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Abstract: The current serological test for human onchocerciasis relies on IgG4 reactivity against
the parasite Ov-16 antigen, with reported sensitivities of only 60-80%. As control programs move
from control to elimination, it is imperative to identify novel molecules that could improve the
serodiagnosis reliability of this disease. In this study we compared the sensitivity of total IgG
against OVMANE1—a chimeric antigen previously identified as a potential biomarker of human
onchocerciasis—with that of an Ov-16 antibody test to detect an Onchocerca volvulus infection in
persons presenting with microfilaria in skin snips. One hundred and ninety serum samples were
obtained from persons with epilepsy in an onchocerciasis-endemic area at Ituri in the Democratic
Republic of Congo where ivermectin has never been distributed. Fifty-nine (31.1%) samples were
from individuals with a positive skin snip test; 41 (69.5%) of these 59 samples were positive with
the OVMANET test and 41 (69.5%) with the Ov-16 test; 30 (50.8%) samples were positive for both
tests and in 52 (88.1%) at least one of the tests was positive. Testing the 131 sera from persons with
a negative skin snip result revealed that 63 (48.1%) were positive exclusively with the OvMANE1
test, 13 (9.9%) exclusively with the Ov-16 test and 25 (19.1%) with both tests. Nine European samples
from individuals without past travel history in onchocerciasis endemic zones and 15 samples from
Rwanda, a hypoendemic country for onchocerciasis were all negative for the OvMANEI and Ov-16
tests. However, the specificity of both tests was difficult to determine due to the lack of a gold
standard for antibody tests. In conclusion, the tandem use of OVMANE1 and Ov-16 tests improves
the sensitivity of detecting Onchocerca volvulus seropositive individuals but, the OvMANE] test needs
to be further evaluated on samples from a population infected with other helminths to cautiously
address its specificity.

Keywords: Onchocerca volvulus; OVMANE1; Ov-16; ELISA; diagnostic; sensitivity; antibodies

1. Introduction

Among the 20 Neglected Tropical Diseases recognized by the World Health Orga-
nization (WHO, Geneva, Switzerland) as diseases of global public health importance is
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onchocerciasis—a vector-borne parasitic disease caused by infection with the filarial ne-
matode Onchocerca volvulus (Ov; O. volvulus) [1,2]. About 21 million people are reported
to be infected with O. volvulus among which 1.15 and 14.6 million have vision loss and
skin disease respectively [3]. Moreover, onchocerciasis may also induce epilepsy [4-6].
Furthermore, close to 217.2 million people living in 30 countries mostly in sub-Saharan
Africa are in need of preventive chemotherapy for the disease [7].

Currently, the standard method for the diagnosis of active O. volvulus infection is
the skin snip test. This test demonstrates the presence of O. volvulus microfilariae in skin
snips by microscopy, a practice that is now widely frowned upon because it is invasive
and unable to detect mild infection, besides the challenges to make the difference between
O. volvulus and other filarial microfilariae [8]. Even though the sensitivity of the test can be
increased through amplification of DNA that is extracted from skin snips by polymerase
chain reaction (PCR), this method is not field-applicable [9]. Furthermore, the test cannot
diagnose onchocerciasis patients during the pre-patent period—the interval between the
onset of infection and the development of microfilaria in the skin—which is thought to
be between 9 and 15 months [10]. Accordingly, a lot of false negatives are foreseen even
in endemic areas where ivermectin treatment has been going on. Therefore, the skin snip
test is not considered to have any role in the assessment of onchocerciasis elimination [11],
which is currently the public health goal of onchocerciasis programs [12].

The only test approved by WHO that uses human samples for the evaluation of
onchocerciasis elimination is the Ov-16 antibody test [13]. This immunological test has a
high specificity (>99%) but only a moderate sensitivity (60-80%) [14,15]. It has also been
reported that about 15-25% of persons have a genetic limitation that prevents them from
generating an immune response to the Ov-16 antigen [16]. Hence, approximately 20%
of infected persons will be diagnosed as negative using the Ov-16 test, due to genetic
restriction. Therefore, for a complete assessment of onchocerciasis elimination, more
sensitive tests which can be employed singly or in combination with the Ov-16 test must
be developed [17].

To identify alternative biomarkers, the OvMANE]1 chimeric antigen was engineered
and validated as a sensitive and specific biomarker for onchocerciasis diagnosis, us-
ing immune-dominant peptides of the parasite [18]. Moreover, the possibility of cross-
reaction with OVMANE1 chimeric antigen in individuals infected with other related nema-
todes was investigated—using serum samples from patients infected with Brugia malayi,
Mansonella perstans, Ascaris lumbricoides or Wuchereria bancrofti—and OvMANEI chimeric
antigen significantly discriminated onchocerciasis sera from that of related nematodes [18],
suggesting OVMANEI] chimeric antigen as a potential biomarker for onchocerciasis diagno-
sis. In this study, we compared the sensitivity of total IgG against the OvMANETI test with
that of an Ov-16 antibody test, using serum samples obtained from persons with epilepsy in
an onchocerciasis endemic area in the Democratic Republic of Congo where ivermectin was
never distributed. Our investigations led to the suggestion that tandem use of OvMANE1
and Ov-16 tests improves the sensitivity of detecting O. volvulus seropositive individuals.

