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Abstract: As of November, 2021 there have been more
than 250 million coronavirus disease-2019 (COVID-
19) cases worldwide and more than 5 million deaths.
Obstetric patients have been a population of interest
given that they may be at risk of more severe infection
and adverse pregnancy outcomes. The purpose of this
review is to assess current epidemiology and outcomes
research related to COVID-19 for the obstetric pop-
ulation. This review covers the epidemiology of
COVID-19, symptomatology, transmission, and cur-
rent knowledge gaps related to outcomes for the
obstetric population.
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Introduction

In December 2019, a cluster of severe
viral pneumonia cases was identified in
Wuhan, China that rapidly spread to
become a global pandemic with more
than 250 million cases and 5 million
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deaths as of November 2021.! Coronavi-
rus disease of 2019, commonly known as
COVID-19, is the disease caused by the
novel virus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2).2 As
of November, 2021, there have been 46
million confirmed cases and 750,000
deaths in the United States according to
the World Health Organization.® Ge-
nomic sequencing of SARS-CoV-2 found
that this virus is related to 2 other viruses:
severe acute respiratory syndrome coro-
navirus 1 (SARS-CoV-1) and Middle
East respiratory syndrome-related coro-
navirus (MERS-CoV).*>

In pregnancy, because of physiological
and immunologic changes, there was con-
cern for potential increased respiratory
morbidity from viral pathogens similar to
that as from SARS-CoV-1 and MERS-
CoV.® While most people with COVID-
19 infection will be asymptomatic or only
exhibit mild symptoms, progression to
severe acute respiratory syndrome and
multiorgan failure may occur with in-
creased risk among those with comorbid-
ities such as diabetes and hypertension.”
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Obstetric patients have been a population
of interest, given concerning data suggest-
ing higher risk for severe infection and
negative pregnancy outcomes. This re-
view focuses on COVID-19 epidemiology
related to the obstetric population. First,
we review United States and global COV-
ID-19 infection rates in the obstetric
population. Second, we review the epi-
demiology of disease severity including
estimates of asymptomatic and sympto-
matic infections and risk for needing
intensive care unit (ICU) care. Third, we
review risk factors for COVID-19 infec-
tion and complications including comor-
bid medical conditions and social
determinants of health. Fourth, we review
epidemiological data on maternal, fetal,
and neonatal outcomes.

SARS-COV-2 INFECTION RATES IN
THE OBSTETRIC POPULATION

Described rates of infection in the obstet-
ric population vary by region, testing
period during the pandemic, and testing
methodology.

United States

Data available from the Centers for Dis-
ease Control and Prevention (CDC) pro-
vides the largest sample estimating
infection rates among pregnant persons
in the United States. A Morbidity and
Mortality Weekly Report from January 22
to June 7, 2020 analyzing national infec-
tion surveillance data evaluated reports of
326,335 women of reproductive age (15 to
44vy) who had positive test results for
SARS-CoV-2. Data on pregnancy status
were available for 91,412 (28.0%) with
laboratory-confirmed infections; among
these, 8207 (9.0%) were pregnant.® The
percentage of women of reproductive age
with positive test results for SARS-CoV-2
was higher than expected given that ~5%
of women aged 15 to 44 years are pregnant
at any point in time. A potential cause for
this difference was more frequent contact
with the health care system and increased

frequency of screening. An updated CDC
report reviewed cases from January 22 to
October 3, 2020 and included 461,825
reproductive age women with positive test
results for SARS-CoV-2 with data on
pregnancy status and found that 6.6%
were pregnant. Among the 461,825 repro-
ductive age women, 409,462 (88.7%) were
symptomatic. Among all symptomatic
women, 23,434 (5.7%) were reported to be
pregnant.* These findings broadly suggest
that in the US SARS-CoV-2 infection and
related symptomatology occurred at sim-
ilar or higher rates among pregnant wom-
en compared with  nonpregnant
reproductive age women.

