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ABSTRACT

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a zoonotic coronavirus that crossed
species to infect humans, causing coronavirus disease
2019 (COVID-19). Despite a potentially higher risk of
pregnant women acquiring SARS-CoV-2 infection com-
pared with the non-pregnant population (particularly in
some ethnic minorities), no additional specific recom-
mendations to avoid exposure are needed in pregnancy.
The most common clinical symptoms and laboratory
signs of SARS-CoV-2 infection in pregnancy are fever,
cough, lymphopenia and elevated C-reactive protein lev-
els. Pregnancy is associated with a higher risk of severe
SARS-CoV-2 infection compared with the non-pregnant
population, including pneumonia, admission to the inten-
sive care unit and death, even after adjusting for potential
risk factors for severe outcomes. The risk of miscar-
riage does not appear to be increased in women with
SARS-CoV-2 infection. Evidence with regards to preterm
birth and perinatal mortality is conflicting, but these

risks are generally higher only in symptomatic, hospital-
ized women. The risk of vertical transmission, defined
as the transmission of SARS-CoV-2 from the mother to
the fetus or the newborn, is generally low. Fetal inva-
sive procedures are considered to be generally safe in
pregnant women with SARS-CoV-2 infection, although
the evidence is still limited. In pregnant women with
COVID-19, use of steroids should not be avoided if clini-
cally indicated; the preferred regimen is a 2-day course of
dexamethasone followed by an 8-day course of methyl-
prednisolone. Non-steroidal anti-inflammatory drugs may
be used if there are no contraindications. Hospitalized
pregnant women with severe COVID-19 should undergo
thromboprophylaxis throughout the duration of hospi-
talization and at least until discharge, preferably with
low molecular weight heparin. Hospitalized women who
have recovered from a period of serious or critical ill-
ness with COVID-19 should be offered a fetal growth
scan about 14 days after recovery from their illness. In
asymptomatic or mildly symptomatic women who have
tested positive for SARS-CoV-2 infection at full term (i.e.
≥ 39 weeks of gestation), induction of labor might be
reasonable. To date, there is no clear consensus on the
optimal timing of delivery for critically ill women. In
women with no or few symptoms, management of labor
should follow routine evidence-based guidelines. Regard-
less of COVID-19 status, mothers and their infants should
remain together and breastfeeding, skin-to-skin contact,
kangaroo mother care and rooming-in throughout the day
and night should be practiced, while applying necessary
infection prevention and control measures. Many preg-
nant women have already undergone vaccination, mostly
in the USA where the first reports show no significant dif-
ference in pregnancy outcomes in pregnant women receiv-
ing SARS-CoV-2 vaccination during pregnancy compared
with the background risk. Vaccine-generated antibodies
were present in the umbilical cord blood and breast milk
samples of pregnant and lactating women who received
the mRNA COVID-19 vaccine. Based on the available
limited data on the safety of the COVID-19 vaccine in
pregnancy, it seems reasonable to offer the option of vac-
cination to pregnant women after accurate counseling on
the potential risk of a severe course of the disease and
the unknown risk of fetal exposure to the vaccine. ©
2021 International Society of Ultrasound in Obstetrics
and Gynecology.

INTRODUCTION

The pandemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has been a major
public health concern since the beginning of 2020, with
new cases of infection, hospitalization, admission to the
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intensive care unit (ICU) and death continuing to increase
on a daily basis worldwide1,2.

In the context of SARS-CoV-2 infection, pregnancy is
thought to be associated with a higher burden of maternal
mortality and morbidity compared with the general pop-
ulation, due to the physiologic cardiovascular, respiratory
and immunological adaptations of gestation3,4. Although
numerous cohort studies and systematic reviews have
evaluated the impact of SARS-CoV-2 infection on mater-
nal and perinatal outcomes5–11, the evidence on several
aspects of the prenatal management of these pregnancies
remains conflicting, including the type and frequency of
fetal monitoring, potential risk associated with invasive
prenatal diagnosis, timing of delivery and intrapartum
monitoring.

The aim of this article is to provide an up-to-date
review of the literature and to evaluate the quality of
available evidence on the management of pregnancies
complicated by SARS-CoV-2 infection, as summarized in
Table 1.

CLINICAL QUESTIONS

What is SARS-CoV-2 infection and how can it be
diagnosed?

In December 2019, a novel coronavirus termed
SARS-CoV-2 (initially referred to as 2019-nCoV) was
first identified in Wuhan, China, in a cluster of patients
with pneumonia exposed to a seafood or wet market1.

Coronaviruses are enveloped RNA viruses belonging
to the Nidovirales order that circulate broadly among
humans, other mammals and birds and cause mainly
respiratory disorders12. Similar to the two previous
zoonotic coronavirus outbreaks caused by severe acute
respiratory syndrome coronavirus (SARS-CoV) and Mid-
dle East respiratory syndrome coronavirus (MERS-CoV),
SARS-CoV-2 crossed species to infect humans, causing
coronavirus disease 2019 (COVID-19).

A confirmed case of SARS-CoV-2 infection is defined
as a positive result on nucleic acid amplification testing
(NAAT), obtained by real-time reverse transcriptase
polymerase chain reaction (RT-PCR) assay of nasal and
pharyngeal swab specimens, which is currently the gold
standard for the diagnosis of SARS-CoV-2 infection.
Antigen testing might also be used as an alternative to
NAAT, with the advantage of faster turnaround of results
at the expense of lower sensitivity13.

Bottom line: SARS-CoV-2 is a zoonotic coronavirus
that crossed species to infect humans, causing a disease
called COVID-19. The gold standard for the diagnosis
of SARS-CoV-2 infection is RT-PCR assay of nasal and
pharyngeal swab specimens.

Are pregnant women more likely to get SARS-CoV-2
infection?

