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Abstract

IMPORTANCE Published data suggest that there are increased hospitalizations, placental
abnormalities, and rare neonatal transmission among pregnant women with coronavirus disease
2019 (COVID-19).

OBJECTIVES To evaluate adverse outcomes associated with severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in pregnancy and to describe clinical management, disease
progression, hospital admission, placental abnormalities, and neonatal outcomes.

DESIGN, SETTING, AND PARTICIPANTS This observational cohort study of maternal and neonatal
outcomes among delivered women with and without SARS-CoV-2 during pregnancy was conducted
from March 18 through August 22, 2020, at Parkland Health and Hospital System (Dallas, Texas), a
high-volume prenatal clinic system and public maternity hospital with widespread access to SARS-
CoV-2 testing in outpatient, emergency department, and inpatient settings. Women were included if
they were tested for SARS-CoV-2 during pregnancy and delivered. For placental analysis, the
pathologist was blinded to illness severity.

EXPOSURES SARS-CoV-2 infection during pregnancy.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of preterm birth,
preeclampsia with severe features, or cesarean delivery for abnormal fetal heart rate among women
delivered after 20 weeks of gestation. Maternal iliness severity, neonatal infection, and placental
abnormalities were described.

RESULTS From March 18 through August 22, 2020, 3374 pregnant women (mean [SD] age, 27.6 [6]
years) tested for SARS-CoV-2 were delivered, including 252 who tested positive for SARS-CoV-2 and
3122 who tested negative. The cohort included 2520 Hispanic (75%), 619 Black (18%), and 125 White
(4%) women. There were no differences in age, parity, body mass index, or diabetes among women
with or without SARS-CoV-2. SARS-CoV-2 positivity was more common among Hispanic women (230
[91%] positive vs 2290 [73%] negative; difference, 17.9%; 95% Cl, 12.3%-23.5%; P < .001). There
was no difference in the composite primary outcome (52 women [21%] vs 684 women [23%];
relative risk, 0.94; 95% Cl, 0.73-1.21; P = .64). Early neonatal SARS-CoV-2 infection occurred in 6 of
188 tested infants (3%), primarily born to asymptomatic or mildly symptomatic women. There were
no placental pathologic differences by illness severity. Maternal illness at initial presentation was
asymptomatic or mild in 239 women (95%), and 6 of those women (3%) developed severe or critical
iliness. Fourteen women (6%) were hospitalized for the indication of COVID-19.

CONCLUSIONS AND RELEVANCE In a large, single-institution cohort study, SARS-CoV-2 infection
during pregnancy was not associated with adverse pregnancy outcomes. Neonatal infection may be
as high as 3% and may occur predominantly among asymptomatic or mildly symptomatic women.
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Abstract (continued)

Placental abnormalities were not associated with disease severity, and hospitalization frequency was
similar to rates among nonpregnant women.
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Introduction

By September 7, 2020, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) had infected
more than 27 million people worldwide." Data in pregnancy are still emerging. In June 2020, the
Centers for Disease Control and Prevention (CDC) reported that hospitalization with coronavirus
disease 2019 (COVID-19) occurred in 31.5% of pregnant women compared with 5.8% of nonpregnant
women.2 However, there were no data on the indication for hospitalization. Severe and critical illness
has been described in pregnancy>®; less complete is our understanding of illness severity and
hospital admission rates in a population with widespread inpatient and outpatient testing. We also
have little understanding of rates and characteristics of early neonatal SARS-Cov-2 infection.
Although preliminary evidence suggests that adverse pregnancy outcomes, such as preterm birth,
preeclampsia, and cesarean delivery, are higher in women with confirmed SARS-CoV-2 infection
during pregnancy, few large-scale studies have been conducted with sufficient power to evaluate risk
for specific adverse outcomes.” Abnormal placental findings have been reported with specific
concerns for placental vasculopathy and inflammatory infiltrates.®° The aims of our study were to
conduct a comprehensive evaluation of adverse pregnancy outcomes associated with SARS-CoV-2
infection in pregnancy and to describe clinical management, maternal disease severity and clinical
progression, hospital admission, placental abnormalities, and neonatal outcomes at a high-volume,
urban maternity care center with widespread access to SARS-CoV-2 testing.

Methods

This is an observational cohort study of maternal and neonatal outcomes among women with and
without SARS-CoV-2 diagnosed during pregnancy. This study was approved by the institutional
review board at the University of Texas Southwestern Medical Center, and a waiver of informed
consent was granted because the research involved minimal risk to the patients. We followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline
for cohort studies.™

Women were included if they were tested for SARS-CoV-2 during pregnancy and delivered at
Parkland Health and Hospital System, which serves the medically indigent women of Dallas County.
Testing was performed for outpatient areas and, before May 14, 2020, for inpatient areas on the basis
of symptoms (fever, cough, dyspnea, myalgia, loss of smell or taste, vomiting, diarrhea, or sore
throat) or specific risk criteria. These included contact with a confirmed or suspected case,
incarceration or group home setting, homelessness, outside hospital transfers, or unknown results
from COVID-19 testing ordered from an outside clinic or facility. A universal SARS-Cov-2 testing
protocol was implemented in the labor and delivery unit on May 14, 2020. Testing was on-site or via
drive-through at 10 community-based prenatal clinics, and on-site in emergency department (ED)
and inpatient units. Diagnosis was by reverse transcriptase-polymerase chain reaction detection of
SARS-CoV-2 nucleic acid using either nasal or nasopharyngeal specimens using 1 of 4 different
qualitative assays.""> Women presenting for care with external positive testing results were included
without repeat testing.
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Management of SARS-CoV-2 Infection in Pregnancy

