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Abstract. The SD BiolineVR IgG4 rapid diagnostic test (RDT) detects IgG4 antibodies induced by the Onchocerca vol-
vulus-specific antigen Ov16. We evaluated the stability of the RDT results over 1 month, at different time points after
completion of each assay, using eluted dried blood spots collected in central Cameroon. Agreement coefficients
regarding positivity between 30 minutes and 24 hours, 1, 2, 3, and 4 weeks were, 96.4%, 93.4%, 93.3%, 93.2%, and
93.2%, respectively. Between 30 minutes and 24 hours, 3.6% of the 15,444 tests showed inconsistent results with
81.2% of these tests changing from negative to positive, increasing O. volvulus antibody prevalence from 23.9% to
26.2% (P , 0.0001). This change from negative to positive outcome was confirmed at the subsequent timepoints.
Depending on the desired accuracy of prevalence estimates, reading time may have to be redefined more strictly.

In 2021, the World Health Organization (WHO) officially
adopted the 2021–2030 roadmap for neglected tropical dis-
eases (NTDs), designed to end the neglect and attain the
sustainable development goals.1 The availability of point-of-
care diagnostics usable at the community level and in
low-resource settings was identified as a core programmatic
and cross-cutting technical dimension for the assessment of
disease-specific actions to meet the 2030 targets. Ov16
serology by ELISA among children ,10 years of age is cur-
rently used in decision-making for stopping mass drug
administration (MDA) and verifying elimination of human
onchocerciasis.2 The availability of a point-of-care rapid
diagnostic test (RDT) and the development of reagents to
facilitate in-country training and support quality assurance
greatly enhanced the operational utility of Ov16 serology in
mapping, monitoring progression toward elimination, and
post-MDA surveillance.3 The test procedure is simple and
based on the qualitative detection of IgG4 antibodies against
the Ov16 antigen. Briefly, 10mL of whole blood, serum, or
plasma is added to the round well of a cassette, and four
drops of a diluent buffer is added into the square assay
well to initiate lateral flow. The results are available in a rect-
angular window as test and control lines and are considered
valid from 20 minutes to 24 hours after addition of diluent
(30 minutes–24 hours if eluted dry blood spots are used).
Reading outside of this timeframe may provide unreliable
results. To further refine the experimental protocol for a new
use of the RDT with dried blood spots (DBS) and compare
the results to those following the manufacturer’s recommen-
dations, we evaluated the stability of the results given by the

Ov16 immunochromatographic RDT over the course of
1 month using eluted DBS.
Samples used in this study were collected in the Okola

health district (Center Region, Cameroon) as part of a project
to evaluate the efficacy of a Test-and-Not-Treat (TaNT) strat-
egy to combat onchocerciasis in areas where the disease is
hypoendemic and where loiasis is coendemic. The TaNT
strategy consists of 1) the identification, using a rapid test, of
those few subjects who harbor high Loa loa microfilaremia
associated with a risk of postivermectin serious adverse
events (. 20,000mf/mL), 2) the exclusion of the latter from
treatment, and 3) the safe treatment of the rest of the popu-
lation with ivermectin.4 During the implementation of the
TaNT strategy in the Okola health district in 2015, DBS were
prepared on filter paper (TropBio Pty Ltd, Queensland, Aus-
tralia) for 15,444 participants and stored at 280�C. To
assess for the presence of Ov16 IgG4 antibodies indicating
exposure to onchocerciasis, the SD BIOLINE Onchocerciasis
IgG4 rapid diagnostic (Abbott Standard Diagnostics, Inc., Yon-
gin, Republic of Korea) was used. Briefly, one earbud (“petal”)
of the DBS sample (�10mL of blood) was eluted overnight at
�4�C in 60mL of the Ov16 RDT buffer provided by the manu-
facturer. After adding 5mL Ov16 RDT buffer to the round sam-
ple well of a barcode-labeled cassette, 10mL of DBS eluate
was pipetted into the same sample well, followed by addition
of 75mL of assay diluent into the square well. The test result
was read at 30 minutes and then again at 24 hours. A subset
of 1,597 cassettes (10.3%) were randomly selected and stored
on shelves at room temperature, in a dried environment with-
out humidity, for weekly follow-up of the stability of the results
for 4 weeks. The results were reported using a semiquantita-
tive score defined by the relative intensity of test and control
lines (Figure 1). Each semiquantitative result was recorded in a
database, and a snapshot of each cassette was taken as
visual backup of the reading. Prior to testing, each Ov16 cas-
sette lot underwent quality assurance testing as previously
described.5

