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Short-term outcomes of infants born to mothers with SARS-CoV-2 infection
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ABSTRACT
Objective: The rate of transmission of SARS-CoV-2 from mothers to infants in the peri- and
post-natal period remains an area of ongoing investigation. This study aims to determine rates
of development of clinically significant COVID-19 disease within 1month among infants born to
symptomatic and asymptomatic SARS-CoV-2 positive mothers.
Materials and methods: This was a single-center, retrospective cohort study of all infants born
to SARS-CoV-2 positive mothers who were admitted to the Well Baby Nursery (WBN) at New
York University Langone Hospital-Brooklyn from 23 March–23 September 2020. Infants born to
asymptomatic mothers were allowed to room-in, while infants born to mothers with symptoms
of SARS-CoV-2 were isolated and discharged home to an alternate primary caregiver. A phone
follow-up program contacted mothers at 2weeks and 1month post discharge to inquire about
newborn symptoms, maternal symptoms, personal protective equipment (PPE) usage, and any
presentations to care. Medical records were also reviewed for clinic and hospital visits to deter-
mine if exposed infants developed any symptoms following discharge.
Results: Of 1903 deliveries during the study period, 131 mothers (21 symptomatic, 110 asymp-
tomatic) tested positive for SARS-CoV-2 and had infants admitted to the WBN. 57 infants
(21 born to symptomatic mothers, 36 born to asymptomatic mothers) were tested prior to
discharge, and none were positive. 121 of 133 infants had at least 1 follow up call in the study
period. Of these, 31 had symptoms potentially concerning for SARS-CoV-2 infection or
Multisystem Inflammatory Syndrome in Children, and 19 presented to medical care for these
symptoms. 4 infants had SARS- CoV-2 testing after discharge, and none were positive. 2 infants
were admitted to the hospital for fever but neither had a positive SARS-CoV-2 result. 65% of
mothers reported always adhering to PPE recommendations.
Conclusion: Our results suggest that infants born both to symptomatic and asymptomatic
mothers are unlikely to develop clinically significant COVID-19 disease in the peri- and post-natal
periods.
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Introduction

The novel coronavirus SARS-CoV-2, which causes cor-
onavirus disease 19 (COVID-19), was declared a global
pandemic by the World Health Organization in early
March 2020. Initial studies suggest children are less
affected, but severe disease and even deaths have
been reported as well as Multisystem Inflammatory
Syndrome in Children (MIS-C), a rare inflammatory
condition, which involves multiple organ systems and
occurs after acute SARS-CoV-2 infection [1].

The potential harm of this novel disease in neo-
nates is an area of active investigation. The rate of
asymptomatic infection among mothers presenting to
the Labor and Delivery (L&D) unit between 22 March
and 4 April 2020 at one hospital in New York City was

14%, and studies show that the majority of delivering
patients with SARS-CoV-2 are asymptomatic [2,3].
Growing evidence suggests low risk of perinatal trans-
mission among infants born to mothers with SARS-
CoV-2 [4–6]. Small studies have also suggested low
incidence of transmission from mothers to infants in
the postnatal period, and recommendations from
national and international medical organizations
regarding rooming-in and dyad discharge planning
are rapidly changing [7–11].

This study aimed to determine rates of develop-
ment of clinically significant COVID-19 disease in the
first month of life among infants born to symptomatic
and asymptomatic SARS-CoV-2 positive mothers. We
hypothesized that infants would have low rates of
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developing clinically significant infection in both the
perinatal and postnatal periods following the
dyad’s discharge.

Materials and methods

This was a single-center, retrospective cohort study at
a community, academic-affiliated, hospital in New York
City with approximately 4,000 annual deliveries.
Eligible patients were mothers with SARS-CoV-2 infec-
tion admitted to L&D from 23 March to 23 September
2020 and their newborn infants admitted to the Well
Baby Nursery (WBN) for the duration of their hospital-
ization. Infants greater than or equal to 35weeks ges-
tational age, well-appearing with normal physical
exam findings, birth weight greater than 2 kilograms,
and without maternal intrapartum fever were admit-
ted to the WBN. Infants admitted to the Neonatal
Intensive Care Unit (NICU) at any point during their
hospitalization were excluded.

