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ARTICLE INFO ABSTRACT

Article history: Background: Chikungunya virus (CHIKV) is an alphavirus (genus Alphavirus, family Togaviridae) that is
Received 30 October 2023 primarily transmitted to humans by Aedes mosquitoes, and can be transmitted from mother to child. Little is
Received in revised form 6 April 2024 known about CHIKV transmission in Vietnam, where dengue is endemic and Aedes mosquitoes are

Accepted 15 April 2024 abundant. This study aimed to determine the prevalence and characteristics of vertical CHIKV infection in a

birth cohort, and seroprevalence of anti-CHIKV antibodies with or without confirmation by neutralization
Chikungunya virus infection tests among women bearing children in Vietnam.
Vertical transmission Methods: We collected umbilical cord blood plasma samples from each newly delivered baby in Nha Trang,
Birth Cohort Central Vietnam, between July 2017 and September 2018. Samples were subjected to molecular assay
Vietnam (quantitative real-time RT-PCR) and serological tests (anti-CHIKV IgM capture and IgG indirect enzyme-
linked immunosorbent assay, and neutralization tests).
Results: Of the 2012 tested cord blood samples from newly delivered babies, the CHIKV viral genome was
detected in 6 (0.3%) samples by RT-PCR, whereas, 15 samples (0.7%) were anti-CHIKV-IgM positive. Overall,
18 (0.9%, 95% CI: 0.6-1.5) samples, including three positives for both CHIKV IgM and viral genome on RT-
PCR, were regarded as vertical transmission of CHIKV infection. Of the 2012 cord blood samples, 10 (0.5%,
95% CI: 0.2-0.9) were positive for both anti-CHIKV IgM and IgG. Twenty-nine (1.4%, 95% CI: 1.0-2.1) were
seropositive for anti-CHIKV IgG while 26 (1.3%, 95% CI: 0.8-1.9) of them were also positive for neutralizing
antibodies, and regarded as seropositive with neutralization against CHIKV infection.
Conclusion: This is the first report of a possible CHIKV maternal-neonatal infection in a birth cohort in
Vietnam. The findings indicate that follow-up and a differential diagnosis of CHIKV infection in pregnant
women are needed to clarify the potential for CHIKV vertical transmission and its impact in the newborn.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/
4.0)).
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Introduction

Chikungunya virus (CHIKV) is an alphavirus in the Togaviridae
family [1]. The virus is classified as an arthropod-borne virus (ar-
bovirus) transmitted primarily by Aedes aegypti and Aedes albo-
pictus mosquitoes, which are endemic in tropical and subtropical
regions [2]. CHIKV was first reported as a human pathogen in 1952
during an outbreak in Tanzania that led to an epidemic of debili-
tating arthritic disease [3]. The virus re-emerged during an out-
break in Kenya in 2004, leading to its expansion to areas beyond
this geographical region [4]. During the outbreak, the virus spread
to several islands in the Southwest Indian Ocean, India, Southeast
Asia, and temperate regions in Europe and America, however it did
not reach the level of Public Health Emergency of International
Concern (PEIC) [4]. Within the same period, a major outbreak was
reported on the Island of La Réunion, which is in the Western In-
dian Ocean [5]. Approximately 38.2% of the inhabitants of the is-
land were infected by CHIKV with an attack rate of 34%
symptomatic CHIKV clinical infections [6,7]. It was during the
2005-2006 Reunion CHIKV outbreak that the case-fatality rate of
this outbreak was, lower than 1% caused by severe atypical CHIKV
infection [8]. The first case of mother-to-child transmission was
reported during the outbreak on the La Réunion island, and a
vertical transmission rate of up to 48.7% was reported [9]. Infected
infants were observed to have a broader range of cutaneous
manifestations like pigmentation, bullous rash, and blistering [10].
The usual symptoms of chikungunya are fever, rash, and joint pain.
Children can have features distinct from adults, such as more
frequent dermatological and hemorrhagic manifestations and less
frequent rheumatologic manifestations [11]. Neurological mani-
festations including seizures, encephalopathies, encephalitis, and
hemorrhagic manifestations associated with thrombocytopenia
and lymphopenia are commonly reported among children with
severe CHIKV infection [9,12,13]. Furthermore, a study conducted
on the neurodevelopmental outcomes of perinatally CHIKV-in-
fected infants revealed that 51% of the infants had global neuro-
developmental delay [14]. Laboratory diagnosis during the acute
stage of CHIKV infection is achieved by either reverse transcription
polymerase chain reaction (RT-PCR) or serological assays. The anti-
CHIKV IgM antibodies are detectable 1-12 days after onset, while
IgG is detected in the samples several weeks later and can persist
for years [15]. Most of the vertical transmission of CHIKV were
reported from India, Reunion Island [16], Latin America (Brazil,
Colombia, Jamaica) [17], and case reports from China, Sri
Lanka [18].