Symptomatic outpatients tested for SARS-CoV-2 infection were followed up via telemedicine virtual
visits, with scripted evaluation of symptoms and protocol-based management including instructions
for referral to the ED for worsening respiratory symptoms or obstetric concerns. Among women
admitted to the hospital, the primary indication for hospitalization was recorded as either obstetric
(non-COVID-19 related) or COVID-19 related. Both asymptomatic and symptomatic women were
managed on the labor and delivery unit or hospital wards if respiratory status was stable and
noncritical. Symptomatic postpartum and nonlaboring antepartum women with respiratory illness or
oxygen requirement were managed in a dedicated negative pressure isolation ward (COVID unit).

For women with severe or critical COVID-19, delivery was considered for new or worsening
oxygen requirement if they were at or near term. COVID-19 was not considered an indication for
cesarean delivery except in cases of fetal heart tracing abnormalities that were not improved with
adequate maternal respiratory support or worsening maternal respiratory status with anticipated
need for intubation and immediate prone positioning, which precluded fetal monitoring.’® Urgent
delivery among women with severe COVID-19 pneumonia occurred within a dedicated operating
room in the COVID unit. Women with severe or critical illness received COVID-19 therapies according
to National Institutes of Health (NIH) guidelines."”

Neonatal testing protocols included SARS-CoV-2 testing at 24 and 48 hours among infants born
within 4 weeks of maternal SARS-CoV-2 diagnosis or when clinically indicated; admission to a
neonatal intensive care unit isolation ward was routine for infants born to symptomatic mothers until
maternal transmission-based precautions could be discontinued or until discharge. Remote video
access to infant rooms was provided to all postpartum women admitted to the COVID unit.

Maternal, Obstetric, and Neonatal Outcomes

We included all delivered women with available SARS-CoV-2 testing. Demographic and baseline
characteristics were compared among women with and without SARS-CoV-2 diagnosed during
pregnancy. Race and ethnicity were defined by the investigators and were obtained by medical
record review to examine disparities in COVID-19 diagnosis. The primary outcome was a composite
of preterm birth (iatrogenic or spontaneous), preeclampsia with severe features, or cesarean delivery
for abnormal fetal indication among women delivered after 20 weeks of gestation. Secondary
outcomes included preterm birth, preeclampsia with severe features, and cesarean delivery analyzed
individually, as well as additional adverse maternal and neonatal outcomes. Among women with
COVID-19, we further characterized maternal disease severity at presentation according to the NIH
COVID-19 iliness severity classification, including asymptomatic, mild, moderate, severe, or critical.”
We compared trimester of diagnosis, course of iliness, hospitalization indication, and select delivery
outcomes according to maternal illness severity. Among all delivered women diagnosed with SARS-
CoV-2 during pregnancy, we evaluated trimester of diagnosis and neonatal SARS-CoV-2 results
according to maternal illness severity. Detailed review of placental abnormalities from deliveries of
women with SARS-CoV-2 infection was performed by a pathologist blinded to maternal illness
severity and outcomes.

Statistical Analysis

Univariate analyses were performed using the t test or Wilcoxon rank-sum test for continuous
outcomes and the Pearson ¥ test for categorical outcomes. Mantel-Haenszel x? test was used to
evaluate trends. The P values for all hypotheses were 2-sided, and statistical significance was set at

P < .05. Effect sizes were presented as unadjusted odds ratios (ORs) because demographic
differences were not thought to have a significant impact on the association of SARS-CoV-2 positivity
with obstetric outcomes. Statistical analysis was performed using SAS statistical software version 9.4
(SAS Institute). Sample size was calculated on the basis of a 21% frequency of a composite outcome
of preterm birth, preeclampsia with severe features, and cesarean delivery for abnormal fetal heart
rate in the year 2019 at our institution. Using an estimated overall positivity rate of 7%, according to
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our local epidemiology, to detect a 50% increase in the composite outcome with a power of 80%
and a type | error of 5%, a sample size of at least 2014 including 150 SARS-CoV-2-positive and 1864
SARS-CoV-2-negative women would be required.

Results

From March 18 through August 22, 2020, 3374 pregnant women (mean [SD] age, 27.6 [6] years)
were tested for SARS-CoV-2 infection and delivered (Figure), including 252 who were SARS-CoV-2
positive and 3122 who were SARS-CoV-2 negative. Among pregnant women with SARS-CoV-2
infection, diagnosis was made in labor and delivery units for 172 women (68%), outpatient clinics for
67 women (27%), outside testing sites for 7 women (3%), the ED for 4 women (2%), and inpatient
units for 2 women (<1%). Excluding abortuses, obstetric outcomes were analyzed for 245 SARS-CoV-
2-positive and 3035 SARS-CoV-2-negative women who delivered after 20 weeks of gestation.

