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ABSTRACT

Considerable individusi variations in infection levels are common in parasitic infestation even when the risk
of challenge is similar and these variations may be reflected in the parasite antigens recognized by the
different hosts. Aspart of an experiment meant 1o Jongitudinally stady Onchocerca ochengi parasite acqui-
sition in naive cattle over a four-year period, two animals were found to have contrasting parasite budemns (2
and 101 nodules) under similar vector challenge. The animal with only two nodules was thought to have
developed a sustained ability to limit parasite abundance (a steady state) despite prolonged continuous
exposure to infection like the highly infested one. Their IgG2 antibody profile as detected by ELISA, from 18
to 49 months of natural exposure to the vectors of the disease, were not simifar for the two distinct patterns
of infestation. Similarly, the animals showed a considerable heterogeneity in the antigens they recognized in
inmmunoblots following separation of the O. ochengi proteins by sodium dodecy! sulphate polyacrylamide
gel electrophoresis, The animal with the least parasite burden apparently recognized a number of bands
between 17 KDa and less than 27 KDa which were not detected by the highly infested animal. Furthermore,
other animals with very low parasite burden prominently detected the 29 Kdu, which was only faintly recog-
nized by the high parasite burden animal. The increased level of the IgG, antibody isotype may be related to
the steady state infestation pattern. The specific antigens detecied during the steady state condition need
to be identified in a larger sample size and studied further as they may be of value in understanding the
immunity developed during the infestation.
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RESUME

Dans les cas des infestations parasitaires, des variations considérables du taux d’infections individuels sont
constamment obscrvées, Une étude a é1¢ mendes dans le but de suivre Pacquisition du parasite Onchocerca
Ochengi par les bovins naiis sur une période de prés de 4 années.  Les résultats obtenues ont montré que 2
animaux soumis dans les mémies conditions dattaque du vecteur, présentaient des différences des niveaux
de 1a charge parasitaire (2 et 10 nodnles). L'animal présentant seulement 2 nodules, aurait développé un état
de stabilité permanent qui lui aura penis de limiter la multiplication des parasites dans son corps malgré
Pattaque continu du vecteur. Le cas contraie # €1¢ observé chez 'animal présentant. Une haute charge
parasitaire. Le profile de leurs anticorps 1gG2 détecté par la indthode ELISA entre 18 an 49 mois d'exposition
natureile aux vecteurs de infection ont montré des différences pour les 2 types d'infestations. De méme, ces
animaux ont monteé une hétéropéndité considérable des antigénes veconnus aprés séparation des protéines
de O. Ochengi par SDS-PAGE. L'animal présentant Ia plus faible charge parasitaire a reconnu sur le gel des
bandes protéique 17 KDa et 27 Kda. Ces bundes étaient absentes chez aninial 4 forte charge parasitaire. Le
taux ¢evé des anticorps 1gG2 serait dil & I'état constant de Uinfestation. Les antigloes spécifiques détectés
pendant Ja phase constante de Pinfestation méritent une étude plus approfondie avec un yiombre plus élevé
des animaux. Car ces antigénes pourraient aider 4 comprendre le mécanisme du systéme immunitaire déve-
lopp€ pendant 1'infestation.

Mots clés: bovins, Onchocerca ochengi, systéme Immunitaire Anticorps IgG2
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INTRODUCTION

N’i@st epizootiological investigations ofien neglect the
abxmdame or density of infection despite frequent re-
ports of considerable individual variations in infection
levels. Variations in parasite burden may correlate with
pdmcular infestation patterns and individual hosts may
cope differently with the different parasite burdens.

Longitudinal studies using natural host systems of Op-
chgcerca parasite could permit a better understanding
of the mechanism (s) regulating this worm’s density in
its {icimm\ host. The search for an animal model
sysg.em} which naturally supports the parasiiism of
nodule-forming Onchocerca spocies and closely resem-
ble the human parasite (O, volvulus), has been on for
somje time.  The variations in infestation levels may
corgelate with particular infestation patterns and indi-
vidual hosts may cope differently with the different
;)arasue burdens. Detailed longitudinal studies using
natural host systems of Onchocerea parasite could per-
mit & better understanding of the mechanism (s) regu-
lating this worm’s density in the its definitive host. Al-
thon;g;h bovine Onchocerca specics are ublquitous in
Africa, these parasites received little attention until re-
cently. In the search for animal models which natu-
rally support parasitism of nodule-forming Onchacerca
QpLCi@& and closely resemble the human parasite
O voivilus, Onchocerca ochengi in African cattle has
recm{iiy attracied much interest {1,28,35,37). Cattle
m Neith Cameroon are highly infested with O, ochengi
and often associated with concurrent (multiple-On-
chocérea species) infestations (36). However, little is
known about their host-parasite inter-relationship and
the immunoepidemiology of the discase in young ex-
posed;animals is still obscure as verv few young ami-
mals have adult worm infestation (1). Q. ochengi is
phylogenetically very closely related to O. vohmlus (4),
and indeed shares the same natural vector, S. damnosum
s.str. and S squamosum (25,37).

