination of 
protein bands (Hydrasis apparatus, SEBIA). Reference value for adult healthy cattle: 30-35 mg/ml. 
Haptoglobin was investigated as previously described (Makimura & Suzuki, 1982). Reference value for 
healthy cattle: < 10 mg/dL of Haemoglobin Binding Capacity (HbBC). 
Serum lysozyme concentration was measured by the lyso-plate-assay (Osserman & Lawlor, 1966).  
Reference values for healthy cattle: 1-3 g/ml.  

Table 2. Clinical chemistry values of  beef and non-lactating dairy cattle. 
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DHEA) could play a role vis-à-vis a physiological pro-inflammatory stimulation before 
calving. In turn, the ensuing, disregulated inflammatory conditions in the late pregnancy 
period could pave the way to high APR and related incidence of disease cases after calving, 
as indirectly shown ex iuvantibus by the good results of oral acetylsalicylic acid treatments 
after calving (Bertoni et al., 2004; Trevisi & Bertoni, 2008). Also, a seriousinflammatory 
condition of peri-parturient dairy cows is related to a lesser production performance 
(Bertoni et al., 2008), as repeatedly confirmed in our experience by the lower daily milk 
yields of cows with ongoing APR  under conditions of controlled dry matter uptake.   

4.2 Physiological events in late pregnancy and APR 
Which kind of event could actually trigger an inflammatory response way before stressing 
events like mammary gland edema, placenta expulsion, calving and lactation onset? The 
first possibility is obviously represented by subclinical infections, which go undetected by 
stockmen and practitioners. In particular, reference is made to mastitis cases of the “dry” 
period, leading to infected mammary gland quarters at lactation onset (Bradley & Green, 
2000; Green et al., 2002). Subclinical viral infections due to poor or no vaccine prophylaxis, 
as well as neglected podal lesions could undoubtedly play a role, too. However, whenever 
subclinical microbial infections can be reasonably ruled out, which  otherwise innocuous, 
physiological, pro-inflammatory condition can trigger in some individuals IL-6 and acute 
phase responses because of poor homeostatic control? A strong case can be probably made 
for a contribution of the massive leukocyte infiltration into the mammary gland at this stage, 
aimed at  removal of apoptotic cells and cell debris (Oliver & Sordillo, 1989). In fact, the 
process of active involution is most likely completed by 21 days after cessation of  milking; 
later on, during steady state involution, fluid volume is maintained at very low levels with 
the highest concentrations of both macrophages and granulocytes; at this stage, the activity 
of phagocytic cells is no more compromised like in early involution because of the attempt 
to eliminate milk components and cellular debris (Nickerson, 1989). As a result, the 
observed IL-6 and APR in the "dry” period may be coincident with the highest pro-
inflammatory potential of leukocytes infiltrating the mammary gland. Also, as described in 
a previous chapter, inflammation underlies both preterm and term labour, with an elevated 
levels of pro-inflammatory cytokines during parturition (Lindström & Bennett, 2005).  
Finally, inflammatory stimuli in the central nervous system can induce cytokines in the 
periphery by increasing sympathetic outflow; this has been demonstrated for IL-6 as well 
(Johnson, 1997), and it may hold true for the IL-6 response in cattle both before and after 
calving. Regardless of the triggering event, the authors believe that a primary, disregulated 
inflammatory response 4-5 weeks before calving is likely to determine sort of negative 
imprinting of the innate immune response; in turn, the latter is going to trigger after calving 
a high and long-lasting APR to the physiological, combined stimuli of calving and exposure 
of uterus to contaminating environmental bacteria. As explained in the previous 
paragraphs, such an APR after calving is strongly predictive of  disease occurrence and early 
removal from the herd, this latter feature being obviously affected by the actual precocity of 
clinical diagnosis and pharmacological treatments.  

4.3 Management of the periparturient period  
It is a strategic period as well known, but its importance  may be even greater in high-
yielding cows which appear more susceptible to inflammation (Table 3). 
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1. Ensure proper body condition at dry off and during dry period to provide reserve 
energy to meet requirements for milk production and reproduction in early lactation, 
but avoiding any excess: ideal BCS 3.0-3.3 points (Edmonson et al., 1989). 

2. Prevent new intramammary infections by proper dry-off procedure: e.g. by 
combining the usual antibiotic treatment in mammary gland with an intramuscular 
antibiotic treatment, with a large-spectrum to have also a systemic coverage against 
bacteria; 

3. Prevent virus and bacteria infections: vaccination against main viruses (IBR, BVD, 
PI3, rota-coronaviruses, E. coli, leptospira) and perhaps antiparasite treatments 
around dry-off period; 

4.  Prevent hoof problems: to ensure hoof care (trimming) around dry-off period 
(within 10 days before or after dry-off) 

5. Prevent digestive upsets: proper diet distribution; proper diet composition during 
the whole dry period to cover energy (about 1.3 Mcal/kg dry matter as Net Energy), 
vitamin and mineral requirements and to guarantee about 12% of crude protein in 
dry matter; a very short (8-10 d) and light close-up period (addition of about 1.5-2.0 
kg/d of cereals or lactation concentrate to usual TMR); 

6. Ensure comfortable housing: appropriate size of free-stall cubicles, clean and dry 
pen, thermo neutral conditions, no overcrowding; reduced changes of groups etc.; 

7. Proper feeding and housing will prevent any kind of metabolic diseases that 
however must be quickly treated; 

8.  Well monitored calving: without hurry and possibly trauma and avoiding isolation; 
9. Frequent checks before and after calving to verify health status: rectal temperature, 

gynaecological visit, good rumen fill, normal utilization of stored fat, high milk 
production; 

10. Stimulate and maintain aggressive appetite during the dry period and early lactation 
(by specific supplements, if needed). 

Table 3. Decalogue of correct dry period and calving management in dairy cows (to reduce 
inflammatory conditions) 

5. Conclusions 
Our results suggest that any cow in the transition period can incur in inflammatory 
phenomena of different seriousness and quite often without clinical symptoms. The 
consequences of this are a worsening of negative energy balance either for a lower dry 
matter intake and for some waste of energy and nutrients; furthermore, the acute phase 
response causes a deviation of liver synthesis and in turn a reduction of several protein-
enzymes which are responsible for liver functions. The inflammation phenomenon is 
triggered by pro-inflammatory cytokines as well as by eicosanoids;  their release can occur 
for many different reasons: infections, tissue damage,  stress conditions, heavy physical 
effort, etc.. This means that several and quite different can be the causes of inflammation, so 
that  several have to be the ways to prevent it: infectious and metabolic disease control, 
reduction of distocya as risk  of tissue damage and  physical effort, reduction of stress 
factors (heat, poor housing ,  digestive disorders which allow the absorption of endotoxins 
etc.); specific rules for the dry and transition periods should be established and aimed at  
avoiding or  reducing  inflammatory conditions around calving. 
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From a practical point of view, the consequences of inflammation at calving time are 
reduction of performance: milk yield, BCS, fertility, but also an increased risk of new 
diseases for an impairment of the immune system and  liver functions (also due to higher fat 
lipidosis). Worthwhile could be the possibility to detect – before calving – at risk animals 
which could be treated to reduce the inflammation consequences (i.e. by acetylsalicylate 
immediately after calving); also useful could be the possibility to recognize in early lactation 
the cows which suffered for severe and prolonged inflammations with different levels of 
seriousness after calving. These latter cows could be in fact treated to stop inflammation, to 
promote liver recovery and to improve the reproductive activity. Blood samples 2-3 weeks 
before calving or immediately after it and at the end of 1st month of lactation can allow for 
prediction  of these situations, in accordance with the  acute phase protein changes. 
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1. Introduction 
The acute phase response (APR) is a reaction of an organism to homeostatic disturbances, 
that could be due to an infection, tissue injury, neoplastic growth or immunological 
disorders. At the site of injury there is a local reaction – the aggregation of platelets, clot 
formation, dilatation and leakage of blood vessels, and the accumulation and activation of 
granulocytes and mononuclear cells. Activated cells release acute phase cytokines including, 
interleukin-6 (IL-6), interleukin-1 beta (IL-1b) and tumor necrosis factor-alpha (TNF-a)in 
order of importance. Due to specific receptors present on different target cells, these 
cytokines may act a systemic reaction – fever, leucocytosis, an increase in erythrocyte 
sedimentation rate, an increase in secretion of ACTH and glucocorticoids, activation of 
complement and clotting cascades, a decrease in serum levels of iron and zinc, a negative 
nitrogen balance, and dramatic changes in the concentration of some plasma proteins called 
acute phase proteins (APPs) (Heinrich et. al., 1990). The APPs belong to the group of 
proteins that become increased in concentration by 25% or more during inflammation 
(Kushner 1982, as cited in Whicher et al., 1991). 
In cattle, inflammation is not always followed by a leukocyte population increase. The 
normally low neutrophil-to-lymphocyte ratio (0.5 in cows) compared with other species (3.5 
in dogs, 1.8 in cats) may predispose ruminants to a delayed granulopoietic response because 
of a slower acceleration of myelopoiesis, preventing rapid leucocytosis (Taylor, 2006). 
Moreover, in cattle, the detection of inflammatory processes is more difficult to assess, 
because the symptoms of diseases are not easily detectable. Also, loose-housing systems 
make it even more difficult to observe individual cows and to recognize sick animals.  
The APPs are sensitive factors that allow the early and precise detection of inflammation in 
ruminants (Kent, 1992). The most frequently investigated proteins in cattle are: haptoglobin 
(Hp), serum amyloid A (SAA), fibrinogen (Fb), ceruloplasmin, alpha 1-antitrypsin and alpha 
1-acid glycoprotein (1-AGP) (Conner et al., 1986; Dowling et al., 2002; Eckersall & Conner, 
1988; Horadagoda et al., 1993). The liver is the major organ responsible for the synthesis of 
acute phase proteins (Miller et al., 1951). In cattle some proteins may be extra-hepatically 
synthesized, e.g. Hp and SAA may also be produced in the mammary gland (Hiss et al., 
2004; Molenaar et al., 1999, as cited in Molenaar et al., 2005). Proteins that increase in 
concentration during the inflammatory process are positive reacting proteins (e.g. Hp, Fb 
and SAA) and proteins that decrease in concentration are negative reacting proteins (e.g. 
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albumin, transferrin). Changes in APP levels (Hp and Fb) are slower and more prolonged 
compared to other changes that occur during the acute phase response, such as fever 
development, white blood cell count and decreased zinc concentration (Godson et al., 1995). 
Serum amyloid A and Hp may be used to discriminate between acute and chronic 
inflammatory conditions and were found to be better discriminators than haematological 
tests e.g. number of leucocytes, percentage of neutrophils and band neutrophils 
(Horadagoda et al., 1999). A significantly higher proportion of cattle with acute 
inflammation were found to have higher values of SAA and Hp than those with chronic 
inflammation (Horadagoda et al., 1999). The possibility of using APPs as markers of 
inflammation has triggered broad research in terms of cattle diseases. The usefulness of 
acute phase proteins for diagnosis and prognosis during the course of the most frequently 
occurring disturbances in cows (dystocia, retained placenta, metritis, abdominal disorders, 
mastitis and limb diseases) and calves (respiratory tract and diarrhoea) and in herd health 
monitoring will be discussed. 