As New York City became the early epicenter of
coronavirus infections in the United States in March
2020, our hospital saw high volumes of COVID-19
cases and had rapidly evolving policies for the care of
infected mothers and their newborns. At study onset,
testing was sent on mothers presenting to L&D who
reported symptoms of SARS-CoV-2, had exam findings
of infection, or had close household contacts with
these symptoms. On 17 April 2020, due to rising local
infection rates, evidence for asymptomatic spread, and
increased testing capacity, we began testing all moth-
ers presenting to L&D. Mothers were allowed one sup-
port person for the duration of their hospitalization.

Hospital policy recommended that asymptomatic,
positive mothers room-in with their infants. They were
encouraged to breastfeed but advised to wear a mask
and gloves while feeding and caring for the infant.
Infants stayed with their mothers in an open crib
rather than an isolette. Infants of asymptomatic moth-
ers were discharged with their mothers as primary
caregivers. Mothers were advised to wear a mask and
practice hand hygiene while caring for the infant until
14 days of life and encouraged to breast-feed with
these precautions.

Hospital policy recommended that symptomatic,
positive mothers be placed in isolation and their
infants be isolated in the WBN. Mothers were encour-
aged to pump to provide expressed breast milk rather
than directly breastfeeding. Upon discharge, they were
encouraged to make alternative disposition arrange-
ments for their infants, either having the infant reside
with another family member until the mother showed

clinical improvement, or, if this wasn’t possible, to
have a different, asymptomatic person be the primary
caregiver of the infant.

Testing of infants changed frequently throughout the
study period. Initially, all infants born to symptomatic
and asymptomatic mothers had SARS-CoV-2 testing at
24h of life and again prior to discharge. Starting 5 May
2020, infants had only one test sent prior to discharge.
On 1 June 2020, our hospital stopped routinely testing
infants of asymptomatic mothers due to institutional
data showing no evidence of transmission of infection
in these cases. We used the Cepheid Xpert Xpress SARS-
CoV-2 RT-PCR assay (Sunnyvale, CA) or the Cobas SARS-
CoV-2 real time RT-PCR (Roche Molecular Systems,
Branchburg NJ). Most infants were discharged between
24-48h after vaginal deliveries and 48-72h after
Cesarean deliveries.

A telephone follow-up program was established as
part of routine clinical care. As of 11 May 2020, any
mother who tested positive and had an infant who
stayed in the WBN was contacted by a clinician from
the Department of Pediatrics. The purpose of this call
was (1) to determine if the infant had developed any
symptoms of COVID-19 disease or required any presen-
tation to medical care; (2) to determine if asymptom-
atic mothers had developed symptoms in the interim;
(3) to advise about personal protective equipment
(PPE) usage among mothers when handling infants;
and (4) to answer questions regarding these issues.
Most families were contacted twice: at 10–14days
(based on presumed length of mothers’ viral shedding)
and again at one month post-discharge (based on
expected temporal profile for development of MIS-C)
[7,12–15]. All calls were documented in the medical
record using a standardized note template.

We reviewed the medical records of mothers and
infants who met study criteria. Chart review included
data from the two telephone encounters, including
infant symptoms and presentations to medical care,
maternal symptoms, and PPE use. We also reviewed
records from any presentations to care at any of our
health system’s clinical sites within one month of dis-
charge, including reason for presentation, clinical
interventions, laboratory and other diagnostic testing,
disposition, and diagnosis.

Our primary outcome was the rate of developing
clinically significant COVID-19 infection among infants,
defined as development of symptoms that required
presentation to medical care during which a SARS-
CoV-2 test was positive. Secondary outcomes included
the proportion of infants who developed any symp-
toms, reported adherence to PPE recommendations,
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reported adherence to discharge care plan among
symptomatic mothers, rate of symptom development
among previously asymptomatic mothers, and positive
infant SARS-CoV-2 tests in the neonatal period.

Study data were collected and managed using
REDCap electronic data capture tools [16,17]. This
study was approved by our Institutional Review Board
with a waiver of informed consent. We performed
descriptive analyses with results displayed as propor-
tions for categorical variables and medians, means,
and simple ranges for continuous variables. SPSS
(Belmont, CA) was used for all analyses.