The cohort included 2520 Hispanic women (75%), 619 non-Hispanic Black women (18%), 125
non-Hispanic White women (4%), and 110 women of other races/ethnicities (3%). SARS-CoV-2
positivity was most common among Hispanic women (230 [91%] positive vs 2290 [73%] negative;
difference, 17.9%; 95% Cl, 12.3%-23.5%; P < .001).There were no differences in maternal age, parity,
body mass index, or diabetes among delivered women with and without SARS-CoV-2 (Table 1). There
was no difference in the composite primary outcome of preterm birth, preeclampsia with severe
features, and cesarean delivery for fetal indication among women with and without SARS-CoV-2
infection diagnosed during pregnancy (52 women [21%] vs 684 women [23%]; relative risk, 0.94;
95% Cl, 0.73-1.21; P = .64) (Table 2). Among individual secondary outcomes, there were no
differences. There were no stillbirths among women with SARS-CoV-2 during pregnancy.

Figure. Flow Diagram of Pregnant Women Tested for Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) Infection

3374 Pregnant women tested for SARS-CoV-2 infection
and delivered March 18 to August 22, 2020

! l

252 Delivered women with 3122 Delivered women without
SARS-CoV-2 diagnosed SARS-CoV-2 diagnosed
during pregnancy during pregnancy
— 7 (3%) Abortuses 87 (3%) Abortuses
245 (97%) Delivered 3035 (97%) Delivered
pregnancies pregnancies
6 (2%) Multiple 48 (2%) Multiple
gestation gestation

251 Total born ‘ 3083 Total born ‘

3 (2%) Major 50 (2%) Major
malformation malformation

—>| 0 Stillbirth —>| 18 Stillbirth

248 Neonatal outcomes 3015 Neonatal outcomes
assessed assessed
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Neonatal Outcomes

Three infants with anomalies were born to women with SARs-CoV-2 (Figure). One infant had
congenital pulmonary airway malformation diagnosed months before maternal infection, a second
infant received a postnatal diagnosis of cleft palate and a hypoplastic thumb, and a third infant had
characteristics of Down Syndrome. Among live-born infants without major malformations, the
frequency of small for gestational age infants was not different (Table 2). The frequency of neonatal
respiratory support required within 24 hours of birth did not differ.

Maternal COVID-19 lliness Severity, Hospitalization, and Clinical Progression

Among 107 (42%) initially asymptomatic pregnant women diagnosed with SARS-CoV-2 infection, 98
(92%) remained asymptomatic, 7 (6%) developed mild symptoms, and 2 (2%) developed critical
illness (Table 3). Among 132 women (52%) with initial mild illness, symptoms remained mild in 126
(95%), whereas 2 (2%) progressed to moderate illness and 4 (3%) progressed to severe illness.
Among 10 women (4%) with initial moderate illness, 6 (60%) remained moderately ill, whereas 4
(40%) developed severe illness with oxygen requirement. Among 3 women (1%) with initial severe
illness, 1(33%) remained severely ill and 2 (67%) developed critical illness. Among all 239 women
(95%) with asymptomatic or mild disease at initial presentation, 6 of those women (3%)
subsequently developed severe or critical illness. Of the total cohort of 252 women, 13 (5%)
presented with or developed severe or critical illness. There were no maternal deaths. Admission
within 14 days for obstetric (non-COVID) indications occurred for 163 women (65%) with SARS-
CoV-2infection. In contrast, 14 (6%) of 252 SARS-CoV-2-positive pregnant women were hospitalized
for management of COVID-19 pneumonia within 14 days of diagnosis or symptom onset. This
included 1woman (1%) with initial asymptomatic infection, 4 women (3%) with mild illness, 6 women
(60%) with moderate illness, and 3 women (100%) with severe illness at initial presentation.

Severe and Critical COVID-19 Pneumonia in Pregnancy

Thirteen women (5%) either presented with or developed severe or critical COVID-19 pneumonia.
Respiratory support methods included low-flow nasal cannula for 7 women (54%), nonrebreather
mask for 2 women (15%), high-flow nasal cannula for 2 women (15%), and mechanical ventilation for
2 women (15%). Venous thromboembolism was diagnosed in 1woman (8%) treated with therapeutic
anticoagulation. Intravenous remdesivir was administered for 5 women (38%), dexamethasone for
5 women (38%), convalescent plasma for 2 women (15%), and interleukin-6 inhibitor for 1 woman

Table 1. Demographic Characteristics Among Women With and Without SARS-CoV-2 Infection Diagnosed
During Pregnancy

SARS-CoV-2 infection status, patients, No. (%)

Characteristic Positive (n = 252) Negative (n = 3122) Pvalue
Age, mean (SD), y 27.0(6.6) 27.6(6.4) 11
Race

Black, non-Hispanic 18 (7) 601 (19)

White, non-Hispanic 2(1) 123 (4)

. . <.001*

Hispanic 230(91) 2290 (73)

Other® 2(1) 108 (3)
Nulliparous 73 (29) 962 (31) .54 Abbreviation: SARS-CoV-2, severe acute respiratory
Abortuses 7(3) 87 (3) .99 syndrome coronavirus 2.
Body mass index, mean (SD)© 30.5(7.2) 29.3 (6.6) .01 2@ Denotes significant difference for all race groups.
Diabetes? 15 (6) 264 (8) 17 ® Includes women who identified as non-Black and

Gestational 14 (6) 207 (7) 51 non-White race and Non-Hispanic ethnicity.