:

The present study focused on two animals that were
examined for 0. echengi nodule and microfilariae dc-
quisition over a four-year period and were found to
show Gwvo distinct patterns of O ochengi wtestation,

The two patierns consist of an abundant parasiie ag-~

quisifign in one and a steady state low parasite load
de‘;pxtfa continuous exposure to a high risk of new in-
iu:nons from Simulinum bites in the othgr. The anti-
body (IzG, and 12G,) profile in resnonse (a marker of
infection) to a cocktail of twar 0. vohmlus recombinant
antigens (Ov10/OvI1)-and the antigens recognized by
the igG antibody in crude 0. ochengi adult worm PBS
soluble extracts, were also evaluated for the two ani-
mals.
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MATERIALS AND METHODS

The study site

The studies were carried out in a privaie ranch that is
located about 12 Km south of Ngaoundere, near Galim
village (7° 12° N, 13° 35" E, 1100 m altitude). Galim
has-a population of about 150 while the cattle (local
Gudali breed) population in the ranch and its neigh-
bourhood was about 9000. The ranch lies along the
banks of the Vina du Sud river -a big and {ast-flowing
perenmial river. The fake in the ranch, an inland water-
ing spot for the animals, is located about 2Km uphill
from the riverbank. In this area, the drv scason starts
from November to March while the rainy season is
from April 0 October.

The animals and experimental setup

The two animals (one male and the other female) were
part of seven male and eight female caitle (the oldest
was 1] months at start of study), calved in February
and March 1992, that were randomly picked up from
several herds. They were grazed together as male and
female herds with other animals of the same sex and
age in the same farm. Bi-monthly nodule count, skin
biopsy and serum collection were carried out from
January 1993 until March 1996 when the studies were
terminated; unplying that the animals were about 4 years
old at the end of the study. For the purpose of clarity,
this dongitudinal study will be named the *animals stud-
ed after the minimum patent age’.

Counting and mapping of Q. ochengi nodules.

During evaluation, cach animal was restrained on lat-
eral recambency and all palpable nodules of (1. ochengi
were counted by inspecting both sides of the animal,
All pewly acquired nodules were then codad on a map
altocated to the animal,

Skin microfilariae {mj)

From the shaved skin, three superiicial skin biopsies
were taken with a scalpel blade from along the lineq
alba: one just posterior to the umbilicus, one mid-way
between umbilicus and udder and one just anterior o
the udder/serotum. The skin biopsies {range was 20-
30 mg for all three skin snips) were processed and mf
morphologically identified and distinguished according
to the method of Wahl ef af, (36). Microfilariae of O.
gutirosa and other filarial species such as the occa-
sionally detected O. dukei, . armillata and Setaria
species were also counted. The total number of mf
counted were divided by the skin biopsy weight io ob-
tam the mf density per mg of skin.

Transmission dynamics
"The monthly biting rates of Simulium flies, for the last
year of the study, were assessed by catching flies on a
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fly collector at the banks of the river or the inland wa-
tering point. After dissection of these flies data on
annual transmission potential and other critical valucs
necessary for the understanding of the epizooticlogy
of the infestation were derived {Achukwi, in prepara-
tion). Relative attractiveness of Simulium tlics to cattle
(Achukwi, unpublished data) showing different para-
sitc abundance in the same herd was similar.

Preparation of recombinant Ov10/Ovlil antigens
Ov1l has also been referred to as OvMBP20/11 (5).
Ov10 (6) is an analogue of Ov7 (21). OviQ/
Ovllantigens (a marker of infection) obtained as fu-
sion proteins with maltose binding protein (MBP) were
used as a 2 lg/mL (1 lg each of Ov10 and Ovl11) cock-
tail in sodium carbonate buffer pH 9.7. In practice,
half of each plate was coated with Ovi0/Ovil MBP
and the other parallel half coated with MBP alone (New
England Biolabs, USA)-referred to as MBP ELISA con-
trol. MBP responses were subtracted from the anti-
OvI16/CviIMBP results.

