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CLINICAL HIGHLIGHTS
1) The risk of severe coronavirus disease 2019 (COVID-19) during
pregnancy may be higher than in the general population.
2) The risk factors for severe COVID-19 are similar in pregnancy to
the general population.
3) Vertical transmission is plausible, but mechanisms are uncertain.
Severe neonatal disease appears to be rare.
4) Antenatal corticosteroid use for threatened preterm birth is likely
to be safe for the mother, and corticosteroid use for severe maternal disease may be beneficial.
5) Clinicians should have a low threshold for thromboprophylaxis
in mothers with COVID-19, and for investigation of possible
thromboembolic events.
6) Mothers with COVID-19 should be encouraged to breastfeed if
they are able, but should wear personal protective equipment to
do so.
7) Asymptomatic COVID-19 in pregnancy appears to be common,
but is of uncertain clinical significance.
8) Clinicians should be mindful of the wider implications of the
pandemic and ensure that screening takes place for mental health
distress and intimate partner violence whenever possible.
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Fiona C. Denison, Jacqueline A. Maybin, and Hilary O. D. Critchley
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Wastnedge EAN, Reynolds RM, van Boeckel SR, Stock SJ, Denison FC, Maybin JA,
Critchley HOD. Pregnancy and COVID-19. Physiol Rev 101: 303–318, 2021. First published
September 24, 2020; doi:10.1152/physrev.00024.2020.—There are many unknowns for
pregnant women during the coronavirus disease 2019 (COVID-19) pandemic. Clinical experience
of pregnancies complicated with infection by other coronaviruses e.g., Severe Acute Respiratory
Syndrome (SARS) and Middle Eastern Respiratory Syndrome, has led to pregnant woman being
considered potentially vulnerable to severe SARS-CoV-2 infection. Physiological changes during
pregnancy have a signiﬁcant impact on the immune system, respiratory system, cardiovascular
function, and coagulation. These may have positive or negative effects on COVID-19 disease progression. The impact of SARS-CoV-2 in pregnancy remains to be determined, and a concerted,
global effort is required to determine the effects on implantation, fetal growth and development,
labor, and neonatal health. Asymptomatic infection presents a further challenge regarding service provision, prevention, and management. Besides the direct impacts of the disease, a plethora of indirect consequences of the pandemic adversely affect maternal health, including
reduced access to reproductive health services, increased mental health strain, and increased
socioeconomic deprivation. In this review, we explore the current knowledge of COVID-19 in
pregnancy and highlight areas for further research to minimize its impact for women and their
children.
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group and were advised to take additional precautions as
the COVID-19 pandemic unfolded (22, 33, 143). To reduce
transmission risks for both pregnant women and health care
workers, the International Federation of Gynecology and
Obstetrics (FIGO) recommended the suspension of much
routine antenatal care and replacement with video or telephone consultations whenever possible (12, 103, 109).

I. BACKGROUND
In December 2019, a cluster of four cases of pneumonia of
unknown etiology in Wuhan, China, were reported to the
World Health Organization (WHO) (70). Since then, coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has spread
rapidly across the world. On March 12, 2020 the WHO
defined the outbreak as a pandemic (141). Many countries
responded by restricting freedom of movement and limiting
nonemergency health care to focus resources on COVID-19
care provision (139). As pregnant women are at greater risk
of complications and severe disease from infection with
other coronaviruses, including Severe Acute Respiratory
Syndrome (SARS) and Middle Eastern Respiratory
Syndrome (MERS), they were identified as a vulnerable

In this review, we evaluate the evidence of the effects of
SARS-CoV-2 infection throughout pregnancy. We will
examine the physiological adaptations to pregnancy and the
implications for COVID-19, as well as COVID-19’s impact
on pregnancy outcomes, and consider areas of uncertainty
where more research is needed. We conducted a literature
search to identify all articles relating to COVID-19 in pregnancy until August 17, 2020. Search terms included combinations of coronavirus, 2019-nCoV, COVID-19, SARSCoV-2, and pregnancy and were input into Medline,
Embase, Cochrane, Web of Science, and Cinahl. All case series and cohort studies describing maternal outcomes are
summarized in Table 1, listed in order of study size. Single
case studies and non-English language articles are not
included.
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1) The risk of severe coronavirus disease 2019 (COVID-19) during pregnancy may be higher than in the general population.
2) The risk factors for severe COVID-19 are similar in pregnancy to the general population.
3) Vertical transmission is plausible, but mechanisms are
uncertain. Severe neonatal disease appears to be rare.
4) Antenatal corticosteroid use for threatened preterm birth is
likely to be safe for the mother, and corticosteroid use for
severe maternal disease may be beneﬁcial.
5) Clinicians should have a low threshold for thromboprophylaxis in mothers with COVID-19, and for investigation of possible thromboembolic events.
6) Mothers with COVID-19 should be encouraged to breastfeed if they are able, but should wear personal protective
equipment to do so.
7) Asymptomatic COVID-19 in pregnancy appears to be common, but is of uncertain clinical signiﬁcance.
8) Clinicians should be mindful of the wider implications of the
pandemic and ensure that screening takes place for mental
health distress and intimate partner violence whenever
possible.

