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Abstract. Onchocerciasis is a neglected tropical disease targeted for elimination. The World Health Organization
(WHO) has developed guidelines for the verification of onchocerciasis elimination that include entomological and epide-
miological criteria. The latter require demonstrating with statistical confidence that the infection prevalence in children is less
than 0.1%, necessitating an assay with a high degree of specificity. We present an analysis of the performance of the
Onchocerciasis Elimination Program for the Americas (OEPA) version of the Ov16 enzyme-linked immunosorbant assay
(ELISA) when used under operational conditions. In Africa and Latin America, the assay demonstrated 99.98% specificity in
69,888 children in 20 foci where transmission was believed to be interrupted. The assay produced a prevalence estimate
equal to that of skin snip microscopy when applied in putatively hypo-endemic zones of Ethiopia. The OEPA Ov16 ELISA
demonstrated the specificity required to be effectively deployed to verify transmission elimination under the WHO guidelines,
while exhibiting a sensitivity equivalent to skin snip microscopy to identify hypo-endemic areas.

Onchocerciasis (river blindness) is one of humanity’s The WHO guidelines recommend the use of assays to de-
neglected tropical diseases that may be eliminated by mass tect the presence of immunogobulin G4 antibodies to Ov16, a
chemotherapy in the coming years.” It is caused by the filarial 16 kDa antigen present in all stages of the parasite’s lifecycle.®
parasite Onchocerca volvulus which is transmitted by some The strategy is to measure Ov16 antibody prevalence in chil-
species of Simulium black flies. In 2001, the World Health dren, who, having been born since the advent of the elimina-
Organization (WHO) issued guidelines for the verification of tion program, should not be exposed to the parasite if the
elimination of onchocerciasis transmission, which were re- program is successful. The Ov16 antigen has two character-
vised in 2016.2 Both versions describe a four-stage elimina- istics that are useful for this purpose. First, it is expressed in
tion process: 1) launching mass drug administration (MDA) developing parasites and may elicit an antibody response
with ivermectin; 2) suppression of parasite transmission; 3) before the appearance of skin microfilaria.* Second, an Ov16
interruption of transmission, when MDA is discontinued and a response may develop in situations that ultimately do not re-
3- to 5-year posttreatment surveillance (PTS) period is sult in a patent infection (e.g., unsuccessful or single-sex in-
launched; and 4) demonstration that transmission has not fections). Ov16 antibodies may therefore represent a more
recrudesced during the PTS period, at which time trans- sensitive and timely indicator of ongoing parasite trans-
mission elimination may be declared. When all its transmission mission than detection of patent infections using classic skin
zones have been declared eliminated, a country may request snips read for microfilaria by light microscopy.

WHO verification. Where a0.1% infection prevalence must be excluded, it is of

The WHO provides specific guidance on entomological and utmost importance to maximize the specificity of the assay to
epidemiological surveys to be conducted during the final two achieve the highest positive predictive value possible. This
stages of elimination. Both components are equally important can be carried out at the expense of sensitivity because clin-
in the “stop MDA” surveys, which require that programs ical decisions are not made on the basis of individual test
demonstrate that the upper bound of the 95% confidence results, and therefore a relatively poor sensitivity can be
interval (Cl) (95% ULCI) of the prevalence of O. volvulus in- compensated for by adjusting the sample size upward by a
fection in children under the age of 10 years is less than 0.1%, factor that is roughly the sample size necessary to achieve a
and that the 95% ULCI of the prevalence of vectors carrying goal using an assay with perfect sensitivity divided by the
infective-stage O. volvulus larvae is less than 0.05%.2 “Post actual sensitivity.® For example, if one is to say with 95%
MDA?” surveys rely primarily on entomological data, although confidence that less than 0.1% of a population is positive, one
serological data may also be collected.? must test 3,000 individuals and have none test positive if one is

using an assay with a sensitivity of 100%. If one reduces the
sensitivity to 99%, one must test 3,030 individuals and have
* Address correspondence to Thomas R. Unnasch, Center for Global
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95% confidence that a 1.1% positive rate in the test pop-
ulation (1% false positive rate plus 0.1% true positive rate) is
significantly higher than the 1% false positive rate. To do so
will require testing more than 63,000 individuals.®

Before the deployment of the Ov16 ELISA, the Onchocer-
ciasis Elimination Program for the Americas (OEPA) supported
laboratory studies to operationalize the assay. Panels of
known positive and negative samples were used to set a cutoff
necessary to produce the degree of specificity necessary to
meet the demands of the WHO threshold for verifying trans-
mission elimination. A detailed version of the resultant “OEPA”
Ov16 ELISA protocol has been published.® However, the ac-
tual specificity and sensitivity of this assay has not been ex-
amined under operational conditions.