Preparation of PBS extract of whole adult O. ochengi
Nodules were extirpated from hides of slaughtered cat-
tle and the worms isolated from them were extensively
washed in PBS pH 7.4. Prior to processing, adult
worms isolaicd from nodule capsules by collagenase
(Sigma) digestion (31), were washed four times in PBS
pH 7.4 and then extensively homogenised in a lissue
homogeniser in PBS pH 7.4 containing proteinase in-
hibitors: N-a-P-tosyl-L-lysine-chloromethy!l ketone
(TLCK)-501g/mL, N-tosyl-L-phenylalanine
chloromethyl ketone (TPCK)-50lg/ml.,
phenylmethylsulphonyl fluoride (PMSF)-50 lg/mL
(Cabrera and Parkhouse, 1986). The homogenized tis-
sue was cooled on ice for 30 minutes, centrifuged at
20,000g for 45 minutes and the supernatant, the PBS
extract, recovered. The amount of protein in the sam-
ple was determined using the Biorad micro assay method
protocol as described by the manufacturer.

ELISA for bovine Ig G subclass-specific measurement.
Polystyrene 96-well micro-ELISA plates were sensi-
tized overnight (at least 16 hours) at 4°C with 100IL of
“antigen” solution constituted as described above. The
wells were emptied and remaining non-specific bind-
ing sites blocked with 125IL of 5% marvel® in PBS
containing 0.03% (v/v) Tween 20 (PBST) at room tem-
perature for 30 minutes. After 4 washes in PBST, 100
IL of plasma samples diluted 1:100 in PBS containing
0.2% marvel® was applied to the wells in triplicate. Test
negative control samples were derived from 5 fly-proof
house-raised animals while positive control samples
were from a pool of 5 naturally infested animals. After
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two hours incubation on the bench, the plates were
washed four times with PBST and monoclonal mouse
anti-bovine 1gG, (Mab1-SEROTEC Ltd, Kidlington,
Oxford, U.K) or monoclonal anti-bovine IgG, (Mab2-
SIGMA) diluted 1:2000 and 1:1000 respectively inPBST
were applied. The PBST contained 0.2% (w/v) or 0.1%
(w/v) marvel® respectively for Mabl and Mab2. After
another two hours incubation on the bench, the plates
were washed 4 times with PBST and anti-mouse IgG
(Fe specific) peroxidase conjugate (Sigma) was applied.
Anti-mouse IgG peroxidase conjugate was used at a
dilution of 1:10,000 in PBS containing 0.5% (w/v)
marvel® and 0.05% Tween 20 (for IgG, response to all
“antigens’). For the {gG, response to the MBP and
recombinant antigens the dilution was 1:10,000 in PBS
containing 0.5% (w/v) marvel®. After 2 hours incuba-
tion al room temperature the wells were cmptied and
washed as above. Freshly prepared (100 IL)
tetramethylbenzidine (TMB) substrate solution: 1mg
TMB (Sigma) dissolved in lml DMSO was added 10 9
ml 0.05M phosphate citrate buffer pH 5.0. This substrate
solution was added and plates incubated in the dark for
25 minuies at room temperature. The reaction was
stopped with 50 1L of 10% sulphuric acid. The absorb-
ance of the peroxidasc reaction product in the ELISA
was read on an automated microplate reader (Multiskan
MCC/340p version 2.20) at 450 nm. Mean values for
the triplicate readings were calculated.

Separation of O. ochengi proteins SDS- PAGE
Polyacrylamide electrophoresis in the presence of so-
dium dodecyl sulphate (SDS -PAGE) was performed
with 10% (v/v) separation gels and 4.5% stacking gels
using an ATTO apparatus (Tokyo, Japan) according to
the manufacturer’s instructions. As the gels were des-
tined for immunodetection by chemiluminescence,
Biotinylated SDS molecular weight standard markers
(Sigma) were loaded.