The contagiousness of a virus is commonly determined
by its basic reproduction number (R0), which is an

epidemiologic metric used to describe the transmissibility
of infectious agents. R0 is affected by several biological,
sociobehavioral and environmental factors that govern
pathogen transmission. The potential extent of an
outbreak or epidemic is often based on the magnitude
of the R0 value for that event, which was estimated to
be around 2 during the early SARS-CoV-2 outbreak in
China. The R0 captures only the average dynamics of
transmission; however, a crucial question for control is
whether specific situations and settings might be driving
the outbreak. A better measure of the actual risk of
transmission in different settings is provided by the
secondary attack rate (SAR), defined as the probability
that an infection occurs among susceptible people
within a specific group, which provides an estimation
of how social interactions can relate to transmission
risk14–16.

Although specific studies on SAR in pregnancy are lack-
ing, there are no consistent data showing that pregnant
women are more susceptible to SARS-CoV-2 infection
than the general population solely because of their
pregnancy status, rather than other social or biologi-
cal determinants of health (e.g. ethnicity). A recent study
from Washington State found that the SARS-CoV-2 infec-
tion rate was significantly higher in pregnant patients
compared with adults (both males and females) of sim-
ilar age, and this difference remained after excluding
pregnant patients with SARS-CoV-2 infection detected
through asymptomatic screening strategies (before pro-
cedures or delivery)17. However, most pregnancies with
SARS-CoV-2 were among women from racial and eth-
nic minority groups. Similarly, a report released by
the USA Centers for Disease Control and Prevention
(CDC) showed that, among pregnant women infected
by SARS-CoV-2, 46.2% were Hispanic, 23.0% were
non-Hispanic white, 22.1% were non-Hispanic black
and 3.8% were non-Hispanic Asian while the respec-
tive infection rates among non-pregnant women were
38.1%, 29.4%, 25.4% and 3.2%18. To date, it is not clear
whether this relatively higher occurrence of SARS-CoV-2
infection in Hispanic and non-Hispanic black people may
be secondary to a spurious association rather than the
result of a higher susceptibility of these ethnics groups to
SARS-CoV-2 infection.

On this basis, there is no specific indication to avoid
SARS-CoV-2 infection in pregnancy and pregnant women
should follow the same recommendations as the general
population for avoiding exposure to the virus.

Bottom line: Despite a potentially higher risk of acquir-
ing SARS-CoV-2 infection compared to the non-pregnant
population (particularly in some ethnic minorities), no
additional specific recommendations to avoid exposure
are needed in pregnancy.

What are the most common signs and symptoms of
SARS-CoV-2 infection in pregnancy?

There are no specific COVID-19 symptoms related
to pregnancy. The course of the infection has been
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Table 1 Summary of evidence-based answers to questions related to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection in pregnancy

Clinical question Up-to-date answer
Quality of
evidence*

What is SARS-CoV-2 infection and how
can it be diagnosed?

SARS-CoV-2 is a zoonotic coronavirus that crossed species to infect
humans, causing a disease called COVID-19. The gold standard for
the diagnosis of SARS-CoV-2 infection is RT-PCR assay of nasal
and pharyngeal swab specimens.

High

Are pregnant women more likely to get
SARS-CoV-2 infection?

Despite a potentially higher risk of acquiring SARS-CoV-2 infection
compared to the non-pregnant population (particularly in some
ethnic minorities), no additional specific recommendations to avoid
exposure are needed in pregnancy.

Moderate

What are the most common signs and
symptoms of SARS-CoV-2 infection in
pregnancy?

Fever, cough, lymphopenia and elevated C-reactive protein levels are
the most common clinical symptoms and laboratory signs of
SARS-CoV-2 infection in pregnancy.

Moderate

Are pregnant women more likely to develop
severe COVID-19 compared with the
non-pregnant population?

Pregnancy is associated with a higher risk of severe COVID-19
compared with the non-pregnant population, including pneumonia,
admission to the ICU and death, even after adjusting for potential
risk factors for severe outcomes. These risks seem to be higher in
hospitalized women.

Moderate

What are the fetal risks of SARS-CoV-2
infection?

The risk of miscarriage does not appear to be increased in women with
SARS-CoV-2 infection. Evidence is conflicting with regards to
preterm birth and perinatal death, but these risks are generally
higher only in symptomatic, hospitalized women with COVID-19.

Low to
moderate

What is the risk of vertical transmission of
SARS-CoV-2?

The risk of vertical transmission, defined as the transmission of
SARS-CoV-2 from the mother to the fetus or the newborn, is
generally low, at about 3.2%.

Low to
moderate

Are fetal invasive procedures safe in women
with SARS-CoV-2 infection?

Based on previous evidence in pregnancies with chronic viral
infections, fetal invasive procedures are considered to be generally
safe in pregnant women with SARS-CoV-2 infection, although the
evidence is still limited. If invasive diagnosis is required,
amniocentesis is the most reasonable option. Intrauterine invasive
procedures should not be delayed in case of major structural
anomalies or if fetal therapeutic intervention is needed.

Very low to
low

What is the optimal therapeutic strategy in
symptomatic women with SARS-CoV-2
infection?

In pregnant women with COVID-19, use of steroids should not be
avoided if clinically indicated; the preferred course is dexamethasone
(6 mg intramuscularly every 12 h, four doses) followed by
methylprednisolone (a total of 32 mg/day orally or intravenously,
once a day or in divided doses) for a total of 10 days. Non-steroidal
anti-inflammatory drugs may be used if there are no contraindica-
tions. Other drugs should not be considered as a first-line treatment
due to the paucity of data. Oxygen supplementation should be used
to maintain SpO2 at or above 94–95%.

Low

Should pregnant women affected by
SARS-CoV-2 infection receive
prophylactic anticoagulation?

Asymptomatic or mildly symptomatic patients, those who do not need
hospitalization for the infection and those who are hospitalized for
reasons other than SARS-CoV-2 do not require anticoagulation
therapy. Pregnant women hospitalized with severe COVID-19
should be offered thromboprophylaxis throughout the duration of
hospitalization and at least until discharge, preferably with LMWH.

Low

What is the optimal follow-up of women
after SARS-CoV-2 infection?

Women recovering from mild or moderate COVID-19 should be
encouraged to attend scheduled antenatal appointments. Hospitalized
women who have recovered from a period of serious or critical
illness with COVID-19 should be offered a fetal growth scan about
14 days after recovery from their illness (or > 21 days from previous
fetal biometry ultrasound) and subsequent antenatal care should be
planned with a maternal–fetal medicine specialist before hospital
discharge. Telehealth visits are a reasonable option, if feasible.