2. Acute phase proteins in cattle diseases 
2.1 Peripartum reproductive disorders (dystocia, retained placenta, metritis) 
Transition from a dry period to lactation demands a tremendous effort from cows. Not all 
cows are capable of coping with this challenge and, as a result, they suffer from health 
problems. Normal calving induces an acute phase reaction. Parturition increases the Hp 
concentration but not the concentration of 1-acid glycoprotein in cows (Uchida et al. 1993). 
Contrary to findings by Uchida et al. (1993), Cairoli et al. (2006) found an increase 1-AGP 
concentrations between two weeks before and two weeks after parturition. The SAA 
concentration increases after delivery and the highest concentration was reached at 48 hours 
(Uchida et al., 1993). The increase in SAA concentration was related to tissue damage in the 
cow after passage of the calf through the cervix and expulsion of the placenta. Similar to 
Uchida et al. (1993), in a study by Chan et al. (2010), the SAA in healthy cows reached the 
highest concentration within 3 days after delivery (66±15 mg/l). Haptoglobin was detectable 
in the serum of all animals within 3 days after calving, and of these, 95.8% had 
concentrations higher than >130.9 mg/l. By the third week after parturition the serum Hp 
concentrations in healthy cows had decreased to 130.9 mg/l, while serum SAA 
concentrations decreased to 51.9 mg/l during the first week after parturition. The 
possibility that the synthesis of APPs may be influenced by hormones such as cortisol or 
prostaglandin cannot be excluded (Alsemgeest et al., 1993). 
In relation to peripartum reproductive disorders, acute phase proteins were examined as 
markers of the inflammatory process and predictors of the outcome of disease. It seemed 
that the APPs were not useful markers of predicting dystocia. In cows with dystocia 
followed by Caesarean section, the mean concentrations of Hp and Fb before surgery were 
within the reference ranges (0.07 and 6.3 g/l, respectively) (Hirvonen & Pyörälä, 1998). Also, 
in a study by Schönfelder et al. (2005), the Hp concentrations in cows with too large 
(relatively or absolutely) foetus, before Caesarean section, were similar to those in cows with 
regularly sized calves (median 0.1 vs. 0.009 g/l, respectively). It seems that conditions more 
serious than the foetus being too large must be present to induce increased Hp 
concentrations. In cows with torsio uteri, which led to a Caesarean section, the median Hp 
concentration before surgery was 2.1 g/l (Schönfelder et al., 2005).  
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The serum Hp concentrations during other postpartum reproductive disorders were 
ambiguous in the literature. In a study by Skinner et al. (1991), the mean Hp serum 
concentration in cows with severe metritis was 1.04 g/l (range from 0.56 to 1.61 g/l). Cows 
with a retained placenta (RP) and without metritis had lower mean Hp concentrations 0.76 
g/l (range 0.21-1.2 g/l). On the contrary, low Hp concentrations were found in cows with 
toxic puerperal metritis (Smith et al., 1998). The mean concentration on diagnosis day was 
0.19±0.15 g/l. Because the cows were carefully watched for signs of metritis after 
parturition, it is possible that low serum Hp concentrations in some of the animals were due 
to early diagnosis of the disease, and blood samples were taken before Hp had increased. 
Hirvonen et al. (1999b) also showed that plasma Hp concentrations remained low or 
moderate in most cows with acute postpartum metritis, and that in one cow (out of 14) the 
Hp concentration was not even detectable. In RP cows, just 1 out of 5 showed an Hp 
concentration above 0.1 g/l. The 1-AGP levels were increased in cows with acute 
postpartum metritis, but their levels did not correlate with the severity of the disease. The 
highest concentrations of 1-AGP were noted in the plasma of cows with metritis and also 
dystocia and/or RP. In a study by Chan et al. (2010), cows with acute puerperal metritis had 
significantly higher Hp concentrations than those in the healthy group throughout the 6 
months after delivery, but the higher concentrations of SAA in the metritis group were 
significantly different in a shorter period (between 4 days and 2 months postpartum). The 
highest Hp concentration was found in the period of 0-3 days postpartum (1.1 ±0.43 g/l), 
whereas for SAA it was 4-7 days postpartum (85±23 mg/l). The Hp concentration may be 
also used to evaluate the efficiency of therapy (Mordak, 2008). Cows with RP were divided 
into two groups with or without manual removal of the membrane. Cows with manual 
extraction were further divided into groups where the placenta had either been easily 
removed or there had been problems and remains of the placenta were left in the uterus. 
Cows without placenta removal were divided into groups where the placenta had been 
expelled within 4 days or after 4 days. Ten days after calving the highest Hp concentration 
was found in the group where the placenta had been expelled after 4 days (2.22±0.36g/l), 
and the lowest was found in cows where the placenta had been easily removed manually 
(0.9±0.3 g/l). For cows where placental removal was not complete or where they had been 
expelled within 4 days, the Hp concentrations were not statistically different (1.83±0.2 vs. 
1.53±0.27 g/l, respectively). Regarding Hp concentration on the tenth day, these results 
suggest that situations where the membranes are easily removed manually are the most 
beneficial for cows, but Hp concentrations at that time were still higher than those in cows 
serum without RP (0.46±0.19 g/l). 
In spite of the ambiguous results for APP concentrations during postpartum health 
disturbances, it can clearly be seen that high APP concentrations postpartum are negatively 
associated with health. Cows exhibiting Hp serum concentrations higher than 1 g/l at 15 
days of lactation had an increased risk of early culling (Bertoni et al., 1997). Also Hirvonen et 
al. (1999b) found that cows with Hp concentrations >0.7 g/l were later culled, due to poor 
body condition and low fertility.  
In recent years, it has become more popular to use APPs as predictors or risk factors for 
diseases. In heifers with RP, Hp was detectable in the last week before delivery and the 
mean Hp concentration was 0.9 ± 0.01 g/l. The mean SAA concentration was 20.3 ± 8.86 
mg/l. The differences in Hp and SAA levels between heifers with and without RP were 
statistically significant (Krakowski & Zdzisinska, 2007). Huzzey et al. (2009a) showed that 
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the Hp concentration might be used as an early predictor of metritis. Cows with Hp 
concentrations ≥1 g/l at day 3 postpartum were 6.7 times more likely to develop severe or 
mild metritis. Also, Dubuc et al. (2010) showed that Hp concentration  0.8 g/l in the first 
week postpartum are a risk factor not only for metritis, but also for purulent vaginal 
discharge and cytological endometritis, as well. 
The determination of APPs, especially haptoglobin, seems to be very useful during the 
peripartum period. Early detection of animals at risk and monitoring the efficiency of 
therapy and prognosis are very crucial, not only for economic reasons, but also with regard 
to animal welfare issues. 