Western blotting, probing with antibodies and
immunodetection by enhanced chemiluminescence

The gels were arranged in a Biorad Trans-blot® semi-
dry transfer cell and blotting carried out according to
the manufacturer’s instructions. The fransfer mem-
brane used was Hybond-C (Amersham International,
Buckinghamshire, UK). The tertiary antibody was anti-
mouse Ig, horseradish peroxidase-linked specics spe-
cific antibody (from sheep) [Amersham] diluted 1:1000
in Tris-buffered saline (TBS) pH 8.5 with 5% (w/v)
marvel® or 2% BSA when detecting bands of biotin-
labelled SDS molecular weight standard mixture mark-
ers (Sigma). Afier protein transfer onto the nitrocellu-
lose membrane, it was rinsed in TBS and blocking of
free binding sites undertaken using 10% marvel® in TBS
for at least 14 hours at 4°C. The membranes were cut
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into strips, rinsed in TBS and incubated in cattle plasma
samples at 1:100 in 5%(w/v) marvel® on a rotating ta-
ble in TBS overnight at 4°C. The strips were washed 8
times (lasting 30 minutes in all) with TBS containing
1% Tween 20. Monoclonal anti-bovine IgG, (mab2,
Sigma) at a dilution of 1:500 was applied and then in-
cubation at room temperature on a rotating table for 2
hours undertaken. The strips were again washed for
30 minutes as indicated earlier and sheep anti-mouse
IgG, peroxidase-linked species-specific whole antibody
conjugate (Amersham) applied for two hours on the
rotating table at room temperature. A final wash last-
ing 45 minutes was effected and the protein bands de-
tected by chemiluminescence using the SuperSignal™
chemiluminescent substrate (Pierce Chemical Co.) and
ECL X-ray film (Amersham) and an AGFA Curix 60
processor, all according to the manufacturers’ instruc-
tions. Polypeptide molecular weights in kilodaltons
were calculated using values of known standards in

log graphs.
RESULTS

Parasite infestation pattern

The prepatent period for acquired nodules was 10 to
24 months (both sexes combined). The first paipable
nodules to appear were observed only from about 10
months of age. O. ochengi adult worms formed nod-
ules that were located intradermally mainly in the re-
gion around the umbilicus, the udder/scrotum and flank.
‘When located very close to the udder/scrotum the nod-
ules were often in the subcutaneous tissue. In intense
infestation of the peri-genital subcutaneous tissue some
small and large O. ochengi nodules conglomerated,
forming a bundle of individual nodules embedded in
the subcutancous tissue and this was clearly seen when
similar clinical cases were examined in abattoir-slaugh-
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tered cattle. During four years, the 11 animals studied
after the minimum patent age (Figure 1) acquired a to-
tal of 465 O. ochengi nodules (104, average of 17.3/
female and 361, average of 72.2/male). When the para-
site burden and time of acquisition of parasite after birth
are jointly considered, the two animals 1256F and
1030M could be regrouped into two distinctive infesta-
tion patterns: animal with very low (low susceptibility)
or high parasite load (high susceptibility). The highly
susceptible animal, number 1030M, acquired 101 O.
ochengi nodules meanwhile the low parasite load ani-
mal, 1256F, acquired only 2 nodules during the same
period of exposure to Simulium biting risk. Both ani-
mals had the same age. The O. ochengi nodule (adult
worm) load increased steadily with the age of animal in
animal number 1030M showing a boom of nodule ac-
quisition as from three years of age (the age of matu-
rity in bulls).

Both animals were concurrently infested by O. gutturosa
mf. The peak mf density for the animal (1030M) with
the highest number of O. ochengi nodules was 9.75
mf/mg (O. ochengi) and 0.57 mf/img (O. gutturosa)
and this was during its fourth year of life. Meanwhile
the animal 1256F had extremely low levels of both para-
sites throughout the study period and frequently oscil-
lated between zero and 0.5 mf/mg (O. ochengi) and
zero to 3 mffmg (O. gutturosa) afier the first appear-
ance of dermal mf. The mf density was significantly
higher during the dry season than during the rainy sea-
son.

IgG, and IgG, antibody response to Ov10/Ovil MBP
recombinant O. volvulus antigens.

The antibody responses were predominantly IgG, rela-
tive to IgG, (Figure 1 (IgG) and 2 (IgG,)). IgG, re-
sponses were detected in both animals throughout the

20
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40 50

Figure 1 : IgG1 response to Ole/Ovll MBP recombinant antigens in animals exposed to Simulium fly bites
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Figure 2: IgG2 antibody response to Ov10/0Ov11 MBP recombinant antigens in animals exposed to

Simulium fly bites

study while elevated IgG, responses were detected more
frequently in animal number 1256F. Accumulated O.
ochengi nodules count and IgG, response to
recombinant O. volvulus antigens were positively cor-
related but IgG, responses were not. The mf density
did not correlate with either IgG, or IgG, responses.

