
COVID-19 in
Pregnancy: An
Update for Clinicians
CLAIRE H. PACKER, MD, MPH, and
MALAVIKA PRABHU, MD
Department of Maternal Fetal Medicine, Massachusetts General
Hospital, Boston, Massachusetts

Abstract: In this review, we will discuss the risks of
COVID-19 on maternal, obstetric, and neonatal out-
comes. We will also review the safety of COVID-19
vaccination in pregnancy, as well as review the
management of COVID-19 in pregnancy.
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Introduction
Coronavirus disease-19 (COVID-19) in-
fection, caused by the SARS-CoV-2 virus,
has now been a public health crisis for
over 4 years. The alpha variant (B.1.1.7)
predominated at the start of the pandemic
from March 2020 to June 2021, followed
by the Delta variant (B.1.617.2) from July
2021 to December 2021. The Omicron
variant (B.1.1.529) became the leading
epidemiologic variant as of December
2021 and remains so as of this writing.
Data have emerged regarding the variable
impact of each variant on maternal and

fetal health.1–5 As the pandemic has pro-
gressed and evolved, so has our under-
standing of the virus’s impact on
maternal, obstetric, and neonatal out-
comes. Pregnant persons are at increased
risk of hospitalization, severe illness, and
death, in addition to adverse perinatal
outcomes.6,7 With COVID-19 vaccina-
tions available, maternal and neonatal
outcomes are significantly improved.

In this article, we will pragmatically
discuss key highlights in the literature on
COVID-19 in pregnancy to inform prac-
tical challenges in clinical counseling and
management. We will review the risks of
COVID-19 in pregnancy, as well as up-to-
date evidence regarding care for pregnant
patients susceptible to or affected with
COVID-19 in pregnancy.

Risks of COVID-19 in
Pregnancy
COVID-19 infection is associated with
maternal, obstetric, and neonatal risks.
A living systematic review of high-quality
studies from March 2020 to April 2021The authors declare that they have nothing to disclose.
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demonstrated that of the 179,981 preg-
nant women included, 9% (95% CI: 9%-
11%) had severe COVID-19 infection, 4%
(95% CI: 3%-5%) were admitted to the
intensive care unit (ICU), 2% (95% CI:
1%-3%) required invasive ventilation,
0.2% (0%-0.6%) required extracorporeal
membrane oxygenation (ECMO), and
0.2% (95% CI: 0.01%-0.39%) died. Com-
pared with nonpregnant age-matched
women, pregnant women have 2.61
(95% CI: 1.84-3.71) increased odds of
ICU admission, and 2.41 (95% CI: 2.13-
2.71) increased odds of need for invasive
ventilation.7

The maternal risks of COVID-19 in-
fection appear to be related to the circu-
lating variant. A recent cross-sectional
study investigated differences in outcomes
during the pre-Delta, Delta, and Omicron
variance periods.1 Results showed that
severe maternal outcomes, including ICU
admission, mechanical ventilation, or in-
hospital death were highest in the Delta
periods (8.2%) compared with pre-Delta
(4.9%) and Omicron (2.8%) periods. In
another study, severe maternal outcomes,
including ICU admission, acute respira-
tory distress syndrome (ARDS), high flow
oxygen requirement, noninvasive ventila-
tion requirement, or mechanical ventila-
tion, and maternal death of any cause are
much lower with the Omicron variant
(1.0%; 95% CI: 0.3-2.6) versus the Delta
variant (6.5%, 95% CI: 3.8%-10.2%) and
pre-Delta variants (3.4%, 95% CI: 2.5-
4.5). However, risk of hospitalization re-
mains high in Omicron period (12.5%
95% CI: 9.4-16.2) compared with Delta
(17.2%, 95% CI: 12.8-22.3) and pre-Delta
(12.6%, 95% CI: 27.4-32.6).8

Importantly, although adverse out-
comes associated with the Omicron var-
iant are less frequent than other variants,
maternal risks are much greater with any
COVID-19 infection in pregnancy versus
being COVID-19 free. In one study with
26,000 delivery-related hospitalizations
with the Omicron variant of SARS-