2.2 The most common abdominal disorders and surgical interventions 
The concentrations of APPs have been described in cases of traumatic pericarditis and 
reticuloperitonitis, abomasal displacement (DA), abomasal volvulus and caesarean sections. 
McSherry et al. (1970) examined the plasma concentrations of fibrinogen in 160 sick cows. 
Many diseases were found to be associated with elevated plasma Fb levels, but pericarditis 
and peritonitis tended to produce the most consistent changes. Pericarditis, which was 
traumatic in origin, was detected in eight cows where the Fb concentrations were in the 
range of 9.25-16.75 g/l (McSherry et al., 1970). Also, Makimura and Usui (1990), in cattle 
with traumatic pericarditis, examined the concentrations of Hp, mucoprotein and sialic acid. 
Although in most cases the Hp concentration was increased at the same time as the other 
APPs, in animals with concurrent Theileria sergenti parasitic infection, the Hp concentration 
was lower than expected. This showed that in the cases of latent or apparent haemolytic 
disorders, diagnosis of inflammatory disorders with Hp estimation may be difficult. In the 
diagnosis of traumatic pericarditis, albumins also seem to be very useful. In a study by 
Yoshida (1991), cows with pericarditis had decreased levels of serum albumins (21.9 ±3.8 
g/l), and the lowest concentration was found in cases with purulent type of traumatic 
pericarditis. 
In a study on plasma Fb concentrations (McSherry et al., 1970) among 44 cows with 
peritonitis, 34 had Fb above 8.0 g/l (range 8.4-31.25 g/l). In 70% of these animals Fb 
exceeded 10 g/l. In 30 cows peritonitis was due to traumatic reticulo-peritonitis. Hirvonen 
and Pyörälä (1998) reported that cows with traumatic reticulo-peritonitis had high Fb 
concentrations. The mean Fb concentration in eleven cows was 11.6 g/l and in ten exceeded 
7 g/l. All cows with traumatic reticulo-peritonitis had preoperative Hp concentrations >0.55 
g/l and the mean Hp concentration was 1.07 g/l. The fact to find both Fb and Hp high 
concentrations in traumatic reticulo-peritonitis, as well as significantly higher concentrations 
than in cows with other surgically-treated abdominal disorders (e.g. abomasal displacement, 
caesarean section), makes them an attractive parameters for evaluation in diagnostics of 
traumatic reticulo-peritonitis. After surgery, cows with traumatic reticulo-peritonitis 
showed only a small increase in Hp and Fb concentrations, followed by a steady decrease 
during the late hospitalization phase. 
Displacement of the abomasum (DA) does not usually induce a significant Fb response. The 
Fb concentration was found to be in the range of 9.0-10.25 g/l in only three out of nine cows, 
and in the remaining cows it was between 3.1-8 g/l (McSherry et al., 1970). In a study by 
Hirvonen and Pyörälä (1998), in cows with abomasal displacement or volvulus, the mean 
plasma Fb concentration before surgery was 6.2 g/l. Fibrinogen was also found to be within 
the reference range in a study by Irmak and Turgut (2005). Cows with left DA had a mean 
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Fb concentration 3.8 g/l and cows with right DA had 3.7 g/l. Similar to the results of 
Hirvonen and Pyörälä (1998), in a study by Jawor et al. (2009) the mean Fb concentration in 
cows with DA was within the reference range (Table 1). In this study, blood samples were 
taken at three times. The first time (I) at cow arrival to the clinic (where the surgery was to 
be performed); the second (II) was at the third day of hospitalization; and the third sample 
(III) was taken just before the animal was returned to the owner, mostly on the seventh day. 
A right paralumbar fossa omentopexy was performed. Levels of Fb, Hp, SAA and albumin 
levels were also determined. In contrast to findings reported by Hirvonen and Pyörälä 
(1998), in our experience, the mean Hp concentration before surgery was higher (0,15 vs. 
1.21 g/l respectively). The mean Hp concentration was elevated in all blood collections. 
Fibrinogen remained low throughout the whole observation period. Only the changes in 
SAA during post-operative monitoring were significant, specifically between blood 
collections I and III (Table 1). 
 

    APP concentrations I  
n=8 

II  
n=8 

III  
n=8 

 
Hp g/l 

Mean (SD) 1.21 (1.08) 1.10 (0.63) 1.14 (1.28) 
Median 0.81 1.17 0.79 

 
Fb g/l 

Mean (SD) 6.4 (2.0) 5.95 (1.08) 5.23 (1.32) 
Median 6.24 5.95 5.48 

 
SAA mg/l 

 

Mean (SD) 138.59 (34.7) a 122.86 (38.6) 96.77 (38.9) b 
Median 130.92 142.08 103.99 

Table 1. Concentrations of Hp, Fb and SAA in cows with displaced abomasum (adapted 
from Jawor et al., 2009). I, II, III – blood-sampling. Values followed by different letters are 
significantly different at P ≤ 0.05. 

Abdominal surgery in cows induces an increase in Hp. In the study done by Hirvonen & 
Pyörälä, (1998) on abdominal surgery (DA, caesarean section, explorative laparotomy) a 
moderate Hp response, that peaked 2-3 days after surgery, was reported. In our study mean 
Hp and SAA concentration was lower after surgery. These differences in Hp changes might 
result from different initial concentrations – contrary to our results, the initial Hp 
concentration in study Hirvonen and Pyörälä (1998) in cows with abomasal pathology was 
low and APR driven by surgery is not major. A low concentration of albumin was detected 
in cows during the entire period of observation (I-26.5±6.9; II-24.9±2.6, III-25.0±4.6). Low 
concentrations of albumins together with high Hp and SAA levels confirmed a severe 
inflammatory state in the cows. The relatively quick change in SAA concentrations contrary 
to Hp and albumin, showed that during the monitoring of recovery process in cows with 
DA, the most accurate APP marker for post-surgery recovery process is SAA. Fibrinogen 
did not seem to be efficient enough for monitoring the cases of DA. However,  Hirvonen 
and Pyörälä (1998) pointed out that Fb concentrations might be helpful in the postoperative 
monitoring of infectious complications, such as peritonitis. 
In terms of DA, the Hp level determination before parturition may be a useful diagnostic 
tool to assess the risk of this disease (Huzzey et al., 2009b). During the week before 
parturition, the Hp serum concentration in cows developing DA postpartum was 
significantly higher as compared with healthy cows (0.5±0.02 vs. 0.2±0.02 g/l, respectively). 
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The odds for developing DA were 3.1-fold higher in cows with Hp concentration ≥0.8 g/l 
during week before parturition. 
The determination of Hp may also be useful for caesarean sections (Balbierz et al., 1977). In 
uncomplicated cases, Hp appeared in the serum on the second day after surgery and 
remained elevated for 8-9 days. When complications occurred after surgery, the Hp 
concentration remained elevated for the whole observation period (18 days). The 
determination of Hp concentrations after surgery may be also used as a predictor of 
regenerative potential in cases of caesarean section after torsio uteri (Schönfelder et al., 
2005). Cows that were fertile later had the highest Hp concentration on day 3 (median 3.21 
g/l), which later decreased. In cows that did not become pregnant later, the Hp 
concentration increased from day 2 (median 0.74 g/l) and demonstrated prolonged 
inflammatory states, which probably caused infertility. 
The determination of APPs in surgical procedures is a valuable tool for veterinary surgeons 
in monitoring the recovery process and the early detection of inflammatory complications. 
However, it must be remembered that surgical intervention induces a short increase in Hp 
and SAA levels, but not Fb levels.  

2.3 Mastitis 
Mastitis is recognized as being one of the most important reasons for culling dairy cows 
(Esslemont & Kossaibati 1997; Whitaker et al., 2000). The significant impact on health and 
milk production aroused researcher into APPs and mastitis. Up to now the evaluation of 
somatic cell count (SCC) has remained as the gold standard for determining udder health. 
However, research results have suggested that APPs might be interesting as either a 
valuable supplement even as an alternative to SCC. Changes in concentrations of Hp, Fb, 
ceruloplasmin, -1 antitrypsin, acid soluble glycoproteins, 1-proteinase inhibitor and SAA 
were investigated under field conditions and in experimentally induced mastitis. 

2.3.1 APPs in serum 
Haptoglobin, known as the haemoglobin reactive protein (HRP), in cows with mastitis was 
investigated by Spooner and Miller (1971). Out of 26 cows, Hp was detected in the sera of 24 
cows with clinical summer mastitis (septic mastitis). Later, Conner et al. (1986) found that all 
cows with summer mastitis had significantly elevated concentrations of -1 antitrypsin and 
ceruloplasmin in comparison to normal cows. In all cows with mastitis, Hp was elevated, 
whereas in healthy cows Hp was undetectable. Skinner et al. (1991) concluded that a 
haptoglobin concentration >0.4 g/l indicates significant infection and that a concentration of 
0.2 g/l and above may indicate early or mild infection. Eckersall et al. (1988, as cited in 
Skinner et al., 1991) suggested that the prognosis for cattle with an Hp concentration > 1 g/l 
is poor, but a later study could not confirm this (Skinner et al., 1991). The experimental 
induction of mastitis explained some more details about the usefulness of APPs and 
characterized the APR during mastitis. After experimental induction of mastitis in 10 
pregnant heifers with Actinomyces pyogenes, Fusoacerium necrophorum and Peptostreptococcus 
indolicus, changes in plasma Fb, serum Hp, acid-soluble glycoproteins (ASG) and the 1-
proteinase inhibitor (1-PI) were analysed (Hirvonen et al., 1996). Fibrinogen was found to 
be a reliable indicator for detecting the presence of bacterial infections in all heifers, but not 
as a prognostic indicator for mastitis, as there was no difference in the Fb response between 
animals who recovered and those who did not. Haptoglobin and ASG were most effective in 
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indicating the severity of infection and in predicting the final outcome of the disease in the 
heifers. The Hp response was different between moderate and severely affected heifers. The 
maximum Hp response was reached in 2-3 days. In severely infected heifers, Hp was four 
times higher than in the moderately affected heifers. The Hp levels in severely infected 
heifers remained elevated 2 weeks after bacterial inoculation, whereas in the moderately 
infected animals Hp returned to normal 5 days after the bacterial challenge. The maximum 
values for ASG were reached within 3-5 days. The ASG values in severely infected animals 
remained high for 2 weeks after inoculation. Serum 1-PI levels increased in severely 
affected heifers (maximum activities were reached in 3 days), but in moderately affected 
animals there was no clear response by this APP after the challenge. The WBC response was 
similar in all animals and had no predictive value for the severity of the disease in this 
study. These differences were not so evident in later studies. Hirvonen et al. (1999a) found 
that the differences between severely versus moderately or mildly affected cows with E. coli 
were present for SAA (which is more sensitive) but not for haptoglobin. Eckersall et al. 
(2001) showed that although serum Hp concentrations were higher in cows suffering from 
mastitis compared to healthy cows, no difference was observed between the cows suffering 
from mild and moderate mastitis. These differences might have been due to the different 
pathogens used and the numbers of bacteria inoculated, isolated from udders in these 
studies or individual ability for APPs synthesis (Jacobsen et al., 2004). Ohtsuka et al. (2001) 
showed that in naturally occurring coliform mastitis the Hp concentration was different in 
cows with severe (n=7) and mild mastitis (n=11) on days 3 and 9 after diagnosis, but not on 
day 6. The concentrations of Hp and SAA from different studies are compared in Table 2. 
 