Low

What is the optimal timing of delivery of
pregnancies with SARS-CoV-2 infection?

In asymptomatic or mildly symptomatic women who have tested
positive for SARS-CoV-2 infection at full term (i.e. ≥ 39 weeks of
gestation), induction of labor might be reasonable. To date, there is
no clear consensus on the timing of delivery for critically ill women;
some authors suggest earlier delivery in pregnant women with
COVID-19-related pneumonia (at around 34 weeks) or those
admitted to the ICU and with refractory hypoxemia (after 32 weeks)
to avoid deterioration of maternal condition and fetal exposure to
maternal hypoxia.

Low

Continued over.
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Table 1 Continued

Clinical question Up-to-date answer
Quality of
evidence*

What is the optimal mode of delivery of
women with SARS-CoV-2 infection?

SARS-CoV-2 infection is not an indication for Cesarean delivery
and the mode of delivery should not be influenced by the
presence of COVID-19. If Cesarean delivery is indicated in a
patient with severe or critical disease, it should be performed in a
multidisciplinary setting. Operative delivery with forceps or
vacuum is allowed, in the presence of obstetric indication.

Moderate

What is the optimal intrapartum care of
women with SARS-CoV-2 infection?

In women with no or few symptoms, management of labor should
follow routine evidence-based guidelines. Amniotomy may be
utilized. Continuous electronic fetal heart rate monitoring and
shortening the second stage of labor might be reasonable.
COVID-19 is not a contraindication to neuraxial anesthesia.

Low to
moderate

Are skin-to-skin contact, rooming-in and
breastfeeding allowed for women with
SARS-CoV-2?

Regardless of COVID-19 status, mothers and their infants should
remain together and breastfeeding, skin-to-skin contact,
kangaroo mother care and rooming-in throughout the day and
night should be practiced, while applying necessary infection
prevention and control measures.

Low

Can pregnant women undergo vaccination
for SARS-CoV-2?

Many pregnant women have already undergone vaccination,
mostly in the USA where ACOG recommends that COVID-19
vaccines should not be withheld from pregnant individuals who
meet the criteria for vaccination. Initial reports from the USA
show no significant difference in pregnancy outcomes in women
receiving the SARS-CoV-2 vaccination during pregnancy,
compared with the background risk. Vaccine-generated
antibodies were present in the umbilical cord blood and breast
milk samples of pregnant and lactating women who received the
mRNA COVID-19 vaccine. RCOG suggests caution as safety
data are lacking. Based on the available limited data on the safety
of the COVID-19 vaccine in pregnancy, it seems reasonable to
offer the option of vaccination to pregnant women following
accurate counseling on the potential risk of a severe course of the
disease and the unknown risk of fetal exposure to the vaccine.

Low

*The quality of evidence was assessed using the grading of recommendations assessment, development and evaluation (GRADE) guidelines.
This system classifies the quality of evidence as one of four levels: high (further research is very unlikely to change our confidence in the
estimate of effect); moderate (further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate); low (further research is very likely to have an important impact on our confidence in the estimate of effect and is likely
to change the estimate); and very low (any estimate of effect is very uncertain)71. ACOG, American College of Obstetricians and
Gynecologists; COVID-19, coronavirus disease 2019; ICU, intensive care unit; LMWH, low molecular weight heparin; RCOG, Royal
College of Obstetricians and Gynaecologists; RT-PCR, real-time reverse transcriptase polymerase chain reaction; SpO2, oxygen saturation.

reported to be asymptomatic in the large majority of
cases, although a few case series reported lower rates
of asymptomatic pregnant women19,20. The frequency
of the presence and type of symptoms related to
SARS-CoV-2 infection in pregnancy is difficult to estimate
because the large majority of published studies pool
together unselected and selected cohorts of women
(i.e. those presenting to the hospital with clinical
symptoms).

Cough and fever are present in about 40% of symp-
tomatic pregnant women affected by SARS-CoV-2 infec-
tion, while lymphopenia (33%) and elevated C-reactive
protein levels (49%) are the most common laboratory
findings20. When compared to the non-pregnant pop-
ulation, the likelihood of developing fever is lower in
pregnancy, which partially explains the relatively high
rate of asymptomatic cases reported in some series20.

Bottom line: Fever, cough, lymphopenia and elevated
C-reactive protein levels are the most common clinical
symptoms and laboratory signs of SARS-CoV-2 infection
in pregnancy.

Are pregnant women more likely to develop severe
COVID-19 compared with the non-pregnant
population?

The severity of SARS-CoV-2 infection is generally graded
according to symptoms, mostly based upon the degree of
hypoxia, and classified into the following categories:

• Asymptomatic or presymptomatic infection, which
includes individuals who tested positive for
SARS-CoV-2 but are showing no symptom consistent
with the disease;

• Mild illness, which includes individuals who have any
of the signs and symptoms of COVID-19 but who have
no dyspnea or abnormal chest imaging;

• Moderate illness, which includes individuals who show
evidence of lower respiratory disease during clinical
assessment or imaging but who have oxygen saturation
(SpO2) ≥ 94% on room air at sea level;

• Severe illness, which includes individuals who have
SpO2 < 94% on room air at sea level, a ratio of arterial
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partial pressure of oxygen to fraction of inspired oxygen
< 300 mmHg, respiratory frequency > 30 breaths/min
or lung infiltrates > 50%;

• Critical illness, which includes individuals who have
respiratory failure, septic shock and/or multiple organ
dysfunction.

These criteria are not fixed and the clinical presentation
of a patient with SARS-CoV-2 infection may change over
time.

