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OBJECTIVE: To better understand COVID-19 in newborns, we compared in-hospital illness severity indicators by COVID-19 status
during birth hospitalization.
STUDY DESIGN: In a retrospective cohort of newborns born March–December 2020 in the Premier Healthcare Database Special
COVID-19 Release, we classified COVID-19 status and severe illness indicators using ICD-CM-10 codes, laboratory data, and billing
records. Illness severity indicators were compared by COVID-19 status, stratified by gestational age and race/ethnicity.
RESULT: Among 701,777 newborns, 209 had a COVID-19 diagnosis during the birth hospitalization. COVID-19 status differed
significantly by race/ethnicity, gestational age, payor, and region. Late preterm/term newborns with COVID-19 had increased
intensive care unit admission and sepsis risk; early preterm newborns with COVID-19 had increased risk for invasive ventilation. Risk
for illness severity varied among racial/ethnic strata.
CONCLUSION: From March to December 2020, COVID-19 diagnosis in newborns was rare. More clinical data are needed to
describe the risk profiles of newborns with COVID-19.
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INTRODUCTION
Few neonates (<28 days of age) with coronavirus disease 2019
(COVID-19) have been reported, and our understanding of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
and COVID-19 in neonates is limited. Early public health
surveillance data suggested increased risk of more severe disease
among infants (<1 year of age) compared with older children
based on the increased rate of hospitalization among infants. In
the United States, infants aged <1 year accounted for 62% of
pediatric COVID-19 hospitalizations during February-April 2020,
and infants aged <3 months accounted for 18.8% of pediatric
COVID-19 hospitalizations during March–July 2020 [1, 2]. However,
clinicians may have a lower risk threshold for hospital admission
for infants, especially neonates, with symptoms consistent with
SARS-CoV-2 infection; therefore, rate of hospitalization might not
be an appropriate proxy for illness severity in this population [3, 4].
Emerging evidence suggests a low incidence of neonates

infected with SARS-CoV-2 and neonates with SARS-CoV-2 infection
have a relatively mild disease course, though severe disease (i.e.,
requiring intensive care and invasive ventilatory support) has been
reported [5, 6]. A report of French national surveillance of children
hospitalized with SARS-CoV-2 found that infants aged <90 days
accounted for 37% of all pediatric COVID-19 hospitalizations;
however, 97% of hospitalized infants aged <90 days did not have
severe disease (defined as the need for ventilatory or hemody-
namic support or death). Infants aged <90 days had the lowest
rate of severe COVID-19 disease compared with older children

(≥10 years) [7]. In a case series of infants who tested positive for
SARS-CoV-2 as outpatients in an emergency department in Greece
and were admitted to a COVID-19 unit of the hospital, most
patients had no symptoms besides hypertriglyceridemia, which
occurred in only six of 14 infants; only one infant was reported to
have mild respiratory distress [8]. These two studies reported 40%
of hospitalized SARS-CoV-2 infected infants received antibiotics,
suggesting that these infants may have been hospitalized due to a
concern about potential bacterial infection before the source of
their fever was known [7, 8].
Though transmission to neonates appears rare [9], it is still

possible, and there are particular concerns for infants with
immature immune systems. Due to the rarity of COVID-19 in
newborns and the lack of studies with appropriate comparison
groups, a knowledge gap exists related to the clinical severity of
illness in newborns with COVID-19. By using a large U.S. electronic
healthcare dataset, we sought to compare indicators of severe
illness in newborns with and without COVID-19 diagnosed during
the birth hospitalization.

MATERIALS AND METHODS
Data source
We performed a retrospective cohort analysis of birth hospitalizations
using the Premier Healthcare Database Special COVID-19 Release (PHD-SR)
(release date: March 29, 2021) (https://www.premierinc.com/). The PHD-SR
is a “large, U.S. hospital-based, service-level, all-payer database that
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ontains information on inpatient discharges, primarily from geographically
diverse non-profit, non-governmental, community and teaching hospitals
and health systems from rural and urban areas” that represents ~25% of
annual U.S. inpatient admissions [10]. We included data from 609 hospitals
reporting birth hospitalizations for newborns during
March–December 2020.

