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Abstract

OBJECTIVES: The American Academy of Pediatrics National Registry for the Surveillance and
Epidemiology of Perinatal coronavirus disease 2019 (COVID-19) (NPC-19) was developed to
provide information on the effects of perinatal severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection.

METHODS: National Registry for the Surveillance and Epidemiology of Perinatal COVID-19
participating centers entered maternal and newborn data for pregnant persons who tested positive
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for SARS-CoV-2 infection between 14 days before and 10 days after delivery. Incidence of and
morbidities associated with maternal and newborn SARS-CoV-2 infection were assessed.

RESULTS: From April 6, 2020 to March 19, 2021, 242 centers in the United States centers
reported data for 7524 pregnant persons; at the time of delivery, 78.1% of these persons were
asymptomatic, 18.2% were symptomatic but not hospitalized specifically for COVID-19, 3.4%
were hospitalized for COVID-19 treatment, and 18 (0.2%) died in the hospital of COVID-related
complications. Among 7648 newborns, 6486 (84.8%) were tested for SARS-CoV-2, and 144
(2.2%) were positive; the highest rate of newborn infection was observed when mothers first
tested positive in the immediate postpartum period (17 of 125, 13.6%). No newborn deaths

were attributable to SARS-CoV-2 infection. Overall, 15.6% of newborns were preterm: among
tested newborns, 30.1% of polymerase chain reaction-positive and 16.2% of polymerase chain
reaction-negative were born preterm (P < .001). Need for mechanical ventilation did not differ by
newborn SARS-CoV-2 test result, but those with positive tests were more likely to be admitted to a
NICU.

CONCLUSIONS: Early in the pandemic, SARS-CoV-2 infection was acquired by newborns at
variable rates and without apparent short-term effects. During a period that preceded widespread
availability of vaccines, we observed higher than expected numbers of preterm births and maternal
in-hospital deaths.

At the onset of the coronavirus disease 2019 (COVID-19) pandemic, clinicians had limited
data on which to base perinatal care decisions when pregnant persons developed severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection. Prior experience with
perinatal respiratory viral disease provided reason for concern. Influenza infections among
pregnant persons are associated with higher rates of maternal death and preterm birth,

and newborns acutely infected with influenza, respiratory syncytial virus, and varicella can
develop severe illness if infected in the immediate postnatal period.1~® Initial reports of
infected pregnant persons in China described immediate maternal and newborn separation
at birth to prevent postnatal newborn infection.”=® Interim guidance from organizations such
as the American Academy of Pediatrics (AAP), the American College of Obstetricians and
Gynecologists, the United States Centers for Disease Control and Prevention (CDC), and the
World Health Organization variably recommended a panel of infection prevention measures
to protect newborns from acquiring SARS-CoV-2 from infected mothers while preserving
dyad contact and breast milk feeding.1°

Perinatal disease surveillance in the United States is frequently challenged by healthcare
structures that provide obstetric and pediatric care in separate health systems. To address
these challenges and to characterize the risks of perinatal COVID-19, the AAP Section

on Neonatal-Perinatal Medicine launched the National Registry for the Surveillance and
Epidemiology of Perinatal COVID-19 (NPC-19) in March 2020. The goals of the registry
were to quantify and characterize SARS-CoV-2 infections by selected maternal and newborn
characteristics and care practices and to describe the short-term health outcomes of pregnant
persons and their newborns affected by perinatal COVID-19. This report summarizes
NPC-19 information on 7524 pregnant persons and their newborns reported between April
6, 2020 and March 19, 2021.
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METHODS

NPC-19 Database and Regulatory Processes

The NPC-19 database was developed by select authors (M.L.H., D.D.F,, S.M., K.M.P.) and
finalized with input from members of the Section on Neonatal-Perinatal Medicine Executive
Committee and representatives of the \Viermont-Oxford Network and the Mednax medical
group. The University of Florida (UFL) Institutional Review Board approved NPC-19 as

a data repository of deidentified data with a waiver of consent as a minimal risk study.

