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ABSTRACT

OBJECTIVE

To determine the clinical manifestations, risk factors,
and maternal and perinatal outcomes in pregnant and
recently pregnant women with suspected or confirmed
coronavirus disease 2019 (covid-19).
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STUDY SELECTION

Cohort studies reporting the rates, clinical
manifestations (symptoms, laboratory and
radiological findings), risk factors, and maternal and
perinatal outcomes in pregnant and recently pregnant
women with suspected or confirmed covid-19.

DATA EXTRACTION
At least two researchers independently extracted the
data and assessed study quality. Random effects
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Pregnant women are considered to be a high risk group for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, and the potential
adverse effects of the virus on maternal and perinatal outcomes are of concern

In non-pregnant populations admitted to hospital with coronavirus disease
2019 (covid-19) the most common symptoms are fever, cough, and dyspnoea,
reported in more than two thirds of individuals

Advancing age, high body mass index, non-white ethnicity, and pre-existing
comorbidities are risk factors for severe covid-19 in the general population

WHAT THIS STUDY ADDS

Pregnant and recently pregnant women with covid-19 diagnosed in hospital are
less likely to manifest symptoms of fever and myalgia than non-pregnant women
of reproductive age and might be at increased risk of admission to an intensive
care unit

Risk factors for severe covid-19 in pregnancy include increasing maternal age,
high body mass index, and pre-existing comorbidities

Pregnant women with covid-19 are more likely to experience preterm birth and
their neonates are more likely to be admitted to a neonatal unit

thebmj | BMJ2020;370:m3320 | doi: 10.1136/bmj.m3320

meta-analysis was performed, with estimates pooled
as odds ratios and proportions with 95% confidence
intervals. All analyses will be updated regularly.

RESULTS

77 studies were included. Overall, 10% (95%
confidence interval 7% t014%; 28 studies, 11432
women) of pregnant and recently pregnant women
attending or admitted to hospital for any reason

were diagnosed as having suspected or confirmed
covid-19. The most common clinical manifestations
of covid-19 in pregnancy were fever (40%) and
cough (39%). Compared with non-pregnant women
of reproductive age, pregnant and recently pregnant
women with covid-19 were less likely to report
symptoms of fever (odds ratio 0.43, 95% confidence
interval 0.22 to 0.85; 1°=74%; 5 studies; 80521
women) and myalgia (0.48, 0.45 to 0.51; 1>=0%; 3
studies; 80409 women) and were more likely to need
admission to an intensive care unit (1.62, 1.33 to
1.96; 1>=0%) and invasive ventilation (1.88, 1.36 to
2.60; I2=0%; 4 studies, 91 606 women). 73 pregnant
women (0.1%, 26 studies, 11 580 women) with
confirmed covid-19 died from any cause. Increased
maternal age (1.78, 1.25 to 2.55; 1°=9%; 4 studies;
1058 women), high body mass index (2.38, 1.67

to 3.39; I’=0%,; 3 studies; 877 women), chronic
hypertension (2.0, 1.14 to 3.48; 1>=0%; 2 studies;
858 women), and pre-existing diabetes (2.51, 1.31 to
4.80; 1°=12%,; 2 studies; 858 women) were associated
with severe covid-19 in pregnancy. Pre-existing
maternal comorbidity was a risk factor for admission
to an intensive care unit (4.21, 1.06 to 16.72; 1>’=0%;
2 studies; 320 women) and invasive ventilation
(4.48, 1.40 to 14.37; 1’=0%; 2 studies; 313 women).
Spontaneous preterm birth rate was 6% (95%
confidence interval 3% to 9%; 1°=55%; 10 studies;
870 women) in women with covid-19. The odds of any
preterm birth (3.01, 95% confidence interval 1.16

to 7.85; 1=1%,; 2 studies; 339 women) was high in
pregnant women with covid-19 compared with those
without the disease. A quarter of all neonates born to
mothers with covid-19 were admitted to the neonatal
unit (25%) and were at increased risk of admission
(odds ratio 3.13, 95% confidence interval 2.05 to
4.78, I>=not estimable; 1 study, 1121 neonates)
than those born to mothers without covid-19.

BLAdod Aq paloaloid 1sanb Ag 020z Jaqwaldas g uo /wod g mmw//:dny woiy papeojumod "0Z0z Jaqwialdas T uo 0Zesw fwa/9eTT 0T Se paysignd 1s1y CINg


mailto:thangaratinam.1@bham.ac.uk
https://twitter.com/thangaratinam?lang=en
http://orcid.org/0000-0002-4254-460X
https://crossmark.crossref.org/dialog/?doi=10.1136/bmj.m3320&domain=pdf&date_stamp=2020-08-27
http://www.bmj.com/

CONCLUSION

Pregnant and recently pregnant women are less likely
to manifest covid-19 related symptoms of fever and
myalgia than non-pregnant women of reproductive
age and are potentially more likely to need

intensive care treatment for covid-19. Pre-existing
comorbidities, high maternal age, and high body mass
index seem to be risk factors for severe covid-19.
Preterm birth rates are high in pregnant women with
covid-19 than in pregnant women without the disease.

SYSTEMATIC REVIEW REGISTRATION
PROSPERO CRD42020178076.

READERS’ NOTE

This article is a living systematic review that will be
updated to reflect emerging evidence. Updates may
occur for up to two years from the date of original
publication.

Introduction
Since the first report (December 2019) of the novel
coronavirus disease 2019 (covid-19) caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the number of confirmed cases and
associated mortality and morbidity have increased
rapidly.! > Pregnant women are considered a high
risk group because of concerns about the effect of
covid-19 on them during and after pregnancy, and
on their neonates.’ Quantification of the rates of
covid-19, its risk factors, clinical manifestations, and
outcomes is key to planning clinical maternal care and
management in an evolving pandemic scenario.”
Publications on covid-19 in pregnancy have risen
steeply through individual case reports, case series,
observational studies, and systematic reviews.
As of 26 June 2020, more than 86 reviews have
been published in this area,”’® with a further 94
registered in PROSPERO.® ! The early reviews mostly
included case reports and case series that were often
inappropriately meta-analysed, leading to biased
estimates.'> Subsequent reviews differed little from
each other, often including similar primary studies,
many with duplicate data. These reviews became
quickly outdated as new evidence emerged. To
date, no review has comprehensively evaluated the
comparative data concerning pregnant and recently
pregnant women and non-pregnant women with
covid-19. Moreover, the sampling frames in primary
studies have varied, ranging from universal SARS-
CoV-2 testing for all pregnant women admitted to
hospital’® ' to symptom based testing.!” '® Testing
strategies have also differed within and between
countries, with diagnosis in many early studies based
on epidemiological risk assessment and clinical
features without confirmed infection, which need to be
considered in the analysis.’ Limitations in the external
and internal validity of studies make it challenging
for guideline developers and policy makers to make
evidence based recommendations for the management
of pregnant and recently pregnant women with
covid-19.

RESEARCH

We began a living systematic review to determine
the clinical manifestations of covid-19 in pregnant and
recently pregnant women, identify the risk factors for
complications, and quantify maternal and perinatal
outcomes. This systematic review will be updated on
a regular basis.

Methods

Our systematic review is based on a prospectively
registered protocol (PROSPERO CRD42020178076;
registered 22 April 2020)'® to evaluate a series of
research questions on covid-19 during and after
pregnancy. We report our findings on the rates,
clinical manifestations, risk factors, and maternal and
perinatal outcomes in women with covid-19 in line with
the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) recommendations
(see appendix 1). As more relevant data become
available, we shall address the research questions
in our published protocol. Each cycle of our living
systematic review involves weekly search updates
(rounds), with analysis performed every 2-4 weeks for
our monthly reporting through a dedicated website,
with early analysis if new definitive evidence emerges.
We plan to regularly review the planned frequency of
updates.

Literature search

We performed a systematic search of major databases:
Medline, Embase, Cochrane database, WHO (World
Health Organization) COVID-19 database, China
National Knowledge Infrastructure (CNKI), and
Wanfang databases from 1 December 2019 to 26 June
2020 for relevant studies on covid-19 in pregnant and
recently pregnant women. To identify potential studies,
we coordinated our search efforts with the Evidence
for Policy and Practice Information and Co-ordinating
Centre (EPPI-Centre), the WHO Library, and the
Cochrane Gynaecology and Fertility group. Additional
searches were conducted of preprint servers, blogs,
websites that serve as repositories for covid-19 studies,
social media, guidelines, and reference lists of included
studies and unpublished data. We also searched the
Living Overview of the Evidence (LOVE) platform from
11 to 26 June 2020."° We contacted established groups
that were coordinating or conducting surveillance and
studies in pregnant women with covid-19, such as
the WHO Maternal, Newborn, Child and Adolescent
health (MNCAH) covid-19 research network and the
International Network of Obstetric Survey Systems
(INOSS) for information on published and upcoming
data. No language restrictions were applied. Appendix
2 provides details of the search strategies and
databases searched.

Study selection

Two reviewers independently selected studies using
a two stage process: they first screened the titles and
abstracts of studies and then assessed the full text
of the selected studies in detail for eligibility. A total
of eight reviewers contributed to study selection.

doi: 10.1136/bmj.m3320 | BMJ2020;370:m3320 | thelbmj
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Disagreements were resolved through discussion
with a third reviewer (ST or JA). We excluded studies
if the duplicate data for all outcomes of interest were
published elsewhere, as reported by the study authors,
or when the characteristics of the mother or neonate
matched the setting, characteristics, and duration of
another study. When we suspected an overlap of data
between studies, the study that provided comparative
data was included. When there was uncertainty about
duplicate data, we contacted the authors of primary
studies.