Study population
Birth hospitalizations were identified using International Classification of
Diseases, 10th Revision, Clinical Modification (ICD-10-CM) diagnostic codes
(Supplementary Table). During March–December 2020, 704,779 birth
hospitalizations were reported in the PHD-SR. We excluded one birth that
occurred at a hospital with no patients diagnosed with COVID-19 in-
hospital; 2,566 out-of-hospital births; and 435 duplicate birth records from
217 newborns. The resulting study sample included 701,777 births.

Measures and outcomes
COVID-19 during the birth hospitalization was based on documented ICD-
10-CM code U07.1 (COVID-19, virus identified) during April–December
2020, ICD-10-CM code B97.29 (Other coronavirus as the cause of disease
classified elsewhere) during March–April 2020 (before the COVID-
19–specific U07.1 code was introduced) [11], or positive RNA laboratory
test results for SARS-CoV-2 (available for a small portion of hospitals that
reported laboratory data).
The following indicators of severe illness were assessed using ICD-10-CM

and Current Procedural Terminology (CPT) codes: respiratory complications
(pneumonia or respiratory distress), sepsis, intensive care unit (ICU)
admission, invasive and noninvasive mechanical ventilation, and all-
cause 30-day readmission to the same hospital system. ICU admission was
defined as admission to an intensive care or step-down unit and identified
using the hospital chargemaster records. Mechanical ventilation was
identified through a combination of the hospital chargemaster records,
ICD-10-CM procedure codes, and CPT codes and coded to represent the
highest level of ventilatory support received (invasive vs noninvasive).
Readmission was defined as any subsequent hospitalization in the same
hospital system within 30 days of the birth hospitalization discharge.
Respiratory complications and sepsis [12] were identified from ICD-10-CM
diagnosis codes (Supplementary Table).
Newborn demographics (sex, race/ethnicity, and payor) and health

characteristics (gestational age, small for gestational age, congenital
anomalies, birth trauma, and discharge status) were described along with
hospital characteristics (urbanicity and U.S. census region). Race and
ethnicity were collected separately in the PHD-SR, but combined for this
analysis: non-Hispanic White, non-Hispanic Black, Hispanic, and non-
Hispanic Other/Unknown. Newborns who had unknown Hispanic origin
were assumed to be non-Hispanic if race was available. The non-Hispanic
Other/Unknown category includes persons who reported a race other than
Black or White, including American Indian/Alaska Native, Native Hawaiian/
Pacific Islander, persons of more than one race, and persons with missing
race. Gestational age and small for gestational age were defined using ICD-
10-CM codes found on the newborn health record. Gestational weeks at
the time of delivery are reported through ICD-10-CM codes for preterm
newborns; newborns without an ICD-10-CM code for preterm birth were
assumed to be born full-term (Supplementary Table). Gestational age
strata of early preterm (<34 gestational weeks) and late preterm/full term
(≥34 gestational weeks) were chosen to reflect the critical threshold at
which the majority of infants would not routinely receive respiratory
support nor require admission to an ICU after birth for prematurity [13, 14].
To define underlying health conditions (congenital anomalies and birth

trauma), we used the Chronic Classification Software Refined (CCSR) to
aggregate ICD-10-CM diagnosis codes into meaningful categories, which
were then clinically reviewed (KW) to determine categories of conditions of
interest that would reliably be identified at the birth hospitalization for
newborns. The CCSR algorithm was developed and validated by the
Agency for Healthcare Research and Quality. Congenital anomalies, both
major and minor, include cardiac and circulatory, digestive, genitourinary,
respiratory, and nervous system congenital anomalies as well as congenital
malformations of eye, ear, face, or neck; musculoskeletal congenital
conditions; and other and unspecified congenital anomalies. Birth trauma
included birth injuries to the scalp, skeleton, or central or peripheral
nervous system as well as intracranial laceration and hemorrhage due to
birth injury (Supplementary Table 1) [15].
Discharge status was identified from the patient discharge status codes

