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Abstract

Background: Despite considerable efforts, a suitable vaccine against Onchocerca volvulus infection has remained elusive.
Herein, we report on the use of molecular tools to identify and characterize O. volvulus antigens that are possibly associated
with the development of concomitant immunity in onchocerciasis.

Methodology/Principal Findings: Third-stage larvae (L3) and molting L3 (mL3) O. volvulus stage-specific cDNA libraries
were screened with a pool of sera from chronically infected patients who had likely developed such immunity. The 87
immunoreactive clones isolated were grouped into 20 distinct proteins of which 12 had already been cloned and/or
characterized before and 4 had been proven to be protective in a small O. volvulus animal model. One of these,
onchocystatin (Ov-CPI-2), a previously characterized O. volvulus cysteine proteinase inhibitor was, overall, the most
abundant clone recognized by the immune sera in both the L3 and mL3 cDNA libraries. To further characterize its
association with protective immunity, we measured the IgG subclass and IgE class specific responses to the antigen in
putatively immune (PI) and infected (INF) individuals living in a hyperendemic area in Cameroon. It appeared that both
groups had similar IgG3 and IgE responses to the antigen, but the INF had significantly higher IgG1 and IgG4 responses than
the PI individuals (p,0.05). In the INF group, the IgG3 levels increased significantly with the age of the infected individuals
(r = 0.241; p,0.01). The IgG1 responses in the INF were high regardless of age. Notably, culturing L3 in vitro in the presence
of anti-Ov-CPI-2 monospecific human antibodies and naı̈ve neutrophils resulted in almost complete inhibition of molting of
L3 to L4 and to cytotoxicity to the larvae.

Conclusions/Significance: These results add to the knowledge of protective immunity in onchocerciasis and support the
possible involvement of anti-Ov-CPI-2 IgG1 and/or IgG3 cytophilic antibodies in the development of protective immunity in
the PI and the INF. The results further support the consideration of Ov-CPI-2 as a leading target for an anti-L3 vaccine.
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Introduction

Human onchocerciasis (river blindness) is a highly debilitating

and blinding disease caused by the nematode, Onchocerca volvulus.

Over 37 million people in endemic countries of tropical Africa,

Latin America and the Arabian Peninsula are infected [1].

Currently, there is no cure for the disease and a vaccine is yet to be

developed. Importantly, protective immunity against O. volvulus

larvae has now been definitively demonstrated in humans, cattle

and mice, thereby proving the conceptual underpinnings that a

vaccine can be produced against this infection [2]. Both clinical

and epidemiological data support also the concept that acquired

immunity against O. volvulus infection occurs in infected humans

and that this immunity increases with age. In chronically infected

(INF) individuals in highly endemic settings, the skin microfilariae

(mf) density tends to increase with age until the ages of 20 to 40 in

most studies, suggesting that older individuals do develop a means

of limiting further infections [3]. A similar trend was also observed

for adult worms where in areas of high transmission, the number

of palpable nodules reached an average of 3–5 over time and then

leveled-off [4]. While it is conceivable that products from the

existing infections may as well prevent super infections from

getting established, the conglomeration of at times a few adult

worms in one nodule is rather at odds with this perception. The

leveling off of patent infections with age is consistent with the

concept of concomitant immunity [5,6], which is characterized by

www.plosntds.org 1 August 2010 | Volume 4 | Issue 8 | e800



the tendency of the host to eliminate the newly introduced

infective-stage larvae (L3), while the established adult worms and

microfilariae are left almost unaffected.

Further evidence for the development of concomitant immunity

in filarial infections comes from studies of lymphatic filariasis,

where it was associated with parasite stage-specific immune

responses. Levels of antibodies against Wuchereria bancrofti infective

stage larvae (L3) were found to increase with duration of exposure

[7], and there were differences in the class and subclass antibody

responses to adult versus larval antigens of Brugia malayi [8]. More

recently, the concept of concomitant immunity was further verified

experimentally using the Acanthocheilonema vitae jird model [9]. The

L3 and the developing or molting L3 (mL3) have been the focus of

vaccination studies in filarial infections [10–15].

The roles of the different antibody isotype and subclass responses

to O. volvulus crude extract of larval proteins and defined protective

recombinant proteins in onchocerciasis have been studied in greater

detail. Importantly, analysis of the immunoglobulin class and

subclass responses to some of the protective antigens revealed that

these proteins induced mainly cytophilic antibodies, IgG1, IgG3

and/or IgE in PI and INF. Boyer and colleagues [16] showed that in

areas of high transmission, high IgG3 responses are associated with

protective immunity, a finding which was later confirmed by other

studies [6,17]. In our previous studies we have shown that IgG3 and

IgE responses to crude extracts of L3 as well as the IgG1 and IgG3

responses to a highly abundant larvae-specific protein, Ov-ALT-1,

were also associated with concomitant immunity [6]. The filarial Ov-

ALT-1 family members have been shown to be protective against

infection with L3 of O. volvulus and in lymphatic filariasis in small

animal models [13,18–20]. Although the precise mechanisms that

mediate killing of O. volvulus L3 in the PI and in individuals who

developed protective immunity with age are still unknown, data

from many studies support the view that antibodies are part of the

effector mechanisms against incoming O. volvulus larval infection and

could, together with the Th1 and/or Th2 cytokines produced,

induce efficient anti-L3 antibody-dependent cell mediated cytotox-

icity (ADCC) reactions [6,16,21]. However, no studies were

performed to specifically identify and clone larval proteins that

are possibly associated with the development of concomitant

immunity. In order to identify such proteins, we have screened L3

and mL3 O. volvulus stage-specific cDNA libraries with a pool of sera

from chronically infected patients who have likely developed

concomitant immunity. One of the antigens identified, Ov-CPI-2

(onchocystatin), a previously characterized O. volvulus cysteine

proteinase inhibitor was the most abundant clone recognized by

the immune sera, and was selected for further analysis in two groups

of individuals: the INF and the putatively immune (PI) individuals

[22]. Additionally, we present results on in vitro cytotoxic effects of

human neutrophils on third-stage larvae of Onchocerca volvulus in the

presence of mono-specific antibodies to Ov-CPI-2.

