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INTRODUCTION
Coronavirus disease 2019 (COVID-19), resulting from infection with
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
can affect pregnant women. Their newborns are at a higher risk of
prematurity and early separation from their mothers, who may
subsequently require intensive care for their own health.1,2

Although neonates born of mothers infected with SARS-CoV-2
during pregnancy are seemingly vulnerable to infection, studies
have found that they were not at a high risk for severe infection
and were very rarely affected by COVID-19.1–6 The presence of
virus by real-time reverse transcriptase polymerase chain reaction
(RT-PCR) has been reported in newborns before H 12 of life.1 In
addition, antiviral immunoglobulin M has been detected in
newborns at birth,7 suggesting that mother-to-infant viral
transmission may occur.8 To date, however, only one case of
vertical transmission has been clearly demonstrated.9 In several
cases of early neonatal infection, postnatal contamination cannot
be excluded.10 Moreover, only one case report found that the virus
could pass from mother to infant through the mother’s breast
milk.11

Despite these findings, international or national guidelines on
the management of newborns of mothers suspected or positive
for COVID-19, including Chinese consensus guidelines and guide-
lines of the American Academic of Pediatrics, have recommended
at least temporary separation of mother and newborn as a
precaution.12,13 In contrast, other guidelines,14 including those of
the French Society of Neonatology,15,16 do not recommend
systematic separation. Most of these guidelines consistently
support breastfeeding if the mother wishes it.14,17 All guidelines,
however, recommend isolating these newborns for 14 days.
The Alsace region was one of the main sites of the COVID-19

pandemic in France in March 2020. The two level III perinatal
centers in Alsace implemented similar guidelines, with no
systematic mother–infant separation, breastfeeding support, and
a structured follow-up during the first month of life. The main
objective of this study was to assess the safety of the current
management. The secondary objective was to evaluate the need
for re-hospitalization during the follow-up period.

METHODS
This retrospective study evaluated all term and near-term
neonates born to mothers at Strasbourg University and Mulhouse
Hospitals in Alsace, France confirmed as having COVID-19 during
their last 2 weeks of pregnancy between March 15 and April 24,

2020. After birth, mothers and newborns were separated only
when their medical status made this necessary. Skin-to-skin
contact and breastfeeding required specific hygienic measures.
Mothers had to wear surgical face masks, disinfect their hands,
and wash their nipples with odorless soap. Direct breastfeeding,
indirect breastfeeding through expressed breast milk, and formula
feeding were at the mother’s preference. When mothers were
sleeping, cradles had to be placed at least 2 m away from their
beds. Visits from others were not permitted. Mothers were able to
access their hospitalized neonates securely as soon as allowed by
their medical status. Nasopharyngeal and anal swabs were
obtained from each neonate at birth and on day 3, as well as
weekly from neonates requiring a prolonged hospital stay, and
breast milk samples were obtained on day 3 and/or day 7. The
presence of SARS-CoV-2 RNA in these samples was assessed by in-
house RT-PCR, with an assay sensitivity of about 10 copies/
reaction (https://www.who.int/docs/default-source/coronaviruse/
real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-
pasteur-paris.pdf?sfvrsn=3662fcb6_2), using primers and probes
targeting two regions on the RdRp gene and specific to SARS-
CoV2.
Neonates were discharged after day 3 of life through hospital-

assisted neonatal home care coordinated by a pediatrician. Home
care included daily planned visits by a midwife until day 8 and
every 2 days for breastfed infants or at days 10 and 14 for non-
breastfed infants. At each visit, the newborn was weighed, and
feeding methods and signs of illness were noted. Each newborn
was examined in person by their pediatrician on day 14. Parents
were able to call a neonatologist at any time, with systematic
teleconsultation on days 8, 14, 21, and 28. The neonatologist
provided advice, answered questions, and checked the medical
status of the neonate, the mother, and the family. The study was
approved on 14 May 2020 by the local ethics committee of the
Strasbourg Faculty of Medicine (CE-2020-86), and all parents
provided written informed consent.

RESULTS
Twenty-six mother–neonate dyads were included (Table 1). Only
one preterm neonate required endotracheal intubation and
surfactant administration. He was rapidly extubated after neonatal
intensive care unit (NICU) admission and required no additional
respiratory support. Three other neonates were admitted to the
NICU, one of gestational age (GA) 34 weeks, one of GA 35 weeks
with respiratory distress, and a full-term neonate with hemolytic
anemia. Three neonates were never placed in the same room as
their mothers, although all mothers had free access to their
newborns. Most of the neonates were breastfed and were
supplemented with artificial milk (formula) or pumped breast
milk. Median hospital stay was 4 days (range, 3–18 days). RT-PCR
showed that one anal swab, obtained on day 3 from a full-term,
asymptomatic neonate, was positive for SARS-CoV-2 RNA. How-
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ever, nasopharyngeal swabs obtained from this newborn on days
0 and 3, an anal swab obtained on day 0, and a stool sample
obtained on day 3 were all negative. This infant developed no

clinical symptoms later. All other samples from neonates and all
breast milk samples were negative for SARS-CoV-2 RNA.
Outcomes 1 month after hospital discharge are summarized in

Table 2. None of the newborns was re-hospitalized during their
first month of life. One full-term newborn was brought to the
pediatric emergency room on day 9 for mild nasal congestion
without any other pathological signs. Examination by a midwife
on days 10, 12, and 14 showed rapid disappearance of the
respiratory symptoms. No other newborn required special care.

