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Abstract
Objective: Given that women of reproductive age in dengue-endemic areas are at risk
of infection, it is necessary to determine whether dengue virus (DENV) infection dur-
ing pregnancy is associated with adverse outcomes. The aim of this systematic review
and meta-analysis is to investigate the consequences of DENV infection in pregnancy
on various maternal and foetal-neonatal outcomes.
Methods: A systematic literature search was undertaken using PubMed, Google
Scholar, and Embase till December 2021. Mantel–Haenszel risk ratios were calculated
to report overall effect size using random effect models. The pooled prevalence was
computed using the random effect model. All statistical analyses were performed on
MedCalc Software.
Result: We obtained data from 36 studies involving 39,632 DENV-infected pregnant
women. DENV infection in pregnancy was associated with an increased risk of mater-
nal mortality (OR = 4.14 [95% CI, 1.17–14.73]), stillbirth (OR = 2.71 [95% CI, 1.44–
5.10]), and neonatal deaths (OR = 3.03 [95% CI, 1.17–7.83]) compared with pregnant
women without DENV infection. There was no significant statistical association
established between maternal DENV infection and the outcomes of preterm birth,
maternal bleeding, low birth weight in neonates, and risk of miscarriage. Pooled prev-
alences were 14.9% for dengue shock syndrome, 14% for preterm birth, 13.8% for
maternal bleeding, 10.1% for low birth weight, 6% for miscarriages, and 5.6% for
stillbirth.
Conclusion: DENV infection in pregnant women may be associated with adverse out-
comes such as maternal mortality, stillbirth, and neonatal mortality. Hence, pregnant
women should be considered an at-risk population for dengue management
programmes.
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INTRODUCTION

Dengue fever, an infectious disease spread by mosquitoes, is
widespread in tropical and subtropical areas.1 In 2010, it
was estimated that 390 million dengue infections occurred
worldwide, with 96 million presenting clinically and
resulting in 21,000 deaths.2 Dengue virus (DENV) infection
has increased substantially in recent years, with the number
of cases almost doubling within a decade from 2.4 million in

2010 to 4.2 million cases in 2019.3 Explosive outbreaks and
regional spread into new locations are a factor behind this
recent huge increase in the incidence of dengue fever.3

DENV is part of the Flaviviridae family and consists
of four antigenically and genetically distinctive serotypes:
DENV 1, 2, 3, and 4.4 Aedes aegypti and Aedes albopictus,
which are both common in tropical and subtropical areas,
are the primary vectors of transmission.3 Typically, the incu-
bation period for dengue fever ranges from 3 to 14 days,
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with an average incubation period of 5 to 7 days.3 Dengue
viral infection manifests clinically in a wide variety of ways,
ranging from asymptomatic to life-threatening severe den-
gue or dengue shock syndrome (DSS).2 Only 20% of DENV
infections cause fever and other symptoms such as joint and
muscle discomfort, skin rashes, nausea, and severe head-
aches, while the other 80% go unrecognised.1 Although
infection with one serotype of the DENV offers lifetime pro-
tection, secondary infection with heterologous serotypes or
virulent strains enhances the risk of severe disease.5

Given that women of reproductive age in dengue-
endemic areas are at risk of infection, it is necessary to
determine whether dengue infection during pregnancy is
associated with adverse foetal outcomes. Premature birth,
low birth weight, stillbirth and miscarriage have been linked
to maternal DENV infection during pregnancy, according to
recent reports.6 In a study by Tougma et al. on 121 pregnant
women infected with DENV, premature birth was reported
in about 10% of pregnancies, a similar recent report by

Nujum et al. reported low birth weight in 18% of cases from
a pool of 78 pregnant women infected with DENV.7,8 The
previous meta-analysis by Xiong et al. reported no signifi-
cant association between maternal DENV infection and
preterm birth, low birth weight, or miscarriage.9 However,
the result of their analysis was limited to few studies.
Besides that, they had not included maternal bleeding,
maternal mortality and neonatal mortality outcomes in their
analysis. Several new studies have been published since the
last meta-analysis, reporting the impact of DENV infection
during pregnancy on various maternal and foetal-neonatal
outcomes.