The OEPA Ov16 ELISA, coupled with polymerase chain
reaction (PCR) confirmation of skin biopsies (snips) to detect
patent infections in Ov16-positive individuals, has been used
for a decade as a tool in successful stop-MDA surveys in Latin
America and Africa.” 2% To evaluate the specificity of the OEPA
Ov16 ELISA, we collected and analyzed the raw data from all
successful stop-MDA surveys conducted by Carter Center—
assisted laboratories in Latin America and Africa where indi-
viduals positive in the Ov16 ELISA were subject to confirmation
using skin snip PCR, following WHO recommendations. Data
from one PTS study from Sudan, which included a serological
component, was also included.?® We felt that testing previously
endemic populations was an ideal way to assess assay spec-
ificity, compared with calculating specificity using non-
endemic individuals. All data were collected through routine
surveillance activities conducted by the respective countries’
ministries of health, and thus was not considered as human
subjects research.

Results from testing 69,888 children resident in 20 oncho-
cerciasis transmission zones (foci) from Africa (10 foci) and
Latin America (10 foci) were included in the study. Of these, 13
individuals were positive in the Ov16 ELISA (Table 1). All were
tested with the recommended confirmatory assay (O-150

TaBLE 1

PCR analysis of DNA extracted from skin snips®*); none were
positive. If we assume the worst-case scenario in which all 13
of these children represented false positives, the field speci-
ficity of the assay was 99.98%.

We then evaluated the sensitivity of the Ov16 ELISA assay
using data collected as part of a mapping exercise to identify
previously undiscovered onchocerciasis foci in Ethiopia. This
activity, conducted by the Ethiopian Ministry of Health with
assistance from The Carter Center, used a combination of
standard skin snips (read by light microscopy to detect mi-
crofilaria) and Ov16 ELISA of resident adults (aged 18-90
years) in untreated districts adjacent to areas that had been
previously identified as hyper- or meso-endemic for oncho-
cerciasis. The data collected were part of the routine surveil-
lance activities conducted by the Ethiopian Ministry of Health
and thus not considered as human subjects research. The
results are summarized in Table 2. Seven (0.7%, 95% CI:
0.2-1.2%) of the 1,026 individuals tested were positive by skin
ship, whereas 12 (1.2%, 95% CI: 0.5-1.8%) were positive in
the Ov16 ELISA. Although Ov16 prevalence was roughly twice
the standard skin snip prevalence, the estimates were not
significantly different (P > 0.05; x° test). Only three individuals
were positive in both assays. Taking the skin snip as the gold
standard, the Ov16 assay exhibited a sensitivity of 43%.

These data suggest that the Ov16 ELISA using the OEPA
protocol exhibits a high degree of specificity under operational
conditions. The assay, when applied to populations where
transmission was believed to have been interrupted, was
99.98%. This calculation assumes that all of the positives seen
were indeed false positives. However, it is possible that the
some of these persons classified as false Ov16 positives were
true positives. First, it is well known that microscopic exami-
nation of single skin snips is an insensitive indicator when
applied to individuals with low-density infections.?® One
would expect to encounter low-density infections in children
who had likely been treated with ivermectin and as aresult had
suppressed skin microfiladermia. Second, it is possible that

Summary of Ov16 serosurveys in stop MDA and PTS surveys

Country Focus Year No. tested Ov16 positive Reference
Sudan Abu Hamad (stop MDA) 2009 6,756 0 12
Abu Hamad (PTS) 2014 5,266 1 23
Uganda Mount Elgon 2015 3,072 0 16
Imaramagambo 2015 3,256 0 19
ltwara 2015 3,045 0 13
Kashoya Kitomi 2017 3,018 0 20
Maracha Terego 2011 6,634 0 -
Mpamba Nkusi 2015 3,048 0 17
Nyamugasani 2011 1,437 2 -
Obongi 2011 3,308 3 21
Wambabya 2017 3,079 0 -
Mexico Southern Chiapas 2010 4,230 2 14
Oaxaca 2008 242 0 8
Northern Chiapas 2006 305 0 9
Ecuador Esmeraldas 2009 2,012 5 15
Central Endemic Zone 2010 3,417 0 18
Santa Rosa 2004 3,232 0 7
Huehuetenango 2007 3,118 0 10
Venezuela North Central 2008-2010 2,089 0 1
North East 2012 3,994 0 -
Colombia - 2007 64 0 22
Total - - 69,888 13 -