CoV-2, COVID-19 infection with the
Omicron variant was associated with a
higher risk for ARDS, mechanical venti-
lation, maternal death, sepsis, shock, and
renal failure, versus no COVID-19 infec-
tion in pregnancy.9

Several studies have shown an increase
in pregnancy-related maternal morbidity
associated with COVID-19 infection, par-
ticularly with regard\ to hypertensive dis-
orders of pregnancy. The mechanism
linking COVID-19 to hypertensive disor-
ders of pregnancy, particularly pree-
clampsia, remains unclear. Generally,
hypothesized mechanisms include endo-
thelial damage and dysfunction induced
by the virus itself, atherosclerotic lesions
in the coronary arteries, local inflamma-
tion leading to placental ischemia, indi-
rect effects of inflammatory responses,
thrombotic microangiopathy, imbalance
between proangiogenic and antiangiogen-
ic factors, and myocardial injury, which
may lead to uteroplacental malperfusion
and ischemia.10 Much has been made
about the ability of the spike protein on
the SARS-CoV-2 envelope to bind to
angiotensin-converting enzyme 2 (ACE2)
receptors, downregulating the renin-an-
giotensin-aldosterone system (RAAS),
leaving the vasoconstrictive and proin-
flammatory effects of angiotensin II
unopposed.11 This can result in dysregu-
lated hemodynamic outcomes such as
elevated blood pressure.12

A 2023 meta-analysis found that wom-
en diagnosed with COVID-19 had in-
creased rates of hypertensive disorders of
pregnancy (RR: 1.25, 95% CI: 1.04-
1.50).6 A meta-analysis that included
15,524 pregnant women infected with
COVID-19 found that the risk of pree-
clampsia was 62% higher than uninfected
matched women.11 Further, a study from
the INTERCOVID group found that
COVID-19 severity was not a factor in
this observed association (RR: 1.81; 95%
CI: 1.22-2.70 and RR: 1.70; 95% CI: 1.07-
2.72 for symptomatic and asymptomatic
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affected women, respectively).13 A study
by Rosenbloom and colleagues found
that COVID-19 infection before 32 weeks
had a stronger association with hyper-
tensive disorders of pregnancy than later
COVID-19 infection (HR: 2.17, 95%
CI: 1.11-4.24 vs. HR: 1.68, 95% CI:
0.79-3.57, respectively).14

Preterm birth has controversial associ-
ations with COVID-19. Many studies
have demonstrated an increased risk of
preterm birth, like in the 2023 meta-
analysis showing a relative risk of 2.47
(95% CI: 1.28-4.79).8 Others have dem-
onstrated a lower relative risk but persis-
tent association with preterm birth after
COVID-19 infection.15 Some studies have
investigated whether this increased risk is
attributable to spontaneous or medically
indicated preterm birth. Both spontane-
ous and medically indicated preterm
births increased in association with COV-
ID-19 infection, with only very preterm
births attributable to medically indicated
births.16 In a large prospective US-based
study, there was no association between
the COVID-19 pandemic and preterm
birth.17

Regarding neonatal outcomes, mater-
nal COVID-19 infection was found to
increase the risk of NICU admissions
almost 2-fold (relative risk [RR]: 1.86,
95% CI: 1.12-3.08).6 However, early in
the pandemic, many neonates were ad-
mitted for isolation purposes rather than
medical indications.18,19

The association between COVID-19 and
neonatal weight remains controversial.6,18,19

The prospective meta-analysis by Smith and
colleagues found that infants born to wom-
en infected with SARS-CoV-2 infection
were more likely to have low birth weight
(<2500 g) at term (RR: 1.19, 95% CI: 1.02-
1.40).6 The same study did not find a
significant difference in small for gestational
age (SGA) neonates between COVID-19
positive and the control group [RR: 0.96
(0.80 to 1.15)]. A 2023matched cohort study
of 81,441 pregnancies similarly found no

significant difference in small for gestational
age (SGA) between infected and uninfected
pregnant individuals (OR: 0.91, 95% CI:
0.77-1.08).16

