
ARTICLE

Perinatal COVID-19 maternal and neonatal outcomes at two
academic birth hospitals
Dustin D. Flannery 1,2,3✉, Alvaro Zevallos Barboza1, Madeline R. Pfeifer1, Mark L. Hudak 4, Kimberly Barnette4, Trace R. Getzlaff4,
Sascha R. Ellington 5, Kate R. Woodworth 5, Miren B. Dhudasia 1,3, Sagori Mukhopadhyay 1,2,3, Danielle D. Weinberg1,
Elizabeth E. Foglia1,2 and Karen M. Puopolo1,2,3

© The Author(s), under exclusive licence to Springer Nature America, Inc. 2022

OBJECTIVE: Describe 1-month outcomes among newborns of persons with perinatal COVID-19.
STUDY DESIGN: Prospective observational study of pregnant persons who tested positive for SARS-CoV-2 between 14 days before
and 3 days after delivery and their newborns, from 3/2020 to 3/2021 at two urban high-risk academic hospitals. Phone interviews
were conducted to determine 1-month newborn outcomes.
RESULTS: Among 9748 pregnant persons, 209 (2.1%) tested positive for perinatal SARS-CoV-2. Symptomatically infected persons
were more likely to have a preterm delivery due to worsening maternal condition and their newborns were more likely to test
positive for SARS-CoV-2 compared with asymptomatic persons. Six of 191 (3.1%) infants tested were positive for SARS-CoV-2; none
had attributable illness before discharge. Of 169 eligible families, 132 (78.1%) participated in post-discharge interviews; none
reported their newborn tested positive for SARS-CoV-2 by 1 month of age.
CONCLUSION: Symptomatic perinatal COVID-19 had a substantial effect on maternal health but no apparent short-term effect on
newborns.
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INTRODUCTION
During the early months of the coronavirus disease 2019 (COVID-19)
pandemic, little information was available to guide management
of perinatal COVID-19. Initial reports from China suggested that
perinatal transmission of novel severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) was uncommon but could occur [1–4].
These reports described a practice of routine cesarean delivery for
infected persons with immediate maternal-infant separation and
isolation [5]. Based upon the limited early data from China, and
knowledge of how other respiratory viruses, particularly influenza,
affect pregnant people and newborns, the American Academy of
Pediatrics (AAP) provided preliminary guidance in April 2020 with
conservative initial recommendations for management of perina-
tal COVID-19 [6]. As the pandemic continues, our understanding
of how the virus affects pregnant people and newborns has
evolved. Accordingly, AAP guidance has been serially revised in
part to reflect evidence that the risk of neonatal acquisition of
SARS-CoV-2 infection in the hospital is low [5].
In utero fetal infection from pregnant mothers with SARS-CoV-2

infection appears rare [7–9]. Maternal/newborn transmission during
and immediately after delivery seems to occur with greater
frequency, and risk may be decreased with infection prevention
practices. Although most infected newborns are asymptomatic or
mildly symptomatic, there are case reports of severe neonatal SARS-

CoV-2 infection, including cardiorespiratory failure and death [9, 10].
There is conflicting evidence regarding the intrapartum and
postpartum factors that influence the infection risk to newborns,
and little data on newborn infection risk after birth hospital
discharge [11]. In this study, we sought to describe the relationship
between perinatal COVID-19 and maternal and newborn health
outcomes, and our local incidence of newborn SARS-CoV-2 infection
during the delivery admission and within 1 month after birth, over a
13-month period at two urban, high-risk birth hospitals.

