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Abstract

Background

Chikungunya virus (CHIKV) is an emerging arboviral infection with a global distribution and

may cause fetal and neonatal infections after maternal CHIKV-infections during gestation.

Methodology

We performed a systematic review to evaluate the risk for: a) mother-to-child transmission

(MTCT), b) antepartum fetal deaths (APFD), c) symptomatic neonatal disease, and d) neo-

natal deaths from maternal CHIKV-infections during gestation. We also recorded the neona-

tal clinical manifestations after such maternal infections (qualitative data synthesis). We

searched PubMed (last search 3/2017) for articles, of any study design, with any of the

above outcomes. We calculated the overall risk of MTCT, APFDs and risk of symptomatic

neonatal disease by simple pooling. For endpoints with�5 events in more than one study,

we also synthesized the data by random-effect-model (REM) meta-analysis.

Principal findings

Among 563 identified articles, 13 articles from 8 cohorts were included in the quantitative

data synthesis and 33 articles in the qualitative data synthesis. Most cohorts reported data

only on symptomatic rather than on all neonatal infections. By extrapolation also of these

data, the overall pooled-MTCT-risk across cohorts was at least 15.5% (206/1331), (12.6% by

REMs). The pooled APFD-risk was 1.7% (20/1203); while the risk of CHIKV-confirmed-

APFDs was 0.3% (3/1203). Overall, the pooled-risk of symptomatic neonatal disease was

15.3% (203/1331), (11.9% by REMs). The pooled risk of symptomatic disease was 50.0%

(23/46) among intrapartum vs 0% (0/712) among antepartum/peripartum maternal infections.

Infected newborns, from maternal infections during gestation were either asymptomatic or

presented within their first week of life, but not at birth, with fever, irritability, hyperalgesia, dif-

fuse limb edema, rashes and occasionally sepsis-like illness and meningoencephalitis. The

pooled-risk of neonatal death was 0.6% (5/832) among maternal infections and 2.8% (5/182)
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among neonatal infections; long-term neurodevelopmental delays occurred in 50% of symp-

tomatic neonatal infections.

Conclusions/Significance

Published cohorts with data on the risk to the fetus and/or newborn from maternal CHIKV-

infections during gestation were sparse compared to the number of recently reported

CHIKV-infection outbreaks worldwide; however perinatal infections do occur, at high rates

during intrapartum period, and can be related to neonatal death and long-term disabilities.

Author summary

Chikungunya virus (CHIKV) is an emerging arboviral infection with a global distribution

and can cause infections of the fetus and newborn after maternal CHIKV-infections dur-

ing gestation. In this systematic review, we evaluated the risk for mother-to-child trans-

mission (MTCT), antepartum fetal deaths (APFD) and symptomatic neonatal disease

from maternal CHIKV-infections during gestation. Whenever meaningful, we also syn-

thesized the data by random-effect-model (REM) meta-analysis. We also recorded the list

of clinical manifestations of neonatal infections after maternal infections during gestation.

Overall, published cohorts with pertinent data to estimate the impact to the fetuses and

newborns of maternal CHIKV-infections were sparse compared to the number of recently

reported CHIKV-infection outbreaks worldwide. Most cohorts reported data only on

symptomatic neonatal infections rather than on all (symptomatic and asymptomatic) neo-

natal infections. By extrapolation also of these data, the pooled MTCT-risk was at least

15.5% (206/1331), (12.6% by REMs). Symptomatic disease occurred almost exclusively

with maternal infections around the time of delivery. Overall, the pooled risk of symptom-

atic disease was 15.3% (203/1331), (11.9% by REMs); however, the risk of symptomatic

disease from intrapartum maternal infections was 50.0% (23/46) vs 0% (0/712) from ante-

partum/peripartum maternal infections. The pooled APFDs-risk was low (1.7%); how-

ever, APFDs occurred with maternal infections in all trimesters. Infected newborns were

either asymptomatic or presented during their first week of life, but not at the time of

birth, with manifestations such as fever, irritability, rashes, hyperalgesia syndrome, diffuse

limb edema, bullous dermatitis and occasionally also meningoencephalitis. Long-term

neurodevelopmental delays occurred in 50% of symptomatic neonatal infections.