Results

During the six month study period, 1,903 mothers deliv-
ered at our hospital. 142 mothers (7.5%) tested positive
for SARS-CoV-2 on admission. Of their 144 infants, 11
were excluded because of transfer to the NICU (of note,
none were admitted for COVID-19 disease), leaving 133
newborns for analysis. Twelve newborns were lost to
phone follow-up entirely, resulting in a follow-up

population of 121 infants. 108 had both follow-up calls
completed, while 13 were reached only once but were
included in the analysis. Of these, nine newborns who
were born prior to the initiation of this follow-up pro-
gram had only one call, which was made at a mean
age of seven weeks. Three newborns were lost to follow
up after the first call at 10–14days, and one newborn
was only reached with the second call at one month.

Table 1 describes the demographics and clinical
characteristics of our study population. Of 133 new-
borns, 111 (83.5%) were born to asymptomatic moth-
ers and 22 (16.5%) to symptomatic mothers. Sixty
(45%) were male, and the mean gestational age was
39.1weeks. The majority of infants had no comorbid-
ities. Table 1 also describes the patients’ in-hospital
clinical care and discharge plans. Based on our hos-
pital recommendations, only 23% of infants of symp-
tomatic mothers roomed-in with their mothers. Nearly
all infants of asymptomatic mothers roomed-in. While
most mothers were using some amount of breastmilk,
more mothers in the symptomatic cohort chose to
exclusively formula feed their infants (31.8% vs 10.0%).

Table 1. Characteristics and clinical care of mothers with SARS-CoV2 infection and their infants.
Total maternal population (n¼ 131) Symptomatic (n¼ 21) Asymptomatic (n¼ 110)

Mother’s age in years, mean (SD) 28.5 (± 6.3) 30.2 (± 6.3) 28.1 (± 6.3)
Mother’s parity, mean (SD) 2.6 (± 2.0) 3.6 (± 3.0) 2.4 (± 1.7)
Mother’s primary language, n (%)
English 77 (58.8) 11 (52.4) 66 (60)
Spanish 45 (34.4) 8 (38.1) 37 (33.6)
Chinese 2 (1.5) 1 (4.8) 1 (0.9)
Russian 2 (1.5) 0 2 (1.8)
Arabic 4 (3.1) 1 (4.8) 3 (2.7)
Other 1 (0.8) 0 1 (0.9)

Total infant population (n¼ 133) Symptomatic (n¼ 22) Asymptomatic (n¼ 111)
Infant’s Gestational Age (wks), mean (SD) 39.1 (± 1.4) 38.9 (± 1.4) 39.1 (± 1.4)
Infant Sex, n (%)
Male 60 (45.1) 8 (36.4) 52 (46.8)
Female 73 (54.9) 14 (63.6) 59 (53.2)

Infant Co-Morbidities, n (%)
Small for gestational age 13 (9.8) 2 (9.1) 11 (9.9)
Large for gestational age 4 (3) 0 4 (3.6)
Infant of diabetic mother 12 (9) 2 (9.1) 10 (9)
Coombs positivity 3 (2.3) 0 3 (2.7)
Hyperbilirubinemia 2 (1.5) 0 2 (1.8)
Inadequately treated maternal GBS infection 13 (9.8) 2 (9.1) 11 (9.9)
Maternal prolonged rupture of membranes 11 (8.3) 3 (13.6) 8 (7.2)

Post-partum rooming in with mothers, n (%)
Yes 108 (81.2) 5 (22.7) 103 (92.8)
No 25 (18.8) 17 (77.3) 8 (7.2)

Discharge care plan, n (%)
Cohabitate with mother, mother as primary caregiver 114 (85.7) 6 (27.3) 108 (97.3)
Cohabitate with mother, other person as primary caregiver 4 (3) 2 (9.1) 2 (1.8)
Cohabitate with another caregiver 15 (11.3) 14 (63.6) 1 (0.9)

Infant feeding type at discharge, n (%)
Breast only 56 (42.1) 6 (27.3) 50 (45.0)
Formula only 18 (13.5) 7 (31.8) 11 (10.0)
Mixed breast and formula 59 (44.4) 9 (40.9) 50 (45.0)