 Eckersall et al.  
(2001) 

Grönlund et al. 
(2003) 

Nielsen et al. 
(2004) 

 
(n=10) 

Jawor  
(2007) 

 
(n=11) 

mild 
(n=16)

moderate 
(n=13) 

acute 
(n=6) 

chronic 
(n=5) 

Hp (mg/ml) 0.47 0.74 0.965 0.07 0.79 1.27 
SAA (µg/ml) 13.8 29.9 262 7.2 752*(739)** 69.86 

Table 2. Median Hp and SAA serum concentrations in mastitis (*mean, **standard 
deviation). 

2.3.2 APPs in milk 
Milk seems to be a better than serum material for testing APPs during mastitis. It is easier 
and quicker to obtain a large number of milk samples without stressing the animals. Mazur 
(1980), using agar electrophoresis, showed the presence of HRP in cows’ whey. The highest 
frequency of HRP was detected in the whey obtained from quarters with progressed 
inflammatory lesions and a significantly increased number of somatic cells (Mazur A. & 
Mazur O., 1981). Increased milk concentrations of Hp and SAA in cows with mastitis were 
shown by Eckersall et al. (2001). In cows’ milk from infected quarters with moderate 
mastitis, concentrations of SAA but not Hp were significantly greater than in cows with 
mild mastitis. In milk SAA seems to have a greater potential for the detection of mastitis 
than Hp since it had higher sensitivity, specificity and efficiency in differentiating between 
cows with mastitis and healthy cows (Eckersall et al., 2001). Since the concentrations of 
APPs in milk also significantly increased with increasing somatic cell count, this suggests 
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that milk APPs may indicate the severity of an infection (Nielsen et al., 2004). In cases of 
chronic subclinical mastitis, only milk SAA levels were significantly higher than pre-
infection and healthy control quarters (Grönlund et al. 2003). Later studies showed that 
whilst increased concentrations of APPs in milk were noticed in cows with chronic 
subclinical mastitis, the contents of Hp and SAA varied markedly (Grönlund et al., 2005). 
Haptoglobin and/or SAA were detected in 83% of the examined composite milk samples 
(pooled milk from quarters). Since cows had to have detectable levels of Hp or SAA in at 
least two udder quarters for elevated levels to be found in the composite samples, analysis 
at the quarter level is preferable. The important findings were that almost all udder quarter 
samples from healthy control cows had undetectable levels of Hp and SAA, and that Hp 
and/or SAA concentrations above 0.3 and 0.9 mg/l (the detection limit in this study), 
respectively, indicated an abnormal udder quarter. 
Although methods for determining levels of Hp in milk have been described (Eckersall et 
al., 2001; Grönlund et al., 2003; Hiss et al., 2004) tests which allow a quick and simple 
determination are necessary. Akerstedt et al. (2006) described an optical biosensor for Hp 
determination in milk. It was based on the strong interaction between Hp and haemoglobin. 
This assay has the potential to be useful in screening for Hp in milk samples. It could be 
used for the semi-quantitative determination in milk from cows with no observable signs of 
mastitis. The local production of Hp and SAA in the udder during acute mastitis makes 
these APPs sensitive and rapid markers of acute inflammation. Up till now there are no 
commercially available methods for their rapid testing. For broad milk testing for APPs 
presence at cow-side tests are necessary. 

2.4 Lameness and limb diseases 
Limb pathology in dairy herds is a serious problem. With increasing milk production the 
problem might become even more significant as high-yield milk cows are more predisposed 
to lameness (Green et al., 2002). The economic losses from lameness are due to the higher 
incidence of culling, the lower likelihood of pregnancy (Bicalho et al., 2007; Mendelez et al., 
2003) and the lower milk production (Green et al., 2002; Rajala-Schultz et al., 1999). 
In order to limit the losses related to lameness, it is important to detect lame cows as early as 
possible. A few papers were recently published on the estimation of APPs in lameness, and 
the efficiency of trimming and treatment. Kujala et al. (2010) investigated concentrations of 
Hp and SAA cows with sole ulcers and/or white line abscesses, without any other clinical 
symptoms. The blood from lame and healthy cows was taken on day 0 (diagnosis of 
lameness), and again from lame cows on days: 4, 7 or 8 and 14. No antibiotic treatment was 
used. The SAA concentrations were significantly elevated from day 0 until 7/8. There was 
no difference between SAA concentrations in the samples taken on day 14 from lame cows 
and healthy cows, and the cows were no longer lame as well. No significant differences 
were observed in the serum Hp concentrations between the groups. Serum amyloid A is 
known to be more sensitive APP in cattle than Hp (Heegard et al., 2000) and, according to 
the authors cited above, the local changes in the hooves were large enough to induce a 
general SAA response but not a response by Hp. Higher concentrations of haptoglobin were 
detected among 60 dairy cattle diagnosed with pododermatitis septica (PS), pododermatitis 
circumscripta (PC), interdigital necrobacillosis (IN) and papillomatous digital dermatitis 
(PPD) (Smith et al., 2010). Haptoglobin was measured after the initial diagnosis and on days 
3 and 5 afterwards. Elevated levels (>0.37g/l) were found on day 1 in cows with PS, PC, IN 
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and PDD: 65.9%, 37.5%, 71.4% and 25.0% of the cows, respectively. Although the number of 
animals with an increased Hp concentration decreased after 5 days, still 14.3-50% of the 
cows with PS, PC and PPD had elevated Hp level in last blood sample. The decreasing Hp 
concentrations in cows with PS, IN and PDD indicated the effective treatment for these 
disorders (Smith et al., 2010). An investigation of albumin, Fb, Hp, seromucoid and 
ceruloplasmin levels in first lactation heifers was carried out to determine the presence of 
any relationships with the development of hoof horn haemorrhaging (Laven et al., 2004). 
None of seven examined proteins showed any relationship between changes and the 
development of hoof horn haemorrhaging after calving. It seems that more serious 
pathologies in hoofs such as - sole ulcers and interdigital necrobacillosis must be present to 
induce general APR. 
The estimation of concentrations and the dynamics of changes in APP levels can be a 
valuable tool, supplementing the clinical assessment during treatment (Jawor et al., 2008). In 
our study we compared concentrations of Hp, SAA and Fb in healthy cows and cows with 
limb diseases. The cows were retrospectively divided into groups I – with systematic 
decreases in APP levels in successive blood collections (n=6) and II – with an increase in the 
concentration of one or more APPs in the second or third blood collection (n=8). Group III 
comprised healthy cows at different stages of lactation and dry cows (n=10). From groups I 
and II blood was taken for the first time (1) on the day of their arrival at the clinic, for the 
second time (2) between the third and sixth day of stay, and for the third time (3) when the 
animal was healthy enough to be sent back to its owner. Blood from healthy cows was only 
taken once. The mean initial concentrations and changes in levels during treatment are 
shown in Table 3. 
 

  1   2   3  

 I II III* I II III* I II III* 

Hp  
g/l 

2.4 
±0.6 a 

1.2 
±0.7 

0.1 
±0.1b 

0.8 
±0.4 

0.9 
±0.5 

0.1 
±0.1 

0.1 
±0.1 

0.3 
±0.2 

0.1 
±0.1 

SAA 
mg/l 

219.7 
±30.4 A 

153.7 
±24.3 A 

24.4 
±7.8 B 

124.5 
±6.5 a 

127.1 
±29.0 Aa 

24.4 
±7.8 Bb 

79.1 
±22.4 

86.1 
±17.8 a 

24.4 
±7.8 b 

Fb  
g/l 

12.2 
±1.3 A 

8.0 
±0.6 Bc 

5.0 
±0.2 Bb 

9.9 
±0.9 A 

6.9 
±0.5 Bc 

5.0 
±0.2 Bb 

7.2 
±1.2 

6.6 
±0.8 

5.0 
±0.2 

1,2,3 blood samples, I,II,III experimental groups. Values followed by different letters within the same 
blood collection were statistically different: small letters P ≤ 0.05, capital letters P ≤ 0.01. *cows from 
healthy group were sampled once 

Table 3. Mean (±SEM) concentrations of haptoglobin, serum amyloid A and fibrinogen 
during the treatment of limb diseases (adapted from Jawor et al., 2008).  

