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The pandemic of coronavirus disease 2019 (COVID-19) is caused by infection with a novel coronavirus strain,
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). At present, there is limited information on
potential transmission of the infection from mother to child, particularly through breast milk and breastfeeding.
Here, we provide a living systematic review to capture information that might necessitate changes in the guidance
on breast milk and breastfeeding given the uncertainty in this area. Our search retrieved 19,414 total records; 605
were considered for full-text eligibility and no ongoing trials were identified. Our review includes 340 records, 37
with breast milk samples and 303 without. The 37 articles with analyzed breast milk samples reported on 77 mothers
who were breastfeeding their children; among them, 19 of 77 children were confirmed COVID-19 cases based on
RT-PCR assays, including 14 neonates and five older infants. Nine of the 68 analyzed breast milk samples from
mothers with COVID-19 were positive for SARS-CoV-2 RNA; of the exposed infants, four were positive and two
were negative for COVID-19. Currently, there is no evidence of SARS-CoV-2 transmission through breast milk.
Studies are needed with longer follow-up periods that collect data on infant feeding practices and on viral presence
in breast milk.
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Introduction with mild symptoms, such as fatigue, fever, and

On March 11, 2020, the World Health Organi- cough.” Severe cases may progress to viral pneumo-
zation (WHO) declared the coronavirus disease - and yequire (?xygen3therapy, intensive care, and
(COVID-19) outbreak a pandemic, with more than me;llllzicziii V;lrl:lliltizm:).ut increasing evidence of
600,000 cases globally.! Infection with a novel coro- . . . & .

navirus strain, SARS-CoV-2, causes COVID-19. SARS-CoV-2 infection during pregnancy. As ini-

.. . . . . tial reports on infections have been primaril
Clinical manifestation of SARS-CoV-2 infection P P . 4
varies; most infections are asymptomatic or present from pregnant women confirmed or suspected with

’ Y COVID-19 who were infected in either the third

or late second trimester of pregnancy, it is not yet
entirely clear if pregnant women are at greater risk
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transmitted from mother to infant during preg-
nancy, delivery, or breastfeeding.*> Similarly, infor-
mation on COVID-19 during infancy or in child-
hood remains sparse.

On May 27, 2020, WHO updated Interim Guid-
ance on Clinical Management of COVID-19, rec-
ommending exclusive breastfeeding for at least the
first 6 months and breastfeeding alongside com-
plementary foods until 2 years of age while using
necessary precautions for infection prevention and
control in infants born to mothers with suspected
or confirmed COVID-19 (WHO 2020a)’. This
recommendation is based on the health benefits
associated with breastfeeding for both the mother
and the child and the relatively mild or asymp-
tomatic illness experienced by infants reported so
far. Infant feeding practices are an area of concern
for families and health personnel, particularly dur-
ing such outbreaks and high uncertainty of associ-
ated risks, such as its impact on food and nutrition
security.

The objective of this review is to assess avail-
able evidence related to the possible transmission
of SARS-CoV-2 through breast milk and breast-
feeding (i.e., related bodily fluids, such as blood,
sweat, and respiratory droplets) or droplet transmis-
sion due to close contact with the infant or young
child via skin-to-skin exposure or airborne trans-
mission. The review aims to support policymakers
in making evidence-informed global, regional, and
national guidelines on infant feeding in the context
of the ongoing pandemic.

Methods

We designed and piloted a structured search strat-
egy. The search was carried out on July 07, 2020,
in the following electronic databases: MEDLINE
(PubMed), the WHO COVID-19 Global litera-
ture on coronavirus disease (https://search.bvsalud.
org/global-literature-on-novel-co ronavirus-2019-
ncov/), Cochrane Library, Web of Science Core
Collection, and Embase (May 15, 2020). We also
searched the COVID-19 subset of the WHO Inter-
national Clinical Trials Registry Platform (ICTRP)

YWHO. Clinical management of severe acute respiratory
infection (SARI) when COVID-19 disease is suspected:
interim guidance. 3 March 2020. World Health Organiza-
tion; 2020.
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(July 07, 2020) to identify ongoing and unpublished
studies. The WHO COVID-19 global literature
database is a comprehensive multilingual database
on COVID-19 updated daily (Monday through Fri-
day) from searches of bibliographic databases, hand
searching, and the addition of other expert-referred
scientific articles.