Introduction

Chikungunya virus (CHIKV) is a remerging arbovirus[1–5] in the family of Togaviridae,

genus Alphavirus that is transmitted by the Aedes spp. mosquitos A. aegyptii and A. albopictus
[6] causing a crippling musculoskeletal inflammatory disease in humans characterized by

fever, polyarthralgia, myalgia, rash, and headache.[7] It was first identified in Tanzania in 1953

[8], and the name comes from a Makonde word that means “that which bends up” due to the

position taken by patients suffering from the severe joint pain.[9, 10] Since then, it has caused

outbreaks in Africa[5, 11, 12], Indian Ocean islands, South East Asia [13–15], Central and

South America[16–18], US territories[19] and Europe.[20–23] CHIKV has now been identi-

fied in 94 countries worldwide.[6, 24] CHIKV infections reemerged in India after a gap of 32

years with an estimated 1.38 million people been infected by the end of 2006; the outbreak

Mother-to-child transmission of Chikungunya virus: A systematic review and meta-analysis

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006510 June 13, 2018 2 / 20

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pntd.0006510


subsequently declined and by 2009 there were only a few thousand cases reported yearly.[25,

26]La Reunion Island, a French territory in the Indian Ocean, had the best-studied epidemic,

and over one third of the inhabitants of the island were affected in the 2005–2006 outbreak.

[27] In other outbreaks, such as in India and Malaysia much higher post-outbreak seropositiv-

ity rates were reported (62%-68%[28, 29] and 56%[30] respectively).

The first case of CHIKV infection in the Western Hemisphere was reported in 2013[18],

and it has now rapidly spread to 44 countries in the Americas,[19, 31] including also US terri-

tories and the Caribbeans.[32, 33] In the US, in 2014 there was the first report of local- autoch-

thonous CHIKV transmission in Florida.[34] Among 2,799 CHIKV cases reported to

ArboNET in 2014 from US states, 12 cases were locally-transmitted (from Florida); while all

the remaining cases were from returning travelers from endemic areas. In contrast, 99% of the

4,710 CHIKV cases reported from US territories were locally-transmitted. CHIKV infection

became a nationally notifiable condition in 2015.[4] The number of CHIKV-infections

reported in the US, declined after 2015 and in 2017 there were only 36 reported cases from the

US, with no locally transmitted cases, and 30 cases from US territories where local transmis-

sion continues.[35]

The almost global distribution of CHIKV as well as the possibility for autochthonous trans-

mission in the US make CHIKV infections a threat to global health and also to domestic health

in the US. According to the CDC predictive model estimates for the US based on climate data,

the potential range where the Aedes aegypti and Aedes albopictus mosquitos could potentially

live, survive and reproduce in the US is quite extensive.[36–38]These mosquitos are capable of

transmitting other arboviral infections as well, except for CHIKV.[39, 40]

Despite the almost global distribution of CHIKV infection, data for the impact of acute

CHIKV infections during pregnancy are sparse and uncertainties remain on several important

clinical questions. The best studied maternal-fetal cohort for CHIKV infections during gesta-

tion is from La Reunion CHIKV outbreak in the Indian Ocean in 2005–2006[27]. Prior

reviews on this specific question were not exhaustive on their searches and focused only on

very few studies [41, 42]. The maternal-fetal data from all available cohorts and for all impor-

tant fetal and neonatal clinical outcomes has not been previously systematically evaluated. We

set up to perform a systematic review and when meaningful, synthesize also the data by meta-

analysis, to address the following questions: a) What is the overall risk of Mother-To-Child-

Transmission (MTCT) from maternal CHIKV infections during gestation. b) What is the risk

for antepartum fetal deaths (APFDs) from maternal CHIKV-infections during gestation. c)

How often maternal CHIKV-infections during gestation lead to symptomatic neonatal disease

and d) whether the reported risk-differences (for MTCT risk and risk of symptomatic disease)

from maternal infections during the intrapartum period vs antepartum or peripartum period

are consistent across diverse cohorts. Moreover, we wanted to record the spectrum of clinical

manifestations reported in the scientific literature for neonatal CHIKV infections from mater-

nal acute CHIKV-infections during gestation.

Methods

We performed a systematic review to address the above questions and when meaningful, we

also synthesized the data by meta-analysis. We searched PubMed and CINAHL databases (last

search 3/2017) using the following terms: “chikungunya” and a pregnancy-related term that

included any of the following terms: pregnan�, neonat�, perinat�, infant, mother, congenital,

vertical transmission, miscarriage, abortion; limiting search results to human studies. Eligible

for inclusion at the initial screening at title/abstract level were articles that studied CHIKV-

infection in pregnant women, reported outcomes for the fetuses and/or newborns and had an
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English abstract. Potentially eligible articles were further screened in full text. The reference

lists of key pertinent articles were also screened. Review article without original data were

excluded. Article screening was done by two independent investigators (SNL and CC) and full

texts of potentially eligible articles were also screened by a third investigator (DCI) and con-

sensus was reached. Data extraction from the eligible articles was done by two independent

investigators (SNL and CC) and confirmed by a third investigator (DCI).