Pregestational 1(0.4) 57 (1.8) 09 € Body mass index is calculated as weight in kilograms
Multiple gestation® 6(Q2) 48 (2) 30 divided by height in meters squared. Data are

. . missing for 3 women who tested positive and for 73
Chronic hypertension® 12 (5) 145 (5) 93 )
women who tested negative.
5 d
Induction of labor 65 (26) 770 (25) .69 4 Excludes abortuses.
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(8%). Other nonobstetric bacterial infections were treated in 3 women (23%). Among 13 women who
presented with or developed severe or critical COVID-19 pneumonia, 2 (15%) received a diagnosis at
less than 24 weeks' gestation, including 1who had a second trimester pregnancy loss during

Table 2. Obstetric and Neonatal Outcomes Among Delivered Women With and Without SARS-CoV-2 Infection
Diagnosed During Pregnancy®®

SARS-CoV-2 infection
status, patients, No. (%)

Positive Negative
Characteristic (n = 245) (n=3035) Pvalue RR (95% Cl)
Primary outcome, composite© 52 (21) 684 (23) .64 0.94(0.73-1.21)
Secondary outcomes
Gestational age <37 wk at delivery 27 (11) 328(11) .92 1.02 (0.70-1.48)
Categorical
<34 wk 9(4) 124 (4)
34wk 0dto36wké6d 18 (7) 204 (7)
37wk 0dto38wk6d 75(31) 819 (27) 42
39wk 0dto39wk6d 81(33) 949 (31)
240 wk 62 (25) 939 (31)
Preeclampsia with severe features 26 (11) 359(12) .57 0.90 (0.62-1.31)
Cesarean delivery 65 (27) 1011 (33) .03 0.80 (0.64-0.99)
For abnormal fetal heart rate 7(3) 153 (5) 13 0.57 (0.27-1.20)
Spontaneous vaginal delivery 174 (71) 1975 (65) .09 1.09(1.00-1.19)
Abruption 0(0.0) 24 (1) .16 0.25(0.02-4.14)
Clinical chorioamnionitis 24 (10) 345 (11) .45 0.86 (0.58-1.28)
Stillbirth 0(0) 18 (0.6) .23 0.33(0.02-5.48)
Excessive blood loss 17 (7) 278 (9) .24 0.76 (0.47-1.21)
Transfusion 0(0) 0(0) NA NA
Anesthesia received
Epidural 143 (58) 1846 (61) 45 0.96 (0.86-1.07) Abbreviations: NA, not applicable; RR, relative risk;
General endotracheal 2(1) 53(2) 28  0.47(0.11-1.91) SARS-CoV-2, severe acute respiratory syndrome
irus 2.
Neonates, No.” 248 3015 coronavirus
a
Small for gestational age 31(13) 316 (10) 32 1.19 (0.84-1.68) Bxcludes abortuses.
b ) A _
Meconium-stained amniotic fluid 53(22)  571(19) .35 1.13(0.88-1.45) Includes multiple births but excludes stillbirths and
- major malformations as shown in the Figure.
5-min Apgar score <4 0 (0) 37(1.2) .08 0.16 (0.01-2.63)
= = ¢ Composite outcome of preterm birth (<37 weeks),
Umbilical cord blood pH <7.0 1(0.4) 9(0.3) .75 1.39(0.18-10.94) -
preeclampsia with severe features, and cesarean
Mechanical ventilation in the first 24 h 0(0) 14 (0.5) .28 0.42 (0.03-6.99) delivery for abnormal fetal heart rate.
Required continuous positive airway pressure 8(3.3) 100 (3.3) .94 0.97 (0.48-1.98) 4 Data for pH are missing for 22 SARS-CoV-2-positive
in the first 24 h .
. women and 184 SARS-CoV-2-negative women
Sepsis 0(0) 6(0.2) 48 0.93(0.05-16.52)

(P = .09 for missing pH).

Table 3. lliness Severity, Progression, and Hospitalization Among Delivered Women Diagnosed With SARS-CoV-2 Infection During Pregnancy

Patients, No. (%)

Clinical progression among pregnant women diagnosed with SARS-CoV-2 infection

Admitted within Admitted within 14 d

COVID-19 illness severity at 14 d for obstetric for COVID-19

initial presentation Total indication® Asymptomatic Mild Moderate Severe Critical pneumonia®

Asymptomatic 107 (42) 99 (93) 98 (92) 7 (6) 0 0 2(2) 1(1)°

Mild 132 (52) 62 (47) NA 126 (95) 2(2) 4(3) 0 4(3)

Moderate 10 (4) 2(20) NA NA 6 (60) 4 (40) 0 6 (60)

Severe 3(1) 0(0) NA NA NA 1(33) 2(67) 3(100)

Critical 0 NA NA NA NA NA NA NA

Total 252 163 (65) 98 (39) 133 (53) 8(3) 9(4) 4(2) 14 (6)
Abbreviations: COVID-19, coronavirus disease 2019; NA, not applicable; SARS-CoV-2, ® One asymptomatic woman developed critical COVID-19 illness while hospitalized for a
severe acute respiratory syndrome coronavirus 2. non-COVID indication and is excluded from this group.

