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ABSTRACT A cDNA from adult female Onchocerca vol-
vulus encoding the C-terminal portion of a tropomyosin
isoform (termed MOv-14) has been shown previously to confer
protective immunity in rodent models of onchocerciasis. The
full-length sequence (designated Ov-tmy-1) obtained by PCR
amplification, codes for a protein of 33 kDa and shares 91%
identity with tropomyosins from other nematodes, falling to
57% identity with human a-tropomyosin. Ov-TMY-1 migrates
with an apparent molecular mass of 42 kDa on SDSyPAGE
and is present in all life-cycle stages, as determined by
immunoblotting. Immunogold electron microscopy identified
antigenic sites within muscle blocks and the cuticle of micro-
filariae and infective larvae. Anti-MOv14 antibodies were
abundant in mice exhibiting serum-transferable protection
against microfilariae conferred by vaccination with a PBS-
soluble parasite extract. In contrast, little or no MOv14-
specific antibody was present in mice inoculated with live
microfilariae, in which resistance is mediated by antibody-
independent mechanisms. In human infections, there was an
inverse correlation between anti-tropomyosin IgG levels and
densities of microfilariae in the skin. Seropositivity varied
with the relative endemicity of infection. An immunodominant
B cell epitope within Ov-TMY-1 (AQLLAEEADRKYD) was
mapped to the N terminus of the MOv14 protein by using sera
from protectively vaccinated mice. Intriguingly, the sequence
coincides with an IgE-binding epitope within shrimp tropo-
myosin, believed to be responsible for hypersensitivity in
individuals exhibiting allergy to shellfish. IgG and IgE anti-
bodies reacting with the O. volvulus epitope were detected in
human infections. It is concluded that antibody responses to
tropomyosin may be important in limiting microfilarial den-
sities in a proportion of individuals with onchocerciasis and
have the potential to mediate hypersensitivity reactions to
dead microfilariae, raising the possibility of a link with the
immunopathology of infection.

The human filarial parasite Onchocerca volvulus is endemic in
sub-Saharan Africa, Latin America, and Arabia, infecting an
estimated 18 million people (1). Symptoms vary from mild skin
irritation and edema, to gross dermal atrophy and blindness.
Many of these manifestations of disease appear to be caused
by immunopathological changes in response to the death of
microfilariae in the tissues (2), so that the observed clinical
spectrum may be in part a reflection of the host immunological
spectrum (3).

The epidemiological evidence for acquired immunity to O.
volvulus microfilariae in human populations, based on age-
related infection intensity studies, is inconclusive (4–6). Nev-
ertheless, parasite-specific IgG1 and IgG3 are inversely cor-
related with microfilarial load among infected individuals (7,
8), and IgE levels are particularly elevated in ‘‘localized

onchocerciasis,’’ a form of the disease characterized by severe,
focal skin pathology and few, or no, microfilariae (9, 10).
Antibody-dependent cell cytotoxicity reactions mediated by
human sera also have been shown to result in the death of
microfilariae in vitro (11, 12). A role therefore is indicated for
parasite-specific antibodies in host resistance to microfilariae.
At the same time, high titers of certain antibody isotypes
andyor specificities may correlate with the severity of clinical
symptoms, so that a link may exist between antibody-mediated
protection and pathology (8–10, 12).

Recent studies in this laboratory, using a mouse model
designed to measure the establishment and survival of micro-
filariae in the skin, have revealed that vaccination with recom-
binant O. volvulus tropomyosin induces a 48–62% reduction in
parasite recoveries compared with controls (13). Significant
levels of protection also were conferred when the recombinant
protein was used to vaccinate against challenge infections with
infective larvae of the related filarial nematode Acanthochei-
lonema viteae in Mongolian jirds (13). These data accord with
previous reports that tropomyosin induces acquired immunity
in several helminthic infections of laboratory and domesticated
animals (14–16). Here we describe the cloned cDNA from O.
volvulus, examine the humoral response in vaccinated rodents,
and present data from two independent foci of infection that
suggest tropomyosin plays a role in host-protective responses
in onchocerciasis.

