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Abstract

Background: Maternity care practices such as skin-to-skin care, rooming-in, and direct breastfeeding are
recommended, but it is unclear if these practices increase the risk of clinically significant COVID-19 in new-
borns, and if disruption of these practices adversely affects breastfeeding.
Methods: We performed a retrospective cohort study of 357 mothers and their infants <12 months who had
confirmed or suspected COVID-19. Subjects came from an anonymous worldwide online survey between
May 4 and September 30, 2020, who were recruited through social media, support groups, and health care
providers. Using multivariable logistic regression, Fisher’s exact test, and summary statistics, we assessed the
association of skin-to-skin care, feeding, and rooming-in with SARS-CoV-2 outcomes, breastfeeding outcomes,
and maternal distress.
Results: Responses came from 31 countries. Among SARS-CoV-2+ mothers whose infection was £3 days of
birth, 7.4% of their infants tested positive. We found a nonsignificant decrease in risk of hospitalization among
neonates who roomed-in, directly breastfed, or experienced uninterrupted skin-to-skin care ( p > 0.2 for each).
Infants who did not directly breastfeed, experience skin-to-skin care, or who did not room-in within arms’
reach, were significantly less likely to be exclusively breastfed in the first 3 months, adjusting for maternal
symptoms ( p £ 0.02 for each). Nearly 60% of mothers who experienced separation reported feeling ‘‘very
distressed,’’ and 29% who tried to breastfeed were unable. Presence of maternal symptoms predicted infant
transmission or symptoms (adjusted odds ratio = 4.50, 95% confidence interval = 1.52–13.26, p = 0.006).
Conclusion: Disruption of evidence-based quality standards of maternity care is associated with harm and may
be unnecessary.
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Introduction

In March 2020, recommendations for the maternity care
practices for mothers infected with SARS-CoV-2 and their

infants were inconsistent. The standards of quality for ma-
ternity care practices that support breastfeeding serve as
the framework for the Baby-Friendly Hospital designation.1

Although as early as March 2020, the World Health Orga-
nization (WHO) and the United Nations Children’s Fund
(UNICEF) had strongly recommended breastfeeding and skin-
to-skin contact,2,3 recommendations from others varied.4–8

The risk of direct contact with newborns was unknown, and in
some countries, infants were routinely separated from their
mothers if the mothers had known or suspected infection.

Many countries issued guidance to separate or considering
separating mothers from their newborns (Philippines, Ma-
laysia, China, and initially the United States),4,7,9–11 some-
times while allowing expressed mothers’ milk to be fed to the
infant by an uninfected caregiver.7 Other countries, particu-
larly in Europe and Latin America, recommended mater-
nity care practices during the pandemic that were consistent
with WHO/UNICEF pandemic guidelines with respect to
breastfeeding, skin-to-skin care, and rooming-in.5,6,12–17

Although there have been several commentaries on the
importance of keeping mothers and infants together and
supporting breastfeeding practices,18–21 there have been
little published data on Baby-Friendly practices such as un-
interrupted skin-to-skin contact, direct breastfeeding, or
rooming-in with the infant within arms’ reach during the
pandemic, as related to viral transmission. We were specifi-
cally interested in testing the infant being within arms’ reach,
which allows for easier feeding and recognition of hunger
cues,1 as opposed to being in the same room but out of reach,
for example, 2 m away.

Since launching our study, several studies have been pub-
lished. One study estimated the negative effects of separa-
tion on breastfeeding both in-hospital and after discharge.22

The American Academy of Pediatrics (AAP) perinatal
COVID-19 registry published online data about the safety
of rooming-in and direct breastfeeding in July and October,
with >3,500 mother/infant dyads, but did not include spe-
cifics about infant distance from the mother.23

In July and August 2020, data were published by 2 metro-
politan New York hospitals that practiced rooming-in, skin-to-
skin care, and direct breastfeeding, each with very different
transmission rates (0% and 6.7%).24,25 Another study was
published in October from one large academic medical center
in New York which allowed rooming-in and direct breast-
feeding.26 In all three of these studies, safety measures, masks,
and hand hygiene were practiced and no sites experienced
COVID-19-related adverse outcomes in the newborns.
A multicenter Spanish study where breastfeeding and skin-to-
skin care was often allowed was published in September and
showed no SARS-CoV-2 transmission to newborns.27 In an
October meta-analysis of 176 cases from 74 published articles
of neonatal SARS-CoV-2 infection, mother–baby separation
appeared to be beneficial.28 Hospital-based studies may not
capture the same kind of data as directly asking mothers
themselves about their experiences.

In March of 2020, we sought to examine whether rooming-
in within arms’ reach, direct breastfeeding, and uninterrupted
skin-to-skin care were inferior to separation with regard to

viral transmission and/or clinically significant COVID-19,
and whether breastfeeding might protect infants against
hospitalization for COVID-19. We also wanted to examine
the effects of separation on the mother.

Materials and Methods

In this document, ‘‘COVID-19’’ refers to infection with
SARS-CoV-2, which can be asymptomatic. ‘‘Confirmed
COVID-19’’ means laboratory confirmation of infection, that
is, ‘‘SARS-CoV-2+.’’ ‘‘Suspected COVID-19’’ indicates
infection was suspected or likely because of the history,
symptoms, and/or other tests, but no test for SARS-CoV-2
was performed, or infection was suspected even if a test did
not show SARS-CoV-2.