Limited information is available on CHIKV transmission in
Vietnam. Dengue virus (DENV) is endemic in the region and shares
similar vectors (Aedes mosquitoes) with CHIKV [19]. CHIKV infection
is frequently misdiagnosed as DENV infection because their primary
symptoms are indistinguishable [20]. The first report of CHIKV
among febrile patients in Southern Vietnam was in 1967 [21]. A
retrospective study of febrile patients’ samples collected in 2006 in
Northern Vietnam revealed a 25% positivity for CHIKV neutralization
antibodies [22]. Furthermore, a cross-sectional study conducted on
residual serum samples collected in 2015 from inpatients or out-
patients confirmed evidence of past CHIKV transmission in Central
and Southern Vietnam, with a CHIKV IgG positivity of 13.4% [23].

To date, no vertical transmission of CHIKV has been reported in
Vietnam. In Asia, several cases involving vertical transmission of
CHIKV have been reported in regions in which the virus circulates
[24,25]. Therefore, this study aimed to determine (1) the ser-
opositive proportion and characteristics of vertical transmission of
CHIKV at birth among newborn babies in a birth cohort in Vietnam
and (2) the seropositive and seropositive with neutralization con-
firmed of CHIKV among women bearing children in Vietnam using
blood samples in a birth cohort.
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Material and Methods
Samples and study population

This study retrospectively analysed samples that had been used
in a previous birth cohort study [26]. From July 2017 to September
2018, we enrolled newborn babies born to asymptomatic mothers
who delivered at Khanh Hoa General Hospital (KHGH), Nha Trang,
Vietnam from morning to 4 pm from Monday to Friday. The mothers
were residing in the catchment area (16 communes) of Nha Trang
city, and were 18 years or older at the time of the delivery of their
babies. Among 3223 deliveries at KHGH from women residing in the
catchment area during the study period, 2015 met the enrollment
criteria and were enrolled in a birth cohort. The others were not
enrolled mainly because the delivery occurred at night or weekends
when the manpower was not sufficient for the safe collection of
samples and information. Excluding three cases with missing sam-
ples, a total of 2012 umbilical cord plasma samples were available
and analyzed retrospectively for the presence of CHIKV infection by
specific serological tests or RT-qPCR in this study.

Women who had spontaneous/induced abortions, stillbirths,
multiple pregnancies, or serious complications during their preg-
nancy were excluded from the study. Blood samples were collected
from the umbilical cord immediately after delivery [26]. To take the
umbilical cord blood, the umbilical cord was double clamped and cut
to separate the baby after delivery. Approximately 10 mL of the cord
blood sample was withdrawn from the umbilical vein of the placenta
side of the umbilical cord by using a 21-gauge needle and syringe.
The samples were collected in EDTA tubes. A total of 2012 umbilical
cord plasma samples were frozen and transferred to the Institute of
Tropical Medicine, Nagasaki University, to be tested for Zika virus,
Rubella virus, and Cytomegalovirus [26,27]. The remaining plasma
samples were kept at - 80 °C and used for serological and molecular
testing for this study.

