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Abstract

Background: Our understanding of the impact of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on preg-
nancies and perinatal outcomes is limited. The clinical course of neonates born to women who acquired coronavirus disease 2019
(COVID-19) during their pregnancy has been previously described. However, the course of neonates born with complex con-
genital malformations during the COVID-19 pandemic is not known. Methods: We report a case series of seven neonates with
congenital heart and lung malformations born to women who tested positive for SARS-CoV-2 during their pregnancy at a single
academic medical center in New York City. Results: Six infants had congenital heart disease and one was diagnosed with
congenital diaphragmatic hernia. In all seven infants, the clinical course was as expected for the congenital lesion. None of the
seven exhibited symptoms generally associated with COVID-19. None of the infants in our case series tested positive by
nasopharyngeal test for SARS-CoV-2 at 24 hours of life and at multiple points during their hospital course. Conclusions: In this
case series, maternal infection with SARS-CoV-2 during pregnancy did not result in adverse outcomes in neonates with complex
heart or lung malformations. Neither vertical nor horizontal transmission of SARS-CoV-2 was noted.

Keywords
COVID-19, SARS-CoV-2, congenital heart disease, neonate, vertical transmission

Submitted May 24, 2020; Accepted July 23, 2020.
' Department of Pediatrics, New York-Presbyterian/Morgan Stanley Children’s
Hospital, Columbia University Irving Medical Center, New York, NY, USA
2 Department of Nursing, New York-Presbyterian/Morgan Stanley Children’s
Hospital, Columbia University Irving Medical Center, New York, NY, USA
3 Department of Surgery, New York-Presbyterian/Morgan Stanley Children’s
Hospital, Columbia University Irving Medical Center, New York, NY, USA

Introduction

In less than six months, the coronavirus disease 2019 (COVID-

19) pandemic has swiftly spread from one city in China to over
190 countries across six continents.'” As of this writing, the
number of confirmed infections has surpassed 4.5 million and
fatalities are now in excess of 300,000."* New York City (NYC)
emerged as the epicenter of the pandemic in the United States.”
Infections surged exponentially in NYC in late March and early
April 2020, with more than 10,000 new cases per day at the peak
of the pandemic.? Within three weeks of the first identified
COVID-19 patient on March 1, thousands of infected individu-
als sought medical care in NYC, including pregnant women.
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Abbreviations and Acronyms

CDH congenital diaphragmatic hernia
COVID-19 coronavirus disease 2019

CPAP continuous positive airway pressure
DOL day of life

ECMO extracorporeal membrane oxygenation
IP&C Infection Prevention and Control
IQR interquartile range

LHR lung area-to-head circumference ratio
NYC New York City

PGE-I| Prostaglandin EI

PPE personal protective equipment

PUI persons under investigation

SD standard deviation

Pregnant women infected with the Severe Acute Respiratory
Syndrome Coronavirus 1 (SARS-Cov-1) and Middle East
Respiratory Syndrome (MERS) coronaviruses were at greater
risk of severe infection and adverse perinatal outcomes com-
pared to women who were not pregnant at the time of infec-
tion.>> Our knowledge about the impact of SARS-CoV-2
infection, the etiological agent causing COVID-19, on pregnant
women and their newborn infants is limited. Neonatal infec-
tions with SARS-CoV-2 have been described although robust
data on vertical transmission are lacking. In most instances
where neonatal infection has been reported, close contact with
infected mother or caregiver is postulated to have occurred.® 2!
Miscarriage, intrauterine fetal demise, and premature birth
have been reported with COVID-19 while most neonates who
acquire SARS-CoV-2 infections have either been asympto-
matic or experienced a mild course.®! There are currently
no reports on the impact of COVID-19 on pregnancies compli-
cated by complex malformations in the fetus nor the clinical
and hospital course of these neonates after birth. In this case
series, we report on our experience at a single large medical
center in NYC, with newborn infants diagnosed with complex
congenital malformations born to mothers who acquired
COVID-19 during pregnancy.