Infant SARS-CoV2 result prior to nursery discharge, n (%)
Positive 0 0 0
Negative 57 (42.9) 21 (95.5) 36 (32.4)
Not tested 76 (57.1) 1 (4.5) 75 (67.6)
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96% of infants of symptomatic mothers and 32% of
infants of asymptomatic mothers were tested for
SARS-CoV-2 by nasopharyngeal PCR prior to hospital
discharge. All of these were negative. One infant born
to a symptomatic mother was monitored in the WBN
for an additional day due to congestion. She had two
SARS-CoV-2 tests, both negative. She had no other
testing and no other abnormalities on examination.
Within 24 h, her symptoms improved, and she was dis-
charged. 64% of infants born to symptomatic mothers
were discharged to cohabitate with another family
member, 27% were discharged with their mother as
primary caregiver, and 9% cohabitated in the same
household as their mother but with another primary
caregiver. 97% of infants born to asymptomatic moth-
ers were discharged with their mother as pri-
mary caregiver.

Patient outcomes from telephone follow-up
encounters are summarized in Table 2. Of infants born
to symptomatic mothers, 8 (40%) reported symptoms
at either or both follow-up calls. The most common
symptom was rash, followed by diarrhea. Of these 8
infants, 5 (63%) presented to medical care, but only
one had a SARS-CoV-2 PCR test, which was negative.
This infant presented to the Emergency Department
(ED) at 31 days old with fever and diarrhea. She
received a full sepsis evaluation and was positive for
rhinovirus/enterovirus on a respiratory viral panel. She
had a Staphylococcus epidermidis positive blood cul-
ture, which was considered a contaminant. She was

discharged after four days. Of note, this infant’s twin
had no symptoms.

Of infants born to asymptomatic mothers, 23 (23%)
reported symptoms at either or both follow-ups.
The most common symptom was rash, followed by
congestion and cough. Of these 23 infants, 14 pre-
sented to medical care, and two were tested for SARS-
CoV-2 by PCR, both negative. The first infant pre-
sented to the ED with fever at 13 days old. He
received a full sepsis evaluation revealing a urinary
tract infection. He had an uneventful hospital course
and was discharged after two days. The second infant
presented to the ED at three days old due to parental
concern for poor feeding and sluggishness. He was
discharged from the ED with a reassuring exam and
no other testing beyond his negative SARS-CoV-2 test.
Of note, this child’s mother was the only asymptom-
atic mother who later reported development of symp-
toms consistent with SARS-CoV-2 infection following
hospital discharge. She reported cough at the
10–14 day follow-up call and was advised to seek a
different caregiver for the infant until her symptoms
resolved, which they had by the one month follow-up
call. A third infant born to an asymptomatic mother
received SARS-CoV-2 PCR testing at five days old
solely because of parental request. No symptoms were
reported at this visit or in subsequent telephone
encounters or clinic notes. Two additional infants in
the asymptomatic mothers cohort (both five days old)
were referred to the ED with fevers diagnosed by

Table 2. Follow-up outcomes for infants born to mothers with SARS-CoV-2 infection.

Total infant population (n¼ 121)�
Born to symptomatic
mothers (n¼ 20)

Born to asymptomatic
mothers (n¼ 101)

Symptoms at any point during
follow-up period, n (%)��

31 (25.6) 8 (40) 23 (22.8)

None 90 (74.4) 12 (60) 78 (77.2)
Fever 4 (3.3) 1 (5) 3 (3.0)
Congestion 8 (6.6) 2 (10) 6 (5.9)
Cough 5 (4.1) 0 5 (5.0)
Vomiting 4 (3.3) 0 4 (4.0)
Diarrhea 6 (5) 3 (15) 3 (3.0)
Rash 15 (12.4) 6 (30) 9 (8.9)
Lethargy 1 (0.8) 0 1 (1)
Other 1 (0.8) 0 1 (1)

Presentation to medical care for
evaluation of symptoms, n (%)
Total 19 (15.7) 5 (25) 14 (13.9)
Clinic 14 (11.6) 4 (20) 10 (9.9)
Emergency department 5 (4.1) 1 (5) 4 (4)

Reported mask use, n (%)���
Always — — 66 (66)
Sometimes — — 25 (25)
Infrequently — — 9 (9)