There is a very low overall risk of
vertical transmission of COVID-19 from
the pregnant individual to the neonate.
Most cases of neonatal/infant infections
occur in the context of horizonal trans-
mission. Further, transmission has not
been well studied with the Omicron Var-
iant, which has higher virulence but lower
rates of severe illness. A systematic review
and meta-analysis of 472 studies with
18,952 mothers and 18,237 babies found
that 1.8% (95% CI: 1.2% to 2.5%) of
babies born to COVID-19-positive moth-
ers tested positive for SARS-CoV-2 after
delivery. Of the 592 positive babies, 2.3%
had confirmed mother to child transmis-
sion, 7/448 in utero, 2/18 intrapartum and
5/70 in the early postnatal period.7 Fac-
tors related to the severity of maternal
illness were associated with virus positiv-
ity in neonates, including severe disease
(OR: 2.4, 95% CI: 1.3 to 4.4), maternal
death (OR: 14.1, 95% CI: 4.1-48.0), ma-
ternal ICU admission (OR: 3.5, 95% CI:
1.7-6.9) and maternal postnatal infection
(OR: 5.0, 95% CI: 1.2-20.1).19,20

Studies have universally demonstrated
that the frequency of miscarriage is not
increased above baseline, and the risk of
congenital anomalies is not increased
above baseline with COVID-19 infection
in pregnancy.21–25 However, SARS-CoV-
2 placentitis is a rare complication of
SARS-CoV-2 infection of any severity
and is associated with stillbirth. SARS-
CoV-2 placentitis is defined by the pres-
ence of histiocytic intervillositis, perivil-
lous fibrin deposition, and trophoblast
necrosis. Schwartz and colleagues found
this pattern in 97% of studied placentas
infected with SARS-CoV-2 from stillborn
fetuses.25 Stillbirth occurs due to acute
placental insufficiency and consequent
severe fetal hypoxia.26–29 There is mixed
data on the risk of stillbirth from infection
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with SARS-CoV-2, and it is now under-
stood that the higher rates of stillbirth,
particularly early in the pandemic, were
both from COVID-19 infection as well as
delays in care due to the pandemic iteslf.30

The association between SARS-CoV-2
and stillbirth appeared to be strongest
during the period of the delta
variant.3,4,31 In the study by DeSisto and
colleagues during the Delta period, still-
births were documented in 2.7% of deliv-
eries to pregnant women with COVID-19
versus 0.63% of pregnant women without
COVID-19 (adjusted RR: 4.04, 95% CI:
3.28–4.97).

There is limited data for long-term
neurodevelopmental outcomes for infants
born to mothers with COVID-19, which
as of now does not show a significant
association.18,32 One followed neonates
for 6 months and found that psychomotor
development was normal at 6 months.33

A meta-analysis concluded that gestation-
al exposure to COVID-19 negatively af-
fected fine motor skills [mean difference
(MD): −4.70, 95% CI: −8.76, −0.63) and
problem-solving skills (MD −3.05, 95%
CI: −5.88, −0.22), but no difference in
communication, gross motor skills or
personal-social skills.34 Long-term impli-
cations of these findings, if any, are not
well-described.

Care of Patients at Risk of
COVID-19 in Pregnancy
Here, we will review the data around
COVID-19 vaccination in pregnancy.
Recommended COVID-19 vaccinations
in pregnancy, including the mRNA-plat-
form based vaccines: Pfizer-BioNTech
COVID-19 vaccine and the Moderna
mRNA-1283 vaccine.35 The CDC cur-
rently recommends annual COVID-19
vaccination for healthy, immunocompe-
tent adults.36 In pregnancy, the recom-
mendation for COVID-19 vaccination is
to remain up to date with these

guidelines.37 COVID-19 vaccination can
occur at any point during pregnancy and
does not interfere with simultaneous vac-
cinations for other pathogens.30

COVID-19 vaccination is both safe
and effective. COVID-19 vaccination in
pregnancy is not associated with miscar-
riage, preterm birth, SGA, or neonatal
ICU admission across numerous analyses
of pregnancy outcomes reported after
vaccination.38–43 More recent longitudi-
nal data has demonstrated no long-term
adverse neurodevelopmental outcomes,
through 18 months of infants exposed in
utero to COVID-19 vaccines.44–46