Methods
Setting

This study was conducted at New York Presbyterian’s Morgan
Stanley Children’s Hospital and Columbia University Irving
Medical Center, a quaternary care hospital that predominantly
serves northern Manhattan and neighboring boroughs including
Westchester county and New Jersey. Patients were admitted to
the Infant Cardiac Unit, a 17-bed intensive care unit dedicated
to the care of neonates and young infants with congenital heart
disease. The Institutional Review Board of Columbia Univer-
sity has approved this study under expedited review with
waiver of informed consent.

Data Source

Eligible patients were identified from the Infant Cardiac Unit’s
administrative database. Data were obtained by manual chart

review and included neonates born to mothers who were diag-
nosed with COVID-19 between March 16, 2020, and May 7,
2020. Data collected included maternal and infant demographic
information, maternal and infant SARS-CoV-2 test results,
maternal symptoms, timing of maternal clinical presentation,
mode of delivery, maternal disposition, Apgar scores, resusci-
tation at birth, cardiac and other diagnoses, hospital course, and
disposition of neonates.

Study Population

This case series included neonates with prenatal diagnosis of
complex congenital malformations of the heart or lung born to
women who tested positive by nasopharyngeal swab for SARS-
CoV-2 between March 16, 2020, and May 7, 2020. Infants born
to women with symptoms suggestive of COVID-19, but not
confirmed by laboratory test, were not included.

A dedicated multidisciplinary COVID-19 team from the
Infection Prevention and Control (IP&C) department provided
guidance on infection prevention and control measures, breast
milk and breastfeeding practice, as well as guidance on timing
and frequency of testing and visitation to our unit and hospital.

SARS-CoV-2 testing: All neonates underwent testing for
SARS-CoV-2 by nasopharyngeal swab at 24 hours, at 14 days,
and in-between or after if symptoms emerged or if there was a
scheduled procedure when a repeat test was performed 24
hours prior to the procedure as per institutional guidelines.
Cobas (Roche) or Xpert Xpress (Cepheid) Reverse
transcription polymerase chain reaction (RT-PCR) assay were
used to test for neonates for SARS-CoV-2.

Isolation Precautions

Based on Centers for Disease Control and Prevention and local
[P&C interim guidance, neonates born to COVID-19 positive
mothers were considered persons under investigation (PUI).
While a PUI, newborns were placed on droplet and contact iso-
lation in negative pressure rooms until infection in the neonate
was excluded at the end of the incubation period, that is, 14 days.
Airborne precautions were implemented if aerosol-generating
procedures such as continuous positive airway pressure (CPAP),
oral suctioning, or intubation were performed.

For neonates born at our hospital, attendance at delivery was
organized to minimize exposure of staff and preserve personal
protective equipment (PPE) while maintaining adequate num-
bers of personnel to provide effective resuscitation. Hospital
policies were followed to ensure staff protection with appro-
priate PPE usage. After initial stabilization in the delivery
room, transport of these neonates was accomplished by placing
the infants in an enclosed incubator with an additional team
outside of the delivery room or obstetrical operating room. The
transport team wore appropriate PPE, was accompanied by
support staff to facilitate movement through hospital, and
transported patients immediately to a negative pressure room
in the Infant Cardiac Unit at our hospital.
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Visitation Policy

During the pandemic, visitation has been restricted to the Infant
Cardiac Unit. For all infants, only one designated, asymptomatic
parent or guardian was permitted, all of whom wore a gown,
gloves, and a surgical face mask. Mothers who tested positive for
SARS-CoV-2 were prohibited from entering the Infant Cardiac
Unit until the local [P&C team cleared her for visitation. Clear-
ance parameters generally included an afebrile period of three
consecutive days without antipyretics and at least 14 days (seven
days if asymptomatic) had passed since the onset of symptoms
and other symptoms had markedly improved.