Eligibility criteria-outcomes

For the quantitative data synthesis, we included cohort studies, case series or case control stud-

ies that provided data on maternal CHIKV-infections during gestation and the CHIKV-infec-

tion status of their fetuses and/or newborns to allow for the calculation of the risk for: a)

mother-to-child transmission (MTCT), b) antepartum fetal deaths (APFD), c) symptomatic

neonatal disease, and d) neonatal deaths from maternal CHIKV-infections during gestation.

We also calculated the overall combined fetal/neonatal disease impact of maternal CHIKV

infection during gestation for a composite outcome of symptomatic neonatal disease plus the

APFDs.

For the qualitative data synthesis, we considered studies of any study design, including case

reports, that reported clinical manifestations of neonates exposed to maternal-CHIKV-infec-

tions during gestation. Reports of postnatally acquired CHIKV-infections from mosquito

exposure were excluded.

For endpoints with�5 events in more than one study, we also synthesized data by random-

effect- model meta-analyses.[43]

Extracted data

From each eligible study for the quantitative data synthesis we extracted the following infor-

mation: authors, year, locations, year of study, period of recent regional CHIKV-infection out-

break, duration of study, any possible overlap with prior published reports from the same

cohort, number of pregnant women infected during gestation, number of neonatal infections

from maternal infections during gestation, number of neonatal infections from intrapartum

(-2 ds prior-to-delivery to +2 ds post-delivery), peripartum (-7 ds to -3 ds prior-to-delivery)

and antepartum (>7 ds prior-to-delivery) maternal infections, number of antepartum fetal

deaths, number of CHIKV-confirmed APFDs, number of symptomatic neonatal infections,

number of symptomatic neonatal infections from intrapartum, peripartum and antepartum

maternal infections, number of neonatal deaths, methods for ascertainment of maternal and

neonatal CHIKV-infections. For the qualitative data synthesis, we extracted information on

the clinical manifestations of neonatal infections documented to have occurred from suspected

or confirmed maternal infections during gestation.

Statistical analyses

Data were synthesized across cohorts by simple pooling. For each outcome of interest (MTCT-

risk, APFD-risk, CHIKV-confirmed-APFD-risk, Symptomatic neonatal disease-risk; Neonatal

death-risk) we calculated -for each cohort and across all analyzed cohorts- the pooled risk (and

95% confidence intervals thereof) among total CHIKV maternal infections during gestation

(N of fetuses/neonates with the outcome of interest/ total N of CHIKV maternal infections

during gestation). For the neonatal mortality outcome, we also calculated the risk of neonatal

deaths among total neonatal infections.

As for the majority of the analyzed cohorts, data were reported only for symptomatic neo-

natal infections rather than for total neonatal infections (symptomatic plus asymptomatic), in
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our overall data synthesis for the MTCT-risk, we included also studies reporting only symp-

tomatic-neonatal-disease-risk and considered that the MTCT-risk for those studies was at

least equal to the risk for symptomatic neonatal disease. We also used random effect models

(REMs)[43] for the calculation of the above risks to account for the between study variance.

For outcomes with events<5 we used only simple pooling as REMs in such cases give unreli-

able results. We used the i2 test for the calculation of the between study heterogeneity. All pro-

portion meta-analyses were done in STATASE 15.0 (Stata, College Station, TX, USA). When

there were multiple publications from the same cohorts we considered in our overall data syn-

thesis only the report with the maximum number of events for the outcome(s) of interest, per

total number of analyzed maternal infections reported from the whole cohort.

In our systematic review, we followed the PRISMA (Preferred Reporting Items for System-

atic reviews and Meta-Analyses) guidelines of reporting (S1 Table). [44]

Results

Characteristics of included studies

Of the 563 identified articles, 13 [27, 45–56] (from 8 cohorts) with pertinent data were

included in the quantitative data synthesis (Fig 1).

These pertained to data from outbreaks in La Reunion Island (n = 7), Mayotte Island

(n = 1), Sri Lanka (n = 1), Thailand (n = 2) and Latin America (n = 2) (S2 Table). Furthermore,

33 articles [27, 45–51, 53–55, 57–77] were included in the qualitative data synthesis of neonatal

clinical manifestations from maternal infections during gestation. (Fig 1).

In the majority of articles in the quantitative data synthesis, maternal CHIKV-infections

were ascertained by maternal serology (IgM and IgG) and /or blood RT-PCR and/or maternal

symptoms typical of CHIKV-infections. Only in the recent outbreak from Santo Domingo the

diagnosis of maternal CHIKV-infections was based only on clinical criteria (S2 Table).

