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a b s t r a c t 

Objectives: Chikungunya virus (CHIKV), a reemerging global public health concern, which causes acute 

febrile illness, rash, and arthralgia and may affect both mothers and infants during pregnancy. Mother- 

to-child transmission (MTCT) of CHIKV in Africa remains understudied. 

Methods: Our cohort study screened 1006 pregnant women with a Zika/dengue/CHIKV rapid test at two 

clinics in Nigeria between 2019 and 2022. Women who tested positive for the rapid test were followed 

through their pregnancy and their infants were observed for 6 months, with a subset tested by reverse 

transcription-polymerase chain reaction (RT-PCR) and neutralization, to investigate seropositivity rates 

and MTCT of CHIKV. 

Results: Of the 1006, 119 tested positive for CHIKV immunoglobulin (Ig)M, of which 36 underwent de- 

tailed laboratory tests. While none of the IgM reactive samples were RT-PCR positive, 14 symptomatic 

pregnant women were confirmed by CHIKV neutralization test. Twelve babies were followed with eight 

normal and four abnormal outcomes, including stillbirth, cleft lip/palate with microcephaly, preterm de- 

livery, polydactyly with sepsis, and jaundice. CHIKV IgM testing identified three possible antepartum 

transmissions. 

Conclusion: In Nigeria, we found significant CHIKV infection in pregnancy and possible CHIKV antepartum 

transmission associated with birth abnormalities. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Chikungunya virus (CHIKV), a member of the genus Alphavirus 

f the family Togaviridae , is transmitted by Aedes aegypti and 

edes albopictus mosquitoes. Before 2005, there were three distinct 

enotypes of CHIKV: the East-Central-South African (ECSA), West 

frican, and Asian genotypes in different geographic locations [1] . 
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he Indian Ocean lineage arose from the ECSA in 20 04-20 07 and 

sian genotype expanded in late 2013, spreading to the Americas 

ith over 1.3 million suspected cases by April 2015 [1–3] . It has 

een reported that autochthonous transmission of CHIKV occurs in 

14 countries and territories over the tropical and sub-tropical ar- 

as where greater than three quarters of the world’s population 

eside [1] . 

CHIKV is an old world alphavirus belonging to the Sem- 

iki Forest virus complex, despite phylogenetic relatedness to 

’nyong-nyong (ONNV) in Africa and Mayaro virus (MAYV) in 

outh America and the Caribbean and difficulty to distinguish by 
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mmunodiagnostic assays or clinical presentation. However, ONNV 

s vectored by Anopheles mosquitoes, whereas CHIKV in Africa is 

aintained in an enzootic cycle involving non-human primates 

nd sylvatic Aedes mosquitoes; sporadic cases or outbreaks tend 

o be small-scaled and associated with spillover from the natural 

eservoir vectors or environmental conditions such as increased 

ainfall [2–4] . Recently, an increase in larger-scale outbreaks asso- 

iated with urban areas of Africa have been reported [1 , 5 , 6] . The

HIKV strain isolated in Ibadan in the 1960s is most similar to 

trains found in Indonesia, the Philippines, the US, and Nicaragua 

n the 2010s, but more recent phylogenetic analysis is lacking de- 

pite continued circulation [7] . CHIKV circulates in Africa alongside 

ther arboviruses, including Flaviviridae dengue and Zika viruses, 

ith similar clinical presentations that make differential diagnoses 

nd reporting difficult. 

CHIKV infection causes acute febrile illness, rash and arthral- 

ia and may affect both pregnancy and infant outcomes [8] . Dur- 

ng the Reunion Island outbreak in 2005, the prospective study of 

HIKV infection in pregnancy described that mother-to-child trans- 

ission (MTCT) was observed in viremic mothers during the intra- 

artum period (within 2 days prior to and after delivery) with a 

ransmission rate of 48.7%, leading to neonatal disease with en- 

erocolitis, encephalitis, convulsions, and death [9 , 10] . The study 

lso described 3 exceptional cases of early fetal deaths (before 22 

eeks) out of 678 antepartum CHIKV infections which were at- 

ributed to intrauterine CHIKV infection. As CHIKV spread from 

sia to the Americas between 2007-2014, perinatal transmission 

f CHIKV was reported in India, Colombia, Brazil, and Curacao [11–

4] . Meta-analysis of cohort studies from Asia and Latin America 

evealed a MTCT rate of 15.5% with symptomatic neonatal dis- 

ase attributed to intrapartum infection [8] . However, the MTCT of 

frican strains of CHIKV remains poorly understood. 