METHODS
Study setting and population
This was a prospective observational study of pregnant persons who
presented for delivery at any gestational age during March 1, 2020, and
March 31, 2021, at two high-risk, academic birth hospitals in Philadelphia,
Pennsylvania. Combined, these two centers provide care for approximately
9,000 births annually, accounting for ~50% of births in the city of
Philadelphia. Both centers instituted SARS-CoV-2 testing of nasopharyn-
geal swabs by reverse transcription polymerase chain reaction (RT-PCR) for
parturient persons in March 2020 and implemented universal testing on
admission in April 2020. As of June 2020, patients with documented
infection during pregnancy were not retested if >28 days had passed since
first test. As of August 2020, this time frame was changed to >20 days.
Newborns of test-positive mothers were tested by nasopharyngeal swabs
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at 24 and 48 h after birth, with continued daily testing through discharge if
initial testing was positive or for other reasons at the discretion of the
clinician. Local guidelines for infection prevention practices and maternal/
newborn separation changed over time during the study period, in
accordance with AAP recommendations. Maternal/newborn dyad
rooming-in was utilized as of June 2020, unless maternal or newborn
severity of illness precluded this care model or unless the mother preferred
temporary separation. When rooming-in, mothers were encouraged to use
masks and hand hygiene when in contact with their newborn. Throughout
the study period, all clinicians caring for newborns of RT-PCR-positive
mothers utilized appropriate infection prevention and control practices
and personal protective equipment. The Institutional Review Board at the
University of Pennsylvania approved this study. The activity was reviewed
by the US Centers for Disease Control and Prevention (CDC) and was
conducted consistent with applicable federal law and CDC policy (45 C.F.R.
part 46, 21 C.F.R. part 56; 42 U.S.C. Sect. 241(d); 5 U.S.C. Sect. 552a; 44 U.S.C.
Sect. Sect. 3501 et seq.).
Pregnant persons who had a positive SARS-CoV-2 RT-PCR test result

performed within the health system within 14 days before delivery, those
identified as positive by routine obstetric testing on admission for delivery,
and those identified as positive by symptom-indicated testing through
3 days after delivery, and their newborns, were included. Demographic and
clinical data were extracted from the electronic medical record. A subset of
de-identified data collected for this study were also submitted to the AAP
Section on Neonatal Perinatal Medicine’s National Registry for Surveillance
and Epidemiology of Perinatal COVID-19 Infection (NPC-19) [12]. Sympto-
matic maternal infection was defined as upper respiratory infection
symptoms (cough, nasal congestion, sinus congestion, sore throat), lower
respiratory infection symptoms (respiratory distress, cough, wheezing),
fever, gastrointestinal symptoms (vomiting, diarrhea, nausea), myalgia,
fatigue, anosmia, and/or ageusia. Maternal symptom onset during the
perinatal period was defined as symptom onset between 14 days before
and 3 days after delivery, and was determined based on maternal
condition on admission (i.e., symptomatic versus asymptomatic) as well as
interval in days between date of first maternal symptoms consistent with
COVID-19 and date of delivery. Those without symptoms were either
asymptomatic during the perinatal period or never symptomatic.
Vaccination data was not collected as the majority of pregnancies were
completed prior to widespread availability of COVID-19 vaccines.

Post-discharge follow-up
Families were contacted for structured phone interviews after birth
hospital discharge. Exclusions for post-discharge interviews included cases
of intrauterine fetal demise, newborn in-hospital death, neonatal intensive
care unit (NICU) stay >7 days, primary language other than English or
Spanish, or newborn testing positive for SARS-CoV-2 during the birth
hospitalization. The interview questions focused on care of the newborn in
the 1 month after birth hospital discharge. We attempted to contact each
family up to three times on different days; if there was no answer on the
third call, a message was left when possible, requesting a call back to the
study team. Families were asked to provide verbal consent for the
interview after description of the study. A research coordinator fluent in
Spanish interviewed families identified as primary Spanish speaking during
the birth hospitalization.

Statistical analysis
We examined maternal and neonatal demographic and clinical character-
istics, medical interventions, and disposition, comparing pregnant persons
with a positive PCR test result for SARS-CoV-2 with and without symptoms in
the perinatal period. Standard descriptive and comparative statistics were
performed. We first used Folded F’s tests and Wilk–Shapiro tests to assess
equal variance and normality of the continuous variables, respectively. Given
that none of the continuous variables had a normal distribution, we used the
Kruskal–Wallis test to compare medians. We used Chi-Square tests for
categorical variables, and Fisher’s Exact tests for variables with less than 5
occurrences. SAS 9.4 (Cary, North Carolina) was used for statistical analyses
and two-sided P values < 0.05 were considered statistically significant.

RESULTS
Study cohort
During the 13-month study period, there were 9748 pregnant
persons who delivered 9925 infants at the two centers. Of these,

215 pregnant persons (2.2%) had a positive SARS-CoV-2 PCR test
in the perinatal period; 209 (97.2%) had available data and were
included in the analysis (Fig. 1). There were 214 newborn infants
included in the analysis, including 6 sets of twins and 1 set of
quadruplets.