Two hundred forty-two medical centers voluntarily participated with center-specific IRB
approval. Centers and investigators contributing data to this report are listed in Supplemental
Table 4; geographic distribution is shown in Supplemental Fig 3. Data were abstracted by
center data specialists and entered into Research Electronic Data Capture (REDCap), a web-
based, password-protected database hosted at UFL.11:12 Case-subject linkage to medical
record numbers was held at the submitting center; the UFL coordinating team queried
centers regarding missing data. This activity was reviewed by CDC and was conducted
consistent with applicable federal law and CDC policy.

Study Population

The manuscript uses “pregnant persons” to be inclusive of all pregnant persons, regardless
of gender. The words “maternal” and “mother” are also used to refer to the person

who gave birth to infants included in the study. However, the authors are aware that
pregnancy is not equated with the decision to parent nor do all parents who give birth
identify as mothers. The manuscript accounts for maternal race and ethnicity because of
prepandemic evidence that these social constructs are associated with preterm birth and
maternal mortality. NPC-19 collected information about pregnant persons with positive
nasopharyngeal polymerase chain reaction (PCR) testing for SARS-CoV-2 during pregnhancy
or the immediate postpartum period and their newborns. This report is limited to data
reported from April 6, 2020 to March 19, 2021 and included pregnant persons who first
tested positive from 14 days before delivery through 10 days after delivery. With the goal

to assess newborn SARS-CoV-2 infections and hospital outcomes, we excluded pregnancies
resulting in stillbirth or neonatal death in the delivery room (Fig 1). NPC-19 data elements
collected via medical record abstraction are provided in Supplemental Table 5. Gestational
age was determined by the abstractor based on review of the medical record; preterm
delivery was defined as birth at <37 0/7 weeks’ gestation. Maternal or newborn separation
was defined as any care structure where mother and newborn did not share the birth hospital
room. For infants cared for in the NICU, and for those born in centers that did not practice
mother or newborn rooming-in, separation was defined by practices that deviated from
routine prepandemic mother or newborn interaction. Determination of whether the maternal
or newborn death was related to SARS-CoV-2 infection was based on the judgment of local
providers.

Statistical Analysis

Descriptive statistics including medians and interquartile ranges (interquartile range [IQR],
25th and 75th percentiles) or frequencies and percentages were generated, and bivariate
analyses were performed to examine associations by comparing groups, using Wilcoxon
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rank sum tests for continuous outcome variables, and Pearson’s 2 tests or Fisher’s exact
tests for categorical outcome variables. Pvalue less than .05 was considered statistically
significant. All analyses were performed using SAS v9.4 (SAS Institute Inc, Cary, North
Carolina).

Study Population

During the study period, 242 of 296 registered sites entered data pertaining to 8306
maternal/newborn dyads (Fig 1). A total of 587 pregnant persons (598 newborns) were
excluded for having positive test results >14 days before or >10 days after delivery. We
excluded 49 stillbirths (47 mothers) and 11 newborns (11 mothers) who died in the delivery
room; the final study cohort consisted of 7524 pregnant persons and 7648 newborns. Data
were reported from 41 states and the District of Columbia (Supplemental Fig 3); in 2019,
these medical centers accounted for 18.1% of all US births (data not shown).

Maternal Characteristics and Outcomes

Persons of Hispanic ethnicity comprised 44.4% of the cohort (Table 1). One-third (35.3%)
of newborns were born by caesarean delivery. The majority (5584 of 7524, 74.2%) of
pregnant persons were tested for SARS-CoV-2 infection because of obstetric hospital
admission policy; 1947 (25.9%) were tested because of clinical symptoms and 588 (7.8%)
were tested because of travel or exposure to another infected person. Most (78.1%)
reported no symptoms of COVID-19 at the time of admission for delivery. Among the
254 pregnant persons hospitalized before delivery for COVID-19 treatment, the highest
level of respiratory support administered was supplemental oxygen in 112 (44.1%),
continuous positive airway pressure in 6 (2.4%); mechanical ventilation in 70 (27.6%),
and extracorporeal membrane oxygenation (ECMO) in 10 (3.9%) cases. One pregnant
person undergoing ECMO received a lung transplant after delivery and another required
tracheostomy. Death before hospital discharge occurred in 18 (0.2%) mothers; maternal
outcome was unknown for 6 persons who were transferred from the birth hospital to