(home; other care [includes discharge/transfer to other facility]; other/

unknown [left against medical advice, still a patient, and information not
available]; and death/discharge to hospice). Respiratory complications
(pneumonia or respiratory distress) and sepsis were defined using ICD-10-
CM diagnosis codes (Supplementary Table).
Pearson chi-squared tests were used to assess differences in infant and

hospital characteristics by COVID-19 diagnosis. Median length of stay was
calculated overall and by gestational age and ICU admission. Levene’s test
for homogeneity of variance was used to verify the assumption of equal
variance. Wilcoxon rank sum tests were used to compare length of stay by
COVID-19 status for the different gestational age and ICU admission strata.
Poisson regression models with robust standard errors were used to
calculate relative risks for outcomes, accounting for within-hospital
correlation. Relative risks were estimated and stratified by gestational
age then further stratified by race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, and non-Hispanic Other/Unknown). A priori
significance level was set to p < 0.05. All analyses were performed in SAS®

9.4 (SAS Institute, Cary NC). Analytic code is available upon request to the
first author.
To assess whether our results were sensitive to how we categorized race

and ethnicity when Hispanic origin was unknown, we also tested
categorizing newborns with unknown Hispanic origin as “Other/Unknown”
and as “Hispanic” for the combined race/ethnicity variable. Relative risks
were recalculated using the alternative definitions of race/ethnicity.
This activity was reviewed by CDC and was conducted consistent with

applicable federal law and CDC policy; the activity was determined
to meet the requirements of public health surveillance as defined in
45 CFR 46.102(l)(2).

RESULTS
Among 701,777 newborns in 609 U.S. hospitals from March to
December 2020, 49.0% were non-Hispanic White; 46.5% used
Medicaid as the payor for the birth hospitalization; and 9.2% were
born preterm (<37 gestational weeks). Most newborns (97.1%)
were discharged home, and a small portion were transferred to
other facilities (2.5%), died/were discharged to hospice (0.3%), or
had another/unknown discharge status (0.1%). Overall, 87.0% of
births occurred in urban hospitals and 45.2% in the Southern
region of the United States (Table 1).
Overall, 209 (0.03%) newborns had a documented COVID-19

diagnosis during the birth hospitalization. A higher proportion of
newborns with COVID-19 were Hispanic (27.3% vs. 15.1%), had
Medicaid as the payor (56.0% vs. 46.5%), and were born preterm
(<37 gestational weeks) (23.4% vs. 9.2%) compared to those
without COVID-19. Compared with newborns without COVID-19,
newborns with COVID-19 were also more frequently born early
preterm (<34 gestational weeks) (11.0% vs. 2.4%) and were more
frequently born in the Midwest (30.6% vs. 22.1%) and less
frequently born in the West (12.4% vs. 18.4%). No differences in
small for gestational age, congenital anomalies, or birth trauma
were observed by COVID-19 status (Table 1). Overall, 69.9% of
newborns with COVID-19 and 86.6% of newborns without COVID-
19 at birth hospitalization had no indicators of severe illness
(p= <0.0001).
In late preterm/term newborns, the risks for sepsis [adjusted risk

ratio (aRR): 3.98; 95% confidence interval (CI): 1.95–8.12] and ICU
admission (aRR: 2.22; 95% CI: 1.27–3.86) were elevated in
newborns with COVID-19 compared with those without a
COVID-19 diagnosis, but 77.4% of late preterm/term newborns
with COVID and 88.6% without COVID had no indicators of severe
illness (p= <0.0001). Early preterm newborns (<34 gestational
weeks) with COVID-19 were at greater risk for invasive ventilation
compared with those without COVID-19 (aRR: 1.48; 95% CI:
1.16–1.89). (Fig. 1). Only 8.7% of early preterm newborns with
COVID and 8.5% of those without COVID had no indicators of
severe illness (p= 0.97).
Among late preterm/term newborns, Hispanic newborns with

COVID-19 had greater risk for respiratory complications (aRR: 2.54;
95% CI: 1.36–4.76) and ICU admission (aRR: 2.96; 95% CI:1.25–7.01)
compared with Hispanic newborns without COVID-19. Non-
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Table 1. Newborn demographic and health characteristics and hospital characteristics among birth hospitalizations with and without a documented
COVID-19 diagnosis, Premier Healthcare Database Special COVID-19 Release, March–December 2020*.