Risk of mother-to-child transmission

In most of the analyzed maternal/neonatal cohorts only symptomatic neonatal cases were

reported among maternal CHIKV infections during gestation. By extrapolation also of these

data [27, 51, 55], the overall pooled-MTCT-risk across cohorts was at least 15.5% (95% CIs:

13.57%-17.53%; 206/1331) (Table 1; S3 and S4 Tables) and the risk among maternal infections

during the intrapartum period was at least 50.0% (95% CIs: 34.90%-65.10%; 23/46) vs 0%

(0/712) among antepartum/peripartum maternal infections. The timing of maternal infections

was analyzed only in three cohorts [27, 53, 56]; 5% of all analyzed maternal infections in these

three cohorts occurred during the intrapartum period. Results by REM synthesis of data were

similar (MTCT-overall risk: at least 12.6% [95% CIs 4.47%-20.77%]; MTCT-risk-intrapartum

infections: at least 50.3% [3.75%-96.93%]). (Fig 2, Table 1)

Fetal mortality

The pooled-risk of APFDs was 1.7% (95% CIs: 1.02%-2.56%; 20/1203) among maternal infec-

tions (Table 1; S3 and S4 Tables). APFDs occurred with maternal infections in all trimester,

including during early gestation. Ascertainment of the CHIKV-infection status of APFDs was

very rarely performed and was confirmed in only three cases from La Reunion outbreak, after

maternal infections at 12.5 weeks, 15 weeks and 15.5 weeks of gestation respectively.[57] The

pooled-risk of CHIKV-confirmed APFD cases was 0.3% (95% CIs: 0.05%-0.73%; 3/1203).
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Risk of symptomatic disease

Overall, the pooled-risk of symptomatic neonatal infections was 15.3% (95% CIs: 13.36%-

17.30%; 203/1331) among maternal infections during gestation (Table 1; S3 and S4 Tables).

However, this risk was 50.0% (95% CIs: 34.90%-65.10%; 23/46) among intrapartum maternal

infections vs 0% (0/758) among antepartum/peripartum maternal infections. Only three mater-

nal-fetal cohorts (La Reunion[27], ShriLanka [53] and Colombian cohort[56]) analyzed their

data according to the timing of maternal infection and the reported risks for symptomatic neo-

natal disease from intrapartum paternal infections across these three cohorts were 48.7% (19/

39) [27], 100% (4/4) [53] and 0% (0/3) [56] respectively. The reported cases of symptomatic

neonatal disease were almost exclusively from intrapartum maternal infections. The majority of

the cohorts did not provide information on the percentage of pregnant women with infections

during the intrapartum period. Results by REM synthesis of data were similar (Symptomatic

Neonatal disease-overall risk: 11.9% [95% CIs: 3.89%-19.95%]; Symptomatic Neonatal Diseases

Risk-intrapartum infections: 50.3% [95% CIs: 3.75%-96.93%]) (Table 1; Fig 3).

Fig 1. PRISMA flow diagram. (Abbreviations: APFD: Antepartum Fetal Deaths, CHIKV: Chikungunya Virus, MTCT: Mother-To-Child Transmission).

https://doi.org/10.1371/journal.pntd.0006510.g001
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Recording of long-term neurodevelopmental outcomes was very limited and was available

only from La Reunion cohort, which showed neurodevelopmental delays at ~2 years of age in

50% of symptomatic neonatal infections (12 with CHIKV-encephalopathy and 22 with mild/

moderate prostration) (S3 Table).

Neonatal mortality

The pooled-risk for neonatal death was 0.6% (95% CIs: 0.20%-1.40%; 5/832) among all mater-

nal infections and 2.8% (95% CIs: 0.90%-6.29%; 5/182) among neonatal infections. (Table 1)

Table 1. Fetal/Neonatal Risks from CHIKV maternal infections during gestation (Estimates by simple pooling and by REM).

Endpoint Events

(studies)

Maternal

Infections

Risk (%; 95% CIs)

MTCT-risk-overall 206 (8) 1331 Simple

Pooling

15.48% (13.57%-

17.53%)

By REM 12.62% (4.47%-

20.77%)

MTCT-among antepartum/ peripartum maternal infections 0 (2) 712 Simple

Pooling

0.00% (0%-0.52%)

By REMa NA

MTCT-among intrapartum maternal infections 23 (3) 46 Simple

Pooling

50.00% (34.90%-

65.10%)

By REM 50.34% (3.75%-

96.93%)

APFD 20 (5) 1203 Simple

Pooling

1.66% (1.02%-

2.56%)

By REMa NA

APFD-CHIKV-confirmed 3 (5) 1203 Simple

Pooling

0.25% (0.05%-

0.73%)