The large majority of pregnant women acquiring
SARS-CoV-2 infection do not develop critical symptoms
and the course of the infection is asymptomatic in
approximately three-quarters of the obstetric population
undergoing universal screening20. However, in a recent
propensity score matched analysis of 5183 pregnant
and 175 905 non-pregnant women with SARS-CoV-2
infection, pregnant women had a higher risk of death
(odds ratio (OR), 1.84; 95% CI, 1.26–2.69), pneumonia
(OR, 1.86; 95% CI, 1.60–2.16) and ICU admission (OR,
1.86; 95% CI 1.41–2.45) compared with non-pregnant
patients, after adjusting for background demographic and
medical factors7. Similarly, a recent systematic review
showed that, compared with non-pregnant women of
reproductive age, pregnant and recently pregnant women
with suspected or confirmed COVID-19 had a higher risk
of admission to the ICU (OR, 2.13; 95% CI, 1.53–2.95)
and invasive ventilation (OR, 2.59; 95% CI, 2.28–2.94).
Advanced maternal age, increased body mass index,
chronic hypertension and pre-existing diabetes were
associated with severe course of the disease in pregnancy
and the presence of pre-existing maternal comorbidities
was a risk factor for admission to the ICU and invasive
ventilation. The occurrence of death for any cause in
the overall population was 0.8% (339/41 664)20. These
findings were confirmed by a recent report from the
CDC in the USA that included over 23 000 pregnant
women and over 386 000 non-pregnant women of
reproductive age with symptomatic laboratory-confirmed
SARS-CoV-2 infection, which showed a higher risk of
admission to the ICU, need for invasive ventilation, need
for extracorporeal membrane oxygenation (ECMO) and
death in hospitalized pregnant women with COVID-1921.

These findings highlight the need for a thorough
follow-up of pregnant women with SARS-CoV-2 infection
in order to identify those cases at higher risk of developing
the most severe spectrum of the disease.

Bottom line: Pregnancy is associated with a higher risk
of severe COVID-19 compared with the non-pregnant
population, including pneumonia, admission to the ICU
and death, even after adjusting for potential risk factors
for severe outcomes. These risks seem to be higher in
hospitalized women.

What are the fetal risks of SARS-CoV-2 infection?

From the beginning of the pandemic, several studies
have investigated whether SARS-CoV-2 infection during
pregnancy is associated with a higher risk of adverse

perinatal outcome compared with unaffected pregnancies.
To date, there is no evidence that SARS-CoV-2 infection
during the first trimester of pregnancy increases the risk
of early pregnancy loss22. Furthermore, SARS-CoV-2
infection does not affect the nuchal translucency thickness
or any of the other ultrasound signs used to screen
for trisomy 21 in the first trimester of pregnancy23,24.
Finally, no specific anomaly has been reported to be
associated with the infection. Although encouraging, data
from early pregnancy are still limited and refer mostly to
non-hospitalized and/or asymptomatic women.

The incidence of preterm birth (PTB) in pregnancies
with SARS-CoV-2 infection has been reported to be
higher than that in non-infected pregnancies in the
majority of the studies published so far, with an incidence
ranging between 15% and 20%6,14,20. However, the
majority of the data were derived from studies including
both selectively screened symptomatic patients and a
smaller number of universally screened, test-positive,
asymptomatic women, and most of the studies do not
specify whether the reported PTB incidence includes
both iatrogenic and spontaneous cases; thus, the role
of SARS-CoV-2 infection in the incidence of PTB may be
overestimated4,6,20. Indeed, reports from both European
and American institutions25–27 showed a decrease in the
odds of PTB during the pandemic compared with a similar
pre-pandemic period, particularly when focusing on
early PTB.

The difference between hospitalized women with
COVID-19 and asymptomatic test-positive women is
also important when considering the association between
SARS-CoV-2 infection and perinatal mortality. While
some earlier studies demonstrated a significantly higher
risk of perinatal death in pregnancies affected by
COVID-1928, in a recent report from 16 public health
jurisdictions in the USA on pregnant patients with
laboratory-confirmed SARS-CoV-2 infection, stillbirth
occurred in 0.4% of cases, which is not higher than
the background risk29. These data are supported by a
recent meta-analysis which showed that the incidences of
intrauterine fetal demise and neonatal death were similar
between pregnancies that tested positive and those that
tested negative for SARS-CoV-2 on admission for labor
and delivery30.

Bottom line: The risk of miscarriage does not appear
to be increased in women with SARS-CoV-2 infection.
Evidence is conflicting with regards to PTB and perinatal
death, but these risks are generally higher only in
symptomatic, hospitalized women with COVID-19.

What is the risk of vertical transmission of
SARS-CoV-2?

The risk of vertical transmission, defined as the
transmission of SARS-CoV-2 from the mother to the
fetus or the newborn, is generally low31. A recent
systematic review of 39 cohort studies or case series
including 936 newborns from mothers affected by
COVID-19 showed that the pooled proportion of
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vertical transmission was 3.2%, with 27 neonates
testing positive for SARS-CoV-2 infection by RT-PCR of
nasopharyngeal swab specimens32. A subgroup analysis
based on study location showed a similar rate of vertical
transmission when comparing studies from China with
those from outside China (2.0% vs 2.7%). Furthermore,
SARS-CoV-2 RNA was found in 2.9% of neonatal cord
blood samples, in 7.7% of placental samples and in 9.7%
of fecal or rectal swabs, while no viral RNA was found in
amniotic fluid or urine samples32.

Bottom line: The risk of vertical transmission, defined
as the transmission of SARS-CoV-2 from the mother to
the fetus or the newborn, is generally low, at about 3.2%.

Are fetal invasive procedures safe in women with
SARS-CoV-2 infection?

There are no consistent data yet indicating that pregnant
women affected by SARS-CoV-2 infection undergoing
invasive procedures for fetal diagnosis and therapy are
at higher risk of vertical transmission or adverse fetal
outcomes compared with the background risk33,34. The
largest body of evidence on the potential effect of invasive
procedures in pregnancies complicated by chronic viral
infections is from past experience with the human
immunodeficiency virus and hepatitis35. In such women,
especially if they are taking antiviral therapy, the risk
of vertical transmission following amniocentesis does
not appear to be higher compared to that in women not
undergoing invasive testing, particularly if the viral load
is undetectable, although this evidence is limited by the
small number of cases reported in the published literature.