Characteristics Total (n= 701,777) Diagnosis, n (%) p value†

COVID-19 (n= 209) No COVID-19 (n= 701,568)

Infant Characteristics

Sex

Female 342,959 (48.87) 101 (48.33) 342,858 (48.87) 0.8685

Male 357,975 (51.01) 108 (51.67) 357,867 (51.01)

Unknown 843 (0.12) 0 (0.00) 843 (0.12)

Race/Ethnicity††

Black, non-Hispanic 92,362 (13.16) 31 (14.83) 92,331 (13.16) <0.0001

Hispanic 106,281 (15.14) 57 (27.27) 106,224 (15.14)

Other/Unknown, non-Hispanic 159,576 (22.74) 35 (16.75) 159,541 (22.74)

White, non-Hispanic 343,558 (48.96) 86 (41.15) 343,472 (48.96)

Payor

Medicaid 326,366 (46.51) 117 (55.98) 326,249 (46.50) 0.0082

Private¶ 316,414 (45.09) 72 (34.45) 316,342 (45.09)

Self-pay, Other 58,997 (8.41) 20 (9.57) 58,977 (8.41)

Infant Health Characteristics

Gestational Age

Full Term (37+weeks) 637,000 (90.77) 160 (76.56) 636,840 (90.77) <0.0001

Preterm (<37 weeks) 64,777 (9.23) 49 (23.44) 64,728 (9.23)

34–<37 weeks 47,837 (6.82) 26 (12.44) 47,811 (6.81) 0.0009

<34 weeks 16,940 (2.41) 23 (11.00) 16,917 (2.41)

Small for Gestational Age

Yes 31,356 (4.47) 6 (2.87) 31,350 (4.47) 0.2636

No 670,421 (95.53) 203 (97.13) 670,218 (95.53)

Congenital Anomalies§

Yes 101,235 (14.43) 33 (15.79) 101,202 (14.43) 0.5746

No 600,542 (85.57) 176 (84.21) 600,366 (85.57)

Birth Trauma||

Yes 28,966 (4.13) 5 (2.39) 28,961 (4.13) 0.2072

No 672,811 (95.87) 204 (97.61) 672,607 (95.87)

Discharge Status

Deceased/hospice 1987 (0.28) 1 (0.48) 1986 (0.28) 0.3631

Home 681,428 (97.10) 199 (95.22) 681,229 (97.10)

Other facility 17,703 (2.52) 9 (4.31) 17,694 (2.52)

Other, Unknown 659 (0.09) 0 (0.00) 659 (0.09)

Hospital Characteristics

Urbanicity#

Rural 91,211 (13.00) 25 (11.96) 91,186 (13.00) 0.6562

Urban 610,566 (87.00) 184 (88.04) 610,382 (87.00)

U.S. Census Region

Midwest 154,917 (22.07) 64 (30.62) 154,853 (22.07) 0.0081

Northeast 100,466 (14.32) 25 (11.96) 100,441 (14.32)

South 316,972 (45.17) 94 (44.98) 316,878 (45.17)

West 129,422 (18.44) 26 (12.44) 129,396 (18.44)