2 Denotes admission within 14 days of symptom onset or diagnosis (if asymptomatic).
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prolonged intubation and 1 who was discharged and returned to deliver spontaneously at 39 weeks.
Eight women (62%) received a diagnosis between 24 and 37 weeks' gestation, with 4 delivered while
admitted (including 3 before 37 weeks) and 4 discharged after improvement (2 returning to deliver
before 37 weeks). Among 3 women (23%) diagnosed at 37 weeks or greater, all were delivered during
initial hospitalization (including 2 induced with subsequent vaginal delivery and 1 who underwent
repeat cesarean delivery). Among 10 pregnant women with severe or critical illness diagnosed before
37 weeks, pregnancy loss or preterm birth (iatrogenic or spontaneous) occurred in 6 women (60%).
When evaluating outcomes according to maternal illness severity, severe illness was significantly
associated with either gestational or pregestational diabetes, and preterm delivery was significantly
associated with increasing severity of maternal COVID-19 iliness according to the NIH criteria
(eTable 1in the Supplement).

Trimester of SARS-CoV-2 Diagnosis and Early Neonatal SARS-CoV-2 Infection

Among 245 women with SARS-CoV-2 during pregnancy who were delivered of live-born infants, 16
(7%) received a diagnosis during the second trimester and 227 (93%) received a diagnosis during the
third trimester (Table 4). Among 188 tested neonates, 6 (3%) were positive for SARS-CoV-2
infection. All were born to women whose infection was diagnosed during the third trimester,
including 4 women with asymptomatic, 1 with mild, and 1 with severe illness. Five infants (83%) were
born vaginally, and 5 (83%) were born after 37 weeks. Among the 6 infants who tested positive, 4
were positive at 24 hours of life; 2 were negative at 24 hours and positive at 48 hours of life. Of the 4
infants who tested positive at 24 hours of life, repeat testing at 48 hours was performed for 3, and
all remained positive. Although a specific route of SARS-CoV-2 transmission was not determined in
most cases, intrauterine transmission was suspected for 1 preterm infant (34 weeks' gestation)
following vaginal delivery after prelabor rupture of membranes. This neonate had a mild febrile
illness; placental examination revealed SARS-CoV-2 viral particles in the placental tissue by electron
microscopy.' This infant was born to a mother who initially presented with mild illness and
subsequently developed pneumonia with hypoxia treated with oxygen by nasal cannula.

Detailed Pathologic Analysis of Placentas

Among 187 available placentas, there were no differences in pathologic lesions stratified by
maximum maternal illness severity except villous edema (eTable 2 in the Supplement). Of the 6
infants with early SARS-CoV-2 infection, 2 placentas were available for analysis, both with villous
infarcts. The placenta from the preterm infant with intrauterine transmission demonstrated massive
chronic intervillositis.

Discussion

Women with SARS-CoV-2 infection were more likely to be of Hispanic ethnicity in our cohort.
Although women of Hispanic ethnicity comprised 75% of current cohort, they accounted for more

Table 4. Early Neonatal SARS-CoV-2 Infections by Trimester of Maternal Diagnosis and Maternal lliness Severity

Infants with early neonatal SARS-CoV-2 infection, No.

Trimester of Maternal illness severity

SARS-CoV-2 Live-born

diagnosis Abortus infants Multiples Asymptomatic Mild Moderate Severe Critical Total

First 4 0 0 NA NA NA NA NA NA

Second 3 16 2 0/2 tested 0/1 tested 0 0 tested 0/1 tested 0/4 tested
(3 live-born) (13 live-born) (1 live-born) (1 live-born) (18 live-born)

Third 0 229 4 4/90 tested 1/82 tested 0/4 tested 1/6 tested 0/2 tested 6/184 tested
(95 live-born) (120 live-born) (8 live-born) (8 live-born) (2 live-born) (233 live-born)

Total 7 245 6 4/92 tested 1/83 tested 0/4 tested 1/6 tested 0/3 tested 6/188 tested
(98 live-born) (133 live-born) (8 live-born) (9 live-born) (3 live-born) (251 live-born)

Abbreviations: NA, not applicable; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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than 90% of SARS-CoV-2-positive women. Delivered women with SARS-CoV-2 infection during
pregnancy did not have a significantly higher frequency of a composite primary outcome including
preterm birth, preeclampsia with severe features, or cesarean delivery for abnormal fetal heart rate.
There were no significant differences in other adverse pregnancy outcomes, although these
comparisons were hypothesis generating. Maternal COVID-19 illness severity at initial presentation
was asymptomatic or mild in 239 women (95%), and 6 of those women (3%) subsequently
developed severe or critical COVID-19 pneumonia. Of the total cohort of 252 women, 13 (5%)
presented with or developed severe or critical illness. Early neonatal SARS-CoV-2 occurred in 3% of
tested infants, primarily among those born to asymptomatic or mildly symptomatic women. Among
10 pregnant women with severe or critical illness diagnosed before 37 weeks, pregnancy loss or
preterm birth (iatrogenic or spontaneous) occurred in 6 women (60%). Although the risk of delivery
at less than 37, 34, and 28 weeks increased with worsening maternal COVID-19 illness severity, no
placental abnormalities were associated with illness severity.

