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     INTRODUCTION 

 The filarial nematode  Onchocerca volvulus  causes a disease 
called onchocerciasis in humans. The parasite is found mostly in 
sub-Saharan Africa and parts of Latin America. Mass distribu-
tion of the anthelmintic drug ivermectin (Mectizan®, Merck & 
Co   ., Whitehouse Station, NJ) to human populations living in 
endemic areas is the mainstay of current programs for the con-
trol of onchocerciasis. In Africa, lymphatic filariasis control is 
conducted using ivermectin (IVM) and albendazole in com-
bination. Ivermectin has been reported to be exceptionally 
safe for this indication. 1  However, instances of serious adverse 
events (SAEs) have been reported in a small number of peo-
ple who harbored high densities of larval stages (microfilariae, 
[mf]) of another filarial species,  Loa loa , in the blood (polypar-
asitism is common in people who live in  O. volvulus -endemic 
regions). Most of these reports have been from Cameroon and 
the Democratic Republic of Congo. 2,  3  The pathophysiological 
and/or pharmacological basis for these rare but potentially 
fatal neurological SAEs is not fully understood. 2,  4,  5  It is criti-
cal to define the mechanism(s) associated with SAEs because 
it may provide information on the optimal management of the 
cases and/or lead to the development of tools enabling identi-
fication of individuals at risk for SAEs. 6  Similar concerns per-
tain to lymphatic filariasis control programs, which have yet to 
be implemented in areas where loiasis is co-endemic. 

 The risk of developing an SAE after IVM treatment is 
related to the load of  L. loa  mf (> 30,000 mf/mL blood) before 
treatment. 7  In a population where the prevalence of  L. loa  
microfilaremia is 40%, 5% of individuals will harbor more 
than 30,000 mf/mL. 8,  9  Even among the latter, relatively few 
will develop an SAE. In this regard, cofactors not yet charac-
terized might play a role in the appearance of the neurological 
reaction in an individual. 6  Potential cofactors include immune 
or physiological host factors. For example, at the level of the 
brain capillaries,  L. loa  co-infection with other pathogens 
(e.g.,  Plasmodium  sp.,  O. volvulus , or others) might produce 

specific inflammatory damage that predisposes individuals to 
the development of neurological SAE after IVM treatment. 

 An additional possible explanation for the SAE is evi-
dent in the pharmacology of IVM. The drug is safe in humans 
because, when given at therapeutic doses, it is excluded from 
the central nervous system (CNS) by the blood-brain bar-
rier. 10  Accumulation of IVM in the brain as a consequence of 
massive overdoses (more than 100 times the normal doses) 
is associated with prolonged coma and death in humans. 11  
In addition, IVM is commonly used in veterinary medicine 
for the prevention of  Dirofilaria immitis  infection in dogs, 12  
and it has been known for some time that a few breeds of 
dogs, especially collies, are highly sensitive to IVM toxicity. 13  
This phenotype is caused by a loss-of-function mutation in a 
P-glycoprotein (pgp) gene called  mdr-1  ( ABCB1 ). 14  This loss 
of function is brought about by a homozygous 4-bp deletion in 
the coding region of the  mdr-1  gene, which results in a frame 
shift causing a nonsense and truncated (caused by insertion 
of stop codons in the frame-shifted DNA sequence) protein 
sequence. Collies, homozygous for the null allele, are highly 
sensitive to IVM and a few other drugs (notably loperamide). 
The pgp pump performs the primary xenobiotic exclusionary 
role of the blood-brain barrier.  Mdr -1 encodes a protein of 
1,280 amino-acids in 28 exons. It is located on chromosome 
7q21.1 in humans. 15  