We defined women as having confirmed covid-19
if they had laboratory confirmation of covid-19
infection irrespective of clinical signs and symptoms.?°
Women with a diagnosis based only on clinical or
radiological findings were defined as having suspected
covid-19. The recently pregnant group comprised
women in the postpartum and post-abortion period.
We included studies that compared covid-19 rates,
clinical manifestations (symptoms, laboratory and
radiological results), risk factors, and associated
mortality and morbidity between pregnant and
recently pregnant and non-pregnant women of
reproductive age, and those that compared maternal
and perinatal outcomes in pregnant women with and
without covid-19. Studies on non-comparative cohorts
with a minimum of 10 participants were included if
they reported on the rates and clinical manifestations
of covid-19 and relevant outcomes in pregnant and
recently pregnant women. We defined cohort studies
as those that sampled participants on the basis of
exposure, followed-up participants over time, and
ascertained the outcomes.’’ The PROSPERO protocol
provides a full list of the risk factors, clinical features,
and outcomes evaluated.'®

The sampling frames for detecting covid-19 included
universal screening and testing, when all women were
assessed for covid-19 using reverse transcriptase
polymerase chain reaction (RT-PCR) for SARS-CoV-2
or chest computed tomography; risk based testing
on the basis of epidemiological history and clinical
manifestations by National Health Commission of
China (NHCC) guidelines'’; and symptom based when
testing was performed on women with symptoms and
those with a history of contact with affected individuals.
We defined the population as being selected when
only specific groups of women were included, such
as those undergoing caesarean section or in the third
trimester. We categorised studies as a high risk group if
only women with any pre-existing medical or obstetric
risk factors were included, low risk if women did not
have any risk factors, and any risk if all women were
included.

Study quality assessment and data extraction

The quality of the comparative cohort studies was
assessed for selection, comparability, and outcome
ascertainment bias using the Newcastle Ottawa
scale.?” Studies achieving four stars for selection, two
for comparability, and three for ascertainment of the
outcome were considered to have a low risk of bias.

thebmj | BMJ2020;370:m3320 | doi: 10.1136/bmj.m3320
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Studies achieving two or three stars for selection, one
for comparability, and two for outcome ascertainment
were considered to have a medium risk of bias,
and any study achieving one star for selection or
outcome ascertainment, or zero for any of the three
domains, was regarded as having a high risk of bias.
We assessed the quality of studies reporting on the
prevalence of clinical manifestations or outcomes
for internal and external validity using an existing
tool.> The following were considered as low risk of
bias for external validity: representative of national
population for relevant variables (population),
representative of target population (sampling frame),
random selection (selection bias), and more than
75% response rate in individuals with and without
the outcome (non-response bias).”> Two indepen-
dent reviewers extracted data using a pre-piloted
form.

Statistical analysis

We pooled the comparative dichotomous data using
random effects meta-analysis and summarised
the findings as odds ratios with 95% confidence
intervals. To combine comparative continuous data
with dichotomous data we transformed standardised
mean differences to logarithm odds ratios, assuming
a normal underlying distribution.”* We pooled the
dichotomous non-comparative data for rates of clinical
manifestations and maternal and perinatal outcomes
as proportions with 95% confidence intervals using
Dersimonian and Laird random effects meta-analysis
after transforming data using Freeman-Tukey double
arcsin transformation. Heterogeneity was reported
as I? statistics. We undertook subgroup analysis by
country status (high versus low and middle income),
sampling frame (universal, risk based, and symptom
based testing, including not reported), and risk status
of women in the studies (high, low, any). Sensitivity
analysis was performed by restricting the analysis
to women with confirmed covid-19, study quality
(high, low), and population (unselected, selected). All
analyses were done with Stata (version 16).

Patient and public involvement

The study was supported by Katie’s Team, a dedicated
patients and public involvement group in Women’s
Health. The team was involved in the conduct,
interpretation, and reporting of this living systematic
review through participation in virtual meetings.

Results

After removing duplicates from 49684 citations,
20625 unique citations were identified and 77 cohort
studies (55 comparative, 22 non-comparative) were
included in the systematic review (fig 1).

Characteristics of included studies

Ofthe 77 studies, 26 (34%) were from the United States,
24 from China (31%), seven from Italy, six from Spain,
three each from the United Kingdom and France, and
one each from Belgium, Brazil, Denmark, Israel, Japan,
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Citations identified
49 538 Electronic databases from inception to 26 June 2020
146 Other sources* and reference lists

A

y

R 48519

Articles excluded
19 460 Irrelevant articles
29 059 Duplicates

(B 1165)

Full text articles assessed for eligibility

A

y

R 1088

Articles excluded
457 Inappropriate population

\ » 452 Inappropriate study design

125 Duplicate publication
35 Inappropriate outcome
18 Inappropriate exposure

1 Article not found

Studies included (13 118 pregnant and recently pregnant women with covid-19;
83 486 non-pregnant women of reproductive age with covid-19)

26 Prevalence of covid-19

52 Risk factors for covid-19 and complications

40 Clinical manifestations of covid-19

45 Covid-19 related outcomes

35 Pregnancy related maternal and perinatal outcomes

Fig 1| Study selection process. *Twitter, national reports, blog by ) Thornton, ObG Project, COVID-19 and
Pregnancy Cases, www.obgproject.com/2020/04/07/covid-19-research-watch-with-dr-jim-thornton/ (accessed
12 May 2020); EPPI-Centre, COVID-19: a living systematic map of evidence, http://eppi.ioe.ac.uk/cms/Projects/
DepartmentofHealthandSocialCare/Publishedreviews/COVID-19Livingsystematicmapoftheevidence/tabid/3765/
Default.aspx (accessed 12 May 2020); Norwegian Institute of Public Health, NIPH systematic and living map

on COVID-19 evidence, www.nornesk.no/forskningskart/NIPH_mainMap.html (accessed 19 May 2020); Johns
Hopkins University Center for Humanitarian Health; COVID-19, Maternal and Child Health, Nutrition, http://
hopkinshumanitarianhealth.org/empower/advocacy/covid-19/covid-19-children-and-nutrition/ (accessed 2 June
2020); ResearchGate, COVID-19 research community, www.researchgate.net/community/COVID-19 (accessed 2
June 2020); and Living Overview of the Evidence, Coronavirus disease (COVID-19), https://app.iloveevidence.com/
loves/5e6fdb9669c00e4ac072701d?population=5d062d5fc80dd41e58ba8459 (accessed 16 June 2020)

Mexico, the Netherlands, and Portugal. All the studies
tested respiratory samples using RT-PCR to confirm
the presence of SARS-CoV-2; 23 studies additionally
diagnosed covid-19 based on clinical suspicion.
Eight studies (95247 women) compared pregnant
populations with non-pregnant populations,?>=>>
and four studies (2230 women) compared pregnant
women with covid-19 versus pregnant women
without covid-19.%33¢ Forty cohort studies reported
on clinical manifestations (13018 pregnant, 85084
non-pregnant women),?>323°%¢ 45 studies reported on
covid-19 related maternal outcomes (14094 pregnant,
85169 non-pregnant women),?>32 3551 5359 6174 apq
35 studies reported on pregnancy related maternal
(6279 women) and perinatal outcomes (2557
neonates)” 2527 2930 32-41 43-47 49-50 54 55 57 59 61 62 64-67 69 70 75
(see appendix 3). The sampling frames included
universal testing (29 studies), risk based NHCC
guidelines (22 studies), and symptom based (19
studies) strategies. Eleven studies did not report the
sampling strategy.

Quality of included studies

Overall, 67% (37/55) of the comparative cohort
studies evaluated using the Newcastle Ottawa scale
had an overall low risk of bias (see appendix 4a). Forty
nine (89%) had a low risk of bias for study selection
and six (11%) had a medium risk. The risk of bias for
comparability of cohorts was low in nine of the studies
(16%), medium in 45 (82%), and high in one (2%). For
outcome assessment of the cohorts, 12 (22%) studies
had alow risk of bias, 42 (76%) a medium risk, and one
(2%) a high risk. Quality assessment of the prevalence
studies for external validity showed a low risk of bias
for representativeness in 13% (10/76) of the studies,
sampling in 26% (20/76), selection in 74% (56/76),
and non-response in 96% (73/76). For internal validity,
there was low risk of bias for data collection in 95%
(72/76) of the studies, case definition in 36% (27/76),
measurement in 99% (75/76), differential verification
in 86% (65/76), adequate follow-up in 22% (17/76),
and appropriate numerator and denominator in 83%
(63/76) (see appendix 4b).
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Rates of covid-19 in pregnant and recently pregnant
women

The overall rate of covid-19 diagnosis in pregnant
and recently pregnant women attending or admitted
to hospital for any reason was 10% (95% confidence
interval 7% to 14%; 26 studies, 11432 women; fig
2). Rates varied by sampling strategy: of the women
sampled by universal screening, 7% (4% to 10%;
18 studies, 6247 women) were diagnosed as having
covid-19 compared with 18% (10% to 28%; 8 studies,
4928 women) of women sampled on the basis of
symptoms. All studies with a prevalence rate for
covid-19 greater than 15% were from the US, except
for one study, which was from France.”® One in 20
asymptomatic mothers (5%, 2% to 9%; 11 studies)
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attending or admitted to hospital had a diagnosis of
covid-19 (see appendix 5a). Three quarters (74%, 51%
to 93%; 11 studies) of the 162 pregnant women with
covid-19 in the universal screening population were
asymptomatic (see appendix 5b). Based on data from
a small number of studies, a diagnosis of covid-19 in
pregnancy was associated with maternal obesity (odds
ratio 1.75, 95% confidence interval 1.34 to 2.30;
1 study, 1080 women), pre-existing comorbidities
(1.64, 1.25 to 2.13; 1 study, 1121 women), asthma
(1.71, 1.03 to 2.84; 2 studies, 1250 women), history
of covid-19 in the support person (44.56, 14.90 to
133.28; 1 study, 199 women), and gestational diabetes
(2.42, 1.55 to 3.79; 1 study, 1121 women) (see
appendix 6a).