Hence, in this article, we aimed at conducting an
updated systematic review and meta-analysis, using all evi-
dence to date to investigate the consequences of DENV
infection in pregnancy on various maternal and foetal-
neonatal outcomes such as maternal mortality, preterm
birth, miscarriages, maternal bleeding, stillbirth, low birth
weight, and neonatal mortality.

F I G U R E 1 PRISMA flow diagram outlining the study selection process
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METHODS

This systematic review and meta-analysis was performed
in compliance with Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) stan-
dards10 (Figure 1).

Search strategy

A rigorous literature search was executed using PubMed,
Google Scholar, and Embase till December 10, 2021. We
linked Medical Subject Headings (MeSH) terms and
keyword and succeeding search terms (([Dengue fever]
or [Dengue virus] or [Dengue hemorrhagic fever] or
[Dengue shock syndrome] AND [Pregnancy] or [gesta-
tional] or [maternal outcome] or [Premature Birth]
or [low birth weight] or [miscarriages] or [Still birth] or
[maternal bleeding] or [Post-partum hemorrhage] or
[neonatal outcomes] or [Neonatal deaths] or [Maternal
deaths])). Studies were included from all around the
globe, with no language limitations. For more qualifying
studies, we inspected the reference lists of the incorpo-
rated articles and the pertinent literature manually.
Duplicate citations were eliminated and all remaining
reports were reviewed by using their titles and abstracts
to appraise eligibility.

Eligibility criteria

To be eligible for this meta-analysis, articles had to fulfil the
following inclusion criteria: (a) cohort, case–control, or
cross-sectional studies; (b) DENV infection diagnosis in
pregnant women; (c) articles describing the maternal and/or
foetal-neonatal outcomes, including maternal mortality, pre-
term birth, miscarriages, maternal bleeding, stillbirth, low
birth weight, and neonatal mortality in DENV-infected
pregnant mother; (d) studies with a sample size of ≥10
patients.

Exclusion criteria were: (a) no evidence regarding mater-
nal or foetal-neonatal outcomes given in the article;
(b) duplicate publication; (c) letters to the editor, case
reports, commentaries, reviews, and posters. A comprehen-
sive interpretation of the residual studies and data extraction
were carried out in an Excel table.

Study selection and quality assessment

Two authors independently assessed the titles and
abstracts of the shortlisted articles based on the inclusion
criteria. Any disputes in study selection were addressed by
negotiation and discussion with a third investigator (S.S.
R.). Two investigators independently assessed the risk of
bias and the quality of each study using the Newcastle-
Ottawa Scale (NOS).11 Each study was graded as: low bias

risk (8–9 points), moderate bias risk (5–7 points), or sig-
nificant bias risk (0–4 points).

Data extraction

Data for each study were extracted autonomously by two
authors and cross-checked to eliminate errors. Numerous details
were extracted from each study, including the first author’s
name, year of publication, the study’s country of origin, study
design, the total sample size, the number of pregnant women
with DENV infection, dengue detection technique maternal
mortality, percentage of women going into a stage of DSS, and
data on various maternal and foeta-neonatal outcomes.

Statistical analysis

MedCalc® Statistical Software version 19.6.4 (MedCalc
Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2021) was used for all statistical analyses. The pooled prev-
alence and associated 95% confidence interval (CI) were
calculated using the random effects model. Results for out-
come analysis were presented as odds ratios with 95% CIs
and pooled using the Mantel–Haenszel random-effects
model. The I 2 statistics were used to assess the heterogene-
ity of effect size estimates across these studies with I 2 (low
heterogeneity: I 2 ≤ 25%; moderate: 25%–50%; high >75%).
Probability values <0.05 were considered statistically signif-
icant in all cases. A leave-one-out sensitivity analysis was
also carried out to assess the effects of individual studies on
the statistical results. Publication bias was explored using
funnel plots, Egger’s regression test, and Begg–Mazumdar’s
rank correlation test.