 The possibility that a similar, rare and geographically 
restricted loss-of-function mutation exists in humans must 
be considered. 16  A potential explanation for IVM-associated 
SAEs in Cameroon is that the drug penetrates into extra-
vascular brain tissue in affected individuals. In these cases, 
high levels of IVM in the brain could cause SAEs through two 
possible mechanisms: either by a direct CNS-based toxicity of 
the drug (IVM has affinity for GABA-gated chloride chan-
nels), 17  and/or by drug-induced killing of  L. loa  mf asymptom-
atically present in the brain parenchyma before treatment. 
The spontaneous existence of such  L. loa  mf in the brain tissue 
has been described in detail in one instance. 18  In addition to 
possible effects of a null allele; other alterations in the  mdr-1  
gene could have more general effects on the pharmacokinet-
ics of IVM. The plausibility of this scenario is enhanced by the 
pharmacogenetic precedent of the D mdr-1  phenotype in dogs 
and because coma is a known outcome of IVM accumulation 
in the brain. Analyzing  mdr-1  genotypes in SAE cases could 
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rule out a null allele possibility and thus a study was conducted 
in Cameroon to address the issue. 

   MATERIALS AND METHODS 

  Patients.   Ethical approval for this study was granted by 
the Cameroon Ministry of Public Health, the National Ethics 
Committee of Cameroon, and the Research Ethics Committee 
of McGill University (Montreal, Canada). The objective of 
the study was explained to the individuals before they agreed 
to participate and sign a consent form. Four individuals who 
survived an SAE after IVM treatment were selected by the 
physician in charge of the surveillance of the SAE cases in 
Cameroon (JK). Nine Cameroonian individuals who had never 
experienced an SAE were matched with the cases on sex, age, 
and village of residence. The patients were examined to ensure 
there was no condition that would make the patient unsuitable 
to donate 10 mL of blood. Each individual was sampled 
with a sterile vacutainer unit. Blood samples were labeled 
and processed under a code, which was not disclosed to the 
laboratory in which sequence information was determined. 

   Leukocyte RNA extraction and cDNA synthesis.    The  mdr-1  
gene is expressed in peripheral blood leukocytes. 19,  20  Leukocytes 
were obtained from each sample with a LeukoLOCK system 
kit (Ambion, Inc., Austin, TX). In Cameroon, blood samples 
were passed through the LeukoLOCK filter using an evac-
uated tube as a vacuum source. Filters were flushed with 
phosphate buffered saline (PBS) and leukocyte RNA was sta-
bilized by the addition of RNA later  reagent (Ambion, Inc.). 
Samples were shipped to the Institute of Parasitology (McGill 
University, Montreal, Canada) on dry ice for completion of 
RNA extraction according to the manufacturer’s proto-
col. Conversion to complementary DNA (cDNA) was per-
formed using a QuantiTech reverse transcription kit (Qiagen 
Inc., Mississauga, Canada), according to the manufacturers 
protocol. 

    Mdr  amplification and sequence analysis.   The complete 
open reading frame (ORF) of the  mdr-1  cDNA was amplified 
from the cDNA samples by polymerase chain reaction (PCR) 
using 10 sets of overlapping primers ( Table 1 ) designed 
based on GenBank deposited sequence NM 000927.3. The 
PCR amplification was confirmed by gel electrophoresis. 
The PCR products were sequenced using the 3730XL DNA 
Analyser system (McGill University/Genome Quebec 
Innovation Center). High Fidelity Platinum Taq DNA 
polymerase (Invitrogen, Burlington, ON, Canada) was used 
in the PCR reaction to minimize the introduction of errors 
during amplification. Each chromatogram was analyzed, in a 

blinded manner, with Sequencher 4.7 software (Gene Codes 
Corporation, Ann Arbor, MI). This program allowed us to 
discriminate at each nucleotide and select for only secondary 
peaks, which were more than 90% of the major nucleotide 
peaks on the chromatogram. This high level of discrimination 
provided confidence in determining homozygosity and 
heterozygosity at the polymorphic positions. 

        RESULTS 

 The complete ORF of the  mdr-1  cDNA was amplified, in a 
blinded manner, for the 13 individuals included in the study. 
No loss-of-function mutation was found in any individual 
examined. However, polymorphism was found at cDNA posi-
tions T282C, A781G, C1236T, C3151G, and C3435T ( Table 2 ). 
T282C is located between transmembrane domain 1 (TM1) 
and TM2, A781G between TM4 and TM5, C1236T between 
TM6 and the nucleotide binding domain 1, C3151G between 
TM12 and the nucleotide binding domain 2, and C3435T near 
the nucleotide binding domain 2 ( Figure 1 ). 21  Polymorphism at 
positions T282C, C1236T, and C3435T did not induce an amino 
acid change. However, the polymorphism at position A781G 
induced an amino acid change from isoleucine to valine, and 
the polymorphism at position C3151G induced an amino acid 
change from proline to alanine. 