2. Materials and Methods
2.1. Ethical Considerations

Approval for this study was obtained from the ethics committees of the University of
Kinshasa’s School of Public Health, Democratic Republic of Congo (permission number:
ESP/CE/013/2018), the University of Antwerp, Belgium (approval number: B300201733350)
and the Cameroon Bioethics Initiative (CAMBIN) Ethics Review and Consultancy Com-
mittee (ERCC) (reference number: CBI/443/ERCC/CAMBIN). All participants volun-
tarily signed an informed consent form, and only consenting individuals were enrolled.
Minors >12 years and <18 years signed an assent form in addition, while parents or legal
guardians consented for younger participants. Participants’ identities and other informa-
tion were kept private.
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2.2. Study Design and Site

The study was performed in an onchocerciasis-endemic area in the Logo health zone,
in the Ituri province, Democratic Republic of Congo, where ivermectin had never been
distributed. Samples were obtained during a screening survey of persons with epilepsy for
a clinical trial to evaluate the effect of ivermectin on the frequency of seizures in persons
with an O. volvulus infection [19]. Clinical examination to assess O. volvulus infection was
conducted for all the participants in this study and the data for all the onchocerciasis
patients were published [20]. Control samples were obtained from individuals living in an
onchocerciasis hypo-endemic region (HES, n = 15) in Huye, Rwanda [7] and from European
individuals (ECS, n = 9). The European population was made up of individuals who have
never visited Africa, Yemen or Latin America—where onchocerciasis is endemic—and thus
have not been exposed to the parasite [7].

2.3. Identification of O. volvulus in Skin Snips by Microscopy

Two skin snips were obtained from the left and right iliac crests of each participant
and transferred to separate wells of a microtiter plate using a sterile Holtz corneo-scleral
punch (2 mm). A couple of drops of saline was added into each well and incubated for
24 h to allow microfilariae emerge from the snips. Microfilariae were counted under a
microscope and the microfilaria load was recorded as number of microfilaria/skin snip.

2.4. Diagnosis of O. volvulus Infection by OvMANE1 and Ov-16 ELISA Tests

The gene coding for OVMANEI] chimeric antigen was expressed as an MBP fusion pro-
tein (OvMANE1_MBP, 60.4 kDa) in the pMAL-c5X expression vector. Interestingly, the MBP
tag was found not to interfere with the immune response of the fusion protein [18]. All sera
were screened for OVMANE] total IgG antibodies by indirect ELISA. Briefly, MaxiSorp 96
well microtiter plates (Nunc, Roskilde, Denmark) were coated overnight at 4 °C with 200 pL
OvMANE1_MBP chimeric antigen diluted in PBS at a final concentration of 2 pg/mL. Plates
were washed 3 times with wash buffer (PBS + 0.05% Tween 20; PBST) and blocked with
SuperBlock buffer (Thermo Fisher Scientific, Merelbeke, Belgium) for 1 h 30 min at room
temperature. After three rounds of washes at 5 min interval each, the microtiter plates were
incubated with the various serum samples as the primary antibody at a dilution of 1:2000
for 2 h at room temperature. The plates were washed as described above and incubated
with goat anti-human IgG (Fc Specific) peroxidase conjugate (Sigma, St. Louis, MI, USA)
as the secondary antibody at a dilution of 1:5000 for 1 h 30 min at room temperature. After
a final wash, 3,3,5,5'-tetramethylbenzidine (TMB, Sigma, St. Louis, MI, USA) was added as
a chromogenic substrate for 10 min at room temperature. The reactions were stopped with
3 M hydrochloric acid after which the optical density (OD) was read at 450 nm using the
iMark microplate reader (BIORAD, Irvine, CA, USA). All antibody dilutions were done in
Superblock buffer (Thermo Fisher Scientific, Merelbeke, Belgium).