PTS = posttreatment surveillance.
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TABLE 2

Performance of the Ov16 ELISA vs. standard skin snip microscopy in
putatively hypo-endemic zones of Ethiopia

Skin snip positive Skin snip negative Total
Ov16 positive 3 9 12
Ov16 negative 4 1,010 1,016
Total 7 1,019 1,026

some of the ELISA-positive individuals were exposed but had
not developed a patent infection and were, therefore, negative
by skin snip PCR. Thus, 99.98% must be considered the lower
limit of the operational specificity of the OEPA Ov16 ELISA.

When judged against the standard microscopic examina-
tion of skin snips, the OEPA Ov16 ELISA had a sensitivity less
than 50%. However, on a population basis, the Ov16 ELISA
predicted a prevalence almost twice that of standard skin snip
microscopy (although the difference was statistically in-
significant). If it is assumed that all of the positives detected by
the Ov16 ELISA were true positives (a reasonable assumption,
given the high specificity of the assay when tested on endemic
negatives), the Ov16 assay is likely to be a somewhat more
sensitive indicator than skin snip microscopy for the detection
of infection in low-prevalence situations.

Both the skin snip and Ov16 ELISA are insensitive assays when
applied to areas where infection prevalence is low. The lack of
sensitivity can be somewhat compensated for by increasing the
sample size tested. For example, the current WHO guidelines call
for testing 3,000 children and finding all to be negative to con-
clude that transmission has been interrupted in a given focus and
treatment may be discontinued.? However, this estimate as-
sumes an assay sensitivity of 100%. Accounting for a lower
sensitivity (say 43% as estimated against the abovementioned
skin snip) will require testing roughly 7,000 individuals.?® Testing
such a large number of individuals will mean that the assay would
reach its limits imposed by assay specificity. For example, if one
assumes that the specificity calculations presented previously
are correct, one would expect to encounter a false positive
roughly once in every 5,300 individuals tested. Therefore, one
would expect to find at least one false positive in every group of
the roughly 7,000 individuals that would need to be tested to meet
the current WHO guidelines, when using a test with 43% sensi-
tivity. Thus, a confirmatory assay would still be necessary to weed
out false positives, even though the Ov16 ELISA exhibits a very
high specificity. Currently, the WHO guidelines recommend the
skin snip PCR assay as the confirmatory assay to be used in
conjunction with the Ov16 ELISA.2 But, the skin snip PCR assay
suffers from some significant drawbacks when used as a confir-
matory assay under the conditions specified by the WHO guide-
lines. First, the Ov16 ELISA the guidelines recommend applying
the Ov16 ELISA to measure exposure in children, as a surrogate
for measuring incidence. The reasoning behind this is that children
born after effective control is implemented should not be exposed
to the parasite. However, microfilaria infection intensities in chil-
drenare likely to be quite low, and sensitivity of the skin snip is poor
in low-density infections.?® Furthermore, children older than the
age of five are eligible to receive ivermectin, and such treatment
would further suppress skin microfliadermia, further reducing the
sensitivity of the skin snip PCR assay.

Ideally, a confirmatory assay to replace the skin snip would
exhibit a high degree of sensitivity and specificity, would de-
tect exposure as does the Ov16 ELISA, but be independent
from the Ov16 assay. Adaptation of LIPS technology to the

detection of antibodies to Ov16 and the use of other antigens
has shown promise in this regard.?”2® |deally, these assays
may be available to replace the skin snip PCR as a confirma-
tory assay in the near future.

Finally, the current WHO elimination guidelines leave little
choice but to deploy a test parameterized toward the highest
possible specificity to meet the stringent cutoff of an ULCI
of < 0.1%. Recent modeling suggests that this cutoff is too
stringent under most endemiological conditions.?® If this were
the case, biasing the OV16 cutoff toward maximum specificity
can be relaxed, resulting in considerable improvement in the
test’s sensitivity, which is understandably often criticized. Re-
vising the cutoff would have several practical advantages, such
as allowing less stringent assay conditions and adecrease in the
number of samples that would need to be tested to verify that
transmission had been interrupted. We recommend that the
necessary studies be performed to support revising the current
WHO guidelines for onchocerciasis elimination serological
breakpoints.