The highest concentrations of all investigated proteins were recorded at the beginning of the 
treatment. As the concentrations of APPs depend on the extent of underlying tissue damage 
(Heegaard et al., 2000), the very high concentrations of Hp, Fb, SAA at the beginning in 
group I suggested a very severe, acute inflammatory process. High, gradual decrease in this 
group shows that treatment process went without complications. An initial decrease in the 
concentrations of Hp, SAA and Fb between the first and second blood collections from five 
cows in Group II was also noticed. This proved that the treatment applied was appropriate 
and that it contributed towards reducing the inflammatory process in the cows, but, in cases 
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of further complications (e.g. wound infections, bronchitis, the occurrence of other 
inflammatory states of the limbs), we noticed increases in one or two of the APPs under 
examination at the next blood collection.  
Although the APR is not specific and the problem cannot be recognized based only an 
increase in APPs, this may actually be advantageous to a veterinarian as a valuable indicator 
that the recovery process is not going correctly. The triple determination of APPs during 
treatment seems to be a valuable supplement to clinical findings. For practical purposes, we 
recommend at least two APP estimations. The first one should be performed at the 
beginning of treatment to evaluate the severity (chronic/acute) of the process and the extent 
of tissue damage. The second should be performed immediately before returning the cow to 
its owner. This estimation, in addition to other clinical parameters (such as a decrease in 
lameness, an increase in appetite and milk yield), is a good measure of the efficiency of the 
therapy. The additional estimation should be performed during treatment in following 
cases: there are doubts regarding the correctness of the treatment, when there is very little or 
no clinical improvement, or before making critical decisions, such as whether or not to 
amputate claw. Acute phase protein determination is also useful during the recovery period 
because the time between dressing changes after claw resection is gradually prolonged. 
During this period, apart from assessing how a cow is coping with putting weight onto an 
affected leg and her general behaviour under field conditions, there is no possibility of 
assessing the healing process. 

2.5 Respiratory diseases in calves 
In addition to diarrhea, respiratory tract diseases are one of the main health problems 
afflicting young dairy calves (Sivula et al., 1996; Svensson et al., 2003). To prevent disease 
outbreaks, early detection, isolation and treatment of diseased animals is important. Results 
from several different studies have shown that estimation of APPs is useful for detecting 
and monitoring respiratory diseases. In calves with respiratory tract diseases, the following 
APPs were examined: Hp, Fb, SAA, transferrin (Tf), lipopolysaccharide binding protein 
(LBP), α1-acid glycoprotein (AGP), α1-antitripsin (α1-AT), seromucoid (Sm), ceruloplasmin 
(Cp), albumin, α1-antichymotrypsin and α2-macroglobulin.  

2.5.1 APPs during experimental infections 
Most of results regarding APPs in respiratory infections were obtained from experimental 
infections. Although scientists are not in agreement as to whether bacterial or viral 
infections mount a higher response, it has been shown that APR is induced faster after 
bacterial infections (Table 4). After intra-tracheal aerosol inoculation with Mannheimia 
(Pasteurella) haemolytica, the earliest detectable rise in Hp, Sm and α1-AT in calves was after 
24 h (Conner et al., 1989). However, bacterial infection did not cause a rise in ceruloplasmin 
levels. The highest concentrations of Hp, Sm and α1-AT were reached on day 3 (1.0 g/l; 1.91 
g/l; 1090 iu/l respectively). In this study, α1-anitichymotripsin and α2-macroglobulin were 
also shown to be acute phase reactants in calves. Horadagoda and Eckresall (1994) also 
inoculated calves intra-tracheally with M. haemolytica serotype A1. Within 10 hours post-
inoculation, there was a small, insignificant increase in Hp. In contrast, SAA showed more 
dynamic changes: there was a progressive, linear change in SAA, and the mean 
concentration increased from close to the detection limit (3 mg/l) at inoculation, to 18 mg/l 
by 10 hours post-inoculation. These results indicate that SAA is more rapid than Hp in 
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calves in response to infection with M. haemolytica. To assess the acute phase response in 
bovine respiratory disease (BRD), infection with Bovine Herpes Virus-1 (BHV-1) and P. 
haemolytica was performed on 49 animals (Godson et al., 1996). Calves were challenged on 
day 0 with BHV-1 and with M. haemolytica on day 4. Over the first 4 days post BHV-1 
infection, only 10% of the animals developed Hp concentrations >0.1 g/l. On day 5 (24h post 
bacterial challenge) 43% of the calves displayed elevated Hp levels. The highest Hp 
concentrations (Table 4) were observed on day 8 (4 days post bacterial challenge), where 
84% of the animals had Hp concentrations >0.1 g/l. Increased Hp concentrations were 
significantly associated with disease severity (e.g. fever, increased sickness index and 
weight loss). Godson et al. (1996) showed that Hp concentration measurements may serve as 
prognostic indicators, to assist determination of the severity of disease. Animals that 
subsequently died had significantly higher Hp concentrations on day 8, compared to those 
that recovered. Further examination of the acute phase response of calves to viral infection 
was performed by Heegaard et al. (2000). After experimental BRSV infection, most calves 
displayed elevated SAA concentrations, which were detectable at day 5 p.i and peaked at 
approximately day 5-8 p.i. The highest SAA concentrations ranged from 60-80 mg/l: 5-7 
times the normal SAA concentrations in control animals. Hp showed a similar pattern of 
changes. The maximum Hp response was observed on day 6-7 p.i., and reached 8-10 g/l: 
approximately 500 times the detection limit of the assay (18 mg/l). Severe BRSV infections 
were found to correlate with haptoglobin concentrations > 1 g/l on day 7 p.i., and SAA 
concentrations ≥ 60 mg/l. In this study, the acute phase response induced by BRSV was 
generally the same or higher than previously reported for bacterial infections in calves. 
Serum amyloid A responded more rapidly to infection, but Hp concentrations correlated 
better with disease severity (fever and extent of lung consolidation) (Heegaard et al., 2000). 
In a study by Ganheim et al. (2003), calves were infected BVDV and/or M. haemolytica. In the 
group challenged with mixed infection, animals were first inoculated with virus, followed 
by bacteria 5 days later. After BVDV infection, concentrations of Hp, SAA and Fb reached a 
maximum level 8-9 days p.i. After inoculation with bacterial agent, the highest APP 
concentrations were reached 1-2.5 days p.i. In the BVDV/M. haemolytica infected group, APP 
response patterns were more complicated, with larger individual differences. In general, the 
magnitude of the response was similar, but the duration of elevated APP concentrations 
were longest in the mixed infection group, reflecting the duration of clinical symptoms. In a 
study by Grell et al. (2005), calves experimentally infected with BRSV displayed the highest 
Hp concentrations at approximately 7-9 days post-inoculation. Calves presenting with the 
most severe clinical symptoms (respiratory rate, rectal temperature) had the highest Hp 
levels, while calves presenting with the mildest clinical symptoms displayed the lowest 
levels of acute phase reaction; however, no statistical correlation was found, probably due to 
the small number of animals (n=6).  
APPs were shown to be valuable proteins for the evaluation of a P. multocida A3 
experimental infection model in calves (Dowling et al., 2002). In calves challenged with 
greater volumes (300 vs. 60 ml), plasma Hp levels were found to be significantly increased, 
regardless of the number bacteria (109 vs. 1010 cfu). It is possible that increased volume 
challenges affect a greater area of the lungs, especially if the initially slow response in Hp 
production provides more time for bacterial proliferation. Dowling et al. (2002) showed that 
α1-AGP might be particularly valuable protein; examination of α1-AGP concentrations for 
all treatments indicated that large volume challenges were associated with a greater increase 
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from basal levels, than low volume challenges. Other experimental studies examined less 
popular APPs, such as LBP or transferrin (Tf). Single intratracheal inoculation of Pasteurella 
haemolytica A1 showed increased lipopolysaccharide binding protein (LBP) activity in calves 
(Horadagoda et al., 1995). Lipopolysaccharide binding protein activity increased after 12 
hours, and by 36 h, there was a 4-fold increase in serum concentrations. Early reaction of 
LBP was reported in a study by Schroedl et al. (2001). Concentrations of LBP in experimental 
calves, that were intra-tracheally infected with Mannheimia haemolytica, increased 6 hours 
post-infection, with a peak response at 24 hours post-infection. Haptoglobin reactions were 
slower, with a significant increase occurring 12 hours post-infection, and a maximal 
response at approximately 48h post-infection. In terms of response time, LBP appears to be 
superior to Hp as an early marker of infection; however, its concentration only rose 7-fold, 
while, in contrast, Hp rose 300-fold. In calves, which died following infection, LBP levels 
were more elevated than in survivors; unfortunately, the number of animals was too small 
to draw any conclusions (Schroedl et al., 2001). A study by McNair et al. (1998) 
demonstrated that, the negative APP, Tf) could also be useful in calves. Although serum Tf 
levels remained within the reference range, in calves that were experimentally infected with 
Histophilus somni, its concentration was associated with lung lesions. In fact, the lowest Tf 
concentrations were measured in calves with extensive lesions, and there were significant 
differences between mean values (on days 1-6) between the group with no lesions and the 
group with extensive lesions. 
 

Study Infectious 
agent 

Time to reach 
maximum level 

Hp 
(mean or max 

range g/l) 

Hp 
determination 

method 
Conner 

et al. (1989) 
M. haemolytica 3d 1,0 haemoglobin 

binding 
capacity 

Godson 
et al. (1996) 

BHV-1 and  
M. haemolytica 

8d (4d after 
bacterial challenge) 

1,1 ELISA 

Heegard 
et al. (2000) 

BRSV 6-7d 8-10* ELISA 

Schroedl 
et al. (2001) 

M. haemolytica 2d >4.5** ELISA 

Ganheim 
et al. (2003) 

BVD and/or 
M. haemolytica 

8.5-9.5 d (BVDV) 
2-2.5 (M. haemolytica) 
7- 10 (both agents)** 

0.89-1.77* 
1.1-2.0* 

0.65-2.24* 

measure of 
peroxidase 

activity Hp-Hb  

Table 4. Comparison of maximal Hp concentrations and the number of days required to 
reach maximum Hp levels across several studies. *Highest individual concentrations; 
**approximate results read off from line graphs.  