Overall, Ov16 RDT results were consistent in time, with
agreement coefficients between 1) 30 minutes and 2)
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24 hours, 1, 2, 3, and 4 weeks of 96.4%, 93.4%, 93.3%,
93.2%, and 93.2%, respectively. However, between
30 minutes and 24 hours, 3.6% of the 15,444 tests showed
inconsistent results with 81.2% of these tests changing from
negative to positive, increasing the observed Ov16-specific
antibody prevalence from 23.9% to 26.3% (P , 0.0001).
Regarding the subsequent timepoints using the subsample
of 1,597 cassettes, the proportion of positive tests increased
significantly (according to McNemar’s test for matched pairs
of observations) from 27.9% at 30 minutes to 30.4% at
24 hours, 31.5% at 1 week (P , 0.0001), 32.2% at 2 weeks
(P , 0.0001), 32.2% at 3 weeks (P , 0.0001), and 32.5% at
4 weeks (P , 0.0001) (Figure 2). Cuzik’s test confirmed the
significance of the trend toward a higher positivity rate with
time (P 5 0.003). This increase reflects a higher proportion
of changes from negative to positive than from positive to
negative, but changes occurred in both directions. These
changes, either from negatives to positives or from positives
to negatives, only occurred in tests with a score of 0 or 1 at
30 minutes.

We analyzed whether the change in result between
30 minutes and 24 hours was associated with the following
individual parameters: age, sex, presence of L. loamicrofilar-
emia and presence of Mansonella perstans microfilaremia
(during the blood collection survey, a 50mL calibrated blood
smear was performed for each participant to quantify L. loa
and M. perstans microfilarial levels).4 A logistic regression
indicated that the probability of changing from negative to
positive between 30 minutes and 24 hours increased with
the age of the person tested (reference category: 5–10 years
old) and was also higher in individuals with L. loamicrofilare-
mia (Figure 3A). A second logistic regression indicated
that the probability of reversion of the test from positive
to negative tended to be lower in adults than in individuals
, 20 years of age but higher for individuals with L. loamicro-
filaremia (Figure 3B).
This study was designed to test, on a large scale, the stabil-

ity of the results provided by the Ov16 RDT over 1 month. The
results of this study indicate a small, though statistically signifi-
cant, difference in Ov16 RDT results between 30 minutes
and 24 hours, the boundaries of the recommended window
for reading, with a relative increase in positivity of about 10%.
The positivity rate subsequently increased linearly for up to
4 weeks, reaching a relative increase of 35% compared with
initial values. However, the fact that most (88.7%) tests posi-
tive at 24 hours were already positive at 30 minutes indicates
that 30 minutes is sufficient for the assay to react.
Important variations were observed in the outcome of the

test among 30 minutes, 24 hours, and 1 week. The manufac-
turer’s instructions are based on stability of result using whole
blood and plasma or sera samples. Previous studies con-
ducted using an experimental prototype, on 100 blinded spiked
blood specimens, demonstrated stable, and long-lasting test
results.6 The changes (or instability) observed in the present
study only occurred when the test result at 30 minutes was
borderline (intensity of test line was weak compared with the
control line or score #1), and could be due to various factors, in
particular physicochemical factors such as heat, humidity, or
pH that could impact the quality of the test or trigger a decline
in the affinity between antibodies and antigens over time. Also,
the use of DBS in the current study instead of fresh blood or
plasma/serum to perform the test could have affected the
results, because red blood cells or their lysed fragments may
have altered the chemical or visual separation.6,7 Results using
this experimental protocol for running DBS on the Ov16 rapid
tests suggest that the earliest read should be later than in the
current study (1 hour rather than 30 minutes) for the sample
types listed in the manufacturer’s instructions for use.8