The side effects experienced with
COVID-19 vaccination are also not
demonstrated to adversely affect preg-
nancy outcomes. Among 40,000 preg-
nant patients vaccinated with an
mRNA-based vaccine in pregnancy,
there are no reported cases of anaphy-
laxis, and no increased risks of the
following rare outcomes: venous throm-
boembolic disease, immune-mediated
thrombocytopenia, myocarditis/pericar-
ditis.47 Lymphadenopathy or lymphade-
nitis was more common after
vaccination, a finding that is also docu-
mented in nonpregnant populations
postvaccination.47

Among 12,000 pregnant individuals
undergoing surveillance for side effects
through the v-safe registry, injection site
pain was the most common. Self-reported
fever occurred 4% of the time after an
initial dose, and 35% after the second dose
3 to 4 weeks later. Given the current
landscape of a singular, annual COVID-
19 vaccine, clinicians may be able to
reassure patients regarding the low inci-
dence of fever after COVID-19 vaccina-
tion. The mean temperature among
febrile recipients of a COVID-19 vacci-
nation is 100.6 to 100.7 F, which is
considered a low-grade fever.45,48

COVID-19 vaccination is also associ-
ated with several improvements inmaternal
and neonatal outcomes, compared with
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pregnancies affected by COVID-19. These
include significantly lower risks of SARS-
CoV-2 infection or hospitalization for
SARS-CoV-2, and small reductions in
maternal hypertensive disorders of preg-
nancy and neonatal ICU admission.46 In
one systematic review, the risk of SARS-
CoV-2 infection in pregnancy was de-
creased by 61%, and the risk of hospital-
ization in pregnancy due to SARS-CoV-2
was decreased by 94%.46 In a study of
10,000 pregnant individuals cared for in a
single health system in Louisiana during the
peak of the Delta variant, COVID-19
vaccination significantly reduced the risk
of severe or critical COVID-19 illness, from
0.66% to 0.08%. Specifically, none of the
1332 vaccinated pregnant individuals in the
study required supplemental oxygen or
ICU admission; however, there was 1
maternal death, 5 ICU admissions, and 6
stillbirths among the 8760 unvaccinated
pregnant individuals with COVID-19.49 A
2022 systematic review of 66,067 vacci-
nated and nonvaccinated pregnant women
with COVID-19 demonstrated a 15% re-
duction in stillbirths with vaccination.50

These data were corroborated by a multi-
center cohort study of 17,365 women who
received 1 or more vaccine dose compared
with 15,171 unvaccinated pregnant women,
which found that vaccinated women had a
much lower rate of stillbirth (aOR: 0.18;
95% CI: 0.09-0.37). As it is hypothesized
that viremia is the source of SARS-CoV-2
placentitis, vaccination can significantly
limit viremia, thus decreasing placental
damage.26 These data may also reflect
some confounding driven by the character-
istics of women who choose to receive a
COVID-19 vaccine in pregnancy.

Given transplacental transfer of protec-
tive antibodies, or passive immunity, neo-
nates born to vaccinated women have
higher antibody titers at birth and are
less likely to contract SARS-CoV-2
infection.51–55 In a recent analysis of infants
younger than age 6 months focused on the
Omicron wave, COVID-19 vaccination in

pregnancy was most effective to prevent
SARS-CoV-2 infection in infants below
3 months of age (vaccine efficacy 54%);
vaccine efficacy at 6 months of age was
35%.56 Maternal COVID-19 vaccination is
also associated with decreased risks of
neonatal death, neonatal ICU admission,
and composite severe neonatal morbidity,
as compared with infants of unvaccinated
mothers.57 Emerging evidence also suggests
that vaccination protects against neonatal
respiratory distress induced by the inflam-
matory cascade of COVID-19.58,59

There is no singular optimal gestational
age to receive a COVID-19 vaccination.
The recommendation remains for optimal
protection from COVID-19 throughout
gestation, which necessarily suggests vac-
cination as soon as feasible. More recent
data on neonatal antibody titers at deliv-
ery or infant COVID-19 infection rates
have not analyzed the optimal timing
for COVID-19 vaccination after a recent
COVID-19 infection periconception or in
early pregnancy. Data on neonatal out-
comes after COVID-19 infection or vac-
cination in pregnancy demonstrate that
better neonatal protection is afforded after
COVID-19 vaccination in pregnancy and
that some of the highest titers are achieved
with vaccination after infection.51,53,54,60