We conducted a retrospective cohort study comprising of a
one-time online survey of mothers with laboratory-confirmed or
clinically suspected COVID-19. It included questions about
their maternity care experiences, their and their infant’s symp-
toms, their and their infant’s SARS-CoV-2 test results, and their
feeding history. Mothers were excluded if they were <18 years,
if they were not the female birth mother, if the infant was not
over 1 month old when the mother completed the survey, or <12
months old at the time of the infection, and neither the mother
nor the infant had confirmed or suspected COVID-19.

The survey was terminated if the respondent did not meet
screening criteria. We required the mother to wait until her
infant was at least 1 month old to complete the survey so that
we could learn the eventual outcomes of her birth experi-
ences. We limited the survey to cisgender biological mothers
so that there would not be known biological or hormonal
reasons for breastfeeding problems (see online Supplemen-
tary Appendix SA1). At the time of our study launch, the
countries with the highest prevalence of COVID-19 included
the United States, Italy, and Spain.

The survey was eventually conducted in 10 languages (see
Survey text online). English, Spanish, and French versions
launched initially on May 4, 2020. Chinese and Japanese
versions were added in early May. Residents of European
countries were excluded until July 1, at which time Italian
and German versions were added. Brazilian Portuguese was
added shortly thereafter. Hindi and peninsular Arabic were
added in August. The study was closed on September 30,
2020, guided by the desire to provide evidence to support
clinical practice at a time when the evidence was scarce.

Respondents were told that their responses were anony-
mous. To more easily meet the requirements of the General
Data Protection Regulation necessary for distribution in
European countries, IP addresses were not collected and
European respondents were informed of this fact in their
consent question. Survey settings allowed a respondent to
retake the survey, as several conditions made it necessary for
mothers who were initially screened out to retake the survey
later (e.g., infant age <1 month, or country of residence).
However, this added the potential for duplicate responses.

Retrospectively, we evaluated every response and ex-
cluded those that had a high likelihood of being nongenuine,
were duplications, or had responses not relevant to mother–
infant transmission (Fig. 1 and Supplementary Appendix
SA1). These criteria included responses in which the infant
and maternal infections were separated by more than
1 month, responses in which the infant infection preceded the
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maternal infection, responses with rapid sequential time-
stamps in the same language together with inconsistent an-
swers (e.g., a mother who said COVID-19 was not suspected
at delivery but also said her doctor or midwife suspected it at
delivery), and those for whom the language of the response
was very incongruous with the stated country of residence.
For example, we deleted a respondent who answered in
Japanese as a resident of Malawi (see online Supplementary
Appendix SA1). We erred on deleting suspicious survey
respondents at the risk of deleting some genuine ones.

Mothers were recruited through social media platforms,
particularly those of mothers’ groups and breastfeeding sup-
port organizations, such as La Leche League (United States
and worldwide), US Baby Cafés, Amamanta (Spain), and the
Italian Breastfeeding Movement; through local offices of
the U.S. Supplemental Nutritional Program for Women
Infants and Children (WIC); through health care providers
who knew of mothers who had had COVID-19, including
lactation specialists, midwives, and physicians, including
members of the Academy of Breastfeeding Medicine; and by
word of mouth. There was no compensation for participation.

Our initial primary outcomes were assessment of infant
SARS-CoV-2 infection and severity in neonates by exposure
to rooming-in, direct breastfeeding, and skin-to-skin care
from mothers with confirmed and/or suspected COVID-19.
Secondary outcomes included assessment of SARS-CoV-2
infection and severity among infants 1 month old or older
after exposure to mothers with confirmed or suspected
COVID-19, as predicted by the exposure to exclusive
breastfeeding. Secondary outcomes also included assessing
the average duration of self-reported separation from
mothers and neonates owing to COVID-19, and whether
such separation caused maternal distress or impacted her
ability to breastfeed.

Sample size and statistical analysis

Estimations of sample size before recruitment were chal-
lenging as there were no known estimates of effect size of
maternity care practices and breastfeeding on infant trans-
mission or hospitalization. We estimated a sample size of 324
would be sufficient to detect a 7% difference in any of our
three primary outcomes at an alpha of 0.05 and power of 0.8.
Statistical analysis was performed using Stata version 16 and
SAS version 9.4.

For all outcomes examining infant illness, outcome was a
dichotomous variable using the combined outcome of testing
positive or having symptomatic infection versus no infec-
tion. We estimated breastfeeding outcomes from the ques-
tion ‘‘How would you describe your baby’s diet in the first
3 months of life?’’ The respondent could pick from 4 possible
choices ranging from exclusive breastfeeding/human milk
feeding to feeding exclusively with infant formula. Although
all mothers answered this question and the questions about
maternity practices, we adjusted for maternal symptoms us-
ing only those mothers who reported infection in the first
3 months of their infant’s life to match the predictor of infant
diet in the first 3 months of life. In the analysis, exclusive
breastfeeding and direct breastfeeding were handled as di-
chotomous variables. Skin-to-skin care, maternal symptoms,
infant diet, and rooming-in were handled as ordinal/indicator
variables, except when collapsed into dichotomous variables
when appropriate (e.g., for logistic regression outcomes or
Fisher’s exact testing). Direct breastfeeding and hospitali-
zation were handled as dichotomous variables. Outcomes
were analyzed using multivariable logistic regression, except
for certain analyses with small sample sizes, where we used
Fisher’s exact test. Severity of maternal illness was consid-
ered a confounder for maternity practices on infant illness,
and infant diet was a potential confounder in examining
effect of maternal symptoms on infant illness. Sensitivity
analyses were also performed.

The study was deemed exempt by the Institutional Review
Boards (or their equivalents) of Harvard University, Cooper
University Health Care, the National Institute of Health of
Italy, the Ministry of Health of Spain, Hospital Sofia Feldman
in Belo Horizonte, Brazil, and complied with the General
Data Protection Regulation. The study was unfunded.