II. PHYSIOLOGICAL ADAPTATIONS TO
PREGNANCY AND THE IMPLICATIONS
FOR COVID-19
A. Immunological Response
COVID-19 is a capsulated single-stranded RNA virus (21).
The immunological response to COVID-19, like other
viruses, relies on a working immune system (21). COVID19 infection can result in mild disease, in which the virus is
cleared effectively by the immune system or severe disease
with high mortality rates (21). The position for pregnant
women on this spectrum is unclear. The immune system
adapts during pregnancy to allow for the growth of a semiallogenic fetus (57), resulting in an altered immune response
to infections during pregnancy (55, 115). To understand the
COVID-19 phenotype during pregnancy, it is important to
understand the pathophysiology and molecular mechanisms
of COVID-19 and examine these in the context of the
modulated maternal immune response.
SARS-CoV-2, which is transmitted by respiratory droplets,
direct contact with fomites, close person-to-person contact
and possibly by aerosols generated (27, 28, 39, 45, 111,
142), enters the body via the nasal passage and infects pulmonary cells via the SARS-CoV receptor angiotensin-converting enzyme 2 (ACE2) and uses transmembrane serine
protease 2 (TMPRSS2) for S protein priming (21, 51, 121).
Cells in which ACE-2 and TMPRSS2 are colocalized are
likely to be most susceptible to entry by SARS-CoV-2 (104).
Infection with SARS-CoV-2 is followed by viral replication
and release of the virus, causing pyroptosis [inflammationmediated programmed cell death occurring in response to a
pathological stimulus (9)] of the host cell (134). This
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releases damage-associated molecular patterns (DAMPs),
including ATP and nucleic acids, that trigger an inflammatory response from neighboring cells (121). This proinflammatory response includes production of IL-6, C-X-C motif
chemokine 10 (CXCL10), and type 1 interferons, which act
as chemoattractants for monocytes, macrophages, and T
cells to the infection site (92, 121). This positive feedback
loop may lead to excessive inflammation and damage the integrity of the lung (121), resulting in infection with other
(host) microbes (21, 121). The inflammation caused by
SARS-CoV-2 may also result in a “cytokine storm” that can
lead to multisystem organ failure (121). This excessive
inflammation is thought to be the cause of severe COVID19 and is associated with high morbidity and mortality (21,
121). Among patients with mild symptoms, it is likely that
the immune system reacts appropriately to viral infection.
The inflammation caused by viral entry attracts T-helper 1
cluster differentiation 4 (Th1 CD4+) T cells that can clear
infected cells before further spread and replications of the virus occurs (50, 121). The virus is blocked further by neutralizing antibodies, and macrophages clear the neutralized
viruses and apoptotic cells by phagocytosis (121).
The modulations of the maternal immune system in pregnancy may affect the response to infections, and specifically
to viruses (115). The altered inflammatory response to
viruses during pregnancy is thought to be mediated, at least
in part, by
1) A shift in CD4+ T cell population toward the Th2 phenotype over Th1 during pregnancy (a response that
promotes humoral responses over cellular immune
responses) (100). For the immune response to viral infections, a decrease in Th1 reactivity can result in an altered
clearance of infected cells. However, an overt Th1 and
Th2 response to SARS-CoV-2 has been implicated in the
pathogenesis of severe COVID-19 (154).
2) A decrease in circulating natural killer (NK) cells during
pregnancy (130). NK cells play an important role in the
innate immune system’s viral clearance, and a decrease in
these cell populations may alter the ability to clear viruses
(14). However, it is unclear whether this decrease in circulating NK cells has clinical implications for COVID-19.
3) A decrease in circulating plasmacytoid dendritic cells
(pDCs) (84, 128). These cells are key for type 1 interferon production against viruses (106). Moreover, pDCs
from pregnant women have also been shown to have an
attenuated inflammatory response to the H1N1/09 virus
(128). This is thought to be one of the reasons why pregnant women were more severely affected by the H1N1
pandemic in 2009 (54, 84, 106, 128).
4) An increase in circulating progesterone levels (114).
Progesterone is a steroid hormone that has immunomodulatory properties (37). Progesterone also has the ability to enhance lung repair of damage induced by
influenza virus (47), making high levels during pregnancy potentially beneficial for the recovery after viral lung infections. However, in a mouse model of
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Table 1. List of studies on pregnant women with COVID-19
Authors

Ellington et
al. (38)

Title

Location

Characteristics of women of USA
reproductive age with
laboratory-conﬁrmed
SARS-CoV-2 infection by
pregnancy status—
United States, January
22–June 7, 2020

Article Type

Number of Women

Gestation

Retrospective 8,207 pregnant vs Not given
cohort
83,205 non-pregnant women

Maternal Course

Neonatal Course

Neonatal
Infection

Pregnant women
Not reported
more likely to
require admission
to ICU and mechanical
ventilation

Not
reported

Tekbali et al. Pregnant versus non-preg(122)
nant SARS-CoV-2 and
COVID-19 Hospital 1
Admissions: The ﬁrst 4
wk in New York

New York Retrospective Review of all (female) Not given
cohort
admissions to the
hospital, 3,064
pregnant,
18,916
nonpregnant

Pregnant women
less likely to
require hospital
admission than
non-pregnant

Not reported

Not
reported

Takemoto et The tragedy of COVID-19 in
al. (119)
Brazil: 124 maternal
deaths and counting

Brazil

Retrospective 978 (NB only testing Not given
cohort
women with
“Severe”
symptoms

124 deaths (12.7% Not reported
mortality rate)

Not
reported

Knight et al.
(64)

Characteristics and outcomes of pregnant
women hospitalized with
conﬁrmed SARS-CoV-2
infection in the UK: a
national cohort study
using the UK Obstetric
Surveillance System
(UKOSS)

UK

Prospective
cohort

Majority 3rd trimester
(Median =
34w, IQR29–
38)

40 women (9%)
required critical
care admission.
Three deaths

12 positive,
6 of
whom
within 12
h of birth

Blitz et al.
(10)

Intensive care unit admissions for pregnant and
non-pregnant women
with COVID-19

New York Retrospective 82
cohort

Not given

No sig diff between COVID +ve baby
symptomatic
ICU admission
rates of pregnant
and non-pregnant
women

7 hospitalized, 1 ICU 1 PTB at 33 wk- iat- Not tested
rogenic due to
maternal condition. One stillbirth
etiology unknown

427

52% gave birth48% still pregnant. 74% term
delivery. All PTB
iatrogenic. Five
neonatal deaths3 deﬁnitely not
COVID, 2 uncertain. 64 admissions to NICU

Not
reported

Lokken et al. Clinical characteristics of
USA
(77)
46 pregnant women with
a severe acute respiratory syndrome coronavirus 2 infection in
Washington State

Retrospective 46
cohort

3 1st trimester,
20 2nd trimester, 23
3rd trimester

Oncel et al.
(94)

Retrospective 125
cohort

All 3rd trimester 8 ICU admissions, 6 4 positive and
4 positive
deaths
required minor respiratory support

A multicenter study on epi- Turkey
demiological and clinical
characteristics of 125
newborns born to women
infected with COVID-19
by Turkish Neonatal
Society

Breslin et al. Coronavirus disease 2019 New York Retrospective 43
(15)
infection among asympcohort
tomatic and symptomatic
pregnant women: two
weeks of conﬁrmed presentations to an afﬁliated
pair of New York City
hospitals