In the case of a pregnant woman with SARS-CoV-2
infection requiring invasive testing for increased risk
of aneuploidy based on the combined screening test,
it is reasonable to postpone the procedure during the
second trimester or until the patient has tested negative
for SARS-CoV-2. Conversely, invasive testing should
not be postponed in case of severe fetal anomaly
strongly associated with aneuploidy, increased nuchal
translucency thickness or positive non-invasive prenatal
testing result suggesting a major chromosomal anomaly.
Likewise, there should be no delay in case of acute fetal
conditions requiring prompt prenatal intervention, such
as twin-to-twin transfusion syndrome. In such a situation,
the parents should be reassured that the risk of adverse
outcome due to the fetal condition exceeds significantly
that from maternal–fetal transmission of the virus. When
invasive diagnosis is needed, it is preferable to opt for
amniocentesis rather than chorionic villus sampling in
view of the theoretical lower risk of admixture of maternal
and fetal blood.

Bottom line: Based on previous evidence in pregnancies
with chronic viral infections, fetal invasive procedures
are considered to be generally safe in pregnant women
with SARS-CoV-2 infection, although the evidence is still
limited. If invasive diagnosis is required, amniocentesis
is the most reasonable option. Intrauterine invasive
procedures should not be delayed in case of major

structural anomalies or if fetal therapeutic intervention
is needed.

What is the optimal therapeutic strategy in
symptomatic women with SARS-CoV-2 infection?

The main symptoms of COVID-19 in pregnant women
are similar to those observed in non-pregnant women
with COVID-19 and in the general population.

If a pregnant patient with COVID-19 requires phar-
macologic intervention, medication should be selected by
interdisciplinary medical personnel, taking into account
the safety of the drug for the pregnant woman and the
fetus. A recent review focusing on the use of steroids
in the management of pregnant women with COVID-19
concluded that only pregnant patients with an appropri-
ate indication for oxygen therapy (such as persistent SpO2

values < 94%) should be considered for such therapy36,
as the use of steroids was unsuccessful in patients who
were not receiving oxygen therapy in the RECOVERY
(Randomized Evaluation of COVID-19 Therapy) trial37.
In this scenario, the authors suggested a 10-day course
of steroids when these are required for both fetal lung
maturation and COVID-19, starting with a regimen of
dexamethasone over 2 days (6 mg intramuscularly every
12 h for four doses) and then replacing dexamethasone
with methylprednisolone (a total of 32 mg/day orally or
intravenously, once a day or in divided doses) for the
remaining 8 days36.

For women who are mildly or moderately symp-
tomatic who require analgesic medication other than
acetaminophen, non-steroidal anti-inflammatory drugs
(NSAIDs) might be used if there are no other contraindi-
cations, according to the guidance of the Society for
Maternal-Fetal Medicine (SMFM) and the Society for
Obstetric and Anesthesia and Perinatology Labor38. How-
ever, it should be borne in mind that the inhibition by
NSAIDs of prostaglandin synthesis in the third trimester
may be associated with premature closure of the ductus
arteriosus.

Data from non-pregnant adult patients showed that
tocilizumab reduced the likelihood of progression to the
composite outcome of mechanical ventilation or death
in hospitalized patients with COVID-19 pneumonia who
were not receiving mechanical ventilation39. Furthermore,
based on encouraging data from randomized controlled
trials on the safety and effectiveness of remdesivir in
patients with severe COVID-19, the US Food and Drug
Administration (FDA) has approved the use of remdesivir
in hospitalized children ≥ 12 years and adults with
COVID-19, regardless of the disease severity40. However,
few studies have explored the role of antiviral drugs, such
as remdesivir, or other medications, such as monoclonal
antibody therapy, in treating pregnant women infected
by SARS-CoV-2; due to the paucity of data, these drugs
should not be used broadly as a first-line treatment in the
absence of specific clinical indications.

Depending on the severity of the disease, oxygen
supplementation through a nasal cannula may be
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provided to pregnant patients with COVID-19; however,
intubation, mechanical ventilation or ECMO may also be
necessary in order to maintain SpO2 at or above 94–95%.

Bottom line: In pregnant women with COVID-19, use
of steroids should not be avoided if clinically indicated; the
preferred course is dexamethasone (6 mg intramuscularly
every 12 h, four doses) followed by methylprednisolone
(a total of 32 mg/day orally or intravenously, once a day
or in divided doses) for a total of 10 days. NSAIDs may
be used if there are no contraindications. Other drugs
should not be considered as a first-line treatment due to
the paucity of data. Oxygen supplementation should be
used to maintain SpO2 at or above 94–95%.

Should pregnant women affected by SARS-CoV-2
infection receive prophylactic anticoagulation?

There is ongoing evidence suggesting a higher risk
of thromboembolism in pregnant compared with
non-pregnant women affected by SARS-CoV-2
infection41. Clinical data published in the early
stages of the pandemic had shown elevated D-dimer
levels (≥ 0.5 mg/L) in 4.2% of patients with non-severe
disease and in 59.5% of patients with severe disease42,
in addition to the presence of other signs of activation
of the clotting system, including mild thrombocytopenia
and a moderately prolonged prothrombin time. A recent
systematic review including 1063 pregnant women with
a confirmed diagnosis of SARS-CoV-2 infection reported
that arterial and/or venous thrombosis occurred in 0.28%
and disseminated intravascular coagulation in 0.66% of
cases43.

Severe disease seems to represent a major risk factor for
the occurrence of thromboembolic disorders in patients
with COVID-19. In a series of 1219 pregnant women
affected by SARS-CoV-2 infection, the incidence of venous
thromboembolism was 6.0% in severe, 0.2% in mild to
moderate and 0% in asymptomatic cases, respectively44.
Although the pathophysiology of thromboembolism in
patients with SARS-CoV-2 infection has not been com-
pletely elucidated yet, platelet hyperreactivity related to
viral mediated endothelial inflammation, in addition to
hypercoagulability associated with increased concentra-
tions of coagulation factors, acquired antiphospholipid
antibodies and decreased concentrations of endogenous
anticoagulant proteins, seem to play a major role45.