Results

A total of 1,830 responses were obtained, of which 415 met
eligibility criteria. Among the 1,415 ineligible responses,
almost all fulfilled one or more of the following criteria
(in order): (1) neither mother nor baby had confirmed or
suspected COVID-19, (2) respondent did not finish the sur-
vey, (3) infant was either >12 months or <1 month (Fig. 1 and
Supplementary Appendix SA1). Of those remaining, 58 were
deleted because they met criteria for having a high likelihood
for being not genuine, being duplications, or their responses
indicated situations irrelevant to mother–infant transmission
(Supplementary Appendix SA1). A total of 357 responses
remained for analysis (Fig. 1, and summarized in Tables 1–3).
Included respondents came from 31 countries, mostly from
the United States, Europe, and Latin America (Table 1).
Despite significant outreach, no eligible responses were
obtained from China, Japan, or India. The respondents
overwhelmingly breastfed their infants, with <2% of all re-
spondents answering that they only used infant formula
during their infant’s first 3 months (Table 3). Just over 1/3
(36.1%) of the total sample of 357 were mothers who re-
ported a confirmed or suspected infection when their infant
was a neonate (£30 days old) (Table 1).

In six cases, only the infant had confirmed or suspected
COVID-19, and not the mother. Of these six cases, four had a
positive test. All such infants were at least 1 month old,
and five were from the United States or Europe. There were

FIG. 1. Enrollment diagram.
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Table 1. Maternal and Infant Characteristics (All Mothers Had Infants)

Respondents with
infection in neonatal
period (0–30 days)
n = 129/357 (36.1%)

Respondents with
infection in post-
neonatal period
(1–12 months)

n = 228/357 (63.9%)

Total
respondents,

N = 357 (100%)

Infants with confirmed or suspected
COVID-19

45/129 (34.9%) 183/228 (80.3%) 234/357 (65.5%)

Infants without confirmed or suspected
COVID-19

84/129 (65.1%) 39/228 (17.1%) 123/357 (34.5%)

Infant had confirmed or suspected
COVID-19 but mother did NOT have
confirmed/suspected COVID-19

0/129 (0%) 6/228 (2.6%) 6/357 (1.7%)

Overall SARS-CoV-2+ rate of infants
of mothers with confirmed
or suspected COVID-19

7/105 (6.7%) in first 3 days,
15/129 (11.6%)
in first 30 days

37/222 (16.7%) 52/351 (14.8%)

Overall SARS-CoV-2+ rate of infants
of SARS-CoV-2+ mothers

6/81 (7.4%) first 3 days,
14/99 (14.1%) first 30 days

30/93 (32.2%) 44/222 (19.8%)

Infants with confirmed/suspected
COVID-19: asymptomatic

35/45 (77.8%) 66/189 (34.9%) 101/234 (43.2%)

Infants with confirmed/suspected
COVID-19: mild symptoms

6/45 (13.3%) 116/189 (61.4%) 122/234 (52.1%)

Infants with confirmed/suspected
COVID-19: hospitalized (non-ICU)

2/45 (4.4%) 7/189 (3.7%) 9/234 (3.8%)

Infants with confirmed/suspected
COVID-19: required mechanical
ventilation

2/45 (4.4%) 0/189 (0%) 2/234 (0.9%)

Infant died 0/129 (0%) 0/228 (0%) 0/357 (0%)
Mother SARS-CoV-2+ 81/105 (77.1%) of infections

from £3 days after birth,
99/129 (76.7%) of infections
from first 30 days after birth

123/228 (53.9%) 222/357 (62.2%)

Mothers with confirmed or suspected
COVID-19

129/351 (36.8%) 222/351 (63.3%) 351/357 (98.3%)

Mothers SARS-CoV-2+: asymptomatic 31/81 (38.2%) first 3 days
35/99 (35.4%) first 30 days

7/123 (5.7%) 42/222 (18.9%)

Mothers with confirmed or suspected
COVID-19: asymptomatic

35/103 (33.9%) £ first 3 days,
39/127 (30.7%) first 30 days
(missing data: 2/129 = 1.5%)

20/218 (9.2%)
(missing data:
4/222 = 1.8%)

59/351 (16.8%)
(missing data:
6/351 = 1.7%)

Mothers with confirmed or suspected
COVID-19: mild symptoms

75/127 (59.1%) 185/218 (84.9%) 260/345 (75.3%)

Mothers with confirmed or suspected
COVID-19: too sick to care for infant
or needed oxygen

12/127 (9.4%) 13/218 (6.0%) 25/345 (7.2%)

Mothers with confirmed or suspected
COVID-19: required mechanical
ventilation

1/127 (0.8%) 0/218 (0%) 1/345 (0.3%)

Countries of residence of mothers (n = 31 countries total representing n = 357 respondents)
Regions:
North America: 212 (60.0%)
Latin America: 69 (19.3%)
Europe: 88(24.7%)
Africa: 3 (0.8%)
Middle East (including Turkey):

9 (2.5%)
Asia: 1 (0.3%)
Oceania: 1 (0.3%)

Countries with ‡3 respondents:
Argentina: 3 (0.8%)
Brazil: 18 (4.9%)
Canada: 4 (1.1%)
Chile: 13 (3.6%)
Ecuador: 3 (0.8%)
Germany: 29 (8.1%)
Italy: 13 (3.6%)
Mexico: 21 (5.9%)
Peru; 7 (2%)
Saudi Arabia: 3 (0.8%)
Spain: 33 (9.2%)
Turkey: 3 (0.8%)
United Kingdom: 4 (1.1%)
United States: 182 (51.0%)

Countries with
£3 respondents:

Bolivia, Kuwait,
Romania, South
Africa (2) (0.6%)

Andorra, Australia,
Belgium, Columbia,
El Salvador, France,
Hungary, Indonesia,
Russia, Serbia,
Switzerland,
United Arab Emirates,
Zambia (1) (0.3%)

Note: China, Japan,
and India had no
respondents

Because mothers of neonates completed the survey at least 1 month after giving birth, they would have known test results if a test was
carried out. Thus, if they answered ‘‘suspected COVID’’ in the survey, they likely were not tested or infection was suspected even if a test
did not show SARS-CoV-2. In the beginning of the pandemic, testing was not readily available in many locations.