SARS-CoV-2 test after nursery
discharge, n (%)

4 (3.3) 1 (5) 3 (3)

Detected 0 0 0
Not Detected 4 (3.3) 1 (5) 3 (3)

�Excludes 12 infants lost to follow-up (2 to symptomatic mothers, 10 to asymptomatic mothers). ��Some infants had more than 1 symptom reported.���Only asymptomatic mothers who cohabitated with their infants were asked this question.
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temporal thermometer at a clinic. Both had normal
rectal temperatures in the ED and otherwise reassur-
ing exams, so they were discharged without SARS-
CoV-2 testing or any other work up.

Of 100 mothers who were asymptomatic and dis-
charged to cohabitate with their newborn, 66%
reported always adhering to recommended PPE usage,
25% reported occasional adherence, and 9% reported
infrequent adherence to recommended PPE usage.
Among 15 infants of symptomatic mothers who were
discharged to another primary caregiver, 79% reported
adherence to this care plan.

Medical record queries were performed for all 12
infants who were lost to phone follow-up. Of these,
none had ED visits or sick clinic visits within our insti-
tution’s three-hospital network.

Discussion

We present a large cohort of SARS-CoV-2-exposed
infants followed longitudinally until one month of age.
Our study adds to the growing body of literature that
suggests that (1) perinatal transmission between
mother and infant is unlikely and (2) horizontal trans-
mission in the postnatal period leading to clinically
significant disease is unlikely [4–7,18]. None of the 57
infants tested for SARS-CoV-2 prior to discharge from
the WBN had positive results. In the follow-up period,
while 25.6% of infants had some reported symptoms,
all were mild and not suspected to be COVID-19
based on their clinical course. There were only two
infant hospitalizations during the study period, neither
of which was attributable to acute COVID-19 disease
or MIS-C. On follow-up only three infants had symp-
toms that clinically warranted SARS-CoV-2 testing, and
all were negative. These findings corroborate the
results of recent studies of SARS-CoV-2-exposed
infants that have found a low rate of symptomatology
and positive testing after the perinatal period [5–7]. A
recent article reported two infants born to SARS-CoV-2
positive mothers who tested positive for SARS-CoV-2
at seven days and one month of life [19]. Both infants
were asymptomatic with normal development at fol-
low-up clinic visits. A multi-center study in Spain
found no cases of SARS-CoV-2 transmission during
delivery and through the first month of life in a large
cohort of newborns [20]. Finally, a large population-
based study in the United Kingdom analyzing SARS-
CoV-2-related hospital admissions in infants less than
29 days old estimated an incidence of 5.6 per 10,000
live births, suggesting the burden of clinically

significant disease transmission, while not zero, is
exceedingly low [21].

Our study differs from previous cohort analyses in a
few respects. Unlike earlier studies, infants of asymp-
tomatic mothers were allowed to room-in with their
mothers in an open crib rather than an isolette,
though, as with those investigations, mothers were
instructed to wear PPE whenever providing direct
infant care [6–8]. In addition, unlike earlier studies, our
hospital policy was to separate symptomatic mothers
from their infants due to concern that these mothers
would be more likely to transmit the virus [7,22].
Finally, our study uniquely used a combination of chart
review, parental report of symptoms, and presentation
to clinical care to determine if infants developed clinic-
ally significant illness attributable to COVID-19.

At the outset of this study, many organizations,
including the Centers for Disease Control (CDC) and the
American Academy of Pediatrics (AAP), recommended
isolating SARS-CoV-2 positive mothers, regardless of
symptomatology, and suggested that infants avoid dir-
ect breastfeeding [10,11,23]. Separation of mothers and
infants postpartum is known to negatively affect mater-
nal-infant bonding and the establishment and continu-
ation of breastfeeding [24]. Indeed, SARS-CoV-2 positive
mothers separated from their infants have a lower rate
of breastfeeding at hospital discharge as well as on fol-
low-up [25]. Our study suggests that infants of asymp-
tomatic mothers can likely room-in safely and is in line
with the revised CDC and AAP guidelines which encour-
age shared decision-making regarding rooming-in
[10,11]. Our hospital policy did not allow symptomatic
mothers to room-in with their infants. However, recent
studies have shown that this practice may be safe, and
revised AAP guidelines suggest that timing of maternal
symptom onset, rather than presence of symptoms
alone, may more accurately reflect risk of transmission
to a neonate [11].