METHODS

Parasite Material. Adult worms and microfilariae of O.
volvulus were recovered from nodules excised from patients
attending a clinic at the Medical Research Laboratories in Bo,
Sierra Leone (as part of a clinical management program).
Microfilariae were purified on discontinuous Percoll gradients
as described (17). O. volvulus infective larvae were obtained
from infected blackflies (Simulium damnosum s.l.) in the Ivory
Coast. These were supplied by Milan Trpis (Johns Hopkins
University, Baltimore), operating an Onchocerciasis Re-
sources Project on behalf of the Edna McConnell Clark
Foundation (New York).

Polyspecific Antisera. A high-titer antiserum to O. lienalis
infective, third-stage (L3) larvae was raised by s.c. injection of
a rabbit on multiple occasions with living or freeze-killed
parasite preparations. The cattle parasite O. lienalis was used
for this purpose, because it is known to generate strongly
cross-reactive responses to O. volvulus (18) and has been used
extensively as a model for the human parasite in laboratory
studies (19).

Human sera were derived from two regions endemic for
onchocerciasis. Sera from 64 individuals in Ecuador were
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obtained from Tom Nutman (National Institutes of Health,
Bethesda, MD). These were classified with respect to age, sex,
ethnic origin, and microfilarial skin densities. Sera from 23
individuals in Mali were provided by Jan Bradley (University
of Salford, U.K.), for which data were available on age and skin
densities of microfilariae.

Antibodies to Onchocerca microfilariae were raised in mice
by using protocols that do, or do not, generate serum capable
of conferring passive protection (20, 21). ‘‘Vaccination’’ serum
was produced by s.c. immunization of mice with a PBS extract
of O. lienalis microfilariae, which was given on successive
occasions with Freund’s complete adjuvant, Freund’s incom-
plete adjuvant, and as an aqueous preparation. Animals were
challenged with 5,000 microfilariae, and the serum was col-
lected 15 days later. ‘‘Infection’’ serum was produced by s.c.
inoculation of mice with 5,000 live O. lienalis microfilariae.
One hundred days later, when the initial infection had cleared,
the animals were challenged with a further 5,000 microfilariae
and the serum was collected after 15 days. ‘‘Vaccination’’
serum conferred 50% protection against challenge in naive
recipients, whereas ‘‘infection’’ serum conferred none. Both
serum pools contained a wide range of anti-microfilarial
specificities (21).

Immunoscreening of O. volvulus cDNA. A cDNA library of
O. volvulus constructed in lgt11 with mRNA derived from
adult female worms was kindly provided by John Donelson
from the University of Iowa (22). Bacteriophage plaques (5 3
105) were screened with rabbit anti-O. lienalis L3 antibodies by
plaque immunoassay by using standard procedures (23). DNA
sequencing identified one of the clones as tropomyosin. Be-
cause the cDNA originated from a Mali O. volvulus isolate, it
was designated MOv14.

Monospecific Antibody Assays. Antibodies specific to the
protein encoded by MOv14 were isolated from the poly-
specific anti-L3 larva rabbit serum by affinity purification
against the recombinant protein, as described (24). A high-titer
anti-MOv14 antiserum also was prepared by active immuni-
zation of a rabbit with MOv14 protein as a fusion with
Escherichia coli maltose-binding protein (MBP) after subclon-
ing of the insert from lgt11 into pMALcR1 (New England
Biolabs) (25). For immunoblotting, parasite antigens were
extracted by boiling in electrophoresis sample and were frac-
tionated on 8–20% SDSyPAGE gels, as described (24). Ni-
trocellulose filters were probed with antiserum at 1:500 dilu-
tion (26). For immunogold electron microscopy, adult females
and microfilariae of O. volvulus were fixed within nodules and
infective larvae were fixed within blackflies (26). Sections (90
nm) mounted on formvar-coated nickel grids were reacted
with rabbit anti-MBP-MOv14 serum (at 1:200 dilution) or
affinity-purified antibodies. Antibody–antigen complexes were
revealed with protein A-gold conjugate (Sigma; 10 nm gold
colloid), and the sections were counterstained with uranyl
acetate.

Sequence Determination. The MOv14 cDNA was amplified
by PCR using forward (59-GGTGGCGACGACTCCTGGA-
GCCCG-39) and reverse (59-TTGACACCAGACCAACTG-
GTAATG-39) lgt11 primers (New England Biolabs). The
611-bp product was subcloned into the sequencing vector
pCR1000 (Invitrogen) (pCR-MOv14), and the nucleotide se-
quence was determined by the dideoxy nucleotide chain ter-
mination method (27). The deduced amino acid sequence was
determined by the GENEJOCKEY program (Biosoft, Cambridge,
U.K. ). BLAST N and BLAST P programs were used to search the
computer databases for sequence similarities.