In this study, we screened 1006 pregnant women at two ante- 

atal clinics in Jos, north-central Nigeria from April 2019 to January 

022. Our objectives were to quantify CHIKV seropositivity among 

regnant women, investigate maternal-fetal transmission, and de- 

ermine any associations with disease outcome in infants in our 

est African cohort. 

ethods 

igeria cohort and human samples 

Between April 1, 2019 and January 31, 2022, pregnant women 

ged ≥18 years, who attended the antenatal clinics at Jos Uni- 

ersity Teaching Hospital (JUTH) and Our Lady of Apostles Hos- 

ital (OLA) in Jos, north-central Nigeria, and presented with fever 

 ≥37.5 °C), arthralgia, headache, myalgia, rash, and/or conjunctivi- 

is in the past 3 days were recruited with informed consent for 

creening by the Chembio DPP ® ZCD immunoglobulin (Ig)M/IgG 

apid test (Chembio Diagnostics Inc. Medford, NY). To examine 

rbovirus seropositivity in asymptomatic infection, for every four 

ymptomatic women, one asymptomatic woman with gestational 

ge (GA) within 2 weeks of any of the four symptomatic women 

as also recruited for screening. The 4:1 ratio was based on op- 

imizing screening for symptomatic women and the capacity for 

aily enrollment at the smaller of the two clinics ( < 5). All Zika 

irus (ZIKV), dengue virus (DENV) or CHIKV rapid test IgM and 

gM/IgG reactive women were recruited with informed consent 

or the prospective observational study as described [15] . Mater- 

al blood samples were collected for testing at screening and at 

ach subsequent antenatal visit, and infants were observed at de- 

ivery and routine follow-up visits at 6, 10, and 14 weeks, and 6 

onths, with infant follow-up data censored on March 31, 2022. 

he pregnant women with CHIKV infection (CHIKV IgM + and/or 
93 
gG + ) and their infants were the focus of this study. The intra- 

artum period was defined as within 2 days prior to or after de- 

ivery; the remaining antepartum period included the first, second 

nd third trimesters as defined by GA ≤12 weeks, > 12 weeks to 

 28 weeks, and ≥28 weeks, respectively. 

To evaluate the performance of the Chembio DPP ® ZCD IgM/IgG 

apid test, convalescent-phase sera from reverse transcription- 

olymerase chain reaction (RT-PCR)-confirmed CHIKV cases 

n = 22) in Brazil served as CHIKV-positive reference samples 

16] and CHIKV-negative reference samples (n = 27) were from a 

engue seroprevalence study in Taiwan [17] , a CHIKV non-endemic 

ountry; both were confirmed by CHIKV pseudovirus neutraliza- 

ion test (NT). Convalescent-phase serum/plasma samples from 

T-PCR-confirmed DENV (n = 35) and ZIKV (n = 42) cases were 

lso included in the analysis (Table S1) [18] . 

The study of coded serum or plasma samples was approved 

y the Institutional Review Boards (IRB) of the Harvard Longwood 

ampus (IRB# 17-0654), University of Jos (IRB# 127/XIX/5940), and 

niversity of Hawaii at Manoa (IRB# 2021-0 0 044 and CHS#17568). 

solation of viral RNA and reverse transcription-polymerase chain 

eaction 

Viral RNA was isolated from sera using the QIAamp viral RNA 

ini kit (Qiagen) and subjected to cDNA synthesis using the 

uperScriptTM III first-strand synthesis kit (Thermo Scientific); an 

liquot of cDNA was subjected to nested PCR targeting a con- 

erved region of the NSP2 gene of CHIKV [19] . The RT-PCR prod- 

cts were electrophoresed through 2% agarose gel, and bands with 

he predicted size were purified for sequencing. The primers were 

HIKV-F (5’-TCAATATGATGCAGATGAAAGT-3’, position 2541-2562), 

HIKV-inner R (5’-GTCACAGGCA GTGTACACC -3’, position 2616- 

634) and CHIKV-outer R (5’-GCAACGABGA CACAATGGC-3’, posi- 

ion 2636-2654). The size of the 1st round and 2nd round products 

ere 113 bp and 93 bp, respectively. The PCR protocol will be pro- 

ided upon request. 