Viruses and cell lines

CHIKV strain S-27 (the African prototype) belonging to the East-
Central-South African (ECSA) divergent clade [28] was used for
CHIKV IgG indirect and IgM capture enzyme-linked immunosorbent
assay (ELISA) and neutralization testing. The virus was propagated in
mosquito cells. Vero cells were used for virus titration and neu-
tralization tests.

Detection of anti-CHIKV IgG antibodies

To screen for anti-CHIKV IgG in the plasma samples, in-house
indirect IgG ELISA was performed using purified CHIKV as the assay
antigen [29]. Detection of IgG antibodies was performed following
the procedure described in previous studies [22,30]. Briefly, 125 ng/
100 pL of viral antigen diluted in coating buffer was coated onto 96-
well microplates (Nalge Nunc International, Denmark), except for
the blank wells. After overnight incubation at 4 °C, the test samples
and positive and negative controls were distributed into duplicate
wells. Subsequently, horseradish peroxidase (HRP)-conjugated anti-
human IgG (American Qualex, USA) was added. Colour development
was achieved by adding o-phenylenediamine dihydrochloride solu-
tion (OPD; Sigma Chemical Co, USA) to each well. After 30 min of
incubation at room temperature, the reaction was stopped with 1 N
sulfuric acid (H,SO4), and the optical density was read at 492 nm
using a Synergy H1™ Hybrid Multi-Mode Microplate Reader (BioTek
Instruments Inc., USA). The IgG titres of patients’ serum samples
were determined from the positive standard curve. A sample titre of
> 3000 was considered IgG-positive. [30].
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Detection of anti-CHIKV IgM antibodies

An in-house IgM capture ELISA system was used to detect the
presence of anti-CHIKV IgM, as described previously [22,30]. All
wells, except the blank wells, were coated with anti-human IgM goat
IgG (Cappel ICN Pharmaceuticals, USA). After overnight incubation at
4 °C, the test samples and positive and negative controls were dis-
tributed into duplicate wells. Then, 128 ELISA units of CHIKV assay
antigen (prototype strain; S-27) were added to each well and in-
cubated for 1 h at 37 °C. HRP-conjugated anti-CHIKV mouse-derived
recombinant E1 monoclonal antibody was added and incubated for
1 h at 37 °C. Colour development and optical density reading were
performed as described above. A positive control (or sample) OD4g,/
negative control OD4g, (P/N) ratio > 2.0 was considered positive. The
sensitivity of the in-house anti-CHIKV IgM capture ELISA was 98.3%
(95% CI: 90.9-100%), specificity was 88.0% (95% CI: 71.8-96.6%), and
accuracy was 94.6%. It was documented in the previous study [30].

Neutralization assay

The IgG- or IgM-positive samples were confirmed with a 50%
focus reduction neutralization test (FRNTsq), as described in previous
studies [22,30]. The heat-treated plasma samples were mixed with
equal volumes of 40 focus-forming units and incubated at 37 °C with
5% CO, for 36 h. After fixation, the cells were blocked and permea-
bilised as described previously [22]. To detect viral foci, im-
munostaining was performed as described in a previous study [30].
The endpoint serum dilution that produced a > 50% reduction over
the mean number of the control well was considered the FRNT50
titer and IgG- or IgM-positive samples with a neutralizing titer of
> 10 were classified as CHIKV infected [31].

Chikungunya virus case classification

Considering the guidelines from WHO (World Health
Organization /| PAHO (Panamerican Health Organization) [32], the
results of a published study [9], and our previous study [22], it was
defined as “vertical transmission of CHIKV” if laboratory tests de-
monstrated at least one of the following: (a) positive real-time re-
verse transcription PCR (RT-qPCR) for CHIKV, or (b) positivity for
CHIKV IgM. If the CHIKV IgG was positive, it was considered ser-
opositive. If a seropositive sample had a neutralization titer of > 10
against CHIKV, it was considered seropositive with neutralization.