US Regional Data: Universal testing:
early in the pandemic, a number of
hospitals in the United States and interna-
tionally performed universal SARS-CoV-
2 laboratory screening for obstetric ad-
missions, providing infection rates for
local populations. These screening initia-
tives were put in place in part because of
the suspected high rate of asymptomatic
carriers of the virus in the general
population.®> There have been a series of
publications detailing the results of uni-
versal testing protocols (Table 1).
New York City was at the epicenter of
the first wave of the pandemic in the
United States. As such, major medical
systems in this area were early adopters of
universal testing protocols and reported
on their findings. New York City-based
cohorts ranged in size from 215 to 675
patients. Rates of 10.4% to 19.9% SARS-
CoV-2 positivity were documented in
these cohorts with 66% to 100% of pos-
itive patients asymptomatic at the time of
testing.® ! Buckley and colleagues addi-
tionally reviewed results of universal test-
ing of asymptomatic support persons for
patients admitted in labor in New York
City. Of 199 support persons who under-
went SARS-CoV-2 testing, the prevalence
of infection was found to be 19.6% with
39 support persons having a positive test
result for infection.’
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TABLE 1. Study Findings From Single-center Centers Performing Universal SARS-CoV-2
Screening for Obstetric Hospitalizations
Proportion
Positivity, Asymptomatic,
References Location Time Period Study,n  n (%) n (%)
Sutton et al® New York City 3/22-4/18/20 215 33 (13.7) 29 (87.9)
Prabhu et al’ New York City 3/22-4/20/20 675 70 (10.4) 55 (78.6)
Vintzileos et al® New York City 3/30-4/12/20 161 32 (19.9) 21 (66)
Buckley et al® New York City 4/4-4/15/20 307 50 (16.3) 50 (100)
Blitz et al'® New York City/ 4/2- 4/9/ 20 375 64 (17.1) 45 (70.3)
Long Island
Campbell et al'! Southern Connecticut  4/2-4/29/20 770 30 (3.9) 22 (73.3)
Berkowitz et al'? Ohio 5/1-5/15/20 492 10 (2.0) 7 (70)
Goldfarb et al'3 Boston 4/18- 5/5/20 757 20 (2.6) 9 (45)
Fassett et al'4 California 4/6-5/11/20 3923 17 (0.4) 17 (100)
Yassa et al'® Turkey 4/27-5/27/20 296 23 (7.8) 12 (525)
Tanacan et al'® Turkey 4/15-6/5/20 206 3 (1.5) 3 (100)
Doria et al'” Portugal 3/25-4/15/20 103 12 (11.4) 11 (91.6)
Cardona Perezetal'®  Mexico 4/22-5/25/20 240 70 (29.0) 60 (86)

The table demonstrates US and international single-center studies evaluating test results for universal SARS-CoV-2 screening for

obstetric hospitalizations.

SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2.

Reports on universal testing at other
locations within the United States have
been published, including Connecticut,
Ohio, and California. The published re-
ports describe lower test positive rates with
universal testing likely secondary to lower
infection rates in the general population
during the study period as compared with
New York City-based cohorts. Campbell
and colleagues presented results of univer-
sal testing in patients at three institutions
in Southern Connecticut during the spring
of 2020. Among asymptomatic patients
the SARS-CoV-2 positive rate was 2.9%
(22/756).1" Berkowitz and colleagues de-
scribed findings from a universal testing
cohort through the Cleveland Clinic.
There were 10 patients (2%) with positive
results, only 3 of whom were symptomatic
in a cohort of 492 patients.!? Goldfarb and
colleagues described results from 757 tests
collected in Boston over 18 days of uni-
versal testing on labor and delivery units.
Of those, 139 had symptoms possibly
consistent with COVID-19. Of sympto-
matic women, 11/139 (7.9%) tested posi-
tive. Amongst asymptomatic women,
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9/618 (1.5%) tested positive. Thus, 9 of
20 patients positive for SARS-CoV-2 at
admission (45%) had no symptoms of
COVID-19 at presentation.!® The largest
available US-based cohort was published
through Kaiser Permanente Southern Cal-
ifornia. A total of 3923 patients underwent
routine SARS-CoV-2 testing on admission
to labor and delivery. A total of 17 [0.43%;
95% confidence interval (CI): 0.2%-0.6%)]
women tested positive, and none of them
were symptomatic on admission. '