All 3rd trimester 4 severe and 2 criti- No adverse
cal cases
outcomes

Ferrazzi et
al. (40)

Retrospective 42
cohort

All 3rd trimester 4 admitted to critical 5 spontaneous PTB, 1 tested
no other complipositive
care, 7 required
cations listed
(after 3
O2. All made good
recovery
days)

Retrospective 42
cohort

All 3rd trimester 3 required ICU care 9 preterm (6 late
3 tested
and 1 died due to
preterm), 9
positive in
massive VTE
required NICU, all
ﬁrst 24 h
discharged well
of life

Vaginal delivery in SARSItaly
CoV-2 infected pregnant
women in Northern Italy:
a retrospective analysis

Gabriel et al. Multi-center Spanish study Spain
(79)
found no incidences of viral transmission in
infants born to mothers
with COVID-19

All negative

Continued
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Table 1.—Continued
Authors

Title

Location

Article Type

Number of Women

Gestation

Liu et al.
(74)

Clinical and CT imaging features of the COVID-19
pneumonia: Focus on
pregnant women and
children

China

Case-control

41 pregnant women 2nd and 3rd
vs 14 non-pregtrimester
nant women

Li et al. (69)

Maternal and neonatal outcomes of pregnant
women with COVID-19
pneumonia: a case-control study

China

Case series

Wu et al.
(145)

Radiological ﬁndings and
China
clinical characteristics of
pregnant women with
COVID-19 pneumonia

Maternal Course

Neonatal Course

Neonatal
Infection

No severe disease

No adverse
outcomes

Not tested

34

All 3rd trimester 5 women had preterm CS due to
maternal pneumonia, all made
good recovery

No adverse
outcomes

All negative

Case series

23

Twenty 3rd triNo severe disease
mester, three
1st trimester

1 neonatal jaundice, 4 tested
20 well babies
negative,
others all
clinically
negative

Baergen and Placental pathology in Covid- New York Prospective
Heller (6)
19 positive mothers: precohort
liminary ﬁndings

20

All 3rd trimester 20 placentas examined, 10 cases showed poor perfusion or thrombus but signiﬁcance is unclear

Chen et al.
(24)

Safety and efﬁcacy of differ- China
ent anesthetic regimens
for parturients with
COVID-19 undergoing
Cesarean delivery: a
case series of 17
patients

Case series

17

All 3rd trimester No severe disease.
Indication for
Cesarean not
given

No adverse
outcomes

Khan et al.
(61)

Association of COVID-19
infection with pregnancy
outcomes in healthcare
workers and general
women

Case series

17

All 3rd trimester No severe disease

3 PTB by elective
All negative,
CS- indication not
although
given. All well
2 neonates
were suspected to
have
COVID-19

Zhang et al.
(152)

Analysis of the pregnancy
China
outcomes in pregnant
women with COVID-19 in
Hubei Province

Case-control

16 cases vs 45
controls

All 3rd trimester From the women
No sig difference in
with COVID, none
neonatal outdeveloped severe
comes between
pneumonia
the two groups.

Liu et al.
(73)

Pregnancy and perinatal
China
outcomes of women with
coronavirus disease
(COVID-19) pneumonia: a
preliminary analysis

Case series

15

Three in 2nd trimester, 9 in
3rd trimester

No severe disease

No adverse
outcomes

Not tested

Yang et al.
(147)

Clinical features and outcomes of pregnant
women suspected of coronavirus disease 2019

China

Case-control

13 cases vs 42
All 3rd trimester No severe disease
pregnant controls

No adverse
outcomes

All negative

Liu et al.
(76)

Clinical manifestations and
outcome of SARS-CoV-2
infection during
pregnancy

China

Case series

13

Two 2nd trimes- 1 severe case
ter, eleven 3rd
requiring ICU +
trimester
mechanical ventilation, 3 discharged still
pregnant- others
all underwent Csection

1 stillbirth— cause
not given

Not tested

Penﬁeld et
al. (97)

Detection of severe acute
USA
respiratory syndrome coronavirus 2 in placental
and fetal membrane
samples

Prospective
cohort

11

All 3rd trimester 3 “critical”, 2
“severe”

No adverse
outcomes

All negative

China

All negative

Not tested

Continued
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Table 1.—Continued
Authors

Title

Location

Liao et al.
(72)

Analysis of vaginal delivery
outcomes among pregnant women in Wuhan,
China during the COVID19 pandemic

Chen et al.
(23)

China

Article Type

Number of Women

Gestation

Maternal Course

Neonatal Course

Neonatal
Infection

Case-control

10 cases and 53
controls

All 3rd trimester No severe disease

No adverse
outcomes

All negative

Clinical characteristics and China
intrauterine vertical
transmission potential of
COVID-19 infection in
nine pregnant women: a
retrospective review of
medical records

Case series

9

All 3rd trimester No severe disease

No adverse
outcomes

None

Khalil et al.
(60)

SARS-CoV-2 in pregnancy: London
symptomatic pregnant
women are only the tip of
the iceberg

Retrospective 9 positive
cohort

All 3rd trimester Only 1 had symptoms (mild)

No adverse
outcomes

Not
reported

Zhu et al.
(155)

Clinical analysis of 10 neonates born to mothers
with 2019-nCoV
pneumonia

China

Case series

All 3rd trimester No severe disease

1 neonatal deathcause not given

Not tested

Govind et al.
(42)

Re: novel coronavirus
COVID-19 in late pregnancy: outcomes of ﬁrst
nine cases in an inner
city London hospital

London

Retrospective 9
cohort

All 3rd trimester 7 mild symptoms, 2 COVID +ve neonate
more unwell
treated for viral
pneumonia

Wu et al.
(144)

Clinical manifestation and
China
laboratory characteristics of SARS-CoV-2 infection in pregnant women

Case series

8

All 3rd trimester No severe disease

Yu et al.
(149)

Clinical features and obstet- China
ric and neonatal outcomes of pregnant
patients with COVID-19 in
Wuhan, China: a retrospective, single-center,
descriptive study.