Study Round Events/ Rate Rate
No in group (95% CI) (95% CI)
Universal screening
Sutton 2020 1 33/215 i—— 0.15(0.11t0 0.21)
Vintzileos 2020 1 32/161 —o— 0.20(0.14t0 0.27)
Tassis 2020 2 3/139 |- 0.02 (0.01 to 0.06)
Khalil 2020 2 9/129 -0;* 0.07 (0.04t0 0.13)
Gagliardi 2020 3 3/533 @ 0.01 (0.00 to 0.02)
Naqvi 2020 3 1/82  &— 0.01 (0.00 to 0.07)
Ceulemans 2020 3 13/470 (& 0.03 (0.02 to 0.05)
Miller 2020 3 23/635 % 0.04 (0.02 to 0.05)
Doria 2020 3 12/103 —0— 0.12(0.07t0 0.19)
London 2020 3 10/75 —*0— 0.13(0.07 t0 0.23)
Bianco 2020 3 24/158 ;_0— 0.15(0.10t0 0.22)
Goldfarb 2020 4 20/757 |+ 0.03 (0.02 to 0.04)
LaCourse 2020 4 5/188 - 0.03 (0.01 to 0.06)
Ochiai 2020 4 2/52 0—~ 0.04 (0.01t0 0.13)
Freiesleben 2020 5 30/1055 (& 0.03 (0.02 to 0.04)
Cosma 2020 5 23/225 —:0— 0.10(0.07 t0 0.15)
Crovetto 2020 5 125/874 Ea 0.14(0.12t0 0.17)
Emeruwa 2020 5 71/396 -o- 0.18(0.14t0 0.22)
Subtotal: P=0.00; 1?=95.1% 0 0.07 (0.04t0 0.10)
Symptom based screening
Blitz 2020 2 82/2971 & 0.03 (0.02 t0 0.03)
Campbell 2020 3 30/770 | % 0.04 (0.03 to 0.06)
Fox 2020 3 33/757 & 0.04 (0.03 to 0.06)
Qadri 2020 3 16/192 —03— 0.08 (0.05t0 0.13)
Duffy 2020 3 15/37 — 0.41(0.26 t0 0.57)
London 2020 3 58/81 —&— 0.72(0.61t0 0.80)
LaCourse 2020 4 8/42 —0— 0.19(0.10t0 0.33)
Griffin 2020 5 26/78 —— 0.33(0.24t0 0.44)
Subtotal: P=0.00; 1?=97.9% .— 0.18(0.10t0 0.28)
Not known
Cohen 5 88/194 § —o— 0.45(0.39t0 0.52)
Overall: 12=96.99%, P=0.00; - 0.10(0.07 t0 0.14);
estimated predictive interval 0 0.803 (0.00t0 0.35)

Fig 2 | Prevalence of severe acute respiratory syndrome coronavirus 2 in pregnant and recently pregnant women
identified by various sampling strategies. Meta-analysis includes one study (Liao 2020) screened using National
Health Commission China criteria with no events. Symptom based screening includes screening based on symptoms
or history of contact with individuals with covid-19. Round number represents search strategy updates in the living

systematic review
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Clinical manifestations of covid-19 during
pregnancy and after delivery

The most common symptoms reported by pregnant
and recently pregnant women with suspected or
confirmed covid-19 were fever (40%) and cough
(39%); lymphopaenia (35%) and raised C reactive
protein levels (49%) were the most common laboratory
findings (fig 3). Compared with non-pregnant women
of reproductive age with covid-19, pregnant and
recently pregnant women with the disease were
less likely to manifest symptoms of fever (0.43, 0.22
to 0.85; 5 studies, 80521 women) and myalgia
(0.48, 0.45 to 0.51; 3 studies, 80409 women) (fig
4). A history of pre-existing diabetes was more often
observed in pregnant women with covid-19 than in
non-pregnant women with the disease (1.78, 1.03 to
3.05; 3 studies, 91595 women) (see appendix 6b).
Sensitivity analysis restricted to various sampling
frames showed lower estimates of fever, cough, and
dyspnoea in the universal screening population and
higher estimates in the symptom based population
(see appendix 7). The rates of clinical manifestations
were similar to the overall estimates when the analysis
was restricted to only women with RT-PCR confirmed
covid-19, unselected populations, and women with
any risk (see appendix 7).

Outcomes related to covid-19 in pregnant and
recently pregnant women

Overall, 73 pregnant women (26 studies, 11580
women) with confirmed covid-19 died from any cause
(0.1%, 95% confidence interval 0.0% to 0.7%). Severe
covid-19 wasdiagnosedin 13% (6% to 21%; 21 studies,
2271 women) of pregnant and recently pregnant
women with suspected or confirmed covid-19; 4%
(2% to 7%; 17 studies, 10901 women) of the pregnant
women with covid-19 were admitted to an intensive
care unit, 3% (1% to 5%; 13 studies, 10713 women)
required invasive ventilation, and 0.4% (0.1% to
0.9%; 9 studies, 1935 women) required extracorporeal
membrane oxygenation (fig 3). Appendix 8 provides the
rates of complications by sampling strategy. Compared
with non-pregnant women of reproductive age with
covid-19, the odds of admission to the intensive care
unit (1.62, 95% confidence interval 1.33 to 1.96) and
need for invasive ventilation (1.88, 1.36 to 2.60) were
higher in pregnant and recently pregnant women (four
studies, 91 606 women) (table 1). Maternal risk factors
associated with severe covid-19 were increasing age
(1.78, 1.25 to 2.55; 4 studies, 1058 women), high
body mass index (2.38, 1.67 to 3.39; 3 studies, 877
women), chronic hypertension (2.0, 1.14 to 3.48;
2 studies, 858 women), and pre-existing diabetes
(2.51, 1.31 to 4.80; 2 studies, 858 women) (fig 5).
Pre-existing maternal comorbidity was associated
with admission to an intensive care unit (4.21, 1.06 to
16.72; 2 studies, 320 women) and the need for invasive
ventilation (4.48, 1.40to 14.37; 2 studies, 313 women)
(table 2).
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Maternal and perinatal outcomes in pregnant and
recently pregnant women with covid-19

In pregnant and recently pregnant women with
covid-19 the rate of overall preterm birth was 17%
(95% confidence interval 13% to 21%; 30 studies,
1872 women) and of spontaneous preterm birth was
6% (3% to 9%; 10 studies, 870 women) (fig 3). In
pregnant and recently pregnant women with covid-19
compared with pregnant and recently pregnant
women without the disease, the odds of any preterm
birth (3.0, 95% confidence interval 1.15 to 7.85; 2
studies, 339 women) were higher, but no differences
were observed in other maternal outcomes (table
1). Eighteen stillbirths (27 studies; 2837 offspring)
and six neonatal deaths (26 studies; 1728 neonates)
occurred among pregnant and recently pregnant
women with covid-19, resulting in negligible risks
(fig 3). Overall, 25% (95% confidence interval 14%
to 37%; 17 studies, 1348 women) of neonates born to
women with covid-19 were admitted to the neonatal
unit (fig 3), with a higher risk of admission (odds ratio
3.13, 95% confidence interval 2.05 to 4.78; 1 study,
1121 neonates) than those born to mothers without
the disease in one study with historical controls. No
differences were observed for other perinatal outcomes.
Appendix 9 provides the rates of covid-19 related
and pregnancy related outcomes for the individual
studies.

Discussion

In this living systematic review, we found that one in 10
pregnantorrecently pregnantwomenwho areattending
or admitted to hospital for any reason are diagnosed as
having suspected or confirmed covid-19, although the
rates vary by sampling strategy. The covid-19 related
symptoms of fever and myalgia manifest less often in
pregnant and recently pregnant women than in non-
pregnant women of reproductive age. Whereas testing
for SARS-CoV-2 in non-pregnant women is based
on symptoms or contact history, testing in pregnant
women is usually done when they are in hospital for
reasons that might not be related to covid-19. Pregnant
or recently pregnant women with covid-19 seem
to be at increased risk of requiring admission to an
intensive care unit or invasive ventilation. Increased
maternal age, high body mass index, and pre-existing
comorbidities might be associated with severe disease.
Pregnant women with covid-19 are at increased risk
of delivering preterm and their babies being admitted
to the neonatal unit. But overall rates of spontaneous
preterm births are not high. Stillbirth and neonatal
death rates are low in women with suspected or
confirmed covid-19. All comparative findings are
based on small numbers of studies, despite the large
sample sizes. Substantial heterogeneity was observed
in the estimates for rates of clinical manifestations
and outcomes, which varied by sampling frames,
participant selection, and risk status of the
participants.
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Study Studies Events/ Proportion Proportion 12(%) Range
No in group (95% CD (95%CI) (P value)
Clinical manifestations
Symptoms
Fever 29 2733/8328 —— 0.40(0.31t00.49) 97.4(0.00) (0.11-0.73)
Cough 28  3432/8317 —— 0.39(0.31t0 0.47) 96.8(0.00) (0.03-0.81)
Dyspnoea 22 1928/8159 —o— 0.19(0.13t0 0.26)  96.2(0.00) (0.00-0.62)
Myalgia 9 1411/6078 o 0.10(0.05t00.17)  90.7(0.00)  (0.00-0.25)
Ageusia 3 24/310 *r— 0.15(0.00t0 0.41)  93.6(0.00) (0.03-0.28)
Diarrhoea 17 659/7525 @ 0.07(0.05t00.09) 65.5(0.00) (0.00-0.18)
Laboratory findings
Raised white cell count 6 50/251 * 0.27(0.09t00.51)  92.3(0.00) (0.03-0.52)
Lymphopaenia 15 262/780 —— 0.35(0.26t0 0.45)  85.6(0.00) (0.09-0.90)
Thrombocytopaenia 7 36/428 —o— 0.08(0.02t00.18)  85.3(0.00) (0.01-0.35)
Abnormal liver function test results 9 51/491 —o— 0.11(0.05t00.18)  74.1(0.00) (0.00-0.29)
Raised procalcitonin level 5 60/261 —_— 0.21(0.00t0 0.59)  96.6(0.00) (0.00-0.97)
Raised C reactive protein level 7 174/426 —— 0.49(0.36t00.63) 86.2(0.00) (0.23-0.71)
Radiological findings
Ground glass appearance 10 246/387 —_— 0.69(0.41t00.91) 96.5(0.00) (0.09-1.00)
Any abnormality on computed tomography 20 599/1968 —_—— 0.65(0.46t00.82) 98.4(0.00) (0.02-1.00)
Maternal and perinatal outcomes
Covid related outcomes
All cause mortality 26 73/11580 @ 0.00(0.00t0 0.01)  80.2(0.00) (0.00-0.07)
Admission to intensive care unit 17 323/10901 | & 0.04(0.02t00.07) 93.6(0.00) (0.00-0.13)
Severe covid-19 21 417/2271 -~ 0.13(0.06t00.21) 95.5(0.00) (0.00-1.00)
Invasive ventilation 13  155/10713 @ 0.03(0.01t00.05) 93.5(0.00) (0.00-0.09)
ECMO 9 16/1935 < 0.00(0.00t0 0.01)  0.0(0.93)  (0.00-0.01)
Oxygen, cannula 13 243/1281 —— 0.30(0.14t00.48) 97.1(0.00) (0.02-1.00)
ARDS 6 270/1006 ~——&—— 0.09(0.00t00.33) 98.7(0.00) (0.00-0.51)
Pneumonia 23 729/2577 —_—— 0.49(0.35t00.63) 97.9(0.00) (0.00-1.00)
Cardiac, liver, renal failure 7 7/737 @ 0.00(0.00t00.01) 10.6(0.35)  (0.00-0.13)
Pregnancy related outcomes
Preterm birth <37 weeks 30 386/1872 * 0.17(0.13t00.21)  71.5(0.00) (0.00-0.59)
Spontaneous preterm birth 10 56/870 & 0.06 (0.03t00.09) 55.0(00.02) (0.02-0.31)
PPROM <37 weeks 8 28/436 = 0.05(0.03t00.08) 0.0(0.66) (0.03-0.17)
Caesarean section 28  1060/1933 —— 0.65(0.57t00.73)  91.3(0.00) (0.33-1.00)
Vaginal delivery 27 856/1916 —-o— 0.35(0.27t00.43) 91.4(0.00) (0.00-0.67)
Postpartum haemorrhage 5 13/250 - 0.03(0.00t00.08) 45.6(0.14) (0.01-0.09)
Offspring outcomes
Stillbirth 27 18/2837 < 0.00(0.00t0 0.00) 0.0(1.00)  (0.00-0.02)
Neonatal death 26 6/1728 @ 0.00(0.00t0 0.00) 0.0(1.00)  (0.00-0.01)
Admission to neonatal unit 17 368/1348 —— 0.25(0.14t00.37)  94.9(0.00) (0.00-1.00)
Neonatal sepsis 2 2/51 - 0.04 (0.00t0 0.12) Not estimable (0.03-0.06)
Abnormal Apgar score 14 11/500 4 0.01(0.00t00.02) 0.0(0.64)  (0.00-0.06)
Fetal distress 7 25/293 L & 0.08(0.05t00.12) 0.0(0.74)  (0.04-0.15)