By REMa NA

Symptomatic Neonatal Infections-overall 203 (8) 1331 Simple

Pooling

15.25% (13.36%-

17.30%)

By REM 11.92% (3.89%-

19.95%)

Symptomatic Neonatal Infections-among Intrapartum Maternal infections 23 (3) 46 Simple

Pooling

50.00% (34.90%-

65.10%)

By REM 50.34%(3.75%-

96.93%)

Symptomatic Neonatal Infections-among antepartum/ peripartum maternal infections 0 (3) 758 Simple

Pooling

0.00% (0%-0.49%)

By REMa NA

Neonatal Deaths-among maternal Infections 5 (3) 832 Simple

Pooling

0.60% (0.20%-

1.40%)

By REMa NA

Neonatal Deaths-among neonatal Infections 5 (3) 182 Simple

Pooling

2.75% (0.90%-

6.29%)

By REMa NA

Combined Fetal/Neonatal Disease Impact, from maternal CHIKV infection during

gestation (MTCT and APFD)

226 (8) 1331 Simple

pooling

16.98% (15.00%-

19.11%)

a For analyses with small number of events <5 in total or with <5 events for the majority of the included studies, we show only the data from simple pooling, as REM

results are unreliable in those cases.

Abbreviations: APFD: Antepartum Fetal Deaths; CHIKV: chikungunya virus; CIs: confidence intervals; MTCT: mother to child transmission; NA: not applicable; REM:

random effects model

https://doi.org/10.1371/journal.pntd.0006510.t001
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Combined fetal/neonatal disease impact from maternal CHIKV infections

The pooled combined disease impact to the fetus and newborn (MTCT and APFD) was 17.0%

(95% CIs: 15.00%-19.11%; 226/1331) among maternal infections during gestation, considering

both the neonatal infections and the APFDs. (Table 1). Limited data were available on the

number of premature births from maternal CHIKV infections during gestation to allow for a

meaningful data synthesis; however, the reported rates for premature births were low (3–8%).

[47, 54, 56] (S5 Table)

Qualitative data synthesis

Clinical spectrum of neonatal morbidity from maternal CHIKV infections during ges-

tation. CHIKV-infected newborns, from maternal infections during gestation were either

asymptomatic or presented with fever, irritability, hyperalgesia syndrome, diffuse limb edema,

rashes and occasionally with severe disease including sepsis like picture and/or shock with

multiple organ failure, disseminated intravascular coagulation, and meningoencephalitis with

brain MRI abnormalities (S6 and S7 Tables).

Fig 2. Mother-to-child-transmission (MTCT) risk: Overall and among intrapartum maternal infections. (For

studies that did not report data on all (symptomatic and asymptomatic) neonatal infections, we extrapolated the data

from the symptomatic neonatal disease cases [27, 51, 55]; and we considered that the MTCT-risk was at least the risk of

symptomatic neonatal disease. Most cohorts that reported neonatal infections had reported only symptomatic cases

[27, 51, 55] [S3 and S4 Tables]).

https://doi.org/10.1371/journal.pntd.0006510.g002
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Several types of rashes have been noted in such infected newborns including petechial rash,

polymorphous rubella like rash, roseola like rash, bullous dermatitis or hyperpigmentation

over mid-face, abdomen or extremities and acrocyanosis. Thrombocytopenia, leukopenia or

leukocytosis, hypoalbuminemia and transaminitis with direct hyperbilirubinemia and pro-

longation of PTT have also been reported in symptomatic infants. The spectrum of clinical

manifestations reported in neonates with CHIKV-infections, from maternal infections during

gestation is listed in S6 and S7 Tables.

Newborns with symptomatic CHIKV-infection from maternal infection during gestation

were asymptomatic at the time of birth and developed clinical symptomatology usually within

3–7 days of life.

Discussion

In this systematic review of published data of the MTCT-risk and risk of symptomatic neonatal

infection among maternal CHIKV infections during gestation, the number of identified

cohorts, with pertinent data for such analyses, was very small compared to the number of

recently reported CHIKV-infection outbreaks and the global distribution of CHIKV.[78] Most

cohorts that reported neonatal infections had reported only symptomatic cases. By extrapola-

tion of data also from symptomatic disease cases, the overall pooled-risk of MTCT across the 8

analyzed maternal-fetal cohorts was at least 15.5%. The risk of APFDs and CHIKV-confirmed

Fig 3. Risk of symptomatic neonatal disease: Overall and among intrapartum maternal infections.

https://doi.org/10.1371/journal.pntd.0006510.g003
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APFDs was small (<2% and<0.5% respectively). APFDs and CHIKV-confirmed-APFDs

occurred from maternal infections in all trimesters, including also during early gestation.