Care of Patients With
COVID-19 in Pregnancy

Acute Maternal Treatment
Treatment options have evolved grea-
tly since the start of the pandemic.
Although many studies have excluded
pregnant individuals, a key guiding prin-
ciple is that pregnancy itself should not
be an indication to withhold maternal
treatment.61 Treatment options are gen-
erally triaged according to whether in-
patient or outpatient management is
recommended.
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Inpatient management is recommended
for pregnant patients with severe or critical
illness, significant medical comorbidities,
or high fevers.62 Severe disease is defined
by oxygen saturation <94% on room air,
respiratory rate > 30 breaths/minute, the
pressure of oxygen (PaO2)/fraction of in-
spired oxygen (FiO2) <300 mm Hg, or
lung infiltrates > 50%.63 Critical illness
includes individuals who have respiratory
failure, septic shock, or multiple organ
dysfunction. For diseases requiring inpa-
tient management, the management of
hypoxemia and acute respiratory failure
is beyond the scope of this document;
however, it is important to note that
pregnant women with COVID-19 have
higher rates of mechanical ventilation and
ECMO.7 Current evidence suggests that
pregnant and postpartum patients have
superior outcomes with ECMO compared
with nonpregnant individuals.64,65 A re-
cent study found a survival rate of 84%
after ECMO for COVID-19.66

Antiviral therapy with IV remdesivir is
a core component of treatment. While
pregnant individuals were excluded from
initial clinical trials, data from the first 86
pregnant women receiving remdesivir
during the compassionate use program
period are reassuring, with high rates of
recovery (93%) and low rates of serious
adverse effects (18%).67 The IMPAACT
2032 study is a phase IV prospective
open-label nonrandomized study that
showed that the pharmacokinetics and
safety profile of remdesivir between preg-
nant and nonpregnant women were
comparable.68 Cohort studies have fur-
ther supported the safety data for remde-
sivir and have shown that early
administration of remdesivir has been
associated with improved outcomes, low-
er ICU admissions, decreased rates of
severe disease, and improved pregnancy
outcomes.69–72

Corticosteroids are also routinely used to
decrease the risk of death from COVID-19
in pregnant individuals, with a low risk of

adverse fetal outcomes.73 The current rec-
ommendation is to adhere to fetal lung
maturity dosing of dexamethasone 6 mg
IV every 12 hours for 4 doses over the first
48 hours, then transition to COVID-19
dosing of hydrocortisone or methylpredni-
solone to minimize ongoing fetal
exposure.74

Other medications used for severe or
critical COVID-19 have limited data in
pregnancy and are not frequently used.
These include tocilizumab, baricitinib,
IL-1 receptors antagonists, and anti-
SARS-CoV-2 monoclonal antibodies.
These agents are considered on a case-
by-case basis depending on maternal ill-
ness severity and may have mortality
benefits in adults with COVID-19.75–80

In cases of severe or critical maternal
illness, the decision to undertake delivery
is complex and multifactorial. We would
suggest referring to the latest Society for
Maternal Fetal Medicine guidance on this
topic. A recent study found that hospi-
talized pregnant patients with COVID-19
were less likely to receive recommended
inpatient medications, including remdesi-
vir (prevalence ratio, 0.82; 95% CI: 0.69-
0.97) and systemic steroids (prevalence
ratio, 0.80; 95% CI: 0.73-0.87) compared
with nonpregnant female patients.81 This
highlights the need for improvement in
implementing proper treatment of hospi-
talized pregnant patients.