       The code was disclosed after the sequences were deter-
mined. It was found that no single nucleotide polymorphism 
(SNP) was uniformly associated with SAE cases. However, 
haplotypes (1236T and 3435T), associated with altered drug 
disposition (see Discussion), were present as homozygotes in 
two of the four SAE patients (50%), but absent as homozy-
gotes in the controls (0%) ( Table 2 ). 

   DISCUSSION 

 The primary objective of this study was to determine if a 
loss-of-function mutation in  mdr-1  could account for IVM 
SAEs. This objective has been met with a conclusion that there 
was no evidence that a loss-of-function mutation existed in 
any of the subjects. However, some interesting polymorphism 
was observed in the  mdr-1  cDNA. 

 The  mdr-1  gene is expressed in several tissues, including 
the intestine, kidney, placenta, liver, capillary endothelial cells 
of testis, adrenal gland, and the brain. 10,  22–  24  So far, around 
50 SNPs have been reported in the human  mdr-1  gene, of 
which, some, such as C3435T, have been studied extensively. 
This SNP, although synonymous, has been reported to influ-
ence  mdr-1  expression in different human tissues. However, 

  Table  1 
  Primers used to amplify the complete open reading frame of  mdr-1   

Fragments Sense primers 5′–3′ Antisense primers 5′–3′

A ATGGATCTTGAAGGGGACCGC ATCGTGCACATCAAACCAGCC
B GGTTGCTGCTTACATTCAGG CCTATAGAAATATTGGCTGTAATAGC
C CTGGAGCAGTAGCTGAAGAGG GCACCTTCAGGTTCAGACCC
D CCAAGTATTGACAGCTATTCG CTGCCCACCACTCAACTGG
E GTCACCATGGATGAGATTGAG GATCCACGGACACTCCTACG
F CGATGATGGAGTCATTGTGG CGCTTGGTGAGGATCTCTCC
G TACAAGAATTGATGATCCTG GTACCTGCAAACTCTGAGC
H GGGAAGATCGCTACTGAAGC CCAGGCTCAGTCCCTGAAGC
I GACAGCTACAGCACGGAAGG GCTGTCTAACAAGGGCACGAGC
J GCCAACATACATGCCTTCATCG CACTGGCGCTTTGTTCCAGC
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the studies published regarding the effect of this SNP on 
response to different drugs are not always consistent. 21,  25  

 In our study, it was found that no SNP in the  mdr-1  cDNA 
was uniformly associated with SAE after IVM treatment. 
The  mdr-1  gene product plays an important role in the bio-
availability of many drugs, and it is known that different 
ethnic groups respond differently to some drugs, possibly 
caused by differences in  mdr-1  expression and/or sequence. 26  
Furthermore, the distribution of the C3435T SNP has been 
found to be influenced by ethnicity. 27  West African popu-
lations have been reported to have a high frequency of the 
C/C genotype at position 3435 compared with other ethnic 
groups. It has been reported that 10% to 17% of the Ghanaian 
population, 27,  28  14% of the Beninese population, 26  and 27% 
of the Sudanese population, 27  carried the allele T at position 
3435. In our study, the frequency of allele T was significantly 
higher than expected (38.5%  P  = 0.0002 with Ghanaian,  P  = 
0.003 with Beninese). Interestingly, cases of SAE have been 
reported from Sudan, where the frequency of allele T is higher 
than in West Africa. As noted, the C3435T polymorphism is 
reported to be correlated with  mdr-1  expression. Individuals 