0 02 04 06

08 1.0

Fig 3 | Rates of clinical manifestations of coronavirus disease (covid-19) in pregnant women and recently pregnant women with suspected or
confirmed covid-19 and associated maternal and perinatal outcomes. ECMO=extracorporeal membrane oxygenation; ARDS=acute respiratory

distress syndrome; PPROM=preterm premature rupture of membranes

Strengths and limitations of this review

In this unprecedented pandemic situation, where
evidence is rapidly produced and published in various
formats, our living systematic review underpinned by
robust methods and continually updated at regular
intervals is relevant for several reasons. Firstly, it

thebmj | BMJ2020;370:m3320 | doi: 10.1136/bmj.m3320

addresses important research questions relevant
to clinical decision making and policies. Secondly,
uncertainties remain for key outcomes that require
further evidence. Thirdly, the rapid turnover of
evidence in various formats requires assessments of
study quality and regular updating of the findings.
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Symptoms No of pregnant No of non-pregnant Odds ratio Odds ratio
women with covid-19/ women with covid-19/ (95% CI) (95% CI)
No in group No in group
Any symptom
Cheng 2020 22/31 75/80 0.16 (0.05to0 0.54)
Wei 2020 15/17 24/26 * 0.62(0.08t0 4.92)
Wang 2020 22/30 42/42 * 0.03(0.00 to 0.56)
Ellington 2020 5199/5355 72549/74 877 @ 1.07 (0.91 to 1.26)
Subtotal: 1’=80.3% 5258/5433 72 690/75 025 —_—— 0.33(0.08to 1.41)
Fever
Liu 2020 8/21 14/19 ; 0.22(0.06 t0 0.85)
Yin 2020 17/31 30/35 0.20(0.06 to 0.66)
Cheng 2020 15/31 49/80 ——0— 0.59(0.26 t0 1.37)
Wang 2020 11/30 28/42 —.— 0.29(0.11t0 0.77)
Ellington 2020 1190/5355 18 474/74877 < 0.87(0.82t00.93)
Subtotal: 1’=73.9% 1241/5468 18 595/75053 e 0.43(0.22t0 0.85)
Cough
Liu 2020 6/21 8/19 L & 0.55(0.15t0 2.05)
Yin 2020 15/31 16/35 —v—O— 1.11(0.42t02.93)
Cheng 2020 14/31 48/80 —O-v— 0.55(0.24t0 1.27)
Wang 2020 5/30 21/42 0.20(0.06 t0 0.62)
Ellington 2020 1799/5355 23554/74 877 @ 1.10(1.04 t0 1.17)
Subtotal: I’=67.6% 1839/5468 23 647/75053 B 0.67(0.37t01.23)
Dyspnoea
Liu 2020 1/21 1/19 * 0.90(0.05t0 15.47)
Yin 2020 8/31 9/35 L 2 1.00(0.33 t0 3.03)
Cheng 2020 5/31 30/80 —0—— 0.32(0.11t00.92)
Wang 2020 1/27 4/45 * 0.39(0.04t0 3.72)
Ellington 2020 1045/5355 13292/74877 @ 1.12(1.05 to 1.20)
Subtotal: 1’=36.0% 1060/5465 13336/75056 S 0.82(0.47to 1.43)
Myalgia
Yin 2020 3/31 6/35 L 4 0.52(0.12t0 2.27)
Cheng 2020 1/31 8/80 0.30(0.04 to 2.50)
Ellington 2020 1323/8207 20726/72 025 ¢> 0.48(0.45t0 0.51)
Subtotal: 1’=73.9% 1327/8269 20740/72 140 - 0.48(0.45t0 0.51)
0.01 02505 1 2 10 100

Note: Weights are from random effects analysis

Fig 4 | Clinical manifestations of coronavirus disease (covid-19) in pregnant and recently pregnant women compared with non-pregnant women of
reproductive age with covid-19

Finally, our living systematic review will produce a
strong evidence base for living guidelines on covid-19
and pregnancy.

We undertook a comprehensive search and coordi-
nated our efforts with key organisations and research
groups, such as WHO, the Cochrane Centre, and EPPI-
Centre. To minimise risk of bias we restricted our meta-
analysis to cohort studies, and we reported the quality
of the included studies. By contacting the authors
and obtaining reports not published in PubMed, we
minimised the risk of missing relevant studies. Our
systematic review has a large sample size and it is
continuously increasing. Our living meta-analyses
framework will enable us to rapidly update the findings
as new data emerge. We undertook extensive work to
ensure that duplicate data are not included. Our various

comparative analyses allowed us to comprehensively
assess the association between pregnancy and
covid-19 related outcomes, covid-19 and pregnancy
outcomes, risk factors for SARS-CoV-2 infection, and
complications. Our review helps to understand the
variations in estimates through sensitivity analyses by
sampling strategies, population characteristics, and
risk factors, and it provides confidence in the rates of
reported outcomes.

Our systematic review also has limitations. The
primary studies used varied sampling frames to
identify women with covid-19, comprised women
with suspected and confirmed covid-19, and primarily
reported on pregnant women who required visits to
hospital, including for childbirth, thereby affecting
the generalisability of the estimates. Although our
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Table 1 | Outcomes in pregnant and recently pregnant women with coronavirus disease 2019 (covid-19)

Women (No with event/No in group (%))

Outcomes No of studies Pregnant women with covid-19 Comparison group 0dds ratio (95% Cl) 12 (%)
Comparison group: non-pregnant women of reproductive age with covid-19
All cause mortality 4 16/8282 (0.2) 208/83327 (0.2) 0.81 (0.49t0 1.33) 0
ICU admission 4 121/8276 (1.5) 758/83330 (0.9) 1.62 (1.33 t0 1.96) 0
Invasive ventilation 4 43/8276 (0.5) 226/83330(0.3) 1.88 (1.36 to 2.60) 0
ECMO 1 0/31(0) 0/80 (0) 2.56 (0.05to 131.60) NE
Oxygen through nasal cannula 2 8/48 (16.7) 49/106 (46.2) 0.21(0.04t0 1.13) 65.7
ARDS 1 0/17 (0) 0/26 (0) 1.51 (0.03t079.93) NE
Major organ failure 1 0/17 (0) 0/26 (0) 1.51 (0.03t0 79.93) NE
Comparison group: pregnant women without covid-19
Maternal outcomes:
All cause mortality 1* 5/427 (1.2) 0/694 (0) 18.08 (1.00t0 327.83) NE
ICU admission 1* 40/427 (9.4) 1/694 (0.1) 71.63(9.81 t0 523.06) NE
Preterm birth <37 weeks 2 7/44 (15.9) 18/295 (6.1) 3.01 (1.16 to 7.85) 0.9
Caesarean section 3* 184/491 (37.5) 5771676 (34.4) 2.02 (0.67 t0 6.10) 87.5
Perinatal outcomes:
Stillbirth 1* 3/427 (0.7) 2/694 (0.3) 2.45 (0.41 to 14.71) NE
Neonatal death 1* 2/427 (0.5) 1/694 (0.1) 3.26 (0.30t0 36.07) NE
Admission to neonatal unit 1* 64/427 (15.0) 37/694 (5.3) 3.13 (2.0510 4.79) NE
Abnormal Apgar score at 5 minutes 1 0/30 (0) 12/740(1.6) 0.96 (0.06 to 16.51) NE
Fetal distress 1 3/34 (8.8) 12/242 (5.0) 1.86 (0.50 t0 6.94) NE

ICU=intensive care unit; ECMO=extracorporeal membrane oxygenation; ARDS=acute respiratory distress syndrome; NE=not estimable.
The denominator is number of pregnancies for all outcomes.
*Historical comparative cohort in UK Obstetric Surveillance System study.

sensitivity analyses aimed to tackle some of these
problems, the numbers and sample sizes of the
individual studies were too small to identify differences
between the subgroups. The timing of assessment of
the clinical manifestations of disease was generally
not available. The definitions of symptoms, tests,
and outcomes were heterogeneous. Furthermore,
poor reporting of the criteria for caesarean section,
admissions to the neonatal unit, and the causes
of preterm birth, made it difficult to disentangle
iatrogenic effect from the true impact of the disease.
There is a paucity of comparative data to assess the risk
of severe disease in pregnant women compared with
non-pregnant women in similarly aged groups, and
to compare pregnancy outcomes in women with and
without covid-19. Not many studies reported outcomes
by trimester for symptom onset, making it difficult
to assess the rates of miscarriage and postpartum
complications. For some outcomes, the findings were
influenced by a single large study.”® Many studies
had to be excluded as we could not rule out potential
overlap in the study populations.