Grading quality of evidence

The GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) working group approach of
grading the quality of evidence was incorporated for all the
outcomes analysed.12,13

RESULTS

Characteristics of the included studies

Preliminary searches of different databases pulled up 1432
articles. After removing duplicates, 920 studies were
assessed. After taking into account titles and abstracts,
852 articles were eliminated, leaving 68 articles for review
and potential consideration in this study (Figure 1).
Ultimately, 36 articles reporting on 39,632 DENV-infected
pregnant women were included in this meta-analysis,6–8,14–46

comprising 18 from Asia (mostly from India, n= 12), 15 from
Latin America and 3 from Africa (Table 1).

TROPICAL MEDICINE & INTERNATIONAL HEALTH 621

 13653156, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tm

i.13783 by T
est, W

iley O
nline L

ibrary on [29/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.medcalc.org


T
A
B
L
E

1
B
as
el
in
e
ch
ar
ac
te
ri
st
ic
s
of

th
e
in
cl
ud

ed
st
ud

ie
s

St
ud

y,
ye
ar

C
ou

n
tr
y

St
ud

y
de
si
gn

D
en
gu

e
de
te
ct
io
n
te
ch
n
iq
ue

Sa
m
pl
e

si
ze

D
en
gu

e
po

si
ti
ve

w
om

en
(n
)

A
dv
er
se

fo
et
al
ou

tc
om

e
N
O
S

A
da
m
,2
01
11

4
Su
da
n

R
et
ro
sp
ec
ti
ve

st
ud

y
—

—
78

P
re
te
rm

bi
rt
h,

LB
W

6

A
ga
rw

al
,2
01
41

5
In
di
a

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
25

P
re
te
rm

bi
rt
h,

LB
W
,m

is
ca
rr
ia
ge
,s
ti
ll
bi
rt
h

6

A
ga
rw

al
K
,2
01
71

6
In
di
a

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
62

P
re
te
rm

bi
rt
h,

m
is
ca
rr
ia
ge

7

A
ng
ar
it
a,
20
13

17
V
en
ez
eu
la

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
ls
tu
dy

IG
M

30
7

P
re
te
rm

bi
rt
h,

m
at
er
na
lb

le
ed
in
g

6

B
ar
ra
so
,2
01
01

8
C
ub

a
R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M

/I
gG

86
30

P
re
te
rm

bi
rt
h,

LB
W

6

B
as
ur
ko
,2
00
96

Fr
en
ch

G
ui
an
a

R
et
ro
sp
ec
ti
ve

st
ud

y
IG

M
/P
C
R

—
53

P
re
te
rm

bi
rt
h,

LB
W
,m

at
er
na
lb

le
ed
in
g,
st
ill

bi
rt
h

7

B
as
ur
ko
,2
01
81

9
Fr
en
ch

G
ui
an
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

or
N
S1

an
ti
ge
n
or

P
C
R

29
2

73
P
re
te
rm

bi
rt
h,

m
at
er
na
lb

le
ed
in
g,
st
ill

bi
rt
h

8

B
ra
r,
20
21

20
In
di
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
44

P
re
te
rm

bi
rt
h,

m
at
er
na
lb

le
ed
in
g

7

C
ar
le
s,
20
00

21
Fr
en
ch

G
ui
an
a

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M
/P
C
R
/v
ir
al
is
ol
at
io
n