Global

Universal testing protocols were also de-
ployed internationally and several groups
outside of the United States have reported
on their findings. Two Turkish cohorts have
been published. A single institutional study
in Istanbul evaluated a total of 296 pregnant
patients who underwent screening for
SARS-CoV-2 with polymerase chain reac-
tion (PCR) and lung sonography on admis-
sion at any gestational age for any
indications. This strategy diagnosed 23
pregnant women (7.77%) with SARS-
CoV-2 infection. The rates of symptomatic
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and asymptomatic patients diagnosed with
SARS-CoV-2 were 3.7% (n=11) and 4.1%
(n=12), respectively. In this study, lung
ultrasound was performed to assess its
utility in identifying COVID-19 cases. Four
of nine women who underwent repeat test-
ing for SARS-CoV-2 upon abnormal lung
ultrasound findings were found to be pos-
itive (17.4%, n=4/23).13 A second prospec-
tive cohort study was conducted at a
different site in Turkey between April 15,
2020 and June 5, 2020. A total of 206
asymptomatic pregnant women Wwere
screened for SARS-CoV-2 positivity upon
admission to hospital for delivery. Three of
the 206 pregnant women participating in the
study had positive RT-PCR tests (1.4%).16
Doria et al'” described a small cohort
in northern Portugal of 103 women who
underwent universal testing from March
25 to April 152020 where a positivity rate
of 11.7% was detected with 11 of 12 cases
asymptomatic. A cohort from Mexico
City found that 29% of patient admitted
to labor and delivery were SARS-CoV-2
positive and 86% of positive patients were
asymptomatic. Mexico City had a posi-
tivity rate of 32% in the general popula-
tion during the period of study.'®
Findings from cohorts both in the
United States and internationally broadly
indicate that while universal SARS-CoV-2
screening may be important in populations
with high rates of disease, asymptomatic
testing of patients where COVID-19 in-
fections are less common may be of limited
utility. When data regarding local SARS-
CoV-2 positivity is available in these co-
horts, pregnant patients appear to have
positive test rates that are similar to gen-
eral local population at the time of study.

DISEASE SEVERITY

Disease Severity During Pregnancy in
Comparison to Nonpregnant Reproductive
Age Women

Since the start of the pandemic, there was
concern that pregnant persons would be

at greater risk of severe morbidity and
mortality given attenuated immune re-
sponse during pregnancy and heightened
vulnerability to other respiratory infec-
tions such as influenza.!® While smaller
reports, early in the pandemic, did not
find pregnant women to be at increased
risk of severe disease compared with the
general population,?® subsequent national
data has demonstrated some increased
risk 421,22

CDC data has supported increased risk
of severe illness among pregnant patients
compared with age-matched nonpregnant
patients. An initial CDC report indicated
that among women with COVID-19,
31.5% of pregnant women were reported
to have been hospitalized compared with
5.8% of nonpregnant women. In addition,
after adjusting for clinically relevant fac-
tors, pregnant women were also signifi-
cantly more likely to be admitted to the
ICU [adjusted risk ratio (aRR): 1.5, 95%
confidence interval (CI): 1.2-1.8] and re-
ceive mechanical ventilation (aRR: 1.7,
95% CI: 1.2-2.4).3 An updated CDC report
supported these findings and additionally
identified an increased risk for needing
extracorporeal membrane oxygenation
(ECMO) cannulation (0.7 vs. 0.3 per 1000
cases; aRR: 2.4; 95% CI: 1.5-4.0).* With
regard to specific symptomatic complaints,
CDC data has indicated symptomatic preg-
nant and nonpregnant women with COVID-
19 reported similar frequencies of cough
(> 50%) and shortness of breath (30%), while
pregnant persons less frequently reported
headache, muscle aches, fever, chills, and
diarrhea.* These findings broadly support a
modest increased attributable risk among
obstetric patients compared with age-
matched nonpregnant women.

Several studies have estimated the risk
of COVID-19 diagnosis during preg-
nancy. In an international cohort com-
paring 706 pregnant patients with
COVID-19 diagnoses to 1424 pregnant
women without COVID-19 diagnoses,
those with COVID-19 carried a 5.04 fold

www.clinicalobgyn.com

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.