Materials and Methods

Study population and sera
The protocols used in this study were approved by the New York

Blood Center’s IRB and by an NIH accredited Institutional Review

Board of the Medical Research Council Kumba, Cameroon. Each

participant provided informed consent by signing or thumb printing

a consent form after reading it or after the content of the form was

read and/or explained to them. The serum samples were collected

from residents of 5 villages around Kumba, Cameroon, a

hyperendemic area for onchocerciasis [6]. These villages were

Marumba I, Marumba II, Boa Bakundu, Bombanda, and Bombele.

All participants were born or had resided for more than 10 years in

the villages. The standard skin snip test for detection of microfilariae

(mf) was performed on each subject and clinical symptoms of

onchocerciasis were recorded. The averages of the mf counts of four

skin snips taken from each individual were used in estimating the

individual skin mf densities. None of the subjects had received

ivermectin treatment prior to the collection of blood. In this study

we used 176 serum samples collected from infected individuals; 115

males and 61 females, ranging in age from 3 to 75 years. In addition,

serum samples of 21 putatively immune (PI) subjects were studied.

These individuals had no signs or history of onchocerciasis and were

parasitologically negative during at least a two-year follow-up survey

employing the standard skin snip test and a polymerase chain

reaction (PCR) assay [6,22].

Immunoscreening of O. volvulus cDNA libraries
In order to identify O. volvulus L3 and mL3 larval proteins that

are recognized by sera from infected individuals who have likely

developed concomitant immunity, l-Unizap XR cDNA expres-

sion libraries of these two life cycle stages (kindly obtained from

Dr. Steven Williams via the NIAID/NIH Filariasis Research

Reagent Repository Center) were immunoscreened as previously

described [12] with only slight modifications. A pool of sera was

prepared using equal volumes of 17 serum samples from infected

individuals, 35 years of age and above, who had previously been

shown to have high anti-L3 and mL3 antibody titres [6]. The

serum pool was first pre-cleared with Escherichia coli lysate (SIGMA,

St Louis, MO) and then used at a final dilution of 1:400 for the

immunoscreening of the cDNA libraries, which were plated at

25,000 plaque-forming units (pfu) per 150 mm diameter plates.

The secondary antibody, goat anti-human IgG conjugated to

horseradish peroxidase (KPL, Gaithersburg, MD) was used at

1:8000 dilution. The positive plaques were identified by incubating

the processed plaque lifts in a solution of phosphate buffered saline

(PBS) containing 0.67 mg/ml diaminobenzidine tetrahydrochlor-

ide (DAB) (SIGMA, St Louis, MO) and 1 ml/ml of 30% H2O2. All

positive plaques were recovered and re-purified using one or two

additional screening cycles. Single phage clones were eventually

recovered and stored in standard phage buffer (SM buffer) in the

presence of 0.3% chloroform.

Author Summary

Onchocerciasis is a chronic and highly debilitating disease
of humans caused by a worm called Onchocerca volvulus.
This worm can live in the human body for over 15 years.
The disease affects mainly the skin and eyes and is the
second leading infectious cause of blindness worldwide.
There is currently no vaccine to prevent the infection.
Available drugs can give short-term relief but cannot cure
the infection. To prevent infection, a vaccine against the
third-stage infective larva, L3, or the developing larva is
required. These stages were shown to be the targets of
protective immunity that develops in individuals who live
in onchocerciasis endemic regions. One type of protective
immunity has been shown to develop with age and is
called concomitant immunity. In the present study, we
have identified a number of larval antigens that may be
associated with the development of such immunity. The
most prominent of these antigens was Ov-CPI-2, also
called onchocystatin, which had previously been shown to
be a promising vaccine candidate. This antigen was further
characterized and confirmed to be possibly also a target of
immune protection that develops in the infected individ-
uals with age and is referred to as concomitant immunity.

Ov-CPI-2 in Protective Immunity
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Polymerase chain reaction (PCR) and sequencing
The inserts of the positive phages were amplified using PCR

with the M13 forward and M13 reverse primers. Briefly, 45 ml of

PCR supermix (Invitrogen, Carlsbad, USA), 1 ml of each primer

(100 ng/ml) and 1–10 ml of the eluted recombinant phage were

mixed and incubated at 94uC for 5 minutes. Amplification was

carried out for 35 cycles of: denaturation at 94uC for 45 seconds,

annealing at 55uC for 45 seconds, and extension at 72uC for 75

seconds. The final amplification cycle included an additional

extension step at 72uC for 10 minutes (Eppendorf MasterClycler

Gradient, Eppendorf, USA). The PCR amplicons were analyzed

by standard agarose gel electrophoresis on a 1.2% gel. Only clones

that produced a single band on electrophoresis were selected for

sequencing. Those with two or more bands were further plaque

purified before sequencing. The PCR products were purified using

the Rapid PCR Purification System kit (Marligen Biosciences,

Ijamsville, MD) and quantified. Then 10–20 ng of each PCR

product was sequenced using the M13 reverse universal

sequencing primer (GENEWIZ DNA Sequencing Service, New

Jersey, NJ). Gene specific primers were prepared to complete the

sequencing reactions in both directions.