COVID-19 coronavirus disease 2019
*Premier Healthcare Database, 609 U.S. hospitals with birth hospitalizations.
†P value associated with Pearson chi-square tests unless otherwise noted; significant results are bolded.
††Race and Hispanic origin were collected separately but combined for this analysis. Newborns who had unknown Hispanic origin were assumed to be non-
Hispanic if race was available.
¶Includes managed care and commercial indemnity.
§Congenital anomalies include major and minor congenital malformations of eye, ear, face, neck; digestive, genitourinary, nervous system, and cardiac and
circulatory congenital anomalies; musculoskeletal congenital conditions; respiratory congenital malformations; and other and unspecified congenital
anomalies.
||Birth trauma includes birth injuries to the scalp, skeleton, or central or peripheral nervous system as well as intracranial laceration and hemorrhage due to
birth injury.
#The U.S. Census defines an urban area as a territory whose core census block groups or blocks have a population density of at least 1000 people per square
mile, and surrounding census blocks have an overall density of at least 500 people per square mile. Rural areas are considered territory outside the definition
of urban.
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Hispanic “Other/Unknown” race newborns with COVID-19 had
elevated risks for ICU admission (aRR: 3.40; 95% CI:1.40–8.28), and
non-Hispanic White late preterm/term newborns with COVID-19
had elevated risks for sepsis relative to those without COVID-19
(aRR: 4.83; 95% CI:1.74–13.4) (Fig. 2). Among early preterm
newborns with COVID-19, non-Hispanic Black newborns with
COVID-19 were at increased risk for respiratory complications (aRR:
1.36; 95% CI: 1.27–1.47) and any mechanical ventilation (aRR: 1.40;
95% CI: 1.23–1.61). Early preterm Hispanic newborns with COVID-
19 were at higher risk for invasive ventilation (aRR: 1.78; 95% CI:
1.22–2.60), and non-Hispanic “Other/Unknown” race newborns
with COVID-19 had elevated risks for respiratory complications
(aRR: 1.39; 95% CI: 1.25–1.54), sepsis (aRR: 5.43; 95% CI: 2.75–10.7),
any ventilation (aRR: 1.34; 95% CI: 1.22–1.47) and invasive
ventilation (aRR: 2.27; 95% CI: 1.45–3.56) (Fig. 3).
Overall, for newborns admitted to the ICU, median length of

stay was significantly longer for those with COVID-19 [19.0 days,
interquartile range (IQR): 6.0–40.0 days] than for those without
COVID-19 (8.0 days, IQR: 3.0–19.0 days). The pattern for median
length of stay was consistent regardless of gestational age
(p < 0.0001) (Table 2).

Sensitivity analysis
When newborns with missing ethnicity were classified as Hispanic
in the combined race/ethnicity variable, race/ethnicity no longer
differed significantly by COVID-19 status (Table SA1). Among late
preterm/term, Hispanic newborns were no longer at greater risk
for respiratory complications or ICU admission, but their risk for
sepsis was elevated (aRR: 4.94; CI 95%: 1.95–12.53). The risk for
sepsis in non-Hispanic White newborns was no longer significant.
The elevated risk for ICU admission (aRR: 2.65; CI 95%: 1.03–6.84)
in non-Hispanic Black newborns reached the level of significance,

and non-Hispanic “Other/Unknown” race newborns had increased
risks for respiratory complications (aRR: 3.03; CI 95%: 1.04–8.84)
and noninvasive ventilation (aRR: 4.25; CI 95%: 1.33–13.58) (Table
SA2). Among early preterm, Hispanic newborns with COVID-19
had increased risks for respiratory complications (aRR: 1.24; CI
95%: 1.04–1.48), sepsis (aRR: 2.64; CI 95%: 1.17–5.95), any
ventilation (aRR: 1.21; CI 95%: 1.01–1.44), and invasive ventilation
(aRR: 1.71; CI 95%: 1.32–2.23). In non-Hispanic “Other/Unknown”
race newborns, ICU admission was elevated (aRR: 1.05; CI 95%:
1.04–1.07) (Table SA2).
When newborns with missing ethnicity were classified as “non-

Hispanic Other/Unknown” in the combined race/ethnicity variable,
among late preterm/term, non-Hispanic White newborns with
COVID-19 were no longer at an increased risk for sepsis (aRR: 2.12;
95% CI: 0.41–11.00), and non-Hispanic Black newborns were at an
increased risk for ICU admission (aRR: 2.65; 95% CI: 1.03–6.84). The
increased risk for ICU admission among newborns of “Other/
Unknown” race/ethnicity was no longer statistically significant
(aRR: 1.98; 95% CI: 0.73–5.39). Among early preterm, newborns of
“Other/Unknown” race/ethnicity were at a slightly increased risk
for ICU admission (aRR: 1.06; 95% CI:1.02–1.10) (Table SA3).