114 Overton et al

increased risk of ICU admission, a 22.3
fold relative risk (RR) of maternal mor-
tality, as well as increased RR of pree-
clampsia (RR: 1.76), preterm birth (RR:
1.34), and severe neonatal morbidity
(RR: 2.66). Of note, even asymptomatic
COVID-19 patients carried an increased
risk of maternal morbidity (RR: 1.24).23
A large US-based retrospective cohort
study included 869,079 pregnant patients
who received care at one of 499 academic
centers. A total of 2.2% of the cohort had
COVID-19. Patients with COVID-19
were significantly more likely to experi-
ence preterm birth at rates of 16.4%
versus 11.5% (P <0.001). They had sig-
nificantly higher rates of ICU admission
with an odds ratio (OR) of 5.84
(P<0.001), and a 14.33 OR of respiratory
intubation and mechanical ventilation
(P<0.001), as well as a 10-fold increase
in the risk of in-hospital mortality with
0.1% of pregnant patients with COVID-
19 dying during admission (P <0.01).24

Delta Variant

The Delta variant (B 1.6.17.2) became the
dominant strain of Sars-Cov-2 in the
United States during the summer of
2021.2 Data suggest that the Delta variant
may be associated with more severe dis-
ease in the general population with an
increase in transmissibility and vaccine-
breakthrough infections.>>?¢ There are
several preliminary studies which have
indicated increased disease transmission
and severity associated with Delta infec-
tion during pregnancy.

A cohort study from the University of
Alabama comparing pre-Delta to Delta
COVID-19 infections found Delta in-
creased the need for respiratory support,
intubation, and pharmacologic treatment
significantly.?’” Similar findings were re-
ported at an additional single-site cohort in
Texas. When comparing the pre-Delta
time period to the period when Delta
variant predominated locally, both the
case volume and the proportion of severe
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or critical illnesses increased significantly
(P<0.001) with more than 25% of preg-
nant patients who were diagnosed between
August 29, 2021 and September 4, 2021
requiring admission for severe or critical
illness.?® A third single-site study in Texas
found significant increases in rates of
symptomatic infection and need for sup-
plemental oxygen support with COVID-19
during the Delta variant dominant period
as compared with pre-Delta. In addition,
patients were diagnosed at an earlier mean
gestational age in the setting of Delta.?®

Asymptomatic Carrier Rates

In the general population, a majority of
SARS-CoV-2 positive patients will be
asymptomatic. Asymptomatic carriers
have the capacity to infect others, thus
propagating COVID-19 spread.> Reports
available from universal testing data have
consistently indicated that in the obstetric
population, the majority of patients are
asymptomatic.3%3! Reported rates of that
SARS-CoV-2 positivity amongst asymp-
tomatic labor and delivery patient admis-
sions range from 0.45% to 19.9%.%14
Amongst patients positive for SARS-
CoV-2 on PCR testing in universal testing
cohorts, 45% to 100% were described as
asymptomatic, with most studies reporting
a rate of 66% or greater asymptomatic
status.®!3 Positive testing may indicate an
asymptomatic carrier or a ‘“presympto-
matic” patient who will later develop
clinical symptoms. Sutton et al® described
that 10% of their cohort who were asymp-
tomatic at the time of testing ultimately
developed fever consistent with COVID-
19 infection during admission. Other
reports of universal testing did not appre-
ciate conversion to symptomatic COVID-
19 infection.!:!* Some evidence from the
general population has indicated that clin-
ically recovered patients with continued
postviral shedding may be represented in
universal screening cohorts, however, data
specific to the pregnant population in this
scenario are not yet available.??
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Rates of Disease Severity

Several studies characterized the fre-
quency of different levels of disease se-
verity in pregnant patients with confirmed
symptomatic COVID-19 infection. Avail-
able data indicate that the majority of
patients experience mild disease.

