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We screened 650 febrile patients from Benin for Rift Val-
ley fever and Crimean-Congo hemorrhagic fever viruses
during 2022—-2023. None were positive by reverse tran-
scription PCR; 1.1% and 0.3%, respectively, had virus-
specific IgG. False-positive results from malaria-associ-
ated antibodies likely reacting with histidine-tagged viral
antigens mandate careful validation of serologic tests in
malaria-endemic regions.

ift Valley fever virus (RVFV; family Phenuiviri-

dae) and Crimean-Congo hemorrhagic fever virus
(CCHFV; family Nairoviridae) are arthropodborne
viruses endemic to Africa and the Arabian Peninsula
(1,2) and high-priority pathogens that can cause le-
thal hemorrhagic fever (2-4) (https:/ /www.who.int/
publications/m/item/WHO-BS-2023-2449). In West
Africa, RVFV and CCHFV are considered endemic
in Senegal and Mauritania (1,2); regional circulation
seems likely in Guinea, Burkina Faso, Ghana, and Ni-
geria (2). In Benin, CCHFV antibodies were reported
in humans in 1981, but RVFV and CCHFV epidemiol-
ogy remains unknown (1,2). Both RVFV and CCHFV
infect diverse animals reared as livestock (3). Benin
has been undergoing changes in traditional cattle
farming, including increased herd sizes and sedenta-
rization (5), which may intensify RVFV and CCHFV
circulation. We collected serum samples for routine
diagnostic examinations for RVFV and CCHFV in 7
hospitals located across 700 km and 3 ecozones in
Benin (Appendix Table, Figure, https:/ /wwwnc.cdc.
gov/EID/article/31/8/25-0020-Appl.pdf).

We investigated serum samples from 650 febrile
patients (mean age 26.7 [interquartile range 18-34]
years; 70.3% female, 29.7% male) who were seen
during December 2022-January 2023. We analyzed
samples for acute RVFV and CCHFV infection us-
ing PCR-based methods and had no positive results
(Appendix). However, we detected IgG by using
commercially available ELISA kits (RVFV, com-
petitive ELISA; ID.Vet, https://bioadvance.life/
en/id-vet-2; CCHFV, indirect ELISA; Euroimmun,
https:/ /www.euroimmun.com) with viral nucleo-
proteins as antigens. We confirmed CCHFV ELISA
results by using a CCHFV immune complex capture
IgG ELISA (Panadea Diagnostics, https://www.
panadea-diagnostics.com) and RVFV and CCHFV
ELISA results by indirect IgG immunofluorescence
assays (IFAs).
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The competitive RVFV IgG ELISA was positive in
10 (1.5%, 95% CI 0.6%-2.5%) samples; 7 were positive
by RVFV IFA with high endpoint titers of 1:1,000-
12,500 serum dilution (Figure 1, panel A; Figure 2,
panel A; Appendix Table). Differential test sensitiv-
ity might cause discordant ELISA and IFA results,
but ELISA reactivity was not weaker in IFA-negative
samples compared with IFA-positive samples (p =
0.83 by Mann-Whitney U test). By indirect ELISA, 40
(6.1%, 95% CI 4.3%-8.0%) samples were positive for
CCHEFV, but only 5 samples tested positive by im-
mune capture ELISA (Figure 2, panels B, C). Of those
5 samples, we confirmed 2 by CCHFV IFA, with low
endpoint titers of 1:20-1:80 (Figure 1, panel B; Appen-
dix Table). IFA-negative samples showed low reactiv-
ity in the immune capture ELISA, suggesting differ-
ential sensitivity or need to adjust ELISA positivity
thresholds (Figure 2, panel C).