The same serum samples were also screened for Ov-16 IgG4 antibodies by ELISA
as described previously [17]. Briefly, Maxisorp 96 well microtiter plates (Nunc, Roskilde,
Denmark), were coated with 100 puL of 1 pg/mL recombinant Ov-16 (diluted in PBS) and
incubated overnight at 4 °C. Thereafter, the plates were washed once with 300 uL PBST
and non-specific binding sites blocked by incubation with 300 uL of the SuperBlock buffer
(Thermo Fisher Scientific, Merelbeke, Belgium) for 1 h at room temperature. After washing,
100 pL of serum, (diluted 1:200 in SuperBlock buffer), was added into each well and
incubated for 1 h at room temperature. The plates were washed as above and incubated for
30 min at room temperature with mouse monoclonal anti-human IgG4 Fc (HRP) antibody
(Abcam, Cambridge, UK) diluted 1:10,000 in superblock buffer (Thermo Fisher Scientific,
Merelbeke, Belgium). The plates were then washed and 100 uL of TMB substrate solution
(Sigma, St. Louis, MI, USA) was added into each well and incubated for 10 min at room
temperature. The reactions were stopped with 3 M hydrochloric acid and the absorbance
measured at 450 nm.
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2.5. Statistical Analyses

Data were analyzed using Microsoft Excel 2010. The Shapiro-Wilk test was used to
assess the normality of distributions. Scatter plots were generated using GraphPad Prism
7.0 (La Jolla, CA, USA) and the data were expressed as median with interquartile range.
Comparison of three groups was done using Kruskal Wallis test followed by Dunn’s test
for multiple comparisons. The discriminatory performance of total IgG and IgG4 were
assessed using receiver operating curve analyses. The area under the receiver operating
curve (AUCs) were evaluated using the trapezoid method. A cutoff value was selected
based on the Youden's index and the sensitivities, specificities with 95% confidence intervals
were then calculated for the selected cutoff value. Spearman correlation was performed
using SPSS V26 (IBM Corp., Armonk, NY, USA) A p-value below 0.05 was considered
statistically significant.

3. Results
3.1. Description of Study Population

Serum samples from 190 participants were randomly selected from 387 serum sam-
ples obtained during O. volvulus infection screening of persons with epilepsy in Ituri
province, Democratic Republic of Congo [19]. The serum samples were blinded and used
for serological analysis. After unblinding, 59 (31.1%) samples were from individuals with a
positive skin snip test and the remaining 131 samples were from persons with negative
skin snip results.

3.2. Comparison of OVMANE1 and Ov-16 ELISA Tests

Of the 59 serum samples positive for skin snip, 41 (69.5%) were positive with the
OvMANETL test (OD > 0.323) and 41 (69.5%) with the Ov-16 test (OD > 0.035); 30 (50.8%)
sera were positive for both ELISA tests and in 52 (88.1%) at least one of the ELISA tests
was positive. Regarding the 131 samples from persons with a negative skin snip result, 63
(48.1%) were positive exclusively with the OvMANET1 test, 13 (9.9%) exclusively with the
Ov-16 test and 25 (19.1%) were positive for both ELISA tests. 30 (22.9%) serum samples
were negative for both ELISA tests (see Table 1).

Table 1. Comparison of OVMANE1 and Ov-16 tests with skin snip test.

OvMANE1

Skin Snip ELISA Ov-16 ELISA Total
All positive + + + 30
Ov-16 ELISA negative only + + - 11
OvMANET1 ELISA negative only + - + 11
OvMANEI1 ELISA + Ov-16 ELISA ) } 7

both negative

OvMANEL1 ELISA positive only - + - 63
Ov-16 ELISA positive only - - + 13
Skin snip negative only - + + 25
All negative - - - 30

+: positive test result; -: negative test result

3.3. Humoral Immune Response to OvMANE1 and Ov-16 Antigens

To assess the ability of the OvMANE1 and Ov-16 tests to detect O. volvulus seropositive
individuals, 59 microfilaria positive samples (OVS) diagnosed by skin snip, 15 Rwandan
(HES) and 9 European (ECS) sera were assayed. Both OVMANE1 and Ov-16 tests dis-
criminated between O. volvulus infected serum samples and control serum samples from
onchocerciasis non-endemic countries (p < 0.0001) (see Figure 1). The area under the
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receiver operating curve (AUC) was 0.9684 for OVMANE]1 test and 0.8746 for Ov-16 test.
The sensitivity was 71.2 % and 69.5 % for OvMANE1 and Ov-16 tests respectively. The
specificity was 100.0% for both tests (see Table 2).
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Figure 1. Analysis of humoral immune response to OvMANE1 and Ov-16 antigens using sera from
O. volvulus infected and non-infected individuals. In separate reactions, OvMANE1_MBP and Ov-16
antigens were used to coat microtiter plates. The plates were blocked and incubated with different
serum samples followed by incubation with secondary antibodies, namely goat anti-human IgG (for
plates coated with OVMANE1_MBP chimeric antigen) or mouse monoclonal anti-Human IgG4 (for
plates coated with Ov-16 antigen), all peroxidase conjugated. The plates were revealed using TMB,
the optical density (OD) was read at 450 nm and OD values were plotted against the different serum
types. OVS = O. volvulus serum (n = 59), HES = Hypo-endemic serum (n = 15), ECS = European
control serum (n = 09). The groups were compared using Kruskal Wallis test followed by Dunn’s test
for multiple comparisons. **** indicates a significant difference with p < 0.0001.