Metz and colleagues studied an obser-
vational cohort of patients with SARS-
CoV-2 positive testing during a period of
universal testing during spring 2020
across 33 US hospitals within the Eunice
Kennedy Shriver National Institute of
Child Health and Human Development
(NICHD) Maternal-Fetal = Medicine
Units (MFMU) Network. Of 1219 pa-
tients, 579 (47%) were asymptomatic, 326
(27%) had mild illness, 173 (14%) had
moderate illness, 98 (8%) had severe ill-
ness, and 43 (4%) had critical illness.*°

Smaller single institution studies have
indicated similar findings. An early Chi-
nese study reviewed 118 women who
carried a symptomatic COVID-19 diag-
nosis and were admitted to the hospital
for obstetric or infectious indications. In
this group (92%) had mild disease, and 9
(8%) had severe disease (hypoxemia), 1 of
whom received noninvasive mechanical
ventilation (critical disease). Severe dis-
ease developed in 6 of the 9 women after
delivery, and the woman who received
noninvasive mechanical ventilation did so
after delivery.”® Breslin and colleagues
provided early data on the frequency of
levels of disease severity in a cohort of
women who underwent universal testing
on labor and delivery admission in
New York City in the spring of 2020.
This cohort included 43 patients with
positive Sars-CoV-2 testing presenting to
an affiliated pair of New York City
hospitals from March 13 to March 27,
2020. On the basis of COVID-19 disease
severity classification by Wu and McGoo-
gan, 37 women (86%) exhibited mild
disease, 4 (9.3%) severe disease, and 2
(4.7%) critical disease; these percentages
are similar to those described in nonpregnant

adults with COVID-19 (with ~80% devel-
oping mild, 15% severe, and 5% critical
disease).3*3* Khoury and colleagues de-
scribed disease severity based on World
Health Organization criteria at a different
New York City-based cohort across mul-
tiple medical systems. Within this cohort
(241 women), 38.6% of women were
symptomatic. In symptomatic patients,
26.5% of women met criteria for mild
COVID-19, 26.1% for severe, and 5% for
critical disease. Admission to the ICU
was reported for 17 women (7.1%), and
9 (3.7%) required intubation and mechan-
ical ventilation during their delivery
hospitalization.?>

ICU Admission

National-level data sets have indicated in-
creased risks of ICU admission and inva-
sive ventilation for pregnant women versus
nonpregnant reproductive aged women. In
the United States, a CDC report found that
in addition to hospital admission, pregnant
women more frequently require ICU ad-
mission (10.5 vs. 3.9 per 1000 cases; aRR:
3.0; 95% CI: 2.6-3.4), invasive ventilation
(2.9 vs. 1.1 per 1000 cases; aRR: 2.9; 95%
CIL: 2.2-3.8) and ECMO (0.7 vs. 0.3 per
1000 cases; aRR: 2.4; 95% CI:. 1.5-4.0)
compared with nonpregnant reproductive
age women patients.*

These findings align with national data
from Sweden. Collin and colleagues re-
viewed all pregnant or recently postpartum
women admitted to ICU-level care for
COVID-19 in Sweden between March 19
and April 20, 2020. Overall, 53 women
aged 20 to 45 years were described, with 13
patients either pregnant or recently post-
partum. Being admitted to the ICU was
more common among pregnant and post-
partum women with COVID-19 in Sweden
than in nonpregnant women of similar age.
The incidence of ICU level of care for
COVID-19 infection was 14.4 per 100,000
for pregnant or postpartum women com-
pared with 2.5 per 100,000 for nonpregnant
women in the same age group (RR: 5.39,
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95% CI: 2.89-10.08). The incidence of
requiring invasive mechanical ventilation
was also increased in this population with
7.4 per 100,000 pregnant versus 1.8 per
100,000 nonpregnant patients requiring
invasive ventilatory support, respectively
(RR: 3.48, 95% CI: 1.86-6.52).>> A pro-
spective national population-based cohort
study in the UK was performed using the
UK  Obstetric  Surveillance  System
(UKOSS) to characterize symptomatic
COVID-19 pregnant patients. The cohort
included 427 women requiring hospital-
ization. The estimated incidence of hospital
admission with confirmed SARS-CoV-2
infection in pregnancy was 4.9 per 1000
cases. Of these, 41 (10%) women admitted
to hospital needed respiratory support and
5 (1%) women died.”!

SOCIAL AND DEMOGRAPHIC RISK
FACTORS

The COVID-19 epidemic has dispropor-
tionately affected patients and commun-
ities vulnerable both because of medical
factors, as well as social determinants of
health.3¢-3% Data available from obstetric
populations reveals that both social deter-
minants of health and underlying medical
factors are associated with disease trans-
mission and severity.