with T/T genotype are reported to have lower expression of 
 mdr-1  in intestinal epithelial cells, 29  lymphoid cells, and pla-
centa, 30  than those with genotype C/C. This can lead to a dif-
ference in drug distribution. 31  If a similar reduced expression 
occurs in the blood-brain barrier, it could result in excessive 
penetration of a drug into the CNS which, in the presence of 
a high number of  L. loa  microfilariae, may be responsible for 
adverse effects. In our study, two of the four individuals who 
had developed an IVM-related SAE had the 3435T/T geno-
type. It is also important to highlight the SNP at position 
1236. Anglicheau and others 32  reported that patients with the 
1236CC genotype in  mdr-1  had slightly but significantly lower 
dose-adjusted peak cyclosporin blood concentrations (−16%) 
( P  < 0.02) and area under the curve (AUC) values (−14%) 
( P  < 0.05) compared with 1236TT genotype carriers   . Cyclosporin 
is a well-known substrate for MDR-1. These blood pharma-
cokinetic differences, even if small and measured only in the 
blood, may indicate the potential for significant consequences 
for drug concentration in the CNS, given the key role of MDR 
in restricting IVM access to the brain. Interestingly, two of the 
four SAE patients were homogygous T/T at 1236, and the three 
control individuals that carried the T allele were heterozygous 
C/T. The 1236T/2677G/3435T haplotype had been shown to 
have a positive association in reducing renal clearance of iri-
notecan, administrated intravenously. 33  However, an associa-
tion between this haplotype and the disposition of other drugs 
has not always been found. 21  We did not find polymorphism 
at position 2677; all individuals were GG.  Mdr-1  haplotypes 
involving C1236T, G2677T/A, and C3435T have been found to 
be influenced by ethnicity. 26  In Benin, the 1236C/2677G/3435C 
haplotype is the wild-type and was present in 79.3% of the 
population and the TGT haplotype had a frequency of 7.5%, 
whereas in our Cameroonian group, the CGC haplotype was 
present at an allele frequency of approximately 62% of the 
total population tested (control + SAE patients) and the 
TGT haplotype had an allele frequency of approximately 
27%. More interestingly, the homozygous TGT haplotype was 

  Table  2 
   mdr-1  polymorphisms in the 13 individuals *   

Patient SAE T282C A781G  C1236T C3151G C3435T

1 No T/T A/A C/C C/C C/C
2 No T/T A/A C/C C/G C/C
3 No C/C A/A C/C C/C C/C
4 No T/T A/A C/C C/C C/T
5 No T/T A/A C/T C/C T/T
6 No T/T A/A C/C C/C C/C
7 No T/T A/A C/C C/C C/C
8 No T/T A/A C/T C/C T/T
9 No T/T A/G C/T C/C C/T

10 Yes T/T A/A T/T C/C T/T
11 Yes T/T A/A T/T C/C T/T
12 Yes T/T A/A CC C/C C/C
13 Yes T/T A/A CC C/C C/C
  *   SAE = serious adverse event.  

  Figure  1.    Location of the single nucleotide polymorphisms (SNPs) in the  mdr-1  protein sequence. TM is used for transmembrane domain. 
Letter O located on the top of the protein sequence represents a silent mutation. Letters V and A are used for valine and alanine, respectively. The 
letters are located on the top of the protein sequence and they represent amino acid changes in the protein sequence caused by single nucleotide 
polymorphism at cDNA positions 781 and 3151, respectively.    
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present in 0% in the controls (non-SAE patients), but in 50% 
in the SAE patients. Using Fisher’s exact test this difference 
is near the limit of significance ( P  = 0.077). However, it must 
be remembered that only four SAE patients were included. 
It is possible that in the two SAE patients who did not show 
the homozygous TGT haplotype there may be other polymor-
phisms, not detected by sequencing cDNA, which could affect 
the MDR-1 expression level. 