engue virus and Zika virus serologic diagnosis 

IgM and IgG enzyme-linked immunosorbent assays (ELISAs) 

sing DENV and ZIKV mutated virus like particles (VLP) was 

erformed and microneutralization provided confirmation, as de- 

cribed [15,17,18] . 

ell lines and plasmids 

Human hepatoma Huh7 cells were obtained from Health Sci- 

nce Research Resources Bank, Japan Health Sciences Foundation 

Osaka, Japan). HEK-293T cells were obtained from the Ameri- 

an Type Culture Collection (Manassas, VA). Plasmids pNL4-3 R- 

-miRFP, which contains the monomeric infrared fluorescent pro- 

ein (miRFP) gene replacing the Luc gene of an env -defective HIV-1 

eporter construct pNL4-3.Luc.R-E-, has been described previously 

20] . The E3-E2-6K-E1 genes of CHIKV (2955 bp) and Mayaro virus 

MAYV) (2952 bp) were PCR amplified from cDNA derived from 

NA of CHIKV (H20235 strain) and MAYV (TRVL strain), respec- 

ively, (BEI Resources, Manassas, VA), and cloned into pCB vector 

by NotI and XhoI sites) to generate plasmids CHIKV and MAYV. 

ll plasmids were confirmed by sequencing of the entire E3-E2- 

K-E1 gene insert and verified for expression by transfection and 

estern blot analysis [20] . 

eneration of chikungunya virus and Africa and Mayaro virus 

seudoviruses 

To generate pseudoviruses, HEK-293T cells were seeded in 10- 

m dish 1 day before transfection, co-transfected with pNL4-3 R-E- 
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iRFP (12 μg) and plasmids CHIKV (12 μg) or MAYV (4 μg) using 

ipofectamine 20 0 0 and incubated with DMEM media containing 

0% FBS [20] . The supernatants were collected at 72 hours post 

ransfection, followed by low-speed centrifugation at 300x g for 

0 minutes, aliquoted and stored at −80 °C. To titrate each pseu- 

ovirus, 

Three-fold serially diluted supernatants were inoculated to 

uh7 cells by spin infection [20] ; miRFP signals were quantitated 

t 72 hours post-infection, and the amount of pseudovirus that re- 

ulted in miRFP signals 10 times higher than the mock-infected 

ells was used for the NT. 

hikungunya virus and Africa and Mayaro virus pseudovirus 

eutralization test 

Huh7 cells (2 × 104 cells/well) were seeded onto 96-well 

lates 1 day before infection. Pseudovirus (CHIKV or MAYV) was 

ixed with 4-fold serial dilutions of plasma at 1:1 ratio, incu- 

ated at 37 °C for 1 hour, and added to each well for spin in-

ection. At 72 h, the plates were scanned by Li-Cor Odyssey im- 

ger [20] . The % of infection at different plasma dilutions (from 

:10 to 1:10,240 dilutions) were calculated by the formula (inten- 

ity of serum + pseudovirus – intensity of media only)/(intensity 

f pseudovirus only – intensity of media only) x 100. The % 

eutralization = 100 – % of infection [20] . NT50 titer was the plasma 

ilution that reached 50% neutralization using 4-parameter nonlin- 

ar regression analysis (GraphPad 6.0, Boston, MA) ( Figure 1 ). NT50 

iter < 10 was arbitrarily assigned as 5. CHIKV and MAYV NT50 titers 

ere compared for confirmation. 

tatistical analysis 

Our study was largely descriptive, and we report seropositivity 

ates as proportion reactive over total tested. Because we analyzed 

 subset of samples from CHIKV IgM-positive women with detailed 

esting, we performed a sensitivity analysis to compare the women 

hose samples were analyzed with those not analyzed. The two- 

ailed Fisher’s exact test was used to compare categorical variables, 

espectively, for the sensitivity analysis and for the comparison of 

elivery outcomes (Stata 15.1, College Station, TX). The two-tailed 

ann-Whitney test and the two-tailed Wilcoxon signed-rank test 

ere used to compare unpaired and paired NT50 titers, respec- 

ively, between confirmed CHIKV cases and CHIKV-negative indi- 

iduals (GraphPad 6.0, Boston, MA). Any P -value < 0.05 was con- 

idered significant. 