Breast Milk and Feeding

Symptomatic mothers who were not yet cleared for visitation
were encouraged to express breast milk at home, store appro-
priately, and deliver to the Infant Cardiac Unit. Per hospital
policies and CDC recommendations, safe expression of breast
milk in symptomatic mothers could be performed while moth-
ers wore a mask, performed good breast and hand hygiene, and
cleaned the pump between each session.”” Asymptomatic
mothers who were cleared for visitation were allowed to breast-
feed or provide pumped milk to their child while wearing a
mask and having performed good hand and breast hygiene.

Statistical Procedures

Descriptive statistics and data collection were performed using
Microsoft Excel 2016 MSO (16.0.4266.1001). Parametric
results were expressed as mean and standard deviation (SD).
Nonparametric results were expressed as median and interquar-
tile range (IQR).

Results

Between March 16 and May 7, 2020, seven neonates with com-
plex congenital heart and lung malformations born to women
who tested positive for SARS-CoV-2 were admitted to the Infant
Cardiac Unit at our institution. Notably, of the seven, three
women were asymptomatic during their hospital course and
denied prior history of COVID-19 symptoms. Three women
experienced mild to moderate symptoms of COVID-19 prior
to delivery and tested positive between five and eleven days
prior to delivery. One woman who was asymptomatic at admis-
sion to the labor and delivery ward developed symptoms of
COVID-19 immediately after delivery and tested positive for
SARS-CoV-2. During this period, approximately 15% of women
who delivered at our hospital tested positive for SARS-COV-2.

Table 1 shows demographic and clinical results. Five neo-
nates were born at our hospital and two were transferred from
other institutions. Diagnosis of cardiac or lung malformation
was established prenatally in all neonates. Four male and three
female infants were born between 34 4/7 and 40 weeks’ gesta-
tion (median: 38 5/7weeks, IQR 37-39 weeks). Mean and SD
for birthweight were 2,845 + 485 g. One-minute Apgar scores
ranged from 3 to 9, with 5-minute Apgar scores of 7 to 9. Five

neonates received expressed breast milk as either part or all of
their enteral nutrition during admission.

Cases

Case |. This is a full-term male neonate born at our institution
with a prenatal diagnosis of D-transposition of the great arteries
with intact ventricular septum and a restrictive atrial commu-
nication. The patient’s mother developed respiratory symptoms
and fever two-and-a-half weeks prior to delivery and was diag-
nosed with COVID-19 11 days prior to delivery. After birth and
immediate stabilization, balloon atrial septostomy was per-
formed in a negative pressure room in the Infant Cardiac Unit.
Arterial switch operation was performed on day of life (DOL)
4. His postoperative course was unremarkable, and he was
discharged home on DOL 13. SARS-CoV-2 tests on this infant
on DOL 1, 2, 4, and 8 were negative.

Case 2. This is a late preterm male neonate born at our institu-
tion with prenatal diagnosis of left congenital diaphragmatic
hernia (CDH). Prenatal magnetic resonance imaging confirmed
left-sided defect containing stomach, bowel and liver, a lung
area-to-head circumference ratio (LHR) of 0.7, and observed-
to-expected LHR ratio of 0.25. Based on these reports, the
infant was at higher risk for needing extracorporeal membrane
oxygenation (ECMO) in the postnatal period. Although his
mother developed mild symptoms and tested positive one week
prior to delivery, she presented on the day of admission with
worsening respiratory distress and a nonreassuring fetal heart
tracing prompting delivery. On DOL 2, the neonate required
escalation of support for hypoxic respiratory failure and pul-
monary hypertension and was placed on veno-arterial ECMO
for three days. The ECMO course was complicated by coagu-
lopathy prompting decannulation on DOL 4. Gortex patch
repair of the CDH defect was accomplished on DOL 5 without
complications. SARS-CoV-2 tests on DOL 1, 4, and 14 were
negative. At the time of this writing, this neonate is recovering
well, weaning off noninvasive respiratory support, and estab-
lishing feeding skills.