Reporting of data on APFDs was limited across the analyzed cohorts and ascertainment of

CHIKV infection status of APFD was reported for only 3 cases from La Reunion outbreak.

The overall MTCT risk in our study might have been underestimated as the majority of the

analyzed cohorts reported only symptomatic neonatal infections rather than on all neonatal

infections. In resource poor settings, where most of the CHIKV outbreaks occurred, asymp-

tomatic neonatal infections might have remained undiagnosed, leading to a possible selection

bias among the cases studied. Selective follow-up of the sickest babies may also have skewed

the results of several papers. Moreover, many had significant losses to follow-up or relied on

neonatal disease incidence to estimate actual neonatal infection rates.

The overall pooled risk of symptomatic neonatal disease was 15.5% among maternal infec-

tions during gestation. However, the risk was 50.0% among intrapartum maternal infections

vs 0% among antepartum/peripartum maternal infections. Data on the percentage of pregnant

women infected during the intrapartum period were limited across the analyzed cohorts.

Symptomatic neonatal disease occurred almost exclusively from intrapartum maternal infec-

tions. The pooled-risk for neonatal death was 0.6% among all maternal infections and 2.8%

among neonatal infections. Long-term global neurodevelopmental delays have also been

reported to occur in 50% of symptomatic neonatal infections during gestation, however this

was based on a limited number of 33 such neonatal infections.[79]

In our qualitative data synthesis, we generated a compilation list of clinical manifestations

reported in CHIKV-infected infants from maternal infections during gestation. Such infants

presented with a wide spectrum of clinical manifestations ranging from asymptomatic to

severely symptomatic. Symptomatic infected newborns, from maternal infections during ges-

tation usually developed symptoms during their first week of life, but not at the time of birth.

Commonly reported symptoms included fever, polyarthralgias, diffuse limb edema, irritability,

poor feeding, painful syndrome and rashes; occasionally, also sepsis-like syndrome with multi-

ple organ involvement, meningoencephalitis with brain MRI abnormalities and can also cause

long term neurodevelopmental delays and devastating neurologic outcomes such as cerebral

palsy.

There are anecdotal data for the use of interventions like tocolysis for the prolongation of

transplacental transfer of protective maternal antibodies, for maternal infections acquired in

the intrapartum period.[56] The average interval of ~6.3 +/- 1.4 days from the onset of mater-

nal symptoms to delivery might have been enough time for the passive transfer of maternal

antibodies to prevent MTCT and symptomatic disease in the newborn.[56] Tocolysis (as long

as there are no obstetric contraindications), has been used also in other arboviral maternal

infections, such as in dengue virus maternal infections to reduce the risk of vertical transmis-

sion [56] and in maternal varicella-zoster-virus infections during the peripartum period.[80]

The safety and clinical effectiveness of tocolysis as a preventive measure in such intrapartum

maternal infections requires additional systematic evaluation. Moreover, the number of preg-

nant women infected during the intrapartum period should be reported in maternal-fetal

cohorts. In La Reunion,[27] the Sri Lanka[53] and the Colombia cohort[56] only 5% of mater-

nal infections were acquired during the intrapartum period. The role of delivery via caesarean

section (C/S) was analyzed only in La Reunion cohort [27] and appeared to have no influence

on the MTCT risk. In La Reunion cohort[27] this observation may support the notion of

transplacental transmission of CHIKV-infection from the mother to the fetus, rather than

from exposure in the birth canal. The C/S rate among the 61 pregnant women in this cohort

with peripartum/intrapartum infections was elevated compared to the baseline rate (43% vs
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17%); the majority of those C/S was done due to fetal distress. [27] However, this was not seen

in the Thailand cohort were the majority of the infants were born via vaginal delivery. [54]

For the interpretation of neonatal serologic test results, pediatricians and neonataologists

should be aware that the absence of positive neonatal CHIKV IgG and IgM antibodies at birth

in infants born to mothers with acute CHIKV-infections in the peripartum/intrapartum

period does not exclude CHIKV neonatal infection. Infected newborns from such late mater-

nal infections may have a delayed development of CHIKV IgG and IgM antibodies, within the

first 3–4 weeks of life.[81] Serial serologic monitoring of these infants might be indicated as

infected infants, particularly so symptomatic infants, might be at risk for poor long term neu-

rodevelopmental outcomes.

Understanding the true impact of acute maternal CHIKV infections in the fetus and new-

born requires systematic consideration also of fetal and neonatal mortality as well as ascertain-

ment of long term neurodevelopmental outcomes in addition to the neonatal morbidity.