Real-time reverse transcription PCR

To detect the viral genome in the samples, RNA was extracted
from plasma using a viral RNA Mini Kit (QIAGEN, Germany) ac-
cording to the manufacturer’s instructions. Two-step RT-qPCR was
performed following the procedure described in the previous study
[31]. First, reverse transcription was performed following the man-
ufacturer’s instructions using the PrimeScript™ RT reagent kit (Ta-
kara, Japan). Then, real-time PCR was performed using SYBR® Premix
Ex Tag™ II (Tli RNaseH Plus) (Takara, Japan) following the manu-
facturer’s instructions. The cycle threshold value < 40 was con-
sidered as CHIKV positive for RT-qPCR. A standard curve for
quantification of viral genome levels was produced with com-
plementary DNA at 10-fold serial dilutions from 10% to 10> genomic
copies. Samples with CHIKV IgG titre > 3000 and CHIKV IgM P/N
ratio > 2.0 were evaluated with RT-qPCR.

Data analysis

Data analysis and graphical presentation of the figures were
performed with GraphPad Prism 9.0.1 (GraphPad Software).
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Results
Demographic characteristics

Among 2015 pairs of mothers and babies recruited to the birth
cohort study, a total of 2012 umbilical cord plasma samples were
available and analysed retrospectively for the presence of CHIKV
infection by specific serological tests or RT-qPCR in this study. All the
2012 babies were born in the mother’s third trimester of pregnancy
(median gestational age of 39.3 weeks, interquartile range
38.6-40.0), except for 11 born at unknown gestational age with birth
weight ranging from 2700 to 4700 g. The median age of the mothers
at delivery was 28 years, (interquartile range 25-32). Of the 2012
mothers, 101 (5%) reported fever and one reported arthralgia during
pregnancy. No cases of rash, lymphadenopathy, or conjunctivitis
were reported.

Prevalence of vertical transmission of CHIKV infection

Of the 2012 cord blood samples, 34 (1.7%) were positive for
CHIKV viral genome or/and anti-CHIKV IgM and/or IgG. Out of 2012
samples, 15 (0.7%) were anti-CHIKV-IgM positive. The viral genome
was detected via RT-qPCR in 6 /34 samples which were positive for
anti-CHIKV IgM and/or IgG, with an average of 29,733 copies
(Table 1). Overall, 18 of the 2012 newborn babies 0.9% (95% con-
fidence interval (CI): 0.6-1.5) were positive for CHIKV IgM and/or RT-
qPCR, regarded as vertical transmission of CHIKV infection. Out of
2012 cord blood samples, 10 (0.5%, 95% CI: 0.2-0.9) were positive for
both anti-CHIKV IgM and IgG. No mothers of babies with vertical
transmission of CHIKV reported fever, rash, arthralgia, or lympha-
denopathy/conjunctivitis during their pregnancy. All of the 18 babies
were born without apparent symptoms except for one girl reported
to have vomited repeatedly and hospitalised in the paediatric de-
partment and recovered well in a couple of days. None of them had
congenital Zika, Rubella, or Cytomegalovirus infection together
[26,27]. The babies with vertical transmission of CHIKV were born
between August and December 2017 and between May and Sep-
tember 2018 in our study population (Fig. 1). The higher rate of
vertical transmission was occurred in 2017 than in 2018.

Seropositive with or without neutralization against CHIKV infection

Among the 2012 cord blood samples, 34 (1.7%) samples were
positive for anti-CHIKV IgM and/or IgG. Anti-CHIKV IgG was positive
in 29 out of the 2012 cord blood samples, the seroprevalence was
1.4%; 0.0%, 0.8%, 1.0%, 1.8%, 3.1% and 5.7% in age group (years) less
than 20, 20-24, 25-29, 30-34, 35-39, and 40 or more, respectively
(Fig. 2). Among the 2012 cord blood samples, 29 (1.4%, 95% CI:
1.0-2.1) were anti-CHIKV IgG positive and 26 (1.3%, 95% CI: 0.8-1.9)
had anti-CHIKV neutralizing antibodies.