—
38

P
re
te
rm

bi
rt
h,

st
ill

bi
rt
h

6

C
ha
ns
am

ou
th
,

20
16

22
La
os

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

or
N
S1

an
ti
ge
n
or

P
C
R

30
4

76
P
re
te
rm

bi
rt
h,

LB
W
,m

is
ca
rr
ia
ge
,s
ti
ll
bi
rt
h,

m
at
er
na
l

m
or
ta
lit
y

7

C
hi
tr
a,
20
11

23
In
di
a

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
14

P
re
te
rm

bi
rt
h,

M
is
ca
rr
ia
ge

7

D
at
,2
01
82

4
Ja
pa
n

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
20

P
re
te
rm

bi
rt
h,

LB
W
,m

at
er
na
lb

le
ed
in
g,
st
ill

bi
rt
h

6

Fe
it
oz
a,
20
17

25
B
ra
zi
l

R
et
ro
sp
ec
ti
ve

st
ud

y
gM

or
cl
in
ic
al
/
ep
id
em

io
lo
gi
ca
l

cr
it
er
io
n

10
00

20
0

P
re
te
rm

bi
rt
h,

LB
W
,n

eo
na
ta
lm

or
ta
lit
y

9

Fr
ie
dm

an
,2
01
42

6
Fr
en
ch

G
ui
an
a

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M
/P
C
R
/v
ir
al
is
ol
at
io
n/

N
S1

an
ti
ge
n

34
4

86
P
re
te
rm

bi
rt
h,

LB
W
,s
ti
ll
bi
rt
h

9

G
eh
lo
t,
20
17

27
In
di
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
25

P
re
te
rm

bi
rt
h,

LB
W
,m

is
ca
rr
ia
ge

6

G
up

ta
,2
02
12

8
In
di
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

or
N
S1

an
ti
ge
n

88
35

M
at
er
na
lm

or
ta
lit
y

7

K
al
lu
r,
20
18

29
In
di
a

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
44

P
re
te
rm

bi
rt
h,

st
ill

bi
rt
h

5

La
op

ra
so
pw

at
ta
na
,

20
15

30
T
ha
ila
nd

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
IG

M
96

4
P
re
te
rm

bi
rt
h

6

Le
it
e,
20
14

31
B
ra
zi
l

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

/P
C
R

40
4

43
LB

W
7

M
ul
ya
na
,2
02
03

2
In
do

ne
si
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

an
d/
or

N
S1

an
ti
ge
n

—
41

P
re
te
rm

bi
rt
h,

st
ill

bi
rt
h

6

N
ai
k,
20
20

33
In
di
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

or
N
S1

an
ti
ge
n
or

P
C
R

42
6

P
re
te
rm

bi
rt
h,

LB
W
,s
ti
ll
bi
rt
h,

ne
on

at
al
de
at
h

7

N
as
ci
m
en
to
,2
01
73

4
B
ra
zi
l

R
et
ro
sp
ec
ti
ve

st
ud

y
Ig
M
/P
C
R
/v
ir
al
is
ol
at
io
n

70
63

38
98

P
re
te
rm

bi
rt
h,

LB
W

8

N
uj
um

,2
01
98

In
di
a

P
ro
sp
ec
ti
ve

ob
se
rv
at
io
na
l

st
ud

y
Ig
M

or
N
S1

an
ti
ge
n

12
72

74
P
re
te
rm

bi
rt
h,

LB
W
,s
ti
ll
bi
rt
h

8

(C
on

ti
nu

es
)

622 TROPICAL MEDICINE & INTERNATIONAL HEALTH

 13653156, 2022, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/tm

i.13783 by T
est, W

iley O
nline L

ibrary on [29/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



T
A
B
L
E

1
(C
on

ti
nu

ed
)

St
ud

y,
ye
ar

C
ou

n
tr
y

St
ud

y
de
si
gn

D
en
gu

e
de
te
ct
io
n
te
ch
n
iq
ue

Sa
m
pl
e

si
ze

D
en
gu

e
po

si
ti
ve

w
om

en
(n
)

A
dv
er
se

fo
et
al
ou

tc
om

e
N
O
S

O
rt
iz
-M

es
in
a,

20
19

35
M
ex
ic
o

C
as
e
co
nt
ro
ls
tu
dy

Ig
M

or
N
S1

an
ti
ge
n
or

P
C
R

11
5

15
P
re
te
rm

bi
rt
h,

st
ill

bi
rt
h,

m
is
ca
rr
ia
ge

7

P
ai
xã
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Maternal outcomes in pregnant women with
DENV infection

The overall pooled random-effects estimate of DSS in
DENV-infected pregnant women across 11 studies with a
total of 418 participants was 14.9% (95% CI, 6.795–12.730).
Statistical test results revealed moderate heterogeneity
(I2 = 73%, p < 0.0001) (Figure 2a).