BLAST searches revealed that MOv14 encodes part of a
tropomyosin molecule, from which the amino terminus was
missing. Primers were designed to derive the 59 end of the
transcript. These comprised an antisense primer (59-CTCGT-
GTTTCTGCCTCCTTC-39) based on sequence at the 59 end
of MOv14, and a sense primer (59-CATGCGGCCGCGGTT-

TAATTACCCAAGTTTGAG-39) based on SL1, the spliced
leader sequence that is trans-spliced to the 59 end of many
species of O. volvulus mRNAs (28). Template DNA was
prepared from bacteriophage of the O. volvulus cDNA library.
The resulting PCR product (792 bp) was subcloned into
pCR1000 (Invitrogen) (pCR-SLMOv14) and sequenced.

ELISA Analyses. MOv14 was cleaved from the MBP-MOv14
fusion protein by digestion with Factor Xa according to the
manufacturer’s instructions (New England Biolabs), and the
digestion products were separated by ultrafiltration by using a
30-kDa exclusion Centricon tube (Amicon). MOv14 peptide
(15 kDa) was recovered from the flow-through.

Human and mouse sera were examined by ELISA as de-
scribed (26). Plates were coated at a concentration of 2 mgyml
cleaved MOv14 antigen in 0.05 M carbonate buffer (pH 9.6).
For the IgG and IgG subclass ELISAs, individual sera were
diluted 1:200 and applied to the plates for 2 hr at room
temperature. For the human IgE assays, sera were diluted 1:10
and applied to the plates for 16–24 hr at 4°C. Horseradish
peroxidase-conjugated goat anti-human IgG[H1L] (Nordic),
goat anti-mouse IgG1, IgG2a, or IgM (Nordic), or mouse
anti-human IgE (Southern Biotechnology) were used at a
dilution of 1:1,000. Plates were developed by using the chro-
mogenic substrate 2,29-azino-bis (2-ethylbenzthiazoline-6-
sulfonic acid; ABTS) (Sigma) and read at an absorbance of 405
nm.

Epitope Mapping. The Novatope system (Novagen R and D
Systems, Abingdon, U.K.) for characterizing B cell epitopes
within antigenic polypeptides was used to map sites of antibody
binding within recombinant O. volvulus tropomyosin. PCR
product spanning the complete ORF of Ov-tmy-1 was digested
with DNase I [1:1,330–1:4,500 (Uyv)], and the resulting oli-
gonucleotides (average, 50–100 bp in length) were blunt-
ended, tailed with a single dATP, and ligated into the plasmid
pTOPE T (AMS Biotechnology). Plasmid DNA was intro-
duced into E. coli NovaBlue (DE3) cells (AMS Biotechnolo-
gy), and transformants were selected with ampicillin.

The library of random, overlapping inserts expressed by
transformed cells was screened by colony immunoassay (29) by
using a pool of ‘‘vaccination’’ serum from mice protectively
immunized against microfilariae (described above). Bacterial
colonies expressing immunoreactive peptides were selected
and plasmid inserts were sequenced by using primers comple-
mentary to flanking regions of the cloning site in pTOPE T.
The deduced amino acid sequences were aligned with the ORF
of Ov-tmy-1.

Epitope ELISAs. A multiple antigenic peptide (MAP) was
synthesized by Merrifield solid-phase chemistry (30). This
comprised a lysine core linking 8 repeats of a 13-aa sequence,
identified by Novatope screening as the dominant B cell
epitope recognized by ‘‘vaccination’’ serum in O. volvulus
tropomyosin (see Fig. 1). IgG and IgE ELISAs were per-
formed as described above, with MAP coated on the plates at
a concentration of 5 mgyml.

RESULTS AND DISCUSSION

Sequence Analysis. Sequencing of Ov-tmy-1 cDNA (Gen-
Bank accession no. L41633) revealed that the transcript is
trans-spliced with the SL1 spliced leader sequence (28), 54 nt
upstream of the translation initiation codon. There is a stop
codon (TAA) at nucleotide 928 (numbering from the first
nucleotide of SL1) and another in-frame stop (TGA) at
nucleotide 949. The original cDNA, MOv14, spans nucleotides
514-1122.