Case 3. This is a full-term female neonate born at our institution
with complex congenital anomalies including p-transposition
of the great arteries, pulmonary atresia, ventricular septal
defect, Dandy Walker malformation, micro/retrognathia, glos-
soptosis, and intrauterine growth restriction. A postnatal diag-
nosis of trisomy 13 was established. A stent in the ductus
arteriosus was placed on DOL 10. This patient is currently in
the Infant Cardiac Unit on nasal CPAP, awaiting tracheostomy
for upper airway obstruction. SARS-CoV-2 tests on DOL 1, 7,
9, and 14 were negative.

Case 4. This is a term male neonate born at an outside institu-
tion with pulmonary atresia and intact ventricular septum who
underwent radiofrequency perforation and balloon dilatation of
the pulmonary valve on DOL 10. Due to the inability to wean
off from Prostaglandin E1 (PGE-1) infusion, this patient under-
went ductal stent placement on DOL 19. SARS-CoV-2 tests on
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DOL 1, 5, 9, 15, and 18 were negative. This neonate was
discharged home on DOL 29.

Case 5. This is a term female neonate born at our institution
with prenatal diagnosis of critical pulmonary stenosis who
underwent balloon dilatation of the pulmonary valve on DOL
2. SARS-CoV-2 testing on DOL 1 was negative. This neonate
was discharged home on DOL 7 without additional SARS-
CoV-2 testing.

Case 6. This is a term male neonate born at our institution with
prenatal diagnosis of pulmonary atresia with intact ventricular
septum and postnatal diagnosis of critical pulmonary stenosis.
This patient underwent balloon dilatation of the pulmonary
valve on DOL 4. Currently, this patient remains in the intensive
care unit and is weaning from CPAP and PGE-1. SARS-CoV-2
tests performed on DOL 1 and 3 were negative.

Case 7. This is a preterm female infant born at an outside
institution at 34 4/7 weeks’ gestation due to placenta previa,
vaginal bleeding, and nonreassuring fetal heart tracings. Car-
diac diagnoses included r-transposed great arteries, large ven-
tricular septal defect, mild pulmonary stenosis, and 2:1
atrioventricular block. This infant was placed on CPAP and
weaned to room air at term gestation. No cardiac intervention
was performed. She was transferred back to the referring insti-
tution to improve feeding skills prior to discharge. All SARS-
CoV-2 tests were negative on DOL 2, 5, 14, and 23.

Discussion

The clinical course of neonates with complex cardiac or lung
malformations born to women with COVID-19 has not been
described previously. Adverse pregnancy outcomes including
preterm births have been reported with COVID-19.%72! In this
series, except for two, all neonates were born at term gestation.
In case 2, the infant was born early primarily due to symptoms
in the mother leading to fetal intolerance of labor. In case 7,
early delivery may have been related to maternal COVID-19
diagnosis. All seven neonates in our case series followed a
hospital course that appears comparable to patients with similar
diagnoses cared for at our institution in the pre-pandemic era.

In all seven neonates, infection in the mother occurred in the
late third trimester. In six cases, delivery occurred 5 to 11 days
after testing positive for COVID-19 with one case of postnatal
maternal diagnosis. We are only now beginning to understand
the impact of SARS-CoV-2 infection on pregnancy outcomes if
the infection occurred earlier in pregnancy, including in the
first or second trimesters. Rates of spontaneous abortion and
fetal growth restriction in early trimester maternal infection do
not appear increased in a recent report.”> In the same study,
while the risk of preterm birth (<37 weeks’ gestation) was
increased, spontaneous preterm birth was not. We do not yet
know the impact of severe COVID-19 on the fetus if delivery
occurs remote from infection. During the 2009 HIN1 influenza
pandemic, 25% of neonates who were delivered after the
mother had a hospital discharge from severe or critical illness

were born small for gestational age and of lower birth weight
than the general population.>* During the SARS epidemic,
neonates delivered several weeks after maternal infection expe-
rienced intrauterine growth restriction.’