0. ochengi antigens detected by Western blotting using
IgG ,-specific monoclonal antibody

Circulating antibodies of the two infected
microfilariadermic animals recognized a multitude of
0. ochengi high and low molecular weight polypeptides
(results not illustrated). Most of the other animals ex-
amined (data not shown) recognized O. ochengi anti-
gens of about 49 KDa 30, 28 and 27 KDa although
some were only faintly detected. The animal (1256F)
with the least parasite burden (Figure 3: lane a) appar-
ently recognized a number of bands between 17 KDa
and less than 27 KDa that were not detected by the
highly infested animal (lane b). Other animals with
very low parasite burdens prominently detected the 29
Kda, which was only faintly recognized by the high
parasite burden animal.

DISCUSSIONS

The observed heterogeneity in antigens recognized by
the definitive host and its association with specific an-
tibody isotype responses during parasite infestation, sug-
gests that a single factor may not dictate the two dis-
tinguished susceptibility patterns (very low and high
parasite burden). This is also an indication that the
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host immune responses to infestation by this parasite
show a heterogeneous pattern. Other factors such as
the host age, sex, season and the intensity of challenge
or the varying monthly transmission pressure (Achukwi,
in preparation) over the years are likely factors which
appear to exert strong mediating influences to regulate
worm burden. The presence of a season effect on mf
density may contribyte immensely to the transmission
pattern of the parasite and may also explain why the
transmission (which is also linked to the seasonal breed-
ing of Simulium), was noted to be seasonal (Achukwi,
in preparation). This suggests that a strategic treatment
of animals on a regional basis at the start of the period
of peak mf density will cut down transmission. The
analysis of data on relative attractiveness of animals to
Simulium flies however failed to link the observed indi-
vidual differences in parasite acquisition to different
Simulium biting rates (Achukwi, unpublished data). The
animal 1030M acquired few parasites, during the first
three years of its life and this was followed by an acer-
bated infestation in the fourth year. This may indicate
a breakdown of ‘resistance’ to further infestation, prob-
ably due to increase in transmission intensity. It has
already been speculated that resistance to infestation in
bancroftian filariasis may not be absolute when attained
and with sufficient pressure of infection, it might be
overcome (30). The animal, 1256F, that demonstrated
a more sustained or steady state (‘resistance’) to the
establishment of further adult parasites in the presence
of the very first few living adult worms may be consid-
ered to indicate concomitant immunity. Concomitant
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immunity is also known to have been experimentally
demonstrated in rhesus monkeys (Macaca mulatta)
infected with Schistosoma mansoni (33). The steady
state level of infestation described in this study despite
long term continuous exposure to new infections was
also associated with the elevation of IgG, levels. Such
animals that limit the acquisition of further adult worms
need to be continuously exposed to natural vector chal-
lenge for more years 1o sce whether the condition is
temporal or not. No putatively immune animals were
identified during this prolonged study period since all
animals continuously exposed to the vectors of the dis-
ease for up to four years became infested with both O.
ochengi and O. gutturosa. The atiribution of a puta-
tively immune state to the absence of Q. ochengi in-
festation to a 21 months old calf by Tchakouté ef al
(32) in the same cndemic area may therefore be an
overstatement considering the totality of the data pre-
sented here and unpublished.