The deduced amino acid sequence of Ov-tmy-1 (Fig. 1)
possesses the tropomyosin ‘‘signature’’ (LKEAExRAE) (31) at
position 221–229, and the sequence contains two overlapping
heptad series of hydrophobic residues, which enable tropo-
myosins to adopt their characteristic coiled-coil conformation
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(31). The ORF codes for 284 aa residues and has a predicted
size of 33.2 kDa, consistent with a muscle tropomyosin (29, 30).
The amino-terminal 9 residues (MDAIKKKMQ) are also
characteristic of muscle tropomyosins and are thought to
mediate muscle contraction via interaction with actin and
troponin (31). Nonmuscle isoforms present in platelets, fibro-
blasts, pancreas, and brain tend to be smaller and are more
variable at the N terminus (31, 32).

Ov-TMY-1 shares 91% identity at the amino acid level with
the tropomyosins of the sheep intestinal nematode, Tricho-
strongylus colubriformis (33), and free-living nematode, Cae-
norhabditis elegans (34). The similarity to tropomyosins from
nonnematode species is lower, at 66% identity with Drosophila
melanogaster muscle tropomyosin II (35) and 57% identity with
human skeletal a-tropomyosin (36) (Fig. 1).

Stage Specificity. Immunoblotting of parasite extracts with
rabbit antibodies raised against MBP-MOv14 revealed a single
immunodominant polypeptide with an apparent molecular
mass of 42 kDa in each life-cycle stage of O. volvulus examined
(microfilariae, infective larvae, adult male, and female worms,
data not shown). Similar results were obtained when blots were
probed with rabbit anti-L3 serum affinity-purified against
b-galactosidase (b-gal)-MOv14 fusion protein (data not
shown). The predicted size of Ov-TMY-1 from sequence data
is 33.2 kDa, suggesting that it may be posttranslationally
modified. However, several tropomyosins have been recorded
as migrating anomalously on SDSyPAGE gels, including those
of C. elegans (37), Ascaris lumbricoides (38), and T. colubri-
formis (14). In the case of T. colubriformis, glycanase treatment
of native tropomyosin indicated that it was not modified with
sugars (14).

Immunoelectron Microscopy. As expected, a high concen-
tration of antigenic sites was detected in parasite muscle by
monospecific rabbit anti-MBP-MOv14 antibodies (Fig. 2A).
Similar labeling was seen when sections were probed with
rabbit anti-L3 serum affinity-purified to b-gal-MOv14 fusion
protein (data not shown). No reactivity above background was
observed when sections were probed with preimmune rabbit
serum or jird anti-MBP serum (data not shown). The sequence
similarity between muscle and nonmuscle isoforms of tropo-

myosin is high, and it is likely that antibodies to muscle
tropomyosin will cross-react with nonmuscle tropomyosin.
One nonmuscle tissue labeled with rabbit anti-MBP-MOv14
was the cuticle, particularly that of the skin-derived microfi-
lariae (Fig. 2B). Uniform cuticular labeling occurred in every
microfilariae examined (n 5 20). No labeling was seen in
control sections probed with preimmune rabbit serum. Anti-
genic sites within the cuticle of the infective larva also were
observed, but with less regularity (Fig. 2A).

Similar to these observations are reports describing the
presence of muscle-associated proteins in the tegument of
Schistosoma mansoni (39, 40). Indeed, the tegumental local-
ization of paramyosin was postulated to account for the
successful immunization of mice against schistosome infection
with the invertebrate muscle protein (39, 41, 42). Tropomyosin
also has been localized to the tegument of S. mansoni by
immunocytochemistry (40), but whether it plays a role in the
nematode cuticle has not been established. Previous studies
from this laboratory have revealed the presence of a low-
abundance, cross-reactive 40-kDa antigen in larval secretions
(13). This may account for the cuticular localization of antigen,
if secretion occurs via the hypodermis and cuticle as described
for other secreted products of filarial infective larvae (e.g., ref.
26). It may also underpin the partial host protection induced
by recombinant MOv14 protein in rodent models of onchocer-
ciasis (13) and possibly in other parasitic nematode infections,
such as T. colubriformis and Haemonchus contortus in sheep
(15).