We observed that the probability of a negative test to change
to positive was higher in older individuals. The effect of age on
the probability of switching from negative to positive may be
explained by the presence of higher concentrations or a greater
diversity of antibodies after a lifetime of exposure to different
pathogens. Also, the effect of L. loamicrofilaremia on the prob-
ability of a changing result between 30 minutes and 24 hours,
was significant but inconclusive because it affected the change
in both directions. L. loa has previously been incriminated in
the cross-reaction of RDTs for lymphatic filariasis, with a clear
dose-effect relationship between the density of L. loa microfi-
laremia and the probability of the antigen-detecting RDT to
react.9–11 However, the Ov16 RDT was not designed to detect

FIGURE 1. Photographs of Ov16 rapid diagnostic test with the four
possible scores. Score #0 for negative tests with no visible test (T)
line, Score #1 for a positive test with a T line weaker than the control
(C) line, Score #2 for a positive test with a T line approximately as
dark as the C line, and Score #3 for a positive test with a T line darker
than the C line. This figure appears in color at www.ajtmh.org.

FIGURE 2. Evolution of Ov16 rapid diagnostic test results over a
4-week follow-up.
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antigens but specific antibodies and has not been found to be
cross-reactive with L. loawhen used in an IgG4-based format.
Ov16 RDT has been proposed as a surveillance tool for

postcontrol periods to support onchocerciasis control pro-
grams. This test is particularly informative when it is nega-
tive, to prove that a population has not been exposed to
Onchocerca volvulus. This study did reveal notable changes
in the outcome of Ov16 RDT, when used with eluted DBS,
between 30 minutes and 24 hours, thus confirming the sig-
nificant reduction of the limit of detection of the targeted
recombinant Ov16 IgG4 between 30 minutes (25 ng/mL) and
24 hours (15 ng/mL).8 Depending on the desired accuracy of
the prevalence estimate (e.g., whether for onchocerciasis
elimination mapping or decisions to stop MDA),3,12 the time
of reading may have to be redefined more strictly and with
evaluation of sensitivity/specificity using well-characterized
clinical samples over time. Even though the objective of our
study was not to assess the sensitivity/specificity of the
Ov16 RDT, and as such we did not perform comparative
diagnostic testing on the samples to serve as a reference, it
was demonstrated that the sensitivity and specificity of the
Ov16 monoplex RDT approached that reported for the gold
standard Ov16 ELISA.13 The Ov16 ELISA is currently recom-
mended by WHO guidelines for stopping MDA and verifying
elimination of human onchocerciasis. However, Ov16 RDT
used with eluted DBS presents considerable advantages
over the latter: lower limit of detection and higher dilution
factor conferring a higher sensitivity, as well as easier use in
terms of logistics and number of samples processed per
operator and per day.14 Therefore, Ov16 RDT using eluted
RDT appears to be a viable alternative to ELISA Ov16. Evalu-
ation of the performance of these RDTs prior to their use in
stop-MDA assessments has been recommended in the
newly released WHO guidelines.8 Such a comparative phase
to understand the sensitivity and specificity should be
included in future research.
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FIGURE 3. Odds-ratios for changes in Ov16 RDT result between 30 minutes and 24 hours. (A) change from negative to positive on the subsam-
ple of tests that were negative at 30 minutes; (B) change from positive to negative on the subsample of tests that were positive at 30 minutes.