Comparison with existing evidence

Alongside the spread of the pandemic, a shift has
occurred in the types of studies published, with initial
studies involving pregnant women from epidemic regions
in China, followed by reports of large regional and
national datasets from the US, UK, Netherlands, Spain,
and, more recently, Latin American countries. The study
design has also changed from initial small case series
and case reports to large observational data, with recent
studies also providing comparative data. The prevalence
of covid-19 varied widely between studies, particularly
when sampling was done based on symptoms or history
of contact, highlighting the variations in criteria for
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testing. Moreover, the findings only relate to those women
attending hospital for any reason. The true prevalence
of covid-19 in pregnancy is likely to be lower when all
pregnant women are included.

In the recent cohort study of all individuals admitted
with covid-19 in the UK, the cluster of respiratory
symptoms of cough, fever, and breathlessness were
observed in more than two thirds of individuals,’’
similar to reported rates in the US and China.”®® But
in our review, fewer pregnant and recently pregnant
women with covid-19 manifested these symptoms
than the non-pregnant population, indicating possi-
ble high rates of asymptomatic presentation in this
population. This is likely because of the strategy of
universal screening for covid-19 in pregnancy and
the low thresholds for testing than in non-pregnancy.
Despite the possibility of the above strategies detecting
pregnant women with mild disease, we observed an
increase in admissions to the intensive care unit and
need for invasive ventilation compared with non-
pregnant women of reproductive age with covid-19.
The findings were mainly influenced by the recent
large Centers for Disease Control and Prevention report
from the US.?® Pregnancy status was not ascertained
in a large proportion of women of reproductive age
in the CDC report that could affect the estimates.
Furthermore, the outcomes for which the data were
missing were considered to be absent in the report,
thereby incurring bias. The pooled estimates for severe
covid-19 and admission to an intensive care unit were,
however, still relatively high in the non-comparative
data, indicative of a potential high risk in pregnancy.
This is supported by the recent analysis in a Swedish
study suggesting a high risk of admission to an
intensive care unit and invasive ventilation in pregnant
women than non-pregnant women.®!
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Risk factors

Age*
Kayem 2020
Martinez-Perez 2020
Khoury 2020

Chen 2020 (continuous age)

Subtotal: 1’=9%

Body mass index
Kayem 2020
Martinez-Perez 2020
Khoury 2020
Wu 2020

Subtotal: 1’=0%

Multiparity
Chen 2020
Savasi 2020
Martinez-Perez 2020

Subtotal: 1’=0%

Third trimester
Yan 2020
Andrikopoulou 2020

Subtotal: 1’=0%

Non-white
Savasi 2020
Khoury 2020

Subtotal: 1?=73%

Any comorbidity
Savasi 2020
Martinez-Perez 2020

Subtotal: 1’=0%

Chronic hypertension
Kayem 2020
Khoury 2020

Subtotal: 1’=0%

Pre-existing diabetes
Kayem 2020
Khoury 2020

Subtotal: 1?=12%

Pre-eclampsia
Yan 2020
Martinez-Perez 2020

Subtotal: 1’=0%

Gestational diabetes
Andrikopoulou 2020
Kayem 2020
Martinez-Perez 2020
Yan 2020

Subtotal: 1’=0%

Note: Weights are from random effects analysis

No of pregnant women
with risk factor and severe
covid-19/No in group

59/128
2/4
22/75
n/9
83/216

46/128
1/4
43/62
0/0
90/194

5/9
8/14
3/4
16/27

7/8
22/34
29/42

6/14
54/65
60/79

6/14
1/4
7/18

7/128
18/75
25/203

7/128
16/75
23/203

1/8
1/4
2/12

1/34
17/128
0/4
0/0
18/166

135/489
39/78
43/166
n/109
219/842

93/489
18/78

55/116
0/13

166/696

46/97

39/63

53/78
138/238

99/108
94/124
193/232

18/63
143/156
161/219

18/63
25/78
43/141

11/489
25/166
36/655

7/489
20/166
27/655

3/108
3/78
6/186

6/124
54/489
1/78
9/116
70/807

No of pregnant women
with risk factor without
severe covid-19/No in group

0.01

Odds ratio
(95% CI)

L 4

10

100

Odds ratio
(95% CI)

2.24(1.50 to 3.35)
1.00 (0.13 to 7.46)
1.19(0.65t0 2.18)
1.87(0.55 t0 6.42)
1.78 (1.25 t0 2.55)

2.39(1.56 to 3.66)
1.11(0.11 to 11.35)
2.51(1.31t0 4.81)
Excluded
2.38(1.67t0 3.39)

1.39(0.35t0 5.47)
0.82(0.25t0 2.66)
1.42(0.14 to 14.29)
1.07 (0.46 to 2.46)

0.64 (0.07 t0 5.76)
0.59(0.26 t0 1.32)
0.59(0.28t0 1.27)

1.88(0.57t0 6.17)
0.45(0.19 to 1.06)
0.86 (0.21 to 3.50)

1.88(0.57t0 6.17)
0.71(0.07t0 7.14)
1.53(0.53t0 4.41)

2.51(0.95t0 6.62)
1.78(0.90t0 3.51)
2.00 (1.14 to 3.48)

3.98(1.37to 11.57)
1.98 (0.96 to 4.08)
2.51(1.31 t0 4.80)

5.00 (0.46 to 54.51)
8.33(0.66 to 105.71)
6.35(1.11 to 36.22)

0.60(0.07t0 5.13)
1.23(0.69to0 2.21)
5.74(0.20t0 161.79)
Excluded
1.23(0.70t0 2.14)

Fig 5 | Risk factors associated with severe coronavirus disease 2019 (covid-19) in pregnant and recently pregnant women. Symptom based

screening: Savasi V, Kayem G; NHCC (National Health Commission China). Criteria based screening: Chen, Wu, Yan. All other studies used universal

screening. Cut-off for age is 35 years or more, and for body mass index is 30 or more. *Includes one study with continuous measurement of risk
factor
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Table 2 | Maternal characteristics associated with severe coronavirus disease 2019 (covid-19) and all cause death in
pregnant and recently pregnant women with a diagnosis of covid-19
Pregnant women (No with risk factor/No

Maternal risk factors and  No of Total No in group (%))
outcomes studies of women With outcome Without outcome 0dds ratio (95% ClI) 12 (%)
Age >35 years:

Severe disease 4 1058 216* 842% 1.78 (1.25t0 2.55) 9

ICU admission 2 260 8/87 (9.2) 8/173 (4.6) 2.44(0.4310 14.01) 63

Invasive ventilation 1 178 3/65 (4.6) 2/113 (1.8) 2.69 (0.44t016.51) NE

Maternal death 1 288 20/154 (13.0) 16/134 (11.9) 1.10 (0.55t0 2.22) NE
Multiparity:

Severe disease 3 265 16/154 (10.4) 11/111(9.9) 1.07 (0.46 t0 2.46) 0

ICU admission 1 42 4/22 (18.2) 4/20 (20.0) 0.89 (0.19 to 4.15) NE
Body mass index >30:

Severe disease 3 877 90/256 (35.2) 104/621 (16.7) 2.38(1.67 t03.39) 0

ICU admission 1 142 3/22(13.6) 4/120 (3.3) 4.58 (0.95 to 22.09) NE

Invasive ventilation 1 135 5/21(23.8) 6/114 (5.3) 5.63 (1.54 t0 20.59) NE

Maternal death 2 596 6/62 (9.7) 37/534 (6.9) 2.57 (0.97 to 6.82) 0
Non-white ethnicity:

Severe disease 2 298 60/221 (27.1) 19/77 (24.7) 0.86 (0.21 to 3.50) 73

ICU admission 1 42 5/20 (25.0) 3/22(13.6) 2.11(0.431t010.28) NE

Maternal death 2 596 31/220(14.1) 12/376 (3.2) 2.40(0.94t06.11) 0
Any comorbidity:

Severe disease 2 159 7/50 (14.0) 11/109 (10.1) 1.53(0.53t0 4.41) 0

ICU admission 2 320 4/37 (10.8) 11/283 (3.9) 4.21(1.061016.72) 0

Invasive ventilation 2 313 6/36 (16.7) 10/277 (3.6) 4.48 (1.4010 14.37) 0
Chronic hypertension:

Severe disease 2 858 25/61 (41.0) 178/797 (22.3) 2.0(1.14t0 3.48) 0

ICU admission 1 141 2/5 (40.0) 5/136 (3.7) 17.47 (2.37 10 129.02) NE

Invasive ventilation 1 134 4/5 (80.0) 7/129 (5.4) 69.71 (6.85t0 709.34) NE

Maternal death 2 596 5/29 (17.2) 38/567 (6.7) 3.38 (1.17 t0 9.75) 0
Pre-existing diabetes:

Severe disease 2 858 23/50 (46.0) 180/808 (22.3) 2.51 (1.31 to 4.80) 12

ICU admission 2 181 1/7 (14.3) 14/174 (8.0) 2.88 (0.44 t0 18.96) 0

Invasive ventilation 1 132 1/6 (16.7) 9/126 (7.1) 2.60(0.27 to 24.71) NE

Maternal death 2 596 10/52(19.2) 33/544 (6.1) 6.63 (0.27 to 161.45) 91
Asthma:

Severe disease 3 857 17/61 (27.9) 149/796 (18.7) 1.86 (0.88 t0 3.93) 22

Maternal death 2 596 3/22(13.6) 40/574 (7.0) 2.04 (0.61 to 6.85) 0
Smoking:

Severe disease 3 776 5/23 (21.7) 141/753(18.7) 1.67 (0.64 to 4.40) 0

ICU admission 1 42 1/2 (50.0) 7/40 (17.5) 4.71(0.26 10 84.77) NE

Maternal death 1 308 0/10 (0) 7/298 (2.3) 1.85 (0.10 to 34.60) NE
Gestation =28 weeks:

Severe disease 2 274 29/222 (13.1) 13/52 (25.0) 0.59 (0.28 t0 1.27) 0

Maternal death 273 22/190 (11.6) 12/83 (14.5) 0.78 (0.36 to 1.65) NE
Gestational diabetes:

Severe disease 4 973 18/88 (20.5) 148/885 (16.7) 1.23(0.70t0 2.14) 0
Pre-eclampsia:

Severe disease 2 198 2/8 (25.0) 10/190 (5.3) 6.36 (1.12t0 36.22) 0

ICU admission 1 42 6/6 (100.0) 2/36 (5.6) 179.40 (7.69 t0 4186.05) NE

ICU=intensive care unit; NE=not estimable.
*Includes one or more studies with continuous measurement of risk factor.