While we did not specifically investigate antibody
status, two infants of asymptomatic mothers had posi-
tive SARS-CoV-2 IgG antibodies at follow-up clinical
appointments, indicating immunologic evidence of
immunity without clinical symptoms to suggest the
infants themselves were infected. Zeng et al. showed
evidence of IgG and IgM antibodies among infants
born to SARS-CoV-2 positive, symptomatic mothers.
Testing was sent in the perinatal period, and all
infants were asymptomatic upon follow-up [26]. Gao
et al. documented the declining level of SARS-CoV-2
IgG antibodies over time in a cohort of infants born to
mothers with COVID-19 [27]. 63% of exposed infants
had IgG antibodies at birth, and all had continued
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evidence of antibodies 28 to 75 days postpartum. In
addition, some reports demonstrated SARS-CoV-2 anti-
bodies in maternal breast milk [28,29]. The clinical
implications of such antibodies remain unknown, and
more investigation is needed to determine whether
positive antibodies in infants represent transplacental
passage, passage through breast milk, or an immuno-
logic response from SARS-CoV-2 infection that confers
temporary or long-term immunity.

Our study has several limitations. We excluded
infants admitted to the NICU, limiting the generaliz-
ability of our findings regarding vertical transmission,
particularly among premature infants. However, chart
review revealed that none of the 11 exposed NICU
infants tested positive or had clinical illness attribut-
able to SARS-CoV-2 during their initial hospitalization.
We relied on maternal self-report of infant symptoms
following hospital discharge, which introduces the
possibility of recall bias. To some degree, this bias was
mitigated by our chart review; however, not every
infant born at our hospital followed up in our hospital
system, so we may have missed presentations to other
institutions. Maternal self-report by phone also
allowed us to have an excellent follow-up rate of
greater than 90% while avoiding unnecessary in-per-
son visits that would place patients at risk for add-
itional exposure. Furthermore, as we did not conduct
follow-up PCR testing on infants, we cannot say with
certainty whether they acquired infection. However,
we reasoned that other studies have already investi-
gated rates of positive testing among exposed infants,
and thus we purposefully selected clinically significant
COVID-19 disease as our outcome of interest rather
than positive SARS-CoV-2 testing in general [6,7,19].

Despite the promise of new vaccines for COVID-19,
pregnant women were excluded from initial trials and
may not be routinely vaccinated [30,31]. As such, hos-
pitals will continue to care for numerous expectant
mothers who test positive for SARS-CoV-2, particularly
if an institution practices universal screening. While
multicenter, large cohort studies are needed to deter-
mine the exact risk of transmission of SARS-CoV-2
from mothers to infants, our results add to the grow-
ing body of literature that suggests maternal SARS-
CoV-2 infection is unlikely to cause clinically significant
disease among healthy newborns in the 30-day peri-
natal and postnatal period.

Authors’ contributions

Dr. Moffat conceptualized and designed the study,
designed the data collection instruments, collected

data, drafted the initial manuscript, and reviewed and
revised the manuscript.

Dr. Dessie conceptualized and designed the study
and reviewed and critically revised the manuscript.

Ms. O’Leary contributed to data acquisition and
reviewed and critically revised the manuscript.

Dr. Lumba contributed to data analysis and inter-
pretation and reviewed and critically revised
the manuscript.

Dr. Rhee conceptualized and designed the study,
contributed to data analysis and interpretation, and
reviewed and critically revised the manuscript.

All authors approved the final manuscript as sub-
mitted and agree to be accountable for all aspects of
the work.

Disclosure statement

No potential conflict of interest was reported by
the author(s).

ORCID

Michael A. Moffat http://orcid.org/0000-0003-4880-7770

References

[1] Zimmermann P, Curtis N. COVID-19 in children, preg-
nancy and neonates: a review of epidemiologic and
clinical features. Pediatr Infect Dis J. 2020;39(6):
469–477.