Living systematic review guidelines employ a
continual approach to searching the literature on
rapidly emerging research topics, to ensure greater
currency and validity, and to increase the benefits
to end users.® We used standard reporting methods
described elsewhere.” Updated searches are planned
to be performed as needed to keep the results up
to date as the COVID-19 research base grows over
time. Keywords used in the search strategy will be
updated every week, incorporating new terminol-
ogy for the virus as it comes into use. A detailed pre-
sentation of the number of studies retrieved, dedu-
plicated, excluded during screening, and included in
findings as of the third iteration of the search update
is given in Figure 1 (PRISMA flow diagram). The
protocol for this review is registered in PROSPERO,
an international prospective register of systematic
reviews: CRD42020178664.°

Type of studies

We aimed to consider any study design, including
case reports, case series, and a report of family clus-
ters, which are part of the epidemiological data from
the ongoing outbreak investigations. Other study
designs, such as cohort studies, were considered for
inclusion, but none were identified with the search
strategy.

Types of participants

Pregnant or lactating women with suspected, prob-
able, or confirmed SARS-CoV-2 infection as well as
their infants or young children (0-24 months of age)
regardless of breastfeeding status, with suspected
or confirmed SARS-CoV-2 infection, were eligible
for inclusion. Case definitions are based on WHO
Global surveillance interim guidance for COVID-
19 (WHO 2020¢)°.

“WHO. Global surveillance for COVID-19 caused by
human infection with COVID-19 virus. Interim guid-
ance. 20 March 2020.: World Health Organization; 2020.
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Figure 1. PRISMA chart (as of July 07, 2020).

Types of exposure

Apparently healthy infants or young children con-
suming breast milk directly from the breast or
expressed breast milk from a woman with con-
firmed SARS-CoV-2 infection were considered
exposed.

Types of outcomes

The primary outcome was any infant with sus-
pected, probable, or confirmed SARS-CoV-2 infec-
tion within 30 days of breastfeeding or receiving
expressed breast milk from a woman with a sus-
pected, probable, or confirmed SARS-CoV-2 infec-
tion. The secondary outcomes include the presence
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of SARS-CoV-2 RNA in breast milk by RT-PCR,
infant adverse effects, and neonatal mortality or
morbidity.

Search strategy

A comprehensive search strategy was designed to
identify all available research pertaining to COVID-
19 and breastfeeding practices. An initial search was
conducted (March 10 and 17, 2020) as part of rapid
assessment of the evidence. On the second search
(April 10, 2020), we included all known variations of
terms to describe COVID-19 at the time of search-
ing (i.e., severe acute respiratory syndrome coron-
avirus 2, 2019nCoV, and SARS COV 2). Another
iteration of the search was performed (July 07,
2020), and incorporated search terms for breast-
feeding OR pregnancy OR mothers OR infants OR
vertical transmission, to provide a more focused set
of search results as the literature base on COVID-
19 rapidly grows in scope and volume. This lat-
est version of the search strategy will be performed
as needed going forward, and a 1-week date filter
will be applied to capture all new available literature
that meets search criteria within the previous weeks’
time. The full search strategy in all its variations for
the databases used is presented in the Supplemen-
tary Materials (online only). We plan to consider
the following sources prior to each search of the lit-
erature, and updates to the search strategies will be
made accordingly.

® The National Library of Medicine’s Technical
Bulletin: regular announcements regarding
new Medical Subject Headings and syn-
onyms for COVID-19. (https://www.nlm.
nih.gov/pubs/techbull/jf20/brief/jf20_mesh_
novel_coronavirus_disease.html)

e The Medical Library Association’s crowd-
sourced compilation of COVID-19 search
strategies  (https://www.mlanet.org/p/cm/Id/
fid = 1713)

® The Australian Library and Information Asso-
ciations database of live COVID-19 litera-
ture searches (https://www.alia.org.au/groups/
HLA/covid-19-live-literature-searches).