Maternal characteristics and outcomes during birth
hospitalization
Of the 209 pregnant persons who tested positive for SARS-CoV-2,
42 (20.1%) were symptomatic during the perinatal period and 167
(79.9%) were not. Of the 167 persons without symptoms in the
perinatal period, 6 (3.6%) reported symptoms more than 14 days
before delivery. Symptomatic persons were older and had longer
duration between admission and delivery (Table 1). Median
duration between onset of symptoms and delivery in the
symptomatic group was 7 days (IQR 2, 9). Eight patients (3.8%)
required hospitalization for SARS-COV-2 infection-related care in
the 14 days prior to delivery. Symptomatic persons were more
frequently administered COVID-specific medical treatment and
had longer duration of hospitalization (Table 2). Supplemental
oxygen was required for 7 (16.7%) of symptomatic persons and 2
(4.8%) required mechanical ventilation (Table 2). Pregnant persons
with perinatal symptoms of COVID-19 more frequently underwent
induction of labor and/or cesarean delivery due to worsening
maternal condition (as reported by clinician) related to COVID-19
(10 (23.8%) vs. 0 (0.0%); P < 0.001) compared to asymptomatic
persons (Table 1). None of the infected persons were transferred
or died during the study period; all were discharged home.

Newborn characteristics and outcomes during birth
hospitalization
Among the 209 pregnant persons with perinatal COVID-19, there
were four singleton intrauterine fetal demises (at 15, 20, 35, and
39 weeks’ gestational age), and three singleton infants (born at 18,
20, and 27 weeks’ gestational age) who died in the delivery room
or in the first day after birth (Fig. 1). Only one fetal death occurred
among symptomatic mothers (born at 18 weeks’ gestation with
death in the delivery room). None of the cases of fetal or infant
deaths were tested for SARS-CoV-2.
Surviving newborns of mothers who were symptomatic in the

perinatal period had lower gestational ages compared to mothers
who were asymptomatic, but had similar birth weights (Table 1).
No infants in either group received chest compressions and/or
epinephrine in the delivery room, and intubation in the delivery
room was similar between groups (Table 2). Proportions of infants
admitted to the NICU at any time and duration of infant
hospitalization were similar between the symptomatic and
asymptomatic groups, overall, and when stratified by preterm
status (Table 2). Potential signs of COVID-19 (fever, vomiting/
diarrhea, respiratory distress) occurred more frequently among
infants whose mothers were symptomatic compared to those
whose mothers were asymptomatic during the perinatal period (9
(20.5%) vs. 15 (8.8%); p= 0.056). Overall, out of the 214 liveborn
infants who survived, 91/212 (42.9%) were separated from their
mothers at birth, and the rate of separation did not differ between
symptomatic and asymptomatic mothers. Maternal/newborn
separation during delivery hospitalization was significantly higher
during March–August 2020 (73/119; 61.3 %) than September
2020–March 2021 (18/ 93; 19.4%) (P < 0.001) (Table 2).
Perinatal transmission of SARS-CoV-2 infection to newborns

occurred more frequently when mothers were symptomatic in the
perinatal period (Table 1, p= 0.017). Twenty-three infants were
not tested for SARS-CoV-2 due to death, parent refusal, or other
reasons. Of the 191 infants tested for SARS-CoV-2, six (3.1%) had a
positive SARS-CoV-2 PCR test during the newborn hospitalization;
four were born to mothers with perinatal symptoms (4/40; 10.0%)
and two were born to mothers without perinatal symptoms (2/
151; 1.3%) (Table 1). One infant tested positive for SARS-CoV-2 at
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24 and 48 h and the other five infants tested negative for SARS-
CoV-2 at 24 h and positive at 48 h (two of the three infants tested
at 72 h remained positive) (Table 1). Only one of the infants who
tested positive for SARS-Cov-2 had been separated from the
mother at birth; this infant tested negative at 24 h and positive at
48 h. None of the infected infants developed significant illness
that was attributed to the virus during the birth hospitalization as
determined by the clinical care team.