an outside facility. Among those who died, 8 mothers were non-Hispanic Black, 7 were
Hispanic, 1 non-Hispanic white, and 2 were other race and ethnicity. Mothers who died
trended older than those who survived (median 30.5 years (IQR 27-37) versus 28 years
(IQR 24-33), P=.08) and a higher proportion were non-Hispanic Black (8 of 18, 44.4%)
compared with those who survived (1449 of 7506, 19.3%) (P =.013). Of those who died,
9 of 18 had been hospitalized because of COVID-19 during the 14 days before delivery,
and 8 of 18 presented with symptoms at the time of admission for delivery. The clinical
presentation for 1 person who died was not reported.

Newborn Characteristics and Outcomes

SARS-CoV-2 testing data were available for 6486 of 7648 (84.8%) newborns. Most (6337 of
6486, 97.7%) newborns were tested by the third day after birth and 3035 of 6486 (46.8%)
were tested more than once. Preterm newborns were more frequently tested compared with
those born at term (1069 of 1190, 89.8% vs 5417 of 6458, 83.9%, £ < .001). Differences
were observed between tested and untested newborns (Supplemental Tables 6 and 7): those
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untested were more frequently born to asymptomatic and non-Hispanic white mothers and
were less likely to be separated from their mother after birth.

Overall, 15.6% of newborns were born preterm (Table 2). Among PCR-positive newborns,
30.1% were born preterm compared with 16.2% among PCR-negative newborns (P < .001).
Maternal race and ethnicity and COVID-19 status were associated with preterm birth (Table
3). Among the 1104 pregnant persons who delivered preterm, a greater proportion were
symptomatic, received COVID-specific therapies, and/or were hospitalized for COVID-19
<14 days before delivery, compared with pregnant persons delivering at term (Table 3).

Overall, 31.7% of dyads were separated at birth (Table 2); the frequency of separation

was 54.2% for dyads during April to June 2020 and 22.0% during January to March 2021
(data not shown). Only 9.5% of newborns were cared for without any infection control
precautions. Among 7537 newborns with available breastfeeding data, 70.6% were fed
maternal or donor human milk, ranging from 59.1% of newborns during April to June 2020
to 77.1% during January to March 2021 (data not shown). Dyad separation at birth, newborn
isolation precautions, and human milk feeding did not differ by newborn SARS-CoV-2

test result. Stratified by term or preterm birth, the rates of low 5-minute Apgar score and
need for resuscitation at birth were similar among newborns testing positive or negative

for SARS-CoV-2, but rates of NICU admission were significantly higher among those who
tested PCR-positive (Table 2). Overall, 29 of 7648 (0.4%) newborns died, but no deaths
were attributed to SARS-CoV-2 infection; 78 of 7648 (1.0%) were transferred from the birth
hospital for higher level of care.

Maternal COVID-19 Clinical Status on Admission for Delivery and Newborn SARS-CoV-2

Infection

There were no differences in infant SARS CoV-2 infection by maternal race and ethnicity
(Table 1). The proportion of deliveries with at least 1 newborn testing positive was higher
for pregnant persons who were symptomatic versus asymptomatic at the time of delivery
(Fig 2 and Supplemental Table 8; 41 of 1174, 3.5% vs 91 of 4948, 1.8%, £=.001). The
proportion of deliveries with a newborn testing positive for SARS-CoV-2 was highest (17 of
125, 13.6%) in cases where pregnant persons were asymptomatic on admission for delivery
but tested positive in the postpartum period (Fig 2 and Supplemental Table 8). Among these
cases, maternal and newborn separation occurred in 47 of 125. The rate at which at least 1
newborn tested positive was higher among unseparated dyads (15 of 78, 19.2%) compared
with those separated (2 of 47, 4.3%) (P=.029).