DISCUSSION
In our cohort of 701,777 newborns, 0.03% (209) had a
documented COVID-19 diagnosis during their birth hospitaliza-
tion. Our results add data on newborns with a documented
COVID-19 diagnosis at their birth hospitalization during
March–December 2020. We observed that early preterm new-
borns with COVID-19 had an increased risk for invasive ventilation,
and late preterm/term newborns had increased risks for ICU
admission and sepsis when compared with newborns without

Fig. 1 Relative risk estimates for severity indicators by COVID-19 status stratified by gestational age*, premier healthcare database
special COVID-19 release, March–December 2020**. Abbreviations: COVID-19 coronavirus disease 2019, CI confidence interval, ICU intensive
care unit, RR risk ratio; adjusted RR adjusted risk ratio, uRR unadjusted risk ratio. *Denominators for each gestational age strata were: 21 for
early preterm (<34 weeks) COVID-19; 188 for late preterm/full term (≥34 weeks) COVID-19; 12,193 for early preterm No COVID-19; and 689,375
late preterm/full term No COVID-19. **Premier Healthcare Database, 609 hospitals with delivery hospitalizations. †Outcomes are not mutually
exclusive. §Adjusted for hospital to account for within facility correlation.
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COVID-19; no other elevated risks were observed. Overall, COVID-
19 diagnosis during birth hospitalization was rare, and when it did
occur, most late preterm/term newborns did not have respiratory
complications or require ventilatory support.
Although few newborns had documentation of COVID-19,

variations in testing practices throughout the course of the
pandemic likely influenced identification of neonates with COVID-
19. Testing all infants born to mothers with COVID-19 is
recommended by the Centers for Disease Control and Prevention
and the American Academy of Pediatrics (AAP) [16, 17]; however,
universal screening for COVID-19 of mothers admitted for delivery
depends on the local prevalence of COVID-19 and testing capacity.
Therefore, 0.03% likely represents the minimum percentage of
newborns with COVID-19 during the birth hospitalization in our
sample.
We observed significantly more preterm newborns with COVID-

19 relative to those without COVID-19; further, more newborns
with COVID-19 were born early preterm. Though the rate of
preterm birth appears to be higher in infants born to mothers with
COVID-19 [9, 18, 19] the relationship between maternal SARS-CoV-
2 infection and preterm birth requires further investigation. Prior
studies have described higher percent positivity for SARS-CoV-2
infection among preterm newborns compared with term new-
borns [20]. It might be that preterm newborns are more
susceptible to COVID-19 due to immature immunity or lung
development. It is also possible that preterm newborns admitted
to the ICU are more frequently tested for SARS-CoV-2 infection
due to testing protocols on ICU admission.

Among late preterm/term newborns, the risks of ICU admission
and sepsis were elevated for newborns with a COVID-19 diagnosis
compared with those without, and among early preterm new-
borns, the risk for invasive ventilation was elevated. The elevated
risk of ICU admission for gestationally older newborns may reflect
hospital infection, prevention, and control practices and policies
for caring for newborns with COVID-19 (e.g., recommendations
against rooming-in and isolation in negative pressure room). This
association was not observed in gestationally younger newborns
likely due to the overall need for a higher level of care (i.e., NICU
admission) for early preterm infants [14]. A systematic review
reported increased odds of NICU admission for infants born to
mothers with COVID-19 (odds ratio: 4.89; 95% CI: 1.87–12.81)
regardless of gestational age [18]. The reason for ICU admission is
not captured in the PHD-SR. Given the low sensitivity of sepsis
ICD-10-CM codes [21] in combination with other evidence
supporting that many infants aged <90 days with COVID-19
present with fever, we postulate the elevated risk of sepsis may be
reflective of fevers among newborns with COVID-19. This could
include culture-positive as well as presumed cases of sepsis.
Further clinical data would be needed to assess the risk of sepsis
among neonates.
Inequality in obstetric and prenatal care in the United States

leads to racial and ethnic disparities in maternal morbidity and
mortality as well as infant mortality, low birth weight, and preterm
birth [22–24]. Newborns are not exempt from racial inequities that
exist in healthcare; healthcare provider recognition of sepsis and
approaches to treatment as well as patient access to healthcare