Anti-CHIKV neutralizing antibodies were detected in 30 of the 34
samples that were positive for anti-CHIKV IgM and|/or IgG (Table 1).
The prevalence of mothers positive for anti-CHIKV IgM and/or IgG
with its neutralizing antibody titre > 10, regarded as seropositive
with neutralization against CHIKV infection which was 1.5% (30/
2012). However, four (0.1%) of 2012 cord blood samples were posi-
tive for anti-CHIKV IgM and/or IgG with its neutralizing antibody
titre < 10, regarded as seropositive without neutralization against
CHIKV infection.

Discussion

This is the first report of a possible vertical transmission of CHIKV
in a birth cohort in Vietnam. Of the 2012 study participants, 1.7%
were positive for anti-CHIKV IgM and/or IgG antibodies while 1.5% of
the subjects had anti-CHIKV neutralizing antibodies. The incidence



Journal of Infection and Public Health 17 (2024) 1050-1056

M.M. Ngwe Tun, E.A.C. Luvai, M. Toizumi et al.

*31qeL ul (O] <) anjeA UOHEZI[eIINAU pue (13313 000E <) 2Anmisod H3] (g zonel N/d) aanisod NS Sied1pul Juoj pjog
‘0L > 1911 uonezifennau ym aanisod H3| 10/pue N3] AMIHD-DUY :(- ‘+) uoneziennaN ‘9anisodoias,
‘01 < 19313 uonezijennau yum aanisod H3J Jo/pue NS AMIHD-BUY :(+ ‘+) uonezifesnaN ‘9anisodoias,

‘01 < 19113 uonezifennau yum (aanisod 53| AMHD-1IUY) 3ARIS0d0IdS :paulIjuo) UonezI[ennaN
*aan1sod ¥Dd dwn-[ear ANIHD 10 aanisod WS[ AMIHD-IUY :UOISSIWSURI) [BIILIIA
*SNIIA eAUNSUMIY) AMNIHD

ON oN 33 005€ pPEMBE (-+) ou 2AIESIN oL > (42 £3 01 ve-dd

ON £>ueugaid jo syruow /£ Je 19Ad] [43 00ge PTMBE (-+) ou 2AneSaN or > 788¢ €l €€-04

ON ON ye 00S€ pmoy (++4) ou aAIEZIN 08 S98°1L 01 ze-0d

ON ON gee 00S€ POMGE (+4) ou 2AIESaN 0¥9  SIS'Sh 't 1€-0d

ON ON ye 00L€ POMOY (+4) ou 2AIIESIN 087l  06C'€9 A 0€-24

ON ON ve 006€ pPEMGE (++) ou 2AIEZIN 091 608L 80 6¢-24

ON ON Sle 000¢ pSMLE (++) ou 2AIEZIN 08zl 8pT'6S 60 8¢-0d

ON ON gee oove pOM8E (++) ou 2AIEZIN (1749 we'eL 'L L2-0d

ON ON L'ee 00S€ pmoy (+4) ou dAIEZIN ov GG8¢e 60 92-2d

ON ON [43 000¢ PyM8E (+4) ou aAneSaN ov 8T8¢ 60 Sc-od

ON ON 123 00S€ pPEMOY (+4) ou 2AIESIN 08¢l  ¥S619 80 ¥z-od

ON ON 13 00ey pTmge (+4) ou aAneSaN 09  ¥88'9¢ 01 €c-od

ON £ueugaid jo syruow § Je 19Ad] Lee 00ze PIMBE (+4) ou 2Ane3aN oze  LEO'BL 4 7z-od