Since pregnancy itself carries an increased risk of throm-
bosis, thromboprophylaxis is an important consideration
in the management of pregnant women with SARS-CoV-2
infection. The decision to commence thromboprophylaxis
in these patients should take into account several factors
including hospitalization, comorbidities, severity of the
disease and the timing of delivery. Asymptomatic or mildly
symptomatic patients, those who do not need hospital-
ization for the infection or those who are hospitalized for
reasons other than COVID-19 do not require anticoagula-
tion. Pregnant women hospitalized with severe COVID-19
have all three Virchow risk factors for venous thromboem-
bolism: hypomobility, endothelial activation associated

with the inflammation and the prothrombotic status that
is typical of pregnancy. This subset of pregnant women
should therefore undergo thromboprophylaxis through-
out the duration of hospitalization and at least until
discharge. Low molecular weight heparin (LMWH) at a
prophylactic dose (i.e. enoxaparin 40 mg subcutaneously
once a day) is the drug of choice for thromboprophy-
laxis in pregnant women with SARS-CoV-2 infection,
unless delivery is expected within 12 h. If the woman is
already on heparin for other reasons, this should not be
discontinued46.

Bottom line: Asymptomatic or mildly symptomatic
patients, those who do not need hospitalization for the
infection and those who are hospitalized for reasons other
than SARS-CoV-2 do not require anticoagulation therapy.
Pregnant women hospitalized with severe COVID-19
should be offered thromboprophylaxis throughout the
duration of hospitalization and at least until discharge,
preferably with LMWH.

What is the optimal follow-up of women after
SARS-CoV-2 infection?

Even during the infection period, repeat elective ultra-
sound examinations should be employed prudently and
only when this is expected to answer a relevant clinical
question or provide a medical benefit to the patient.

To date, there are no evidence-based data to guide
antenatal care following SARS-CoV-2 infection. The
optimal follow-up of these women is mainly based on
the gestational age at infection, maternal clinical and
biochemical symptoms and signs and the presence of
risk factors and/or comorbidities other than SARS-CoV-2
infection.

The Royal College of Obstetricians and Gynaecologists
(RCOG) recommends that pregnant women recovering
from mild or moderate COVID-19 should be encouraged
to attend scheduled antenatal appointments after the
period of self-isolation, and no specific additional care
is required based only on their infection status46.

For pregnant women who have recovered from a
period of serious or critical illness with COVID-19
necessitating hospitalization for supportive therapy, the
follow-up should be similar to that provided to pregnant
women recovering from illnesses of similar severity, and
the ongoing antenatal care should be planned together
with a maternal–fetal specialist before hospital discharge,
offering at least a fetal growth scan approximately 14 days
after recovery from their illness (or > 21 days from prior
fetal biometry ultrasound), unless there is a pre-existing
clinical reason for an earlier scan46,47.

It is worth noting that a recent study assessing fetal
growth velocity and Doppler hemodynamic changes in
pregnancies complicated by SARS-CoV-2 infection during
the second half of pregnancy did not find a higher risk of
fetal growth restriction due to impaired placental function
or of Doppler anomalies48.

In settings in which this is feasible, telehealth could be
a reasonable choice for follow-up visits49.
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Bottom line: Women recovering from mild or moderate
COVID-19 should be encouraged to attend scheduled
antenatal appointments. Hospitalized women who have
recovered from a period of serious or critical illness with
COVID-19 should be offered a fetal growth scan about
14 days after recovery from their illness (or > 21 days
from previous fetal biometry ultrasound) and subsequent
antenatal care should be planned with a maternal–fetal
medicine specialist before hospital discharge. Telehealth
visits are a reasonable option, if feasible.

What is the optimal timing of delivery of pregnancies
with SARS-CoV-2 infection?

SARS-CoV-2 infection in an otherwise healthy pregnancy
is not an indication in itself to expedite birth. The timing
of delivery should be dictated by gestational age and
the presence of other maternal and fetal conditions that
may represent an indication for earlier, planned delivery,
regardless of SARS-CoV-2 infection46,47,50.

In asymptomatic or mildly symptomatic women testing
positive for SARS-CoV-2 infection at full term (i.e.
≥ 39 weeks’ gestation), the timing of delivery should be
planned balancing the possibility of worsening clinical
condition with expectant management and the availability
of resources for immediate delivery as well as the increased
risk of exposure of healthcare personnel when delivery
occurs at a time of high viremia47. If the likelihood of
clinical deterioration is high, it might be reasonable to
consider induction of labor.

Although robust data are lacking on which type of
cervical ripening (mechanical vs pharmacological) should
be preferred in women requiring induction of labor,
using two methods (i.e. mechanical and misoprostol or
mechanical and oxytocin) may decrease the time from
induction to delivery, compared with using one agent
only.

In the case of severe disease, the timing of delivery is
a delicate management decision that should be individ-
ualized based mainly on maternal symptoms. To date,
there is no clear consensus on the ideal timing of delivery
for critically ill women with COVID-19, but the general
opinion is that preterm delivery might be considered if
this could putatively improve maternal condition47.

Pregnant women with COVID-19-related pneumonia
might benefit from early delivery (at around 34 weeks)
in order to avoid potential deterioration of maternal
condition and the subsequent fetal exposure to maternal
hypoxia, as well as to facilitate respiratory support (prone
position).

Finally, in women admitted to the ICU and particularly
those with refractory hypoxemia, delivery after 32 weeks
has been suggested if it would allow for further
optimization of care51.

The high burden of complications owing to prematurity
in preterm deliveries before 32 weeks’ gestation is a
relative contraindication to expeditious delivery, unless
this is strictly required by maternal and/or obstetric
complications.

Bottom line: In asymptomatic or mildly symptomatic
women who have tested positive for SARS-CoV-2
infection at full term (i.e. ≥ 39 weeks of gestation),
induction of labor might be reasonable. To date, there
is no clear consensus on the timing of delivery for
critically ill women; some authors suggest earlier delivery
in pregnant women with COVID-19-related pneumonia
(at around 34 weeks) or those admitted to the ICU and
with refractory hypoxemia (after 32 weeks) to avoid
deterioration of maternal condition and fetal exposure
to maternal hypoxia.

What is the optimal mode of delivery of women with
SARS-CoV-2 infection?

SARS-CoV-2 infection is not an indication for Cesarean
delivery (CD) and therefore the mode of delivery should
not be influenced by the presence of COVID-19, unless
a critical maternal condition requires urgent intervention
for birth46,50,52.

