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Abstract

Background: There is dearth of information on COVID-19's impact on pregnant women. However, literature reported
trends of COVID-19 differ, depending on the presence of clinical features upon presentation.

Objective: This systematic review aimed to assess differences in risk factors, management, complications, and
pregnancy and perinatal outcomes in symptomatic vs. asymptomatic pregnant women with confirmed SARS-CoV-2
infection.

Methods: A search was run on electronic databases to identify studies reporting COVID-19 in pregnancy. Meta-anal-
ysis was performed and odds ratios and mean difference with 95% confidence intervals were calculated using Review
Manager 5.4. Review Prospero registration number CRD42020204662.

Results: We included ten articles reporting data from 3158 pregnancies; with 1900 symptomatic and 1258 asympto-
matic pregnant women. There was no significant difference in the mean age, gestational age, and body mass index
between the two groups. The meta-analysis suggested that pregnant women who were obese (OR:1.37,95%Cl:1.15 to
1.62), hypertensive (OR:2.07,95%Cl:1.38 to 3.10) or had a respiratory disorder (OR:1.64;95%Cl:1.25 to 2.16), were more
likely to be symptomatic when infected with SARS-CoV-2. Pregnant women with Black (OR:1.48,95%Cl:1.19 to 1.85)

or Asian (OR:1.64;95%Cl:1.23 to 2.18) ethnicity were more likely to be symptomatic while those with White ethnicity
(OR:0.63;95%Cl:0.52 to 0.76) were more likely to be asymptomatic. Cesarean-section delivery (OR:1.40,95%Cl:1.17 to
1.67) was more likely amongst symptomatic pregnant women. The mean birthweight(g) (MD:240.51;95%Cl:188.42

to 293.51), was significantly lower, while the odds of low birthweight (OR:1.85;95%Cl:1.06 to 3.24) and preterm birth
(<37 weeks) (OR:2.10;95%Cl:1.04 to 4.23) was higher amongst symptomatic pregnant women. Symptomatic pregnant
women had a greater requirement for maternal ICU admission (OR:13.25;95%Cl:5.60 to 31.34) and mechanical ven-
tilation (OR:15.56;95%Cl:2.96 to 81.70) while their neonates had a higher likelihood for Neonatal Intensive Care Unit
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hence could not be analyzed.

son groups are required to reach conclusive findings.

admission (OR:1.96;,95%Cl:1.59 to 2.43). The management strategies in the included studies were poorly discussed,

Conclusion: The evidence suggests that the presence of risk factors (co-morbidities and ethnicity) increased the
likelihood of pregnant women being symptomatic. Higher odds of complications were also observed amongst symp-
tomatic pregnant women. However, more adequately conducted studies with adjusted analysis and parallel compari-
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Introduction

In December 2019, a rising number of cases of ‘pneu-
monia of unknown etiology’ emerged in Wuhan, Hubei
Province, China. Consequently, the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) was iden-
tified as a novel coronavirus in this outbreak [1]. The
mode of transmission of this virus is mainly via respira-
tory droplets, secretions and direct contact [2]. With the
rapid spread of the disease worldwide, the novel corona-
virus disease (COVID-19) was declared a public health
emergency of international concern by the World Health
Organization (WHO) [3]. By March 2020, it was declared
a pandemic [4], and globally, as of October 21, 2020, a
total of 40.2 million cases have been confirmed, with
more than 1.1 million deaths [5].

The implications of COVID-19 amongst the vulnerable
population, particularly pregnant women, is of utmost
concern, as alterations in cell-mediated immunity in
pregnancy may increase the susceptibility to intracellular
pathogens such as viruses [6]. The anatomical and physi-
ological changes occurring during pregnancy such as the
rising transverse diameter of the thorax, elevation of the
diaphragm, alterations in lung volumes, and vasodilation
with subsequent mucosal edema may lessen the maternal
tolerance to hypoxia and later, concur adverse outcomes
[7]. Moreover, it has been observed that during pandem-
ics, an increase in severity of the disease expression is
recorded amongst the pregnant population. In the 1918
Influenza pandemic, maternal mortality was observed
to be 27% amongst those affected by the disease [8]. The
clinical outcomes among pregnant women from the pre-
vious two coronavirus diseases, the SARS-CoV and Mid-
dle East respiratory syndrome coronavirus (MERS- CoV),
were less encouraging compared to the non-pregnant
women [9-11].

Due to previously noted maternal and neonatal compli-
cations with SARs and MERS; the concern of increased
risk of maternal and fetal complications with COVID-19
has been high and since the start of the pandemic, mul-
tiple studies have focused on the clinical features and
outcomes of pregnant women with COVID-19 [12, 13].
New data on pregnant women affected by COVID-19 is
emerging with each passing day, but it is imperative to

evaluate the differences in the risk factors, management,
and pregnancy and perinatal outcomes between preg-
nant women having laboratory-confirmed coronavirus
with varying clinical presentation. Therefore, this sys-
tematic review aims to assess the difference, if any, in the
risk factors (co-morbidities and ethnicity), management,
and pregnancy and perinatal outcomes between sympto-
matic and asymptomatic COVID-19 confirmed pregnant
women. This shall enable healthcare professionals to plan
out management for any obstetric patient affected by
COVID-19 infection and take timely decisions.

Methodology

This systematic review has been registered with the
International Prospective Register of Systematic Reviews
(PROSPERO) database under the Registration num-
ber CRD42020204662. It follows the guidelines recom-
mended by the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) [14] (Supplemen-
tary Table 1).