Table 2. Receiver operating curve (ROC) values for IgG responses to OvMANE1 and Ov-16 antigens and their diagnostic

accuracy parameter.

Total IgG (OvMANE1) Total IgG4 (Ov-16)

ROC curve area (AUC) 0.9684 0.8746
ROC curve analysis 95% CI of AUC 0.9320 to 1.000 0.7967 to 0.9524
p-value <0.0001 <0.0001
Diagnostic Cut off value 0.323 0.035
& Sensitivity (%) (95% CI) 71.2 (58.6% to 81.2%) 69.49 (56.9% to 79.8%)

Accuracy Parameter

Specificity (%) (95% CI) 100.0 (79.6% to 100.0%) 100.0 (79.6% to 100.0%)

Furthermore, the 22 serum samples that were positive by skin snip test having amongst
them 11 samples which were positive for OVvMANETL test and negative for Ov-16 test
and 11 others positive by Ov-16 test but not OvMANEI1 test were given a color code and
evaluated as indicated in Figure 2. A difference in their OD was revealed between the
two tests (Figure 2A). There was a correlation between the average microfilaria load and
the OD of the positive samples in the OvMANET1 test (r = 0.542, p = 0.009) (see Figure 2B).
No correlation was observed between the average microfilaria load and the OD of the
positive samples in the Ov16 test (r = —0.336, p = 0.126) (see Figure 2C). However, no
correlation was observed between the average microfilaria load and the OD of all the
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samples that were positive by skin snip in the OvMANET1 test (r = 0.153, p = 0.248) and
Ov-16 test (r = 0.023, p = 0.861) (see Figure S1).

A total of 88 from the 190 serum samples were randomly selected and screened for
Strongyloides by Vieri et al. [19]. All the Strongyloides positive samples (n = 10, 11.4%)
were positive for onchocerciasis using the skin snip test. Among these positive samples, 7
(70.0%) were positive with the OvMANE1 and Ov-16 tests while 1 (10.0%) was positive for
OvMANET test alone and 2 (20.0%) for Ov-16 test alone.
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Figure 2. Analysis of humoral immune response to OvMANE1 and Ov-16 antigens using O. volvulus
serum (OVS, n = 22), which were either positive according to OvMANETL test (n = 11) but not Ov-16
test (n = 11) and vice versa. (A) optical densities (OD) at 450 nm were plotted against OVMANE1
and Ov-16 tests using color codes and shapes to match the specific serum samples in both tests. The
average microfilaria (mf) load per skin snip was plotted against (B) the OD of OVS in OvMANETI test
and (C) the OD of OVS in Ov-16 test using color codes and shapes that matches the specific serum
sample. Color codes were assigned to each sample to clearly differentiate the OD of the sample in the
different tests.

4. Discussion

Although the entomological evaluation of the presence of O. volvulus in black flies
(the vector responsible for the transmission of the parasite to humans) and serological
assessment of O. volvulus infection using the Ov-16 test have been effective for validating
suppression and interruption of transmission in the Americas and some foci in Africa,
it is difficult to translate the successes of these diagnostic tools to the rest of Africa [21].
The prevalence of onchocerciasis is higher in Africa, which accounts for more than 99% of
all infected cases [3]. Hence, the wrong classification of 20-40% of patients infected with
O. volvulus as negative for onchocerciasis by the Ov-16 test will result to a large population
wrongly classified. These persons can serve as active O. volvulus parasite reservoirs as
opposed to a smaller population of false negative individuals in the Americas with a lower
probability to continue transmission. Therefore, novel diagnostic tests are needed that can
be used singly or in combination with the Ov-16 test to improve its sensitivity. This would
considerably speed up the progress made to eliminate onchocerciasis in Africa.