Retrospectively extracted information about clinical signs and symptoms suggestive of acute

maternal CHIKV infection during gestation likely underestimates the true incidence of mater-

nal infections, due to recollection bias and non-capturing of mild or asymptomatic maternal

infections. Moreover, standardized outcome collection and reporting across maternal-fetal

cohorts is mandatory, to allow for prompt identification of the accurate risks to fetuses and

newborns from maternal infections during gestation. Focus should be given during study

design phase and outcome reporting for congenital/perinatal infections on all of the following:

a) estimated time of maternal infection during gestation, with accurate reporting of the num-

ber of intrapartum maternal infections; b) consideration of APFDs in the overall combined

fetal/neonatal disease impact from congenital CHIKV-infections; c) ascertainment of CHIKV-

infections-status of APFDs; d) ascertainment of CHIKV infection status in all newborns

exposed to suspected or confirmed maternal CHIKV-infections during gestation; and prompt

documentation of losses to follow-up; e) serial screening of newborns exposed to late gestation

maternal infections for the first month of life, even if they are seronegative at birth, given the

likely delayed neonatal IgM and IgG production after late gestation maternal infections and f)

ascertainment of long term neurodevelopmental outcomes for at least the symptomatic neona-

tal infections.

We observed significant variation in the reported rates of MTCT and symptomatic neonatal

disease across cohorts. Referral selection bias and confounding by differences in the gestational

age during maternal infections across cohorts might have explained the reported differences in

the risks of symptomatic neonatal disease across cohorts, as symptomatic neonatal disease

occurred almost exclusively from intrapartum maternal infections.[27, 45, 46] We were not

able to make robust conclusions on the possible role of the implicated CHIKV strain in the

observed variation in the MTCT-risks and risks of symptomatic disease across cohorts, given

the limited number of cases. There is preliminary evidence that the different CHIKV-strains

(Asian vs Central-East-South Africa [CESA] vs West Africa strain)[82, 83] might have differ-

ent pathogenicity.[84] In outbreaks caused by the CESA CHIKV-strain[83], such as the La

Reunion[50] and Mayotte[51] outbreaks the overall risk of symptomatic neonatal disease

among all maternal infections was 6.26% (37/591) and 5.5% (9/163) respectively. In outbreaks

where the Asian CHIKV-strains were implicated, the reported rates of symptomatic disease

varied even more, with 0% MTCT rates from the Thailand cohorts[52, 54] and a small Colom-

bian cohort[56]; versus 8% (4/50) for severely symptomatic neonatal disease from the Shri

Lanka cohort,[53] 27.7% (53/191) from the El Salvador cohort[55] and 48% from the Santo

Domingo cohort.[55] Nevertheless, there are recent data indicating that in South America

CHIKV outbreaks, the African CESA CHIKV strains might also be implicated.[85, 86]
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Moreover, differences across cohorts were also noted in the reported neonatal case fatality

rates, with 0% for La Reunion cohort [27] versus 5.1% for the Santo Domingo cohort.[55]

The number of neonatal CHIKV infections could be significantly underestimated using

neonatal CHIKV IgG and IgM antibodies at birth. Ramful et al[49] showed that CHIKV

infected infants (even symptomatic ones) from late-gestation maternal infections during the

peripartum/intrapartum period can be seronegative at birth and might have delayed produc-

tion of CHIKV antibodies; up to 3 weeks after birth for the development of IgMs and up to 4

weeks after birth for the development of positive IgGs. This is known to occur also in other

congenital infections (e.g. congenital Toxoplasmosis[87]) when maternal infections occur very

late in gestation and this might have underestimated the overall rate of mother-to-child trans-

mission of CHIKV-infections in some of the analyzed reports.

Continued monitoring of the clinical implications of CHIKV infections during pregnancy

is needed as CHIKV outbreaks can reemerge in regions where the virus had already previously

circulating or emerge in new regions, where it had not been previously detected. Recently in

2017 a CHIKV outbreak was noted again in Italy, in the Anzio west-coast recreational region

close to Rome [88–90], caused by an CESA strain. This strain was genetically slightly different

from the strain implicated in the large 2007 outbreak in the Emilia-Romagna region in North-

Eastern Italy.[23]