ICU, intensive care unit.
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11 hospitalized infants, only 6 of whom were SARS-CoV-2+.
Of the 11, 2 required mechanical ventilation, both of whom
were neonates, and one of whom was not SARS-CoV-2+ but
whose mother tested positive (and resided in a high-income
country). There were two other hospitalized neonates who
did not require mechanical ventilation, only one of whom was
SARS-CoV-2+. The seven remaining hospitalized infants
included two of the six infants whose mother did not have
COVID-19. Only one of these two infants was SARS-CoV-
2+, calling the diagnosis into question. Among the 11 hos-
pitalized infants, 4 were from the United States, 4 were from
South America, and 3 were from Europe. None of the 11
infants were reported to have underlying medical problems,
including prematurity. Given that only 6 of the 11 hospital-
ized had positive tests, including only 1 of the ventilated
infants, it is unclear how many of the 11 infants actually had

COVID-19 and if so, if that was the reason for hospitalization
and/or mechanical ventilation.

Primary outcomes

We found no statistically significant increase in the odds
of the combined outcome of an infant becoming SARS-CoV-
2+ or getting symptoms when we compared neonates who
were skin-to-skin uninterrupted for ‡1 hour with those who
were taken from their mothers in the first hour, adjusting for
maternal symptoms (Table 4, Table S1 and Supplementary
Appendix SA1). Sensitivity analysis showed similar results
(Table S1).

We found no statistically significant increase in the odds of
the combined outcome of an infant becoming SARS-CoV-2+
or getting symptoms when we compared neonates who were

Table 2. Differences in Maternity Practices Between Neonates Affected By Possible COVID-19
and Older Infants Whose Births Were Not Directly Affected By COVID-19

Neonates
(0–30 days)

n = 129 (36.1%)

Older infants (comparator
group) (1–12 months)

n = 228 (63.9%)
Difference, (95% CI),

p-value

Cesarean birth rate 35/129 (27.1%) 78/208 (37.5%) -0.10 (-0.20 to -0.00), 0.05
Infant and mother experienced

skin-to-skin for at least
an hour after birth

50/128 (39.0%) (missing
data: 1/129 = 0.08%)

105/208 (50.4%) (missing
data: 20/228 = 8.8%)

-0.11 (-0.22 to -0.01), 0.04

Infant taken at delivery
without maternal contact

37/128 (28.9%) (missing
data: 1/129 = 0.08%)

30/208 (14.4%) (missing
data: 20/228 = 8.8%)

0.14 (0.05 to 0.24), 0.001

Infant directly breastfed during
birth hospitalization or after birth

92/129 (71.3%) 210/222 (94.6%) -0.23 (-0.0.32 to -0.15),
<0.001

Infant stayed within arms’ reach
of mother

78/129 (60.4%) 203/222 (91.0%) -0.31 (-0.40 to -0.22),
<0.001

Infant stayed in the same room
but not within arms’ reach

16/129 (12.4%) 10/222 (4.5%) 0.08 (0.02 to 0.14), 0.006

Infant stayed in separate room
after birth (e.g., nursery)

35/129 (27.1%) (9/222) (4.1%) 0.23 (0.15 to 0.31), 0.001

We asked all mothers about their maternity care practices. The table depicts maternity practices among neonates directly affected by
possible maternal infection, compared with those of older infants whose births were not directly affected by possible maternal infection.

CI, confidence interval.

Table 3. Diet of the Infants

In the maternity
hospital, (n = 129/129
neonates in analysis)

(100%)

In the first 3 months,
n = 355/357

(99.4%) (missing
data, 2/357 = 0.6%)

At 4 through
5 months,

n = 167/357
(46.8%)

At or after
6 months,

n = 118/357
(33.1%)

Infants fed exclusively
human milk (including
expressed, donor)

86/129 (69.0%) 253/355 (71.3%) 112/167 (67.0%) Still breastfeeding
115/118 (97.4%)

Infants fed any infant
formula

41/129 (33.3%) 102/355 (28.7%) 55/167 (32.9%) n/a

Infants mostly breastfed or
fed human milk with
some infant formula

n/a (this question not
asked in hospital
period)

72/355 (20.2%) 46/167 (27.5%) n/a

Infants fed mostly infant
formula

n/a (this question not
asked in hospital
period)

24/355 (6.8%) 4/167 (2.4%) n/a

Infant only infant formula 18/129 (14.0%) 6/355 (1.7%) 5/167 (3.0%) Stopped breastfeeding
(3/118) 2.6%

Not sure (2/129) 1.6% n/a (not a survey
choice)

n/a (not a survey
choice)

n/a (not a survey
choice)

n/a, not applicable.