DISCUSSION
We evaluated the risks and benefits of a strategy to deal with
newborns of mothers infected with SARS-CoV-2, mainly during
their last week of pregnancy. This strategy involved preservation
of continuous mother–infant proximity with specific hygienic
measures, breast milk as the main source of feeding, early
discharge with home isolation, and a structured follow-up with
hospital-assisted home care. Evaluation of 1-month outcomes in
these 26 neonates found that this strategy was feasible and safe.
Except for one infant, who was transiently positive for SARS-CoV-2
RNA but had no clinical signs, none of these newborns was
infected, had adverse outcomes, or presented with any virus-
related clinical symptoms until age 1 month, with none requiring
hospital readmission.
This study had some limitations, including the relatively small

number of infants. In addition, repeated and systematic viral tests
were not performed, especially on breast milk, until the end of the
study period. However, this study included all newborns at two
institutions who met the inclusion criteria during the COVID-19
pandemic and with detailed clinical data on their hospital care
and full follow-up. These results are in accordance with the very
low incidence of infection in newborns of infected mothers in a
national cohort of the United Kingdom, in which guidelines for the
postnatal management of infants of infected mothers included
keeping the mother and infant together and encouraging
breastfeeding with strict infection control measures from birth.1

Our data add more information on the perinatal viral status and
clinical follow-up until the end of the neonatal period of neonates
cared for using a similar strategy. Our findings also support similar
guidelines of various countries and health care societies17 and
recently reported data.6 In our study, with a high proportion of
infants fed with breast milk, we found no evidence for horizontal
transmission. Breastfeeding may protect against the horizontal
transmission of SARS-CoV-2, as specific antibodies against this
virus have been found in the breast milk of a COVID-19-infected
mother.18 This hypothesis appears consistent with the protective
effect of breastfeeding against respiratory tract infections in
infancy.19

Our results support early postnatal proximity, despite many
mothers worldwide being separated from their newborn infants
during the COVID-19 pandemic. Early separation strategies have
been reported to have deleterious mid- and long-term effects and
early separation is discouraged.20 Infant and family-centered care
can be maintained during the COVID-19 pandemic with preserva-
tion of the many benefits provided by early skin-to-skin contact,
including breastfeeding when desired.17 Lack of separation may
also reduce stresses on parents during the pandemic, especially
when fathers, in many settings, have restricted access to mothers
and newborn infants around birth.21,22

The combination of hospital-assisted neonatal home care and
telehealth, which should be used whenever possible, appears fully
compatible with family-centered care. It seems to allow secure
case management, safe follow-up, and the maintenance of
hygiene barriers at home, reducing postnatal horizontal transmis-
sion. Although we did not observe any apparent postnatal
infection, a possible complication rarely described,10 we cannot

Table 1. Perinatal characteristics of the 26 mothers with COVID-19
and their neonates.

Maternal characteristics (n= 26)

Age, years, mean (SD) 30.6 (7.9)

Comorbidity before pregnancya 3 (11.5)

Complication of pregnancyb 9 (34.6)

Time, days, median (IQR) from symptom appearance to
delivery

4 (8.75)

Vaginal delivery 16 (61.5)

Cesarean section 10 (38.5)

Fever during labor 8 (30.7)

Respiratory signs 16 (61.5)

Severe acute respiratory distress syndrome 2 (7.6)

Neonatal characteristics at birth (n= 26)

Gestational age, weeks, mean (SD) 39 (2)

Weight, g, median (IQR) 3255 (845)

Small for gestational agec 5 (19.2)

APGAR score at 5 min >7 26 (100)

Resuscitation with endotracheal intubation 1 (3.8)

Delivery room outcomes

Breastfeeding 11 (42.3)

Skin-to-skin contact 10 (38.5)

Skin-to-skin contact or breastfeeding 14 (53.8)

Positive SARS-CoV-2 RT-PCRd at day 0 or day 1 0 (0)

Maternity ward and neonatal unit outcomes

Hospitalization in the NICU 3 (11.5)

Hospitalization in the conventional neonatal unit

Because of prematurity 1 (3.8)

Because of maternal medical status 2 (7.7)

Feeding method

Exclusive direct breastfeeding 3 (11.5)

Direct breastfeeding and expressed breast milk or
formula milk

20 (76.9)

Exclusive formula milk 3 (11.5)

Clinical symptoms

Hyperthermia 1 (3.8)

Nasopharyngeal congestion 0 (0)

Respiratory distress 2 (7.7)

Vomiting or diarrhea 0 (0)

Neurological symptoms 0 (0)

Jaundice 2 (7.7)

Skin rash 0 (0)

Neonate positive for SARS-CoV-2d by RT-PCR after day 2 1 (3.8)

Breast milk positive for SARS-CoV-2 by RT-PCRe 0 (0)

Values are number (%) unless otherwise stated.
RT-PCR reverse transcription polymerase chain reaction, SD standard
deviation, IQR interquartile range.
aHypertension, obesity, diabetes, or asthma.
bHypertension, preeclampsia, diabetes, or cholestasis.
cBirth weight below the 10th percentile.
dRT-PCR for SARS-CoV-2 of nasopharyngeal and stool or anal swabs in 25
neonates.
eRT-PCR for SARS-CoV-2 of breast milk from 14 mothers.
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fully rule out the possibility of asymptomatic infection through
postnatal contact, as we did not test these infants for SARS-CoV-2
infection at age 1 month. To date, however, no late postnatal
mother–infant transmission has been reported after 1 month
of age.

CONCLUSION
Even during the COVID-19 pandemic, safely maintaining family-
centered perinatal care and continuing the promotion of bonding
between neonates and their SARS-CoV-2-positive mothers appear
possible, as these newborns are very rarely infected and, if
infected, show only mild symptoms. Population-based studies,
with longer postnatal follow-ups, are warranted to fully support
this strategy. The impact of this approach should also be
evaluated in preterm infants born to infected mothers.
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