Fig. 2 Relative risk estimates for severity indicators by COVID-19 status among newborns born at or after 34 gestational weeks stratified
by race*, premier healthcare database special COVID-19 release, March–December 2020||. Abbreviations: COVID-19 coronavirus disease
2019, CI confidence interval, ICU intensive care unit, RR risk ratio, adjusted RR adjusted risk ratio, uRR unadjusted risk ratio. Denominators for
each race/ethnicity strata were: 77 for White COVID-19; 336450 for White no COVID-19; 27 for Black COVID-19; 88489 for Black no COVID-19; 50
for Hispanic COVID-19; 103747 for Hispanic no COVID-19; 32 for “Other/Unknown” COVID-19; 155965 for “Other/Unknown” no COVID-19. ||
Premier Healthcare Database, 609 hospitals with delivery hospitalizations. *The non-Hispanic Other/Unknown category includes persons who
reported a race other than Black or White, including American Indian/Alaska Native, Native Hawaiian/Pacific Islander, persons of more than
one race, and persons with missing race. †Outcomes are not mutually exclusive. §Adjusted for hospital to account for within facility
correlation.
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services influence disparate racial outcomes in children [25], and
early-onset sepsis disproportionately impacts non-Hispanic Black
and preterm infants [26]. Differences in NICU quality of care have
been found to disadvantage infants of color [27]. Consequently,
we further stratified our results to examine risk for the illness
severity indicators by race/ethnicity.

Our race-stratified risks were sensitive to the method of
classifying race and ethnicity in the presence of missing data.
The PHD-SR is subject to the limitations in the completeness and
precision of race and ethnicity in administrative data sources [28–
30]. In our sample, race was missing for 12.6% of newborns, and
ethnicity was missing for 25.8% of newborns. Because missingness

Fig. 3 Relative risk estimates for severity indicators by COVID-19 status among newborns born before 34 gestational weeks stratified by
race, premier healthcare database special COVID-19 release, March–December 2020*. Abbreviations: COVID-19 coronavirus disease 2019,
CI confidence interval, ICU intensive care unit, RR risk ratio, adjusted RR adjusted risk ratio; uRR unadjusted risk ratio. Denominators for each
race/ethnicity strata were: 9 for White COVID-19; 7022 for White no COVID-19; 4 for Black COVID-19; 3842 for Black no COVID-19; 7 for Hispanic
COVID-19; 2477 for Hispanic no COVID-19; 3 for “Other/Unknown” COVID-19; 3576 for “Other/Unknown” no COVID-19. *Premier Healthcare
Database, 609 hospitals with delivery hospitalizations. **The non-Hispanic Other/Unknown category includes persons who reported a race
other than Black or White, including American Indian/Alaska Native, Native Hawaiian/Pacific Islander, persons of more than one race, and
persons with missing race. †Outcomes are not mutually exclusive. §Adjusted for hospital to account for within facility correlation.

Table 2. Length of hospital stay in days by ICU admission and COVID-19 status during birth hospitalization — Premier Healthcare Database Special
COVID-19 Release, March–December 2020*.

Overall GA < 34 weeks GA ≥ 34 weeks

ICU
Admission

COVID-
19 Status

count Median (IQR) p value† count Median (IQR) p value† count Median (IQR) p value†

Overall Overall 701,777 2.0 (1.0–2.0) 16,940 26.0 (13.0–47.0) 684,837 2.0 (1.0–2.0)

COVID+ 209 2.0 (2.0–5.0) <0.0001 23 51.0 (22.0–87.0) 0.0044 186 2.0 (2.0–3.0) <0.0001

COVID− 701,568 2.0 (1.0–2.0) 16,917 26.0 (13.0–47.0) 684,651 2.0 (1.0–2.0)

Yes Overall 56,637 8.0 (3.0–19.0) 13,396 31.0 (18.0–53.0) 43,241 5.0 (3.0–11.0)

COVID+ 49 19.0 (6.0–40.0) <0.0001 19 53.0 (29.0–87.0) 0.0068 30 11.0 (5.0–16.0) 0.0066

COVID− 56,588 8.0 (3.0–19.0) 13,377 31.0 (18.0–53.0) 43,211 5.0 (3.0–11.0)

No Overall 645,140 2.0 (1.0–2.0) 3544 1.0 (1.0–19.0) 641,596 2.0 (1.0–2.0)

COVID+ 160 2.0 (2.0–2.5) <0.0001 4 12.5 (3.5–55.5) 0.2369§ 156 2.0 (2.0–2.0) 0.0003

COVID− 644,980 2.0 (1.0–2.0) 3540 1.0 (1.0–19.0) 641,440 2.0 (1.0–2.0)