We conducted an electronic search using PubMed,
Embase, the WHO COVID-19 Database, and Google
Scholar until February 25, 2021. Preprint databases,
namely MedRxiv and BioRxiv were also explored using
keywords. The following terms and their variants were
used in our search strategy: “Coronavirus” OR “COVID-
19” OR “SARS-CoV-2” AND “Pregnancy” OR “Pregnant
women” The full search strategy is attached in supple-
mentary Table 2.

We included observational studies (cohort, case-con-
trol, cross-sectional, and case series, but excluded case
reports) including consecutive patients and with a com-
parison of symptomatic and asymptomatic confirmed
cases of pregnant women with COVID-19. The outcomes
included risk factors, management, pregnancy outcomes,
and perinatal outcomes. We excluded studies that only
reported the number of symptomatic and asympto-
matic pregnant women with COVID-19 without report-
ing outcomes separately for each group, studies that
grouped asymptomatic with mild COVID-19 cases and
compared it to moderate and severe COVID-19. Studies
that included data from similar settings and during the
same time period were assessed for data overlap. Where
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information was unclear, authors were contacted to con-
firm the center of data collection and their time period
to ensure there was no repetition of data. Identified
overlapping papers were further assessed and the stud-
ies with inclusion of more variables, bigger sample size,
and better quality of assessment were chosen as shown
in supplementary Table 3. We did not apply any language
restrictions while screening articles.

Two reviewers (DSK and LH) independently screened
titles and abstracts, full texts were then reviewed for rel-
evant data and examined for fulfilling the inclusion crite-
ria. Any discrepancies were resolved by discussion with
the senior reviewer (ZSL). Two review authors inde-
pendently assessed the risk of bias for each study using
the National Heart, Lung, and Blood Institute (NHLBI)
quality assessment tool for cohort and case-series stud-
ies [15]. This tool helps evaluate the internal validity of
a study, hence ensuring that the results are truly due to
the exposure being evaluated. Two reviewers (DSK and
LH) independently extracted data from relevant articles
on the following variables: author’s name, study design,
location (center, city, and country of data collection),
time period of data collection, sample size, manage-
ment (intensive care unit (ICU) management), pregnancy
outcomes (mode of delivery) and perinatal outcomes
(e.g. preterm birth, mean birthweight, low birth weight
(LBW), APGAR scores at 1 and 5 min, neonatal intensive
care unit (NICU) admission, perinatal mortality (includ-
ing stillbirths and neonatal death), and SARS-CoV-2
infection in neonates, etc.).

The analysis was carried out using Review Man-
ager (RevMan) version 5.4 [16]. Continuous data were
reported as mean difference (MD) with 95% confidence
interval (CI) whereas dichotomous data were reported
using odds ratio (OR) with 95% CI. Heterogeneity
between the studies was explored using the p-value of
chi-square and I? statistic and a random effect model was
used.

Results

There were a total of 4347 articles identified after run-
ning the search strategy on all electronic databases. After
screening titles and abstracts, 4179 were excluded. Of
the 168 studies retrieved for full-text review, 158 studies
were excluded, of which 42 were authors’ perspectives or
reviews, 32 were guidelines or guidance papers based on
other coronavirus strains, 45 studies compared SARS-
CoV-2 infected pregnant women with non-infected indi-
viduals or SARS-CoV-2 infected non-pregnant women,
32 studies did not report any outcome of interest and
seven studies were excluded due to overlap as they were
conducted at a similar center during the same time
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period. A total of ten studies with 3158 participants that
met the eligibility were included in this review (Fig. 1).

All the ten studies were observational; with six cohort
studies (#=3032) [17-22]; three case-series (n=236)
[23-25], with only one having a sample size greater than
10 [24] and one case-control study (n=45) [26]. The data
from included cases were collected between December
2019 to November 2020 and all manuscripts were pub-
lished between the years 2020 and 2021. Three studies
were conducted in Wuhan, China [23-25], three in dif-
ferent states across the United States of America [20-22],
one in London, United Kingdom [19], one in Muscat,
Oman [18], one in Hamadan province, Iran [26] and
one was a multi-country study that included cases from
73 centers of 22 countries [17]. The countries included
were Argentina, Australia, Belgium, Brazil, Colombia,
Czech Republic, Finland, Germany, Greece, Israel, Italy,
North Macedonia, Peru, Portugal, Republic of Kosovo,
Romania, Russia, Serbia, Slovenia, Spain, Turkey, and
United States. Five of the included studies were from a
single-center [18, 22—-25] whereas four were multicenter
studies [19-21, 26], and one was a multicountry mul-
ticenter study [17]. The quality assessment for cohort
studies revealed all studies to have described their objec-
tives and study subjects well. They all had individuals
recruited from the same populations and had uniform
criteria for measuring exposure. However, none of the
studies assessed a varying level of exposure, nor was the
exposure measured at different time intervals as there
was no follow-up. The quality assessment for the case
series revealed all studies to have adequate individual
case descriptions with clear objectives and methods of
analysis except one study [25]. The quality assessment for
a single study with a case-control study design specified
objective and study subjects with controls recruited from
the same population. Quality assessment for each study is
depicted in Supplementary Tables 4, 5, and 6.

The number of enrolled individuals in each study
ranged from seven to 1219. Six studies had a sample
size of less than 100 participants [18, 22-26], two stud-
ies had a sample between 100 to 500 participants [17, 20],
and two studies had a sample size greater than 1000 but
less than 1300 participants [19, 21]. Eight of the studies
used RT-PCR as the method of confirming SARS-CoV-2
infection [17, 18, 20, 22—26], one used molecular or anti-
gen test [21], and one study had not specified the testing
technique/s used [19]. The characteristics of included
studies are reported in Table 1 and their methodological
quality in Supplementary Tables 4, 5, and 6.