ON ON vie 008¢ pmee (++4) ou 2AIEZIN 091  pes'oL 90 12-04

ON ON 23 000¢ peEM6E (++4) ou dAIEZIN oze €20°LL 90 02-2d

ON ON [43 006T POMGE (+4) ou aAneSaN 0ze  PSLYL 60 61-04

ON ON [43 00LT PYM6E (+4) sak aAneSaN 0871  989‘8C 0e 81-2d

ON ON e 0oLe PSM6E (+4) sak aAneSaN 09s¢C 88I'L6 6°C L1-24

ON ON 23 00ze pIMge (-+) sak 2AIEZIN or > 788¢ (A4 91-04

ON ON €e oove pSMee (++4) sak 008'LE ov 099 9T S1-2d

juawredsp
oerpad ay3 ur pazieydsoy

pue Ajpajeadar Sunrwop ON g€e 00LE peEMOY (+4) ok 008'sL 0ze  €L9'6L (A ¥1-0d
ON ON [43 0oee pmee (+'4) safk 006'9% 096¢C 1L6'C9 4 €1-2d

ON ON 9€ 002V pomIy (++) safk 005'0C 0TlS  796'€6 80 [ARnl:|

ON ON g'Ge 008¢ pmee (-+) sak 001'LT or > CLe | X4 11-2d

ON ON ye 0olLe PYMe6¢e (+4) sak 00€'LT 08 6795 €cC 01-24

ON ON gee 000¥% pymor (+4) sak aAIEZaN 08 (4¥4:} Le 6-0d

ON ON €€ 00s€ pPEMOY (+'4) sok aAneSaN 091 T8L1L | X4 8-2d

ON ON se 00€¥ PyMOY (+4) sak aAne3aN 0¥9  €TeLL 8T JAnt:|

ON ON €e 006¢C PSM6E (+4) sak dAIESIN o¥ S6S Ts 9-0d

ON ON 13 009¢ PIMoy (++) sak aAnegaN 08 1611 v's 64

ON ON ve 000¢ peEM8E (+4) sak 2A13e3aN 087l  P60°ST 0c ¥-0d

ON ON Sre 00S¢€ PYM6E (+4) sak 2AESaN 0T 06¥ re €04

ON ON L'se 00L€ POMOY (++) sak aAneSaN 0ze  LbS'9L (44 z-0d

ON ON Ve 000€ pTMmsE (+4) sak aAne3aN 091  bhbEL 0¢C 1-04

Aueugaid siyy Suunp (wd) (weis) (Tw/sa1dod)
sniAndunfuod/AyedouspeydwA| DUAIJWNIID JySrom yyiq e (uonezijeninaN uoIsSIwisuel], ADd-1Y 1)L (one1 N
(s) woidwAs s Aqeg [e13[e1yiie/yse1/IaAdy S I9UION pesH yyuig 98e [euoneIsan aAn1sodoias) [RISREYY Qwi-[ear  uopeziennaN JNL O3] [/d) WSl ] djdwes
MIIHD

'sajdwes ewse[d poojq pI10d 2y} Ul JWOUIF [BIIA PUB SAIPOIIUE AMNHD-IUE JO UONIIJ

L dlqeL

1053



M.M. Ngwe Tun, E.A.C. Luvai, M. Toizumi et al.

250 r4
@
200 g
38
c
@ S
g 4
S 150 A £
8 @
2 3 2
s 8
5 £
_;E, 100 4 }_J
b | o
z o
2
- 1 g
50 A 2
0 - T T + 0
N R R N N N ®© © 00 © 0 0 0 0 o
oA R T T T SR T B R
3 W o g 2 9 £ o 5 L 2 £ 5 W oo
3 © o 3
=2 80248828 s<<35 2= 24
B Vertical transmission ~ —e=Total

Fig. 1. Monthly number of births of babies born with vertical transmission of
CHIKV infection. Line represents total number of cases (births of babies born) and
bars represent the number of vertical transmission of CHIKV cases during July 2017 to
Sep. 2018.
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Fig. 2. Seropositivity rate of anti-CHIKV IgG by age group in pregnant women.
Each bar graph represents the number of anti-CHIKV IgG positive by total cases in
each age group.