Mouse Serology. Recent work in a mouse model of on-
chocerciasis that mimics the phase of skin invasion by micro-
filariae has pointed to a possible link between antitropomyosin
antibodies and the expression of acquired resistance. First,
mice can be partially protected against microfilariae by active
immunization with recombinant MOv14 protein (13). Second,
animals vaccinated with crude parasite extracts that exhibit
serum-transferable resistance have antibodies that recognize
an antigen comigrating with Onchocerca tropomyosin on West-
ern blots (21). Significantly, this antibody specificity appears to
be absent from mice multiply exposed to live microfilariae, in

FIG. 1. Comparison of the deduced amino acid sequences of O. volvulus muscle tropomyosin (O.v TM), T. colubriformis muscle tropomyosin
(T.c TM), C. elegans muscle isoform I (C.e TMI), D. melanogaster muscle isoform II (D.m TMII), and human skeletal a-tropomyosin (H.s a-TM).
Amino acids identical to those in the O. volvulus tropomyosin sequence are represented by a dot. The first amino acid encoded by MOv14 is indicated
with an arrow, and the mapped B cell epitope is indicated with a bar.
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which resistance is mediated by immune mechanisms that are
not transferable with serum (20, 21).

To explore this relationship further, sera from mice protec-
tively vaccinated with parasite extracts were examined by
subclass ELISA by using recombinant protein (Table 1). Levels
of anti-MOv14 antibodies in the vaccinated group greatly
exceeded those in animals that had been infected multiply with
live microfilariae. The dominant isotype induced by vaccina-
tion was IgG1, although significant levels of MOv14-specific
IgG2a were also detected. Levels of antitropomyosin IgM were
negligible in the sera of both groups of mice (Table 1).

These data confirm the positive association between serum-
transferable protection and antitropomyosin antibodies in the
mouse model. Because tropomyosin is a conserved molecule
shared between parasite and host (see Fig. 1), we wished to
define sequences within the protein mediating antibody bind-
ing. Consequently, sera from animals vaccinated with parasite
extracts containing native tropomyosin were used to map
putative host-protective epitope(s) in the O. volvulus antigen.

Epitope Mapping. Using the Novatope method of screening
for antigenic peptides, immunoreactive plasmids were selected
and their inserts sequenced for alignment with the ORF of

tropomyosin. Inserts mapped to the same region of the O.
volvulus tropomyosin sequence, encompassing amino acid
residues 148–163. The shortest peptide mediating antibody
binding was 13 aa long, beginning with Ala-151 (Fig. 1). The
protein coded by MOv14 cDNA possesses these residues close
to the amino terminus of the truncated gene product.

A comparison of the B cell epitope sequence with equivalent
regions in homologous genes from other organisms was un-
dertaken to explore the potential for immunological cross-
reactivities (Fig. 3). The O. volvulus epitope was between 54
and 100% identical to the various tropomyosins examined,
displaying highest identity with both free-living (C. elegans)
and parasitic (T. colubriformis) nematode species, and lowest
similarity with sequences from the mammalian hosts. Inter-
estingly, the allergen responsible for the adverse affects expe-
rienced by some individuals after eating shellfish has been
characterized as tropomyosin (43). The IgE-binding epitope
recognized by human allergic sera maps to residues 153–161,
which resides within the sequence mapped for the IgG-binding
epitope of O. volvulus tropomyosin (Fig. 3). All but one of the
residues is conserved. This raises the possibility that responses
to O. volvulus tropomyosin may also be allergenic and hence
could have the potential to drive both protection and pathol-
ogy in human onchocerciasis. Immediate hypersensitivity has
long been recognized to mediate many of the adverse re-
sponses to dying or dead microfilariae in the tissues and to be
a particular problem after chemotherapy with the microfila-
ricidal drug diethylcarbamazine (2, 44). In shrimp tropomyo-
sin, the IgG- and IgE-binding epitopes coincide, in which
Phe-153 and Leu-154 are thought to be critical in mediating
IgE binding (43). In O. volvulus there is a Leu-for-Phe sub-
stitution at position 153. To test whether this influenced the
binding of human IgE, MBP-MOv14 fusion protein was used
in a competitive immunoassay with intact shrimp tropomyosin
and shrimp-specific antibodies from individuals presenting
with shellfish allergy. MOv14 recombinant protein strongly
inhibited IgE binding (Subba Rao, personal communication),
indicating the existence of cross-reactivity between the
epitopes in spite of the dissimilarity in the amino acid residue
at position 153. These data encouraged us to examine the
humoral immune response to recombinant O. volvulus tropo-
myosin in human infections.