Bioinformatics analyses
BLASTx and BLASTn searches were carried out using the

cDNA sequences in frame with the EcoR1 cloning site at the 59

terminus against the GenBank non-redundant protein and

nucleotide databases, respectively, as well as against the Nembase2

and Wormbase databases. Open reading frames were computed

using the DNASIS software package (Hitachi, CA) or the ORFing

facility at the NCBI homepage (www.ncbi.nlm.nih.gov).

Immune responses to recombinant Ov-CPI-2
Recombinant Ov-CPI-2 fused to Schistosoma japonicum glutathione

S-transferase (GST) polypeptide was expressed in the pGEX-1N

vector and purified as previously described [13]. The IgG1, IgG3,

IgG4 and IgE responses to recombinant GST-Ov-CPI-2 were

determined by indirect ELISA essentially as described by MacDon-

ald et al [6]. Briefly, GST-Ov-CPI-2 or GST were diluted in 0.05M

carbonate-bicarbonate buffer, pH 9.6 at a concentration 1 mg/ml

and used to coat the wells of Immunolon 2 plates (Dynex, VA),

overnight at 4uC. After blocking excess binding sites with 3% (w/v)

casein, individual serum samples which had previously been pre-

cleared with E. coli lysate were diluted to 1:200 and reacted with the

bound antigen for 90 minutes at room temperature. For the analysis

of IgE levels, plates were coated with 10 mg/ml of rOv-CPI-2 or the

control (GST) and serum samples were pre-absorbed with protein G-

Sepharose (Pharmacia) before being used at a 1:20 dilution. For IgG

subclass responses, the bound antibodies were detected by using a

1:1000 dilution of monoclonal antibodies against different human

IgG subclasses (Hybridoma Reagent Laboratory, Kingsville, Md.).

This step was followed by incubation with a 1:8000 dilution of

horseradish peroxidase-conjugated goat anti-mouse IgG (H+L)

(KPL, Gaithersburg, MD) for another 60 minutes at room

temperature. IgE antibodies in the sera were detected by using a

horseradish peroxidase-conjugated, e-chain-specific anti-human IgE

monoclonal antibody (Zymed, San Francisco, CA) at a dilution of

1:750. Tetramethylbenzidine (SIGMA, St Louis, MO) was prepared

according to the supplier’s recommendations and used as the

enzyme substrate. Absorbance (OD) was read after stopping the

reaction with an equal volume of 1M H2SO4 at 450 nm using an

Emax ELISA reader (Molecular Devices, CA). The OD values for

rOv-CPI-2 are presented as the net values after subtracting the OD

values of the GST control from those of the corresponding GST-Ov-

CPI-2 readings for each serum sample.

In vitro inhibition of L3 molting and killing assays
Monospecific human antibodies to recombinant Ov-CPI-2 were

purified as described by Lustigman et al. [23]. Briefly, cells from

induced lysogenic cultures of lgt11 expressing Ov-CPI-2 were

resuspended in 0.1 M phosphate buffer containing 10 mM

dithiothreitol (DTT) and sonicated. Sodium Dodecyl Sulphate

(SDS) was added to a final concentration of 1% and then

centrifuged at 100006 g for 10 min at 4uC. The supernatant was

desalted on a G-25 column using 0.1 M phosphate buffer, 1 mM

DTT, 0.1% SDS, pH 6.8. The supernatants containing b-

galactosidase or b-galactosidase Ov-CPI-2 fusion polypetide were

then coupled to CNBr-Sepharose 4B using the protocol provided by

the manufacturer (Pharmacia). Antibodies from 100 ml of plasma of

an infected individual, who had high titers of anti-Ov-CPI-2

antibodies, were affinity purified on the immobilized polypeptides.

The mono-specificity of the eluted antibodies was confirmed by

Western blot analysis and immunogold electron microcopy [23].

Negative antibodies were purified from the same donor sera from an

affinity column containing crude extracts of induced lysogenic

culture of lgt11 coupled to the CNBr beads. The IgG titer of the

anti-Ov-CPI-2 purified antibodies was 1:3125 as determined by

ELISA, while the negative antibodies had an anti-Ov-CPI-2 cross

reacting antibody response at 1:5 dilution. The purified antibodies

were passed through a 0.22 mM filter for sterilization.

The L3 killing or inhibition of molting assays were done as

described by Johnson et al. [21]. Briefly, L3 were washed in RPMI-

1640 with 16 GPS (glutamine, penicillin, streptomycin) and the

worms were diluted to 5 worms per 50 mL in the medium

containing 20% fetal calf serum (complete medium). Worms were

distributed to 10 wells of a 96-well plate per treatment group and

26105 normal neutrophils isolated by dextran sedimentation were

added to each well in 50 mL of complete medium. Then, 100 mL of

the anti-Ov-CPI-2 purified antibodies or the negative control

antibodies were added to each of the 10 wells. Complete medium

without antibodies was also included as a control. The 96-well plates

were then incubated at 37uC in a 5% CO2 incubator until day 6

when the cultures were observed for molting; the presence or

absence of the fourth-stage larvae (L4) and the empty cast of the L3

under an inverted microscope. Viability of the larvae was then

determined by MTT (3-(4,5 dimethylthiazol-2yl)-2,5 diphenyl

tetrazolium bromide) staining as previously described [21]. The

experiments were repeated thrice on separate days and the results

presented are the averages and the ranges of the three experiments.

Statistical analysis
The Mann-Whitney test was used to compare the median of

IgG subclass and IgE class responses of the INF and PI groups to

the antigen. Spearman’s rank correlation test was used to test the

significance of the correlation between the antibody responses and

the age of the patients (expressed as the correlation coefficient, r).