esults 

etection of chikungunya virus infection 

The Chembio DPP ® ZCD IgM/IgG rapid test was used to detect 

HIKV IgM and IgG in consenting pregnant women at the ante- 

atal clinics of JUTH and OLA. To assess the sensitivity/specificity 

f the CHIKV IgM and IgG assays, we first tested with a panel of 

onvalescent-phase samples from RT-PCR-confirmed CHIKV, DENV 

nd ZIKV cases and CHIKV-negative samples from a dengue sero- 

revalence study in Taiwan [16–18] . The sensitivity/specificity of 

he CHIKV IgM and IgG assays was 90.9/95.2% and 100/100%, re- 

pectively (Supplementary Table 1). 

Between April 2019 and January 2022, 787 symptomatic and 

19 asymptomatic women were screened. A third of women 

312/1006, 31.0%) were reactive to ZIKV, DENV, CHIKV or some 

ombination. CHIKV IgG was detected in 120/1006, suggesting a 

eropositivity rate of 11.9%, and CHIKV IgM in 119/1006 (11.8%), 

uggesting acute or recent CHIKV infection. Among 119 CHIKV 
94 
gM reactive women, 42 (35.3%) also demonstrated IgM reactiv- 

ty to ZIKV and/or DENV (nine ZIKV-only, 25 DENV-only, and eight 

IKV + DENV). Among symptomatic women, headache was the most 

ommon symptom followed by fever and fatigue. Unlike simi- 

ar studies in the Americas, rash and arthralgia were not com- 

only reported. The seropositivity rate of CHIKV IgM was higher 

n asymptomatic women (41/219, 18.7%) compared to symptomatic 

omen (78/787, 9.9%). CHIKV RT-PCR was performed but none of 

he CHIKV IgM reactive samples tested positive. 

onfirmation of chikungunya virus infection by neutralization test 

We further generated CHIKV pseudovirus based on a lentivirus 

ector with an miRFP reporter and developed a CHIKV NT 

 Figure 1 ) [20] . When testing with a panel of convalescent-phase 

era from RT-PCR-confirmed CHIKV cases in Brazil, we found high 

T50 titers (289-6867) to CHIKV ( Figure 1 ). As a comparison, a 

AYV pseudovirus NT was also performed and lower NT50 titers 

30-1522) to MAYV were observed; the ratio of CHIKV NT50 titers 

o MAYV NT50 titers were higher than 2.5, which was consistent 

ith two recent reports [21 , 22] . 

We next used the CHIKV NT to examine 36 samples, collected 

uring the first two years of the study, from 119 pregnant women 

ith acute or recent CHIKV infection (IgM + IgG− or IgM + IgG + , re-

pectively). Of the 36 samples, 14 (38.9%) demonstrated IgM re- 

ctivity to ZIKV and/or DENV (2 ZIKV only, 8 DENV only, and 4 

IKV + DENV). Of the 36 samples, we found 18 with detectable neu- 

ralizing antibodies to CHIKV (2/17 from the IgM + IgG− subgroup 

nd 16/19 from the IgM + IgG + subgroup) ( Table 1 , Figure 2 a).

he lack of neutralizing antibodies in participants from the CHIKV 

gM + IgG− subgroup (15/17) was unexpected, but was in agree- 

ent with the observation of five distinct antibody patterns and 

he presence of an IgM + IgG− period in some individuals based on 

he study of 133 samples following acute CHIKV infection [23] . 

Since confirmatory testing was not possible for all 119 pregnant 

omen with CHIKV IgM + or IgM + /IgG + screening, we performed 

 sensitivity analysis to compare the 36 analyzed with the 83 not 

nalyzed in this study. We found no statistically significant differ- 

nce between the two groups in site, age, ethnic group, education, 

ccupation status, marital status, trimester at screening, or symp- 

omatic vs inapparent infection status (Fisher’s exact test), except 

hat the 36 analyzed women were enrolled exclusively during the 

rst 2 years of the study (Supplementary Table 2). 