DISCUSSION

The NPC-19 registry data reported here are the result of an extraordinary and unprecedented
effort supported by AAP, in collaboration with the CDC, to harvest volunteer assistance
from “clinicians on the ground” to submit data on early pandemic perinatal care and
outcomes. We report in-hospital outcomes for pregnant persons and their newborns across
the United States diagnosed with SARS-CoV-2 infection near the time of childbirth

from April 2020 to March 2021. This period was marked by uncertainty regarding

the effects of SARS-CoV-2 infection on pregnant persons and newborns and preceded
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widespread availability of COVID vaccines. By focusing on this period, we aimed to
assess the outcomes of perinatal infection without consideration of the potential effects

of immunization. Our analysis has 3 key findings. First, newborns were at variable risk

of acquiring SARS-CoV-2 from infected mothers during birth hospitalization; second,
preterm birth was associated with symptomatic maternal infection around the time of birth;
and third, maternal in-hospital death occurred more frequently than expected based on
national prepandemic statistics.1! Diagnostic testing, clinical approaches and therapeutics
for COVID-19 care, infection control measures, vaccine availability, and circulating virus
variants have all rapidly evolved since the study period, but each of these findings remains
relevant to perinatal counsel and care.

Among the 6486 newborns tested for SARS-CoV-2 infection in our cohort, we found

that 2.2% tested positive after birth, with preterm (4.0%) newborns more likely to test
positive compared with term newborns (1.9%). These results align with a report of 3816
newborns of persons infected with SARS-CoV-2 during January to December 2020.13 The
proportion of newborns testing positive in this study ranged from 2.5% when mothers were
diagnosed 7 to 14 days before delivery, to 4.6% when mothers were diagnosed 0 to 2

days before delivery, with higher rates of infection among preterm (5.7%) compared with
term (3.4%) newborns. International single and multicenter studies report newborn SARS-
CoV-2 positive test rates of 0% to 12.9% in cohorts ranging from 67 to 416 newborns with
variable definitions of pregnancy-associated infection.1>-1° Overall, we found no difference
in newborns testing positive by maternal and newborn separation status. This finding should
be interpreted with caution. Universal testing for persons presenting for hospital care was
adopted in the United States early in the pandemic, and three-quarters of pregnant persons in
the NPC-19 registry were identified by such protocols. With the recognition that PCR tests
can detect viral nucleic acid days to weeks after an infected person is no longer shedding
intact virus,2 it is likely that many asymptomatic pregnant persons who tested positive at
obstetric admission were not contagious. Further, among persons potentially infected earlier
in pregnancy, the development and transplacental transfer of spike protein-specific antibody
may lower the risk to the newborn if exposed to intact virus.2! We observed higher rates
(=3.0%) of newborn infections among cases where mothers were symptomatic, and the
highest rate of transmission was observed among infants of mothers first PCR positive in
the days after delivery (13.6%). These findings suggest that when mothers are contagious
around the time of birth, the risk of newborn infection is substantial.

We did not find significant differences in newborn in-hospital morbidity between newborns
with PCR positive and negative testing, although NICU admission occurred more frequently
among PCR-positive infants. We did observe that 15.6% of newborns were born at <37
weeks’ gestation. The overall US preterm birth rate from 2017 to 2019 was 10.1%, with
variation by race and ethnicity (Hispanic 9.8%, non-Hispanic Black 14.2%, non-Hispanic
white 9.1%).22-24 Accounting for race and ethnicity distribution, we would estimate an
expected preterm birth rate of 10.3% in our cohort. Preterm birth was associated with
maternal illness severity, with a higher proportion of symptomatic persons and persons
hospitalized for COVID-19 delivering preterm. Factors known to increase the risk of preterm
birth - including maternal age, body-mass index, and comorbidities including hypertension
and diabetes mellitus — can also affect the severity of SARS-CoV-2 infection.?® Therefore,
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we could not determine if SARS-CoV-2 infection itself increased the risk of preterm

birth among all pregnant persons, or if the infection results in more severe illness among
those at higher baseline risk of preterm birth. Although initial studies of the overall birth
population have reported lower or unchanged rates of preterm birth comparing prepandemic
and pandemic periods,28:27 other studies focused on pregnant persons with SARS-CoV-2
report increased risks of both spontaneous and medically indicated preterm birth.28-32