Outcomes after birth hospital discharge
Of the 169 postpartum persons (of 174 infants given multiple
births) eligible for post-discharge phone interview, 132 (78.1%)
families (of 135 infants) were successfully contacted and agreed to
participate in the phone survey (Fig. 1 and Table 3). Two newborns
were readmitted to a hospital and an additional six were
evaluated in an emergency department or an urgent care facility
in the first month after discharge; no readmissions or evaluations
were related to COVID-19. Sixteen of 135 (11.9%) infants were
reported to have been retested for SARS-CoV-2 at the first routine
pediatric visit and another 12/135 (8.9%) were retested at any
other time between discharge and the phone interview. No
infants were reported to have tested positive after discharge.
Thirty-five of 131 (26.7%) families indicated that another house-
hold member tested positive for SARS-CoV-2 (Table 3); of these 23
(65.7%) tested positive before, 3 (8.6%) during, and 8 (22.9%) after
maternal hospitalization (1 case had unknown timing).

DISCUSSION
In this observational study of perinatal COVID-19 conducted at two
high-risk, urban, academic birth hospitals, we found that sympto-
matic perinatal disease substantially affected maternal health (e.g.,
oxygen requirement, medically indicated preterm delivery). How-
ever, newborn outcomes did not differ bymaternal symptom status.
In the setting of infection prevention efforts after birth, only 3% of
newborns acquired SARS-CoV-2 infection before hospital discharge,
primarily (but not exclusively) among those born to mothers with
symptomatic infection. Newborn infection within the first month
after discharge was not reported.
Several findings in this study are aligned with other national

and international reports addressing pregnant persons with
SARS-CoV-2 infection near the time of labor and delivery. We
found that pregnant persons with symptomatic SARS-CoV-2
infection near the time of delivery are more likely to require
hospitalization for COVID-19 care and to undergo induction and/
or cesarean delivery due to worsening infectious condition
compared to those who tested positive but did not have
symptoms in the perinatal period. Multiple reports now find that
pregnant people are at higher risk for severe COVID-19 including
death and adverse pregnancy and neonatal outcomes, but the
effect of the timing and severity of infection on maternal
outcome is less clear [13–15]. A systematic review and meta-
analysis including ten studies assessed differences in outcomes
among symptomatic versus asymptomatic COVID-19-infected

Fig. 1 Study flow diagram of pregnant persons with SARS-CoV-2 infection and their infants from two academic birth hospitals. Perinatal
transmission was defined as infection 14 days before delivery to 3 days after delivery. SARS-CoV-2 severe acute respiratory syndrome
coronavirus-2, NICU neonatal intensive care unit.
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Table 1. Maternal and neonatal demographic and clinical characteristics among people testing positive for SARS-CoV-2 in the perinatal period and
their newborns.

Characteristics Overall cohort Mother symptomatic in
perinatal perioda

Mother not symptomatic in
perinatal perioda

P

Maternal N= 209 N= 42 N= 167

Maternal age, years (median, IQR) 28 (24, 32) 30.5 (28, 33) 27 (24, 31) 0.003

Maternal race/ethnicity (N, %) 0.79i

Hispanic 48 (23.0%) 9 (21.4%) 39 (23.4%)

Non-Hispanic

Black or African American 119 (56.9%) 16 (38.1%) 103 (61.7%) 0.001j

White 24 (11.5%) 10 (23.8%) 14 (8.4%)

Asian 13 (6.2%) 6 (14.3%) 7 (4.2%)

Other 5 (2.4%) 1 (2.4%) 4 (2.4%)

Duration between admission and delivery, days
(median, IQR)

0 (0, 1) 1 (0, 1) 0 (0, 1) 0.002

Duration between first positive test and delivery,
daysc (median, IQR)

1 (0, 1) 2 (1, 7) 0 (0, 1) <0.001

Duration between symptom onset and delivery, daysd

(median, IQR)
7 (3, 14) 7 (2, 9) 56 (21, 117) <0.001

Tested due to universal labor and delivery policy
(N, %)

151 (72.2%) 14 (33.3%) 137 (82.0%) <0.001

Required hospitalization for SARS-CoV-2 within
14 days prior to delivery (N, %)