All of the participants included in this review were
SARS-CoV-2 infected pregnant women with 1900 symp-
tomatic individuals and 1258 asymptomatic individuals.
The meta-analysis did not find any significant difference
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Fig. 1 PRISMA Flow Diagram

in mean age, gestation age, and BMI between sympto-
matic and asymptomatic COVID-19 affected pregnant
women as reported in Table 2. There was no statistically
significant difference between symptomatic and asymp-
tomatic pregnant women who were nulliparous. The
comparison according to different ethnic groups revealed
the odds of being symptomatic was greater amongst
Black (OR 1.48; 95% CI: 1.19 to 1.85; 2 studies, 2367
participants) and Asian (OR 1.64; 95% CI: 1.23 to 2.18;
1 study, 1148 participants) ethnicities. However, indi-
viduals from the White ethnicity were more likely to be
asymptomatic (OR 0.63; 95% CI: 0.52 to 0.76; 2 studies,
2367 participants) (Table 2).

With regard to past medical history (existing co-mor-
bidities); hypertensive pregnant women with COVID-
19 were more likely to be symptomatic (OR 2.07; 95%
CI 1.38 to 3.10; 3 studies, 2427 participants) as were

pregnant women with respiratory disease (OR 1.64;
95% CI: 1.25 to 2.16; 3 studies, 2516 participants). How-
ever, there was no statistical difference in diabetic and
hypothyroid pregnant women or pregnant women with
chronic cardiac disease for being symptomatic or asymp-
tomatic. Obese pregnant women with COVID-19 had
greater odds of being symptomatic (OR 1.37; 95% CI 1.15
to 1.62; 3 studies, 2516 participants). Our meta-analysis
also reports pregnant women who smoked to have lower
odds of being symptomatic (OR 0.50; 95% CI: 0.36 to
0.71; 2 studies, 2367 participants).

There was no difference between gestational diabetes
mellitus (GDM), premature rupture of membranes, or
intrauterine growth retardation (IUGR) with a predi-
lection for either being symptomatic or asymptomatic
amongst pregnant women with COVID-19. However,
the odds of being symptomatic were higher in pregnant



Page 5 of 14

(2021) 21:801

Khan et al. BMC Pregnancy and Childbirth

191U9)
7L =UuoIs [e)dsSoH anA3||og
-UanadAy |euonelisan pue (do1yauip NAN
G=sa1 "UA00Ig NAN ‘YSIL 020¢
-9qel([ [eUOIeISID 09=dwAsy NAN) S|eudsoy waisAs ‘01 AeW 01 | Yoiepy
¢=s919qelg rZ=(0e=<) INg 8e=(0c=<)INg 68=dwAs  yyesH suobueT (NAN) VSN [0zl
9=rPWYIsy #'0€ =9abe uea|y 7€ =2abe ueapy 671 =[e10] AVISIDAIUN SHIOA MON “JIOA MON Apnis 1oyod  0Z0T 'BWIA Ygeinos
/G=Dupjowsualnd  zy=DHupous Juaind
G=PaXIN Gl =PaXIN
9L=49430 9e=12410
=9oSaulyD {=9oSaulyD
(¢=s91eqelg €e=>e|g cCL=>pelg
€1 =9oseas|p delpied 8= uelsy Ol¢=ueisy oty =dwAsy (SSOMN) WIsAS 0coe
7 =UOIsusLRdAH 9/7=3UYym 8LE=3UYM gz =dwAs  URIBAINS DUIRISAO  “LE ISNBNY 03 | Yydsep 61
67 =ewyisy :AUD1uYIa-90eY :AUD1UYI9-90RY 8Ll =|e10L SN SIA sjendsoy 6| wopbury payun 11040D) 9AI103ds0ud | Z0ZUSPSNOA BIODIN
[/ =935e3
-SIp 2160j01PWSH
CL=WAdS 91 =dwAsy 0ot
¢ =5919qeI] i =dwAs ‘L€ AInf 0} ¥ yose [81]
| = UuolsuspadAH V/N V/N 09=|r10| [eudsoH [eAoy ay | uewQ ‘1easniy ApN1s 1oYoD  0z0ZYSoyiues aaiselef
020T ‘0¢ |udy
pue 0zoz 'L Atenige
(59115 panun
pue ‘AayIn] ‘uleds
'BlUDAO|S 'BIGIS ‘BISSNY
‘BlUBUIOY ‘'OAOSOY JO DI|
-gnday ‘|ebniod ‘nisd
‘elUOPIIR|A YHION
‘Aley| ‘|oeIs| ‘929219
‘Auewuian) ‘puejul4
ljgnday y23z> "elq
6 =dwAsy -Wo|0D) ‘|izeig ‘wnibjag
67 =dwAg ‘elensny ‘eunuabiy) [£11020C
V/N v/N v/N 88¢ =|e10] S|endsoy SnopeA  SILIUNOD JUAIDPIP 77 1OYOD 9A11D9dS019Y Elilennl=INEIETNe]=l)
791 =23be cl/g=23be Sy =dwAsy UBI[ISOM  0COT ‘SL AON O} | 1d3S
|BUOI1BISID) UBIA [BUOI1R1SID) URS S =dwAs U] pa1eJ0] 9JUIACI] uel| [97]
€ =25easIp AlpIgiowod) 8/'87 =2obe ueapy /¥'67 =23abe ueapy 06=[e10]  UepeueH Jo sjendsoH '9DUIAOId UepeuleH |0JU0D-35eD) 070 'lqeusf yakisug
¢ =dwAsy 020¢
L =elwauy G+ /¢:30y 153D uealy 9+ /¢ 90y 159D uealy £ =duwAs [endsoy Lyjeay  pigg a4 01 pieg uer (€7l
| = ploJAYI0dAH /67 9Dy ues)y 90¢:abe uespy 0l =110 plIYD pue [eusdie|y eulyd ‘ueynpn S195-958D) 020z 0e) 1Iswbuog
snewoldwiAs >13ewoldwAse J13ewoldwiAs
pouad
£K101S1H |eJIP3IA ISed soiydesbowaqg Jaquinu |e10] Bumas awn pue A13uno) ubisap Apnis 1eaf pue Apmis