We stratified by gestational age when assessing newborn hospital outcomes. Among term
newborns, rates of low Apgar scores and delivery room resuscitation fell within expected
values and did not differ by SARS-CoV-2 test result.3334 Cohort rates of mechanical
ventilation (1% overall and 3% among PCR-positive term newborns) were higher than
national data for mechanical ventilation among term newborns (0.5% to 0.6%).34:3% Rates
of NICU admission (14% overall and 23% for those PCR-positive) were higher compared
with national rates of NICU admission (~5%) among term newborns.3* We did not collect
admission indication for each newborn, but some centers may have used NICU isolation
rooms to manage newborns who otherwise would not require NICU care. Among preterm
newborns, the cohort rates of low Apgar score and delivery room resuscitation were within
expected ranges.3* The national rate of NICU admission among preterm newborns in 2019
was 50%32 and all cohort measures (overall preterm, tested preterm, and PCR-positive
preterm) were higher. Overall, rates of mechanical ventilation (15.5%) and the rate among
PCR-positive preterm newborns (25.6%) were higher than reported in national data for
preterm infants (10.8%).34 Among infants born <37 weeks’ gestation, our cohort had the
expected proportion of births at 34 to 36 weeks’ gestation (~70%) but a smaller proportion
of births at <28 weeks’ gestation (3.5% of the preterm cohort, compared with 6% to 7% in
national data),34 so the findings among preterm infants cannot be attributed to gestational
age distribution. Further detailed studies will be needed to determine the underlying etiology
of both excess preterm births and potentially increased neonatal morbidity.

SARS-CoV-2 infection caused a mild illness in the majority of pregnant persons reported
to the NPC-19, but others in this prevaccine era cohort experienced severe illness and
death. Approximately 1 of every 30 infected pregnant persons required hospital admission
for respiratory support, and more than 1 of every 100 required mechanical ventilation
and/or ECMO support. In contrast, 2019 US national vital statistics report that roughly 1

in every 500 to 600 pregnant persons required admission to an ICU for any cause in the
peripartum period.3* Most concerning is that 18 maternal deaths were recorded before final
hospital discharge, an in-hospital mortality rate of 240 per 100000 live births in this study.
For comparison, in 2015, in-hospital mortality rate ranged from 3.7 per 100000 delivery
hospitalizations among white women to 10.9 per 100000 delivery hospitalizations among
Black women.3% Additionally, in 2020 there were 23.8 maternal deaths (defined as death
while pregnant or within 42 days of end of pregnancy from any cause aggravated by the
pregnancy or its management) per 100000 livebirths.13 We were unable to determine an
outcome for 6 pregnant persons transferred from birth hospital for higher level of care,
meaning our data may underestimate COVID-19-related maternal deaths in the cohort.
Severe outcomes among infected pregnant persons in the prevaccine era remain of concern:
SARS-CoV-2 vaccine coverage among pregnant persons in the United States has plateaued,
with approximately 30% unvaccinated between January 1, 2022 to September 24, 2022.36
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There are limitations to the information collected in NPC-19. Participant centers voluntarily
shared data, and it is possible that individual case ascertainment was incomplete and

varied by center. Multiple data elements, including gestational age and cause of death,

were ascertained by judgment of local investigators, and SARS-CoV-2 test results were