8 (3.8%) 8 (19.0%) 0 (0%) <0.001

No labor prior to delivery (N, %) 35 (16.7%) 11 (26.2%) 24 (14.4%) 0.067

Vaginal delivery (N, %) 150 (71.8%) 25 (59.5%) 125 (74.9%) 0.049

Duration of rupture of membranes, hours (median,
IQR)e

2.5 (0, 7.3) 1.14 (0, 5.9) 2.72 (0.25, 7.7) 0.11

Induction and/or cesarean delivery due to worsening
maternal condition related to COVID-19 (N, %)

10 (4.8%) 10 (23.8%) 0 (0%) <0.001

Neonatal (liveborn)f N= 214 N= 44 N= 170

Gestational age, completed wks (median, IQR) 39 (37, 39) 38 (36, 39) 39 (37, 39) 0.027

Birth weight, g (med, IQR) 3125 (2700, 3460) 3085 (2405, 3355) 3160 (2750, 3480) 0.203

Female sex (N, %) 93 (43.5%) 19 (43.2%) 74 (43.5%) 0.967

5min Apgar (median, IQR)g 9 (9, 9) 9 (9, 9) 9 (9, 9) 0.582

Multiple gestation (N, %) 16 (7.5%) 4 (9.1%) 12 (7.1%) 0.747

Neonatal sign(s) of COVID-19 during hospitalization
(N, %)b

24 (11.2%) 9 (20.5%) 15 (8.8%) 0.056

Fever (>37.8C) 1 (0.5%) 0 (0%) 1 (0.6%)

Vomiting/diarrhea 2 (0.9%) 1 (2.3%) 1 (0.6%)

Respiratory distress 22 (10.3%) 8 (18.2%) 14 (8.2%)

Breast milk feeding (N, %)b 162 (75.7%) 34 (77.3%) 128 (75.3%) 0.785

Direct nursing 117 (54.7%) 19 (43.2%) 98 (57.6%)

Expressed, fed by mother 23 (10.7%) 2 (4.5%) 21 (12.4%)

Expressed, fed by other 41 (19.2%) 12 (27.3%) 29 (17.1%)

Donor milk 17 (7.9%) 7 (15.9%) 10 (5.9%)

SARS-CoV-2 positive (any time in hospital)b, h (N, %) 6 (3.1%) 4 (10.0%) 2 (1.3%) 0.017

24 h testing 1 (0.5%) 1 (2.6%) 0 (0%)

48 h testing 6 (4.1%) 4 (11.1%) 2 (1.8%)

72 h testing 2 (66.7%) 1 (100%) 1 (50%)

IQR interquartile range, SARS-CoV-2 severe acute respiratory syndrome coronavirus-2, COVID-19 coronavirus disease 2019.
aPerinatal period refers to 14 days prior to delivery to 3 days after delivery.
bThese categories are not mutually exclusive (i.e., “select all that apply”).
cPositive number if first positive test was collected before birth; negative number if first positive test was collected after birth.
dPositive number if symptoms occurred before delivery; negative number if symptoms did not appear until after delivery; zero if symptoms first developed on
the day of delivery. Value for asymptomatic group represents persons who were asymptomatic in perinatal period and reported symptoms prior (N= 6). Value
from symptomatic group represents persons who were symptomatic and reported symptoms (N= 30).
eThere were 16 mothers whose duration of rupture of membranes data was missing. Ten of these mothers were asymptomatic (N= 157) and six were
symptomatic (N= 36).
fExcluding four singleton intrauterine fetal demises (at 15, 20, 35, and 39 weeks’ gestational age) all of whom were born to mothers without perinatal
symptoms.
gThe infant of one asymptomatic mother (N= 169) did not have data available on 5min Apgar.
hDenominator for infant testing= infants tested at that time point by nasopharyngeal PCR. Overall: 40 symptomatic, 151 asymptomatic; 24 h: 39 symptomatic
group, 146 asymptomatic group; 48 h: 36 symptomatic group, 111 asymptomatic group; 72 h: 1 symptomatic group, 2 asymptomatic group.
iComparing Hispanic to non-Hispanic.
jComparing non-Hispanic races (White, Black, Asian, Other).
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pregnant people [16]. The pooled results suggested that
symptomatic pregnant people were more likely to have a
cesarean-section delivery, preterm delivery, and to require
intensive care and mechanical ventilation [16]. The prospective,
multinational INTERCOVID study also evaluated differences in
outcomes between infected pregnant persons with and without
symptoms and found that asymptomatic persons with a positive
SARS-CoV-2 test result had outcomes more similar to persons

who were presumed not to be infected with SARS-CoV-2, but
this study did not account for timing of maternal infection
during pregnancy [15]. Our study focuses on strictly defined
perinatal infection and suggests that adverse maternal out-
comes occur more commonly among infected pregnant persons
in the setting of perinatal symptomatology. These findings
support current recommendations for COVID-19 vaccination
during pregnancy to prevent severe symptomatic disease [17].