S3IPN1S PapPN|DU JO SDIISpRIDRIRYD) L dqel



Page 6 of 14

(2021) 21:801

Khan et al. BMC Pregnancy and Childbirth

0= PI0IAYI0dAH z1=duwisy 020z
0=Hld [ =dwAsg UeYNMA YL L YdIepy 013s L€ 237
| =g snpeday 1’67 =2be uespy ¢'gz=2abe uea|y 61 [210L Jo |eydsoH [enusd eulyd ‘ueynmp sa1ds 3se)  [¢] 020z N Buiboery
7+g8c=2be | +6¢=2by [euon | =dwihsy Y107 924 01 Yoz uer
V/N [PUOIRISIDEE -e1999'| —+/C€ 9=dwAs/=|e10] 9b3||0 [ed1pay IBuo] _UIYD ‘UBYNAA SOLIDS 95€D) [S¢] 0Z0T NH uljoelx
Z1=Awed)nN
(1=U) S
9T puUe (| =U) HM G
g=AwedinN ‘(L =u) S§m/ | 1daDxd)
12152WILY J2159WI) pIg 0202 Y101
z=ers pliy} [le=2obe [euol} Ul |je=2abe [euopelsan 7z =dwAsy judy 01 Y15 | ydlepy
-dwepaaidoy/§L =Au -215909'L € =|INg LE=INg 9t =dwiAs 91USD)  WOI4PILBUY JO SIS Apnis rad
-pigiowod G'0g =abe ueapy 0g =2abe uespy 89=1e10]  |BDIP3I\ SSPRUOWI B paHUN ‘AN ‘UAjo0lg  1JoyoD) aAndadsonay  0Z0z UOpUOT ALIOBYIA
€ =25e3sIp
[9MOoq Aloleuwlueu|
01 =13pIosip 21NZI5
€=.9p
-10SIp JB[NISNWOIN3N
Sg=19p
-10SIp 9AIIUBOD0INAN
7€ =25easIp ploIAy |
G =235e3SIP JaAI| DIUOIYD)
¢ =2ased
-SIp [BUS4 dlUOIYD LT =PHOWS €= PpoUs
L1 =958 v =2luedsiHy £7€ =Dlueds|H SIS (NWHIN) SHUN SuP
-SIp Jenasenoipied 08=23UYM LOL =3UYym -IP3IA [B124-[RUISIBW
1§ = uoisuaadAy €zL=>Pe|g zsL=>oeig (@HDIN) 020z
7€=531 :ADIuyIa-90RY :AD1uYIa-908Y 6/5=dwAsy 1uswdoPAsq UBWNH S| E AN 011S| YdIe
-3qeI(] [euolielsabald 195 =(0€=<) INg 87e=(0£=<)INg 0r9 =dwAs pue yyesH piiyd VSN
¥11=0d0D 10 WISy L AVAVEET 0€ =aby uesy 6LZL=[eI0L JO AINIISU| [BUOLEN £€ 310315 ¥ | Apnis 1oyod [17] 20T Z13N 1oL
snewoldwiAs snewoldwAse J13ewoldwiAs
pouad
£K101s1H |edIpP3IA Ised soiydesbowaqg Jaquinu |eyo] pumas aw pue A13unod ubisap Apnis 1eaf pue Apnis

(penunuod) L ajqeL



Page 7 of 14

(2021) 21:801

Khan et al. BMC Pregnancy and Childbirth

0=-2beedsiy
0=WOHYd Wi=121d

6/ =uon
-B|11USA [BDIUBYDDN
6/1 = Uolssiuipe
DI [eusiepy

=e|sdwe|daaid

0=Y1e3ap |eIRUOIN

| =-W219ld

= WO4d

| =SS2.1SIP |21
0=uondnige |erusde|d
0=reisdwe|da-ald
0=Wdo

| = obeluedsin
L =INOYd Wisiald

6¢/Se=uUon
-B|11USA |BDIUBYDSIN
¥6¢/C =Uuols

-SILIpe D) [PUISIRY

| | =eisdwejdaaid

0=Y1e3p |P1RUOSN
7=wia1ald
C=INOYd

| =SSaNSIP P14

| =uon

-dnige |eyuadeld

¢ =eisdweda-ald
L=Wao

9=Mgd1

0=yHIq|is
9=yMIq Wla1ald
g=uon

-295-) Aousbiswg
Z=U01235-) 9AI1D3|3
c=A19

-Al|9P [BIUSWINIISU|

G = [euIbeA [BULION

¥//0=41eap |e1ruOaN
¥//6 =M1

¥//61 =NDIN

01 UOISSIUpPY
LL/1=49NI

96 F 671 € =1yblom
-YHIq ueay

¥//9€ = U0ONI9s-D

| = Y}eap [e1eUOSN

7 =Mga1

71 =Uuondas-)
9=1In0ge| WId1ald
2AeHAU

[lE=4Dd [ereuosN
0=Y1e3p |eIRUOSN

01 = 24025 Jebdy Ul g
£'g=2l025

1ebdy uiwi |
(sumy)|=

YuIg Wiselg
0=reIxAydse |eleuoaN
SLze=1ybremyuig
(suimi o Jied a1buls)
€/7=SsYUIqeAno=dadd
wnuedeiu)