[2] Sutton D, Fuchs K, D’Alton M, et al. Universal screen-
ing for SARS-CoV-2 in women admitted for delivery.
N Engl J Med. 2020;382(22):2163–2164.

[3] Fassett MJ, Lurvey LD, Yasumura L, et al. Universal
SARS-Cov-2 screening in women admitted for delivery
in a large managed care organization. Am J Perinatol.
2020;37(11):1110–1114.

[4] Yoon SH, Kang J-M, Ahn JG. Clinical outcomes of 201
neonates born to mothers with COVID-19: a system-
atic review. Eur Rev Med Pharmacol Sci. 2020;24(14):
7804–7815.

[5] Prabhu M, Cagino K, Matthews KC, et al. Pregnancy
and postpartum outcomes in a universally tested
population for SARS-CoV-2 in New York city: a pro-
spective cohort study. BJOG: Int J Obstet Gy. 2020;
127(12):1548–1556.

[6] Dumitriu D, Emeruwa UN, Hanft E, et al. Outcomes of
neonates born to mothers with severe acute respira-
tory syndrome Coronavirus 2 infection at a large
medical center in New York City. JAMA Pediatr. 2021;
175(2):157–167.

[7] Salvatore CM, Han J-Y, Acker KP, et al. Neonatal man-
agement and outcomes during the COVID-19 pan-
demic: an observation cohort study. Lancet Child
Adolesc Health. 2020;4(10):721–727.

[8] Griffin I, Benarba F, Peters C, et al. The impact of
COVID-19 infection on labor and delivery, newborn

6 M. A. MOFFAT ET AL.



nursery, and neonatal intensive care unit: prospective
observational data from a single hospital system. Am
J Perinatol. 2020;37(10):1022–1030.

[9] Flaherman VJ, Afshar Y, John Boscardin W, et al.
Infant outcomes following maternal infection with
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2): first report from the pregnancy corona-
virus outcomes registry (PRIORITY) study. Clin Infect
Dis. 2020;2020:ciaa1411.

[10] Evaluation and Management Considerations for
Neonates At Risk for COVID-19. Centers for Disease
Control and Prevention. Updated December 8, 2020;
[cited 2020 June 9 and 2020 November 25]. Available
from: https://www.cdc.gov/coronavirus/2019-ncov/
hcp/caring-for-newborns.html.

[11] FAQ: Management of Infants Born to Mothers with
Suspected or Confirmed COVID-19. American
Academy of Pediatrics. Updated November 19, 2020;
[cited 2020 June 1 and 2020 November 20]. Available
from: https://services.aap.org/en/pages/2019-novel-
coronavirus-covid-19-infections/clinical-guidance/faqs-
management-of-infants-born-to-covid-19-mothers.

[12] To KK-W, Tsang OT-Y, Leung W-S, et al. Temporal pro-
files of viral load in posterior oropharyngeal saliva
samples and serum antibody responses during infec-
tion by SARS-CoV-2: an observational cohort study.
Lancet Infect Dis. 2020;20(5):565–574.

[13] Verdoni L, Mazza A, Gervasoni A, et al. An outbreak
of severe Kawasaki-like disease at the italian epicentre
of the SARS-CoV-2 epidemic: an observational cohort
study. Lancet. 2020;395(10239):1771–1778.

[14] Feldstein LR, Rose EB, Horwitz SM, et al. Multisystem
inflammatory syndrome in US children and adoles-
cents. N Engl J Med. 2020;383(4):334–346.

[15] Levin M. Childhood multisystem inflammatory syn-
drome – a new challenge in the pandemic. N Engl J
Med. 2020;383(4):393–395.

[16] Harris PA, Taylor R, Minor BL, et al. The REDCap con-
sortium: building an international community of soft-
ware platform partners. J Biomed Inform. 2019;95:
103208.

[17] Harris PA, Taylor R, Thielke R, et al. Research elec-
tronic data capture (REDCap)-a metadata-driven
methodology and workflow process for providing
translational research informatics support. J Biomed
Inform. 2009;42(2):377–381.

[18] Patil UP, Maru S, Krishnan P, et al. Newborns of
COVID-19 mothers: short-term outcomes of colocating
and breastfeeding from the pandemic’s epicenter. J
Perinatol. 2020;40(10):1455–1458.