Table 2. Maternal and neonatal medical interventions and disposition among people testing positive for SARS-CoV-2 in the perinatal period and
their newborns.

Treatments/outcomes Overall cohort Mother symptomatic in
perinatal perioda

Mother not symptomatic in
perinatal perioda

P

Maternal N= 209 N= 42 N = 167

Cardiorespiratory support (N, %)b 7 (3.3%) 7 (16.7%) 0 (0%) <0.001

Supplemental oxygen 7 (3.3%) 7 (16.7%) 0 (0%)

CPAP/BiPAP 0 (0%) 0 (0%) 0 (0%)

Mechanical ventilation 2 (1.0%) 2 (4.8%) 0 (0%)

ECMO requirement 0 (0%) 0 (0%) 0 (0%)

Treatment for COVID-19 (N, %)b 11 (5.2%) 9 (21.4%) 2 (1.2%) <0.001

Hydroxychloroquine 5 (2.3%) 4 (9.5%) 1 (0.6%)

Remdesivir 6 (2.8%) 5 (11.9%) 1 (0.6%)

Other 3 (1.4%) 3 (7.1%) 0 (0%)

Discharged homec (N, %) 209 (100%) 42 (100%) 167 (100%)

Duration of hospitalization, days (med, IQR) 4 (3, 4) 4 (4, 5) 3 (3, 4) <0.001

Neonatal (liveborn)d N= 214 N= 44 N= 170

Maternal separation at birth (N, %)e 91 (42.9%) 23 (53.5%) 68 (40.2%) 0.117

Intubation at delivery (N, %) 4 (1.9%) 2 (4.5%) 2 (1.3%) 0.188

Chest compressions and/or epinephrine at
delivery (N, %)

0 (0%) 0 (0%) 0 (0%)

NICU admission at any time (N, %)f

<37 weeks GA 25 (11.8%) 7 (16.3%) 18 (10.6%) 0.146

>37 weeks GA 20 (9.4%) 7 (16.3%) 14 (8.3%) 0.050

Infant/fetal disposition 0.605

Home 210 (98.1%) 43 (97.7%) 167 (98.2%)

Transfer 1 (0.5%) 0 (0%) 1 (0.6%)

Expiredg 3 (1.4%) 1 (2.3%) 2 (1.2%)

Duration of hospitalization, days (med, IQR)

<37 weeks GA 10 (4, 36) 7.5 (4, 36) 11 (4, 38) 0.913

>37 weeks GA 3 (3, 3) 3 (3, 4) 3 (3, 3) 0.007

Respiratory support during hospitalization
(N, %)b

32 (15.0%) 9 (20.5%) 23 (13.5%) 0.251

Supplemental oxygen 4 (1.9%) 1 (2.3%) 3 (1.8%)

CPAP/BiPAP 22 (10.3%) 5 (11.4%) 17 (10.0%)

Mechanical ventilation 6 (2.8%) 3 (6.8%) 3 (1.8%)

ECMO requirement 0 (0%) 0 (0%) 0 (0%)