In a systematic review of 49 studies reporting on
the mode of delivery and infant infection status of 655
women and 666 neonates, 2.7% of babies born vaginally
compared with 5.3% of those born by CD tested positive
for SARS-CoV-2, thus reaffirming the evidence that CD
does not reduce the already low risk for intrapartum
vertical transmission53. Data on perinatal transmission
available to date do not preclude the use of forceps or
vacuum when indicated38.

Although some authors have described successful
induction of labor in intubated women and patients on
ECMO support, the majority of patients with severe or
critical disease undergo CD in a multidisciplinary setting
involving at least maternal–fetal medicine specialists,
neonatologists and intensivists54,55.

Bottom line: SARS-CoV-2 infection is not an indication
for CD and the mode of delivery should not be influenced
by the presence of COVID-19. If CD is indicated
in a patient with severe or critical disease, it should
be performed in a multidisciplinary setting. Operative
delivery with forceps or vacuum is allowed, in the presence
of obstetric indication.

What is the optimal intrapartum care of women with
SARS-CoV-2 infection?

In women with no or few COVID-19 symptoms, man-
agement of labor should follow routine, evidence-based
guidelines for both the first and second stage of labor56,57.
SMFM suggests that amniotomy may still be utilized for
labor management if clinically indicated, given the reas-
suring (but limited) data on vertical transmission, since
SARS-CoV-2 has rarely been detected in vaginal secretions
or amniotic fluid38.

Since fetal heart rate changes have been described
in pregnancies with SARS-CoV-2 infection58, it is
reasonable to consider such pregnancies as ‘high risk’ and
offer continuous electronic fetal heart rate monitoring,
in accordance with the guidelines of the American
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College of Obstetricians and Gynecologists (ACOG) and
the National Institute for Health and Care Excellence
(NICE)59,60.

Shortening the second stage of labor, which might be
intuitively achieved by immediate pushing in the second
stage61, has been suggested in order to reduce the risk
of respiratory secretion exposure to the accompanying
partner and medical personnel62. However, active pushing
with deep breathing and maternal expulsive efforts may
still increase partner and personnel exposure to the
patient’s respiratory secretions62. Thus, there is currently
no clear indication on whether to suggest immediate or
delayed pushing in the second stage of labor in pregnant
women affected by COVID-19.

Finally, COVID-19 is not a contraindication to neurax-
ial anesthesia. Early epidural analgesia for labor should
be considered to mitigate the risks associated with general
anesthesia and to reduce cardiopulmonary stress38.

Bottom line: In women with no or few symptoms, man-
agement of labor should follow routine evidence-based
guidelines. Amniotomy may be utilized. Continuous elec-
tronic fetal heart rate monitoring and shortening the
second stage of labor might be reasonable. COVID-19 is
not a contraindication to neuraxial anesthesia.

Are skin-to-skin contact, rooming-in and breastfeeding
allowed for women with SARS-CoV-2?

Skin-to-skin contact (when the naked infant is placed
on the mother’s bare chest immediately after delivery)
and rooming-in (allowing mothers and infants to remain
together 24 h a day) policies are usually encouraged to
create a baby-friendly environment in the healthcare
setting and mostly to increase breastfeeding rates and
duration63. At the beginning of pandemic, many centers
did not allow these practices or the presence of a birth
partner during labor.

To date, data show no difference in the risk of infection
of the neonate whether it is cared for in a separate
room or remains in the mother’s room when the mother
has suspected or confirmed SARS-CoV-2 infection and,
therefore, ACOG recommends rooming-in combined with
safety measures to minimize the risk of transmission, such
as wearing a mask and practicing hand hygiene before
any contact with the newborn64.

SARS-CoV-2 infection is not a contraindication to
breastfeeding. As evidence from observational studies has
shown that breastfeeding is associated with short- and
long-term health benefits both for the mother and the
child, breastfeeding should be encouraged for mothers
with COVID-19, taking all possible precautions to avoid
transmission of the virus to the infant, including hand
hygiene and wearing a mask or cloth face covering, if
possible, while breastfeeding64.

In a recent update on newborn care, the World
Health Organization has recommended that, regardless
of COVID-19 status, mothers and their infants should
remain together and breastfeeding, skin-to-skin contact,

including kangaroo mother care, and rooming-in through-
out the day and night should be practiced, while applying
necessary infection prevention and control measures65.

Bottom line: Regardless of COVID-19 status, mothers
and their infants should remain together and breast-
feeding, skin-to-skin contact, kangaroo mother care and
rooming-in throughout the day and night should be
practiced, while applying necessary infection prevention
and control measures.

Can pregnant women undergo vaccination for
SARS-CoV-2?

The subject of whether vaccination to prevent
SARS-CoV-2 infection should be considered for use in
pregnancy is currently a ‘hot topic’. Pregnant women are
often underrepresented in clinical research and excluded
from trials solely due to their pregnancy status, and as
such they were excluded from the trials for vaccination
against SARS-CoV-2.

Three SARS-CoV-2 vaccines have been currently
approved by both the US FDA and the European
Medicines Agency: the Pfizer-BioNtech mRNA vaccine,
the Moderna mRNA-1273 vaccine and the Janssen
Pharmaceutica Ad26.COV2.S vaccine.

In their recent Practice Advisory, ACOG recommended
that SARS-CoV-2 vaccines should not be withheld from
pregnant individuals who meet criteria for vaccination
based on the Advisory Committee on Immunization
Practices (ACIP)-recommended priority groups66, and
therefore several pregnant women have already undergone
vaccination in the USA.

Conversely, in the UK, based on the recommendations
of the Joint Committee on Vaccination and Immunisation
(JCVI), RCOG does not advocate the routine use of
SARS-CoV-2 vaccines during pregnancy in the absence of
safety data, although the available data do not indicate
any safety concern or harm to pregnancy. However, the
JCVI advises that vaccination should be considered for
pregnant women defined as being clinically extremely
vulnerable as well as those who are frontline health or
social care workers67.