Received April 20, 2018. Accepted for publication May 31, 2018.
Published online July 16, 2018.

Acknowledgments: We would like to thank the field and laboratory
workers in Ethiopia (Tewodros Seid, Tekola Endeshaw, Fikresilasie
Samuel, Henok Birhanu, Tadesse Asmare, and Sindew Mekasha),
Sudan (Wigdan A. Elmubark), and Uganda (Christine Nahabwe,
Monica Ngabirano, and Paul Akampurira). We also thank the field and
laboratory workers of the Ministry of Health of Guatemala and the
Universidad del Valle de Guatemala (Mynor Lopez, Jorge Sincal, Jose
Humberto Miguel, Rodrigo Gramajo, Marvin Chiquita, Auri Paniagua,
Alicia Castillo, Enio Morales, Jose Luis Boteo, Aura Paniagua, Lisbeth
Paniagua, Oscar de Leon, Adriana Santis, and Renata Mendizabal de
Cabrera). We also thank the brigades (field workers) of the Ministry of
Health in the states of Oaxaca and Chiapas who collected the samples
and the federal health higher authorities (CENAPRECE, Ministry of
Health, Mexico) who coordinated field activities. The Uganda and
Guatemala programs recognize the contributions of the late Nancy
Cruz-Ortiz for the development and implementation of the Ov16 ELISA
in their countries. George Punkosdy is recognized for his work in the
original standardization of the OEPA OV16 ELISA.

Financial support: This work received financial support from The
Carter Center (with grants from The Margaret A. Cargill Philanthropies,
the Centers for Disease Control and Prevention, the Bill & Melinda
Gates Foundation, the Lions Clubs International Foundation, the
OPEC Fund for International Development, the Carlos Slim Founda-
tion, USAID, and USAID’s ENVISION project led by RTI International).

Disclaimer: The authors’ views expressed in this publication do not
necessarily reflect the views of the United States Agency for In-
ternational Development or the United States Government.

Authors’ addresses: Frank O. Richards Jr. and Moses Katabarwa, The
Carter Center, Atlanta, GA, E-mails: frank.richards@cartercenter.org
and moses.katabarwa@cartercenter.org. Firdaweke Bekele, Zerihun
Tadesse and Aderajew Mohammed, Onchocerciasis Molecular
Laboratory, Addis Ababa, Ethiopia, E-mails: firdaweke.bekele@
cartercenter.org, zerihun.tadese@cartercenter.org, and aderajew.
mohammed@cartercenter.org. Mauricio Sauerbrey and Alfredo
Dominguez-Vazquez, Onchocerciasis Elimination Program for the Amer-
icas, Guatemala City, Guatemala, E-mails: oepa@oepa.net and
adominguez@oepa.net. Mario A. Rodriguez-Perez and Nadia A.
Femandez-Santos, Centro de Biotecnologia Genomica, Instituto Poli-
tecnico, Reynosa, Mexico, E-mails: drmarodriguez@hotmail.com and
nadiafriend@hotmail.com. Nidia Rizzo, Residence L’Ambassadeur, Fer-
ney Voltaire, France, E-mail: nirurimo@hotmail.com. Harland R. Schuler
Martinez, Servicio Auténomo Instituto de Biomedicina Dr. Jacinto Convit,
Ministerio del Poder Popular para la Salud, Venezuela, E-mail:
harlandschuler@gmail.com. Raquel Lovato Silva, Ministerio de Salud
Publica del Ecuador, Quito, Ecuador, E-mail: raquel.lovato@msp.gob.
ec. Zoraida Morales Monroy, Ministerio de Salud de Guatemala,


mailto:frank.richards@cartercenter.org
mailto:moses.katabarwa@cartercenter.org
mailto:firdaweke.bekele@cartercenter.org
mailto:firdaweke.bekele@cartercenter.org
mailto:zerihun.tadese@cartercenter.org
mailto:aderajew.mohammed@cartercenter.org
mailto:aderajew.mohammed@cartercenter.org
mailto:oepa@oepa.net
mailto:adominguez@oepa.net
mailto:drmarodriguez@hotmail.com
mailto:nadiafriend@hotmail.com
mailto:nirurimo@hotmail.com
mailto:harlandschuler@gmail.com
mailto:raquel.lovato@msp.gob.ec
mailto:raquel.lovato@msp.gob.ec

