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Abstract
Human African trypanosomiasis (HAT), or sleeping sickness, is a neglected tropical disease
that is fatal if untreated, caused by Trypanosoma brucei gambiense and T. brucei rhodesiense. In its 2012 roadmap, WHO targeted HAT for elimination as a public health problem
in 2020 and for zero transmission in 2030. Diagnosis of HAT is a multistep procedure comprising of clinical suspicion, confirmation, and stage determination. Suspects are identified
on clinical signs and/or on screening for specific antibodies. Parasitological confirmation of
suspects remains mandatory to avoid unnecessary toxic drug administration. The positive
predictive value of the antibody detection tests is low. Simple parasite detection techniques,
microscopic examination of lymph node aspirate, or stained thick blood films lack sensitivity,
whereas in T. brucei gambiense patients, the number of blood trypanosomes may be very
low. Parasite concentration techniques are therefore indispensable. Half a century ago,
Sheila Lanham discovered a technique to separate trypanosomes from the blood of infected
rodents, based on anion exchange chromatography with diethyl amino ethyl (DEAE) cellulose, a weak anion exchanger. Between pH 6−9, trypanosome surface is less negatively
charged than that of blood cells. When blood is poured on top of a DEAE cellulose column,
blood cells are retained, whereas parasites pass the column together with the elution buffer.
The result is a pure suspension of trypanosomes that retain their morphology and infectivity.
Because cell surface charges vary among trypanosome and mammal species, the optimal
buffer pH and ionic strength conditions for different combinations of host and trypanosome
species were established. Lanham’s technique revolutionized the diagnosis of HAT. It is
indispensable in the production of the Card Agglutination Test for Trypanosomiasis (CATT),
the most used field test for screening in T. brucei gambiense HAT foci and essential to confirm the diagnosis in suspected people. Lumsden and colleagues developed the mini anion
exchange centrifugation technique (mAECT). After adaptation for field conditions, its superior diagnostic and analytical sensitivity compared to another concentration technique was
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demonstrated. It was recommended as the most sensitive test for demonstrating trypanosomes in human blood. At the beginning of the 21st century, the mAECT was redesigned,
allowing examination of a larger volume of blood, up to 0.35 ml with whole blood and up to
10 ml with buffy coat. The plastic collector tube in the new kit is also used for detection of trypanosomes in the cerebrospinal fluid. Unfortunately, mAECT also has some disadvantages,
including its price, the need to centrifuge the collector tube, and the fact that it is manufactured on a noncommercial basis at only two research institutes. In conclusion, 50 years after
Sheila Lanham’s discovery, CATT and mAECT have become essential elements in the
elimination of HAT.

Human African trypanosomiasis (HAT), or sleeping sickness, is a neglected tropical disease
that is fatal if it remains untreated. It is caused by two closely related parasites: Trypanosoma
brucei gambiense and T. brucei rhodesiense. In its 2012 roadmap, WHO targeted HAT for elimination as a public health problem in 2020 and for zero transmission in 2030. Thanks to intensive control efforts, the first objective has nearly been reached
Control and elimination of HAT rely mainly on diagnosis followed by treatment, complemented with tsetse vector control [1]. Diagnosis of HAT is a multistep procedure, comprising
of clinical suspicion followed by confirmation of infection and, finally, stage determination.
Suspects are identified, based on clinical signs for T. brucei rhodesiense and/or on screening
for specific antibodies for T. brucei gambiense. Even if treatment options, in particular for T.
brucei gambiense, have improved over the last two decades, parasitological confirmation of
suspects remains mandatory to avoid administrating potentially toxic drugs to uninfected persons. Indeed, the positive predictive value of the present antibody detection tests is low, in particular, within a context of elimination in which prevalences below 1 HAT case per 10,000
persons at risk are common. Simple parasite detection techniques, such as microscopic examination of fresh lymph node aspirate or of Giemsa-stained thick blood films are maximally 40%
sensitive and have a practical detection limit around 600 to 5,000 trypanosomes/ml, whereas
in T. brucei gambiense patients, the number of trypanosomes in blood may be below 1 to 10/
ml [2,3]. Parasite concentration techniques are therefore indispensable.
Half a century ago, Sheila Lanham, working at the Lister Institute of Preventive Medicine in
London, discovered a technique to separate trypanosomes, in particular T. brucei brucei, T.