Case series

7

All 3rd trimester No severe disease

No adverse
outcomes

1 neonate
positive
36 h after
delivery

Juusela et
al. (58)

Two cases of coronavirus
2019-related cardiomyopathy in pregnancy

Case series

7

All 3rd trimester 2 out of 7 patients
with severe disease developed
cardiomyopathy,
however sample
size too small to
be generalizable

Not reported

Not
reported

Hu et al.
(52a)

China
Severe acute respiratory
syndrome coronavirus 2
(SARS-CoV-2) vertical
transmission in neonates
born to mothers with coronavirus disease 2019
(COVID-19) pneumonia

Retrospective 7
cohort

All 3rd trimester No severe disease

No adverse
outcomes

1 tested
positive at
36 h

Chen et al.
(26)

Clinical analysis of pregnant China
women with 2019 novel
coronavirus pneumonia

Case series

All 3rd trimester No severe disease

No adverse
outcomes

All negative

Perrone et
al. (98)

Report of a series of healthy Italy
term newborns from convalescent mothers with
COVID-19

Retrospective 4
cohort

All 3rd trimester Not reported

No adverse
outcomes

Not
reported

Chen et al.
(25)

Pregnant women with new
coronavirus infection: a
clinical characteristics
and placental pathological analysis of three
cases

Case series

All 3rd trimester No severe disease.
Placental tissue
all negative for
COVID-19

No adverse
outcomes

None

USA

China

9

5

3

1 tested
positive

Continued
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Table 1.—Continued
Authors
Tanacan et
al. (120)

Title

Location

The rate of SARS-CoV-2
Turkey
positivity in asymptomatic
pregnant women admitted to hospital for delivery: experience of a
pandemic center in
Turkey

Article Type

Number of Women

Retrospective 3 women (out of
cohort
206 tested

Gestation

Maternal Course

All 3rd trimester Only one symptomatic, no severe
disease

Neonatal Course
Not reported

Neonatal
Infection
Not
reported

CS, cesarean section; ICU, intensive care unit; IQR, interquartile range; NICU, neonatal intensive care unit; PTB, preterm birth; SARS-CoV-2,
Severe Acute Respiratory Syndrome Coronavirus-2.

influenza A infection, treatment with progesterone or
the progestin, levonorgestrel, also resulted in a
decrease in virus-specific antibody levels, as well as a
decrease in virus-specific CD8+ T cells in mice (48).
When these mice were rechallenged with influenza A,
this resulted in more severe disease (48). Further
studies are needed to understand the role of pregnancy-related changes in progesterone and other hormones, including estrogen and androgens, which may
contribute to immunoregulation (63) in the response
to COVID-19 infection.
5) Alterations in the innate immune system, including the
pattern recognition receptors Toll-like receptors (TLRs)
during pregnancy (5, 148). COVID-19 infection causes
pyroptosis of host cells and release of DAMPs, which
can be TLR ligands and further enhance inflammation.
The role that the innate immune system and TLRs play
in the COVID-19 immune response still needs to be
investigated to understand how pregnancy affects this
particular aspect of the viral response.
These modulations in the maternal immune system have consequences for the clinical trajectory of COVID-19 and for the
treatment and prevention of COVID-19 in pregnancy.
However, it remains to be determined whether these adaptations result in a higher susceptibility and/or morbidity or are,
in fact, protective against COVID-19. It is unclear whether
disease severity has consequences for COVID-19 immunity
in the nonpregnant population. In future studies, it will be important to investigate the inflammatory response, viral load,
antibody production, and level of immunity acquired in pregnant women across different gestations. This will be important when considering the efficacy and immunological responses to potential COVID-19 vaccination, to ensure that it
is administered at the right time (i.e., at a specific timepoint
during pregnancy or postpartum) and is safe and effective for
women throughout the reproductive lifespan.

B. Respiratory Response
In addition to the systemic immunological changes of pregnancy that have the potential to have an impact on lung
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function, anatomical changes also are present in the respiratory system. Physiological alterations to the chest shape and
elevation of the diaphragm due to diaphragmatic splinting
by the gravid uterus cause changes to the respiratory function. Although there is a 30–40% increase in tidal volume,
the reduction in chest volume leads to a decrease in functional residual capacity, end-expiratory volumes, and residual volumes from early in pregnancy. The reduction in total
lung capacity and inability to clear secretions can make
pregnant women more susceptible to severe respiratory
infections (41).

C. Coagulation Response
In the general population, COVID-19 is associated with
high rates of thromboembolic complications, with a study
including 184 critically unwell patients (24% female)
reporting that 31% had thrombotic events (64). This is due
to activation of coagulation pathways and potential progression to disseminated vascular coagulopathy (DIC) and
fibrinolysis with resultant dynamic hypercoagulation occurring alongside thrombocytopenia (56).
Pregnancy is a hypercoagulable state with increased
thrombin production and an increase in intravascular
inflammation (34). During pregnancy, there are higher
levels of circulating coagulation and fibrinolytic factors,
such as plasmin, and these may be implicated in the
pathogenesis of SARS-CoV-2 infection (56). Pregnant
women are at increased risk of thromboembolic events
with associated mortality (31, 81). Therefore, pregnant
women with COVID-19 may have additive or synergistic
risk factors for thrombosis. This hypothesis is supported
by a case report describing mortality in a woman at 29
wk gestation with COVID-19 due to a large pulmonary
embolism and basilar artery embolism (2). Current
guidelines recommend that all pregnant women with
confirmed COVID-19 should have thromboprophylaxis
until 10 days postnatal and that their clinicians have a
low threshold for investigation of possible thromboembolism (124).
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D. Endothelial Cell Function
Mortality in COVID-19 is predominantly due to acute respiratory distress syndrome (ARDS) (146). Emerging evidence suggests that pulmonary endothelial cell
dysfunction has an important role in the onset and progression of ARDS (123, 129). In health, endothelial cells
are surrounded by mural cells (pericytes) and limit inflammation by restricting immune cell entry and prevent coagulation via expression of anticoagulant factors. In ARDS,
this endothelial barrier is damaged, leading to tissue
edema, excessive inflammation, and hypercoagulability.
Risk factors for COVID-19 (increasing age, obesity, diabetes mellitus, and cardiovascular disease) are all associated with endothelial cell dysfunction (71).
Maternal vascular adaptation to pregnancy is critical for
optimal pregnancy outcomes. At implantation, the specialized uterine spiral arterioles are remodeled to form sinuses
that become placental villi. Systemic vascular physiology
also undergoes significant adaptations to pregnancy (18).
Maternal blood volume increases, heart rate and stroke
volume increase cardiac output by 30–50%, and vascular
resistance decreases. The impact of this increased vasodilation on pulmonary endothelial cell function (immune
cell adhesions and activation of coagulation) has yet to be
determined.
Pregnancies affected by preeclampsia are characterized
by hypertension and proteinuria. Preeclampsia is associated with significant maternal (stroke, cardiac arrest, renal failure, liver failure) and fetal (intrauterine growth
restriction (IUGR), preterm birth, stillbirth) complications (85). Women with preeclampsia have an insufficient decrease in vascular resistance in middle to late
gestation and associated endothelial cell dysfunction
(19). Given the potential importance of endothelial cell
function in the development and progression of COVID19, these women may be at particular risk, if infected
(33), and an early systematic review found higher rates
of preeclampsia in pregnant women hospitalized with
COVID-19 (33).