2.5.2 APPs in field studies 
Studies on acute phase reactions in field conditions are more complicated, because the 
timing of initial infection is often unknown, and it is difficult to determine the phase of 
infection. Nikunen et al. (2007) studied concentrations of Fb, Hp, SAA, LBP and AGP in 84 
calves suffering from respiratory disease. Among isolated pathogens from tracheobronchial 
lavage (including Mycoplasma dispar and other mycoplasmas, but not M. bovis, P. multocida, 
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Pasteurella sp., F. necrophorum and A. pyogenes) and seroconverted bovine viruses (e.g.  
adenovirus-7, adenovirus-3, coronavirus and parainfluenza virus-3), only Pasteurella 
multocida was associated with increased concentrations of all tested APPs. The higher 
concentration of APPs observed in calves with P. multocida suggests a strong pathogenic role 
for this bacteria. Although it was shown that APPs increase rapidly in experimentally 
infected cattle, this increase coincided with clinical signs, and the relative usefulness of 
APPs in actually predicting respiratory disease during the incubation period is not 
satisfactory. Svensson et al. (2007) showed that in calves, the discriminative ability of serum 
Hp levels for indicating the presence of clinical respiratory-tract diseases was poor overall, 
and no better than rectal temperature. Furthermore, Hp levels were significantly affected by 
sex and rectal temperature. When Hp and fever were combined, and either increased Hp or 
fever (>39.5 ºC) was used for detecting respiratory disease, the best test performance was 
achieved in heifer calves at serum Hp concentrations >0.15 g/L, with a sensitivity of 72% 
and a specificity of 59%. Therefore serum Hp levels, when combined with rectal 
temperature, may be a valuable parameter in herd-level diagnostics, at least in heifer calves. 
APPs may also be useful for determining the response to therapy and making the right 
treatment decisions. Carter et al. (2002) found that serum Hp concentrations in transported 
feedlot cattle were greater in calves treated more than once, than in calves not treated or 
treated only once. At the beginning of treatment, Hp concentrations were higher in calves 
requiring more than one treatment compared to calves with one treatment (0.76 vs. 0.55 g/l). 
In addition, Berry et al. (2004) showed that Hp concentrations are a useful tool for predicting 
the number of antimicrobial treatments required in newly received feedlot calves. Hp 
concentrations on day 0 and 7 were positively correlated with the number of treatments 
during the trial. Hp concentrations on those days increased with increasing numbers of 
antimicrobial treatments. Retrospective analysis of APPs concentrations in growing calves 
suffering from bronchopneumonia, showed that, both Hp and Fb could be used for 
identification of calves requiring an anti-inflammatory treatment (Humblet et al., 2004). 
Animals in this study were classified into two categories: animals requiring either no-
treatment or antibiotics alone; and animals requiring both antibiotics and anti-inflammatory 
drugs (AI). Treatments were administered according to clinical symptoms. In blood samples 
taken before clinical examination, elevated APPs levels were observed. Hp and Fb 
thresholds for medical decisions (i.e. to use AI or not) were 25 mg/l and 2.7 g/l respectively. 
Hp and Fb were useful predictors of inflammation severity; most of the animals (80%) that 
received anti-inflammatory treatment after clinical examination presented pathological Hp 
and/or Fb values upon onset of disease. Hp alone was able to confirm> 75% of case 
decisions (i.e. whether diseased calves were treated or not). 
APP concentrations may be useful for monitoring the treatment of respiratory disease in 
calves. In our study (Jawor and Stefaniak, 2006), blood was sampled 3 times: first (I), when 
the owner either sent the calf to the clinic or reported signs of disease;  second (II), between 3 
and 6 days later; and third (III), 13-17 days after the first sample was collected. In one case, a 
3rd sample was not collected because of euthanasia. Blood samples were also collected once 
from clinically healthy calves. Changes in APPs concentrations are shown in Table 5. Mean 
Hp concentrations were only increased in the beginning, while concentrations of SAA 
(sample I) and Fp (samples I and II) were significantly different from healthy controls. Hp 
was undetectable in all calves in samples II and III, with one exception: increased Hp and 
SAA concentrations were found in one calf in the last blood sample collection (III). An 
increase in Hp and SAA levels following an earlier decrease is characteristic of secondary 
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infection (Ganheim et al., 2003). Thus, the observed increase in Hp and SAA in the above 
mentioned calf was probably due to the presence of a secondary infection. Later, this calf 
was unsuccessfully treated several times and eventually died. After an initial decrease in 
SAA concentrations, an increase in SAA levels was observed in the serum of 3 calves in the 
last blood sample collection; although a simultaneously increase in Hp and Fb was observed 
in only one calf. Because SAA is known to be a more sensitive protein, it is hard to explain if 
this increase observed in 2 calves was caused by secondary infection or other factors, such as 
stress (Alsemgeest et al., 1995a). In 3 out of 7 calves from the healthy control group, SAA 
concentrations were higher than the 25.6 mg/l, basal level established by Ganheim et al. 
(2003). This may imply that, even in the absence of clinical symptoms, these calves were not 
perfectly healthy. 
 

 Calves with bronchopneumonia Control group 
(n=7) I (n=8) II (n=8) III (n=7) 

Hp g/l 0.3 (±0.4) 0.0 (±0.0) 0.0 (±0.1) 0.0 (±0.0) 
SAA  mg/l 95.7 (±46.1)a 62.0 (±42.5) 75.9 (±36.9) 31.3 (±20.9)b 
Fb g/l 6.54 (±2.08)a 5.85 (±1.24)a 4.94 (±1.21) 3.13* (±0.37)b 

Table 5. Mean (±SD) concentrations of Hp, SAA and Fb during treatment monitoring of 
calves with bronchopneumonia. Values followed by different letters are significantly 
different. P≤0.05 (adapted from Jawor and Stefaniak, 2006).  

The decreasing concentrations of tested APPs observed in the majority of calves treated for 
bronchopneumonia suggests diminishing inflammatory processes. In contrast, high APP  
concentration after an initial decrease strongly suggest the presence of secondary infections, 
meaning that treatment should be continued. 
Of the many APPs, Hp, SAA and Fb have been examined most thoroughly. Bovine SAA is a 
more sensitive indicator of acute disease than Hp, and reacts more rapidly than Hp, that 
could also reflect poor maintenance conditions. The wide use of APPs to determine the 
magnitude of inflammatory changes, to assist in choosing proper therapy, and to monitor its 
efficiency, should enable application of APPs for the determination of respiratory diseases in 
calves. 

2.6 Diarrhea in calves 
Very few studies have been conducted regarding APPs concentrations in calves with 
diarrhea. Moreover, most of these studies only assessed diarrhea as background for APPs 
investigations of other illnesses, such as respiratory diseases. For example, Svensson et al. 
(2007), during a study of the efficacy of serum Hp concentration, as indicator of respiratory-
tract disease in calves, found that calves which had diarrhea within 10 days prior to blood 
collection had a median Hp concentration of 0.07 g/l. Hp concentrations in individual 
animals ranged from very low (similar to healthy calves) to high in some calves with 
respiratory diseases (80% central range 0.04-0.63 g/l). In experimental studies of Salmonella 
infection, production of ceruloplasmin (Cp) and Hp was investigated. In a study by Piercy 
(1979), calves infected with S. Dublin showed a significant increase in Cp between 3 and 4 
days, and Cp concentrations decreased to normal levels by day 7. A similar pattern of 
changes was found for Hp levels in a study where calves were experimentally infected with 
a mixture of three Salmonella serotypes (S. Dublin, S. Enteritidis and S. Heidelberg) (Deignan 
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et al., 2000). Median Hp levels significantly increased within 3 days of challenge (0.21 g/l) 
and decreased by day 5. Hp was shown to be a useful marker of infection severity. Serum 
Hp concentrations were found to significantly correlate with clinical measures of disease 
severity: fecal and morbidity scores. A positive correlation was also found between hp levels 
and body temperature.  
The usefulness of assessment of Hp, SAA and Fb levels for calves treatment monitoring  
having diarrhea was evaluated in a study by Jawor (2007). In this study, blood samples were 
collected 3 times: first (I), when the calf was admitted to the Clinic for Ruminants 
(University of Veterinary Medicine Vienna, Austria); second (II), 3-4 days later; and third 
(III), 7-10 days after the beginning of treatment. In cases where the calf was either 
euthanized or returned to the owner, blood samples were collected only twice. The median 
age of the calves was 8 days (range 1-30 days). The mean concentration and ranges of 
examined APPs are shown in Table 6. 
 

 I (n=10) II (n=10) III (n=6) 
Hp  g/l  0.14 (0-0.49) 0.02 (0-0.18) 0.02 (0-0.13) 
SAA mg/l 156.8 (53.0-302.4) A 102.1 (54.6-142.1) 53.5 (15.0-105.1) B 
Fb g/l 7.28 (4.3-14.7) 6.68 (4.8-9.2) 4.9 (3.4-6.2) 

Table 6. Mean (range) concentrations of Hp, SAA and Fb during monitoring of the treatment 
of diarrhea in calves. Values followed by different letters are significantly different. P≤0.01 
(adapted from Jawor 2007). 