BW birth weight, GA gestational age, CPAP continuous positive airway pressure, BiPAP Bilevel positive airway pressure, ECMO extracorporeal membrane
oxygenation, SARS-CoV-2 severe acute respiratory syndrome coronavirus-2.
aPerinatal period refers to 14 days prior to delivery to 3 days after delivery.
bThese categories are not mutually exclusive (i.e., “select all that apply”).
cAll pregnant persons in both groups were discharged to home; none were transferred or died.
dExcluding four singleton intrauterine fetal demises (at 15, 20, 35, and 39 weeks’ gestational age) all of whom were born to mothers without perinatal
symptoms.
eThere were two infants who did not have maternal separation status data available. One was born a symptomatic mother (N= 43), and one to an
asymptomatic mother (N= 169).
fThere were two infants without information about NICU admission. One from a symptomatic mom (N= 43), and one from an asymptomatic mom (N= 169).
gThree singleton infants (born at 18, 20, and 27 weeks’ gestational age) died in the delivery room or in the first day after birth. Only one newborn death
occurred among symptomatic mothers (born at 18 weeks’ gestation with death in the delivery room).
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We observed that perinatal transmission of SARS-CoV-2
occurred at a relatively low rate (3%) although infection did
occur more frequently among newborns of pregnant persons
with symptoms in the perinatal period. None of the infected
infants developed significant illness during the birth hospitaliza-
tion that was attributed to the virus, and adverse outcomes
reported (e.g., NICU admission and need for respiratory support)
occurred at frequencies that would be expected based on
gestational age [18]. Additionally, there was no difference
among neonates born to people with symptomatic perinatal
infection compared with those with no symptoms. The INTER-
COVID study found that 12.1% of infants born to test-positive
mothers tested positive 24–48 h after birth; notably, this study
included 18 countries with variable models of perinatal
healthcare [15]. In contrast, a strength of our study is that
newborn care was consistently directed by written guidelines,
postnatal testing was done consistently per policy, and we
utilized a limited number of validated test platforms in our
hospital laboratories. In a systematic review of perinatal
transmission of SARS-CoV-2 that included 49 studies of 655
pregnant persons and 666 infants, only 4% of infants tested

positive after birth [19]. A statewide analysis of centers in
Massachusetts found a 2.2% transmission rate, and a study from
a large medical center in New York City found a 2.0%
transmission rate, both of which are consistent with our results
[20, 21]. The reasons for the low rate of maternal/newborn
postnatal transmission have been debated. While we were not
able to assess for possible in utero transmission, 5/6 of the test-
positive newborns tested negative at 24 h and positive at 48 h,
and importantly we observed that perinatal transmission did
occur more frequently among newborns of perinatally-
symptomatic pregnant persons. We speculate that perinatal
transmission was likely due to postnatal acquisition (i.e.,
exposure to maternal secretions in the postpartum setting)
from contagious mothers. The relatively low rates of newborn
infection observed in studies to date may simply be due to the
fact that universal PCR testing on obstetric hospital admission
identifies many asymptomatic and not acutely contagious
pregnant persons. Neonatal infection did occur, supporting
international and national guidelines which advocate for
infection prevention measures in those postpartum settings,
when feasible. Consistent with other studies, we did not find a
direct effect of maternal or neonatal SARS-CoV-2 infection on
short-term newborn health during the birth hospitalization
period [22, 23]. Although much has been learned in the past 2
years regarding how long persons are contagious when infected
with SARS-CoV-2, less is known about the short- and long- term
effects (if any) of infection in the immediate neonatal period.
Given current evidence, including the findings of our study, we
suggest that routine separation of asymptomatic parturient
patients who test positive for SARS-CoV-2 on admission for
delivery and their newborns is not warranted. Rather, shared
decision-making should include an assessment of the likelihood
that the patient is acutely infected and contagious to the
newborn. Such decision-making can include education on the
potential duration of contagion, the value of effective infection
prevention efforts, and the apparent lack of short-term effects
on the healthy term newborn.
The results of our post-discharge telephone interviews are

similarly reassuring. No family reported their newborns to have
tested positive for the virus by 1-month after discharge, despite a
quarter of families reporting another household contact had also
tested positive for SARS-CoV-2. This may be due to the protective
role of maternal post-infection antibodies transferred transplacen-
tally or in breast milk and/or the lower likelihood of severe disease
in neonates that results in less frequent testing [24, 25]. The
Massachusetts study also assessed outcomes for 59% of their
cohort at 1 month, relying on electronic medical record review,
and found only one case where an infant tested positive for the
virus [20]. A study from New York City early in the pandemic found
that no infants born to infected mothers had tested positive for
SARS-COV-2 between day 3 and 25 after birth [21]. While use of
infection prevention measures to protect newborns from the risk
of infection should be in place in the immediate perinatal period,
our findings, together with existing literature, provide further
evidence that the benefits of maternal contact likely outweigh
risks of postnatal infection.
The strengths of our study include a large cohort from two

urban academic centers including births over a 13-month
period. Telephone follow-up was performed in both English
and Spanish; the structured interview format may reduce bias
introduced from electronic medical record-based follow-up,
given that infants may not receive follow-up care in the same
health system where they are born. Our study does have
limitations: We included only centers in one health system with
strongly aligned care policies and, therefore, our results may not
be generalizable to other settings. While this study included
systematic testing of infants at 48 h of life, testing beyond the
birth hospitalization was nonsystematic and based on clinical