E. Placental Responses and Mechanisms of
Vertical Transmission
The role of the placenta in SARS-CoV-2 infection is currently poorly understood. Although it appears vertical transmission can occur, the mechanisms underlying this type of
transmission are uncertain.
1. Physiology of the placenta and viral interaction
The placenta is usually an effective barrier that prevents
maternal infection spreading to the fetus (vertical tran-

smission). It is well recognized that certain pathogens can
overcome this barrier, with sometimes devastating effects on
the developing pregnancy (30). Cytomegalovirus (CMV),
herpes simplex virus (HSV), varicella zoster virus, and Zika
virus (ZIKV) can all cause congenital syndromes, with variable rates of transmission and severity of effects that
depend, in part, on the stage of pregnancy that infection
occurs. Of note, many of these infections may have only
minor effects on the mother, and there is little recognized
correlation between maternal symptomology and severity of
fetal effects. Experience of viral infections in pregnancy has
led to three other key observations regarding congenital
infection, in general. First, the presence of the virus on the
placental surface does not necessarily indicate placental
infection—vertical transmission of viruses depends on some
kind of breach of the placental barrier. Second, viral infection of placental cells does not necessarily mean that there is
transmission to the fetus. Third, even when fetal infection
occurs, responses are heterogeneous; thus, fetal infection
does not always mean fetal damage.
The human placenta is hemochorial, meaning that maternal
blood is in direct contact with the placental chorionic villi.
The placenta is formed predominantly of specialized, fetally
derived, cells called trophoblasts, of which there are three
main types. Terminally differentiated multinuclear syncytiotrophoblast cells line the villus tree and are in direct contact
with maternal blood. Progenitor villous cytotrophoblast
cells underlie the syncytiotrophoblast. Invasive extravillous
trophoblast cells anchor the chorionic villi to the uterus and
modify its vasculature. A number of potential mechanisms
may be involved in vertical transmission of viruses, including direct damage to the villous tree, with breaks in the protective syncytiotrophoblast layer; spread from virally
infected maternal endothelium to extravillous trophoblast;
traffic of infected maternal immune cells across the syncytiotrophoblast or paracellular or transcellular transport (e.g.,
immunoglobulin-mediated transcytosis) into fetal capillaries; and/or ascending infection from the vagina (30).
2. SARS-CoV-2 and the placenta
There have been a series of case reports examining the placentas of women with COVID-19. SARS-CoV-2 expression
has been detected in samples taken from midtrimester placentae, but it remains unclear whether the presence of virus
was due to primary infection or facilitated by placental damage from other pathologies. SARS-CoV-2 was found on RTPCR of swabs and biopsies following a spontaneous fetal
loss at 19 wk gestation (136). SARS-CoV-2 was also highly
expressed in placental and umbilical cord biopsies following
a termination of pregnancy at 22-wk gestation (52). The
pregnancy was terminated as a result of placental abruption
and severe maternal preeclampsia with thrombocytopenia
and coagulopathy. In this case, electron microscopy (52)
revealed virus-like particles in the cytosol of placental cells;
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however, no viral expression was detected in fetal tissues
tested. In both case reports (7, 52), macrophage infiltrates
and fibrin deposits were seen on placental histology, which
the authors attributed to being most likely associated with
viral infection. However, such intervillositis can also be idiopathic, autoimmune, or associated with other infections,
and so could be unrelated to the presence of SARS-CoV-2. A
further case study found both placental swabs and amniotic
fluid were positive for SARS-CoV-2 PCR. On microscopic
examination, the placenta also had evidence of perivillous
fibrin deposition with infarction and intervillositis. In this
case, the neonate tested positive on nasal and rectal swabs,
and required NICU for respiratory support (132).
Two other publications report placental histological findings
in women with SARS-CoV-2 infection (6). In a study of the
placentae from 20 women found to be positive for SARSCoV-2 on routine testing at the time of birth (32 to 40 wk
gestation), 10 placentae showed signs of possible fetal
vascular malperfusion or fetal vascular thrombosis (6).
However, there was no control group for comparison, making interpretation of findings difficult. Findings were mainly
low grade and could be related to other etiologies. Another
study examined the placentas from 16 women with SARSCoV-2 infection (112). The placentas were from babies born
between 16 to 40 wk gestation, with 11 of the maternal
SARS-CoV-2 infections diagnosed around the time of birth,
and five diagnosed earlier in pregnancy. Twelve of the 15
third-trimester placentas were reported as showing signs of
maternal vascular malperfusion (villous infarctions, villous
agglutination, or decidual arteriopathy), a statistically significant higher proportion when compared with pathology
reports from historical controls (identified by natural language processing). However, pathologists performing the
examination were not blind to the SARS-CoV-2 status of
the mother. As the pathological examination was indicated
by maternal SARS-CoV-2 infection in the majority of cases,
and histological signs of placental vascular malperfusion are
somewhat subjective, these findings need to be interpreted
with caution. Further research is required, including standardized examination of placental samples from women with
SARS-CoV-2 and matched negative controls, by pathologists unaware of SARS-CoV-2 status, to verify these preliminary reports of potential vascular and thrombotic effects in
the placenta associated with maternal COVID-19. In addition, these findings should be correlated to clinical status of
the fetus, ideally with longer-term follow-up (66).
3. Vertical transmission of SARS-CoV-2
Viral infection of placental cells does not necessarily mean
fetal infection or fetal harm. So far, 15 reports include neonatal test results for SARS-CoV-2 (15, 24, 26, 40, 61, 64,
69, 72, 79, 145, 147, 149, 150) with positive cases occurring only in the minority (40, 64, 79, 149, 150). Significant
neonatal respiratory diseases appear to be rare, even in the