¢=dD A9
¢=dde0L

L= 4ymiq [euiben

6=Mg1

L =yHiq|ns

1 =YHIq wisiald
Z1=uon

-295-) Aousbiswg
#=U011235-D) 9AID3|3
| =AJ9

-Al|SP [BIUSWINAISU]
61 =|euibep [ewIoN

LL1/S=yeq
|e1eUoaN
LL1/S=Mg1
LL1/0S=NDIN

O] UolIssiwpy
681/6=4oN|

9¥8F L1787 =1yblam
-yuig ueay
££1/001 =U0[295-D
= memﬂu ,Emcowz
ZL=Mmd1

/7 =U011095-)

(| =JInoge| Wiolald

aAnebau

[[e=4Dd [e1eUOsN
0=Y1e3p |PIRUOSN
01 =2402s Jebdy ulw g
/'8 =2910D5s

1ebdy uiwi |

7=YuIq wiaiaid
0=reIxAydse |eleuoaN
yLTLLE=1ybmyuIg
£/L=SYUIGaA
Z=uwnyuedenu|
7=0aD 2A1d3[3
9=dD ;oL

L =g euiben

V/N

V/N

V/N

V/N

| =235e9
-sIp 21bojo1eWSH

€=Wd5

¢ =sa13qeI]

/N 7 =UuolsuanadAH

V/N V/N

61 =95e2
V/N -sip Aupicowod

v/N 3UOU = pIgJowo))

(81l

0Z02Ysoyiues saiseher
[£1]0C0C

3U0D2ES 3[31igeD

(o7l

020 'lgeuar yaAisug
td

020z 08D Iswbuoqg

si3ewoydwAsy

JnewoldwiAsg

suonedidwo)

J3ewoldwAsy

J1i3ewoldwiAs

sowodiInQ

pue sonsiadeIRYD [RIRUOBN pUR AISAIIRQ

snewoydwAsy

snewoydwAg Ji3ewoldwAsy

juswsabeuely  A101siH [edIpaN 1Sed

1eaf pue Apnis

(panunuod) L ajqey



Page 8 of 14

(2021) 21:801

Khan et al. BMC Pregnancy and Childbirth

7 =31e3p [R1RUOSN
601 =/Adoueubaid jo
19pI0SIp SAISUSIRAAH
Zy=9beyl

-Jowsy wniedisod
€=uoIs

-Sjwipe N |eutarey
0= wsl|
-0gQUIS0GUIOIY} SNOUDA
0=Y1e3ap [pUIRIRW

6=UoIssIWpe ND)|

V/N

€ =31e3p |P1BUOSN
9/ | =Aoueubaid jo
19pJOSIP SAISUSMRAAH
99 =29obey

-Jouway wniledisod
9G=uols

-Sjwipe ND| [eudaiely
6=Wsl|0q
-W20gUI0IY} SNOUIA
9=U1eap [PUIRIB

8= UoISsiWpe N

8=\iesQ
G| =eisdule|da-aid
g/L=eu
-ownaud 61-QIA0D
€9=2aled

[e21314D palinbay

L6 =Uuolssipe NDIN
7€ =1yblamyuig

95 =V5S
0/5=syHIq oA
69=(SPam g ueyl
$S3) Yuig Wis1ald
£61=UORISS-3
1Z/0=42d

-1Y [P1RUOBU BANISOd
0=41eap |e1eUO3N
| = uoissiuupe NDIN
= (2am /€

>) Yuiq wiaiaid

€1 =U0Nn23s-)

09 =oNIY

7=\1e3p |P1RUOSN
GE=uolssiwpe NDIN
18E=YUIq oA

£G| =U0Nd35-)

€91 = Uolssiupe NJIN
§e=1ybrmyuig
0£=V5S
9C9="SYHIq 9AI7
SEL=(Deam /g

>) YuIg Wia1aid
€5¢=U0RI95-)
99/1=42d

-1Y [P}RUODU DAILISOd
| =U1eap |e1eUOSN
L1 =UoIssiwpe NDIN
71 =(9em /g

>) Yuiq wia1aid

€7 =U011235-)
68="9NIVY

7 =\41e3p |e1RUOSN|
L¢L =uolissiwpe NDIN
L9 =YUIQ oAl
S=yuiq|ns
pLL=(eam /e >)
YuIg Wisisld

80€ =|euiben

1€ =U01235-)

0=29se3sIp
|9Moq Alo1eulwejul
=13pIOSIp 2INZISS

L =19p

-10SIp JB[N2SNWOIN3N
oL=1Jop

-10S|p 9AI}IUBOD0INBN
7 =29seasIp ploiAy L
| =95e9

-SIp J3AI| D1UOIYD
0=2ased

-SIp [eUSI DlUOIYD

€ =23s5ed

-SIp Je|NJSeAoIpieD
6¢ = U0ISUa1IdAH
L1 =531

-2gel |euolieisabaly

V/N V/N  1§=dd0D 10 euyisy

G=uols
-ualadAy |euonelsan
g=s31

-9geIq [PUONEISID

7 =s912qel]