In this study, the sensitivity of the OvMANE1 and Ov-16 tests was evaluated to
determine if the two tests could be used in combination to detect O. volvulus seropositive
persons presenting with or without microfilaria in their skin snips. Among the 190 serum
samples tested for O. volvulus infection, 59 (31.1%) samples were from individuals with
a positive skin snip test. Forty-one (69.5%) of the 59 samples were positive with the
OVvMANETL test and 41 (69.5%) with the Ov-16 test. Thirty (50.8%) of the 59 samples were
positive for both tests while 52 (88.1%) were positive for at least one of the tests. A study
by Hotterbeekx et al., [17] reported Ov-16 RDT (SD Bioline) results of all the participants in
this study among others. Comparison of the Ov-16 RDT (SD Bioline) results with the Ov-16
ELISA results obtained in this study revealed that the specificity and sensitivity of both
tests were not identical. This suggests a moderate increase of sensitivity (18.6%) can be
obtained by using both tests as compared to the Ov-16 test alone (see Figure 2A). Therefore,
the tandem use of OvMANEI1 and Ov-16 tests may represent a more appropriate tool for
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onchocerciasis elimination mapping because of the improved sensitivity. Furthermore,
an increased sensitivity may decrease the number of children to be screened to meet the
elimination thresholds set by WHO (current sample size is >3000) [22]. Correlation analysis
between the average microfilaria load and the 22 samples that were either positive for
OvMANETI or Ov-16 tests revealed a correlation between the average microfilaria load and
the OD of the positive samples in the OvMANET1 test (r = 0.542, p = 0.009) (see Figure 2B).
There was no correlation between the average microfilaria load and the OD of the positive
samples in the Ov16 test (r = —0.336, p = 0.126) (see Figure 2C). However, no correlation
was observed between the average microfilaria load and all the O. volvulus infected samples
by skin snip for OvMANETL test (r = 0.153, p = 0.248) and Ov-16 test (r = 0.023, p = 0.861).
This non-association of Ov-16 and OvMANE1 antibodies with microfilariae load cannot be
explained by ivermectin use as all study participants were ivermectin naive. An explanation
might be due to the matrix (blood or skin snip), as microfilaria are in the skin and antigens
might not make it into the bloodstream that easily. Notwithstanding, based on the Ov-16
test, the majority of the samples (134/190; 71%) were correctly classified as positive or
negative for microfilaria.

Of the 131 sera from persons with a negative skin snip result, 63 (48.1%) were positive
exclusively with the OVMANETL test, 13 (9.9%) exclusively with the Ov-16 test and 25
(19.1%) with both tests. The specificity of both tests is difficult to determine due to the
lack of a gold standard for the antibody test. However, since both tests are antibody based
and thus unable to differentiate between past and active infection [23], they may have
diagnosed these individuals as positive because the individuals may have been infected
with the parasite in the past. False positive results will be obtained from individuals
who have been cured but still have antibodies against OvMANE1 and Ov-16 antigens.
Hence, the tests will diagnose these individuals to be positive for onchocerciasis because
of the presence of these antibodies. Consistently, up to 5% of the inhabitants leaving in
endemic areas for onchocerciasis do not develop any sign or symptom [24,25]. Hence,
there is also a need for an antigen capture test to be added in the diagnostic toolbox of
human onchocerciasis. Furthermore, the decrease in sensitivity of the skin snip test to
diagnose O. volvulus infection in persons with very low microfilaria load and its inability
to diagnose onchocerciasis patients during pre-patent period [10] may also contribute to
the discrepancy between result obtained by the skin snip test and the antibody base tests.
Additionally, a limitation of this study that may contribute to the differences in result
obtained by the skin snip test and the antibody base tests is the fact that the negative
samples by skin snips were not diagnosed for the presence of the parasite DNA by PCR.
Reports indicate that molecular detection of O. volvulus in skin snips has a higher sensitivity
compared to the detection of the parasite in skin snips by microscopy [26,27].

Nine European and 15 Rwandan samples from a non-onchocerciasis endemic region
were all negative for the OVMANE1 and Ov-16 tests. This implies that both tests could
specifically differentiate between onchocerciasis and non-onchocerciasis samples. However,
there is a need to further evaluate the specificity of OVMANE] test in a larger population
in communities that are non-endemic for onchocerciasis but endemic for other helminth
infections. Nonetheless, upon analysis of OvMANETI test results with 88 serum samples
that were tested for Strongyloides by Vieri et al. [19], no evidence of cross reactivity between
OvMANEI1 chimeric antigen and antibodies with persons infected with Strongyloides was
found. Furthermore, analysis of serum samples collected in Huye, Rwanda did not reveal a
cross reactivity between OvMANE1 chimeric antigen and antibodies from other helminths
including Strongyloides that has been reported at the time of sample collection to be on an
increase trend in the southern part of Rwanda [28].

In conclusion, the tandem use of OVMANEL1 and Ov-16 tests improves the sensitivity
to detect O. volvulus infection. This advocates the use of a multi antigenic diagnostic test in
the future and pleads for the characterization of extra O. volvulus antigens in the context of
diagnosis. However, OVMANETI test needs to be further evaluated using samples from
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communities harboring individuals infected with other helminths but not onchocerciasis
to further determine cautiously its specificity.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3
390/1ife11121284 /51, Figure S1: Analysis of humoral immune response to OVMANE1 and Ov-16 antigens
using O. volvulus serum (OVS, n = 59).