The higher frequency of SARS-CoV-2 among Hispanic women in our study is consistent with
data on racial and ethnic disparities in COVID-19 cases and deaths reported nationwide.'® Most

studies in pregnancy published to date are case series>©29-%'

comparing maternal or neonatal
outcomes stratified by disease severity among women with confirmed COVID-19. In a recently
published meta-analysis, Allotey et al” reported higher preterm birth among pregnant women with
COVID-19 (15.9%) compared with uninfected women (6.1%), although numbers included in that
comparison were small and included case series, as well as preprints that had not been peer-
reviewed. Our large, single-institution comparative analysis adds valuable information for counseling
pregnant women with SARS-CoV-2 infection, the majority of whom will have mild symptoms but
substantial anxiety.

In a descriptive series of 241 COVID-19-positive pregnant women, Khoury et al* reported that
61% of women presenting to the labor and delivery unit were initially asymptomatic (compared with
42% in our cohort) and only 26% had mild symptoms (compared with 52% in our cohort). We believe
the proportional differences in relative disease severity are related to the fact that our cohort
includes all pregnant women tested in outpatient, ED, and inpatient settings. Outpatient SARS-CoV-2
testing was performed primarily for symptomatic women through drive-through or walk-up testing
sites. High rates of outpatient test positivity combined with asymptomatic and mild infections
diagnosed on labor and delivery reflected widespread community transmission.

In June 2020, the CDC reported that 31.5% of pregnant women with COVID-19 were
hospitalized compared with 5.8% of nonpregnant women.? There were no data on the indication for
hospitalization. Our findings clarify that most women with asymptomatic or mild infection are
admitted for obstetric indications. In our study, 14 (6%) of 252 women were hospitalized for the
indication of COVID-19, similar to hospitalization frequency among nonpregnant women in the CDC
report (5.8%).2 More recently, surveillance data published by the CDC again emphasized increased
rates of COVID-19-related hospitalizations (41%), intensive care unit admission (16.2%), and
mechanical ventilation (8.5%) among hospitalized pregnant women with symptomatic
COVID-19.2%23 The major limitations in those reports are from the exclusion of pregnant women who
receive their diagnoses in outpatient or ED settings and are never hospitalized. Our study includes
these women in a comprehensive analysis and provides much needed evidence for counseling
purposes.

Importantly, our findings that 5% of all delivered women with SARS-CoV-2 infection present
with or develop severe or critical iliness are novel and lower than rates in previous reports.->2324
Ascertainment of cases involved a coordinated effort among outpatient, ED, and inpatient staff to
ensure that all women were managed with similar protocols developed by a dedicated COVID-19 care
team. We suspect that the 5% rate of severe or critical COVID-19 illness in pregnancy reflects
communities with widespread transmission, much of which may go undetected. Our findings that
early neonatal infection rates may be as high as 3% and occur predominantly among asymptomatic
or mildly symptomatic women adds needed context to published reports.

& JAMA Network Open. 2020;3(11):e2029256. doi:10.1001/jamanetworkopen.2020.29256 November 19, 2020 8/Mm

Downloaded From: https://jamanetwork.com/ on 12/03/2020



JAMA Network Open | Obstetrics and Gynecology Pregnancy Outcomes Among Women With and Without SARS-CoV-2 Infection

Limitations

This study has limitations that should be addressed. It did not have power to detect differences in
individual adverse outcomes; thus, conclusions made from these comparisons may not be
generalizable. Although we were unable to test all women during the study period, we began testing
symptomatic women soon after the first cases of local transmission were reported in Dallas County
on March 12, 2020.% There were no demographic differences in tested and untested women who
delivered during the study period, minimizing potential selection bias. We did not include women
admitted at other area hospitals and, thus, may have underdiagnosed some who developed severe or
critical illness. Owing to test supply shortages, we could not use the same molecular test for all
women. All positive tests, when associated with symptoms or representing the first positive test,
were assumed to represent active infection; all negative tests were assumed to represent absence of
infection. Not all neonates were tested for SARS-CoV-2; however, the risk of intrauterine infection in
an otherwise healthy neonate born to a woman remote from her infection was thought to be
extremely low. Furthermore, not all placentas were available for pathologic analysis.

Conclusions

Further study is needed to understand whether maternal infection with SARS-CoV-2 is associated
with long-term maternal or infant health. Except for a single case, in this cohort study, we were
unable to determine whether diagnosis of early neonatal SARS-CoV-2 infection was the result of
vertical or horizontal transmission, and little is known about specific risk factors for neonatal
infection. Breastfeeding rates were not studied, and there is concern that separation of mother-
infant dyads may impact breastfeeding and transferred immunity to the neonate. Finally, whether
available COVID-19 therapeutic agents are effective in treating maternal illness or preventing
neonatal infection is unclear, and inclusion of pregnant women in interventional trials is needed.

ARTICLE INFORMATION
Accepted for Publication: October 19, 2020.

Published: November 19, 2020. doi:10.1001/jamanetworkopen.2020.29256

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Adhikari EH
et al. JAMA Network Open.

Corresponding Author: Emily H. Adhikari, MD, Department of Obstetrics and Gynecology, The University of Texas
Southwestern Medical Center, 5323 Harry Hines Blvd, Dallas, TX 75390-9032 (emily.adhikari@
utsouthwestern.edu).