V/N V/N 9=euyisy

9=s912qei]
g=25e3sIp JeIpIe)
7 =uolsuanadAH
8¢ =ewyisy

071 =splo1ais
V/N L L =Jnweaso

[12] 1C0T AW 1oL

[0al
020 "2UlIa Ygeinos

[61]
120ZUSPSNOA BJODIN

si3ewoydwAsy

JnewoldwiAsg

suonedidwo)

J3ewoldwAsy

J1i3ewoldwiAs

sowodiInQ

pue sonsiadeIRYD [RIRUOBN pUR AISAIIRQ

snewoydwAsy snewoydwAg Ji3ewoldwAsy

juswsabeuely  A101siH [edIpaN 1Sed

1eaf pue Apnis

(panunuod) L ajqey



Page 9 of 14

(2021) 21:801

Khan et al. BMC Pregnancy and Childbirth

S99M S/ ‘Uswom yueubaid
cnewoldwAs dwAs ‘K1anlap [euibea snosuejuods gAS ‘souelquiaiy Jo ainidny ainjewsald WOYd ‘UoisualadAH pasnpu| Aoueubaid Hid ‘uoildeay uleyd asesdwA|od ¥Dd ‘Nun 318D dAISUSIU| [BIRUOSN DN ‘WYDBI9M
yuig MO Mg7 'UoilepielRy YIMoiD SULISINeIIU| YD)/ “UUN 348D SAISUSIUL D] ‘SNU|[SIN $9190eIQ [BUONRISID A/JD DIU0IYD JYD ‘UOIIDSS UBDIBSD)) UO0[13s-) ‘Xapu| ssely Apog g ‘uswom Jueubaid onewoldwAsy dwAsy

| =exodAy
aulIdINeiul [e1a
I =WOud

suoned|idwod oN

V/N

0 =reIxodAy
aupaINeaUl (B394
0=WOYd

UONDUNYSAP J1DAIT

V/N

V/N

annebau |l =ydd-14
PINOD8 =YYDdY UIW G
£=4VYOdV ulW |
08L€ =1ybremymuig

| =U011235-)

0=0AS

0=S4M € > WIIBId
0=9S1M /€ > WIa1ald
9=U011235-)

V/N

aAsod | =4Dd-14
QINOD6=1ebdy ulw g
g=Jebdy uiw |
£9'95£€ =1ybIam
-YuIgs = uondes-)

L =aAS

(1 =u) s;uaWAOW
|P19) PsEaIdaP (£ =)
ssau1s1p Aloresidsal [eu
-J91BUl 10} 9NP WJS1id

€ =M € > WiIS1ald
6="S1M /€ > Ulla1ald
9] =U0N235-D

V/N

0=|esIA-nuy

o=2uod

-dns Aloresidsay

0= UupAwoiylize pue
auINbolo|YdAXOIpAH

V/N

| = [BlIA-DUY

(1=u)

UO[IR|IIUSA [BDIUBYDIDN
(1 =u) e|nuued

[BSBU MOY-IH (€ =U)
Yseul Jayieaigaluou
(£ =u) ginuued |eseu]
71 =uod

-dns Aloresidsay

9| = upPAwoiylze pue
auINbolo|YdAXOIpAH

| =plolAyrodAH
€ =Hld
| =g shieday

V/N

|=els
-dweaaidee/y =~
-pigiowo)

[¥2] 020T N\ Bulboer

[52] 020z NH uljoeIX

[cd
020T UopuUOT BALIODBYIA

sinewoydwiAsy

cnewoldwiAs

suonedijdwod

Ji3ewoldwAsy

J13ewoldwiAs

sowodnQ

pue sonsualdeIRY) [RIRUOSN pUR AISAIIRQ

snewoydwAsy

cnewoldwiAs

jJuswabeuepy

JinewoldwAsy

K103S1H |e21PaN 3Sed

1eaf pue Apnis

(PanuNUOd) | 3jqey



Khan et al. BMC Pregnancy and Childbirth

Table 2 Comparison of Symptomatic and Asymptomatic pregnant women with COVID-19: summary estimates

(2021) 21:801

Page 10 of 14

Outcomes

Odds Ratio/Mean Difference (95% Cl)

No of studies; No of participants

Heterogeneity
Chi? P-value; I?

Demographics

Mean age (years)
Advanced maternal age
Gestational age on admission
Mean BMI

Nulliparity

Hispanic

Asian

Black

White

Past medical history
Smoking

Comorbidity

Obesity

Hypertension
Cardiovascular disease
Diabetes mellitus
Hypothyroidism
Respiratory disease/Asthma
Pregnancy complications
Intrauterine growth retardation
GDM

Preeclampsia/PIH

PROM

Complications

Maternal ICU admission
Mechanical ventilation
Maternal Death

Pregnancy and neonatal outcomes

C-section delivery

Vaginal delivery

Preterm birth <37 weeks
Preterm birth <34 weeks
Neonatal Asphyxia

Mean birthweight (g)

Low birth weight

Stillbirths

Mean APGAR score at T min
Mean APGAR score at 5min
NICU admission

Neonatal death

Neonatal COVID-19 infection

1.01 [-0.10t0 2.12]
162 [0.05t051.11]
—0.56 [-1.67 to 0.56]
0.60 [-6.39t0 5.19]
0.62[0.21 t0 1.84]
0.82[0.66 t0 1.03]
1.64[1.23t0 2.18]
148[1.191t0 1.85]
0.63[0.52 10 0.76]