752

Guatemala City, Guatemala, E-mail: zoraidamoralesmonroy@gmail.
com. Peace Habomugisha, The Carter Center, Kampala, Uganda,
E-mail: peace.habo@cartercenter.org. David W. Oguttu, NTD Control
Program, Vector Control Division, Ministry of Health, Kampala,
Uganda, E-mail: dguttu@gmail.com. Issam M. A. Zarroug, Ministry of
Health, Khartoum, Sudan, E-mail: imazarroug@gmail.com. Nabil A.
Aziz, The Carter Center, Khartoum, Sudan, E-mail: nabilamawadallah@
cartercenter-sd.org. Thomas R. Unnasch, Center for Global Health In-
fectious Diseases, University of South Florida, Tampa, FL, E-mail:
tunnasch@nhealth.usf.edu.

10.

11.

12.

13.

14.

REFERENCES

. Anonomous, 2012. London Declaration on Neglected Tropi-

cal Diseases. Available at: www.UnitingToCombatNTDs.
org. Accessed March 26, 2018.

. World Health Organization, 2016. Guidelines for Stopping Mass

Drug Administration and Verifying Elimination of Human on-
chocerciasis: Criteria and Procedures. WHO document WHO/
HTM/NTD/PCT/2016.1. Geneva, Switzerland: WHO.

. Lobos E, Altmann M, Mengod G, Weiss N, Rudin W, Karam M,

1990. Identification of an Onchocerca volvulus cDNA encoding
a low-molecular-weight antigen uniquely recognized by on-
chocerciasis patient sera. Mol Biochem Parasitol 39: 135-146.

. Eberhard ML et al., 1995. Onchocerca volvulus: parasitologic and

serologic responses in experimentally infected chimpanzees
and mangabey monkeys. Exp Parasitol 80: 454-462.

. Unnasch TR, Golden A, Cama V, Cantey P, 2018. Diagnostics for

onchocerciasis in the era of elimination. Int Health 10: i20-i26.

. Oguttu D et al., 2014. Serosurveillance to Monitor onchocerciasis

elimination: the Ugandan experience. Am J Trop Med Hyg 90:
339-345.

. Lindblade KA et al., 2007. Elimination of Onchocerca volvulus

transmission in the Santa Rosa focus of Guatemala. Am J Trop
Med Hyg 77: 334-341.

. Rodriguez-Perez MA, Lizarazo-Ortega C, Hassan HK, Dominguez-

Vasquez A, Mendez-Galvan J, Lugo-Moreno P, Sauerbrey M,
Richards F Jr., Unnasch TR, 2008. Evidence for suppression of
Onchocerca volvulus transmission in the Oaxaca focus in Mex-
ico. Am J Trop Med Hyg 78: 147-152.

. Rodriguez-Perez MA, Unnasch TR, Dominguez-Vasquez A,

Morales-Castro AL, Richards F, Pena-Flores GP, Orozco-
Algarra E, Prado-Velasco G, 2010. Lack of active Onchocerca
volvulus transmission in the northern Chiapas focus of Mexico.
Am J Trop Med Hyg 83: 15-20.

Cruz-Ortiz N, Gonzalez RJ, Lindblade KA, Richards FO Jr.,
Sauerbrey M, Zea-Flores G, Dominguez A, Oliva O, Catu E,
Rizzo N, 2012. Elimination of Onchocerca volvulus trans-
mission in the Huehuetenango focus of Guatemala. J Parasitol
Res 2012: 638429.

Convit J, Schuler H, Borges R, Olivero V, Dominguez-Vazquez A,
Frontado H, Grillet ME, 2013. Interruption of Onchocerca vol-
vulus transmission in northern Venezuela. Parasit Vectors 6:
289.

Higazi TB et al., 2013. Interruption of Onchocerca volvulus
transmission in the Abu Hamed focus, Sudan. Am J Trop Med
Hyg 89: 51-57.

Lakwo TL et al., 2013. The disappearance of onchocerciasis from
the ltwara focus, western Uganda after elimination of the vector
Simulium neavei and 19 years of annual ivermectin treatments.
Acta Trop 126: 218-221.

Rodriguez-Pérez M, Dominguez-Vazquez A, Unnasch TR,
Hassan HK, Arredondo-Jiménez JI, Orozco-Algarra ME,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

RICHARDS AND OTHERS

Rodriguez-Morales KB, Rodriguez-Luna IC, Prado-Velasco
FG, 2013. Interruption of transmission of Onchocerca volvulus
in the southern Chiapas focus, México. PLoS Negl Trop Dis 7:
e2133.