Unpaired t test with Welch’s correction was used to compare

mean 6 SEM of % L3 molting and % viability in the presence or

absence of anti-Ov-CPI-2 antibodies and neutrophils. A p value of

,0.05 was considered significant.

Results

Antigenic dominance of Ov-CPI-2 in the L3 and mL3
cDNA libraries

A total of 62 L3 and 25 mL3 immunoreactive cDNA clones out

of a total of 50,000 and 25,000 PFUs, respectively, were isolated

after screening the libraries with a pool of sera from older (.35

years) individuals who were likely to have developed concomitant

immunity. The 87 isolated and sequenced clones were grouped

Ov-CPI-2 in Protective Immunity
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into 20 distinctive proteins: 7 in L3, 10 in mL3 and 3 that were

present in both L3 and mL3 (Tables 1 and 2). Interestingly, 12 of

these larval proteins had already been cloned and characterized

using other screening sera and other or similar cDNA libraries.

Many of them (Ov-CPI-2, Ov-RAL-2, Ov-FBA-1, Ov-103 and Ov-

73k) had been shown previously to be potentially associated with

anti-O. volvulus protective immunity [14,24], or to be potential

antigens for the serological diagnosis (Ov-16, OV1CF and Ov-33)

of onchocerciasis (Tables 1 and 2). Moreover, 4 of these (Ov-CPI-2

[13], Ov-FBA-1 [25], Ov-103 [26,27] and Ov-RAL-2 [14,15,2]

have been proven to be protective in O. volvulus mouse model. One

of these, onchocystatin (Ov-CPI-2), a previously characterized

cysteine proteinase inhibitor of O. volvulus was the most abundant

and second most abundant clone recognized by the immune sera

in the L3 (59.7%) and mL3 (16%) cDNA libraries respectively

(Tables 1 and 2). The 4 L3s and 4 mL3s novel proteins identified

accounted for a total of 10.5% and 16% of the isolated L3 and

mL3 clones, respectively. The majority of these O. volvulus novel

proteins have homologues in Brugia malayi. One of the L3 novel

proteins is a putative new member of the fatty acid retinoid

binding protein family (Accession number GQ202199). This

clone, GQ202199, although had only 25% identity to the fatty

acid and retinol binding protein-1 of O. volvulus (ACL98477.1; Ov-

FAR-1), it had 60–62% identity to a B. malayi putative FAR-1

protein [XP001900470. 1]. We have therefore named this protein

Ov-FAR-2. Interestingly, Ov-FAR-1 (also known as Ov-RBP-1 or

Ov20) was shown to be also protective in the O. volvulus mouse

model [14]. Only one encoded protein (Accession number

GQ202201) had no homology to the annotated B. malayi genome

but it had a low level of homology (E value of 3.8; E not

significant!) with a hypothetical C. elegans protein, B0432.14

(NP_001033326.1).

The development of anti-Ov-CPI-2 IgG subclass and IgE
class antibody responses in the infected subjects with
age

Since the recombinant Ov-CPI-2 (rOv-CPI-2) protein was

identified by immunoscreening with sera from infected individuals

35 years of age or more who are likely to have developed

concomitant immunity, it was of interest to investigate the

development of the IgG1, IgG3 and IgE antibody responses to

the antigen in infected individuals in relation to their age (N = 176

for IgG1 and IgG3 analyses; N = 68 for IgE analysis). Although the

IgG1 responses to rOv-CPI-2 antigen were not correlated with age

(Fig. 1a), they were relatively elevated in all ages; with an overall

82.4% of IgG1 responders (mean 0.6160.72). For the IgG1

analysis, there was no significant difference also in the proportion

of responders vs. the non-responders in individuals of #20 years of

age or those .20 years of age. The IgG3 response to the rOv-CPI-

2 antigen was, however, positively correlated with age (r = 0.241;

p,0.01) (Fig. 1b). For the IgE responses there was no significant

correlation with age (Fig. 1c).

Immune responses to rOv-CPI-2 in the putatively
immune individuals vs. the O. volvulus infected subjects

Since the rOv-CPI-2 protein was identified by immunoscreening

with sera from infected individuals who are likely to have

developed concomitant immunity, it was of interest to also

investigate whether the native protein also induced the production

of IgG and IgE antibodies in humans categorized as putatively

immune (PI). These individuals have been exposed to the parasite

over several years but have not developed clinical or parasitolog-

ical signs of infection. The IgG subclass responses to rOv-CPI-2 in

the putatively immune individuals (N = 21) were analyzed in

comparison to the responses in age- and sex-matched infected

individuals (N = 21). As shown in Figure 2, although the PI and

INF individuals had similar anti-rOv-CPI-2 specific IgG3 responses

(median of 0.3 and 0.32, respectively), the PI individual serum

samples were generally more reactive with the antigen than the

INF individuals (Upper 95% CI value of 0.730 for PI vs. 0.417 for

INF). The median IgG1 responses of the INF, however, were

significantly higher (p = 0.03) than those of PI (Fig. 2). The IgG4

responses against rOv-CPI-2 were also significantly higher

(p = 0.04) in the INF than in PI as expected since IgG4 antibody

responses are generally associated with an active and patent

infection. On the other hand, the IgE responses between the two

groups were not significantly different.

Cytotoxic effect of anti-Ov-CPI-2 antibodies on L3 larvae
in the presence of normal neutrophils

In vitro cytotoxicity assays demonstrated that purified monospe-

cific human antibodies against rOv-CPI-2 in the presence of

Table 1. cDNA clones isolated from the L3 cDNA library.