NANA-DJEUNGA AND OTHERS660

mailto:nanadjeunga@crfilmt.org
mailto:capucine.sicard@etu.umontpellier.fr
mailto:audewafo@yahoo.fr
mailto:cedric.chesnais@ird.fr
mailto:hugo.deleglise@cirad.fr
mailto:hugo.deleglise@cirad.fr
mailto:rufine.touka@gmail.com
mailto:rufine.touka@gmail.com
mailto:domche_andre@yahoo.fr
mailto:algolden@path.org
mailto:aklion@niaid.nih.gov
mailto:tnutman@niaid.nih.gov
mailto:michel.boussinesq@ird.fr
mailto:michel.boussinesq@ird.fr
mailto:kamgno@crfilmt.org
mailto:sebastien.pion@ird.fr
mailto:sebastien.pion@ird.fr
https://creativecommons.org/licenses/by/4.0/


REFERENCES

1. WHO, 2020. Ending the Neglect to Attain the Sustainable
Development Goals: A Roadmap for Neglected Tropical Dis-
eases 2021–2030. Geneva, Switzerland: World Health Organi-
zation. License: CC BY-NC-SA 3.0 IGO.

2. WHO, 2016. Guidelines for Stopping Mass Drug Administration
and Verifying Elimination of Human Onchocerciasis: Criteria
and Procedures. Geneva, Switzerland. WHO/HTM/NTD/PCT/
2016.1.

3. Lipner EM, Dembele N, Souleymane S, Alley WS, Prevots DR,
Toe L, Boatin B, Weil GJ, Nutman TB, 2006. 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 194: 216–221.

4. Kamgno J et al., 2017. A test-and-not-treat strategy for
onchocerciasis in Loa loa-endemic areas. N Engl J Med
377: 2044–2052.

5. Golden A et al., 2016. A recombinant positive control for serol-
ogy diagnostic tests supporting elimination of Onchocerca vol-
vulus. PLOS Negl Trop Dis 10: e0004292.

6. Golden A et al., 2013. Extended result reading window in lateral
flow tests detecting exposure to Onchocerca volvulus: a new
technology to improve epidemiological surveillance tools.
PLOS ONE 8: e69231.

7. Dolo H et al., 2019. Integrated seroprevalence-based assess-
ment of Wuchereria bancrofti and Onchocerca volvulus in two
lymphatic filariasis evaluation units of Mali with the SD Bioline

Onchocerciasis/LF IgG4 Rapid Test. PLOS Negl Trop Dis 13:
e0007064.

8. Peck RB, Golden AL, 2019. Assay of Dried Blood Spots Using
the SD BIOLINE Onchocerciasis IgG4 Rapid Test. Seattle,
WA: PATH.

9. Wanji S et al., 2015. Cross-reactivity of filariasis ICT cards in
areas of contrasting endemicity of Loa loa and Mansonella
perstans in Cameroon: implications for shrinking of the lym-
phatic filariasis map in the Central African Region. PLOS Negl
Trop Dis 9: e0004184.

10. Pion SD, Montavon C, Chesnais CB, Kamgno J, Wanji S, Klion
AD, Nutman TB, Boussinesq M, 2016. Positivity of antigen
tests used for diagnosis of lymphatic filariasis in Individuals
without Wuchereria bancrofti infection but with high Loa loa
microfilaremia. Am J Trop Med Hyg 95: 1417–1423.

11. Hertz MI, Nana-Djeunga H, Kamgno J, Jelil Njouendou A, Chawa
Chunda V, Wanji S, Rush A, Fischer PU, Weil GJ, Budge PJ,
2018. Identification and characterization of Loa loa antigens
responsible for cross-reactivity with rapid diagnostic tests for
lymphatic filariasis. PLOS Negl Trop Dis 12: e0006963.

12. de Smet E et al., 2020. Focus of ongoing onchocerciasis transmis-
sion close to Bangui, Central African Republic. Pathogens 9: 337.

13. Unnasch TR, Golden A, Cama V, Cantey PT, 2018. Diagnos-
tics for onchocerciasis in the era of elimination. Int Health
10: i20–i26.

14. WHO, 2020. Report of the third meeting of the WHO Onchocer-
ciasis Technical Advisory Subgroup. Geneva, Switzerland:
WHO. ISBN 978-92-4-000663-8.

STABILITY OF Ov16 IgG4 RDT OVER ONE MONTH 661