Lovato R, Guevara A, Guderian R, Proano R, Unnasch T, Criollo H,
Hassan HK, MacKenzie CD, 2014. Interruption of infection
transmission in the onchocerciasis focus of Ecuador leading to
the cessation of ivermectin distribution. PLoS Negl Trop Dis 8:
e2821.

Katabarwa M et al., 2014. Transmission of Onchocerca volvulus
by Simulium neavei in Mount Elgon focus of eastern Uganda
has been interrupted. Am J Trop Med Hyg 90: 1159-1166.

Lakwo TL et al., 2015. Successful interruption of the transmission
of Onchocerca volvulus in Mpamba-Nkusi focus, Kibaale dis-
trict, mid-western Uganda. East Afr Med J 92: 401-407.

Richards F Jr. et al., 2015. One hundred years after its discovery in
Guatemala by Rodolfo Robles, Onchocerca volvulus trans-
mission has been eliminated from the central endemic zone.
Am J Trop Med Hyg 93: 1295-1304.

Katabarwa MN et al., 2016. The Imaramagambo onchocerciasis
focus in southwestern Uganda: interruption of transmission
after disappearance of the vector Simulium neavei and its as-
sociated freshwater crabs. Am J Trop Med Hyg 95: 417-425.

Lakwo T et al., 2017. Interruption of the transmission of Oncho-
cerca volvulus in the Kashoya-Kitomi focus, western Uganda
by long-term ivermectin treatment and elimination of the vector
Simulium neavei by larviciding. Acta Trop 167: 128-136.

LuroniLTetal.,2017. Theinterruption of Onchocerca volvulus and
Wuchereria bancrofti transmission by integrated chemotherapy
in the Obongi focus, north western Uganda. PLoS One 12:
e€0189306.

Nicholls RS, Duque S, Olaya LA, Lopez MC, Sanchez SB, Palma
Gl, Morales AL, 2018. Elimination of onchocerciasis from
Colombia: first proof of concept of river blindness elimination in
the world. Parasit Vectors 11: 237.

Zarroug IM et al., 2016. The first confirmed elimination of an on-
chocerciasis focus in Africa: Abu Hamed, Sudan. Am J Trop
Med Hyg 27: 1037-1040.

Toe L, Merriweather A, Unnasch TR, 1994. DNA probe based
classification of Simulium damnosum s.I. borne and human
derived filarial parasites in the onchocerciasis control pro-
gramme area. Am J Trop Med Hyg 51: 676-683.

Boatin BA, Toe L, Alley ES, Nagelkerke NJ, Borsboom G,
Habbema JD, 2002. Detection of Onchocerca volvulus infection
in low prevalence areas: a comparison of three diagnostic
methods. Parasitology 125: 545-552.

Johnson WO, Su C-L, Gardner IA, Christensen R, 2004. Sample
size calculations for surveys to substantiate freedom of pop-
ulations from infectious agents. Biometrics 60: 165-171.

Burbelo PD, Leahy HP, ladarola MJ, Nutman TB, 2009. A four-
antigen mixture for rapid assessment of Onchocerca volvulus
infection. PLoS Negl Trop Dis 3: e438.

Lagatie O, Verheyen A, Nijs E, Van Dorst B, Batsa Debrah L,
Debrah A, Supali T, Sartono E, Stuyver LJ, 2018. Evaluation of
the diagnostic performance of Onchocerca volvulus linear
epitopes in a peptide enzyme-linked immunosorbent assay.
Am J Trop Med Hyg 98: 779-785.

Lont YL, Coffeng LE, de Vlas SJ, Golden A, de Los Santos T,
Domingo GJ, Stolk WA, 2017. Modelling anti-Ov16 IgG4 anti-
body prevalence as an indicator for evaluation and decision
making in onchocerciasis elimination programmes. PLoS Neg/
Trop Dis 11: €0005314.


mailto:zoraidamoralesmonroy@gmail.com
mailto:zoraidamoralesmonroy@gmail.com
mailto:peace.habo@cartercenter.org
mailto:dguttu@gmail.com
mailto:imazarroug@gmail.com
mailto:nabilamawadallah@cartercenter-sd.org
mailto:nabilamawadallah@cartercenter-sd.org
mailto:tunnasch@health.usf.edu
http://www.UnitingToCombatNTDs.org
http://www.UnitingToCombatNTDs.org