nfant outcomes of antepartum chikungunya virus infection 

Of the 36 pregnant women with CHIKV IgM reactivity (17 

gM + IgG– and 19 IgM + IgG + ), 30 were symptomatic at the time of

creening (15 IgM + IgG– and 15 IgM + IgG + ). Of the 30 symptomatic

omen, 26 had babies who were followed up; among them, one 

eropositive woman was detected in her first trimester, 8 in their 

econd trimester, and 17 in their third trimester. Of the 26, 19 

ad normal (one first trimester, seven second trimester, 11 third 

rimester) and seven had abnormal (one second trimester, six third 

rimester) outcomes including three stillbirths, two multiple con- 

enital anomalies, one polydactyly with sepsis and jaundice, and 

ne preterm ( Table 1 ). In the subset of 14 acute or recent symp-

omatic CHIKV infections confirmed by NT (two IgM + IgG- and 12 

gM + IgG + ), 12 babies were followed with eight normal and four 

bnormal outcomes. 

The time course of four mothers with acute CHIKV infection 

onfirmed by NT ( Figures 2 b-e) and their babies with abnormal 

utcomes was summarized in Figures 3 a-d. Notably, babies with 

ultiple congenital anomalies may have lower odds of survival. 

ase OL-ZP-0031 was enrolled at 39 weeks with CHIKV IgM + /IgG- 
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Figure 1. Generation of CHIKV and MAYV pseudoviruses and NT. (a) Schematic drawing of plasmids expressing E2 and E1 proteins (E3-E2-6K-E1 genes) of CHIKV or MAYV 

and co-transfection with pNL43 R-E-miRFP (miRFP) to generate CHIKV or MAYV pseudoviruses containing miRFP reporter, infection of target cells and one-step imagining. 

(b) NTs based on CHIKV and MAYV pseudoviruses with miRFP reporter. The miRFP signals (left) and neutralization curves and NT50 titers (right) to CHIKV and MAYV pseu- 

doviruses at 72 hours post-infection in Huh7 cells of convalescent-phase serum sample from a reverse transcription-polymerase chain reaction-confirmed CHIKV case from 

Brazil. (c) Neutralization curves and NT50 titers to CHIKV and MAYV pseudoviruses of other two confirmed CHIKV cases. (d) NT50 titers to CHIKV and MAYV pseudoviruses 

of 22 confirmed CHIKV cases and 27 CHIKV-negative individuals. The two-tailed Mann-Whitney (left) and Wilcoxon signed-rank (right) tests (GraphPad 6.0). 

CHIKV, chikungunya virus; MAYV, Mayaro virus; miRFP, monomeric infrared fluorescent protein; NT, neutralization test. 
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nd NT50 titer of 10 to CHIKV; she gave birth to a baby with mul- 

iple congenital anomalies including cleft lip, palate and micro- 

ephaly who passed away in 2 days ( Figure 3 a). Additionally, past 

avivirus infection was confirmed by NT. Case OL-ZP-0028 was en- 

olled at 33 wk with CHIKV IgM + /IgG + and high NT50 titer (of

657) to CHIKV; due to ZIKV ELISA IgG + , NT was performed and

howed NT90 titer of 51 to ZIKV and < 10 to DENV1-4, suggesting 

ast ZIKV infection ( Figure 3 d). 

We compared birth outcomes for 58 CHIKV rapid test IgM- 

ositive women to 5930 JUTH and OLA delivery records from 

ay 2019 to 2021(Supplementary Table 3). We found potential 

tatistical associations between maternal CHIKV infection during 

regnancy and macerated stillbirth ( P = 0.006), microcephaly ( P 

 0.001), cleft lip/palate ( P = 0.01), polydactyly ( P = 0.01), and

ultiple congenital anomalies ( P < 0.001) of the infant. We found 

 significant statistical association between maternal CHIKV infec- 

ion during pregnancy and any adverse or abnormal gross birth 

utcome ( P = 0.009). We also compared birth outcomes for all 

5 CHIKV NT confirmed mothers (including asymptomatic) whose 

abies were observed at birth with the hospital delivery records, 

nd still found significant statistical associations between con- 
t  

95 
rmed infection and any adverse or abnormal gross birth outcome 

 P = 0.009). 