Similar to the general population, high body mass
index and pre-existing comorbidity seemed to be risk
factors for severity of covid-19 in pregnancy, including
admission to an intensive care unit and invasive
ventilation.”” Complications related to covid-19 did
not seem to be increased in women presenting in the
third trimester or in multiparous women—but existing
sample sizes are not large. Both chronic hypertension
and pre-existing diabetes were associated with
maternal death in pregnant women with covid-19,
which are known risk factors in the general population.
But it is not known if covid-19 was the direct cause of
death for these women, and the numbers of studies
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are small. We observed an increase in rates of preterm
birth in pregnant women with covid-19 compared
with those without the disease. These preterm births
could be medically indicated, as the overall rates of
spontaneous preterm births in pregnant women with
covid-19 was broadly similar to those observed in the
pre-pandemic period. Although more than 60% of
pregnant women underwent caesarean section in the
non-comparative studies, we did not find a statistically
significant difference in comparative studies of
pregnant women with and without covid-19. The
precision of the estimates is expected to improve with
the publication of more data in the future. The overall
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rates of stillbirths and neonatal deaths do not seem to
be higher than the background rates. The indications
for admissions to the neonatal unit, observed in
about a quarter of neonates delivered to mothers with
covid-19, have not been reported. Local policies on
observation and quarantine of infants with exposure
to SARS-CoV-2 might have influenced these rates.

Relevance for clinical practice and research

Based on existing data, healthcare professionals
should be aware that pregnant and recently pregnant
women with covid-19 might manifest fewer symptoms
than the general population, with the overall pattern
similar to that of the general population. Emerging
comparative data indicate the potential for an increase
in the rates of admission to intensive care units and
invasive ventilation in pregnant women compared
with non-pregnant women. Mothers with pre-existing
comorbidities will need to be considered as a high risk
group for covid-19, along with those who are obese and
of greater maternal age. Clinicians will need to balance
the need for regular multidisciplinary antenatal care
to manage women with pre-existing comorbidities
against unnecessary exposure to the virus, through
virtual clinic appointments when possible. Pregnant
women with covid-19 before term gestation might
need to be managed in a unit with facilities to care for
preterm neonates.

Further data are needed to assess robustly if preg-
nancy related maternal and neonatal complications are
increased in women with covid-19 than those without
the disease. Similarly, the association between other
risk factors such as ethnicity and pregnancy specific
risk factors such as pre-eclampsia and gestational
diabetes on both covid-19 related and pregnancy
related outcomes needs evaluation. Pre-eclampsia
was reported to be associated with severe covid-19
in small studies, but it requires further assessment
as the clinical presentation of severe pre-eclampsia
could mimic worsening covid-19.%% Robust collection
of maternal data by trimester of exposure, including
the periconception period, is required to determine the
effects of covid-19 on early pregnancy outcomes, fetal
growth, and risk of stillbirth.

Systematic reviews are considered to be the highest
quality evidence informing guidelines, and poor
quality reviews will have a direct impact on clinical
care. Despite the urgent need for evidence on the
impact of covid-19 in pregnant women, systematic
reviews and meta-analyses still need to adhere to
the reporting guidelines on search criteria, quality
assessment, and analysis. This is particularly impor-
tant as large numbers of non-peer reviewed scientific
papers and reports are currently available in the public
domain in multiple versions. Primary studies need to
explicitly state if duplicate data have been included
to avoid double counting of participants in evidence
synthesis. Individual participant data meta-analysis
of the emerging cohorts is critical to assess both
differential presentation and outcomes by underlying

risk factors, and to determine the differential effects
of interventions to reduce the rates of complications.
With the establishment of several national and global
prospective cohorts, we expect the sample size of
our meta-analysis to increase further in the coming
months. Our living systematic review and meta-
analysis with its regular search and analyses updates
is ideally placed to assess the impact of new findings
on the rapidly growing evidence base.

AUTHOR AFFILIATIONS

Ynstitute of Applied Health Research, University of Birmingham,
Birmingham, UK

>WHO Collaborating Centre for Global Women’s Health, Institute
of Metabolism and Systems Research, University of Birmingham,
Birmingham, UK

*Clinical Biostatistics Unit, Hospital Universitario Ramén y Cajal
(IRYCIS), Madrid, Spain

“CIBER Epidemiology and Public Health (CIBERESP), Madrid, Spain

>UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme

of Research, Development and Research Training in Human
Reproduction (HRP), Department of Sexual and Reproductive Health
and Research, World Health Organization, Geneva, Switzerland

“Birmingham Medical School, University of Birmingham,
Birmingham, UK

"Division of Birth Cohort Study, Guangzhou Women and Children’s
Medical Centre, Guangzhou Medical University, Guangzhou, China

8Department of Woman and Child Health Care, Guangzhou Women
and Children’s Medical Centre, Guangzhou Medical University,
Guangzhou, China

’Department of Obstetrics and Gynaecology, Guangzhou Women
and Children’s Medical Centre, Guangzhou Medical University,
Guangzhou, China

%Netherlands Satellite of the Cochrane Gynaecology and Fertility
Group, Amsterdam University Medical Centre, Amsterdam,
Netherlands

"Department of Obstetrics and Gynaecology, Amsterdam University
Medical Centre, Amsterdam, Netherlands

2Blizard Institute, Queen Mary University of London, London, UK
Barts Health NHS Trust, London, UK

14st George’s, University of London, London, UK

Elizabeth Glaser Paediatric AIDS Foundation, Washington DC, USA

®Women’s Health Research Unit, Queen Mary University of London,
London, UK

YBirmingham Women’s and Children’s NHS Foundation Trust,
Birmingham, UK

Other members of the PregCOV-19 Living Systematic Review
Consortium are Uma Ram, Ajith S Nair, Pura Rayco-Solon, and Hector
Pardo-Hernandez. The Cochrane Gynaecology and Fertility Group
thank Marijke Strikwerda and Bethany Clark for help with searches
and data extraction. The PregCOV-19 Living Systematic Review Group
would also like to thank Katie’s Team for its contribution towards the
development and reporting of this work, James Thomas from the EPPI-
Centre for helping with search updates, and the PregCOV-19 Living
Systematic Review steering committee members, Pisake Lumbiganon,
Carolina Carvalho Ribeiro do Valle, Clare Whitehead, David Lissauer,
Joao Paulo Souza, and Marian Knight, who provided guidance
throughout.

Contributors: JA and ES are joint first authors. ST, MB, and JA
conceptualised the study. MY, SC, LD, TK, ACL, AD, DZ, RB, SL,

XQ, and MYuan selected the studies. JA, ES, MY, LD, DZ, XQ, and
MYuan extracted the data. JZ conducted the analyses. All coauthors
contributed to the writing of the manuscript and approved the final
version. ST, JA, ES, and JZ are the guarantors. The corresponding
author attests that all listed authors meet authorship criteria and that
no others meeting the criteria have been omitted

Funding: The project was partially funded by the World Health
Organization.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:

doi: 10.1136/bmj.m3320 | BMJ2020;370:m3320 | thelbmj

BLAdod Aq paloaloid 1sanb Ag 020z Jaqwaldas g uo /wod g mmw//:dny woiy papeojumod "0Z0z Jaqwialdas T uo 0Zesw fwa/9eTT 0T Se paysignd 1s1y CINg


http://www.icmje.org/coi_disclosure.pdf
http://www.bmj.com/

partial funding by the World Health Organization; no financial
relationships with any organisations that might have an interest in the
submitted work in the previous three years; no other relationships or
activities that could appear to have influenced the submitted work.

Ethical approval: Not required.
Data sharing: No additional data available.

The corresponding author (ST) affirms that the manuscript is an
honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned have been
disclosed.

Dissemination to participants and related patient and public
communities: The PregCov-19 LSR Group will disseminate the
findings through a dedicated website (www.birmingham.ac.uk/
research/who-collaborating-centre/pregcov/index.aspx) and social
media.

Provenance and peer review: Not commissioned; externally peer
reviewed.

This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different
terms, provided the original work is properly cited and the use is non-
commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

1 HuangC, WangY, LiX, etal. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497-
506.d0i:10.1016/S0140-6736(20)30183-5

2 World Health Organization (WHO). Coronavirus disease. (COVID-19)
Pandemic, https://www.who.int/emergencies/diseases/novel-
coronavirus-2019 (accessed 7 May 2020)

3 Cabinet Office. Guidance. Staying alert and safe (social distancing).
Coronavirus (COVID-19) Guidance and support. Updated 22 May
2020 https://www.gov.uk/government/publications/staying-alert-
and-safe-social-distancing/staying-alert-and-safe-social-distancing
(accessed 24 May 2020).

4 RCOG. (COVID-19) Infection in Pregnancy, https://www.rcog.org.uk/
en/guidelines-research-services/guidelines/coronavirus-pregnancy/

5  Zaigham M, Andersson O. Maternal and perinatal outcomes with
COVID-19: A systematic review of 108 pregnancies. Acta Obstet
Gynecol Scand 2020;99:823-9. d0i:10.1111/a0gs.13867

6 Parazzini F, Bortolus R, Mauri PA, Favilli A, Gerli S, Ferrazzi E. Delivery
in pregnant women infected with SARS-CoV-2: A fast review. Int/
Gynaecol Obstet 2020;150:41-6. doi:10.1002/ijgo.13166

7 Elshafeey F, Magdi R, Hindi N, et al. A systematic scoping review
of COVID-19 during pregnancy and childbirth. Int/ Gynaecol
Obstet 2020;150:47-52. doi:10.1002/ijgo.13182

8  DiMascio D, Khalil A, Saccone G, et al. Outcome of coronavirus
spectrum infections (SARS, MERS, COVID-19) during pregnancy:

a systematic review and meta-analysis. Am J Obstet Gynecol
MFM 2020;2:100107.