Furthermore, the potential benefit from tocolysis for intrapartum maternal infections is an

intervention that needs systematic investigation, and if confirmed in larger scale studies to be

effective, routine implementation in pregnant women with intrapartum maternal infection

might have important public health implications. This might provide further support for the

need for prenatal screening of pregnant women with suspected CHIKV infections during the

peripartum/ intrapartum period. Future validation of the diagnostic performance of point-of-

care tests for the serologic diagnosis of CHIKV maternal and/or neonatal infection and/or

other arboviral infections is urgently needed. Moreover, preventive measures targeting avoid-

ance of mosquito bites in pregnant women close to the expected time of delivery, might be

cost-saving and effective strategies, given the high neonatal morbidity associated with intrapar-

tum maternal infections. Furthermore, neonatologist, need to become aware that CHIKV-

infected newborns from maternal infections late in gestation would need close clinical and lab-

oratory monitoring of their hematologic parameters during their first week of life, even if they

appear asymptomatic at birth, as symptomatic neonatal infections usually develop within 3–7

days after birth. Moreover, transplacentally transferred CHIKV-IgG antibodies on average dis-

appear by 8 months of age in uninfected neonates.[49] However, the time to neonatal serocon-

version is inversely related to the time of maternal infection during gestation; with>75% of

non-infected neonates being still IgG positive by 12 months of age if maternal infection was in

the first trimester vs 30% and<1% if maternal infection was in the second and third trimester

respectively.[49] Moreover, it may take as long as 24 months for complete neonatal serocon-

version to IgG negative status among uninfected neonates.[49]

Some study limitations should be acknowledged: First, in all analyzed cohorts (even those

with serologic and/or molecular confirmation of CHIKV maternal infections), it was the pres-

ence of maternal symptoms the first indicator that led to subsequent testing of those women

for CHIKV-infections. This may have led to overestimation of the MTCT risk and the risk of

symptomatic neonatal disease from maternal CHIKV infections, if symptomatic maternal

infections have an incrementally higher risk of MTCT, independently of the time of maternal

infection. The effect of asymptomatic CHIKV maternal infections during pregnancy remains

largely unknown. The majority of the CHIKV infections were originally thought to be symp-

tomatic [91], nevertheless, recent reports indicate that the number of asymptomatic CHIKV

infections might have been higher than it was originally thought. A report from the 2008
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Thailand outbreak[92] showed that 50% of all cases were asymptomatic and a more recent

report from that region showed that 87.5% of pregnant women infected during gestation were

asymptomatic.[54] Nevertheless, conflicting results from the same region were also reported,

with only 9% reported asymptomatic cases.[93] Additional surveillance studies from recent

CHIKV outbreaks in Nicaragua also showed that 65% of cases were asymptomatic, with a symp-

tomatic to asymptomatic ratio of 1:1.91.[94] Recollection bias might also explain some of the

observed differences in the reported rates of symptomatic CHIKV-infections. Second, in the

majority of the analyzed maternal/neonatal cohorts, only symptomatic neonatal infections were

reported which might have underestimated the true MTCT-risk. Third, we could not identify

published cohorts with an English abstract with pertinent data for our quantitative data synthe-

sis from the majority of countries with recent CHIKV outbreaks; such as outbreaks in African

[5] [12] and Asian countries[14, 95–97], including large outbreaks in India[98–104] after the

2005 reemergence of CHIKV in India, outbreaks in the Carribeans [32, 105, 106], Pacific Island

[78] and Saudi Arabia.[107] Language-bias is also a possible reason for this phenomenon.

Moreover, the published cohort studies with pertinent data from the outbreak in Central and

South America since 2013 were very limited[55, 56] compared to the scale of CHIKV transmis-

sion across more than 45 countries throughout the Americas and with>1.7 million suspected

CHIKV-infection cases reported to the Pan American Health Organization (PAHO).[78] For

the majority of these outbreaks, only isolated case reports and small case series were identified,

which we included in the qualitative data synthesis on the list of reported clinical manifestations

from neonatal CHIKV- infections from maternal infections during gestation. Language-bias is

also a possible reason for this phenomenon. It is possible that publications from several of these

developing countries where such outbreaks occur are published only in grey literature [108] or

in local non-English journals and indexed only in local journal databases, but not in PubMed.

Moreover, the lack of financial resources and availability of accurate diagnostic tests[109] in sev-

eral of the settings where such CHIKV outbreaks occur, contribute to the phenomenon of over-

estimation of the true incidence and severity of the disease.

In conclusion, CHIKV is an emerging arbovirus with a global distribution that can cause

significant morbidity and also death in infected fetuses and newborns after maternal infections

during gestation. Neonatal morbidity likely occurs predominantly from intrapartum maternal

infections. Improvement is needed in the reporting of clinical important outcomes for congen-

itally/perinatally acquired fetal and neonatal infections. Data should be collected and reported

in a standardized way across maternal-fetal cohorts for all clinically important endpoints to

allow for informative meta-analyses and individual patient-level meta-analyses in this field of

congenital infections. With increasing climate instability and human migration, additional

CKIKV outbreaks may be expected and non-immune pregnant women in developing as well

as developed countries are at risk. Additional systematic studies of the impact of the CHIKV

maternal infections during gestation to the fetuses and newborns are needed.
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