Study selection

The references captured by the search strategy were
screened using the Covidence systematic review
software (Veritas Health Innovation, Melbourne,
Australia. Available at www.covidence.org). Two
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authors independently screened titles and abstracts
according to the inclusion criteria; any discrepan-
cies were resolved through discussion with a third
author. The included full-text articles were retrieved
and managed using EndNote X9 (Thomson Reuters
Corporation).

Data extraction and management

Two authors independently extracted data from
the included studies, using a piloted data extrac-
tion form. Since all the included studies were case
reports or case series, it was not possible to cal-
culate effect estimates, such as risk or odds ratio.
For each study, information pertaining to exposure,
diagnosis, symptoms, and infant feeding practices is
described in the Results section.

Quality of the evidence

The GRADE approach was followed for rating the
quality of the evidence.” Data on primary and
secondary outcomes were considered: SARS-CoV-
2 infection in infants and children breastfeeding
from mothers with confirmed SARS-CoV-2 infec-
tion, and detection of SARS-CoV-2 in breast milk
from mothers with confirmed SARS-CoV-2 infec-
tion. The GRADE approach included risk of bias,
directness of evidence, inconsistency (heterogene-
ity), precision of effect estimates, and risk of publi-
cation bias across the included studies. We down-
graded the certainty of the evidence according to
study limitations (i.e., risk of bias, consistency, and
directness of measurements of effects) and possi-
ble risk of publication bias, dose-response gradi-
ent, large effect, and other confounders. Serious
or very serious limitations in any of these aspects
led to a one- or two-level downgrade in certainty.
All the included reports are observational studies,
which provide low-quality evidence according to
the GRADE approach. Therefore, the quality assess-
ment is being presented in a narrative way instead
of using summary of findings tables, which will be
used in future updates, as more evidence becomes
available.

Results

Our search initially identified 19,414 records, of
which, 7926 titles and abstracts were screened after
removing duplicates. A total of 605 full-text arti-
cles were assessed for eligibility, of which 265 were
excluded. A total of 340 reports were included,
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of which 37 included the analysis of breast milk
samples and 303 described lactating women or
infants and children 0-24 months of age without
collection or SARS-CoV-2 testing of breast milk
samples. There were 20 records where the full
text could not be located and are thus awaiting
assessment.

Among the 303 reports without breast milk sam-
ple collection, there were 73 included reports that
did not contribute data to inform the results of this
review due to lack of breast milk or outcomes of
interest: 36 reports presented pooled data of chil-
dren of breastfeeding age and older; 27 other reports
included pregnancy outcomes but not neonatal or
breast milk outcomes; in three reports, neonates
were not tested; six studies described ongoing preg-
nancies; and two reported a spontaneous abortion
or pregnancy termination. References to these stud-
ies can be found in Table 2.

Study designs

Twenty-eight case reports,
nine retrospective case series.
report articles were included for narrative analysis.

10-26,32-34,36-40,42,43,45 and

27-31,35,41,44,46 These

Settings
The included studies were reports from Aus-
tralia (n = 1),* Belgium (n = 1), Canada

(n = 1), China (n = 21),/21318-20223141-46 Ger_
many (n = 2),'*% TItaly (n = 6),!011:21:36-38 Jordan
(n = 1),% Singapore (n = 1),!” Turkey (n = 2),!640
and the Republic of Korea (1 = 1).!* No additional
information was available on the setting character-
istics of the cases described.

Among the studies without breast milk samples,
there were reports from Australia (n = 1), Belgium
(n = 1), Brazil (n = 1), China (n = 122), France
(n = 8), Germany (n = 5), Honduras (n = 1), India
(n=3), Iran (n = 7), Iraq (n = 2), Ireland (n = 1),
Israel (n = 1), Italy (n = 26), Japan (n = 1), Jordan
(n = 1), Lebanon (n = 1), Malaysia (n = 1), Mex-
ico (n = 2), Morocco (n = 2), Netherlands (n = 3),
Pakistan (n = 1), Peru (n = 1), Portugal (n = 1),
Republic of Korea (n = 3), Spain (n = 17), Swe-
den (n = 3), Switzerland (n = 2), Thailand (n = 1),
Turkey (n = 5), United Kingdom (n = 12), United
States of America (n = 67), Venezuela (n = 1), and
Vietnam (n =1).