At the time of writing, about 20 000 pregnant women
in the USA had received the Pfizer-BioNTech vaccine
with no severe acute signs reported. Based on this
evidence, the International Federation of Gynecology and
Obstetrics (FIGO) recently declared that there are no
risks – actual or theoretical – that would outweigh the
potential benefits of vaccination for pregnant women,
thus supporting COVID-19 vaccination of pregnant and
breastfeeding women68. Moreover, in March 2021 the
CDC released the first reassuring data from the V-safe
COVID-19 vaccine pregnancy registry, which showed
no significant difference in pregnancy outcomes, such as
miscarriage, perinatal mortality or congenital anomalies,
in pregnant women who received the vaccination
compared with the background risk69. Finally, very recent
(preprint) data show that vaccine-generated antibodies
were present in the umbilical cord blood and breast milk
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samples of pregnant and lactating women who received
the mRNA COVID-19 vaccine70.

Thus, despite the limited data on the safety of the
COVID-19 vaccine in pregnancy, it seems reasonable
to offer the option of vaccination to pregnant women
after appropriate counseling on the potential risk of a
severe course of the disease and the unknown risk of fetal
exposure to the vaccine.

Bottom line: Many pregnant women have already
undergone vaccination, mostly in the USA where ACOG
recommends that COVID-19 vaccines should not be
withheld from pregnant individuals who meet the criteria
for vaccination. Initial reports from the USA show no
significant difference in pregnancy outcomes in women
receiving the SARS-CoV-2 vaccination during pregnancy,
compared with the background risk. Vaccine-generated
antibodies were present in the umbilical cord blood and
breast milk samples of pregnant and lactating women who
received the mRNA COVID-19 vaccine. RCOG suggests
caution as safety data are lacking. Based on the available
limited data on the safety of the COVID-19 vaccine
in pregnancy, it seems reasonable to offer the option
of vaccination to pregnant women following accurate
counseling on the potential risk of a severe course of the
disease and the unknown risk of fetal exposure to the
vaccine.
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Asesoramiento en medicina materno-fetal : Infecci ón por SARS-CoV-2 en el embarazo

RESUMEN

El coronavirus del sı́ndrome respiratorio agudo grave 2 (SRAS-CoV-2) es un coronavirus zoonótico que ha contagiado
a otras especies e infectado a los seres humanos, causando la enfermedad de coronavirus 2019 (COVID-19). A pesar del
riesgo potencialmente mayor de que las mujeres embarazadas adquieran la infección por el SRAS-CoV-2 en comparación
con la población no embarazada (en particular en algunas minorı́as étnicas), no se necesitan recomendaciones especı́ficas
adicionales para evitar la exposición durante el embarazo. Los sı́ntomas clı́nicos y los indicios de laboratorio más
comunes de la infección por SRAS-CoV-2 en el embarazo son fiebre, tos, linfopenia y niveles elevados de proteı́na
C reactiva. El embarazo se asocia a un mayor riesgo de infección grave por SRAS-CoV-2 en comparación con la
población no embarazada, que incluye neumonı́a, ingreso en la unidad de cuidados intensivos y la muerte, incluso
después de ajustar con respecto a los posibles factores de riesgo de resultados graves. El riesgo de aborto no parece
ser mayor en las mujeres con infección por SRAS-CoV-2. La evidencia relativa al parto prematuro y a la mortalidad
perinatal es contradictoria, pero estos riesgos suelen ser mayores sólo en las mujeres sintomáticas y hospitalizadas.
El riesgo de transmisión vertical, definido como la transmisión del SRAS-CoV-2 de la madre al feto, o al recién
nacido, es generalmente bajo. Las intervenciones traumáticas fetales se consideran generalmente seguras en las mujeres
embarazadas con infección por el SRAS-CoV-2, aunque la evidencia es aún limitada. En las mujeres embarazadas con
COVID-19, no debe evitarse el uso de esteroides si está indicado clı́nicamente; el régimen preferido es un tratamiento
de 2 dı́as de dexametasona seguido de un tratamiento de 8 dı́as de metilprednisolona. Si no hay contraindicaciones, se
pueden utilizar antiinflamatorios no esteroideos. Las mujeres embarazadas hospitalizadas con COVID-19 grave deben
someterse a tromboprofilaxis durante toda la hospitalización y al menos hasta el alta, preferiblemente con heparina de
bajo peso molecular. A las mujeres hospitalizadas que se han recuperado de un perı́odo de enfermedad grave o crı́tica
con COVID-19 se les debe ofrecer una exploración del crecimiento fetal unos 14 dı́as después de haberse recuperado de
su enfermedad. En las mujeres asintomáticas o ligeramente sintomáticas que han dado positivo en la prueba de infección
por SRAS-CoV-2 a término (es decir, ≥ 39semanas de gestación), la inducción del parto podrı́a ser aconsejable. Hasta
la fecha, no existe un consenso claro sobre el momento óptimo para el parto de las mujeres en estado crı́tico. En las
mujeres asintomáticas o con pocos sı́ntomas, la atención durante el parto debe seguir las pautas rutinarias basadas
en la evidencia. Independientemente del estatus de COVID-19, las madres y sus bebés deben permanecer juntos y
se debe practicar la lactancia materna, el contacto piel con piel, el cuidado madre canguro y mantener la cuna al
lado dı́a y noche, al tiempo que se aplican las medidas necesarias de prevención y control de infecciones. Muchas
mujeres embarazadas ya han sido vacunadas, sobre todo en los Estados Unidos, donde los primeros informes no
muestran diferencias significativas en los resultados del embarazo en las mujeres embarazadas que se vacunan contra el
SRAS-CoV-2 durante el embarazo, en comparación con el riesgo de base. Se encontraron anticuerpos generados por la
vacuna en las muestras de sangre del cordón umbilical y de leche materna de las mujeres embarazadas y lactantes que
recibieron la vacuna de ARNm para COVID-19. A partir de los limitados datos disponibles sobre la seguridad de la
vacuna para COVID-19 en el embarazo, parece razonable ofrecer la opción de la vacunación a las mujeres embarazadas
después de un asesoramiento preciso sobre el riesgo potencial de una evolución grave de la enfermedad y el riesgo
desconocido de exposición del feto a la vacuna.
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