In general, vertical transmission can occur from mother to
newborn antepartum across the placenta, intrapartum during
the birthing process, or after birth through the ingestion of
breast milk.”> In our series, nasopharyngeal swab test for
SARS-CoV-2 was negative at 24 hours and at multiple points
thereafter including on DOL 14 when neonatal infection was
finally excluded in all seven cases. The usual routes of trans-
mission of SARS-CoV-2 are by respiratory droplets, by close
contact with infected individuals, or through fomite transmis-
sion from contaminated surfaces or objects.® The mode(s) of
transmission of SARS-CoV-2 to the newborn has not been
clearly defined, and the potential contributions of antepartum
and intrapartum infection are unclear. Although placental inva-
sion of SARS-CoV-2 has been reported, robust data that sup-
port in utero transmission are lacking.?’ > Studies have
detected immunoglobulin M in newborns suggestive of intrau-
terine infection, although the sensitivity and specificity of these
tests are unknown.'’ Newborns can also potentially acquire
infection through horizontal transmission from infected con-
tacts.''™'* Thus far, to our knowledge, there are published
reports of 28 neonates who have tested positive for SARS-
CoV-2.2! While the modes of transmission to the neonate
have not been clearly outlined in these reports, close contact
with the infected mother or other caregiver is presumed.''"* In
our case series, all of the seven infants were separated from the
mother for the entire duration of the incubation period, that is,
14 days and have tested negative on multiple tests. This is a
specific practice we employed in our Neonatal intensive care
unit and Infant Cardiac Unit and not our standard well baby
nursery. Our hospital IP&C guidelines restricting maternal vis-
itation to Neonatal Intensive Care Unit and Infant Cardiac Unit
infants has likely prevented horizontal transmission to these
infants.

In our case series, four of the seven women did not exhibit
any symptoms of COVID-19 at the time of arrival to the labor
and delivery ward, and three continued to be asymptomatic
during the entire hospital course. Based upon the high asymp-
tomatic carriage rate and the highly efficient manner in which
this virus is transmitted, we think it is prudent to test all preg-
nant women who present for delivery for SARS-CoV-2 infec-
tion based on local prevalence and resources.’

This study has several limitations. It is a small case series of
seven patients from an academic University hospital at the
epicenter of the global pandemic in the United States. Although
our results are in accordance with the majority of reports of
vertical transmission, large data sets and data registries are
needed to confirm the low probability of vertical transmission
of SARS-CoV-2. Additionally, this study does not provide data
on pregnant women with fetuses with complex cardiac or lung
malformations who were positive for SARS-CoV-2 and expe-
rienced either miscarriage or intrauterine fetal death.
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In conclusion, neonates with complex cardiac or lung mal-
formation born to women diagnosed with COVID-19 during
pregnancy followed an unremarkable course. We did not iden-
tify vertical transmission in our series. Additionally, we did not
experience any horizontal transmission from mothers with
COVID-19.

Authors’ Note

Drs Goldshtrom and Vargas contributed equally to the conduct of this
study. The Institutional Review Board of Columbia University has
approved this study under expedited review with a waiver of informed
consent. The authors had full control of the design of the study, meth-
ods used, outcome described, analysis and production of the data, and
written report.

Acknowledgments

The authors thank the staff at the New York-Presbyterian Morgan
Stanley Children’s Hospital for their remarkable work during the pan-
demic. Middle East Respiratory Syndrome(MERS) Drs. Dena Goff-
man and Russell Miller are now affiliated with the Department of
Obstetrics and Gynecology, New York-Presbyterian/Morgan Stanley
Children’s Hospital, Columbia University Irving Medical Center,
New York, NY, USA.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Nimrod Goldshtrom, MD, MS
508X

Diana Vargas, MD
Oliver Barry, MD

https://orcid.org/0000-0002-9338-

https://orcid.org/0000-0002-2845-2696
https://orcid.org/0000-0002-2726-7376

References

1. WHO coronavirus disease (COVID-19) dashboard. World Health
Organization. 2020. Accessed May 17, 2020. https://covid19.
who.int/

2. Johns Hopkins University & Medicine—Coronavirus Resource
Center. Johns Hopkins University & Medicine. 2020. Accessed
May 17, 2020. https://coronavirus.jhu.edu/map.html