9  Della Gatta AN, Rizzo R, Pilu G, Simonazzi G. Coronavirus disease
2019 during pregnancy: a systematic review of reported cases. Am J
Obstet Gynecol 2020;223:36-41. doi:10.1016/}.aj0g.2020.04.013

10 Cheruiyot I, Henry BM, Lippi G. Is there evidence of intra-uterine
vertical transmission potential of COVID-19 infection in samples
tested by quantitative RT-PCR?Eur / Obstet Gynecol Reprod
Biol 2020;249:100-1. doi:10.1016/j.ejogrb.2020.04.034

11 Gajbhiye R, Modi D, Mahale S. Pregnancy outcomes, Newborn
complications and Maternal-Fetal Transmission of SARS-CoV-2 in
women with COVID-19: A systematic review of 441 cases. medRxiv
[Preprint]. 2020. doi.org/10.1101/2020.04.11.20062356

12 Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality
and synthesis of case series and case reports. BM/ Evid Based
Med 2018;23:60-3. doi:10.1136/bmjebm-2017-110853

13 Breslin N, Baptiste C, Gyamfi-Bannerman C, et al. Coronavirus
disease 2019 infection among asymptomatic and symptomatic
pregnant women: Two weeks of confirmed presentations to an
affiliated pair of New York City hospitals. Am J Obstet Gynecol
MFM 2020;2:100118.

14 Vintzileos WS, Muscat J, Hoffmann E, et al. Screening all pregnant
women admitted to labor and delivery for the virus responsible for
coronavirus disease 2019. Am J Obstet Gynecol 2020;223:284-6.

15 Xul, Yang Q, ShiH, etal. Clinical presentations and outcomes of
SARS-CoV-2 infected pneumonia in pregnant women and health
status of their neonates. Sci Bull (Bejjing) 2020;65:1537-42.

16 Blitz MJ, Grunebaum A, Tekbali A, et al. Intensive care unit admissions
for pregnant and nonpregnant women with coronavirus disease
2019.Am ] Obstet Gynecol 2020;223:290-1.

17 Released by National Health Commission & National Administration
of Traditional Chinese Medicine on 3 March 2020. Trial Version 7.
Chin Med J (Engl) 2020;133:1087-95.

thebmj | BMJ2020;370:m3320 | doi: 10.1136/bmj.m3320

18

19

20

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

RESEARCH

Allotey J, Bonet M, Zamora J, et al. COVID-19 in pregnant women: a
Living Systematic Review on prevalence, presentation, prognosis and
treatment. PROSPERO 2020 CRD42020178076. https://www.crd.
york.ac.uk/prospero/display_record.php?ID=CRD42020178076.
Living Overview of the Evidence. (LOVE) Platform. app.iloveevidence.
com. (accessed 8 July 2020)

World Health Organization. Global surveillance for COVID-19 caused
by human infection with COVID-19 virus: interim guidance, 20
March 2020. World Health Organization. https://apps.who.int/iris/
handle/10665/331506. 20200.

Dekkers OM, Egger M, Altman DG, Vandenbroucke JP. Distinguishing
case series from cohort studies. Ann Intern Med 2012;156:37-40.
doi:10.7326/0003-4819-156-1-201201030-00006

Wells G. Proceedings or the Third Symposium on Systematic Reviews
beyond the Basics. SBOD. Improving Quality and Impact; The
Newcastle—Ottawa Scale (NOS) for Assessing the Quality of non-
randomised Studies in Meta-analysis. July 3-5 2000, Oxford.

Hoy D, Brooks P, Woolf A, et al. Assessing risk of bias in prevalence
studies: modification of an existing tool and evidence of interrater
agreement. J Clin Epidemiol 2012;65:934-9. doi:10.1016/].
jclinepi.2011.11.014

Chinn S. A simple method for converting an odds ratio to effect

size for use in meta-analysis. Stat Med 2000;19:3127-31.
doi:10.1002/1097-0258(20001130)19:22¢3127::AID-
SIM78453.0.C0;2-M

Cheng B, Jiang T, Zhang L, et al. Clinical Characteristics of Pregnant
Women with Coronavirus Disease 2019 in Wuhan, China.

SSRN 2020; https://ssrn.com/abstract=3555240

Ellington S, Strid P, Tong VT, et al. Characteristics of Women of
Reproductive Age with Laboratory-Confirmed SARS-CoV-2 Infection
by Pregnancy Status - United States, January 22-June 7, 2020.
MMWR Morb Mortal Wkly Rep 2020;69:769-75. doi:10.15585/
mmwr.mm6925al

Liu F, LiuH, Li J, Hou L, Lan W, Wang D. Clinico-Radiological Features
and Outcomes in Pregnant Women with COVID-19: Compared with
Age-Matched Non-Pregnant Women. SSRN 2020. https://ssrn.com/
abstract=3556647

Mohr-Sasson A, Chayo J, Bart Y, et al. Laboratory characteristics

of pregnant compared to non-pregnant women infected with
SARS-CoV-2. Arch Gynecol Obstet 2020; published online 22 June.
doi:10.1007/500404-020-05655-7

Qiancheng X, Jian S, Lingling P, et al, sixth batch of Anhui medical
team aiding Wuhan for COVID-19. Coronavirus disease 2019

in pregnancy. IntJ Infect Dis 2020;95:376-83. d0i:10.1016/j.
jid.2020.04.065

Wang Z, Wang Z, Xiong G. Clinical characteristics and laboratory
results of pregnant women with COVID-19 in Wuhan, China. Int/
Gynaecol Obstet 2020. doi:10.1002/ijg0.13265

Wei L, Gao X, Chen S, et al. Clinical Characteristics and Outcomes
between Pregnant and Non-Pregnant Women with Coronavirus
Disease 2019: A Retrospective Cohort Study. SSRN2020. https://
ssrn.com/abstract=3569858

Yin M, Zhang L, Deng G, et al. Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) Infection During Pregnancy In China: A
Retrospective Cohort Study. medRxiv [Preprint]. 2020. doi.org/10.11
01/2020.04.07.200537 44.

Campbell KH, Tornatore JM, Lawrence KE, et al. Prevalence of
SARS-CoV-2 Among Patients Admitted for Childbirth in Southern
Connecticut. JAMA 2020. doi:10.1001/jama.2020.8904

Knight M, Bunch K, Vousden N, et al. Characteristics and outcomes of
pregnant women hospitalised with confirmed SARS-CoV-2 infection
in the UK: a national cohort study using the UK Obstetric Surveillance
System (UKOSS). 2020.doi.org/10.1101/2020.05.08.20089268.
Li N, Han L, Peng M, et al. Maternal and neonatal outcomes of
pregnant women with COVID-19 pneumonia: a case-control study.
Clin Infect Dis 2020;ciaa352. doi:10.1093/cid/ciaa352

Liao J, He X, Gong Q, Yang L, Zhou C, Li ). Analysis of vaginal delivery
outcomes among pregnant women in Wuhan, China during the
COVID-19 pandemic. Int/ Gynaecol Obstet 2020;150:53-7.
doi:10.1002/ijgo.13188

Khalil A, Hill R, Ladhani S, Pattisson K, O’Brien P. Severe acute
respiratory syndrome coronavirus 2 in pregnancy: symptomatic
pregnant women are only the tip of the iceberg. Am J Obstet
Gynecol 2020;223:296-7. doi:10.1016/j.aj0g.2020.05.005
Khan'S, Jun L, Nawsherwan, et al. Association of COVID-19 with
pregnancy outcomes in health-care workers and general women. Clin
Microbiol Infect 2020;26:788-90. doi:10.1016/}.cmi.2020.03.034
Nie R, Wang S-s, Yang Q, et al. Clinical features and the maternal and
neonatal outcomes of pregnant women with coronavirus disease
2019. medRxiv [Preprint]. 2020. doi.org/10.1101/2020.03.22.200
41061.

Yan J, Guo J, Fan C, et al. Coronavirus disease 2019 in

pregnant women: a report based on 116 cases. Am / Obstet
Gynecol 2020;223:P111.E1-111.E14. d0i:10.1016/j.
2j0g.2020.04.014

13

WBLAdo Ag padalold 1sanb Ag 020 Jaquialdas g uo /oo fuug mmmy/:dny Wwouy papeojumod "02Z0Z Joqualdas T uo 0Zeew fwa/9eTT 0T Se paysiiand iy :CING


http://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
http://www.birmingham.ac.uk/research/who-collaborating-centre/pregcov/index.aspx
http://creativecommons.org/licenses/by-nc/4.0/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.gov.uk/government/publications/staying-alert-and-safe-social-distancing/staying-alert-and-safe-social-distancing
https://www.gov.uk/government/publications/staying-alert-and-safe-social-distancing/staying-alert-and-safe-social-distancing
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/coronavirus-pregnancy/
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/coronavirus-pregnancy/
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020178076
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020178076
http://app.iloveevidence.com
http://app.iloveevidence.com
https://apps.who.int/iris/handle/10665/331506
https://apps.who.int/iris/handle/10665/331506
https://ssrn.com/abstract=3555240
https://ssrn.com/abstract=3556647
https://ssrn.com/abstract=3556647
https://ssrn.com/abstract=3569858
https://ssrn.com/abstract=3569858
http://www.bmj.com/

RESEARCH

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Zeng L, Xia S, Yuan W, et al. Neonatal Early-Onset Infection

With SARS-CoV-2 in 33 Neonates Born to Mothers With

COVID-19 in Wuhan, China. JAMA Pediatr 2020. doi:10.1001/
jamapediatrics.2020.0878

Liu F, Lan W-s, Gan Q. Clinical and CT features of coronavirus disease
in pregnant women. Radiol Practice 2020;35:417-20.