Eight prospective and nine retrospective cohort studies
plus one case–control study with a total of (how many??)
individuals reported the effect of DENV infection on pre-
term birth. Compared to pregnant women without DENV
infection, no significant association was found between
DENV infection in pregnancy and preterm birth with
pooled OR of 1.20 (95% CI, 0.93–1.56, I2 = 72.3%)
(Figure 2b). The overall pooled random effects estimate on

F I G U R E 2 (a) Prevalence of dengue shock syndrome (DSS). (b) Association between dengue infection during pregnancy and preterm birth.
(c) Association between dengue infection during pregnancy and maternal bleeding including post-partum haemorrhage. (d) Association between dengue
infection during pregnancy and maternal mortality
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prevalence of preterm birth in DENV-infected pregnant
women across 31 studies was 14% (95% CI, 11.97–16.53,
I2 = 82.1%) (Figure S1a).

Four prospective and two retrospective cohort
studies of 3896 participants in total reported the effect
of DENV infection on maternal bleeding. Compared
to pregnant women without DENV infection, no signif-
icant association was found between DENV infection
in pregnancy and maternal bleeding including post-
partum haemorrhage with pooled OR of 2.79 (95% CI,
0.86–9.07, I 2 = 61%) (Figure 2c). The overall pooled
random effects estimate on prevalence of maternal

bleeding including post-partum haemorrhage birth
in DENV-infected pregnant women across 12 studies
was 13.8% (95% CI, 7.41–21.67, I 2 = 82.7%)
(Figure S1b).

Five prospective and three retrospective cohort studies
with a total of (how many??) participants reported the effect
of DENV infection on maternal mortality. Compared to
pregnant women without DENV infection, DENV infection
in pregnancy was associated with an increased risk of mater-
nal mortality with pooled OR of 4.14 (95% CI, 1.17–14.73,
I2 = 53%). Test statistics revealed moderate heterogeneity
(I2 = 53%) (Figure 2d).

F I G U R E 3 (a) Association between dengue infection during pregnancy and low birth weight. (b) Association between dengue infection during
pregnancy and stillbirth. (c) Association between dengue infection during pregnancy and miscarriages. (d) Association between dengue infection during
pregnancy and neonatal mortality
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Foetal and neonatal outcomes in pregnant
women with DENV infection

Eight prospective and six retrospective cohort studies with a
total of (how many??) individuals reported the effect of
DENV infection on low birth weight. Compared to pregnant
women without DENV infection, no significant association
was found between DENV infection in pregnancy and low
birth weight in neonates with pooled OR of 0.97 (95% CI,
0.71–1.33, I2 = 80.5%) (Figure 3a). The overall pooled
random effects estimate on prevalence of low birth weight
in neonates delivered by DENV-infected pregnant women
across 19 studies was 10.1% (95% CI, 8.06–12.44,
I2 = 84.1%) (Figure S1c).

Four prospective and two retrospective cohort studies
plus one case–control study with a total of 2791 participants
reported the effect of DENV infection on stillbirth. Com-
pared to pregnant women without DENV infection, DENV
infection in pregnancy was associated with an increased risk
of stillbirth with a pooled OR of 2.71 (95% CI, 1.44–5.10).
Statistical test results revealed low heterogeneity (I2 = 0%)
(Figure 3b). The overall pooled random effects estimate on
prevalence of stillbirth in DENV-infected pregnant women
across 13 studies was 5.6% (95% CI, 3.35–8.43, I2 = 45.6%)
(Figure S1d).

Two prospective and two retrospective cohort studies,
plus one case–control study with a total of 1469 partici-
pants reported the effect of DENV infection on miscar-
riages. Compared to pregnant women without DENV
infection, no significant association was found between
DENV infection in pregnancy and miscarriages, with a
pooled OR of 0.64 (95% CI, 0.20–1.98, I2 = 57%)
(Figure 3c). The overall pooled random effects estimate on
prevalence of miscarriages in DENV-infected pregnant
women across 10 studies was 6.3% (95% CI, 3.66–9.62,
I2 = 41.5%) (Figure S1e).