ntepartum transmission of chikungunya virus 

Of the 26 CHIKV infections among symptomatic pregnant 

omen (13 IgM + IgG– and 13 IgM + IgG + ) with babies followed, 

ne was detected in the first trimester, eight second trimester 

nd 17 third trimester ( Table 1 ). We further examined the babies’ 

amples to assess the possibility of antepartum transmission; of 

he 19 available samples from babies followed, three were CHIKV 

gM reactive (all in the third trimester with two normal and one 

reterm outcomes), suggesting antepartum transmission of CHIKV 

 Table 1 ). The time course of three pregnant women with possible 

ntepartum CHIKV infection and IgM/IgG reactivity of their babies 

ere summarized in Figures 3 d-f. Case OL-ZP-0028 gave birth to a 

reterm baby at 36 weeks; the baby at 6 weeks (the first follow- 

p) showed CHIKV IgM + /IgG + ( Figure 3 d). Another past flavivirus 

nfection confirmed by NT was noted in case OL-ZP-0020, who was 

nrolled at 37 weeks with CHIKV IgM + /IgG + and high NT50 titer 

o CHIKV; due to ZIKV and DENV ELISAs IgG + , NT to ZIKV and
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Figure 2. CHIKV pseudoviruses NT in Nigeria pregnant women. (a) CHIKV NT50 titers in different subgroups based on CHIKV IgM/IgG results using Chembio DPP® ZCD 

IgM/IgG rapid test. (b-e) Neutralization curves and NT50 titers to CHIKV pseudoviruses of four pregnant women with acute CHIKV infection and abnormal infant outcomes. 

Data are means and standard deviations of duplicates from one experiment. 

CHIKV, chikungunya virus; Ig, immunoglobulin; NT, neutralization test. 

96 
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Table 1 

Serological evidence of CHIKV infection during pregnancy by trimester a and infant outcomes. 

CHIKV serological tests b Pregnant women Symptomatic pregnant women Infants followed up Infant outcomes 

Normal Abnormal 

N = 36 30 26 19 7 

IgM + IgG− 17 15 13 

NT + 2 2 2 0 2 

1st trimester 0 0 

2n d trimester 0 1 ( c ) 

3r d trimester 0 1 ( d ) 

NT- 15 13 11 8 3 

1st trimester 1 0 

2n d trimester 4 0 

3r d trimester 3 3 ( e , f , g ) 

IgM + IgG + 19 15 13 

NT + 16 12 10 8 2 

1st trimester 0 0 

2n d trimester 1 0 

3r d trimester 7 2 ( h , i ) 

NT− 3 3 3 3 0 

1st trimester 0 0 

2n d trimester 2 0 

3r d trimester 1 0 

CHIKV, chikungunya virus; Ig, immunoglobulin; NT, neutralization test. 
a 1st , 2nd , and 3rd trimesters: gestational age ≤12 weeks, > 12 weeks to < 28 weeks, and ≥28 weeks, respectively. No women in this subset were sampled during 

intrapartum period: within 2 days prior to or after delivery. 
b Chembio DPP ® ZCD IgM/IgG rapid test was performed to detect CHIKV IgM and IgG, followed by CHIKV pseudovirus NT.Seven Infants with abnormal outcomes are 

shown in parenthesis: 
c Polydactyly/sepsis/jaundice (OL-ZP-0021, Figure 3 c). 
d Multiple congenital anomalies (cleft lip/palate/microcephaly) (OL-ZP-0031, Figure 3 a). 
e Stillbirth and preterm (JU-ZP-0016, Figure S1A). 
f Stillbirth (OL-ZP-0010, Figure S1B). 
g Multiple congenital anomalies (hypotonia/seizure/microcephaly) (OL-ZP-0042, Figure S1C). 
h Stillbirth (ZU-ZP-0040, Figure 3 b). 
i Preterm (IgM + /IgG + infant) (OL-ZP-0028, Figure 3 d).The time course of three pregnant women with acute CHIKV infection not confirmed by NT and their infants with 

abnormal outcomes was summarized in Supplementary Figure S1. 
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ENV was performed and showed NT90 titers of 163 to ZIKV, 39 

o DENV2 and < 10 to DENV1, 3 and 4, suggesting past ZIKV and

ENV infection. She gave birth to a normal baby at 40 weeks; the 

aby followed up at day 1 showed CHIKV IgM + /IgG + ( Figure 3 e). 

iscussion 

In this study, we examined CHIKV infection during pregnancy in 

 non-outbreak setting in Nigeria and reported presumed antepar- 

um transmission of CHIKV and association of antepartum CHIKV 

nfection with abnormal infant outcomes. 