In a study by Okamoto et al. (1998), 35 of 73 calves with diarrhea (47.9%) had detectable 
serum Hp levels (ranging from 0.05 to 0.7 g/l). In Jawor (2007) study, 40% of calves had an 
Hp concentration >0.1 g/l. However, if calves with Hp levels ≥0.05 g/l were also included, 
then 60% of the animals had detectable Hp in blood sample I. Mean Hp concentrations were 
similar to those reported in a study by Okamoto et al. (1998), where calves had 0.16 g/l. 
During treatment, Hp concentrations decreased. Serum amyloid A levels were above the 
reference range (according to Ganheim et al., 2003) in all calves, for samples I and II, while 
the lowest SAA concentrations were measured in sample III. A high percentage of calves 
with increased Fb concentrations were observed (70% in I samples above 5 g/l) and very 
high mean Fb levels were detected at the beginning of treatment, while during treatment a 
gradual decrease was noted. Because the Fb increase associated with diarrhea may be due to 
dehydration, the index of total protein to Fb (Thomas, 2000) was calculated. This index (data 
not shown) indicates that the observed Fb increase may be due to inflammatory processes. 
SAA concentrations were elevated during the entire treatment period for most of the calves. 
In one calf, in III blood sample increased serum levels of all examined APPs was found. This 
was likely triggered by a respiratory infection, because the animal was observed to cough at 
the same time. Among Hp, SAA and Fb levels, only SAA showed significant changes during 
diarrhea treatment monitoring. The very high initial serum SAA concentrations and 
subsequent significant decrease during treatment suggests that this APP may be very useful 
in calves with diarrhea. The presence of increased SAA levels in sample III suggests that, 
either inflammation is still present or the time between sample I and sample III was too 
short. Taking into account the levels and changes observed for all three examined APPs in 
calves with diarrhea, SAA seems to be the most useful in calves with enteritis. Although Hp 
concentrations increased, this was not observed in all calves. Furthermore, Fb estimation 
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required an additional determination of plasma proteins, to distinguish between a relative 
increase in hemo-concentration and an absolute Fb increase during inflammation. 

3. Estimation of APPs in cows and calves for evaluating herd health 
One of the main targets of milk producers is to keep healthy cows with a long-term high 
milk production. Herd health protection has not only ethical but also economic significance. 
Keeping healthy cows means providing their optimal reproduction levels and therefore milk 
production. Early detection of the risk of disease and the early introduction of appropriate 
actions should protect the majority of animals within a herd (Stefaniak, 2003). 
  

Aim Production 
group 

Parameters/number of animals 
examined 

Evaluation of health 
during rearing Calves 

Determination of Hp, SAA and Fb in 
2nd and between 21-28 days of life, 

along with Ig determination in 25-30% 
of newborn calves 

Evaluation of risk in cows 
during transition period 

and at the peak of lactation 
Dairy cows 

Hp, SAA, Fb (% of cows with elevated 
levels and their concentrations in 

individual cows, along with metabolic 
and mineral parameters) 

Dairy herd health 
monitoring/improving the 

herd health programme 

Cows in different 
stages of 

lactation and dry 
cows 

Hp, Fb (% of animals with elevated 
levels and mean) 

Udder health monitoring Lactating dairy 
cows 

Hp and SAA in milk samples from 
individual cows 

Pre-slaughter examination Feedlot steers 

Confirmation of normal Hp and Fb 
levels in all of 5-10% of randomly 

examined animals assigned to 
slaughter 

Table 7. Opportunity for using APPs in the health monitoring of cattle. 

The two most important ways to achieve this are: first – to supervising programmes of herd 
health protection, and second – to detect the increasing danger of inflammation/diseases at 
an early stage or before they occur. Acute phase protein estimation may be used to help 
monitor the health and welfare of production animals on farms (Eckersall, 2000). Acute 
phase proteins in cattle are valuable tools since they are not only applicable for the 
monitoring of inflammatory processes, but they can also be used for any non-inflammatory 
conditions, such as parturition, metabolic diseases and stress (Murata et al., 2004), or for 
improving the pre-slaughter examination, thereby improving the safety of food for public 
health (Saini et al., 1998). Possible applications of APPs in the health monitoring of cattle are 
shown in Table 7. Cattle health monitoring during periods of increased disease risk 
(transition period in dairy cows, weaning of calves)  by determination of APPs provides the 
possibility of  early disturbance detection, facilitating decision making about the separation 
of endangered animals from the others, and minimizing the risk of disease transmission 
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(Stefaniak et al., 2003). The APPs are more useful for monitoring health than 
proinflammatory cytokines, because after the inflammatory stimulus, their concentrations 
remain elevated for longer time (Gruys et al., 2006). Therefore, the possibility of detecting 
their elevated levels in representative groups of clinically healthy cattle is more probable 
due to the typical dynamics of APPs during the acute phase response (Conner & Eckresall, 
1988). 

3.1 APP utilization for pre-slaughter cattle examination  
Acute phase proteins may be used to monitor health of slaughter animals. In slaughtered 
cattle without evident disease activity Hp-values were unmeasurable, whereas in most cases 
with disease activity Hp values were elevated. Serum amyloid A values were found to be 
elevated in animals with overt lesions, but Hp appears to be a useful variable to discern 
cattle without disease activity from those with lesions (Gruys et al., 1993). Saini et al. (1998) 
proposed that a potential application of APPs might be in screening and separating healthy 
from diseased animals. In a group of 57 retained carcasses of ante-mortem normal cattle, 
56% had elevated Hp levels. Standard pre-slaughter examination is sometimes unreliable. 
Over a 3-year period, the carcasses of 7.7% of ante-mortem clinically normal steers and 
20.6% of culled normal cows were retained due to post-mortem found changes (Saini et al., 
1998). In emergency slaughtered cattle it was found that Hp and AGP levels were raised, 
indicating that examination of the APPs could help in improving food safety (Hirvonen et 
al., 1997). Haptoglobin, SAA and AGP were estimated in the plasma of 81 cattle of which a 
detailed post-mortem examination confirmed the presence of inflammation, and the APP 
concentrations were compared between the cases classified as acute and chronic 
inflammatory lesions (Horadagoda et al., 1999). In the 81 animals with inflammation, it was 
apparent that SAA and Hp levels were raised in acute rather than chronic cases, whereas in 
the latter group AGP was more likely to be elevated. The author suggested that Hp and 
SAA have a high value for detecting acute inflammatory conditions, whereas AGP was a 
better marker for chronic inflammation in cattle (Horadagoda et al., 1999). Measurement of 
APPs in meat inspection has good perspectives but more rapid detection methods have to 
be developed. 

3.2 APPs in evaluating herd health status 
Estimation of APPs in calves and cows may be very helpful in herd health monitoring. In 
175 heifer calves born within one year on a dairy farm of 390 cows, the mean Fb 
concentration in the blood plasma was 4.0 g/l at the 48th hour of life, and increased to 4.8 
g/l by the 25th day. At the 48th hour of life, all of the calves with Ig levels greater than 15 g/l 
showed normal Fb concentrations, but in the other groups (Ig levels below 5 g/l, between 5-
10 g/l and 10-15 g/l), few individuals had elevated Fb levels (4.54%, 1.20% and 3.64% 
respectively). By the 25th day of life the mean Fb levels were within reference range in all of 
the groups examined and the rates of calves showing elevated Fb levels were 18.2%, 12%, 
3.6% and 13.3% in the respective groups divided according to the Ig level at the 48th hour of 
life (Furman et al., 2011). On the same farm, increased Hp concentrations (>0.1 g/l) were 
found in the serum of 32% of calves at the 48th hour of life. By the 25th day of life, 31% of the 
calves showed elevated Hp levels. Because Hp is not commonly detected in healthy cattle 
(Eckersall & Conner, 1988), it was surprising that a high rate of calves showed elevated Hp 
levels at the 48th hour and the 25th day of life. It was concluded that the calves had been in 
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risk of an inflammatory process from first few hours of life, since the increase in Hp 
concentrations after infection with the bacterial agent occurs within 24 hours (Ganheim et 
al., 2003). The highest Hp levels, as well as the highest individual differences, occurred in 
the calves of the group showing failure of passive transfer (Ig levels below 5 g/l at the 48th 
hour of life). In the same calves at the 25th day of the rate of elevated Hp levels as well as the 
mean Hp level had increased. In contrast, in properly colostrum-protected calves (over 10 g 
Ig/l), the mean level and the rate of elevated serum Hp concentrations had decreased. This 
observation agreed with the higher intensity and frequency of respiratory and 
gastrointestinal tract morbidity in the calves poorly protected with colostrum. In study by 
Alsemgeest et al. (1995b) the Hp and SAA levels were normal in newborn calves. Diseases 
that appeared before the fourth day of life induced an increase in SAA levels in all diseased 
calves, but Hp levels were only raised in two out of eight individuals. The authors indicated 
that because the SAA concentration at birth is very low and increases rapidly in diseased 
calves, it might be used as marker of infection during the perinatal period. Stefaniak et al. 
(2003), during an examination of 75 clinically healthy calves aged 1-3 days from two dairy 
herds, found elevated Hp levels in two calves. Both calves had failure of passive transfer 
(serum IgG level below 5 g/l) and were from the same farm in which only 31% of the calves 
achieved serum IgG levels > 10g/l. The authors considered two probable reasons for this – 
either the inflammation occurred very early (possibly before birth), which might have 
caused the poor transfer of colostrum Ig, or a poor immune protection enabled early disease 
appearance. The results showed that in problem herds or in herds with low levels of 
colostrum protection the probability of a rise in APP levels occurred more frequently 
(Stefaniak et al., 2003). 
Blood sampling during the first weeks after arrival in the herd would give an indication of 
the pressure of infections and/or stress during transportation and mixing and so they may 
not give a fair picture of the management conditions of the actual farm (Ganheim et al. 
2007). Sampling at monthly intervals during the middle and later stages of the rearing 
period may be more relevant for determining the conditions on a specific farm. After 
experimental infection calves with BVDV and/or M. haemolytica basal levels of serum 
concentrations for haptoglobin, SAA and fibrinogen were established and may be used for 
evaluating calf health in herds (Ganheim et al., 2003). For Hp, SAA and Fb were 0.13 g/l, 
25.6 mg/l. 6.45 g/l respectively. They suggested that such values might be useful as a 
diagnostic tool when screening herds of calves for subclinical or clinical disease to evaluate 
animal health. Detection of animals with supra-normal APPs values could be useful to 
identify animals that are, or have recently been, clinically or sub-clinically diseased. 
Estimation of APP might be used as a tool for controlling the effectiveness of vaccination 
program. In a study by Stefaniak et al. (1997), nine calves were immunized with Somnuvac® 
vaccine at the fourth and eighth weeks of life. The calves were on a farm of 400 dairy cows 
with a high incidence of respiratory tract infection. Blood samples were taken at 4, 5, 8, 9, 
and 12 weeks of life. No elevated (over 0.2 g/l) Hp levels were observed and no clinical 
signs of disease occurred in the experimental group. Among nine control, non-immunized 
calves at 8, 9 and 12 weeks of life, every time one (but not the same) animal had increased 
Hp levels, and in two of them coughing and elevated body temperatures were found (>39.5 
°C). The determination of Hp levels confirmed the protective influence of vaccination 
against respiratory tract inflammation in the endangered herds. 
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Changes in serum concentrations of Hp and SAA were evaluated every 15 days over 6-
month period in dairy cattle in a study by Humblet et al. (2006). Blood samples were taken 
at three peripartum periods: P1, prepartum (from week 8/7 to parturition); P2, first week 
postpartum; and P3, from week 2 to week 15 or 16. At each visit the cows were clinically 
examined. There were no significant differences in Hp or SAA concentrations observed in 
healthy cows between the P1 and P3 periods. In more than 95% of the samples from healthy 
cows, the Hp and SAA levels were below the cut-off points (Hp ≤30 mg/l for P1 and P3, Hp 
<150 mg/l for P2; SAA ≤25 mg/l for P1 and P3, SAA <60 mg/l for P2). Only 73% of the 
diseased animals had Hp and SAA levels above the defined cut-off points. The highest 
sensitivity but lowest specificity in the diagnosis of disease status was for Hp and SAA in 
the P2 period. Poor sensitivity in other postpartum periods could be related to the higher 
incidence of chronic vs. acute inflammation. In the other periods the specificity of Hp and 
SAA was relatively high (90.8 and 89.2%), such that normal APP concentrations could more 
accurately be used to identify healthy animals. Due to an increase in the Hp concentration 
after parturition, Hp and SAA should be used with caution as markers of inflammation in 
the week following calving. A high percentage of false positive results based on SAA status 
(48.6% above the cut-off point) were found in healthy animals without increased Hp 
concentrations. Thus, in routine analysis, Hp would be more appropriate than SAA for 
detecting disease (Humblet et al., 2006). 
Based on the results of Hp determination in 15 different Polish dairy herds during health 
monitoring in 2009-2010 (Table 8), we found that elevated levels (exceeding 0.2 g/l) 
occurred in 35% of cows in early lactation. At the peak of lactation the percentage of cows 
with elevated Hp concentrations decreased to 14.6% and at the end of lactation to 10.5% in 
the examined cows. In dry cows sampled between 60 and 10 days before parturition 11.7% 
also showed elevated Hp levels. The results indicate that elevated Hp levels occur relatively 
frequently in dairy herds, and that postpartum period is associated with the greatest 
incidence of increased Hp concentrations. Fibrinogen levels were estimated in 12 out of 15 of 
the abovementioned herds (Table 9). The mean Fb levels in the representative groups 
slightly exceeded 5 g/l and the incidence of elevated Fb concentrations (over 7 g/l) occurred 
more frequently in lactating cows (13.5-14.6%) than in dry cows (5.9%). It may be concluded 
that acute or chronic inflammatory cases associated with an Fb increase occur the most 
frequently during early lactation. 
 