Two prospective and two retrospective cohort studies
with a total of 4161 participants reported the effect of DENV
infection on neonatal mortality. When compared with

pregnant women without DENV infection, DENV infection
in pregnancy was found to be associated with an increased
risk of neonatal mortality with pooled OR of 3.03 (95% CI,
1.17–7.83). Test statistics results revealed low heterogeneity
(I2 = 0%) (Figure 3d). Table 2 compiles all outcomes
according to GRADE criteria for appraising the quality of
evidence.

Sensitivity analysis

To determine the robustness of the data, sensitivity was
estimated by systematically eliminating one study at a
time. The pooled RR estimate for all the outcomes
analysed in this study did not significantly change after
elimination, indicating the robustness of the meta-
analysis findings.

Risk of bias assessment

The NOS was used to assess the possibility of bias and eval-
uate the quality of the articles included.12 With an average
score of 6.9, 9 of the 36 studies were of excellent quality,
while 27 were of moderate quality. Collectively, the evidence
employed in these analyses was ascertained as being of mod-
erate quality (Table 1).

Publication bias

Upon visual inspection the standard funnel plots for all the
analyses done in this study were symmetric to a significant
degree. Besides that, the Egger regression test and the Begg–
Mazumdar rank correlation test were used to assess publica-
tion bias. A p-value <0.05 was considered significant in both
tests, and the analysis was considered to have publication
bias. No apparent publication bias concerning any of the
analyses was detected (Table S1).

T A B L E 2 Grade criteria for appraising the quality of evidence

Outcome Number of studies Sample size OR 95% CI Heterogeneity (I2) (%) Grade

Maternal outcome

Preterm birth 18 1,71,15,329 1.20 0.93 to 1.56 72.3 Moderate
LLL

O

Maternal bleeding including
post-partum haemorrhage

6 3896 2.79 0.86 to 9.07 61 Low
LL

OO

Maternal mortality 5 1,44,57,817 4.14 1.17 to 14.73 53 Moderate
LLL

O

Foetal and neonatal outcomes

Low birth weight 14 1,71,14,548 0.97 0.76 to 1.33 80.5 Moderate
LLL

O

Stillbirth 7 2791 2.71 1.44 to 5.10 0 Moderate
LLL

O

Miscarriages 5 1582 0.64 0.20 to 1.98 57 Moderate
LLL

O

Neonatal mortality 4 4161 3.03 1.17 to 7.83 0 Low
LL

OO
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DISCUSSION

In this systematic review and meta-analysis, we compiled all
available evidence by utilising data of 39,632 DENV-infected
pregnant women from 36 articles to determine the effect of
DENV infection in pregnancy on maternal and foetal-
neonatal outcomes. According to our analysis, DENV infec-
tion in pregnancy is associated with an increased risk of
maternal mortality with a pooled OR of 4.14 (95% CI, 1.17–
14.73), stillbirth with a pooled OR of 2.71 (95% CI, 1.44–
5.10), and neonatal deaths with a pooled OR of 3.03 (95%
CI, 1.17–7.83) compared to pregnancies without DENV
infection. There was no significant statistical association
between maternal DENV infection and the outcomes of pre-
term birth, maternal bleeding, low birth weight in neonates,
or risk of miscarriage.

The previous meta-analysis by Xiong et al. reported no
significant association between maternal DENV infection
and risk of stillbirth with a pooled RR of 3.42 (95% CI:
0.76–15.49).9 Besides, it did not analyse maternal or neona-
tal mortality outcomes. We found a significant association
between maternal DENV infection and stillbirth, maternal,
and neonatal mortality. As reported by Xiong et al., our
analysis also showed no increased risk of preterm birth, low
birth weight, and miscarriage in DENV-infected pregnant
women.