SN Name
GenBank
accession

No. of
clones

% in
screen

% in
ESTa

1 Onchocystatin precursor (cysteine proteinase inhibitor, OV7, Ov-CPI-2), O. volvulus [13] P22085 37 59.7 1.11

2 Fructose 1,6 bisphosphate aldolase of O. volvulus (Ov-FBA-1) [25] AAD38403 6 9.7 0.12

3 OV-17 antigen precursor (Immunodominant hypodermal antigen), O. volvulus – Ov-RAL-2 [34] P36991 4 6.5 0.17

4 Beta-galactoside-binding lectin, O. volvulus (Ov-GalBP) [35] AAA20541 2 3.2 0.14

5 Microfilariae surface-associated protein, O. volvulus (Ov-103) [26,27] AAA63412 1 1.6 0

6 Gln-rich protein, O. volvulus Ov73k [13] AAC48290 1 1.6 0

7 Cytochrome c oxidase Va polypeptide, with 87% identity to Brugia malayi EDP37396.1; novel and named Ov-COX5a EU807924.1 1 1.6 0

8 New member of the fatty acid retinoid binding protein with 60–61% identity to Brugia malayi XP_001900470.
1; novel and named Ov-FAR-2

GQ202199 2 3.2 0

9 Troponin T, putative, with 88% identity to Brugia malayi XP_001893395.1; novel and named Ov-TNT-2 GQ202200 1 1.6 0

10 Novel protein with 35% identity to Caenorhabditis elegans NP_001033326.1, but no homologue in B. malayi; novel GQ202201 1 1.6 0

a, % abundance of clone in the O. volvulus EST dataset as reported previously [12].
doi:10.1371/journal.pntd.0000800.t001
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normal human neutrophils were able to inhibit 91% of molting

from L3 to L4 as determined on day 6 in culture (Table 3), and

resulted in almost a total loss of larval viability (72%). In normal

conditions, about 43–68% of L3s molt to L4 in 6 days. The

differences in % molting between the complete medium control

and the negative non-specific antibodies control were not

statistically different, while they are highly significant when the

effect of monospecific anti-Ov-CPI-2 antibodies on molting was

compared with the two controls (P = 0.0007 and P = 0.028

respectively). However, the viability of the L3 that did not molt

in the presence of anti-Ov-CPI-2 antibodies was not statistically

different from that of the control cultures. This was mostly due to

the fact that in one of the three experiments the % viability was

82% vs. 0% and 2% in the other two experiments (data not

shown). Longer cultures up to 10 days might be needed for

consistent killing data.

Discussion

The objective of the present study was to identify O. volvulus

larval antigens that may be important in the development of

concomitant immunity to the L3 that develops in the INF with

increasing age, and which is independent of the immune responses

that are directed against the adult worms and microfilariae

associated with patent infection [6]. Concomitant immunity is a

concept initially developed in cancer immunology and later also in

lymphatic filariasis [5,9]. It was only recently reported in

onchocerciasis, where it is believed to contribute in preventing

most of the newly acquired L3 infections from developing, and

results in a stabilization of the adult worm and microfilarial

burdens with age in the INF [3,6,4]. Thus, a pool of sera from

individuals who have likely developed such immunity, based on

their high IgG1 and IgG3 responses to crude extracts of L3 and

mL3, was used to screen the corresponding cDNA libraries. The

20 distinct immunoreactive antigens identified included 4 proteins

(Ov-CPI-2, Ov-FBA-1, Ov-103 and Ov-RAL-2) that had previously

been shown to be protective in a small animal model

[13,25,26,27,14,15,2].

Ov-CPI-2 (O. volvulus cystatin, also known as onchocystatin)

appeared to be, overall, the most immunodominant cDNA clone

reacting with the pool of sera. The high frequency of detection of

the Ov-cpi-2 clone in the present study may be a reflection of its

abundance in the L3 EST datasets as reported previously [12]

and/or of the particular mix of antibodies against the larval

proteins in the pooled sera we used for screening. Due to its

immunodominance, Ov-CPI-2 was selected for further character-

ization with a focus on its increased recognition with age, a

phenomenon that has been previously associated with the

development of concomitant immunity [6] and thus strengthening

its selection as a promising subunit vaccine candidate against O.

volvulus infection. Ov-CPI-2 was previously cloned using antisera

from chimpanzees experimentally immunized with attenuated L3s

[28]. It was shown to be also expressed in all the other stages of the

O. volvulus parasite except in mature microfilariae [28]. It was

localized in the hypodermis, basal layer of the cuticle and in the

eggshell of developing microfilariae [28]. Further studies estab-

lished that this 17 kDa protein could be essential for development

of the infective stage larvae as it probably regulates endogenous

cysteine proteases that are essential for molting [29,30]. Subse-

quent vaccination-challenge experiments in O. volvulus mouse

model using recombinant GST-Ov-CPI-2 and alum as the

adjuvant showed that it could induce significant protection levels

of 43–49% [13]. Further support for its protective role has come

from protective studies done with its homologues in other

nematodes and including lymphatic filariae [31,32,33].

Analysis of the individual levels of the cytophilic antibody IgG3

to Ov-CPI-2 as a function of age showed an age-dependent

association of the antibody responses, which were significantly

increased with age and therefore consistent with the development

of concomitant immunity to larval antigens in this population [6].

The INF and the PI individuals had similar anti-rOv-CPI-2 specific

IgG3 responses (median of 0.3 and 0.32, respectively), while the

Table 2. cDNA clones isolated from the mL3 cDNA library.