0.50[0.36 10 0.71]
0.53[0.05 to 5.84]
1.37[1.15t0 1.62]
2.07[1.38103.10]
1.53[0.75t03.12]
1.25[0.57 t0 2.77]
0.39[0.02t09.13]
1.64 [1.25t0 2.16]
3.80[0.47 t0 30.52]
1.06 [0.73 t0 1.54]
1.841.01 t0 3.38]
0.39[0.02t09.13]

13.25[5.60 to 31.34]
15.56 [2.96 t0 81.70]
11.87[0.67 t0 211.22]

0[1.17 to 1.67]
0.74[0.43 t0 1.27]

0[1.04 t04.23]
4.34[0.52 t0 36.14]
N/A
240.96 [188.42 to 293.51]
1.85[1.06 to0 3.24]
1.05[0.37 10 2.97]
0.36[-0.19t0 0.91]
N/A
1.96 [1.59 to 2.43]
1.57[0.59t0 4.17]
0.91[0.08to 10.31]

5,324
1;10
2,100
1,68
1,68
1;,1219
1,1148
2;2367
2;2367

2;2367
3,165
3;2516
3, 2427
2;2367
4,2576
1,23
3;2516

1,266
3;1357
5; 1465
1,23

3;1756
2;443
1;,1219

8;2982
3;1218
6; 1760
2,115
;M
4;1488
3,401
3;1345
2,18
2,18
4;2637
6,2754
3,98

0.89; 0%

N/A

0.34; 0%

N/A

N/A

N/A

N/A

0.003; 89%
0.00001; 96%

0.07;69%
0.003; 82%
0.83; 0%
0.03;72%
0.11; 60%
0.12; 48%
N/A

0.01; 78%

N/A
0.64; 0%
0.53; 0%
N/A

0.65; 0%
0.68; 0%
N/A

0.36; 8%
0.29; 18%
0.03;59%
0.87;0%
N/A
<0.00001; 96%
0.03; 71%
0.74; 0%
N/A

N/A

0.06; 60%
0.82; 0%
0.94; 0%

women with preeclampsia or pregnancy-induced hyper-
tension (OR 1.84; 95% CI 1.01 to 3.38; 5 studies, 1465 par-
ticipants). A summary of forest plots has been presented
in Fig. 2 and individual forest plots can be accessed in the
supplementary file as Supplementary Figs. 1 to 8.

The odds were greater for symptomatic pregnant
women with COVID-19 to deliver via a cesarean section
(OR 1.40; 95% CI 1.17 to 1.67; 8 studies, 2982 partici-
pants), while there was no difference in the odds of vagi-
nal delivery across the two groups. Our meta-analysis
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50
—8— Smoking 0.50(0.36-0.71)
o—o—o
~—8— Asthma 1.64(1.25-2.16)
Hypertension 2.07(1.38-3.10)
Comorbidities 0.5(0.05-5.84)
PPy —8— Obesity 1.37(1.15-1.62)
o—o ° —8— Hypothyroid 0.39(0.02-9.13)
o —@— Cardiovascular disease 1.53(0.75-3.12)
——
0 0.8 1.6 24 3.2 4 4.8 5.6 6.4 7.2 8 8.8 9.6
Symptomatic Asymptomatic

Fig. 2 Past medical history among symptomatic and asymptomatic pregnant women with COVID-19

reported mean birthweight to be lower in neonates of
symptomatic pregnant women with COVID-19 (MD
240.96g; 95% CI 188.42 to 293.51; 4 studies, 1488 par-
ticipants). Similarly, the odds of having an LBW newborn
(OR 1.85; 95% CI 1.06 to 3.24; 3 study, 401 participants)
and preterm birth less than 37 weeks (OR 2.10; 95% CI
1.04 to 4.23; 6 studies, 1760 participants) was higher
amongst symptomatic women. There was no difference
in mean APGAR score at 1-min, neonatal SARS-CoV-2
infection, and neonatal death between either group. Neo-
natal Intensive Care Unit (NICU) admissions were more
likely amongst neonates of symptomatic mothers with
COVID-19 (OR 1.96; 95% CI 1.59 to 2.43; 4 studies, 2637
participants). The odds of maternal ICU admission (OR
13.25; 95% CI 5.60 to 31.34; 3 studies, 1756 participants)
and mechanical ventilation requirement (OR 15.56; 95%

CI 2.96 to 81.70, 2 studies, 443 participants) were also
higher in symptomatic pregnant women. A summary of
forest plots has been presented in Fig. 3 and individual
forest plots can be accessed in the supplementary file as
Supplementary Figs. 9 to 15. The management strategies
could not be compared between the symptomatic and
asymptomatic pregnant women infected with COVID-19
due to lack of available data.

Discussion

Since the start of the COVID-19 pandemic, healthcare
workers have been at the forefront to gather enough data
in order to understand this disease better. This review
primarily focused on pregnant women with COVID-
19 and summarizes the differences in their risk factors,
management along with their pregnancy and neonatal

b —8—C-section 1.40(1.17 to 1.67)
ae—o —@—Vaginal delivery 0.74(0.43-1.27)
Preterm delivery 2.10(1.04-4.23)
Very preterm delivery 4.34(0.52-36.14)
° o —&—Maternal ICU 13.35(5.60-31.34)
® —8—Mechanical Ventilation 15.56(2.96-81.70)
01 11 21 31 41 51 61 71 81 91 101 111 121 131 141
Symptomatic Asymptomatic
Fig. 3 Pregnancy and perinatal Outcomes among symptomatic and asymptomatic pregnant women with COVID-19
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outcomes between symptomatic and asymptomatic preg-
nant women. To the best of our knowledge, this meta-
analysis is the first of its kind to analyse the difference
in pregnancy and perinatal outcomes that could poten-
tially be affected, depending on the severity of COVID-19
disease.