Table 3. One-month post-discharge phone interview (N= 135
infants).

Question Response

Duration between delivery and call, days (med,
IQR)a

273 (207, 380)

Infant readmitted to hospital in first month after
discharge (N, %)

2 (1.5%)

Readmission related to coronavirus (N, %) 0 (0%)

Infant evaluated at emergency room or urgent
care in first month after discharge (N, %)

6 (4.4%)

Evaluation related to SARS-CoV-2 (N, %) 0 (0%)

Tested for SARS-CoV-2 at first pediatrician visit
(N, %)

16 (11.9%)

Positive for SARS-CoV-2 (N, %) 0 (0%)

Tested for SARS-CoV-2 at any other time since
discharge (N, %)

12 (8.9%)

Positive for SARS-CoV-2 (N, %) 0 (0%)

Infant diet at discharge (N, %)b

Nursing/breastfeeding 48 (35.8%)

Expressed breastmilk 4 (3.0%)

Formula 31 (23.1%)

Combination 51 (38.1 %)

Infant diet at 1 month after discharge (N, %)c

Nursing/breastfeeding 29 (22.0%)

Expressed breastmilk 3 (2.3%)

Formula 69 (52.3%)

Combination 31 (23.5%)

Another household member ever tested positive
for SARS-CoV-2 since discharge (N, %)a, d

35 (26.7%)

Phone follow-up was conducted for eligible cases (132 caregivers of 135
infants), excluding cases where there was intrauterine fetal demise, newborn
in-hospital death, neonatal intensive care unit (NICU) stay >7 days, primary
language other than English or Spanish, or if the newborn tested positive for
SARS-CoV-2 during the newborn admission.
aDenominator at the caregiver level (N= 132).
bOne infant was missing information about diet at discharge (N= 134).
cThree infants were missing information about diet at 1 month after
discharge (N= 132).
dInformation about other household members testing positive for SARS-
CoV-2 was missing for one caregiver (N= 131).
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care. While we assessed SARS-CoV-2 infant infection in the first
month after discharge, we could not assess longer-term or
indirect effects of exposure to the virus in utero, nor could we
measure the dynamics of maternally derived antibodies for
infant protection. As data informing duration of infectiousness
evolved during the first months of the pandemic, our local
policies on maternal testing evolved and were not entirely
consistent during the study period. The majority of pregnancies
in this study were completed prior to the widespread availability
of COVID-19 vaccines and we were not able to assess the impact
of maternal vaccination. The results of our phone follow-up were
subject to recall bias as follow-up calls occurred up to one year
past birth in some cases. Finally, we cannot generalize our
findings to infections due to COVID-19 variants identified after
the study period.

CONCLUSIONS
In this observational study, while symptomatic perinatal COVID-
19 infection affected maternal health and delivery, there was no
clear effect on neonatal health after birth. Perinatal SARS-CoV-2
transmission to neonates was more likely when the mother was
symptomatic in the perinatal period, and infants who tested
positive for SARS-CoV-2 did not develop attributable clinical
illness. Infant infection within the first month after discharge was
not documented. Our findings support current recommenda-
tions for maternal vaccination during pregnancy to prevent
maternal morbidity. For pregnant persons who test positive for
SARS-CoV-2 around the time of delivery, the benefits of maternal
contact likely outweigh the risks of neonatal infection, although
longer-term and indirect consequences of infection during
pregnancy have yet to be determined.

DISCLAIMER
The findings and conclusions in this article are those of the
authors and do not necessarily represent the official position of
the US Centers for Disease Control and Prevention (CDC).

DATA AVAILABILITY
The data reported in this study are available to readers upon reasonable request.
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