Furthermore, the use of the recombinant antigens per-
miftted the diagnosis of prepatent infestations, which
was not the casec when crude worm extract of O.
ochengi or Q. gibsoni ES was used (data not shown).
Unlike the IgG, response, which dominated the kinet-
ics of the antibody response, the IgG, response levels
varied greatly between the two animals. The predomi-
nance of IgG, responses relattve to those of IgG, ob-
served is similar to that recently reported with respect
to cattle experimentally infected with Onchocerca
lienalis in the United Kingdom (18). Bovine IgG, isotype
has also been reported to be the dominant isotype in
infections with Dictyocaulus viviparus (34) and Os-
tertagia ostertagi (23). In a study with Loa loa in
Gabon (3), similarly high levels of IgG, were reported
to block the establishment or development of newly
invading infective larvae thereby limiting the level of
human infection. Bovine IgG, has been shown to be
more efficient than IgG, at catalyzing antibody-depend-
ent cell cytotoxicity (ADCC) reactions by polymor-
phonuclear leucocytes in ruminants (15, 24). ADCC
reactions are also the most important means of defense
against filarial nematodes (12,22). By implication there-
fore, the clevated levels of IgG, identified in the ani-
mals cited, probably indicate the development of T, 2
responses partly due to chronic presence of mf. A
speculated general feature of helminth infections holds
that first infections initially induce a strong T,1 re-
sponse while repeated infections (e.g chronic expo-
sure to mf) may lead to the development of T, 2 cells;
but a critical threshold must be reached for this to hap-
pen (19). However, data on cytokine responses need
to be gathered in subsequent studies to ¢nable a com-
plete appreciation of these findings.
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The heterogenous recognition of antigens by IgG,
anitbodies of the two animals studied here is similar to
reports that individuals within a host species show con-
siderable heterogeneity in the specificity of antibodies
produced in response to parasitic infections (7, 16,
14). Great variations in the antibody repertoire of indi-
viduals infected by some other nematodes have also
been attributed to genetic control (16). In the present
study, the two animals which were microfilaridermic
(microfilaria density very high in 1030M but extremely
low in 12356F) had elevated levels of IgG, at certain
time points and preferentially recognized low molecu-
lar weight antigens in western blots. The increased
intensity of the bands of the polypeptide molecules in
Western blots, when later as opposed to carlier plasma
was used (data not shown), match the results of the
ELISA and suggest increased antibody production as
infestation or exposure intensity increased. This spec-
trum suggests that the possible resistance to new in-
fections may be due to a set of specific parasite anti-
gens and not a single polypeptide. Also individual dif-
ferences in filarial infestations with respect to O. vol-
vulus in humans due to sex and genetic factors have
been reported by Ward ef al (38). In West Africa (9,
17) and North Cameroon (27) males were reported to
be significantly more infected with human onchocer-
ciasis than females. In a background of no obvious
difference in exposure to the vectors in the hyper-en-
demic arca of Ecuador, Elson ef al (11) however re-
ported more parasite-free females than males in hu-
mans. Meanwhile Prost and Paris (26) attributed sex
differences observed in humans in Upper Volta of similar
age groups to differences in production systems and
social distribution of jobs. The reports of Anderson ef
al (2) and Renz et al. (27) also indicate that old women
had similar or even higher microfilarial densitics than
males at the same age. Apart from daily life patterns
of humans particularly boys culminating in higher ex-
posure to infection of boys than girls, (27) it was
thought that hormonal differences might account for
the observed differences. Male Gudali cattle mature
into good reproductive bulls between the age of 3 and
4 years, the period in this study when the male animal
was observed to distinctly acquire more parasites than
the female. Perhaps the rapid endocrine changes dur-
ing this period could, like suggested for humans, ac-
count for the observed sex differences in susceptibil-

ity.

The ‘boom’ of nodules in the animals studied after the
minimum patent age tended to coincide with a period
of about 8 to 10 months (which is similar to the mini-
mum prepatent period) after peak inoculation of L, (or
the peak in transmission pressure). This may suggest
arelationship between the vector inoculation intensity,
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and the pattern of patent infection (Achukwi et a/, in
preparation). Studies related to human filariasis (20,
29) and in Acanthocheilonema viteae using jirds (10)
have considered the molting infective larva as an im-
portant target for the host immune response; and this
is consistent with earlier suggestions in this study.
Antigens uniquely detected when this event occurs are
consequently important elements for studies in immu-

nity.

CONCLUSION

This study has in addition, demonstrated that the cock-
tail of Ov10/0Ov11l MBP recombinant G. volvulus anti-
gens provides a useful tool in the evaluation and screen~
ing of cattle O. ochengi infestation. Graham et al. (1999)
have similarly reporied that an extensive panel of other
recombinant O. volvulus antigens was recognized by
sera from cattle experimentally infested with O.
ochengi. This immunological cross-teactivity between
the two species could be due to the fact that they are
phylogenetically very closely related. The significance
of elevated 1gG, levels over a sustained period in the
anmimal showing extremely low parasite foad necessi-
tate further evaluation. Furthermore, the identification
of the antigens exclusively recognized by more ani-
mals showing such steady state infestation patierns,
despite continuous exposure to the risk of Simulium
bites, will throw more insights into individual host-para-
site interactions in the cattle O. ochengi system in en-
demic areas.
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