Racial and Ethnic Disparities

CDC data indicated racial and ethnic dis-
parities in both incidence and severity of
COVID-19 among pregnant patients. Preg-
nant COVID-19 patients were more fre-
quently identified as Hispanic (29.7%) and
less frequently as non-Hispanic White
(23.5%) compared with nonpregnant wom-
en with a COVID-19 diagnosis (22.6%
Hispanic and 31.7% White). Further, while
non-Hispanic Black women made up
14.1% of women included in this analysis,
they represented 176 (36.6%) of deaths
overall, including 9 of 34 (26.5%) deaths
among pregnant women and 167 of 447
(37.4%) deaths among nonpregnant
women.* Other reports have also supported
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the finding of health disparities by patient
race and ethnicity. Blitz and colleagues
performed a retrospective study including
all pregnant women who were tested for
SARS-CoV-2 (both symptomatic and
asymptomatic) at 7 hospitals in
New York State from April to June 2020
in both urban and suburban settings. PCR
test results were obtained for 4674 patients
and 11% were ultimately positive. Hispanic
and non-Hispanic Black pregnant women
were disproportionately affected by SARS-
CoV-2. Despite constituting approximately
one-third of the study population, they
accounted for nearly half of all the
cases.” Additional studies have found that
pregnant patients with SARS-CoV-2 pos-
itive test results were younger and were
more likely to have public insurance, to
identify as Black or Latina, to have pre-
existing pulmonary disease, and to have
living children.** Emeruwa and colleagues
performed a cross-sectional cohort study of
100 women who tested positive for SARS-
CoV-2 infection among 673 gravid patients
(14.9%) who delivered during the spring of
2020. There was a significantly higher
SARS-CoV-2 infection rate among His-
panic women compared with non-Hispanic
White women (18.1% vs. 9.4%, P<0.01).
However, in this group, positivity rates of
non-Hispanic Black women (12.7%) were
not significantly different from non-His-
panic White women.*!

Built Environment

Emeruwa and colleagues examined the
association of the built environment with
SARS-CoV-2 acquisition in a cross-sec-
tional study of 434 pregnant patients in
New York City who underwent universal
SARS-CoV-2 PCR testing in the spring of
2020. This study evaluated characteristics
of the built environment and socioeconom-
ic status. They found that SARS-CoV-2
positivity was associated with neighbor-
hood and building-level markers of large
household membership, household crowd-
ing, and low socioeconomic status.*?
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Other Social Determinants of Health
Prasannan and colleagues evaluated char-
acteristics of patients from a different
New York based medical system from
April through June 2020 in a cross-
sectional cohort sample. 4873 patients
were included who underwent universal
SARS-CoV-2 PCR testing. Patients in this
cohort were noted to have increased risk of
SARS-CoV-2 positivity if they had public
health insurance, limited English profi-
ciency, and resided in low-income neigh-
borhoods with less educational attainment
based on evaluation of residential zip
codes.** Sakowicz et al* identified public
insurance as a risk factor for SARS-CoV-2
acquisition, as well as unmarried status.

In sum, these findings support that in
addition to racial disparities more crowded
housing, low income, and employment
requiring interactions outside of the home
contribute to risk of SARS-CoV-2 infec-
tion in disadvantaged populations.

Medical risk factors: medical factors
contribute both to SARS-CoV-2 acquis-
ition and COVID-19 severity in both the
general and obstetric population.

Maternal Age

For both pregnant and nonpregnant
women, CDC data demonstrated that
ICU admissions, receipt of invasive ven-
tilation and death were more common
among women aged 35 to 44 years than
among those aged 15 to 24 years.* This
finding was supported in a meta-analysis
by Allotey et al that demonstrated ad-
vanced maternal age was a risk factor for
severe COVID-19 by WHO criteria
(aOR: 1.78, 95% CI: 1.25-2.55; P=9%;
4 studies; 1058 women).**

Gestational Age

In several studies, the majority of preg-
nant patients hospitalized for COVID-19
infection were in the late second or third
trimester.20-33-45-47 However, it is unclear
if this indicates increased risk of acquis-
ition in later pregnancy or a higher

likelihood of patients undergoing SARS-
CoV-2 testing upon presentation with
obstetric complaints.