Human Anti-Tropomyosin Antibody Responses. The anti-
MOv14 IgG responses of individuals infected with O. volvulus
are shown in Fig. 4a. The range of antibody levels among the
Ecuadorian sera was broader than that among the British
controls, and the means were significantly different (P , 0.001,
Mann–Whitney U test) (Fig. 4a). Forty-two percent of the
Ecuadorian cases generated an IgG response above the thresh-
old level for positivity, calculated as the mean of British control
values plus 2 SD. Among the Mali sera there was a broader

FIG. 2. Immunogold electron micrographs of Onchocerca life-cycle
stages probed with rabbit anti-MOv14 antibodies. (A) Infective larva
in the insect vector. (3114,000.) (B) Microfilariae in an excised
onchocercoma. (3156,000.) Indicated are: C, cuticle; G, glycogen; H,
hypodermis; M, muscle block.

FIG. 3. Comparison of the B cell epitope of O. volvulus tropomy-
osin with the equivalent region of tropomyosins from other organisms.
The deduced amino acid sequence shown is that of the shortest peptide
recognized by IgG in serum from mice vaccinated with a PBS extract
of microfilariae. Aligned are representative sequences from nema-
todes, an insect, and mammals. The IgE-binding epitope of shrimp
tropomyosin also is shown. Amino acids identical to those of the O.
volvulus epitope are represented by a dot.

Table 1. Mean (6SD) serum antibody levels measured by ELISA
(optical density, 405 nm) of the isotype-specific response against
MOv14 protein in mice protected by vaccination or multiple
infection with Onchocerca microfilariae

Antibody isotype Vaccinated Infected Control

IgG1 2.65 (0.19) 0.24 (0.38) 0.06 (0.01)
IgG2a 0.76 (0.56) 0.01 (0.02) 0.01 (0.01)
IgM 0.09 (0.05) 0.07 (0.05) 0.11 (0.03)
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range of antibody levels, with a mean value significantly
greater than that of either the British (P 5 0.001, Mann–
Whitney U test) or Ecuadorian (P 5 0.008, Mann–Whitney U
test) sera (Fig. 4a). Fifty-seven percent of the cases from Mali
contained levels of antitropomyosin IgG above the threshold
value. The apparently higher reactivity of Mali sera to tropo-
myosin may reflect differences in the force of transmission
between the two regions. In Mali, onchocerciasis is hyperen-
demic and rates of infection can exceed 80% (6). In contrast,
the Ecuadorian sera were derived from people living in the
region of the Cayapas River, where the prevalence of infection
is closer to 50% (45).

Densities of microfilariae in the skin generally are lower in
people from New World foci compared with those from most
parts of Africa (1). In the study populations examined here, the
mean microfilarial density was 19 microfilariaeymg skin in the
Ecuadorians and 57 microfilariaeymg in the Malians. The two
groups of sera were analyzed for significant correlations
between the anti-MOv14 IgG antibody response and age, sex,
ethnic origin, and number of nodules in individuals. No
significant correlations were found for any of these parameters
(data not shown). However, there was an inverse correlation
between the anti-MOv14 response and the density of micro-
filariae in the skin (Figs. 4 b and c). A similar trend was present
in each cohort of sera, although only in the population from
Mali which had the greater proportion of responders did this
reach statistical significance (P 5 0.019, Spearman Rank
Correlation Coefficient). Taken together with the evidence for
protective immunity in the animal models, these data further
support the case that antitropomyosin antibodies play a role in
the clearance of microfilariae.

