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with a heterogeneity o f proteins and lipids should contain 
low amounts o f ivermectin. 

Our observations are important in interpreting drug effects 
not only with ivermectin but with other filaricides in all forms 
of filariasis. The crucial question is whether the drug should 
impinge on the vital organelles o f the worm or are host fac­
tors more responsible for drug induced worm killing (Schulz-
Key et al., 1 9 9 3 ) . Is the adult 0. volvulus less sensi t ive 
because o f low ivermectin in the nodule ? Are some animal 
filaria models unsuitable because the particular species show 
low concentration at the target site ? We also have shown 
that in man there may be a pharmacogenetic basis for hand­
ling o f ivermectin. 

Figure 1. - Ivermectin in breastmilk. 

Figure 2 . - Ivermectin concentration* in relation to plasma 
* represents comparison between plasma and fluid or tissue levels 
in case of skin (mg skin/wt). 

ACKNOWLEDGEMENT 

T h e s t u d i e s r e p o r t e d h e r e w e r e s u p p o r t e d b y 

g ran t s f rom t h e C E C a n d T D R / W H O . 

REFERENCES 

CHIJIOKE CP . and OKONKWO P. : Adverse events following mass 
ivermectin therapy for onchocerciasis. Transactions Royal Society 

for Tropical Medicine and Hygiene, 1 9 9 2 , 86, 2 8 4 - 2 8 6 . 

CRAIG T. : Anthelmintic Resistance. Veterinary! Parasitology. 1 9 9 3 , 
46, 1 2 1 - 1 3 1 . 

KLOTZ U., OGBUOKIRI J . E . and OKONKWO P. : Ivermectin binds avidly 
to plasma proteins. European Journal of Clinical Pharmacology, 
1 9 9 0 , 39, 6 0 7 - 6 0 8 . 

KRISHNA D.R. and KLOTZ U. : Determination of Ivermectin in Human 
Plasma by High-performance Liquid Chromatography. Drug 
Research, 1 9 9 3 , 43, 5, 6 0 9 - 6 1 1 . 

OGISUOKTRI J . E . , OZLIMDA E. and OKONKWO P. : Low levels of ivermec­
tin are found in human breastmilk. European Journal of Clinical 
Pharmacology, accepted for publication. 

OKONKWO P., OGBUOKIRI J . E . , Ofoegbu E. and Klotz U. : Protein bin­
ding and ivermectin estimations in patients with onchocerciasis. 
Clinical Pharmacology and Therapeutics, 1 9 9 3 , 5 3 , 4 2 6 - 4 3 0 . 

OKONKWO P., АКРА A., IHEKWABA A., NWAGHO D. , UMEH R., ADIBUA S., 
EZIKE V . , OGBUOKIRI J . E . : Studies on onchocerciasis in forest-
savannah mosaic areas of Nigeria. I. Investigations in Gbaragu, 
Oji River. Annals of Tropical Medicine and Parasitology, 1 9 9 1 , 
85, 6 1 7 - 6 2 3 . 

SCHULZ-KEY H., SOBOSLAY P.T. and HOFFMANN W. : Ivermectin media­

ted immunity. Parasitology Today. 1 9 9 3 , 8, 1 5 2 - 1 5 3 . 

WANJI S. : Un nouveau modèle pour la thérapeutique de l'oncho-
cercose : la filaire à microfilaire dermique Monanema martini. 
Thèse de Doctorat, Université de Montpellier, 1 9 9 2 , 1 9 9 p. 
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CONCLUSION 

T he m a n n e r in which spec i e s and indeed individuals 

handle ivermectin may vary considerably. T h e response 

o f the parasite depends therefore on its location i.e. skin, 

nodule , b lood or lymphatics and numerous hosts factors 

(Schulz-Key et al., 1 9 9 3 ) and levels o f free drug impinding 

on vital organelles o f the worm. Pharmacokinet ic parame­

ters and free drug worm levels should be investigated for 

animal models o f filariaris and n e w filaricides. 
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T n West Africa, control of onchocerc ias i s by the 

_ Onchocerciasis Control Programme (OCP) relies on both 

vector eradication and chemotherapy (Remme et al., 1990a, 

1990b). Ivermectin, the drug of choice, is highly effective 

against microfilariae of Onchocerca volvulus ; a single oral 

dose achieves a rapid elimination and a long lasting sup­

pression of microfilaridermia (Greene et al., 1985). Such 

efficacy and the moderate adverse reactions following treat-
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ment m a k e s ivermect in app l i cab le for commun i ty -ba sed 
mass t rea tment c a m p a i g n s ( W h i t e et al., 1 9 8 7 ) . In mos t 
a reas o f the O C P the c o m b i n e d con t ro l m e a s u r e s have 
indeed reduced the risk o f O. volvulus infection and o n c h o -
c e r c i a s i s - a s s o c i a t e d b l i n d n e s s . H o w e v e r , in b o r d e r l i n e 
areas, such as central T o g o , the risk o f re-infection and evo­
lution o f ocular pathology still remains high ( D e Sole et al., 
1992) . 