SN Name
GenBank
accession

No. of
clones

% in
screen

% in
ESTa

1 Ov16, phosphatidylethanolamine binding protein family, O. volvulus [36] P31729 5 20 0

2 Onchocystatin precursor (Cysteine proteinase inhibitor OV7, Ov-CPI-2), O. volvulus [13] P22085 4 16 0

3 Oveg1 (eggshell antigen), O. volvulus [37] AAB35895 3 12 0

4 Ov-17 antigen precursor (Immunodominant hypodermal antigen), O. volvulus-Ov-RAL-2 [34] P36991 2 8 0.17

5 Immunodominant antigen, Ov33-3 precursor P21250 2 8 0

6 Galectin, O. volvulus (Ov87) [38] AAD00843 2 8 0.28

7 Fructose 1,6 bisphosphate aldolase, O. volvulus (Ov-FBA-1) [25] AAD38403 1 4 0.12

8 Thioredoxin peroxidase, O. volvulus (Ov-TPX-2) [39] AAC48312 1 4 0

9 Intermediate filament, O. volvulus (OV1CF) [40] AAA74283 1 4 0

10 Lactate dehydrogenase, putative, with 95% identity to Brugia malayi EDP30958.1; novel and named Ov-LDH-1 GQ202195 1 4 0

11 EF hand family protein, with 98% identity to B. malayi EDP29905.1 and to troponin c in C. elegans; novel and
named Ov-TNC-2

GQ202196 1 4 0

12 Ubiquitin-conjugating enzyme E2-17 kDa, putative with 100% identity to B. malayi EDP37374.1; novel and named
Ov-UBC-2

GQ202197 1 4 0

13 Unknown protein, with 99% identity to hypothetical protein of B. malayi, XP_001894199.1; Also
Caenorhabditis sp. CB5161 28S rRNA gene (92%); novel

GQ202198 1 4 0

a, % abundance of clone in the O. volvulus EST dataset as reported previously [12].
doi:10.1371/journal.pntd.0000800.t002
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INF had clearly higher IgG1 and IgE responses. The maintenance

or up-regulation of cytophilic (IgG1, IgG3, and IgE) and

complement-fixing (IgG3) antibody responses against larval

antigens, some of which are not necessarily larvae specific, as

was found in this study was shown before to be also associated with

immune protection in onchocerciasis [6,16,17].

Figure 1. The correlation of IgG sub-classes and IgE class responses to rOv-CPI-2 in infected patients with age: Maintenance of high
IgG1 (a) and IgE (c) responses regardless of age; (b) Positive correlation between IgG3 levels and age (r = 0.241; P = 0.0013).
doi:10.1371/journal.pntd.0000800.g001
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Our results provide further support to the possibility that the

anti-Ov-CPI-2 antibodies may have a role in the ADCC effector

mechanisms. We observed that human neutrophils inhibited

molting of L3 by 79–100% in the presence of purified human

mono-specific antibodies against Ov-CPI-2. Johnson et al [21] have

shown that sera from PI and INF are able to inhibit molting of L3

and kill them when cultured in the presence of neutrophils from

normal humans. Antibodies and ADCC were also found to be an

important part of protective effector mechanisms in O. volvulus

mouse model [15,2].

In one preliminary study, when rOv-CPI-2 was used to stimulate

human peripheral blood mononuclear cells (PBMCs) from INF

individuals (n = 6) and PI (n = 4), it appeared that it induced a

mixed IFN-c and IL-5 response (cytokine levels were determined

by ELISA) in approximately 50% of the samples (data not shown).

When the cytokine responses were determined using the ELI-

SPOT assay and PBMCs from additional individuals, 6 out of 6 PI

individuals had higher (,106) frequencies of IFN-c than IL-5-

producing cells, while in the INF group 8 out of 10 individuals had

IL-5 dominated responses, and the remaining 2 were only IFN-c
responders. Although the numbers tested so far are small, it points

to the possibility that in the PI, the Th1 cytokine response

dominates, while a more mixed Th1/Th2 response against Ov-

CPI-2 is observed in the INF individuals. Overall, the data

presented in this study clearly support the notion that Ov-CPI-2 is

a promising leading target of protective immunity in onchocerci-

asis and the results discussed justify further vaccination studies on

this antigen for human use.

Acknowledgments

We thank Professor Steven Williams of Smith College, MA, USA and the

NIAID/NIH Filariasis Research Reagent Repository Center (FR3) for

supplying the O. volvulus cDNA libraries. We thank the people of the

villages around Kumba, Cameroon (Marumba I, Marumba II, Boa

Figure 2. Human IgG sub-classes and IgE class antibody responses to recombinant Ov-CPI-2 in the PI and the INF. The median IgG1,
IgG3, IgG4 and IgE responses to rOv-CPI-2 in the PI (N = 21) and INF subjects (N = 21) are indicated with short, solid horizontal lines. The median IgG1
and IgG4 responses are significantly higher in the INF (P = 0.03 and 0.04 respectively) than in the PI.
doi:10.1371/journal.pntd.0000800.g002

Table 3. Effect of mono-specific human anti-Ov-CPI-2 antibodies on L3 molting and viability in the presence of normal human
neutrophils.

% Moltinga Inhibition of molting % Viability of larvae

Mean ± SEM Range % Range Mean ± SEM Range

Medium control 6463.0 58268 — — 94.661.3 92296

Negative antibodies 50.6613.3 43266 20.9 12234 78.768.7 65295

Anti-Ov-CPI-2 antibodies 3.762.7* 029 94.2 792100 28627.0** 0282

aO. volvulus L3 were cultured in complete medium alone or in complete medium containing negative control antibodies purified from the same serum donor using a
lgt11 lysate column or mono-specific antibodies to rOv-CPI-2 in the presence of 26105 normal human neutrophils per well for 6 days. Larval molting and viability were
determined as described under the ‘‘Materials & Methods’’ section. Three experiments were performed, where each consisted of a total of 10 wells per treatment group
with 5 larvae per well. The results are the mean 6 SEM and the range of the three experiments.