COVID-19 coronavirus disease 2019, ICU intensive care unit, GA gestational age, IQR interquartile range
*Premier Healthcare Database, 609 hospitals with delivery hospitalization.
†P value associated with Wilcoxon rank sum test unless otherwise noted; significant results are bolded.
§P value associated with exact Wilcoxon rank sum test.
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in race and ethnicity may occur nonrandomly in COVID-19 data
[31], combined with the limitations of race and ethnicity in
administrative data sources, our results might be subject to
misclassification bias. Though early preterm newborns of other or
unknown race/ethnicity had increased risk for respiratory compli-
cations, sepsis, any ventilation, and invasive ventilation, the
heterogeneity of this strata of newborns limits the extrapolation
of the findings to other populations. This categorization of race/
ethnicity represents newborns with missing race/ethnicity as well
as those from racial and ethnic backgrounds for which the
number of cases were too small to describe alone, including Asian,
Pacific Islander, and American Indian/Alaska Native newborns.
Further study using data with larger samples of racial and ethnic
minorities are needed to better understand the risk for severe
illness from COVID-19 for newborns of racial and ethnic minorities.
Our results represent a cautious description of the risks for severe

disease from COVID-19 in newborns during March 2020–December
2020; replication and further study in datasets with more granular
clinical information are merited. The present study is subject to
several additional limitations. First, our cohort was derived from a
period of time when early variants of the SARS-CoV-2 virus were
circulating. Future studies may examine changes in illness severity
indicators during different periods with emerging SARS-CoV-2
variants. Second, because infant and maternal health records cannot
be linked in the PHD-SR, maternal SARS-CoV-2 infection status,
maternal age, and cause of preterm birth or pregnancy complications
that may place resulting infants at risk of these markers of illness
severity are unknown. Third, because linkage across different hospital
systems is not possible in the PHD-SR limiting our ability to link birth
hospitalizations with subsequent care received from other providers,
we focus solely on birth hospitalization; these results may not be
generalizable to all neonates and older infants. As such, our estimates
represent the minimum risk for same hospital readmission within
30 days. Fourth, our analysis relies on ICD-10-CM diagnosis codes as
the primary identifier for COVID-19 (in combination with laboratory
testing where available) as well as to define some illness severity
indicators (respiratory complications and sepsis). The U07.1 code,
used since March 2020, has been found to be highly specific and
sensitive, and the more inclusive B07.29 code was only used to
identify cases in March for this analysis [32]. ICD-10-CM codes used to
define sepsis (Supplementary Table) are undercoded in administrative
data, and our results may be underestimated [21]. Fifth, because
newborns born to mothers with SARS-CoV-2 infection may not be
tested for SARS-CoV-2 in addition to the limited availability of
laboratory data in the PHD-SR, our study has likely underascertained
newborns with COVID-19 [20]. Further, testing may be more frequent
in infants who are symptomatic, thus biasing our results to sicker
newborns.
Despite these limitations, we have described the risk for in-

hospital illness severity indicators for newborns with COVID-19
with a robust comparison group of noninfected newborns using a
large database of electronic health records from geographically
diverse hospitals across the United States. Further study is needed
to understand how maternity care practices and implementation
and adherence to infection prevention and control practices
influence the prevalence of SARS-CoV-2 infection in newborns.

CONCLUSIONS
From March to December 2020, COVID-19 diagnosis in newborns
was rare. Our results suggest that late preterm/term newborns
with a COVID-19 diagnosis might not have elevated risks for
respiratory complications or mechanical ventilation, but may be at
increased risk for sepsis and ICU admission; early preterm infants
with COVID-19 might not be at an increased risk for respiratory
complications and ICU admission, but may be at increased risk for
invasive ventilation. The trends we observed for specific race/
ethnicity categories requires replication in studies with granular

clinical data. Further, future studies may examine changes in the
risk profile of newborns with COVID-19.

DISCLAIMER
The findings and conclusions in this report are those of the
authors and do not necessarily represent the official position of
the Centers for Disease Control and Prevention nor the U.S. Public
Health Service Commissioned Corps.
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