MATERNAL AND INFANT OUTCOMES FROM THE COVID MOTHERS STUDY 5

D
ow

nl
oa

de
d 

by
 6

8.
10

2.
24

.2
02

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
2/

10
/2

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



Table 4. Summary of Outcomes

Unadjusted OR
or risk ratio

(95% CI) p-value aOR (95% CI) p-value
Adjustment
variables

Primary outcomes: effects of maternity care practices on infant SARS-CoV-2 outcomes
Odds of combined outcome of

neonate becoming SARS-
CoV-2+ or getting COVID-
19 symptoms by skin-to-skin
care for at least 1 hour,
compared with baby being
taken (adjusted n = 126),
(unadjusted n = 128)

OR = 1.52
(0.26–8.79)

0.64 1.44 (0.25–8.36) 0.68 Maternal
symptoms

Odds of combined outcome of
neonate becoming SARS-
CoV-2+ or getting symptoms
by infant rooming in at arms’
reach, compared to baby
being in a separate room
(n = 127)

OR = 1.38
(0.26–7.17)

0.71 1.42 (0.26–7.55) 0.68 Maternal
symptoms

Odds of combined outcome of
neonate becoming SARS-
CoV-2+ or getting
symptoms by direct
breastfeeding, compared
with feeding any type of
milk without direct
breastfeeding (n = 127)

OR = 0.86
(0.24–3.12)

0.82 0.88 (0.24–3.24) 0.85 Maternal
symptoms

Risk of combined outcome of
neonate becoming SARS-
CoV-2+ or getting
symptoms by direct
breastfeeding, compared to
feeding human milk
without direct breastfeeding
(n = 77)

Risk
ratio = 0.29
(0.06–1.25)

Two-sided
Fisher’s exact
p = 0.15

n/a n/a n/a

Risk of neonatal hospitalization
if neonate roomed-in at
arms’ reach compared with
separate room (n = 129)

Risk
ratio = 0.22
(0.02–2.04)

Two-sided
Fisher’s exact
p = 0.23

n/a n/a n/a

Risk of neonatal hospitalization
if neonate experienced at
least 1 hour of skin-to-skin
contact compared with being
taken (n = 129)

Risk
ratio = 0.52
(0.05–4.86)

Two-sided
Fisher’s exact
p = 1.00 (risk
difference CI
crosses 0)

n/a n/a n/a

Risk of neonatal hospitalization
if exclusively breastfed
directly vs. fed human milk
not directly (n = 77)

Risk
ratio = 0.12
(-0.34 to
0.12)

Two-sided
Fisher’s exact
p = 0.19

n/a n/a n/a

Risk of neonatal hospitalization
if exclusively breastfed
directly vs. any milk not fed
directly (n = 125)

Risk
ratio = 0.29
(0.03–2.71)

Two-sided
Fisher’s exact
p = 0.34

n/a n/a n/a

Secondary outcome: effect of exclusive breastfeeding on SARS-CoV-2 transmission and symptoms in older infants
Odds of combined outcome of

infants >1 month becoming
SARS-CoV-2+ or getting
symptoms by exclusive
breastfeeding in the first
3 months of life (n = 218)

OR = 1.34
(0.26–7.18)

p = 0.87, p for
trend = 0.42
by intensity of
breastfeeding

1.19 (0.07–19.36) Adjusted p = 0.90
for exclusive
breast-feeding,
p for
trend = 0.43
for intensity of
breastfeeding

Maternal
symptoms

(continued)
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Table 4. (Continued)

Unadjusted OR
or risk ratio

(95% CI) p-value aOR (95% CI) p-value
Adjustment
variables

Additional outcome: effect of maternal symptoms on SARS-CoV-2 outcomes in infants (any age)
Odds of combined outcome of

infants (any age) becoming
SARS-CoV-2+ or getting
symptoms if maternal
symptoms were present
(COVID+ mothers only)
(adjusted n = 221),
(unadjusted n = 228)

OR = 4.87
(1.66–14.28)

0.004 4.50 (1.52–13.29) 0.006 Infant diet in
first 3
months

Odds of combined outcome of
infants (neonates) becoming
SARS-CoV-2+ or getting
symptoms by presence of
maternal symptoms
(COVID+ mothers only)
(adjusted n = 98),
(unadjusted n = 99)

OR = 1.10
(0.19–6.32)

0.15 1.07 (0.18–6.30) 0.15 Infant diet in
first 3
months

Odds of combined outcome of
infants (infants 1–12 months)
becoming SARS-CoV-2+ or
getting symptoms by
presence of maternal
symptoms (COVID+
mothers only) (n = 123)

OR = 2.42
(0.45–12.96)

0.30 2.38 (0.44–12.80) 0.31 Infant diet in
first 3
months

Additional outcomes: effect of maternity practices on exclusive breastfeeding in first 3 months (included mothers who had
COVID-19 in the first 3 months after giving birth)
Odds of infants >1 month

exclusively breastfeeding at
3 months (compared with
any other feeding type), if
infant was taken at birth,
compared with being skin-to
skin for at least an hour
(n = 175)

OR = 0.39
(0.18–0.85)

0.02, p for trend
of compliance
with
uninterrupted
skin-to-skin
care = 0.012

0.38 (0.17–0.84) 0.02, p for trend
of compliance
with
uninterrupted
skin-to-skin
care = 0.01

Maternal
symptoms

Odds of infants >1 month
exclusively breastfeeding in
first 3 months (compared
with any other feeding type),
if infant was kept in a
separate room, compared
with staying within arms’
reach (n = 182)

OR = 0.26
(0.12–0.56)

0.001, p for
trend of
distance from
mother <0.001

0.26 (0.12–0.56) 0.001, p for trend
of distance
from mother
<0.001

Maternal
symptoms

Odds of infants >1 month
exclusively breastfeeding in
first 3 months (compared
with any other feeding type),
if not breastfed directly (with
any type of diet), compared
with exclusive direct
breastfeeding in hospital
(n = 182)