of vertical transmission of CHIKV among the general new-born po-
pulation in this study was determined by the presence of anti-CHIKV
IgM or viral genome and it was 0.9%. All babies with mother-to-child
transmission were apparently healthy at birth. Theoretically, viremia
levels are typically detected by 3-7 days (range 1-12 days) and we
assumed that the virus was passed from the mother to the fetus via
the placenta. We detected CHIKV viremia in umbilical cord blood
after delivery. IgM and IgG Ab against CHIKV are typically detectable
3 - 4 days and 6 - 7 days following onset of symptoms, respectively.
Because the fetus makes IgM on their own before birth in utero, this
may explain why we detected CHIKV IgM positive in umbilical cord
blood. IgM against CHIKV typically remains detectable for 3 to 4
months after infection, whereas IgG against CHIKV is detectable for
years. Of the 2012 cord blood samples, 1.4% were seropositive for
CHIKV-specific IgG and most of those seropositive were also positive
for neutralizing antibodies against CHIKV. CHIKV IgG positive with
or without neutralizing antibodies in cord blood sample is sign of an
exposure of the mother to the infection and an exposure of the fetus
to the transfer of maternal transplacental antibodies.

The prevalence of neonates with the laboratory-confirmed ver-
tical transmission of CHIKV was 0.25% (19 cases) among 7629 babies
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born during the outbreak on La Reunion island [9]. In an outbreak in
the French Caribbean Islands of Martinique and Guadeloupe, pre-
valence of mother-to-child transmission of CHIKV was 0.16% among
9200 births during 2013-2015 [33]. The prevalence of vertical
transmission of CHIKV in this study was 0.9%, which was higher than
that reported in previous outbreaks in La Reunion and the French
Caribbean Islands. To the best of our knowledge, no studies have
reported the rate of vertical transmission among the general popu-
lation in settings with no apparent outbreaks. The high proportion of
CHIKV infection was mostly observed as the maternal ages in-
creased, this supports the endemicity of CHIKV in Vietnam.

The main clinical features at presentation were fever, poor feeding,
and pain, which were observed in all infants with vertical transmission
(n=19, 100%) on La Reunion Island. Severe neonatal disease was ob-
served in 10 cases (52.6%) consisting of encephalopathy (n=9) and he-
morrhagic fever (n=1). All neonates were asymptomatic at birth, and
the median age at symptom onset was 4 days of age [9]. In the French
Caribbean islands, an active hospital-based surveillance system detected
15 neonates with symptomatic CHIKV infections consecutive to mother-
to-child transmission, seven of which were severe, with a mean age of 6
days at symptom onset [33]. In our study, all babies with mother-to-
child transmission were apparently healthy at birth and had at least a
couple of days of hospitalization. According to the Pediatric Dengue
cohort Study in Nicaragua and the systematic review of asymptomatic
rates by Carrillo et al. there is a strong inverse correlation between the
force of infection (or the attack rate) and the asymptomatic rate re-
gardless of the circulating genotype [34]. There is also a lineage-specific
virulence, the Asian genotype being the less virulent, the East Central
South African (ECSA) genotype being intermediate, and the ECSA-di-
verged Indian ocean lineage (IOL) being the most virulent [35]. Though
we have no information on the infective genotype in our study, we
believe that CHIKV is endemic in Vietnam and the attack rate at the time
of our study was very low, as the low positivity of PCR and IgM anti-
bodies in pregnant women and the national seroepidemiological survey
by Nguyen et al. suggests [36]. There are three possible explanations for
such apparent discrepancies between the previous reports and the
present study. First, our study might have detected just transient viremia
which did not establish infection. Second, we might have not detected
symptoms appearing later because babies stayed at the hospital only for
a couple of days after birth. Third, the presumably Asian or IOL circu-
lating CHIKV strains circulating in Vietham might have been less virulent
in the neonate than feared given the low circulation of CHIKV in en-
demic Vietnam [36].