Centeno-Tablante et al.

Participants

The 37 reviewed studies reported on a total of
77 infants whose mothers were diagnosed with
COVID-19 and were able to provide a breast milk
specimen for analysis. In these reports, there were
19 confirmed cases that included infants 2 years of
age or younger. Among these cases, one newborn
was diagnosed by the detection of anti-SARS-CoV-
2-specific antibodies in serum.'? All the other cases
were diagnosed by the detection of viral RNA by
RT-PCR from nasal or nasopharyngeal swabs or
anal swabs (two cases).>> One study assessed breast
milk samples for viral infection from five women
with COVID-19 but did not report on infant health
outcomes or feeding practices for the corresponding
five infants.*!

Of the 19 positive children, 10 cases were
reported to be breastfed and four mix-fed from a
woman Wlth COVID-19,10’14’15’17’19’21’24’25’33_35 two
cases'#223240 were described to be fed with a breast
milk substitute (infant formula), and two cases that
did not provide a description of infant feeding
practices.! "1

Infection outcomes are summarized in Tables 1
and 2. Cases are presented as neonates (<28 days
old) and infants and young children (>28 days old
to 24 months old) as these age groups potentially
represent different exposure to breast milk and case
management. Many neonates are tested regardless
of symptoms due to maternal symptoms during
pregnancy or the peripartum period, while older
infants are less likely to be tested in the absence of
severe symptoms.

Among the included studies with laboratory-
confirmed breast milk samples from 77 mothers,
the breastfed group composed of eight COVID-
19-positive neonates (<28 days old),'%14132133-3>
15 neonates without COVID-19,'® and two con-
firmed COVID-19-positive infants 3 and 6 months
old;'”* the mix-fed group had two COVID-19-
positive neonate,'”*’ two negative neonates,'**
and three infants of 55 days and 8 and 14 months
old;'"**% in the formula group, which includes
infants separated from their mothers after birth,
there were two positive infected neonates, 16 neg-
ative neonates,'226303642 and no infants.'>*
Infant feeding practices were not reported for two
positive neonates'''* and 25 neonates who were
negative for COVID-19,1%18:23.27-29,31,43-46
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Table 1. Children infection outcomes among articles with breast milk samples tested for SARS-CoV-2 RNA

Articles with breast milk samples available: 37

Neonates <28 days old

Confirmed Negative Total Studies
COVID-19* COVID-19°
Breastfeeding® 8 15 23 Positive cases!*1%:21:33-35
Negative cases!®3%37:38
Breast milk substitute 2 16 18 Positive cases'>??
(infant formula)? Negative cases!20:26.30.36.42
Mix-feeding 2 2 4 Positive cases!*40
Negative cases'®*
Not reported feeding 2 25 27 Positive cases! !4
practice Negative cases!>18:23:27-29,31,43-45
Infants >28 days old)
Breastfeeding* 2 0 2 17,25
Breast milk substitute 0 0 0
(infant formula)?
Mix-feeding 3 0 3 24,19,32
Not reported feeding 0 0 0
practice
Total 19 58 77

*Confirmed cases are defined as individuals with a positive RT-PCR test for SARS-CoV-2 RNA.
Negative COVID-19 are individuals with a negative RT-PCR test for SARS-CoV-2 RNA.
c .. . . . . .
dThe frequency of exclusivity of breastfeeding before infection is not clear among these studies.
In one case,'? the newborn was isolated from the mother and, therefore, presumably fed with a breast milk substitute.

Three of the eight breastfed neonates with
COVID-19 developed signs and symptoms of respi-
ratory illness,'*!>*! and one newborn required ven-
tilation therapy and tube feeding.!* Two positive
newborns®! were exclusively breastfed at the breast,
the two mothers had positive nasopharyngeal swabs
for COVID-19 and presented mild symptoms. One
of these neonates presented with cough, fever, diar-
rhea, and poor feeding and the other one was
asymptomatic. In the case reported by Ref. 15,
the 27-day-old neonate developed nasal stuffiness,
fever, tachycardia, and jaundice during hospitaliza-
tion. This child was breastfed from birth and her
mother presented mild symptoms 1 day earlier; the
grandparents who live in the same house showed
symptoms a couple of days earlier and they were all
positive for COVID-19.