IgE antibody responses to MOv14 protein were measured in
the same populations. In the majority of individuals there was
no detectable antigen-specific IgE, but 22% of the cohort from
Mali and 14% of the cohort from Ecuador had antibody levels
above the threshold value for positivity, calculated as for IgG
above (data not shown). There were insufficient responders to
analyze the data for statistically significant associations. Nev-
ertheless, the trend contrasted with that seen for IgG, con-
forming more closely to a positive correlation between IgE and
microfilarial densities. An inverse relationship between IgG

and IgE levels was evident in responder individuals. Such a
reciprocal relationship between the isotypes might be expected
if T cell help mediating class switching during antibody pro-
duction is polarized as a consequence of infection and can vary
among infected individuals as a function of interhost variation
andyor of previous infection experience. Differences in the
dominant CD41 T cell population among individuals exposed
to infection certainly exist, as illustrated by heterogeneity in
cytokine production after antigenic restimulation of periph-
eral blood leukocytes in vitro (46).

Human Anti-MAP Responses. The antiepitope IgG re-
sponse of individuals from the two study populations was
investigated in parallel. Fifty-seven percent of the cohort from
Mali and 26% from Ecuador had IgG responses that exceeded
the threshold value for positivity, with optical densities ranging
from 0.19 to 0.68 (data not shown). Mean antibody levels in
each population were significantly greater than those among
British controls (P , 0.002 and P 5 0.001, respectively,
Mann–Whitney U test). Although there was an equivalent
number of responders to the MAP and to MOv14 protein in
the Mali population, fewer reacted with the MAP compared
with the protein among the Ecuadorian group. This indicates
that there may be additional B cell epitopes within the MOv14
sequence (including conformation-dependent epitopes) that
are recognized by some infected individuals. Possibly because
of this, a significant correlation was not observed between
anti-MAP antibody levels and microfilarial burden. Alterna-
tively, a distinct epitope repertoire may be involved in the
expression of immunity to microfilariae in humans and mice.

The anti-MAP IgE response also was examined. Ten percent
of individuals from Mali and 8% from Ecuador exhibited
responses above the threshold value for positivity, with optical
densities ranging from 0.12 to 0.46 (data not shown). Because
the clinical presentation of these individuals was not recorded
at the time of serum collection, an association with specific
pathological manifestations cannot be made. However, the
existence of IgE responders to this epitope may warrant further
attention that, in view of their frequency in the population,
may need to be approached as a case-controlled study.

In conclusion, data from both human and animal studies
implicate O. volvulus tropomyosin in host resistance to micro-

FIG. 4. ELISA analysis of the IgG response to MOv14 of human onchocerciasis infection sera. (a) Comparison of the response of individuals
from two onchocerciasis endemic foci with uninfected British controls. Group mean values are represented by a short, horizontal line. The cut-off
value is represented by a horizontal line across the graph and is derived from the mean of the control values plus 2 SD. Relationship between
microfilarial skin density and anti-MOv14 IgG levels in a Mali focus (b) and an Ecuador focus (c).
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filariae in onchocerciasis. It seems unlikely that responses to
tropomyosin act alone to regulate microfilarial densities, and
we assume that other mechanisms exist, some of which may act
in parallel and may even exacerbate infection intensity by
promoting parasite survival, as suggested in other helminth
infections (47). It is hard to envisage that the target of
functional antibodies in a parasitic nematode, such as O.
volvulus, is a muscle isoform of tropomyosin. It is unlikely to
be exposed in living microfilariae. Rather, the muscle isoform
from dying or dead microfilariae may induce a humoral
response that gives rise to cross-reactivity with a nonmuscle
form, leading to active parasite destruction most likely through
an antibody-dependent cell cytotoxicity reaction. This possi-
bility is supported by the binding of antitropomyosin antibod-
ies to the cuticle of microfilariae, as observed by immunoelec-
tron microscopy. Although antibody appears to have a role in
protective responses induced by tropomyosin, antibody-
independent mechanisms of host resistance also have been
identified in the mouse model (20, 48). Moreover, identifica-
tion of an immunodominant B cell epitope in tropomyosin that
binds both human IgG and IgE raises the intriguing possibility
that protection and pathology may be closely linked phenom-
ena, distinguished more by the nature of the host effector
mechanism than by the antigenic target of the response. This
implies that the host immune response to microfilariae is a
complex and dynamic process, consistent with the clinicopara-
sitological presentation of infection in human populations.
Dissection of the fine detail of responses to defined molecules
and epitopes is likely to be needed to fully characterize
immunological pathways leading to protection and pathology.
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