Based on previous reports from the 2005 Reunion Island out- 

reak that MTCT of CHIKV occurred predominantly during the in- 

rapartum period, subsequent studies of CHIKV infection during 

regnancy primarily focused on the perinatal period and confirmed 

he contribution of intrapartum CHIKV infection to the MTCT of 

HIKV with IOL and Asian genotypes in Asia and Latin America 

11–14] . Our finding of presumed CHIKV transmission to three in- 

ants out of 19 (15.8%) pregnant women with antepartum CHIKV 

nfection was unexpected compared with the Reunion Island study, 

n which three abortions out of 678 (0.4%) antepartum CHIKV in- 

ections were attributed to in utero CHIKV infection. The higher 

ates of antepartum CHIKV MTCT might be attributed to patho- 

enesis of endemic infection and/or CHIKV strain differences. Fur- 

hermore, we reported seven abnormal infant outcomes includ- 

ng three stillbirths, two multiple congenital anomalies, one poly- 

actyly with sepsis and jaundice, and one preterm among 26 an- 

epartum CHIKV infections (26.9%). The seven abnormal infant out- 

omes were a subset of 17 abnormal infant outcomes associated 

ith arbovirus (ZIKV, DENV, and CHIKV) infection during preg- 

ancy, in which birth registry data were compared [15] . Consis- 

ent with our findings, another study of the CHIKV outbreak in 

olombo, Sri Lanka in 20 06-20 07 reported CHIKV IgM seroposi- 
97 
ivity among 6 infants out of 31 (19.4%) tested and born to preg- 

ant women with antepartum CHIKV infection and 10 out of 40 

25.0%) abnormal outcomes including two abortions, one intrauter- 

ne death, one preterm, five congenital heart diseases (atrial septal 

efect, patent ductus arteriosus and persistent foramen ovalis) and 

ne intrauterine growth retardation, after excluding intrapartum 

nfections (postpartum and viremic at delivery) [24] . 

A recent review of 13 CHIKV outbreaks in Africa from 1999 to 

020 revealed that viral lineage was identified in eight outbreaks; 

ll were associated with ECSA genotype (which the IOL originated 

rom) except one outbreak of West African genotype in Kedougou, 

enegal during 2009-2010, in which 14 out of 144 acute sera at 

ve health care facilities were confirmed by CHIKV RT-PCR and six 

HIKV IgM + cases were identified from 1409 sera collected [1–3] . 

he timing of sample collection after symptom onset differed be- 

ween studies and may account for the difference in detection by 

T-PCR. 

After CHIKV infection, individuals develop an IgM response 

tarting from 3 to 8 days post-symptom onset, followed by an 

gG response at 7 to 14 days [25] . A recent study reported 

ve distinct antibody patterns (IgM−IgG−/NT−, IgM + IgG−/NT−, 

gM + IgG−/NT + , IgM + IgG + /NT− and IgM + IgG + /NT + ) during acute

ebrile phase and the presence of NT or IgG antibody was as- 

ociated with protection against developing chronic arthritis in 

he future, which was supported by two studies of outbreaks 

n India (2010-3 and 2014-6) [23,26] . Although most individuals 

f the IgM−IgG− and IgM + IgG− subgroups developed IgG and 

T antibodies at the convalescent-phase, this may explain some 

gM + IgG− and NT− samples observed in our study. 

The proportion of inapparent CHIKV infection has been re- 

orted to be 3-25%, corresponding to a symptomatic to inappar- 

nt ratio of 1:0.03 to 1:0.33 [1] . Recent studies of the outbreak 

n Nicaragua reported a higher proportion of inapparent infection 
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Figure 3. Time course of pregnant women who had acute CHIKV infection confirmed by NT and gave birth to babies with abnormal outcomes or antepartum transmission. 

(a-d) Time course of four pregnant women with acute CHIKV infection and abnormal infant outcomes. Multiple congenital anomalies with cleft lip/palate and microcephaly 

(a), stillbirths (b), polydactyly/sepsis/ jaundice (c), and preterm (d). (d, e-f) Time course of three pregnant women with acute CHIKV infection and possible antepartum 

transmission of CHIKV to fetus. 

C, chikungunya virus; D, dengue virus; GA, gestational age; Ig, immunoglobulin; NT, neutralization test; wk, weeks; Z, Zika virus. 