3. Shek CC, Ng PC, Fung GPG, et al. Infants born to mothers with
severe acute respiratory syndrome. Pediatrics. 2003;112(4): e254.
doi:10.1542/peds.112.4.e254

4. Wong SF, Chow KM, Leung TN, et al. Pregnancy and perinatal
outcomes of women with severe acute respiratory syndrome. Am J
Obstet Gynecol. 2004;191(1): 292-297. doi:10.1016/j.ajog.2003.
11.019

5. Alfaraj SH, Al-Tawfiq JA, Memish ZA. Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) infection during preg-
nancy: report of two cases & review of the literature. J Microbiol
Immunol Infect. 2019;52(3): 501-503. doi:10.1016/j.jmii.2018.04.
005

6. Liu Y, Chen H, Tang K, Yubiao G. Clinical manifestations and out-
come of SARS-CoV-2 infection during pregnancy [published online
March 5, 2020]. J Infect. 2020. doi:10.1016/j.jinf.2020.02.028

7. Breslin N, Baptiste C, Gyamfi-Bannerman C, et al. COVID-19
infection among asymptomatic and symptomatic pregnant
women: two weeks of confirmed presentations to an affiliated
pair of New York City hospitals. Am J Obstet Gynecol MFM.
2020:100118. doi:10.1016/j.ajogmf.2020.100118

8. Yu N, Li W, Kang Q, et al. Clinical features and obstetric and
neonatal outcomes of pregnant patients with COVID-19 in
Wuhan, China: a retrospective, single-centre, descriptive study.
Lancet Infect Dis. 2020;20(5): 559-564. doi:10.1016/S1473-
3099(20)30176-6

9. Zeng L, Xia S, Yuan W, et al. Neonatal early-onset infection with
SARS-CoV-2 in 33 neonates born to mothers with COVID-19 in
Wuhan, China. JAMA Ped. 2020;23(77): 2-4. d0i:10.1001/jama-
pediatrics.2020.0878

10. Lu D, Sang L, Du S, et al. Asymptomatic COVID-19 infection in
late pregnancy indicated no vertical transmission. J Med Virol.
2020:10.1002/jmv.25927. doi:10.1002/jmv.25927

11. Buonsenso D, Costa S, Sanguinetti M, et al. Neonatal late onset
infection with severe acute respiratory syndrome coronavirus 2.
Am J Perinatol. 2020;37(8): 869-872. doi:10.1055/s-0040-
1710541

12. Knight M, Bunch K, Vousden N, et al. Characteristics and out-
comes of pregnant women hospitalised with confirmed SARS-
CoV-2 infection in the UK: a national cohort study using the
UK obstetric surveillance system (UKOSS). Medrxiv. 2020:
1-22. doi:10.1101/2020.05.08.20089268

13. Ferrazzi E, Frigerio L, Savasi V, et al. Vaginal delivery in SARS-
CoV-2 infected pregnant women in Northern Italy: a retrospective
analysis [published online April 27, 2020]. BJOG. 2020. doi:10.
1111/1471-0528.16278

14. Hantoushzadeh S, Shamshirsaz AA, Aleyasin A, et al. Maternal
death due to COVID-19 disease. Am J Obstet Gynecol. 2020;
223(1): 109.e1-109.e16. doi:10.1016/j.2j0g.2020.04.030

15. Zamaniyan M, Ebadi A, Aghajanpoor Mir S, et al. Preterm deliv-
ery in pregnant woman with critical COVID-19 pneumonia and
vertical transmission [published online April 17, 2020]. Prenat
Diagn. 2020. doi:10.1002/pd.5713

16. Chen H, Guo J, Wang C, et al. Clinical characteristics and intrau-
terine vertical transmission potential of COVID-19 infection in
nine pregnant women: a retrospective review of medical records.
Lancet. 2020;395(10226): 809-815. doi:10.1016/S0140-
6736(20)30360-3

17. Dong L, Tian J, He S, et al. Possible vertical transmission of
SARS-CoV-2 from an infected mother to her newborn. JAMA.
2020;323(18): 1846-1848. doi:10.1001/jama.2020.4621