The CHIKV IgG seropositivity rate among the mothers in this
study was 1.4% which is very low and adds credence to the third
abovementioned hypothesis on the high asymptomatic rate.
Comparatively, a recent study conducted in Nigeria to determine
CHIKV infection during pregnancy of mothers in a non-outbreak
setting revealed anti-CHIKV IgM seroprevalence of 11.8% (119/1006)
and pregnant women who had acute CHIKV infection gave birth to
babies with abnormal outcomes with possible antepartum trans-
mission of CHIKV [37]. Previous studies on patients with fever, 25.0%
were seropositive and confirmed with neutralization tests in 2006
[22] and 13.4% were seropositive for IgG in 2015 [23] in Vietnam. The
low prevalence of CHIKV IgG among mothers in our study might be
related to the difference in the target populations: febrile patients in
both genders and all age groups in previous studies [22,23] and the
cohort of pregnant women in our study. Also, the IgG levels might be
different between umbilical cord samples and blood samples from
the mothers [38,39]. The CHIKV IgG-positive cases were increased in
older age among women in this study, which was consistent with
the previous studies which reported that older age in women was
associated with a higher chance of exposure [23,40,41].

Previous studies reported that mother-to-child transmission of
CHIKV usually occurs secondary to prepartum or intrapartum ma-
ternal viremia that reflects a recent CHIKV infection [42,43]. In our
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study, a viral genome was detected in cord blood suggestive of con-
genital infection (symptomatic or asymptomatic). However, to confirm a
baby’s infection rather than a transient viremia, we need further studies.
The limitations of our study are the absence of (1) maternal blood at/
before delivery to compare with the baby’s blood serologically and vir-
ologically, (2) baby’s blood in the early neonatal period and beyond 6
months of age for confirming the baby’s viremia and persistence of high
titre of IgG, (3) the baby’s clinical symptoms in the early neonatal period
beyond hospitalization, and (4) mid- or long-term follow-up of the ba-
bies to see late-onset clinical features. In addition, we reanalysed pre-
vious cohort samples in which women who had spontaneous/induced
abortions, stillbirths, multiple pregnancies, or serious complications
during their pregnancy were excluded in this study. Thus, all these ex-
clusions had an effect on the results of the prevalence of vertical
transmission.

Babies suspected of vertical CHIKV infection in our study were
born between August and December 2017 and between May and
September 2018 coinciding with the dry season (January through
September) in Nha Trang when increased circulation of the A. aegypti
mosquitoes is observed [44]. Although we detected the CHIKV viral
genome in our study population, we could not determine the gen-
otype of CHIKV because viral copy numbers were too low in our cord
blood samples. It is important to determine which genotype of
CHIKV is circulating in Vietnam and whether the strain circulating in
Vietnam is less pathogenic than the strain on La Réunion Island [45].
It is also important to characterise the immune status of the general
population in Vietnam in the future study.

We have shown the presence of vertical CHIKV infection in
Vietnam, an arbovirus endemic area, with an incidence of 0.9% and
seroprevalence of neutralizing antibodies against CHIKV with 1.3% in
our birth cohort populations. Our study shows that CHIKV infection
occurs in a non-negligible number of pregnant women in Vietnam,
which might affect babies; however, the burden of CHIKV is still
unknown. A major limitation of the study was that we had no de-
tailed clinical and laboratory data on the birth cohort. In addition,
we did not follow up on the neonates after discharge from the
hospital. Consequently, we can neither conclude that those neonates
had ‘asymptomatic infection’ nor rule out the possibility of ‘delayed-
onset disease’. Therefore, a systematic clinical and microbiological
study should be conducted to determine the prevalence and impact
of CHIKV infection in pregnant women and newborn babies in
Vietnam.

This is the first report of possible maternal-neonatal CHIKV in-
fection in a birth cohort in Vietnam; therefore, the information will
be of great importance in the public health sector. The findings in
this study highlight the need for surveillance for CHIKV infection in
pregnant women and newborn babies, and clinical follow-up in
endemic regions. Furthermore, systemic clinical and microbiological
studies should be included in the differential diagnosis for symp-
tomatic neonates in endemic regions.
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