Author Contributions: Conceptualization, RN, J.S., A H. and R.C.; project administration, vali-
dation and supervision: SM.G., A.H., L.V, R.C,, ].S. and R.N.; methodology, CM.S., R.AS., EY.;
T.M., R.N,; formal analysis, C.M.S.; funding acquisition, R.C., R.N., SM.G,, ].S. and C.M.S,; writing—
original draft preparation, C.M.S.; writing—review and editing, all authors; All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by ERC grant 671055 and VLIR-UOS through the Global Minds
Joint PhD between Vrije Universiteit Brussel, Belgium and University of Buea, Cameroon. The
“Académie de Recherche et d’Enseignement Supérieur (ARES)”, grant number “ARES-PRD2013&
2020Cameroun” to J.S. The United States Agency for International Development (USAID) and UK
FCDO from the British people (UK FCDO) through the Coalition for Operational Research on
Neglected Tropical Diseases (COR-NTD) and administered by the African Research Network for
Neglected Tropical Diseases (ARNTD). Its contents are solely the responsibility of the authors and do
not necessarily represent the views of USAID, UK FCDO, COR-NTD or the ARNTD.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the ethics committees of the University of Kinshasa’s School of
Public Health, Democratic Republic of Congo (permission number: ESP/CE/013/2018), the University of
Antwerp, Belgium (approval number: B300201733350) and the Cameroon Bioethics Initiative (CAMBIN)
Ethics Review and Consultancy Committee (ERCC) (reference number: CBI/443/ERCC/CAMBIN).

Informed Consent Statement: All participants were asked to sign an informed consent form and
only consenting individuals were enrolled. Minors > 12 years and <18 years signed an assent form in
addition, while parents or legal guardians consented for younger participants. Participants’ identities
and other information were kept private.

Data Availability Statement: The datasets generated during this study are available from the corre-
sponding authors on reasonable request.

Acknowledgments: Luc Vanhamme is the Director of Research of the Belgian National Fund for
Scientific Research (FNRS).

Conflicts of Interest: The authors declare no conflict of interest and testify that these data are not
submitted for publication elsewhere in another journal.

References

1.

Casulli, A. New global targets for NTDs in the WHO roadmap 2021-2030. PLoS Negl. Trop. Dis. 2021, 15, e0009373. [CrossRef]
[PubMed]

Shintouo, C.M.; Nguve, ].E.; Asa, EB.; Shey, R.A.; Kamga, ].; Souopgui, ].; Ghogomu, S.M.; Njemini, R. Entomological Assessment
of Onchocerca Species Transmission by Black Flies in Selected Communities in the West Region of Cameroon. Pathogens 2020,
9, 722. [CrossRef]

World Health Organisation. Onchocerciasis Key Facts. Available online: https://www.who.int/news-room/fact-sheets/detail /
onchocerciasis (accessed on 27 September 2021).

Vinkeles Melchers, N.V.S.; Mollenkopf, S.; Colebunders, R.; Edlinger, M.; Coffeng, L.E.; Irani, J.; Zola, T.; Siewe, ].N.; de Vlas, S.J.;
Winkler, A.S.; et al. Burden of onchocerciasis-associated epilepsy: First estimates and research priorities. Infect. Dis. Poverty 2018,
7,101. [CrossRef]

Colebunders, R.; Njamnshi, A.K.; van Oijen, M.; Mukendi, D.; Kashama, J.M.; Mandro, M.; Gumisiriza, N.; Preux, P-M.; Suyker-
buyk, P; Idro, R. Onchocerciasis-associated epilepsy: From recent epidemiological and clinical findings to policy implications.
Epilepsia Open 2017, 2, 145-152. [CrossRef] [PubMed]

Colebunders, R.; Njamnshi, A K.; Menon, S.; Newton, C.R.; Hotterbeekx, A.; Preux, P-M.; Hopkins, A.; Vaillant, M.; Siewe Fodjo,
J.N. Onchocerca volvulus and epilepsy: A comprehensive review using the Bradford Hill criteria for causation. PLoS Negl. Trop.
Dis. 2021, 15, e0008965. [CrossRef] [PubMed]

World Health Organisation. Elimination of human onchocerciasis: Progress report, 2019-2020. Wkly Epidemiol. Rec. 2020, 45,
545-556.


https://www.mdpi.com/article/10.3390/life11121284/s1
https://www.mdpi.com/article/10.3390/life11121284/s1
http://doi.org/10.1371/journal.pntd.0009373
http://www.ncbi.nlm.nih.gov/pubmed/33983940
http://doi.org/10.3390/pathogens9090722
https://www.who.int/news-room/fact-sheets/detail/onchocerciasis
https://www.who.int/news-room/fact-sheets/detail/onchocerciasis
http://doi.org/10.1186/s40249-018-0481-9
http://doi.org/10.1002/epi4.12054
http://www.ncbi.nlm.nih.gov/pubmed/29588943
http://doi.org/10.1371/journal.pntd.0008965
http://www.ncbi.nlm.nih.gov/pubmed/33411705