Discrepancies among detection rates of the
2 CCHFV ELISA tests and IFA were surprising.
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Figure 1. IFA for IgG against Rift Valley and Crimean-Congo hemorrhagic fever viruses, Benin, 2022-2023. A) Serum samples were
tested using a commercial IFA (Euroimmun, https://www.euroimmun.com) with Rift Valley fever virus—infected Vero cells. Positive
samples are shown at 1:100 dilution; white arrows mark infected cells. B) Serum samples were tested using in-house IFA with Crimean-
Congo hemorrhagic fever virus—infected Vero cells (Appendix, https://wwwnc.cdc.gov/ElD/article/31/8/25-0020-App1.pdf). Positive
samples are shown at 1:10 dilution; white arrows mark infected cells. Titers are provided for the individual samples (Appendix Table).
Noninfected controls are shown. Scale bars indicate 20 um. +, positive serum sample; IFA, immunofluorescence assay.
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Unspecific ELISA reactivity can occur; for example,
malaria or herpes virus infection might cause un-
specific B-cell stimulation (6,7). Antibodies against
Plasmodium falciparum parasites’ histidine-rich pro-
teins occur in =25% of people in malaria-endemic
areas and decrease sensitivity of rapid diagnostic
tests (8). During in vitro antigen production for se-
rologic tests, <6 histidine residues are frequently
added to expression constructs for protein purifica-
tion (9). Increasing externally added histidine con-
centrations led to significantly decreased CCHFV in-
direct ELISA reactivity in potentially false-positive
samples (p = 0.41; p = 0.0015) (Figure 2, panel D). In
contrast, reactivities of likely true-positive samples
(i.e., confirmed by IFA or immune capture ELISA)
and likely true-negative samples were not affected
by incremental histidine concentrations. Those data
substantiated that antibodies potentially elicited
by previous or acute Plasmodium infections target-
ing histidine-rich epitopes might have interacted
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Figure 2. ELISA reactivity for Rift Valley and Crimean-Congo hemorrhagic fever viruses, Benin, 2022-2023. IgG ELISA (ID.Vet, https://
bioadvance.life/en/id-vet-2) for RVFV for which a sample/negative percentage <40.0 is considered positive. IgG ELISAs (Euroimmun,
https://www.euroimmun.com; Panadea Diagnostics, https://www.panadea-diagnostics.com) for CCHFV for which ratios >1.1 are considered
positive according to the manufacturer. A) RVFV competitive ELISA (ID.Vet) using nucleoprotein as antigen. Positive samples, n = 10/650.
B) CCHFV indirect ELISA (Euroimmun) using nucleoprotein as antigen. Positive samples, n = 40/650. C) CCHFV immune complex

capture ELISA (Panadea) using nucleoprotein as antigen. Positive samples, n = 5/92. D) Reduced indirect IgG ELISA reactivity of CCHFV
(Euroimmun) with poly-L-histidine concentrations of 0.01, 0.05, 0.10, 0.50, 1.00, and 2.00 mg/mL. Box plots show sample distribution,
displaying medians (thick lines within boxes) and interquartile ranges (box top and bottom edges); whiskers indicate 1.5x interquartile
range. Red lines show cutoff levels for ELISAs; gray shading shows the area for borderline results; black triangles show samples positive
by RVFV immunofluorescence assay; blue triangles show samples positive by CCHFV immunofluorescence assay. The Spearman
correlation was performed in R, and boxplots for RVFV and CCHFV were plotted using the ggplot2 package in R (https://www.r-project.org).
Because of the low detection rates of RVFV-specific and CCHFV-specific IgG, negative reverse transcription PCR results, and low serum
volumes, we did not perform IgM analyses. CCHFV, Crimean-Congo hemorrhagic fever virus; RVFV, Rift Valley fever virus.

with likely histidine-tagged indirect ELISA antigens
to cause the observed reactivity pattern, including
multiple likely false-positive test results. Other his-
tidine-rich immunogens might also have elicited po-
tentially cross-reactive antibodies, yet malaria-asso-
ciated immune responses remain the most plausible
explanation because of the abundance of malaria in
sub-Saharan Africa and a similar rate of potentially
false-positive COVID-19 results in a previous se-
rologic study (6). Although the competitive RVFV
ELISA and immune complex capture-based CCHFV
ELISA might be more specific than indirect ELISA
formats, we only considered IFA-positive results for
conservative assessment of the RVFV antibody de-
tection rate of 1.1% (95% CI 0.3%-1.9%; n = 7/650)
and of the CCHFV antibody detection rate of 0.3%
(95% CI-0.1% to 0.7%; n =2/650) (Appendix Table).
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Our serologic data thus substantiated circula-
tion of RVFV and CCHFV in Benin (Appendix Ta-
ble), albeit at relatively low rates that are largely
comparable to neighboring countries (1,2). Live-
stock rearing in Benin is transitioning to partly sed-
entary systems with larger cattle herds (5), which
highlights the need to continuously monitor RVFV
and CCHFV circulation in humans and cattle (10)
and support with robust serologic tests validated
for specificity in malaria-endemic regions and di-
rect detection of pathogens in arthropod vectors,
such as Culex and Aedes mosquitoes for RVFV and
Hyalomma ticks for CCHFV.