[19] Zhang P, Heyman T, Greechan M, et al. Maternal, neo-
natal and placental characteristics of SARS-CoV-2 posi-
tive mothers. J Matern Fetal Neonatal Med. 2021;
2021:1–9.

[20] Marin Gabriel MA, Reyne Vergeli M, Caserio
Carbonero S, et al. Maternal, perinatal and neonatal
outcomes with COVID-19: a multicenter study of 242
pregnancies and their 248 infant newborns during
their first month of life. Pediatr Infect Dis J. 2020;
39(12):e393–e397.

[21] Gale C, Quigley MA, Placzek A, et al. Characteristics
and outcomes of neonatal SARS-CoV-2 infection in
the UK: a prospective national cohort study using
active surveillance. Lancet Child Adolesc Health. 2021;
5(2):113–121.

[22] Ronchi A, Pietrasanta C, Zavattoni M, et al. Evaluation
of rooming-in practice for neonates born to mothers
with severe acute respiratory syndrome coronavirus 2
infection in Italy. JAMA Pediatr. 2021;175(3):260–266.

[23] Wyckoff AS. AAP issues guidance on infants born to
mothers with suspected or confirmed COVID-19. AAP
News. Published April 2, 2020; [cited 2020 June 5].
Available from: https://www.aappublications.org/
news/2020/04/02/infantcovidguidance040220.

[24] Bass JL, Gartley T, Kleinman R. World health organiza-
tion baby-friendly hospital initiative guideline and
2018 implementation guidance. JAMA Pediatr. 2019;
173(1):93–94.

[25] Popofsky S, Noor A, Leavens-Maurer J, et al. Impact of
maternal severe acute respiratory syndrome
Coronavirus 2 detection on breastfeeding due to
infant separation at birth. J Pediatr. 2020;226:64–70.

[26] Zeng H, Xu C, Fan J, et al. Antibodies in infants born
to mothers with COVID-19 pneumonia. JAMA. 2020;
323(18):1848–1849.

[27] Gao J, Li W, Hu X, et al. Disappearance of SARS-CoV-2
antibodies in infants born to women with COVID-19,
wuhan, China. Emerg Infect Dis. 2020;26(10):
2491–2494.

[28] Gao X, Wang S, Zeng W, et al. Clinical and immuno-
logic features among COVID-19-affected mother-
infant pairs: antibodies to SARS-CoV-2 detected in
breast milk. New Microbes New Infect. 2020;37:
100752.

[29] Dong Y, Chi X, Hai H, et al. Antibodies in the breast
milk of a maternal woman with COVID-19. Emerg
Microbes Infect. 2020;9(1):1467–1469.

[30] Dashraath P, Nielsen-Saines K, Madhi SA, et al. COVID-
19 vaccines and neglected pregnancy. The Lancet.
2020;396(10252):e22.

[31] Luthra S. Pregnant Women haven’t been included in
promising COVID-19 vaccine trials. USA Today.
Published November 23, 2020; [cited 2021 Nov 25].
Available from: https://www.usatoday.com/story/
news/nation/2020/11/23/pregnant-women-excluded-
pfizer-moderna-covid-19-vaccine-trials/6352679002/.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 7

https://www.cdc.gov/coronavirus/2019-ncov/hcp/caring-for-newborns.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/caring-for-newborns.html
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/faqs-management-of-infants-born-to-covid-19-mothers
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/faqs-management-of-infants-born-to-covid-19-mothers
https://services.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/faqs-management-of-infants-born-to-covid-19-mothers
https://www.aappublications.org/news/2020/04/02/infantcovidguidance040220
https://www.aappublications.org/news/2020/04/02/infantcovidguidance040220
https://www.usatoday.com/story/news/nation/2020/11/23/pregnant-women-excluded-pfizer-moderna-covid-19-vaccine-trials/6352679002/
https://www.usatoday.com/story/news/nation/2020/11/23/pregnant-women-excluded-pfizer-moderna-covid-19-vaccine-trials/6352679002/
https://www.usatoday.com/story/news/nation/2020/11/23/pregnant-women-excluded-pfizer-moderna-covid-19-vaccine-trials/6352679002/

	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Authors’ contributions
	Disclosure statement
	Orcid
	References