 Synonymous polymorphisms such as the SNPs at position 
1236, 3435, or elsewhere in the sequence of  mdr-1  may influ-
ence the functioning of the protein resulting from this ABC 
transporter gene. 21  Recently, Sauna and others 34  examined 
how the synonymous SNPs 1236C > T and 3435C > T might 
alter the functioning of human MDR-1 and have found that 
the 3435C > T is the key polymorphism linked to a functional 
change in P-glycoprotein. They showed by the use of the con-
formation-sensitive antibody, UIC2 against P-glycoprotein, 
and limited trypsin digestion that there were differences in 
the three-dimensional structure between the wild-type and 
the uncommon P-glycoprotein haplotype. This may result in 
a translational pause (where the synonymous codons change 
from frequently used to those rarely found in humans) during 
processing of the RNA through the ribosome, which alters the 
folding of the amino acid sequence with consequent effects on 
the functioning of the MDR-1 transporter. 35  

 Our study was limited to four individuals that survived SAE 
and to the analysis of the coding region of the  mdr-1  gene. 
Although IVM SAEs are rare and it is difficult to obtain tis-
sue samples from SAE cases, it may be desirable to extend 
the study to more cases; if possible, a blood sample should be 
obtained from each new case of SAE and stored for subse-
quent analysis. Moreover, more information may be gained by 
investigating non-coding SNPs in introns or in the 5′ upstream 
or 3′ untranslated region, and by measuring  mdr-1  expression 
in SAE patients. Uhr and others 36  reported polymorphisms in 
an intron of the  mdr-1  gene that can predict the response to 
antidepressant treatment with drugs previously identified as 
substrates of MDR-1. 

 From our data, it is difficult to reach definitive conclusions 
about the polymorphisms found in the SAE survivors, as there 
was no SNP detected only in the individuals who survived 
SAE. Four SAE survivors were examined, which is the equiv-
alent of eight  mdr-1  alleles. It is apparent that a deletion muta-
tion like that observed in some canines is not present in these 
patients, and no other obvious loss-of-function mutation is evi-
dent in the coding region of  mdr-1 . However, there are intrigu-
ing genetic differences in  mdr-1  between the SAE patients and 
the controls. 

 In humans, in addition to  mdr-1 ,  bcrp ,  mrp-1 ,  mrp-2 , and 
 mrp-4  are all expressed at the luminal membrane of the brain 
capillary endothelial cells. 37,  38  It is not known which of these 
ABC transporters might be important in regulating the con-
centration of IVM that reaches brain tissue in humans. In 
mice,  mdr-1  appears to be the dominant transporter regulating 
efflux of IVM across the blood-brain barrier. 39  Nevertheless, 
there is evidence that the location and functioning of some 
ABC transporters may differ between humans and mice. 39  
The IVM profoundly inhibits human BCRP-mediated trans-
port of mitoxantrone and other BCRP substrates, whereas 
polymorphisms in human  bcrp  have been shown to affect the 
disposition of a number of lipophilic drugs. 40  Furthermore, 
it has recently been shown that IVM is actively transported 

by BCRP and that BCRP inhibitors increased IVM basolat-
eral-apical permeability in Caco-2 cells overexpressing BCRP, 
suggesting a possible role for BCRP in regulating IVM tis-
sue concentrations. In  mdr1ab −/− mice, the BCRP inhibi-
tor Ko143 significantly increased IVM concentrations in the 
brain. 41  The BCRP transport of IVM could be important in 
the context of the SAEs observed in patients with high  L. loa  
microfilaremia after IVM treatment, as Poller and others 42  
have observed that during inflammatory reactions, which can 
be associated with an altered blood-brain barrier, elevated lev-
els of pro-inflammatory cytokines such as interleukin (IL)-1β, 
IL-6, and tumor necrosis factor α (TNF-α) can significantly 
reduce BCRP messenger RNA (mRNA) and protein levels, 
possibly increasing penetration of BCRP substrates into the 
brain. Future research should analyze non-coding polymor-
phisms in  bcrp , and polymorphisms and/or changes in activ-
ity of other blood-brain ABC transporters, such as MRP-1. If 
possible, the number of SAE and non-SAE samples analyzed 
in future research should be increased. The need remains to 
find the pathophysiological cause of SAEs after IVM treat-
ment to enable IVM to be safely administered in loiasis co-
endemic regions for onchocerciasis and lymphatic filariasis 
control. 

 Received December 7, 2009. Accepted for publication March 26, 
2010. 
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