Life 2021, 11, 1284 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Guzman, G.E.; Awadzi, K.; Opoku, N.; Narayanan, R.B.; Akuffo, H.O. Comparison between the skin snip test and simple dot blot
assay as potential rapid assessment tools for Onchocerciasis in the postcontrol era in Ghana. Clin. Diagn. Lab. Immunol. 2002, 9,
1014-1020. [CrossRef]

Awadyzi, K.; Opoku, N.O.; Attah, S.K.; Lazdins-Helds, ].K.; Kuesel, A.C. Diagnosis of O. volvulus infection via skin exposure
to diethylcarbamazine: Clinical evaluation of a transdermal delivery technology-based patch. Parasites vectors 2015, 8, 515.
[CrossRef]

Remme, J.; Ba, O.; Dadzie, K.Y.; Karam, M. A force-of-infection model for onchocerciasis and its applications in the epidemiological
evaluation of the Onchocerciasis Control Programme in the Volta River basin area. Bull. World Health Organ. 1986, 64, 667—681.
Eberhard, M.L.; Cupp, E.W,; Katholi, C.R; Richards, FO.; Unnasch, T.R. Skin snips have no role in programmatic evaluations for
onchocerciasis elimination: A reply to Bottomley et al. Parasites Vectors 2017, 10, 154. [CrossRef]

Fobi, G.; Yameogo, L.; Noma, M.; Aholou, Y.; Koroma, J.B.; Zouré, HM.; Ukety, T.; Lusamba-Dikassa, P-S.; Mwikisa, C.;
Boakye, D.A; et al. Managing the Fight against Onchocerciasis in Africa: APOC Experience. PLoS Negl. Trop. Dis. 2015, 9,
€0003542. [CrossRef]

World Health Organisation. Onchocerciasis, Guidelines for Stopping Mass Drug Administration and Verifying Elimination of Human
Onchocerciasis; WHO Document Production Services: Geneva, Switzerland, 2016.

Lipner, E.M.; Dembele, N.; Souleymane, S.; Alley, W.S.; Prevots, D.R.; Toe, L.; Boatin, B.; Weil, G.J.; Nutman, T.B. Field applicability
of a rapid-format anti-Ov-16 antibody test for the assessment of onchocerciasis control measures in regions of endemicity. J. Infect.
Dis. 2006, 194, 216-221. [CrossRef] [PubMed]

Cama, V.A.; McDonald, C.; Arcury-Quandt, A.; Eberhard, M.; Jenks, M.H.; Smith, J.; Feleke, S.M.; Abanyie, F.; Thomson, L.;
Wiegand, R.E.; et al. Evaluation of an OV-16 IgG4 Enzyme-Linked Immunosorbent Assay in Humans and Its Application to
Determine the Dynamics of Antibody Responses in a Non-Human Primate Model of Onchocerca volvulus Infection. Am. J. Trop.
Med. Hyg. 2018, 99, 1041-1048. [CrossRef]

Gbakima, A.A.; Nutman, T.B.; Bradley, ].E.; McReynolds, L.A.; Winget, M.D.; Hong, Y.; Scott, A.L. Immunoglobulin G subclass
responses of children during infection with Onchocerca volvulus. Clin. Diagn. Lab. Immunol. 1996, 3, 98-104. [CrossRef]
Hotterbeekx, A.; Perneel, J.; Mandro, M.; Abhafule, G.; Siewe Fodjo, ].N.; Dusabimana, A.; Abrams, S.; Kumar-Singh, S.;
Colebunders, R. Comparison of Diagnostic Tests for Onchocerca volvulus in the Democratic Republic of Congo. Pathogens
2020, 9, 435. [CrossRef]

Shintouo, C.M.; Shey, R.A.; Nebangwa, D.N.; K, K.E.; Nongley, N.E; Nguve, ].E.; Giron, P.; Mutesa, L.; Vanhamme, L.; Souopgui,
J.; et al. In Silico Design and Validation of OvMANEI, a Chimeric Antigen for Human Onchocerciasis Diagnosis. Pathogens 2020,
9, 495. [CrossRef] [PubMed]

Vieri, M.K,; Mandro, M.; Cardellino, C.S.; Orza, P.; Ronzoni, N.; Siewe Fodjo, ].N.; Hotterbeekx, A.; Colebunders, R. Potential
Parasitic Causes of Epilepsy in an Onchocerciasis Endemic Area in the Ituri Province, Democratic Republic of Congo. Pathogens
2021, 10, 359. [CrossRef] [PubMed]

Mandro, M.; Siewe Fodjo, ].N.; Dusabimana, A.; Mukendi, D.; Haesendonckx, S.; Lokonda, R.; Nakato, S.; Nyisi, F.; Abhafule,
G.; Wonya'rossi, D.; et al. Single versus Multiple Dose Ivermectin Regimen in Onchocerciasis-Infected Persons with Epilepsy
Treated with Phenobarbital: A Randomized Clinical Trial in the Democratic Republic of Congo. Pathogens 2020, 9, 205. [CrossRef]
[PubMed]

Unnasch, T.R.; Golden, A.; Cama, V.; Cantey, P.T. Diagnostics for onchocerciasis in the era of elimination. Int. Health 2018, 10,
i20-i26. [CrossRef]

World Health Organisation. Report of the Second Meeting of the WHO Onchocerciasis Technical Advisory Subgroup: Geneva, Switzerland,
12-14 February 2018; World Health Organization: Geneva, Switzerland, 2018.