One case report** described a neonate diagnosed
with SARS-CoV-2 by RT-PCR from a nasopharyn-
geal sample collected 36 h after birth; this neonate
was never breastfed as a preventive measure to avoid
transmission. The mother used a N95 mask (i.e., a
particulate-filtering facepiece respirator that filters
at least 95% of airborne particles) during delivery

Ann. N.Y. Acad. Sci. 1484 (2021) 32-54 © 2020 The Authors. Annals of the New York Academy of Sciences.

and the neonate was separated 10 min after birth.
The neonate did not have fever, difficulty breathing,
or coughing; however, at 5 days of age, a chest com-
puted tomography showed a high-density nodular
shadow under the pleura and lower lobe of the right
lung. Six days later, there were small patchy shadows
in the right lung, and after 5 more days, there were
smaller pieces of patchy shadows. Both the mother
and neonate recovered and were discharged without
any other complications.??

Repeated elevated IgM and IgG levels were found
in a neonate born to a mother diagnosed 23
days before birth with COVID-19, the infant was
delivered by cesarean section, the mother wore a
N95 mask and did not hold the infant who was
immediately quarantined.!? The infant was asymp-
tomatic and there were no complications at birth.
At birth, the infant’s IgM level was 45.83 AU/mL
and IgG 279.72 AU/mL and 14 days later, IgM lev-
els were still elevated at 69.94 AU/mL and IgG
11.75 AU/mL suggesting in utero infection. Samples
from the placenta or amniotic fluid were not ana-
lyzed and maternal vaginal secretions were nega-
tive by RT-PCR test, as were five RT-PCR tests of

37
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Table 2. Children infection outcomes among articles without breast milk samples tested

Articles without breast milk samples available: 303

Neonates (0 to 28 days old)

Confirmed Negative Total Studies
COVID-19° COVID-19®
Breastfeeding* 16 137 153 Positive cases®?-%
Negative cases®®70-7
Breast milk substitute 15 67 82 Positive cases®2063-80-87
(infant formula)?
Negative cases 68798188103
Mix-feeding 3 7 10 Positive cases!'4-106
Negative cases!'?”
Not reported feeding practice 76 596 672 Positive cases®>67108-136
Negative cases> 047,751 1L114119,120,122,137-188
Infants (>28 days old)
Breastfeeding® 12 0 12 Positive cases®*18-198
Breast milk substitute 6 0 6 Positive cases®193199,200
(infant formula)?
Mix-feeding 3 0 3 Positive cases!?>2!
Not reported® feeding practice 125 2 127 Positive cases?’9:85126.202-254
Negative cases!>>2>°
Total 256 808 1065

Articles not included in
the analysis

3,102,115,136,178,225,256-355

a

b

Confirmed cases are defined as individuals with a positive RT-PCR tests for SARS-CoV-2 RNA.

Negatlve COVID-19 are individuals with a negative RT-PCR test for SARS-CoV-2 RNA.
“The frequency of exclusivity of breastfeeding before infection is not clear among these studies.
There were 35 cases where authors clearly stated not breastfeeding, in 16 cases, authors advised not to breastfed, and 30 newborns

were isolated at birth.

eAmong the cases with not reported feeding practices, there were 46 positive and 1 negative cases <1-year-old. There were 15 positive

and 2 negative cases >1- to 2-year-old.

neonatal nasopharyngeal swabs taken between 2
and 13 days of life. The other 27 infants described in
the included studies were negative for SARS-CoV-2
infection. The studies are briefly described in Table
S1 (online only).