Parity

Increased parity, which is often associated
with advancing age and may imply larger
household size, has been identified as a
risk factor for SARS-CoV-2 acquisition
in several studies. 044

Obesity

Multiple reports have indicated that ele-
vated body mass index carries a risk of
contracting COVID-19 both in pregnancy
and in the general population.3>4448 In
addition, high body mass index was found
to increase risk of severe COVID-19
infection with an adjusted OR of 2.4 in
the largest available meta-analysis.*

Comorbidities

Common medical comorbidities have
been associated with increased risk of
COVID-19 diagnosis and severity both
in pregnant and nonpregnant popula-
tions. Metz et al found that pre-existing
medical comorbidities including asthma,
pregestational diabetes, chronic cardio-
vascular disease, and seizure disorders
were associated with a significantly in-
creased risk of severe disease.>® Pre-exist-
ing maternal comorbidity is a risk factor
for admission to an ICU and invasive
ventilation among obstetric patients
based on meta-analysis data with aORs
of 4.2 and 4.5, respectively.** Prasannan
et al*® determined that pre-existing pul-
monary disease is also a risk factor for
disease acquisition. A systematic review
by Allotey et al** assessed characteristics
of pregnant women with confirmed symp-
tomatic cases of COVID-19 and found
chronic hypertension and pre-existing
diabetes were associated with severe
COVID-19 in pregnancy. In a retrospec-
tive cohort examining pregnant women
hospitalized with severe or critical COVID-
19 infection, 25% had a pulmonary
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condition and 17% had cardiac disease.*’
Chronic lung disease, diabetes mellitus,
and cardiovascular disease were more com-
monly reported among pregnant women
than among nonpregnant women diag-
nosed with COVID-19 in the most updated
CDC analysis.*

MATERNAL OUTCOMES

Maternal Mortality

Initial CDC data indicated that while
pregnant patients were more likely to
require ICU admission or mechanical
ventilation than their age-matched non-
pregnant peers, their risk of death was not
significantly different. Sixteen (0.2%)
COVID-19-related deaths were reported
among pregnant women aged 15 to
44 years, and 208 (0.2%) such deaths were
reported among nonpregnant women
(aRR: 0.9, 95% CI: 0.5-1.5).> However,
an updated CDC report extending
through October 2020 found that in addi-
tion to pregnant women more frequently
requiring ICU admission there was a 70%
increased risk of death in pregnant versus
nonpregnant women with COVID-19
(aRR: 1.7, 95% CI: 1.2-2.4)4

Mode of Delivery

Several studies have indicated higher rates
of cesarean birth in patients with COVID-
19. A systematic review including 39
studies found that between 52.3% and
95.8% of COVID patients underwent
cesarean birth.*® Prabhu et al’ observed
increased cesarean birth rates even in
asymptomatic COVID positive patients
compared with noninfected patients, with
rates of ~40% versus 30%, respectively.
Metz et al*® found that severe COVID-19
infection was associated with increased
risk of cesarean birth (59.6% vs. 34.0%,
aRR: 1.57, 95% CI: 1.30-1.90).

Other Maternal Outcomes

Metz and colleagues found that in ad-
justed analyses, severe COVID-19 was
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associated with increased risk for post-
partum hemorrhage (aRR: 2.02, 95% CI:
1.18-3.45), hypertensive disorders of preg-
nancy (aRR: 1.61, 95% CI: 1.18-2.20),
and preterm birth (aRR: 3.53, 95% CI:
2.42-5.14) compared with asymptomatic
COVID-19. This cohort also identified a
6% rate of venous thromboembolism in
those patients with severe disease.?°

Fetal and Neonatal Outcomes

Pregnancy outcome data is available from
the CDC through October 2020. Among
4527 fetuses and infants, the outcomes
comprised 4495 (99.3%) live births (in-
cluding 79 sets of twins and one set of
triplets), 12 (0.3%) pregnancy losses at
below 20 weeks’ gestation, and 20 (0.4%)
losses at 20 weeks’ gestation or above.
Among 3912 infants with reported gesta-
tional age, 506 (12.9%) were preterm,
including 149 (3.8%) at below 34 weeks
and 357 (9.1%) at 34 to 37 weeks. Fre-
quency of preterm birth did not differ by
maternal symptom status (P=0.62) in-
cluding among women hospitalized at the
time of infection (P=0.81).!! Nine (0.2%)
in-hospital neonatal deaths were re-
ported. Among term infants (37 wk ges-
tation or above), 9.3% were admitted to
an ICU (ICU); however, reason for ad-
mission was often missing. Information
on infant SARS-CoV-2 testing was re-
ported from 13 jurisdictions; among 923
infants with information, 313 (33.9%)
were not tested.*’