18. Wang S, Guo L, Chen L, et al. A case report of neonatal COVID-
19 infection in China. Clin Infect Dis. 2020;71(15): 853-857. doi:
10.1093/cid/ciaa225

19. Alzamora MC, Paredes T, Caceres D, Camille MW, Luis MV,
Mauricio La R. Severe COVID-19 during pregnancy and possible
vertical transmission. Am J Perinatol. 2020;37(8): 861-865. doi:
10.1055/s-0040-1710050


https://orcid.org/0000-0002-9338-508X
https://orcid.org/0000-0002-9338-508X
https://orcid.org/0000-0002-9338-508X
https://orcid.org/0000-0002-9338-508X
https://orcid.org/0000-0002-2845-2696
https://orcid.org/0000-0002-2845-2696
https://orcid.org/0000-0002-2845-2696
https://orcid.org/0000-0002-2726-7376
https://orcid.org/0000-0002-2726-7376
https://orcid.org/0000-0002-2726-7376
https://covid19.who.int/
https://covid19.who.int/
https://coronavirus.jhu.edu/map.html

Goldshtrom et al

20.

21.

22.

23.

24.

Zhu H, Wang L, Fang C, et al. Clinical analysis of 10 neonates
born to mothers with 2019-nCoV pneumonia. Trans! Pediatr.
2020;9(1): 51-60. doi:10.21037/tp.2020.02.06

Wang X, Zhou Z, Zhang J, Fengfeng Z, Yongyan T, Xinghua S. A case
0f2019 novel coronavirus in a pregnant woman with preterm delivery.
Clin Infect Dis. 2020;71(15): 844-846. doi:10.1093/cid/ciaa200
Center for Disease Control and Prevention. Care for breastfeeding
women. Interim guidance on breastfeeding and breast milk feeds
in the context of COVID-19, 2020. Accessed June 12, 2020.
https://www.cdc.gov/coronavirus/2019-ncov/hcp/care-for-breast
feeding-women.html

YanJ, GuoJ, Fan C, et al. Coronavirus disease 2019 (COVID-19) in
pregnant women: a report based on 116 cases. Am J Obstet Gynecol.
2020;223(1):111.e1-111.e14. doi:10.1016/j.ajog.2020.04.014
Center for Disease Control and Prevention. Maternal and infant
outcomes among severely ill pregnant and postpartum women
with 2009 pandemic influenza A (HIN1)-United States, April
2009-August 2010. Morb Mortal Wkly Rep; September 11,
2011;60(35): 1193-1196.

25.

26.

27.

28.

29.

Arora N, Sadovsky Y, Dermody TS, Coyne CB. Microbial
vertical transmission during human pregnancy. Cell Host
Microbe. 2017;21(5): 561-567. doi:10.1016/j.chom.2017.
04.007

Modes of transmission of virus causing COVID-19: Implications for
IPC, precautions and recommendations. World Health Organiza-
tion. 2020. Accessed May 17, 2020. https://www.who.int/news-
room/commentaries/detail/modes-of-transmission-of-virus-caus
ing-covid-19-implications-for-ipc-precaution-recommendations
Hosier H, Farhadian S, Morotti RA, et al. First case of placental
infection with SARS-CoV-2 [published online May 05, 2020].
Med Rxiv. 2020. doi:10.1101/2020.04.30.20083907

Baud D, Greub G, Favre G, et al. Second-trimester miscarriage in
a pregnant woman with SARS-CoV-2 infection. JAMA. 2020;
323(21): 2198-2200. doi:10.1001/jama.2020.7233

Penfield CA, Brubaker SG, Limaye MA, et al. Detection of
SARS-COV-2 in placental and fetal membrane samples [pub-
lished online May 08, 2020]. Am J Obstet Gynecol MFM. 2020:
100133. doi:10.1016/j.ajogmf.2020.100133


https://www.cdc.gov/coronavirus/2019-ncov/hcp/care-for-breastfeeding-women.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/care-for-breastfeeding-women.html
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