not available for 15.2% of reported newborns. Not all potential confounders for adverse
outcomes were collected (eg, maternal BMI). The registry did not collect information on
maternal COVID-19 vaccination history; however, as of March 6, 2021, only 6% to 7% of
pregnant persons in the United States were estimated to have received at least 1 dose of a
COVID-19 vaccine.36 NPC-19 did not collect data for contemporaneous uninfected control
dyads. The exclusion of pregnant persons with infection >14 days before delivery, stillbirths,
and deaths at time of delivery may have introduced a bias that underestimates the effects of
perinatal COVID-19. Strengths of this study include the large number of cases reported from
geographically diverse US centers, and the linkage of maternal to newborn information that
provides a granularity of clinical data about perinatal SARS-CoV-2 not typically associated
with retrospective administrative datasets. Data were collected by clinical teams who cared
for the SARS-CoV-2-affected dyad and who provided corrections in response to queries
from the coordinating center.

CONCLUSIONS

Among a large cohort of pregnant persons with perinatal SARS-CoV-2 infection and
their newborns, we observed variable rates of newborn infection and preterm births

and in-hospital maternal deaths, which were higher than expected based on national
prepandemic statistics. Our findings provide strong rationale for mitigation measures,
including maternal vaccination against SARS-CoV-2 infection, particularly with evidence
of vaccine effectiveness to prevent severe disease among both pregnant persons and young
infants.37:38 Although most term newborns suffered neither viral infection nor COVID-19
related morbidity, these findings are balanced by multiple case reports of rare severe
outcomes of newborn SARS-CoV-2 infections, including multisystem inflammatory-like
iliness and neurologic injury.39-43 It remains to be determined if newborn SARS-CoV-2
infection with past or future variants will have long-term consequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT’S KNOWN ON THIS SUBJECT:

A lack of large-scale data on outcomes of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infections among pregnant persons and their newborns impacted
perinatal care decisions during the coronavirus disease 2019 pandemic.

WHAT THIS STUDY ADDS:

Among 7524 pregnant persons with SARS-CoV-2 near the time of delivery, 2.2% of
newborns tested were positive for SARS-CoV-2 before hospital discharge. Increased rates
of preterm delivery and in-hospital maternal death were observed in this prevaccine
cohort.
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NPC-19 Entries
4/6/2020 — 3/19/2021
7 = 8306 newborns
(8169 mothers)

(n =658 newb. n =645 mothers)*
» Maternal testing >14 days before delivery (598
newborns of 587 mothers)
« Stillbirth (49 newborns of 47 mothers)

» Neonatal death in delivery room (11 newborns or

Study Cohort 11 mothers)
n= 7648 newborns
(7524 mothers)
|
! ! [
Tested negative for COVID-19 Tested positive for COVID-19before| | Not tested for COVID-19 before
before hospital discharge hospital discharge hospital discharge
n=6342 n=144 n=1162
(6236 mothers) (139 mothers) (1149 mothers)

FIGURE 1.
STROBE Diagram, American Academy of Pediatrics Perinatal COVID 19 Registry, United

States, April 6, 2020 to March 19, 2021. Because of 11 twin gestations, there were 587
mothers and 598 newborns excluded because of maternal positive test for SARS-CoV-2
occurring >14 days before delivery. Because of 2 twin gestations, there were 47 mothers and
49 newborns excluded because of stillbirth.
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FIGURE 2.
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Timing of Maternal PCR+ Test

OOverall
04-14 days before delivery

@0-3 days before delivery

W 1-10 days postpartum

3.8

3.8

21 2.6

13

K

Asymptomatic Pregnant Persons Symptomatic Pregnant Persons Pregnant persons hospitalized for

COVID

PCR+ newborns in relation to maternal COVID status at delivery and timing of maternal
infection, American Academy of Pediatrics Perinatal COVID-19 Registry, United States,
April 6, 2020 to March 19, 2021. Graph shows proportions of deliveries with at least 1
newborn who tested positive for SARS-CoV-2 by nasopharyngeal PCR testing in relation
to maternal clinical COVID status on admission to the hospital, by category (asymptomatic,
symptomatic, or hospitalized for COVID-19 treatment), overall and by timing of maternal
positive PCR testing relative to childbirth within each category.
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