310

presence of SARS-CoV-2 positivity. It is unclear from reports
of PCR-based SARS-CoV-2 testing whether infection occurs
in utero or during the labor or birth; or whether transmission occurs from the infected mother or asymptomatic hospital staff in the immediate newborn period. However, the
availability of antibody tests has provided new evidence that
vertical transmission can occur. Some babies born to mothers with COVID-19 have increased concentrations of both
immunoglobulin (Ig)M and IgG for SARS-CoV-2 (35, 151).
Although IgG can be passively transferred from mother to
baby in utero, IgM has a larger molecular weight and cannot
cross the placenta. Circulating SARS-CoV-2 IgM in the neonate, thus, indicates vertical transmission of virus, although
all the infants in reports so far have been asymptomatic and
tested negative for SARS-CoV-2 viral RNA at birth (35,
151).
Mechanisms of viral invasion of the placenta have yet to
be clearly established. In the lungs, SARS-CoV-2 uses the
ACE2 receptor to enter cells, and serine protease
TMPRSS2 is implicated in cleaving the spike glycoprotein
to allow fusion. Three studies have included analysis of
single-cell RNA sequencing data to determine whether
ACE2 +/ TMPRSS2 are expressed on placental cells. Li
et al. (68) performed secondary analysis of publicly available single-cell transcriptome profiles from decidua and
placenta samples at 6–12 wk gestation (131), with additional data from a previous study of two-term placentae
samples (96). They reported ACE2 gene expression in
first-trimester decidual stromal and perivascular cells,
and in the villous cytotrophoblast and syncytiotrophoblast in both first trimester and term samples. However,
another study using the same first trimester data set (131)
found generally only very low level expression of ACE2
in placental and decidual cell populations (153). PiqueRegi et al. (102) also used the same resource for first-trimester analysis (131), along with newly generated data
from a single second-trimester placenta, and their own
existing data from third-trimester placenta and fetal
membranes. They also included data from single-nuclear
RNA sequencing, to overcome the potential bias from
low fractions of syncytiotrophoblast cells in single-cell
transcriptomic studies, which can result from lack of dissociation of large multinucleated cells. They specifically
looked at colocalization of ACE2 and TMPRSS2, which
they found to be negligible in both the placenta throughout gestation and fetal membranes in the third trimester.
A further study studied human embryos to investigate
possible transmission routes in the first trimester, and
they found expression of ACE2 and coexpression of
TMPRSS2 in the trophoblast, the blastocyst, and the
hypoblast, which suggests that fetal infection via this
pathway is possible (133).
Given the lack of ACE2 and TMPRSS2 coexpression in the
placenta, it, therefore, seems likely that SARS-CoV-2 enters
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the placental tissues via an alternative mechanism (66, 102).
A number of other proteases have also been implicated.
DPP4 and CD147 are both highly expressed in the placenta
throughout gestation and may have e role in cell entry (66).
Furin, trypsin, and cathepsins B and L have all been demonstrated to have the ability to cleave the spike glycoprotein
binding at the S1/S2 site (51, 53, 102). Additionally plasmin
can cleave this site, and has been identified as a possible therapeutic target with tranexamic acid, to prevent cell entry (91).
SARS-Cov-2 viral RNA has been detected in the amniotic
fluid in case reports of serious maternal disease, although
neonatal positivity at birth was variable (52, 132, 150).

III. COVID-19 AND ITS IMPACT ON
PREGNANCY
A. Pregnancy Response to Other Viral
Exposure
A number of viruses have established effects on the mother
and the fetus during pregnancy and may provide information on the potential impact and mechanism of COVID-19
in pregnancy.
1. Viruses and the mother
A systematic literature review examining the effects of influenza A (H1N1), found H1N1 caused significantly more severe
disease in pregnant women compared with age-matched nonpregnant controls. The review encompassed 3,110 women and
reported an 8% maternal mortality rate and a 30% preterm
birth rate (86). Pregnancy was a risk factor for hospitalization,
intensive care unit (ICU) admission and death.
Other coronaviruses—SARS and MERS—had significant
adverse maternal outcomes with a 25.8% and 28.6% maternal mortality rate, respectively, and were associated with
preterm birth, fetal growth restriction, and perinatal death.
However sample sizes were small, with only 12 recorded
cases of MERS in pregnancy and 26 cases of SARS (33).
2. Viruses and the fetus
Viral illness during pregnancy increases the risk of a range
of adverse outcomes for the child (86). A study using birth
registry data in the United States found that early pregnancy
coinciding with high population levels of seasonal influenza,
was significantly associated with preterm birth, neonatal
and infant mortality (36). A 13-yr cohort study in Nova
Scotia found that women hospitalized with influenza during
pregnancy were significantly more likely to have a baby
who was small for gestational age (OR 1.66, 95% CI: 1.11–
2.49) (82). In a UK cohort, H1N1 infection during pregnancy was associated with increase in preterm birth (OR
4.0, 95% CI:2.7–5.9) and perinatal mortality (OR 5.7, 95%

CI:2.2–15.1) (101). Influenza infection has also been associated with congenital abnormalities, such as cleft palate and
neuronal tube and congenital heart defects (86).
Viruses can have long-lasting detrimental impacts on the fetus. High levels of maternal inflammation in response to viral infection can impact several aspects of fetal brain
development, leading to wide-ranging neurological sequelae
(75). Influenza during pregnancy is associated with higher
rates of bipolar disorder (20, 78) and schizophrenia (83) in
offspring. In CMV, 20–25% of infected fetuses develop
postnatal neurological sequelae (90), and vertically acquired
Zika virus infection causes a broad range of neurological
abnormalities, as well as increasing rates of fetal growth
restriction and perinatal death (29). Data from a large
Swedish cohort study found maternal exposure to any viral
infection during pregnancy increased offspring diagnosis of
autism (HR 1.79; 95% confidence interval (CI), 1.34–2.40)
and depression (HR, 1.24; 95% CI, 1.08–1.42) (3).