Mild or moderate COVID-19 can be
safely managed at home in the absence of
obstetrical indications for admission.
Pregnant individuals with nonsevere
COVID-19 are candidates for outpatient
treatment with antiviral therapy because
of the increased risk of progression to
severe disease or need for hospitalization.
Nirmatrelvir-ritonavir (Paxlovid) is the
most commonly prescribed antiviral med-
ication for mild COVID-19 and has re-
cently accumulated safety data in
pregnancy.82 It is often used for sympto-
matic infection, particularly among preg-
nant patients with comorbidities and risk
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factors for progression to severe COVID-
19 disease. There have been two case
series evaluating outcomes after nirma-
trelvir-ritonavir use. The first evaluated
47 pregnant patients with COVID-19 and
found that 63.8% were prescribed the
drug for a comorbidity or indication other
than pregnancy. Outcomes included 2
(4.3%) hospitalizations after treatment,
2 (4.3%) medication discontinuations
(for various reasons), 3 (6.4%) cases of
gestational hypertension, 1 (2.1%) case of
LGA and polyhydramnios, and 1 (2.1%)
case oligohydramnios, with 12 of 25
(48%) undergoing cesarean delivery.83

The second case series included 7 patients
with mean gestational age of 26.4 weeks
who received nirmatrelvir-ritonavir out-
patient. Of the patients who completed
the 5-day course, 100% reported symptom
resolution within 8 to 10 days and no
adverse outcomes.84 A recent cross-sec-
tional study of 40 vaccinated pregnant
individuals who took nirmatrelvir-ritona-
vir for mild COVID-19 symptoms. The
study found that 50% of patients experi-
enced rebound with positive test results,
and 33.3% experienced return of
symptoms.85 Molnupiravir is another
mRNA antiviral with activity against
SARS-CoV-2, however safety data is
lacking and is not recommended, unless
there are no alternatives available.86–88

Between COVID-19 vaccination and
lower severity of the currently circulating
Omicron variant, as of this writing, fre-
quency of COVID-19 hospitalization in
pregnancy has significantly decreased
over the last 2 years.

Obstetric Care
A large multi-institution meta-analysis
has demonstrated no differences in the
rates of small for gestational age <third
percentile or <10th percentile after
COVID-19 infection in pregnancy.6

The lack of association with fetal growth
restriction/small for gestational age
has been independently observed in

a prospective, multinational cohort
study of COVID-19-infected pregnan-
cies, compared with matched uninfected
controls.89 These studies would advocate
for routine care after COVID-19 infec-
tion in pregnancy, and evaluation for
fetal growth for routine obstetric indica-
tions. Depending on the course of the
COVID-19 infection in pregnancy, it
may be reasonable to offer an ultra-
sound to evaluate fetal growth; however,
this can be individualized. Antenatal
surveillance is also indicated for routine
obstetric indications, and not for
COVID-19 infection in pregnancy.
Risks of stillbirth are rare, and though
theorized to be placentally derived, the
benefit of antenatal testing in this
clinical scenario is not proven.

Intrapartum care for women in labor
with COVID-19 is altered from routine
care in minimal ways. First, personal
protective equipment is used. Nitrous
oxide for labor analgesia is not recom-
mended. Routine obstetric management
through delivery is otherwise recom-
mended. If magnesium sulfate is indicated
for eclampsia prevention or neuroprotec-
tion, a thoughtful evaluation of the pa-
tient’s respiratory status should be
undertaken before initiating magnesium,
although the benefits may outweigh the
risks. Cesarean or operative vaginal deliv-
ery should be undertaken for routine
obstetric indications.

Postpartum care is altered for the neo-
nate of a mother who is SARS-CoV-2
infected, whether symptomatic or asymp-
tomatic. Given the rare risks of vertical
transmission, delayed cord clamping is
reasonable. Skin to skin and rooming
are recommended, with a recommenda-
tion for the patient (and any known
SARS-CoV-2 positive support persons)
to wear a mask and perform hand hygiene
before and after caring for the neonate.
Breastfeeding is also encouraged and
recommended for uninfected newborns
of women with SARS-CoV-2 infection,
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with careful hand hygiene. Postpartum
maternal care is unaltered; whether ve-
nous thromboembolic prophylaxis is rec-
ommended is uncertain and requires a
nuanced approach.

Conclusions
Obstetric and maternal care of patients
affected with COVID-19 in pregnancy has
evolved dramatically over the last 4 years,
and risks of hospitalization and severe
maternal disease have also decreased with
time. However, maternal and neonatal
risks of COVID-19 persist, and vaccina-
tion remains the best strategy to prevent
adverse maternal and neonatal outcomes.
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