brucei gambiense, T. brucei rhodesiense, and T. evansi, but also T. congolense and T. vivax, from
the blood of infected mice and rats [4]. Lanham’s technique is based on anion exchange chromatography with di-ethyl amino ethyl (DEAE) cellulose, a weak anion exchanger. Between pH
6 and 9, the cell surface of trypanosomes is less negatively charged than that of erythrocytes,
platelets, and leukocytes. As a consequence, when blood is poured on top of a DEAE cellulose
column, blood cells are retained, whereas parasites pass the column together with the elution
buffer. No platelets and debris are observed. After centrifugation, the result is a pure suspension of viable trypanosomes that retain their morphology and infectivity to mammalian hosts
and that constitute the key source for a variety of studies. As cell surface charges vary among
trypanosome and mammal species, the optimal buffer pH and ionic strength conditions for
different combinations of host and trypanosome species were established [4,5]. Compared to
salivarian trypanosomes, like T. brucei, DEAE is less suited to purify stercorarian trypanosomes like T. cruzi, the parasite causing Chagas disease, and T. lewisi, due to their different
adherence characteristics [5]. The potential of this technique for diagnostic purposes was
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evocated by Lanham herself: "The technique may also be useful in screening potential animal
reservoirs of certain trypanosome species and in detecting trypanosomes in Gambian sleeping
sickness patients, since an unequivocal diagnosis still rests on finding the organism, a procedure
which can be notoriously difficult in this disease" [5].
Lanham’s technique is seldom used for diagnosis of animal trypanosomosis, but, without
any doubt, it revolutionised the diagnosis of HAT. It is indispensable in the production of the
antigen (purified trypanosomes) for the Card Agglutination Test for Trypanosomiasis
(CATT), a direct agglutination test developed in 1978 and is still the most widely applied field
test for screening between 1 and 2 million per year of people living in T. brucei gambiense
HAT foci and is essential for the confirmation of HAT diagnosis [1,6]. Trypanosomes possess
a remarkable process of antigenic variation on their surface glycoprotein, and so parasites
expressing LiTat 1.3 variant surface glycoprotein (VSG), a predominant variant antigen of T.
brucei gambiense, are purified, fixed, and stained for card agglutination test for trypanosomiasis (CATT)/T. brucei gambiense production. Lumsden and coworkers developed the mini
anion exchange centrifugation technique (mAECT), making use of a flame-sealed glass Pasteur
pipette for collection and examination of the column eluate [7]. After adaptation of the
mAECT for parasitological diagnosis of HAT under field conditions (Fig 1), its superior diagnostic and analytical sensitivity compared to another concentration technique, the microhaematrocrit centrifugation [8] and to Giemsa stained thick drop examination, was demonstrated
[9]. Soon after, mAECT was adopted by WHO and recommended as the most sensitive test for
demonstrating trypanosomes in human blood [10].
With the help of WHO, an mAECT production unit was set up at the Projet de Recherches
Cliniques sur la Trypanosomiase (PRCT) in Daloa, Côte d’Ivoire, covering the needs for WestAfrica. At the beginning of the 21st century, the mAECT was redesigned, allowing examination of a larger volume of blood, up to 0.35 ml with whole blood and up to 10 ml when buffy
coat is applied [11,12]. The analytical sensitivity of this mAECT is less than 50 parasites per ml
[3]. The plastic collector tube in the new mAECT kit is also used for detection of trypanosomes
in the cerebrospinal fluid [11,13]. In 2007, a second mAECT production unit was established
at the Institut National de Recherche Biomédicale (INRB) in Kinshasa. Today, it has a production capacity of 80,000 mAECTs per year to cover the needs of the Democratic Republic of the
Congo, where 85% of all HAT cases occur.
So far, superior diagnostic performance of mAECT over all other available techniques for
trypanosome detection in blood has been confirmed [2,3,14]: mAECT increases the diagnostic
sensitivity of trypanosome detection by 30% to 40% compared with the next best method,
microhaematocrit centrifugation, and, as already observed by Lumsden and coworkers, microscopic examination is easier [2,14]. For external quality control, short videos of live microscopic images can be recorded [15], which further reduces the risk of false positive results.
This is an important issue in the context of HAT elimination, in which microscopists are less
frequently confronted with a positive diagnosis of HAT and, as a consequence, technical experience risks being progressively lost. Microscopic parasite detection cannot be replaced by
molecular diagnostic techniques, which have been investigated in recent years (poor reproducibility, unachievable in field conditions).
Unfortunately, mAECT also has some disadvantages, including its price, the need to centrifuge the eluate collector tube, and the fact that it is manufactured on a noncommercial basis at
only two research institutes worldwide. Similarly, the CATT is produced at only one research
institute (Institute of Tropical Medicine, Antwerp, Belgium). Any interruption in these barely
sustainable production systems will have serious consequences, not only on HAT control
efforts, but also on individual HAT patients who, without CATT and mAECT, may remain
undiagnosed. The VSGs that are used in the CATT are still purified from trypanosomes that
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Fig 1. DEAE cellulose minicolumns for the diagnosis of HAT in CATT-positive suspects during mass screening. CATT, Card Agglutination
Test for Trypanosomiasis; DEAE, di-ethyl amino ethyl; HAT, human African trypanosomiasis.
https://doi.org/10.1371/journal.pntd.0007051.g001

are propagated in rats. The two rapid diagnostic tests that are now currently available are still
using this source of native VSGs. The replacement of this abundant source of VSG by recombinant VSG or VSG peptides is under investigation.
In conclusion, 50 years after Sheila Lanham’s discovery on how to separate trypanosomes
from the blood of infected rodents, CATT and mAECT have become essential elements in the
elimination of HAT.
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