In order to study the feasibility, compl iance and efficacy o f 
mass t rea tment in the field w e pe r fo rmed annua l mass 
treatment campaigns in six meso - to hyperendemic villages 
in cen t ra l T o g o . More than 3 , 0 0 0 inhab i t an t s r e c e i v e d 
annua l ly a b l a n k e t t r ea tmen t wi th 150pg i v e r m e c t i n / k g 
body weight. T h e effect o f this control strategy on preva­
l ence o f onchocerc ias i s , on communi ty microfilarial load 
(CMFL) and on the evolu t ion and progress ion o f ocu la r 
pathology induced by O. volvulus infection, has been eva­
luated over a period o f 4 years. In addition, s ince 8 years, a 
group o f 2 0 0 o n c h o c e r c i a s i s pat ients from the s ame vil­
l ages , w h o v o l u n t e e r e d to par t ic ipa te in an ive rmec t in 
d o s e - f i n d i n g s tudy , h a v e b e e n t r e a t e d a n d e x a m i n e d 
annually. 

Under consideration o f exclusion criteria, disease and refu­
sal about 7 0 % o f the population received the annual treat­
m e n t w i t h i v e r m e c t i n . T h e d e n s i t i e s o f O. volvulus 
microfilariae (mf) in treated patients remained significantly 
reduced , and the n u m b e r o f pat ients with a subcl in ica l 
infection, i.e. permanently negative for mf o f O. volvulus, 
increased following repeated ivermectin therapy. T h e num­
ber o f treated patients per village with moderate or severe 
side reactions decreased following each annual treatment. 
In those patients w h o received ivermectin regularly dtiring 
the last 8 years onchocercias is-associated ocular pathology 
clearly diminished (e.g. punctate keratitis, sclerosing kerati­
tis, uveitis, l imbi t is) o r r emained at pre- t reatment levels 
(e.g. chorioretinitis, papillitis). In contrast, in those patients 
w h o rece ived ivermectin t reatment only occas iona l ly the 
o n c h o c e r c i a s i s - a s s o c i a t e d o c u l a r p a t h o l o g y p r o g r e s s e d 
often to i r revers ible e y e damage , and in s o m e c a s e s to 
blindness. 

In summary, despite the location o f our study in an area o f 
the OCP where , however , the risk o f re-infection and blind­
ness remains high, w e conclude that progression o f ocular 
pathology in chronic onchocerc ias is can only b e prevented 
by regular treatments with ivermectin. 
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Five Onchocerca volvulus recombinant antigens are cur­
rently being investigated for their capacity to evoke protec­
tive responses against Litomosoides sigmodontis in mice. 
Details of the molecular cloning techniques employed are 
provided by Braun etal. (1991). 

Ovl.9 : a 19,000 Mr antigen identified using a rabbit serum 
raised against material extracted from the surface of adult 
worms by treatment with mercaptoethanol (Engelbrecht et 
al, 1991). The 512 bp insert has been sequenced and no 
homology could be found with any other cloned molecule. 
Measurement (by ELISA) of anti-Ovl.9 antibodies in sera 
collected from onchocerciasis patients revealed a correla­
tion between high IgG4 levels and presentation of skin 
disease (Engelbrecht et al., 1991). These IgG4 responses 
appeared to be enhanced after treatment with ivermectin. 
Ov2.5 : a 50,000 Mr antigen which was selected on the 
basis of its reactivity with a rabbit antiserum against mate­
rial extracted from the surface of adult worms by treatment 
with mercaptoethanol (Engelbrecht et al., 1991) . No 
sequence homology could be found with any other cloned 
molecule. 
Ov3.11 : a 42,000 Mr antigen identified using a rabbit sera 
raised against O. volvulus L3 larvae. 

OvHSP : The heat-shock protein 70 of O. volvulus. This 
cDNA clone (4l0bp, all coding) codes for the C-terminal 
end of the protein. Sequence analysis revealed almost 100 % 
homology with Brugia malayi HSP70 ; 76 % homology with 
human cognate HSP70 ; and 75 % identity with human 
HSP70. Despite the overall high homology of parasite and 
host HSPs, a short sequence of 12 amino acids unique to 
the parasite was identified. It is predicted that this region, 
which is proximal to the C-terminus contains 2 non-conser­
ved changes and 4 conserved changes, has a secondary 
structure and B cell epitope not found in host HSPs. 

The OvHSP sequence was sub-cloned into the expression 
vector pTrcHis, a vector that allows purification of fusion 
proteins over Ni affinity columns through the interaction 
with a polyhistidine sequence contained in the carrier 
peptide. 
A rabbit antiserum raised against the recombinant OvHSP 
was used in histochemical experiments to localise the anti­
gen in adult worm sections. The most heavily stained struc­
tures were ova. 

Human antibody responses directed against the recombinant 
HSP70 molecule AND a synthetic peptide representing the 
12 amino acid filarial specific region of HSP70 are being 
investigated. As shown in Figure 1, ELISA performed using 
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