OR = 0.17
(0.09–0.33)

<0.001 0.17 (0.08–0.33) <0.001 Maternal
symptoms

Risk of infants >1 month
exclusively breastfeeding in
first 3 months (compared
with any other feeding type),
if fed only human milk but
not directly, compared with
exclusive direct
breastfeeding in hospital
(n = 116)

Risk
ratio = 0.74
(0.45–1.25)

Two-sided
Fisher’s exact
p = 0.22

n/a n/a n/a

aOR, adjusted odds ratio; CI, confidence interval; n/a, not applicable; OR, odds ratio; SARS-CoV-2+, tested positive for SARS-CoV-2.
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rooming-in at arms’ reach with those kept in a separate room,
adjusting for maternal symptoms. An additional sensitivity
analysis showed similar results (Table 4 and Supplementary
Appendix SA1).

We also found no significant increase in the risk of the
combined outcome of an infant becoming SARS-CoV-2+ or
getting symptoms, when we compared direct breastfeeding with
feeding human milk by other means. We found no increased
odds of this combined outcome compared with feeding any type
of milk by other means, adjusting for maternal symptoms.

We found a nonsignificant decreased risk in neonatal
hospitalization for each of the three exposures. Of note, the
study was underpowered for neonatal outcomes to make a
definite conclusion that these three Baby-Friendly practices
were noninferior to the alternatives tested.

Secondary outcomes

We did not find a statistically significant protective effect
of exclusive breastfeeding in the first 3 months of life on the
combined outcome of contracting SARS-CoV-2 infection or
getting symptomatic disease on infants >1 month of age,
adjusting for maternal symptoms (Table 4).

‘‘Separation due to COVID-19’’ was reported in 36 moth-
ers of neonates (27.9%). A large proportion of these mothers
(58%) reported feeling ‘‘very upset or distressed’’ because of
the separation, with 78% reporting at least moderate distress.
Nearly one third of separated mothers (29%) were unable to
breastfeed once reunited, despite trying. Average length of
separation was 6–7 days.

Additional outcomes

Our study had a low proportion of mothers reporting that
they were asymptomatic in the perinatal period (£3 days of
age), 34%, and a very low proportion, 9%, in the postneonatal
period (1–12 months of age). The rate of positive tests in the
perinatal period was 7.4% among infants with SARS-CoV-2+
mothers (Table 1). A high proportion of infants were reported
to have symptoms and positive SARS-CoV-2 tests. We thus
examined if symptomatic mothers were more likely to trans-
mit the virus and found that infants of any age of symptomatic
SARS-CoV-2+ mothers had 4.50 times the odds of the com-
bined outcome of becoming SARS-CoV-2+ or getting
COVID-19 symptoms compared with mothers who had no
symptoms, adjusting for infant diet in the first 3 months of life
(95% confidence interval: 1.52–13.29, p = 0.006), but no sig-
nificant increased odds when stratified by infant age (Table 4).

We examined additional effects by looking at disruption
of Baby-Friendly practices on breastfeeding outcomes
(Table 4). The adjusted odds of exclusive breastfeeding at
3 months was markedly lower if infants were kept in a separate
room compared with arms’ reach (0.26, p = 0.001) or who were
taken from their mother at birth compared to being held skin-
to-skin for at least an hour at birth (0.38, p < 0.017). In addition,
infants who did not experience direct breastfeeding had lower
odds of exclusive breastfeeding in first 3 months (0.17,
p < 0.001), compared with any milk not fed directly.

Discussion

Our study is unique in including participants from 31
countries, in having maternal viewpoints, and in using a

unique dataset of subjects. Our study captures maternity care
practices in the detail not routinely available in medical re-
cords or registries. Lack of rooming-in because of COVID-19
has previously shown to decrease the likelihood of breast-
feeding.22 However, ours is one of the few studies to con-
tribute safety data on the clinically relevant risks of infection
with rooming-in at arms’ reach, uninterrupted skin-to-skin
contact for >1 hour, and direct breastfeeding, at least for
predominately breastfed infants.

Our findings contradict those reported in a recent sys-
tematic review suggesting that ‘‘separation’’ (not defined) is
beneficial.28 To our knowledge, it is also the first study to
show the harms of deprivation of skin-to-skin contact and
deprivation of direct breastfeeding in the setting of COVID-
19. Furthermore, our data show that removing an infant from
the mother after birth, keeping an infant in a separate room,
and preventing direct breastfeeding, markedly undermine
exclusive breastfeeding later in infancy.

Our findings have implications for infant health and sur-
vival. Undermining exclusive breastfeeding puts infants at
risk of other infections, hospitalization for other lower re-
spiratory tract infections, and increased infant mortality.29,30

Delayed breastfeeding initiation increases the risk of infant
mortality.31 Skin-to-skin contact is important for thermo-
regulation of the newborn, glucose homeostasis, bonding,
and breastfeeding.32

Although our data did not show an association with
breastfeeding and protection from SARS-CoV-2 in infants
over 1 month old, this finding may be because we had very
few infants in our sample who were not at least partially
breastfed. The very high proportion of breastfed infants in
our sample reflects the fact that we largely distributed the
survey through breastfeeding networks. Because few infants
with COVID-19 get severely ill, a large sample is required to
assess the risk of such rare events.