*Significance between groups was determined by unpaired t test with Welch’s correction with p = 0.007 between medium control and the anti-Ov-CPI-2 group and
p = 0.028 between the negative antibodies and the anti-Ov-CPI-2 group.
**There is no significant difference between the three groups.
doi:10.1371/journal.pntd.0000800.t003

Ov-CPI-2 in Protective Immunity

www.plosntds.org 7 August 2010 | Volume 4 | Issue 8 | e800



Bakundu, Bombanda, and Bombele), who participated in the study and the

personnel at the Tropical Medicine Research Station for help throughout

the course of the clinical study.

Author Contributions

Conceived and designed the experiments: FCN SL. Performed the

experiments: FCN JL. Analyzed the data: FCN SL. Contributed

reagents/materials/analysis tools: SL. Wrote the paper: FCN SL.

References

1. Tropical Disease Research (TDR) (2005) Onchocerciasis: Seventeenth Pro-

gramme Report/Progress 2003–2004.

2. Lustigman S, Abraham D (2009) Onchocerciasis. In: Vaccines for Biodefense
and Emerging and Neglected Diseases Barrett ADT, Stanberry LR, eds.

Academic Press Inc, Elsevier Science & Technology. pp 1365–1386.

3. Duke BO, Moore PJ (1968) The contributions of different age groups to the
transmission of Onchocerciasis in a Cameroon forest village. Trans R Soc Trop

Med Hyg 62: 22–28.

4. Albiez EJ (1983) Studies on nodules and adult Onchocerca volvulus during a
nodulectomy trial in hyperendemic villages in Liberia and Upper Volta. I.

Palpable and impalpable onchocercomata. Tropenmed Parasitol 34(1): 54–60.

5. Mitchell GF (1990) A note on concomitant immunity in host-parasite
relationships: a successfully transplanted concept from tumor immunology.

Adv Cancer Res 54: 319–332.

6. MacDonald AJ, Turaga PSD, Harmon-Brown C, Tracy JT, Bennett KE, et al.
(2002) Differential Cytokine and Antibody Responses to Adult and Larval Stages

of Onchocerca volvulus Consistent with the Development of Concomitant

Immunity. Infection and Immunity 70(6): 2796–2804.

7. Day KP, Gregory WF, Maizels RM (1991) Age-specific acquisition of immunity

to infective larvae in a bancroftian filariasis endemic area of Papua New Guinea.
Parasite Immunol 13: 277–290.

8. Kurniawan-Atmadja A, Sartono E, Partono F, Yazdanbakhsh M, Maizels RM

(1998) Antibody responses to filarial infective larvae are not dominated by the
IgG4 isotype. Parasite Immunol 20: 9–17.

9. Rajakumar S, Bleiss W, Hartmann S, Schierack P, Marko A, et al. (2006)

Concomitant immunity in a rodent model of filariasis: the infection of Meriones

unguiculatus with Acanthocheilonema viteae. J Parasitol 92(1): 41–5.

10. Eisenbeiss WF, Apfel H, Meyer TF (1994) Protective immunity linked with a

distinct developmental stage of a filarial parasite. J Immunol 152: 735–742.

11. Devaney E, Osborne J (2000) The third-stage larva (L3) of Brugia: its role in

immune modulation and protective immunity. Microbes Infect 2: 1363–1371.

12. Lizotte-Waniewski M, Tawe W, Guiliano DB, Lu W, Liu J, et al. (2000)
Identification of potential vaccine and drug target candidates by expressed

sequence tag analysis and immunoscreening of Onchocerca volvulus larval

cDNA libraries. Infect Immun 68(6): 3491–501.

13. Abraham D, Leon O, Leon S, Lustigman S (2001) Development of a

recombinant antigen vaccine against infection with the filarial worm Onchocerca

volvulus. Infection and Immunity 69: 262–270.

14. Lustigman S, James ER, Tawe W, Abraham D (2002) Towards a recombinant

antigen vaccine against Onchocerca volvulus. Trends in Parasitology 18(3): 135–141.

15. Lustigman S, MacDonald AJ, Abraham D (2003) CD4+ dependent immunity to

Onchocerca volvulus third-stage larvae in humans and the mouse vaccination

model: common ground and distinctions. Int J Parasitol 33(11): 1161–71.

16. Boyer AE, Tsang VC, Eberhand ML (1991) Guatemalan human onchocerciasis

ii. Evidence for IgG3 involvement in acquired immunity to O. volvulus and

identification of possible immune associated antigens. Journal of Immunology
146: 4001–4010.

17. Ghogomu MS, Souopgui J, Pelle R, Titanji VP (2002) Expression and

characterisation of Ov47, a dominant antigen of Onchocerca volvulus. Experimental
Parasitology 100: 143–149.

18. Anand SB, Krithika KN, Murugan V, Reddy MV, Kaliraj P (2006) Comparison

of Immuno prophylactic efficacy of Bm rALT2 or Bm rVAH or rALT + rVAH
by Single and Multiple antigen vaccination mode. American Society of Tropical

Medicine and Hygiene 75(5): 295.

19. Gregory WF, Atmadja AK, Allen JE, Maizels RM (2000) The abundant larval
transcript-1 and -2 genes of Brugia malayi encode stage-specific candidate vaccine

antigens for filariasis. Infect Immun 68(7): 4174–9.