In the present meta-analysis, we found that being
symptomatic varied across different ethnicities with Black
and Asian pregnant women having a higher likelihood of
being symptomatic while pregnant women of White eth-
nicity had a higher likelihood of being asymptomatic. We
also found that obese, hypertensive, and asthmatic preg-
nant women with COVID-19 have a higher likelihood of
being symptomatic. Symptomatic pregnant women with
COVID-19 had higher chances of delivering via cesar-
ean-section while asymptomatic pregnant women with
COVID-19 had a higher chance of having a vaginal deliv-
ery. The mean birthweight was lower among neonates of
symptomatic pregnant women and the odds of LBW was
also higher among symptomatic women. The likelihood
of NICU admission was higher amongst neonates from
symptomatic mothers with COVID-19. Women with
preeclampsia or pregnancy-induced hypertension had
a higher likelihood of being symptomatic. Symptomatic
pregnant women with COVID-19 also had a greater
requirement for ICU admission and mechanical ventila-
tion. There was inadequate data regarding management
strategies used for each subgroup due to which differ-
ences in management practices could not be compared.

A wide spectrum of disease severity exists amongst
pregnant women with COVID-19 disease, with 86%
exhibiting mild disease, 9.3% severe, and 4.7% critical
[27]. This percentage is similar to those calculated from
the non-pregnant adult population (with 80% mild, 15%
severe, and 5% critical disease) [28]. However, informa-
tion regarding the reason for progression to critical
disease, depending on the basis of clinical features of
COVID-19, is still lacking in the literature.

Previously, the risk of delivery via cesarean section has
been reported to be higher amongst pregnant women
with COVID-19 disease compared to the general preg-
nant population [29]. However, whether the presence
of symptomatic disease predisposed pregnant women
infected with SARS-CoV-2 to a certain mode of delivery
is unknown. Our meta-analysis found cesarean section to
be more likely amongst symptomatic pregnant women
and vaginal delivery to be more likely amongst asympto-
matic pregnant women.

A direct link has been established in the literature
between SARS-CoV-2 infection and premature labour
[30]. A higher rate (37.7%) of preterm birth is seen
in pregnant women with COVID-19 as compared to
the general pregnant population (12%) [29]. Another
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systematic review specified that preterm birth before
37 weeks gestation was prevalent in 21.8% of the preg-
nant women affected by COVID-19 [30]. In terms of
assessing the risk of preterm delivery in symptomatic
versus asymptomatic pregnant women, our meta-analysis
found significant differences between the two groups i.e.
higher preterm births in symptomatic pregnant women
and similarly, lower birth weight among those infants.
Ideally we would have done a subgroup analysis for pre-
term births but separating the data for term and preterm
births was not possible.

Newborns from symptomatic pregnant women were
more likely to have lower birthweight. These findings
from our review are in line with most studies reporting
neonatal outcomes of pregnant women with COVID-19
[27].

The limitations for this review included: (i) a limited
number of included studies, (ii) smaller sample size per
study, (iii) lack of data on management strategies for
both groups, (iv) lack of data on other variables includ-
ing demographics and co-morbidities from all stud-
ies, (v) few studies reporting adjusted analysis and (vi)
dearth of evidence from low- and middle-income set-
tings. To obtain conclusive results, more detailed data is
required, especially on areas like demographics (co-mor-
bidity, ethnicity, etc.) and maternal outcomes (including
those occurring prior to or after COVID-19 diagnosis,
e.g. GDM, preeclampsia, etc.). Multivariable analysis to
identify factors associated with management, pregnancy;,
and perinatal outcomes in symptomatic versus asymp-
tomatic pregnant women with COVID-19 could not be
done due to insufficient data. However, if data on indi-
vidual patients is provided in the future, then individual
patient data meta-analysis (IPD-MA) would be the ideal
approach to provide insights into recognizing and man-
aging COVID-19 disease based on symptoms.

In conclusion, the findings of this study summarize
the risk factors, pregnancy, and perinatal outcomes
amongst pregnant women based on whether they were
symptomatic at presentation. According to this review,
obese, hypertensive pregnant women with COVID-19 or
those with the respiratory disorder were more likely to
be symptomatic. Black or Asian pregnant women with
COVID-19 were more likely to be symptomatic while
White pregnant women were more likely to be asymp-
tomatic. Delivery via c-section was more likely amongst
symptomatic pregnant women while vaginal delivery was
more likely amongst asymptomatic pregnant women.
Lower mean birthweight was reported among neonates
of symptomatic pregnant women and their odds of hav-
ing LBW babies and preterm births was also higher.
Symptomatic pregnant women had a greater requirement
for maternal ICU admission and mechanical ventilation
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and their neonates had a higher likelihood for NICU
admission.

The findings of this study, though not very robust can
aid to increase the understanding of the course of the
disease amongst the two subsets of pregnant women
with COVID-19 disease, and its impact on perinatal
and neonatal outcomes. This may enable the health
care providers to impart better care for the mother and
the fetus. However, more studies comparing asympto-
matic and symptomatic pregnant women and reporting
adjusted pregnancy and birth outcomes are required
from varying contexts.
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