Lokken EM, Walker CL, Delaney S, et al. Clinical Characteristics of 46
Pregnant Women with a SARS-CoV-2 Infection in Washington State.
Am J Obstet Gynecol 2020. doi:10.1016/}.aj0g.2020.05.031

Déria M, Peixinho C, Laranjo M, Mesquita Varejao A, Silva PT.
Covid-19 during pregnancy: A case series from an universally tested
population from the north of Portugal. Eur / Obstet Gynecol Reprod
Biol 2020;250:261-2. d0i:10.1016/j.6jogrb.2020.05.029

Yang H, Hu B, Zhan S, Yang LY, Xiong G. Effects of SARS-CoV-2
infection on pregnant women and their infants: A retrospective study
in Wuhan, China. Arch Pathol Lab Med 2020; published online 18
May.

Pereira A, Cruz-Melguizo S, Adrien M, Fuentes L, Marin E, Perez-
Medina T. Clinical course of coronavirus disease-2019 in pregnancy.
Acta Obstet Gynecol Scand 2020;99:839-47.doi:10.1111/
a0gs.13921

Fox NS, Melka S. COVID-19 in Pregnant Women: Case Series

from One Large New York City Obstetrical Practice. Am J

Perinatol 2020;37:1002-4. d0i:10.1055/5-0040-1712529

Savasi VM, Parisi F, Patané L, et al. Clinical Findings and Disease
Severity in Hospitalized Pregnant Women With Coronavirus Disease
2019 (COVID-19). Obstet Gynecol 2020;136:252-8. d0i:10.1097/
AOG.0000000000003979

Zeng Y, Lin L, Yan Q, et al. Update on clinical outcomes of women with
COVID-19 during pregnancy. Int Gynaecol Obstet 2020;150:264-6.
doi:10.1002/ijg0.13236

Liu P, Zheng J, Yang P, et al. The immunologic status of newborns
born to SARS-CoV-2-infected mothers in Wuhan, China. / Allergy Clin
Immunol 2020;146:101-9.

Ceulemans D, Thijs I, Schreurs A, et al. Screening for COVID-19 at
childbirth: is it effective?Ultrasound Obstetr Gynecol 2020;56:113-4.
Duffy CR, Hart JM, Modest AM, et al. Lymphopenia and Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection Among
Hospitalized Obstetric Patients. Obstet Gynecol 2020;136:229-31.
d0i:10.1097/A0G.0000000000003984

Andrikopoulou M, Madden N, Wen T, et al. Symptoms and Critical
lllness Among Obstetric Patients With Coronavirus Disease

2019 (COVID-19) Infection. Obstet Gynecol 2020;136:291-9.
d0i:10.1097/A0G.0000000000003996

Servei Catala de la Salut. Area de Sistemes d’Informacié. Informaci6
visualitzada a les 06: 11h del divendres 29 de maig de 2020.
Kayem G, Lecarpentier E, Deruelle P, et al. A snapshot of the Covid-19
pandemic among pregnant women in France. / Gynecol Obstet Hum
Reprod 2020;49:101826. doi:10.1016/}.jogoh.2020.101826
Knight M, Bunch K, Vousden N, et al, UK Obstetric Surveillance
System SARS-CoV-2 Infection in Pregnancy Collaborative Group.
Characteristics and outcomes of pregnant women admitted to
hospital with confirmed SARS-CoV-2 infection in UK: national
population based cohort study. BM/ 2020;369:m2107.
doi:10.1136/bmj.m2107

Martinez-Perez O, Vouga M, Cruz Melguizo S, et al. Association
Between Mode of Delivery Among Pregnant Women With COVID-19
and Maternal and Neonatal Outcomes in Spain. JAMA 2020.
doi:10.1001/jama.2020.10125

Profile of pregnant and children and adolescents with COVID-19.
Brazilian Ministry of Health Covid-19 Bulletin. No 17. Epidemic
week 21. 17-23 May. https://www.saude.gov.br/images/pdf/2020/
May/29/2020-05-25---BEE17---Boletim-do-COE.pdf

Yuan L, Zhang J, Dong X. Clinical characteristics and prognosis
analysis of COVID-19 infection in 28 pregnancy women. Xinjiang Yike
Daxue Xuebao 2020;43.

Griffin I, Benarba F, Peters C, et al. The Impact of COVID-19 Infection
on Labor and Delivery, Newborn Nursery, and Neonatal Intensive Care
Unit: Prospective Observational Data from a Single Hospital System.
Am | Perinatol 2020;37:1022-30. d0i:10.1055/5-0040-1713416
Sentilhes L, De Marcillac F, Jouffrieau C, et al. COVID-19 in pregnancy
was associated with maternal morbidity and preterm birth. Am J
Obstet Gynecol 2020.

Cosma S, Carosso A, Cusato J, et al. COVID-19 and first

trimester spontaneous abortion: a case-control study of

225 pregnant patients. medRxiv [Preprint]. 2020. doi.
0rg/10.1101/2020.06.19.20135749

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

Crovetto F, Crispi F, Llurba E, Figueras F, Gomez-Roig MD, Gratacos E.
Seroprevalence and clinical spectrum of SARS-Cov-2 infection in the
first versus third trimester of pregnancy. medRxiv [Preprint]. 2020
doi.org/10.1101/2020.06.17.20134098

Khoury R, Bernstein PS, Debolt C, et al. Characteristics and Outcomes
of 241 Births to Women With Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) Infection at Five New York City Medical
Centers. Obstet Gynecol 2020;136:273-82. d0i:10.1097/
AOG.0000000000004025

Maraschini A, Corsi E, Salvatore MA, Donati S. Coronavirus and birth
in Italy: results of a national population-based cohort study. medRxiv
[Preprint]. 2020. doi.org/10.1101/2020.06.11.20128652

NVOG: Nederlandse Vereniging voor Obstetrie en Gynaecologie.
Update registratie COVID-19 positieve zwangeren in NethOSS
Geplaatst op 19 June 2020.

Pierce-Williams RAM, Burd J, Felder L, et al. Clinical course of severe
and critical COVID-19 in hospitalized pregnancies: a US cohort study.
Am ] Obstet Gynecol MFM 2020:100134.

DongY, Mo X, Hu Y, Tong S. Epidemiological and Transmission
Patterns of Pregnant Women with 2019 Coronavirus Disease in
China. SSRN2020. doi:10.2139/ssrn.3551330

London V, McLaren RJr, Atallah F, et al. The Relationship

between Status at Presentation and Outcomes among Pregnant
Women with COVID-19. Am J Perinatol 2020;37:991-4.
doi:10.1055/5-0040-1712164

Qadri F, Mariona F.Pregnancy affected by SARS-CoV-2

infection: a flash report from Michigan. / Matern Fetal Neonatal
Med 2020;20:1-3.

Lumbreras-Marquez M|, Campos-Zamora M, Lizaola-Diaz de Leon

H, Farber MK. Maternal mortality from COVID-19 in Mexico. Int/
Gynaecol Obstet 2020;150:266-7. doi:10.1002/ijg0.13250
Romagano MP, Guerrero K, Spillane N, et al. Perinatal outcomes in
critically ill pregnant women with coronavirus disease 2019. Am /
Obstetr Gynecol MFM 2020.

Giannini A, Mantovani A, Vezzoli C, Franchini D, Finazzi P. Lung
ultrasound for pregnant women admitted to ICU for Covid-19
pneumonia. Minerva Anestesiol 2020.

Blitz MJ, Rochelson B, Minkoff H, et al. Maternal mortality among
women with coronavirus disease 2019 admitted to the intensive care
unit. Am J Obstet Gynecol 2020;50002-9378(20)30636-0.
Perlman J, Oxford C, Chang C, Salvatore C, Di Pace ). Delivery Room
Preparedness and Early Neonatal Outcomes During COVID-19
Pandemic in New York City. Pediatrics 2020;146:€20201567.
doi:10.1542/peds.2020-1567

CohenJ, Vignaux O, Jacquemard F. Covid-19 in pregnant women:
General data from a French National Survey. Eur | Obstet Gynecol
Reprod Biol 2020;251:267-8. do0i:10.1016/j.ejogrb.2020.06.002
Docherty AB, Harrison EM, Green CA, et al, ISARIC4C investigators.
Features of 20 133 UK patients in hospital with covid-19 using

the ISARIC WHO Clinical Characterisation Protocol: prospective
observational cohort study. BM/ 2020;369:m1985. doi:10.1136/
bmj.m1985

Guan WJ, Ni ZY, Hu Y, et al, China Medical Treatment Expert Group
for Covid-19. Clinical Characteristics of Coronavirus Disease

2019 in China. N Engl ) Med 2020;382:1708-20. d0i:10.1056/
NEJM0a2002032

Richardson S, Hirsch JS, Narasimhan M, et al, and the Northwell
COVID-19 Research Consortium. Presenting Characteristics,
Comorbidities, and Outcomes Among 5700 Patients Hospitalized
With COVID-19 in the New York City Area. JAMA 2020. doi:10.1001/
jama.2020.6775

Garg S, Kim L, Whitaker M, et al. Hospitalization Rates and
Characteristics of Patients Hospitalized with Laboratory-Confirmed
Coronavirus Disease 2019 - COVID-NET, 14 States, March

1-30, 2020. MMWR Morb Mortal Wkly Rep 2020;69:458-64.
doi:10.15585/mmwr.mm6915e3

Collin J, Bystrom E, Carnahan A, Ahrne M. Public Health Agency of
Sweden’s Brief Report: Pregnant and postpartum women with severe
acute respiratory syndrome coronavirus 2 infection in intensive

care in Sweden. Acta Obstet Gynecol Scand 2020;99:819-22.
doi:10.1111/a0gs.13901

Mendoza M, Garcia-Ruiz |, Maiz N, et al. Pre-eclampsia-like syndrome
induced by severe COVID-19: a prospective observational study.
BJOG 2020; published online 1 June.

Supplementary information: appendices 1-9

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

BLAdod Aq paloaloid 1sanb Ag 020z Jaqwaldas g uo /wod g mmw//:dny woiy papeojumod "0Z0z Jaqwialdas T uo 0Zesw fwa/9eTT 0T Se paysignd 1s1y CINg


https://www.saude.gov.br/images/pdf/2020/May/29/2020-05-25---BEE17---Boletim-do-COE.pdf
https://www.saude.gov.br/images/pdf/2020/May/29/2020-05-25---BEE17---Boletim-do-COE.pdf
http://www.bmj.com/
https://www.researchgate.net/publication/344046876