B. How SARS-CoV-2 Impacts Pregnancy
1. SARS-CoV-2 and early pregnancy
There is little evidence about the possible impact of COVID
in early pregnancy (up to 12 wk gestation). Seasonal influenza has been associated with higher rates of miscarriage
(36) and population level monitoring and upscale of community testing will be needed to ascertain whether this is
also the case with COVID-19.
2. SARS-CoV-2 and late pregnancy
Extrapolating from effects of other viruses in late pregnancy
(greater than 24 wk gestation) (36, 86), we can expect that
COVID-19 infection could cause increased rates of adverse
pregnancy outcomes such as fetal growth restriction, preterm
birth and perinatal mortality. It will be important to evaluate
population level data on these outcomes, as they become available, to identify trends related to the COVID-19 pandemic.
Since January 2020, a number of case series and cohort
studies have described the presentation and clinical course
of COVID-19 in pregnancy (Table 1). To date, the majority of
studies have been reassuring and the risk of severe COVID19 in pregnancy appears to be no greater than for the general
population. Thirty-one relevant studies were identified
reporting on outcomes of pregnant women with confirmed
SARS-CoV-2 infection, and their babies, encompassing
12,260 women. (6, 10, 15, 23–26, 38, 40, 42, 58, 60, 61, 64,
69, 72–74, 76, 77, 79, 97, 122, 132, 144, 145, 147, 149,
152, 155) The majority of women were in the third trimester
and had mild to moderate symptoms only. A minority of
women required critical care admission. So far 146 deaths
have been reported, the vast majority of these (124) are from
Brazil (38, 64, 119). There were a number of preterm births
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reported; however, all of these were iatrogenic due to worsening maternal COVID-19 or were due to obstetric complications unrelated to COVID-19 disease (70, 73, 106).
The largest cohort study to date from the United States
(Colombia and New York) includes population-level data
from 91,412 women aged 15–44, 8,207 of whom were
pregnant (38). Pregnancy was associated with significantly
increased chance of hospitalization (RR, 5.4; 95% CI, 5.1–
5.6), ICU admission (RR, 1.5; 95% CI, 1.2–1.8) and need
for mechanical ventilation (RR, 1.7; 95% CI, 1.2–2.4).
There was no significant reduction in mortality (RR, 0.9;
95% CI, 0.5–1.5). An earlier smaller study using the same
population, but only including data from the first 4 wk of
the pandemic in New York, reported that pregnant women
were less likely to require admission than nonpregnant
women with COVID-19, although in this study, they did
not age-match the control group (122). It is difficult to
extrapolate the results of these studies more widely, as criteria for hospital/ICU admission and ventilation are not provided, and these results may reflect the health care setting
rather than the clinical status of the women, particularly
given that there was no increased mortality. A cohort study
from the UK, including 427 women, found risk factors identified for hospitalization with COVID-19 disease are similar
to those in the general population, including having comorbidities such as asthma, hypertension, or diabetes (combined
OR, 1.52; 95% CI, 1.12–2.06); being overweight (OR,
1.91; 95% CI, 1.37–2.68) or obese (OR, 2.20; 95% CI,
1.56–3.10), and being a member of a black or ethnic minority ethnic group (OR, 4.49; 95% CI, 3.37–6.00) (64).
Remaining cohorts are limited by small numbers and lack of
a population denominator. The majority, however, report no
severe disease and no mortality. A further limitation to the
data is most of the studies tested only those women with
COVID-19 symptoms. One study did test all women on
admission to the labor ward and found only 9/129 women
who tested positive were symptomatic (11.1%) (60).
Therefore, the reported cases are likely to represent only the
tip of the iceberg. This means that first, the likelihood of an
adverse event will be significantly overestimated, but also
that subacute or long-term complications will be difficult to
accurately assess or predict.

were admitted to the ICU, and only 64% of these women
were ventilated, raising the possibility that much of the
excess mortality is due to inability to access critical care.
Although there is limited data on COVID-19 in pregnancy
in LMICs, COVID-19 cases in these countries are increasing
and a WHO estimate suggests up to 190,000 people in SubSaharan Africa could die (140). There may be additional
complications in this setting relating to higher rates of both
malnutrition and TB among women of child-bearing age,
and it is unknown whether this will impact on COVID-19
infection (137). In resource-constrained settings, pregnant
women are particularly vulnerable to the adverse impact
that COVID-19 has on health services at all levels (17).
4. Corticosteroid use
Antenatal corticosteroids given to women at threat of preterm birth have been shown to confer significant morbidity
and mortality benefit for neonates (59). Early observational data showed that corticosteroid use in nonpregnant
patients with COVID-19 was associated with increased
mortality and poorer disease outcomes when given in
severe infection, although findings were not adjusted for
disease severity or comorbidity (44, 113). In contrast, the
first results of the Randomized Evaluation of COVID-19
Therapy (RECOVERY) trial demonstrated benefits for 454
nonpregnant participants randomized to treatment with
dexamethasone: mortality was significantly reduced in those
requiring mechanical ventilation (RR, 0.65; 95% CI, 0.48–
0.88) and in those required supplementary oxygen (RR, 0.80;
95% CI, 0.67–0.96) (105). Because dexamethasone crosses
the placenta, the corticosteroid arm of the RECOVERY trial
was modified to treatment with prednisolone or hydrocortisone, although no pregnant women were included in this first
report. These findings suggest that in the context of iatrogenic
preterm delivery in SARS-CoV-2-positive pregnant patients,
due to the maternal condition (40, 61, 64), corticosteroid
administration should continue as per current guidelines.
Additionally, it is reasonable to consider corticosteroid
administration during pregnancy or the postpartum period,
where maternal illness severity warrants this (110).