The main limitation of our study is that it is a non-
representative sample. However, including febrile
patients from 7 hospitals across 3 ecozones provides
broad geographic and ecologic coverage (1).
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Beyond surveillance, strategies for future vac- 8
cination of livestock and humans will benefit from
robust epidemiologic data on RVFV and CCHFV to
efficiently use resources across sub-Saharan Africa.
Serologic tests relying on tag-free protein production, 9
alternative tags, and careful validation of histidine-
tagged antigens for specificity are mandatory for use
of antibody tests in malaria-endemic regions. 10.

Acknowledgments
We thank Dominik Lehman and Marta Piche-Ovares for
technical support.

This study was approved by the Charité-Universititsmedizin Address for correspondence: Jan Felix Drexler, Institute of

Berlin (ethical permit no. EA2/251/23) and the Institute of
Applied Biological Science in Benin (reference no. 184).

Virology, Charitéplatz 1, 10117 Berlin, Germany; email:
felix.drexler@charite.de

This study was supported by the German Federal
Ministry of Economic Cooperation and Development
via the Deutsche Gesellschaft fiir Internationale
Zusammenarbeit GmbH (project no. 81305758).

About the Author

Ms. Olk is a researcher at the Institute of Virology, Charité
Universitdtsmedizin Berlin. Her research interests include
the epidemiology of emerging viruses.

Complete Genome Analysis
of African Swine Fever Virus
Isolated from Wild Boar,
India, 2021

References

1. Tinto B, Quellec J, Cétre-Sossah C, Dicko A, Salinas S,
Simonin Y. Rift Valley fever in West Africa: a zoonotic
disease with multiple socio-economic consequences.
One Health. 2023;17:100583. https://doi.org/10.1016/
j.onehlt.2023.100583

2. Temur Al, Kuhn JH, Pecor DB, Apanaskevich DA,
Keshtkar-Jahromi M. Epidemiology of Crimean-Congo
hemorrhagic fever (CCHF) in Africa—underestimated for
decades. Am ] Trop Med Hyg. 2021;104:1978-90.
https:/ /doi.org/10.4269/ ajtmh.20-1413

3. Hawman DW, Feldmann H. Crimean-Congo haemorrhagic
fever virus. Nat Rev Microbiol. 2023;21:463-77.
https:/ /doi.org/10.1038/s41579-023-00871-9

4. Petrova V, Kristiansen P, Norheim G, Yimer SA. Rift valley
fever: diagnostic challenges and investment needs for
vaccine development. BMJ Glob Health. 2020;5:002694.
https:/ /doi.org/10.1136/bmjgh-2020-002694

5. Houessou SO, Dossa LH, Diogo RVC, Houinato M,
Buerkert A, Schlecht E. Change and continuity in traditional
cattle farming systems of West African Coast countries: a
case study from Benin. Agric Syst. 2019;168:112-22.
https://doi.org/10.1016/j.agsy.2018.11.003

6. Yadouleton A, Sander AL, Moreira-Soto A, Tchibozo C,

Dhanapal Senthilkumar,' Katherukamem Rajukumar,’
Govindarajulu Venkatesh, Fateh Singh, Gopal Sarkar,
Jaswant Patel, Suman Mishra, Rohit Sahu,

Nourin Khan, C. Neihthangpuii, Esther Lalzolian,
Vijendra Pal Singh, Aniket Sanyal

Author affiliations: ICAR, National Institute of High Security
Animal Diseases, Bhopal, India (D. Senthilkumar, K. Rajukumar,
G. Venkatesh, F. Singh, G. Sarkar, J. Patel, S. Mishra, R. Sahu,
N. Khan, V.P. Singh, A. Sanyal); Government of Mizoram, Aizawl,
India (C. Neihthangpuii, E. Lalzoliani)

DOI: https://doi.org/10.3201/eid3108.250083

Complete genome analysis of African swine fever virus
isolated from a wild boar in Mizoram, India, revealed

Hounkanrin G, Badou Y, et al. Limited specificity of serologic
tests for SARS-CoV-2 antibody detection, Benin. Emerg Infect
Dis. 2021;27:233-7. https:/ / doi.org/10.3201/eid2701.203281
Piche-Ovares M, Garcia MP, Moreira-Soto A,
Figueroa-Romero MD, Merino-Sarmiento NS,
Marcelo-Nique Al et al. Rio Mamore hantavirus endemicity,
Peruvian Amazon, 2020. Emerg Infect Dis. 2024;30:2532-43.
https:/ /doi.org/10.3201/eid3012.240249

Emerging Infectious Diseases * www.cdc.gov/eid « Vol. 31, No. 8, August 2025

~99% nucleotide identity with those of domestic pig ori-
gin but with unique mutations. A One Health approach
toward food security necessitates awareness among
veterinary and public health professionals on virus evo-
lution and domestic—wild pig transmission.
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