We noted a higher rate of symptomatic mothers than has
been reported in some other studies,23,24 likely because of self-
selection. Our proportion of symptomatic SARS-CoV-2+
mothers in the perinatal period, 62%, is much higher than the
23% reported by the AAP in their registry as of October 3,
2020,23 but similar to that seen in the Italian Obstetric Sur-
veillance System, 72% on admission,33 and in one New York
hospital system (Presbyterian), 74%,25 nearly half of whose
mothers had their symptoms >2 weeks before delivery. Our rate
of SARS-CoV-2+ infants in the first 3 days of life, 7.4%, is
higher than the AAP reported rate of 1.7%,23 the United
Kingdom Obstetric Surveillance System, 5%,34 in the Spanish
data, 5.2%,27 and that seen in the worldwide review of infants
of over 660 pregnant women with COVID-19, 4%,35 but it is
consistent with that seen in the Italian data, 6.1%,33 and in
another New York hospital (Elmhurst), 6.7%.24

Although it may appear that our neonatal hospitalization
rate is high compared with that reported in the literature (5.6
per 10,000 livebirths in the United Kingdom),36 we do not
have a true numerator, so that even if all 4 hospitalized ne-
onates in our study were American (instead of from 31
countries), our hospitalization rate would be 0.01 per 10,000.

Some studies have shown low infant positivity rates, in-
cluding the SET-NET data (2.6%),37 and the Presbyterian
data (0%).25 However, significant proportions of these
mothers were no longer contagious at the time of deliv-
ery (64% and 34%, respectively). This may explain low
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infant positivity rates seen in other studies, especially those
involving pregnancy registries.

Given international participation, our study is more gen-
eralizable than those from a single site or region. We have
been able to collect a sizeable amount of data despite
COVID-19 cases being relatively few in all series. None-
theless, given that hospitalization is a rare outcome, very few
studies, even those with pooled data, have sufficient power to
detect significant effects from any intervention.

An association between symptomatology and contagion has
not been previously well described in the literature, and our
study adds to the epidemiologic evidence that people with
symptoms may indeed be more contagious. This appears to be
driven by the greater, but nonsignificant, effect of transmission
we found among older infants compared with neonates. Sample
sizes in the two individual age categories were likely too small
to show effects by themselves, but the combined sample of all
infants was significant. However, neonates may indeed be less
susceptible to transmission. Recent evidence shows that neo-
nates are not colonized with viruses until later months of life,
and breastfed infants are colonized with far fewer viruses.38 The
vast majority of our symptomatic infants had ‘‘mild’’ symp-
toms. The issue of most clinical concern is not mere transmis-
sion but serious complications such as hospitalization, and we
showed a nonsignificant decrease in risk, not an increase in risk.

Our study is one of the few to examine mothers’ experi-
ences of separation, and the harm that this practice can bring
both to the success of breastfeeding and to mothers’ emo-
tional health,22 already at risk during the pandemic.39 Our
finding that 29% of separated mothers who intended to
breastfeed were unable to do so is consistent with other re-
ported literature from the pandemic.22

As the northern hemisphere enters influenza season, it is
worth noting the risks we identified when considering the
management of birthing mothers with influenza-like illness.
Unlike WHO,40 CDC currently recommends separation for
influenza,41 but other measures may suffice, given the harms
of separation.

More research is needed on how best to protect infants of
symptomatic mothers from severe disease while supporting
breastfeeding. In the meantime, we must emphasize metic-
ulous attention to respiratory and hand hygiene for symp-
tomatic mothers, both in the hospital and at home.

Our study is limited by neonatal sample size that did not
allow for detection of noninferiority in neonatal outcomes by
exposures of interest. The exceptionally low reported hos-
pitalization rate in the literature36 indicates it may be nearly
impossible to demonstrate a clinical benefit from disrupting
Baby-Friendly practices. We were also limited by our lack of
ability to verify responses with IP addresses, which would
have allowed us to verify the global location of a respondent
and better confirm genuine responses and eliminate duplicate
responses. However, the complex algorithm of the survey
response options made it more likely that only genuine re-
spondents would give consistent answers, allowing detection
of responses that were not genuine.

Because of self-selection, patients were subject to selec-
tion and recall bias, which may have skewed data toward
reporting sicker outcomes. We also were limited by lack of
access to infant records to verify why infants were hospital-
ized or mechanically ventilated to confirm COVID-19 diag-
noses, and we suspect that some of the hospitalized infants

may not have actually had COVID-19. Like most studies, we
did not study variables such as hand hygiene, mask use, and
use of enclosed cribs.

Like many studies, our study had a very high proportion of
breastfed infants; this may limit its generalizability to non-
breastfed infants. Generalizability may be limited because we
did not use random sampling. We were also unable to survey
mothers without internet access, so we may have under-
sampled lower income populations, resulting in fewer sicker
subjects. Oversampling of breastfeeding subjects in high-
income countries may also have undersampled sicker or more
vulnerable subjects. We did not specifically ask about bed-
sharing or sleep practices, which is an issue particularly for
older infants, and in some countries where bedsharing may be
practiced in delivery settings. We did not capture finer
timeframes of infant feeding outcomes, which could be a
topic of future research. In addition, we would have liked
broader participation from Asia and Africa.

Future research is needed with a larger sample of non-
breastfed infants to further delineate the risks of COVID-19
in such infants, and risks of symptomatic mothers stratified
by infant age.

Conclusion

Our research contributes to the emerging evidence that
skin-to-skin care, rooming-in within arms’ reach, and direct
breastfeeding may be safe for mothers infected with SARS-
CoV-2. Breastfeeding is associated with a decreased risk of
hospitalization for lower respiratory tract infection.42,43 Si-
milar respiratory pathogens are not spread through human
milk. Thus, policies to separate mothers and infants could
potentially result in increased risk of adverse outcomes for
mother and child,29 including infant respiratory infections,
such as SARS-CoV-2 and influenza, particularly if exposed
later during infancy. The harms of all forms of separation
associated with harms to breastfeeding and maternal stress
should prompt medical authorities to question the underlying
assumptions of risks and benefits behind any policy decisions
that include forms of separation of mothers and infants.
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34. Knight M, Bunch K, Vousden N, et al. Characteristics
and outcomes of pregnant women admitted to hospital with
confirmed SARS-CoV-2 infection in UK: National popu-
lation based cohort study. BMJ 2020;369:m2107.