Although the pathological mechanism behind the
effect of DENV infection in pregnancy is poorly under-
stood, a few mechanisms have been proposed. DENV
infection causes pathological alterations, including
upregulation of pro-inflammatory cytokines such interleu-
kin 6, interleukin 8, and TNF-5, which can alter the nor-
mal gestational physiology.47,48 Clinical manifestations
such as thrombocytopenia, plasma leakage, or a tendency
to bleed could impair placental circulation, resulting in
complications for the foetus.49,50 Severe dengue infection
can lead to endothelial damage and an increase in vascular
permeability, and this can allow the DENV to slip through
the placental barrier and contribute to vertical transmis-
sion.51 Rebeiro et al. reported the presence of viral antigen
in the placenta of 19 of 25 pregnant women infected with
DENV. Histopathological characteristics such as deci-
duitis, choriodeciduitis, intervillositis, focal and multifocal
villitis, and multifocal necrotizing villitis were observed in
these patients under a light microscope.52 Furthermore,
oedema of the villous stroma, pre-infarction regions,
chorangiosis, and infarcted sites were all detected as path-
ological alterations due to hypoxia.52 The significance of
haemodynamic alterations in pregnant women during
DENV infection is highlighted by these findings and these
changes including hypoxia could potentially be responsible
for increased risk of adverse maternal and foetal-neonatal
outcomes including stillbirth observed in DENV infection
in pregnancy.53,54

In this meta-analysis, we also estimated pooled preva-
lences of maternal and foetal-neonatal outcomes. These
were 14% for preterm birth, 13.8% for maternal bleeding,

10.1% for low birth weight, 6% for miscarriages, and 5.6%
for stillbirth. Although these findings may suggest a higher
incidence of these outcomes in DENV infection in preg-
nancy, except for stillbirth, no outcome was significant com-
pared to pregnant women without DENV infection as
evidenced by our primary analysis. Another important find-
ing was a higher prevalence of DSS with a pooled estimate
of about 14.9% in pregnant women. This is higher than
what is observed in the general population infected with
dengue; which is about 5% of patients going into the stage
of DSS.55 There may be a bias in result of DSS analysis
since women are more likely to be admitted for illness,
which may enhance its presumed incidence in pregnant
women. Despite this, continuous monitoring of these
patients might be necessary to prevent both maternal and
foetal consequences.

This article has a few strengths. To correlate the effect of
DENV infection on maternal and foetal-neonatal outcomes
in pregnancy more consistently and accurately, we con-
ducted a systematic review and meta-analysis of 37 indexed
studies published to date with the inclusion of larger studies
which were not available at the time of the previous meta-
analysis leading more robustness of result in our study with
a larger sample size. Another strength is that the GRADE
method was used to assess the certainty of evidence. How-
ever, there are certain limitations to our meta-analysis. First,
DENV exposure can have variable levels of impact at differ-
ent gestational ages. As the timeframe of pregnancy compli-
cations was not adequately described in individual articles,
we were not able to analyse the risk of DENV infection on
various maternal and foetal-neonatal outcomes according to
first-, second-, or third-trimester infection. Second, as some
articles had greater weight in the pooling than others, the
results might be biased towards those studies. Another limi-
tation was that studies coming from the same centres may
have common patients in different studies. Lastly, we could
not register the current review in PROSPERO. We tried to
prospectively register our review but chose not to because
due to the growing number of COVID-19-related articles it
would have taken too long.

In this field of interest, additional epidemiological
research with bigger sample sizes, appropriate comparator
groups, and confounding control are required, especially
from regions where dengue outbreaks are common, such as
Latin America, India, and Southeast Asia.

CONCLUSION

Our meta-analysis shows an increased risk of stillbirth,
maternal mortality, and neonatal mortality due to DENV
infection during pregnancy. Moreover, there is an increased
risk of DSS in maternal DENV infection during pregnancy.
Hence, pregnant women with dengue infection should be
targeted by dengue management programmes to prevent
complications and ensure the well-being of both mother and
foetus.
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