20. Wu Y, Egerton G, Pappin DJ, Harrison RA, Wilkinson MC, et al. (2004)
Secreted Larval Acidic Proteins (SLAPs) of Onchocerca spp. are encoded by

orthologues of the alt gene family of Brugia malayi and have host protective

potential. Mol Biochem Parasitol 134(2): 213–24.

21. Johnson EH, Irvine M, Kass PH, Browne J, Abdullai M, et al. (1994) Onchocerca

volvulus: in vitro cytotoxic effects of human neutrophils and serum on third-stage

larvae. Trop Med Parasitol 45(4): 331–5.

22. Turaga PSD, Tierney TJ, Bennett KE, McCarthy C, Simonek SC, et al. (2000)
Immunity to onchocerciasis: Cells from putatively immune individuals produce

enhanced levels of interleukin-5, gamma interferon, and granulocyte-macro-
phage colony-stimulating factor in response to Onchocerca volvulus larval and male

worm antigens. Infection and Immunity 68(4): 1905–1911.

23. Lustigman S, Brotman B, Huima T, Prince AM (1991) Characterization of an
Onchocerca volvulus cDNA clone encoding a genus specific antigen present in

infective larvae and adult worms. Mol Biochem Parasitol 45(1): 65–75.
24. Joseph GT, McCarthy JS, Huima T, Mair KF, Kass PH, et al. (1997) Onchocera

volvulus: characterization of a highly immunogenic Gln-rich protein; Mol
Biochem Parasitol 90(1): 55–68.

25. McCarthy JS, Wieseman M, Tropea J, Kaslow D, Abraham D, et al. (2002)

Onchocerca volvulus glycolytic enzyme fructose-1,6-bisphosphate aldolase as a
target for a protective immune response in humans. Infect Immun 70(2): 851–8.

26. Lustigman S, Brotman B, Johnson EH, Smith AB, Huima T, et al. (1992b)
Identification and characterization of an Onchocerca volvulus cDNA clone

encoding a microfilarial surface-associated antigen. Mol Biochem Parasitol 50(1):

79–93.
27. Graham SP, Lustigman S, Trees AJ, Bianco AE (2000) Onchocerca volvulus:

comparative analysis of antibody responses to recombinant antigens in two
animal models of onchocerciasis. Exp Parasitol 94(3): 158–62.

28. Lustigman S, Brotman B, Huima T, Prince AM, McKerrow JH (1992a)

Molecular cloning and characterisation of onchocystatin, a cysteine proteinase
inhibitor of Onchocerca volvulus. J Biol Chem 267: 17339–17346.

29. Lustigman S, McKerrow JH, Shah K, Lui J, Huima T, et al. (1996) Cloning of a
cysteine protease required for the molting of Onchocerca volvulus third stage larvae.

J Biol Chem 271: 30181–30189.
30. Lustigman S, Zhang J, Liu J, Oksov Y, Hashmi S (2004) RNA interference

targeting cathepsin L and Z-like cysteine proteases of Onchocerca volvulus

confirmed their essential function during L3 molting. Mol Biochem Parasitol
138(2): 165–70.

31. Shierack P, Lucius R, Sonnenburg B, Schilling K, Hartmann S (2003) Parasite-
specific immunomodulatory functions of filarial cystatin. Infect Immun 71(5):

2422–9.

32. Pfaff AW, Schulz-Key H, Soboslay PT, Taylor DW, MacLennan K, et al. (2002)
Litomosoides sigmodontis cystatin acts as an immunomodulator during experimental

filariasis. Int J Parasitol 32(2): 171–178.
33. Hartman S, Schönemeyer A, Sonnenburg B, Vray B, Lucius R (2002) Cystatins

of filarial nematodes up-regulate the nitric oxide production of interferon-
gamma-activated murine macrophages. Parasite Immunol 24(5): 253–62.

34. Bradley JE, Tuan RS, Shepley KJ, Tree TI, Maizels RM, et al. (1993) Onchocerca

volvulus: characterization of an immunodominant hypodermal antigen present in
adult and larval parasites. Exp Parasitol 77(4): 414–24.

35. Klion AD, Donelson JE (1994) OvGalBP, a filarial antigen with homology to
vertebrate galactoside-binding proteins. Mol Biochem Parasitol 65(2): 305–15.

36. Johnson EH, Lustigman S, Kass PH, Irvine M, Browne J, et al. (1995) Onchocerca

volvulus: a comparative study of in vitro neutrophil killing of microfilariae and
humoral responses in infected and endemic normals. Exp Parasitol 81(1): 9–19.

37. Tume C, Sun E, Titanji V, Bathurst I, Barr P, et al. (1995) Onchocerca volvulus:
identification and characterization of an immunogenic eggshell protein (Oveg1).

Exp Parasitol 81(4): 445–52.
38. Joseph GT, Huima T, Klion A, Lustigman S (2000) A novel developmentally

regulated galectin of Onchocerca volvulus. Mol Biochem Parasitol 106(1): 187–95.

39. Lu W, Egerton GL, Bianco AE, Williams SA (1998) Thioredoxin peroxidase
from Onchocerca volvulus: a major hydrogen peroxide detoxifying enzyme in filarial

parasites. Mol Biochem Parasitol 91(2): 221–35.
40. Chandrashekar R, Curtis KC, Weil GJ (1995) Molecular characterization of a

parasite antigen in sera from onchocerciasis patients that is immunologically

cross-reactive with human keratin. J Infect Dis 171(6): 1586–92.

Ov-CPI-2 in Protective Immunity

www.plosntds.org 8 August 2010 | Volume 4 | Issue 8 | e800