35. Walker KF, O’Donoghue K, Grace N, et al. Maternal
transmission of SARS-COV-2 to the neonate, and possible
routes for such transmission: A systematic review and
critical analysis. BJOG 2020;127:1324–1336.

36. 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 2020;5:112–
121.

37. Woodworth KR, Olsen EO, Neelam V, et al. Birth and
infant outcomes following laboratory-confirmed SARS-
CoV-2 infection in pregnancy-SET-NET, 16 jurisdictions,
March 29-October 14, 2020. MMWR Morb Mortal Wkly
Rep 2020; 69:1635–1640.

38. Liang G, Zhao C, Zhang H, et al. The stepwise assembly of
the neonatal virome is modulated by breastfeeding. Nature
2020;581:470–474.

39. Motrico E, Mateus V, Bina R, et al. Good practices in
perinatal mental health during the COVID-19 pandemic: A
report from task-force RISEUP-PPD COVID-19. Clı́n
Salude 2020;31:155–160.

40. World Health Organization. Pregnancy and Pandemic
Influenza A (H1N1) 2009: Information for Programme
Managers and Clinicians. Geneva: World Health Organi-
zation, 2010.

41. Centers for Disease Control and Prevention. Guidance for
the prevention and control of influenza in the peri- and
postpartum settings. US Department of Health and Human
Services. Available at www.cdc.gov/flu/professionals/
infectioncontrol/peri-post-settings.htm. Published 2019.
Updated November 22, 2019. (accessed October 19, 2020).

42. Ip S, Chung M, Raman G, et al. Breastfeeding and Ma-
ternal and Infant Outcomes in Developed Countries.
Rockville, MD: Agency for Healthcare Research and
Quality, 2007.

43. Bachrach VR, Schwarz E, Bachrach LR. Breastfeeding
and the risk of hospitalization for respiratory disease in
infancy: A meta-analysis. Arch Pediatr Adolesc Med 2003;
157:237–243.

Address correspondence to:
Melissa C. Bartick, MD, MS

Department of Medicine
Mount Auburn Hospital

300 Mount Auburn Street
Cambridge, MA 02138

USA

E-mail: melissa.bartick@mah.org

MATERNAL AND INFANT OUTCOMES FROM THE COVID MOTHERS STUDY 11

D
ow

nl
oa

de
d 

by
 6

8.
10

2.
24

.2
02

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
2/

10
/2

1.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

https://collaborate.aap.org/SONPM/Pages/Perinatal%20COVID-19.aspx
https://collaborate.aap.org/SONPM/Pages/Perinatal%20COVID-19.aspx
http://www.cdc.gov/flu/professionals/infectioncontrol/peri-post-settings.htm
http://www.cdc.gov/flu/professionals/infectioncontrol/peri-post-settings.htm
https://www.liebertpub.com/action/showLinks?pmid=32531146&crossref=10.1111%2F1471-0528.16362&citationId=p_56
https://www.liebertpub.com/action/showLinks?pmid=32778684&crossref=10.1038%2Fs41372-020-0765-3&citationId=p_45
https://www.liebertpub.com/action/showLinks?pmid=12622672&crossref=10.1001%2Farchpedi.157.3.237&citationId=p_64
https://www.liebertpub.com/action/showLinks?pmid=33060565&crossref=10.1038%2Fs41467-020-18982-9&citationId=p_49
https://www.liebertpub.com/action/showLinks?pmid=27550975&crossref=10.1542%2Fpeds.2016-1889&citationId=p_53
https://www.liebertpub.com/action/showLinks?pmid=32711687&crossref=10.1016%2FS2352-4642%2820%2930235-2&citationId=p_46
https://www.liebertpub.com/action/showLinks?pmid=28032479&crossref=10.1111%2Fmcn.12366&citationId=p_50
https://www.liebertpub.com/action/showLinks?crossref=10.1016%2Fj.jpeds.2020.08.004&citationId=p_43
https://www.liebertpub.com/action/showLinks?pmid=33151917&crossref=10.15585%2Fmmwr.mm6944e2&citationId=p_58
https://www.liebertpub.com/action/showLinks?pmid=33151917&crossref=10.15585%2Fmmwr.mm6944e2&citationId=p_58
https://www.liebertpub.com/action/showLinks?pmid=26869575&crossref=10.1016%2FS0140-6736%2815%2901024-7&citationId=p_51
https://www.liebertpub.com/action/showLinks?pmid=32458558&crossref=10.1111%2Fmcn.13033&citationId=p_40
https://www.liebertpub.com/action/showLinks?pmid=32513659&crossref=10.1136%2Fbmj.m2107&citationId=p_55
https://www.liebertpub.com/action/showLinks?pmid=32461640&crossref=10.1038%2Fs41586-020-2192-1&citationId=p_59
https://www.liebertpub.com/action/showLinks?pmid=32947599&crossref=10.1097%2FINF.0000000000002902&citationId=p_48
https://www.liebertpub.com/action/showLinks?pmid=32947599&crossref=10.1097%2FINF.0000000000002902&citationId=p_48
https://www.liebertpub.com/action/showLinks?pmid=28746353&citationId=p_52