CHIKV IgM-reactive infants highlighted in red. 
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ith a symptomatic to inapparent ratio of 1:0.65 to 1:1.20, which 

aries between lineages and epidemics [27 , 28] . Our findings of a 

ymptomatic to inapparent ratio of 1:2 is unexpected, which may 

e related to viral lineage differences, the non-outbreak setting, 

nderreporting of symptoms, and competing febrile illnesses. 

Conventional plaque-reduction NT (PRNT) for CHIKV requires 

 biosafety level III laboratory and is labor intensive and time- 

onsuming. Several NTs based on different CHIKV pseudoviruses, 

eplicon particles or genetically modified infectious clones con- 

aining luciferase or green fluorescent protein as reporters have 

een developed [29 , 30] . Compared with live virus PRNT, our CHIKV 

seudovirus NT can be performed in a biosafety level II labora- 

ory and requires fewer plates (one 96-well plate for six samples 

n duplicates vs 18 six-well plates for PRNT), less time (72 hours 

s > 4 days for PRNT), and less sample volume (20 μl vs 100 μl

or PRNT in duplicates, starting from serum at 1:10 final dilution). 

ompared with CHIKV pseudovirues using luciferase reporter, our 

HIKV pseudovirus employed miRFP reporter which can be quanti- 

ed by one step of direct imaging without multiple laborious steps 
98 
5 minutes scan vs ∼60 min for a 96-well plate) ( Figure 1 ). More-

ver, the same plate can be quantified multiple times for kinetic 

tudy without generating numerous replicates. Compared with GFP 

eporter, miRFP has minimal autofluorescence and can be quanti- 

ed by either direct imaging or flow cytometry to determine the 

ercentage of positive cells. Together, these features suggest our 

HIKV pseudovirus with miRFP reporter is a simple, practical, and 

ost-effective tool for neutralization. 

There are several limitations to our study. First, this was an ob- 

ervational study with a small sample size of pregnant women 

ith CHIKV IgM + infection (n = 36); future studies involving 

arger sample sizes that enable statistical analyses are needed 

o validate these observations. Second, the higher arbovirus IgM 

eropositivity in asymptomatic women was unexpected and sug- 

ests that our overall seropositivity rates are underestimated given 

he biased sampling towards symptomatic women. Third, although 

he babies’ samples after delivery or the first follow-up were 

ssessed to identify antepartum transmission, the possibility of 

eonate CHIKV infection cannot be completely ruled out. For ex- 
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mple, the first available follow-up sample for the baby of case 

L-ZP-0015 was at 14 weeks ( Figure 3 f); excluding this case re- 

ulted in a presumed antepartum transmission rate of 10.5% (2/19), 

hich was still higher than that (0.4%) reported in the Reunion Is- 

and study. Peripartum transmission is also a possibility that can- 

ot be ruled out. We were not able to confirm acute maternal 

HIKV infection with PCR; given the persistence of CHIKV IgM 13 

o 18 months after the acute phase, we chose to focus only on 

ymptomatic CHIKV IgM + pregnant women to reduce the possi- 

ility of pre-conception infection, but advise caution in assessing 

nfant outcome associations. Finally, NT to rule out O’nyong-nyong 

irus (ONNV), a closely related alphavirus which caused intermit- 

ent yet explosive outbreaks in East Africa, was not performed 

31] . Despite previous report of the unidirectional antigenic rela- 

ionships between the two viruses, some sera still cannot be dis- 

inguished by NT [32] . Since the ONNV outbreak involving both 

he East and West Africa in 1959-1962, ONNV has been appar- 

ntly silent for 35 years until 1996-1997 when another outbreak 

n East Africa (Uganda and Kenya and Tanzania) took place [31–

3] . In Nigeria, only three confirmed-ONNV cases (by virus isola- 

ion) were reported in 1966 and 1969, suggesting the possibility of 

NNV infection among the participants in Nigeria is remote [31] . 

CHIKV was first described in Africa, yet subsequent to the Re- 

nion Island outbreak the epidemiology and pathogenesis in the 

ontinent has been infrequently studied. Our study provides new 

nd convenient diagnostic tools for future study. In addition, we 

escribe significant asymptomatic infection and abnormal preg- 

ancy and infant outcomes potentially associated with antepartum 

HIKV infection. Future studies are needed to further characterize 

he risk of antepartum CHIKV infection to pregnant women and 

heir infants in Africa. 
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