Vertical Transmission

Vertical transmission rates have been low
in maternal-neonates dyads studied to
date, ranging from 0 to 5% in smaller
cohorts.”8:21:50-52 In a review performed
by Kyle et al’>® of 836 total newborns
studied, 35 newborns (4.2%) tested pos-
itive through PCR. In the most recent
CDC cohort, among 610 (21.3%) infants
for whom molecular test results were
reported, 16 (2.6%) results were positive.
The percent positivity was 4.3% (14 of
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328) among infants born to women with
documentation of infection identified
<14 days before delivery and 0% (0 of
84) among those born to women with
documentation of infection identified
> 14 days before delivery.*’

Those neonates who have had docu-
mented cases of vertical transmission
have thus far demonstrated favorable
neonatal outcomes. With the majority of
neonates with asymptomatic infections,
and of those with clinical findings, the
majority present as mild respiratory
symptoms with a recovery to baseline
respiratory status within 2 weeks.?

Preterm Birth

The greatest source of potential morbidity
and mortality to neonates of COVID-
infected mothers to date appears to be
an increased rate of preterm birth, partic-
ularly iatrogenic preterm birth in the
setting of severe maternal infection.*?
Reported rates of preterm birth have been
estimated at ~22% in a recent systematic
review, although the data may over-
represent patients managed for severe or
critical disease severity.>® In the most
recent CDC cohort, among 3,912 infants
with reported gestational age, 506 (12.9%)
were preterm, including 149 (3.8%) at
below 34 weeks and 357 (9.1%) at 34 to
37 weeks. Frequency of preterm birth did
not differ by maternal symptom status
(P=0.62).*” In the NICHD MFMU co-
hort, severe-critical maternal illness was
associated with NICU admission and
lower birth weight. Preterm births in this
group were indicated (rather than sponta-
neous) in 83% of cases.?®

Other Outcomes

Available data have not indicated an in-
crease in low Apgar scores at delivery,
small for gestational age babies or birth
defects in the setting of COVID-19 as
compared with population baselines.*”->3
However, fetal and neonatal outcomes
data available to date largely reflect out-

comes associated with infections in the late
second and third trimesters, thus further
research is needed to characterize neonatal
impact of maternal infection at earlier
gestational ages. However, the limited data
available thus far have not detected signifi-
cant increases in other poor fetal and neo-
natal outcomes. In addition, available data
from case-control and retrospective cohort
studies has not identified an increased risk
of spontaneous abortion related to mater-
nal COVID-19 infection.>%>*

Discussion

As the COVID-19 global pandemic con-
tinues to evolve, there are a variety of
epidemiologic studies offering insight into
the impact of COVID-19 on the obstetric
population. From these cohort studies, it
appears that pregnant patients test positive
for SARS-Cov-2 at least as frequently as
age-matched nonpregnant controls.* So-
cial determinants of health have been
demonstrated to increase the risk of COV-
ID-19 transmission, including non-
Hispanic Black and Hispanic ethnicity,
lower socioeconomic class, and larger
household size.***3* Medical factors, in-
cluding increasing maternal age, obesity,
and pre-existing medical comorbidities
such as chronic hypertension, diabetes,
and asthma, have shown an association
with increased risk of severe disease.’’
Pregnant patients are at some increased
risk of increased disease severity, including
ICU admission and invasive ventilation,
including ECMO, compared with age-
matched nonpregnant patients. In addi-
tion, recent CDC data have indicated
increased risk of COVID-19 associated
death compared with age-matched
controls.*?!22 While symptomatic COVID-
19 infection is associated with increased risk
of iatrogenic preterm birth and its sequelae,
available data indicated that vertical trans-
mission rates are low and neonates have not
demonstrated severe infections.3%47
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