 
Early 

lactation 
(n=82) 

Peak of 
lactation 

(n=48) 

Late 
lactation 

(n=57) 

Dry cows 
(n=77) 

Total 
 

(n=264) 
No. of samples with  
elevated Hp concentrations  29 7 6 9 51 

Rate (%) 35.37 14.58 10.53 11.69 19.32 

Range within herds (%) 0 – 66.7 0 – 40 0 – 42.86 0 – 40 0 – 50 

Table 8. The occurrence of elevated (>0.2 g/l) haptoglobin concentrations in 264 cows from 
representative groups of 15 dairy herds. 

The determination of APPs may be an efficient way of monitoring dairy herd health. 
Stefaniak and Jawor (2007) determined the acid base balance, urea, total serum protein 
and its fractions, asparagine aminotransferase, total calcium, ionized calcium, inorganic 
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phosphate, magnesium and Hp and Fb levels in representative groups of cows from two 
dairy farms with a loose-housing system. Farm A (600 Polish Holstein-Fresian cows; milk 
yield 10,700 kg) and farm B (170 Polish black and white and Polish red and white × 
Holstein-Fresian cows; milk yield 6500 kg) were sampled six times at two monthly 
intervals. Blood samples were taken from groups of cows: group I – 10 cows between 14 
and 150 days in milk (DIM), group II – 10 cows more than 150 DIM, group III – 10 dry 
cows. After each monitoring period the results were discussed with the owner and a local 
veterinarian and recommendations were proposed. Repeated laboratory monitoring 
helped to normalize the analysed parameters. The course of Hp and Fb levels and the 
decreasing frequency of elevated concentrations indicated improvements in the cows’ 
health. Any disturbances that occurred during herd monitoring mainly came from the 
owners’ or farm workers’ mistakes or a negligence at project completion. Herd health 
monitoring using APP measurement needs a close cooperation between the veterinarian 
and the owner. 
 

Group 
Mean % (range) 

Mean 
concentration 

(g/l) 

<3 g/l 3-5 g/l 5-7 g/l >7 g/l  

Early lactation 
(n=74) 

2.7% 
(0-20) 

31.08% 
(0-77.8) 

52.7% 
(0-100) 

13.51% 
(0-33.3) 

5.53 

Lactation peak 
(n=57) 

3.51% 
(0-33.3) 

31.58% 
(0-66.7) 

50.88% 
(0-100) 

14.04% 
(0-66.7) 

5.32 

Late lactation 
(n=55) 

5.45% 
(0-33.3) 

52.73% 
(0-100) 

27.27% 
(0-100) 

14.55% 
(0-66.7%) 

5.16 

Dry cows 
(n=68) 

7.35% 
(0-50%) 

45.59% 
(0-100) 

41.18% 
(0-80) 

5.88% 
(0-33,3) 

5.01 

Total 
(n=254) 

4.74% 
(0-29.17) 

37.94% 
(6.67-55.17) 

44.66% 
(12.5-80) 

12.65% 
(0-42.86) 

5.26 

Table 9. Fibrinogen concentrations in 254 representative cows from 12 dairy farms. 

The determination of APP levels seems to be one of better methods allowing the health and 
welfare of animals in large herds, based on the examination of blood or milk samples 
obtained from representative groups of animals (Nikołajczuk & Molenda 2000). When the 
results from representative groups are within the reference range, they may provide a basis 
for considering the herd health status as “good”. In our practice we simultaneously utilize 
Hp, Fb and albumin  levels, and with this combination we can detect more cases of 
subclinical acute and chronic inflammation. For many years the estimation of APPs has 
provided an important source of knowledge about herd health. The determination of APPs 
along with other parameters during the metabolic monitoring of herds may provide a 
complete view of herd health. 

4. Conclusions 
Sick cattle have lower milk yields/body growth rates, causing significant direct and indirect 
economical losses. Because of the group housing systems, it is difficult to early diagnose an 
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inflammation in individual animals. Despite these difficulties, handling strategies should 
focus on herd health protection and the early detection of threats, as well as the introduction 
of improved therapeutic procedures before animals become ill. The determination of APPs 
levels in blood and milk samples from representative groups of cows is an attractive 
method, that also enables determination of other biochemical parameters, providing an 
useful prognostic tool of the cows’ health status and the degree of possible threats. Multiple 
estimations of such parameters in the same herd can provide information, which could be 
used to improve animal handling. Among the many available APPs for cattle diagnostics, 
the most commonly used and the most readily available are Hp, SAA and Fb. In addition to 
a rise in APP concentration, the degree of increase can be used to evaluate herd health. The 
finding that the concentration of some APPs, such as SAA and Hp, increase in stressful 
conditions, as well as in fatty liver syndrome, broaden the possible diagnostic applications 
of APPs in cattle.   
A future diagnostic application of APPs is their use as part of pre-slaughter examination of 
slaughter animals. Such procedures should significantly improve the detection rate of 
animals suffering from subclinical inflammatory processes; which lead to significant losses 
because of confiscation of whole carcasses, or parts, showing signs of 
pathology/inflammation during postmortem/postslaughter examination. Implementation 
of such procedures on farms, before animals are transported to the slaughterhouse, would 
enable detection of ill animals for treatment, allowing them to be sent for slaughter after 
recovery. 
In spite of the time required, the determination of APPs has potential importance when 
deciding whether to treat ill animals or send them for sanitary slaughter to rescue the meat 
value. The presence of strongly elevated APP concentrations before treatment, combined 
with poor prognosis, may be helpful in making decision about therapy i.e. do not start. 
Moreover, if treatment has begun, the determination of APPs might help in monitoring the 
course of the disease and the efficacy of the chosen therapy. The results of our studies 
indicate that appropriate time points for collecting blood samples for monitoring most of 
diseases in cattle are: immediately before starting treatment; and after 3 to 7 days of 
treatment. A stepwise decrease in APP concentrations, and a return to normal (or near 
normal) levels, confirms the positive effect of treatment.  
There is a broad spectrum of possible applications of APP-based diagnostics for use with 
cattle. It is necessary to develop and optimise rapid field tests that allow determination of 
APPs in a short time period, after collection of blood or milk samples from animals. 
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