Author Affiliations: Department of Obstetrics and Gynecology, The University of Texas Southwestern Medical
Center, Dallas (Adhikari, Moreno, Zofkie, Mclntire, Collins, Spong); Women and Infants Specialty Health, Parkland
Health and Hospital System, Dallas, Texas (Adhikari, Moreno, Zofkie, MacDonald, Spong).

Author Contributions: Dr Adhikari had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Adhikari, McIntire, Spong.
Acquisition, analysis, or interpretation of data: All authors.
Drafting of the manuscript: Adhikari, MacDonald, Mclntire, Spong.

Critical revision of the manuscript for important intellectual content: Adhikari, Moreno, Zofkie, Mclntire,
Collins, Spong.

Statistical analysis: Adhikari, Mclintire, Spong.
Administrative, technical, or material support: MacDonald, Collins, Spong.
Supervision: Adhikari, Spong.

Conflict of Interest Disclosures: None reported.

[5 JAMA Network Open. 2020;3(11):e2029256. doi:10.1001/jamanetworkopen.2020.29256 November 19, 2020 9m

Downloaded From: https://jamanetwork.com/ on 12/03/2020


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.29256&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29256
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29256
mailto:emily.adhikari@utsouthwestern.edu
mailto:emily.adhikari@utsouthwestern.edu

JAMA Network Open | Obstetrics and Gynecology Pregnancy Outcomes Among Women With and Without SARS-CoV-2 Infection

REFERENCES
1. Johns Hopkins University of Medicine. Coronavirus resource center. Accessed August 18, 2020. https://
coronavirus.jhu.edu/map.html

2. Ellington S, Strid P, Tong VT, et al; Centers for Disease Control and Prevention. Characteristics of women of
reproductive age with laboratory-confirmed SARS-CoV-2 infection by pregnancy status—United States, January
22-June 7,2020. MMWR Morb Mortal Wkly Rep. 2020;69(25):769-775. doi:10.15585/mmwr.mm6925al

3. Andrikopoulou M, Madden N, Wen T, et al. Symptoms and critical illness among obstetric patients with
coronavirus disease 2019 (COVID-19) infection. Obstet Gynecol. 2020;136(2):291-299. doi:10.1097/A0G.
0000000000003996

4. Khoury R, Bernstein PS, Debolt C, et al. Characteristics and outcomes of 241 births to women with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection at five New York City medical centers. Obstet Gynecol.
2020;136(2):273-282. doi:10.1097/A0G.0000000000004025

5. Blitz MJ, Rochelson B, Minkoff H, et al. Maternal mortality among women with coronavirus disease 2019
admitted to the intensive care unit. Am J Obstet Gynecol. 2020;223(4):595-599.e5. doi:10.1016/j.ajog.2020.
06.020

6. Sentilhes L, De Marcillac F, Jouffrieau C, et al. Coronavirus disease 2019 in pregnancy was associated with
maternal morbidity and preterm birth. Am J Obstet Gynecol. Published online June 15, 2020. doi 10.1016/j.ajog.
2020.06.022

7. Allotey J, Stallings E, Bonet M, et al; for PregCOV-19 Living Systematic Review Consortium. Clinical
manifestations, risk factors, and maternal and perinatal outcomes of coronavirus disease 2019 in pregnancy: living
systematic review and meta-analysis. BMJ. 2020;370:m3320. doi:10.1136/bmj.m3320

8. Hosier H, Farhadian SF, Morotti RA, et al. SARS-CoV-2 infection of the placenta. J Clin Invest. 2020;130(9):
4947-4953. doi:10.1172/JCI139569

9. Hsu AL, Guan M, Johannesen E, et al. Placental SARS-CoV-2 in a pregnant woman with mild COVID-19 disease.
J Med Virol. Published online August 4, 2020. doi:10.1002/jmv.26386

10. von EImE, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP; STROBE Initiative. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Ann Intern Med. 2007;147(8):573-577. doi:10.7326/0003-4819-147-8-
200710160-00010

11. Centers for Disease Control and Prevention. Overview of testing for SARS-CoV-2. Accessed August 18, 2020.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html

12. Food and Drug Administration. ePlex SARS-CoV-2 test assay manual. Published August 2020. Accessed
September 11, 2020. https://www.fda.gov/media/136282/download

13. Food and Drug Administration. Roche Cobas 6800/8800 SARS-CoV-2 qualitative assay instructions for use.
Accessed September 11, 2020. https://www.fda.gov/media/136049/download

14. Food and Drug Administration. Panther Fusion SARS-CoV-2 assay instructions for use. Accessed September 11,
2020. https://www.fda.gov/media/136156/download

15. Food and Drug Administration. Xpert Xpress SARS-CoV-2 assay instructions for use. Accessed September 11,
2020. https://www.fda.gov/media/136314/download

16. Tolcher MC, McKinney JR, Eppes CS, et al. Prone positioning for pregnant women with hypoxemia due to
coronavirus disease 2019 (COVID-19). Obstet Gynecol. 2020;136(2):259-261. doi:10.1097/A0G.
0000000000004012

17. National Institutes of Health. Coronavirus disease 2019 (COVID-19) treatment guidelines. Accessed August 18,
2020. https://www.covid19treatmentguidelines.nih.gov/how-to-cite/

18. Sisman J, Jaleel MA, Moreno W, et al. Intrauterine transmission of SARS-COV-2 infection in a preterm infant.
Pediatr Infect Dis J. 2020;39(9):e265-e267.