Vlaminck, J.; Fischer, P.U.; Weil, G.J. Diagnostic Tools for Onchocerciasis Elimination Programs. Trends Parasitol. 2015, 31, 571-582.
[CrossRef]

Elson, L.H.; Guderian, R.H.; Araujo, E.; Bradley, ].E.; Days, A.; Nutman, T.B. Inmunity to onchocerciasis: Identification of a
putatively immune population in a hyperendemic area of Ecuador. J. Infect. Dis. 1994, 169, 588-594. [CrossRef] [PubMed]
Ward, D.J.; Nutman, T.B.; Zea-Flores, G.; Portocarrero, C.; Lujan, A.; Ottesen, E.A. Onchocerciasis and immunity in humans:
Enhanced T cell responsiveness to parasite antigen in putatively immune individuals. |. Infect. Dis. 1988, 157, 536-543. [CrossRef]
[PubMed]

Thiele, E.A.; Cama, V.A.; Lakwo, T.; Mekasha, S.; Abanyie, E; Sleshi, M.; Kebede, A.; Cantey, P.T. Detection of Onchocerca
volvulus in Skin Snips by Microscopy and Real-Time Polymerase Chain Reaction: Implications for Monitoring and Evaluation
Activities. Am. J. Trop. Med. Hyg. 2016, 94, 906-911. [CrossRef] [PubMed]

Prince-Guerra, J.L.; Cama, V.A.; Wilson, N.; Thiele, E.A.; Likwela, J.; Ndakala, N.; Muzinga Wa Muzinga, J.; Ayebazibwe, N.;
Ndjakani, Y.D.; Pitchouna, N.A.; et al. Comparison of PCR Methods for Onchocerca volvulus Detection in Skin Snip Biopsies
from the Tshopo Province, Democratic Republic of the Congo. Am. J. Trop. Med. Hyg. 2018, 98, 1427-1434. [CrossRef]

Tuyizere, A.; Ndayambaje, A.; Walker, T.D.; Bayingana, C.; Ntirenganya, C.; Dusabejambo, V.; Hale, D.C. Prevalence of
Strongyloides stercoralis infection and other soil-transmitted helminths by cross-sectional survey in a rural community in
Gisagara District, Southern Province, Rwanda. Trans. R. Soc. Trop. Med. Hyg. 2018, 112, 97-102. [CrossRef]


http://doi.org/10.1128/CDLI.9.5.1014-1020.2002
http://doi.org/10.1186/s13071-015-1122-9
http://doi.org/10.1186/s13071-017-2090-z
http://doi.org/10.1371/journal.pntd.0003542
http://doi.org/10.1086/505081
http://www.ncbi.nlm.nih.gov/pubmed/16779728
http://doi.org/10.4269/ajtmh.18-0132
http://doi.org/10.1128/cdli.3.1.98-104.1996
http://doi.org/10.3390/pathogens9060435
http://doi.org/10.3390/pathogens9060495
http://www.ncbi.nlm.nih.gov/pubmed/32580355
http://doi.org/10.3390/pathogens10030359
http://www.ncbi.nlm.nih.gov/pubmed/33803565
http://doi.org/10.3390/pathogens9030205
http://www.ncbi.nlm.nih.gov/pubmed/32164367
http://doi.org/10.1093/inthealth/ihx047
http://doi.org/10.1016/j.pt.2015.06.007
http://doi.org/10.1093/infdis/169.3.588
http://www.ncbi.nlm.nih.gov/pubmed/8158031
http://doi.org/10.1093/infdis/157.3.536
http://www.ncbi.nlm.nih.gov/pubmed/3125261
http://doi.org/10.4269/ajtmh.15-0695
http://www.ncbi.nlm.nih.gov/pubmed/26880774
http://doi.org/10.4269/ajtmh.17-0809
http://doi.org/10.1093/trstmh/try036

	Introduction 
	Materials and Methods 
	Ethical Considerations 
	Study Design and Site 
	Identification of O. volvulus in Skin Snips by Microscopy 
	Diagnosis of O. volvulus Infection by OvMANE1 and Ov-16 ELISA Tests 
	Statistical Analyses 

	Results 
	Description of Study Population 
	Comparison of OvMANE1 and Ov-16 ELISA Tests 
	Humoral Immune Response to OvMANE1 and Ov-16 Antigens 

	Discussion 
	References