C. SARS-CoV-2 and Postpartum

3. Low- and middle-income settings

1. Neonatal outcomes

Two Brazilian studies represent the only data from low- and
middle-income settings (LMICs). The first reports on all
female patients admitted to hospital with COVID-18 and
found that 18.9% were pregnant, which is much higher
than the pregnancy rate in the general population (93). The
second study includes 978 pregnant women reported with
COVID-19 infection and with a mortality rate of 12.7%.
This is likely to be an overestimate, as only women with
“severe” symptoms were tested. However, the authors
raised concern that only 22.6% of the women who died

In the majority of studies reporting on neonatal outcomes,
no serious adverse outcomes have been observed in neonates
born to SARS-CoV-2-positive mothers (15, 23–26, 40, 60,
61, 69, 72–74, 97, 98, 145, 147, 149, 152). In studies comparing pregnant women who were unwell with confirmed
COVID-19 disease and pregnant women who were unwell
but SARS-CoV-2-negative, there were no significant differences in rates of adverse neonatal outcomes (147, 152).
Thirteen studies tested neonates for SARS-CoV-2 and only
three studies identified positive cases. Even when neonates
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tested positive for SARS-CoV-2, they were largely asymptomatic or had mild self-limiting symptoms (40, 42, 149).
Three studies reported neonatal deaths. In two of these, the
cause was not identified.
A number of studies have reported high rates of preterm birth,
although none had a denominator population for comparison.
Where cause of preterm birth was given, all were iatrogenic
because of deteriorating maternal condition (40, 61, 64, 77,
79). Conversely, observational data from Ireland and Denmark
have seen dramatic decreases in population level rates of preterm birth during the COVID-19 pandemic, the cause of which
is unclear (49, 99). Whether COVID-19 infection is an independent risk factor for preterm birth has not yet been established, and this is an important area for future research.
2. Breastfeeding
It is uncertain whether SARS-CoV-2 is transmitted through
breast milk. There has been one case study in which breast
milk tested positive for SARS-CoV-2 on four different occasions (43). In another study, samples of breast milk of nine
SARS-CoV-2-positive mothers were tested, and none were
positive (23). Current guidance is for mothers to continue
breastfeeding even if they have tested positive during birth
and the postpartum period. Basic hygiene advice and handwashing should be followed, and women with confirmed
COVID-19 should wear a medical mask while feeding, if
available (88, 138). Given that neonatal infection is generally mild and often asymptomatic, the benefits of breastfeeding may outweigh the potential transmission risk.
3. Asymptomatic disease
Most studies of COVID-19 in pregnancy identify cases by
testing women with symptoms. Data from centers in London
and New York where all pregnant women admitted to give
birth had routine nasal/throat swab PCR testing, found that
of the women who tested positive, 88% were asymptomatic
(60, 118). This suggests that the cases reported in the literature are likely to represent only a small proportion of overall
cases. The clinical significance of having asymptomatic infection during pregnancy at any gestation is unknown.

IV. UNINTENDED CONSEQUENCES OF
COVID-19 FOR MATERNAL HEALTH
The unintended consequences of the COVID-19 pandemic
pose a threat to the health of pregnant women. As observed
with the Ebola outbreak, women and girls are likely to bear a
heavier burden of the downstream health, social, and economic consequences of this pandemic (46, 125, 134). In many
LMICs, pregnancy-care provision is already stretched and
under-resourced, and the indirect mortality impact of the crisis
may exceed the direct mortality from COVID-19 itself (116).

Concerns about overwhelming resource-constrained healthcare systems has led to a reduction or suspension of many
reproductive health care services (126). Substantial alterations have been made to the running of routine sexual and
reproductive health services, which may increase gender
inequalities in health, economic well-being, and social status
(46, 108). This reduction in clinical services, alongside supply
chain and manufacturing problems, may make contraception
access difficult (107, 108, 126, 127). These factors will also
impede access to and provision of safe abortions (8, 127).
Regarding antenatal care, staff and equipment have been
diverted to the provision of acute medical care, meaning
clinic capacity is limited, reducing the ability to screen for
conditions such as gestational diabetes (107). In many settings, policies on social distancing have necessitated the
restructuring of health care services to reduce face-to-face
contact between doctors and patients, making diagnosis and
support of mental health conditions more challenging (16).
During this pandemic, many women are more vulnerable to
intimate partner violence (13, 95) and associated adverse
pregnancy outcomes (4), and they are less able to seek support (4, 134). Increased stress and anxiety during pregnancy
upregulate inflammatory pathways and correlate strongly
with neuropsychiatric disease for offspring (1). The pandemic is already widening social inequalities, and the likely
impending economic crisis will only exacerbate this, increasing inequality and pushing more women into poverty (80,
117). Socioeconomic deprivation is a clear driver of maternal morbidity and mortality (11, 32, 81, 89), and a positive
gradient has been observed between deprivation indicators
and a range of adverse maternal child health outcomes (32).
We can expect the downstream effects of COVID-19 to be
apparent for a number of years.

V. CONCLUSIONS AND
RECOMMENDATIONS FOR FUTURE
RESEARCH
From the current evidence base, it is difficult to draw absolute conclusions on whether pregnant women are at
increased risk of severe consequences of COVID-19. Most
women will experience mild or asymptomatic disease with
no lasting consequences; however, some centers have seen
increased rates of ICU admission, and the need for mechanical ventilation in pregnant women. The lack of granular
population level data makes identification of risk factors,
and the definitive comparison of pregnant and nonpregnant
cohorts impossible. The lack of universal COVID-19 testing
means that it is likely that the majority of cases go undetected. Vertical transmission is probable, but it appears rare,
and in the majority of neonates, it has minimal impact.
However, once more, this is impossible to fully assess until
neonatal testing is routine. There are a number of
unknowns, in particular, whether COVID-19 is an inde-
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pendent risk factor for preterm birth, whether infection during pregnancy is likely to lead to long-term adverse effects in
offspring, and whether this effect is dependent on gestational age at infection. To answer these questions, the establishment of both data repositories and biobanks of women
with confirmed or suspected COVID-19 is crucial. Data
should be shared and made available wherever possible, and
a concerted effort must be made to ensure a wide range of
population groups are included, particularly those at
increased risk. Granular epidemiological information is critical to identify differential population responses and subgroup analysis, for example, about impact of socioeconomic
and ethnicity. The COVIPREG database has been set up to
rapidly gather and synthesize data on COVID-19 infection
in pregnancy worldwide, which can be used to inform evidence-based decision making from health care practitioners
and policy makers (67).
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