19. Webb Hooper M, Napoles AM, Pérez-Stable EJ. COVID-19 and racial/ethnic disparities. JAMA. 2020;323(24):
2466-2467. doi:10.1001/jama.2020.8598

20. ChenlL, LiQ, ZhengD, et al. Clinical characteristics of pregnant women with COVID-19 in Wuhan, China. N Engl
JMed. 2020;382(25):€100. doi:10.1056/NEJMc2009226

21. Savasi VM, Parisi F, Patane L, et al. Clinical findings and disease severity in hospitalized pregnant women with
coronavirus disease 2019 (COVID-19). Obstet Gynecol. 2020;136(2):252-258. doi:10.1097/A0G.
0000000000003979

[5 JAMA Network Open. 2020;3(11):e2029256. doi:10.1001/jamanetworkopen.2020.29256 November 19, 2020 10/1

Downloaded From: https://jamanetwor k.com/ on 12/03/2020


https://coronavirus.jhu.edu/map.html
https://coronavirus.jhu.edu/map.html
https://dx.doi.org/10.15585/mmwr.mm6925a1
https://dx.doi.org/10.1097/AOG.0000000000003996
https://dx.doi.org/10.1097/AOG.0000000000003996
https://dx.doi.org/10.1097/AOG.0000000000004025
https://dx.doi.org/10.1016/j.ajog.2020.06.020
https://dx.doi.org/10.1016/j.ajog.2020.06.020
https://doi.org/10.1016/j.ajog.2020.06.022
https://doi.org/10.1016/j.ajog.2020.06.022
https://dx.doi.org/10.1136/bmj.m3320
https://dx.doi.org/10.1172/JCI139569
https://dx.doi.org/10.1002/jmv.26386
https://dx.doi.org/10.7326/0003-4819-147-8-200710160-00010
https://dx.doi.org/10.7326/0003-4819-147-8-200710160-00010
https://www.cdc.gov/coronavirus/2019-ncov/hcp/testing-overview.html
https://www.fda.gov/media/136282/download
https://www.fda.gov/media/136049/download
https://www.fda.gov/media/136156/download
https://www.fda.gov/media/136314/download
https://dx.doi.org/10.1097/AOG.0000000000004012
https://dx.doi.org/10.1097/AOG.0000000000004012
https://www.covid19treatmentguidelines.nih.gov/how-to-cite/
https://www.ncbi.nlm.nih.gov/pubmed/32658097
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2020.8598&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.29256
https://dx.doi.org/10.1056/NEJMc2009226
https://dx.doi.org/10.1097/AOG.0000000000003979
https://dx.doi.org/10.1097/AOG.0000000000003979

JAMA Network Open | Obstetrics and Gynecology Pregnancy Outcomes Among Women With and Without SARS-CoV-2 Infection

22. Panagiotakopoulos L, Myers TR, Gee J, et al; Centers for Disease Control and Prevention. SARS-CoV-2 infection
among hospitalized pregnant women: reasons for admission and pregnancy characteristics—eight U.S. Health Care
Centers, March 1-May 30, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(38):1355-1359. doi:10.15585/mmwr.
mm6938e2

23. Delahoy MJ, Whitaker M, O'Halloran A, et al; COVID-NET Surveillance Team. Characteristics and maternal and
birth outcomes of hospitalized pregnant women with laboratory-confirmed COVID-19: COVID-NET, 13 states,
March 1-August 22, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(38):1347-1354. doi:10.15585/mmwr.
mm6938el

24. Blitz MJ, Griinebaum A, Tekbali A, et al. Intensive care unit admissions for pregnant and nonpregnant women
with coronavirus disease 2019. Am J Obstet Gynecol. 2020;223(2):290-291. doi:10.1016/j.ajog.2020.05.004

25. Ura A. Dallas County officials say community spread of coronavirus has occurred in North Texas. The Texas
Tribune. Published March 12, 2020. Accessed October 27, 2020. https://www.texastribune.org/2020/03/12/covid-
19-community-spread-arrives-dallas-county/

SUPPLEMENT.

eTable 1. Characteristics and Delivery Outcomes Stratified by lliness Severity Among Women With SARS-CoV-2
During Pregnancy

eTable 2. Pathologic Characteristics of Placentas From Deliveries Among Women With SARS-CoV-2 Infection
During Pregnancy

[5 JAMA Network Open. 2020;3(11):e2029256. doi:10.1001/jamanetworkopen.2020.29256 November 19, 2020 nm

Downloaded From: https://jamanetwork.com/ on 12/03/2020


https://dx.doi.org/10.15585/mmwr.mm6938e2
https://dx.doi.org/10.15585/mmwr.mm6938e2
https://dx.doi.org/10.15585/mmwr.mm6938e1
https://dx.doi.org/10.15585/mmwr.mm6938e1
https://dx.doi.org/10.1016/j.ajog.2020.05.004
https://www.texastribune.org/2020/03/12/covid-19-community-spread-arrives-dallas-county/
https://www.texastribune.org/2020/03/12/covid-19-community-spread-arrives-dallas-county/