Of the eight breastfed infants, one 6-month-old
infant did not develop any symptoms. Infants 3-
and 14-months of age developed mild symptoms
and recovered completely.!”* In both cases, the
infant’s parents were positive for SARS-CoV-2.
A 55-day-old infant?** presented with rhinorrhea
and dry cough; during hospitalization, the chest
computed tomography scan showed progressive
pneumonia and laboratory results indicated alter-
ations in hepatic function and abnormal myocardial
zymogram. This infant was receiving mixed feeding
before illness, and both parents and other family
members were diagnosed with COVID-19 2 days
after infant symptoms onset. One neonate® with

confirmed COVID-19 was born prematurely by
cesarean section and transferred to a closed incu-
bator. The mother presented symptoms on the
day of birth and the infant’s test was positive at
14 days of life. The infant was fed expressed breast
milk and the infant did not present respiratory or
gastrointestinal symptoms and continued in stable
condition.

A total of 82 women provided breast milk sam-
ples for analysis. Nine out of 68 breast milk sam-
ples, collected from different mothers and assessed
by an RT-PCR assay, had detectable levels of
SARS-CoV-2 RNA. Fourteen breast milk samples,
from different women, were only assessed for the
presence of specific antibodies, with one sam-
ple having specific IgG antibodies for SARS-CoV-
2. The remaining 59 breast milk samples were
negative. Of the six infants exposed to positive
breast milk samples, two neonates were negative
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for viral RNA,'%3! three neonates'***4" and one

infant*? were positive for SARS-CoV-2 infection by
RT-PCR analysis. There were no infant outcomes
reported for one mother with a positive breast milk
sample.*!

In one case report,'? a series of breast milk sam-
ples from the same women tested positive the day of
delivery and on days 2 and 4 postpartum, and was
negative on days 14-17. In the same case, viral RNA
was also detected in placenta tissues and umbilical
cord. The neonate nasopharyngeal swabs were neg-
ative at days 1, 3, 18, and 24 of life and the infant was
clinically well.

Grof} and collaborators'* described a neonate
diagnosed with COVID-19 who was exposed to
breast milk with detectable SARS-CoV-2 by RT-
PCR, the breast milk samples tested positive during
a 4-day period, while the mother was symptomatic.
Maternal symptoms initiated during the postpar-
tum period and viral RNA was detected at day 8
postpartum, the neonate tested positive at day 11
and was also positive for syncytial virus infection,
he presented with severe respiratory problems.'*
The mother used a mask during the symptomatic
period and followed hygiene recommendations
while feeding and handling the neonate. There
is no information about the infection status of
other close relatives, the suspected close contact
was a different mother-child pair with COVID-19
sharing the same hospital room during the pre and
postdelivery period.

In another study,>’ SARS-CoV-2 RNA was
detected in one of three breast milk samples from an
asymptomatic mother. The mother was diagnosed
with COVID-19 the same day of delivery, the new-
born was negative for viral infection by throat and
anal swabs that were assessed on the first and third
days after delivery. The infant feeding practices were
not described.

In another case report,32 two out of six consec-
utively collected breast milk samples were positive
for SARS-CoV-2 RNA, the positive samples were
collected at 5 and 15 days after maternal symp-
toms. Maternal urine and saliva samples were neg-
ative for viral RNA. The 8-month-old infant had
confirmed COVID-19 with mild coryza symptoms
and cough; breastfeeding was interrupted during
the first 5 days of maternal symptoms and contin-
ued after the infant’s diagnosis.

SARS-CoV-2 transmission through breastfeeding

The time between maternal or infant symp-
toms and when breast milk samples were
tested for SARS-CoV-2 RNA varied among
the different studies. Most of the cases were
tested during the acute phase, 1-5 days after
maternal  symptoms'418:222629.31343638-4145
between 5 and 8 days after onset of maternal
symptoms,!#131620323337 " Qther samples were
collected during the convalescent phase at 14-
19 days after maternal'”**?**? or infant onset of
symptoms.?® The time between maternal symptoms
and breast milk sample collection was not reported
in four neonates with COVID-19?"% and other 25
neonates without infection.?%3>44

In another case,'* maternal symptoms occurred
during pregnancy, at 34 gestational weeks, and the
breast milk sample was collected 23 days later after
delivery. Similarly, another pregnant woman was
diagnosed with COVID-19 during the 33rd gesta-
tional week, and a breast milk sample was tested on
the day of delivery at 38 gestational weeks.?®

The overall certainty of the evidence was very low
for all included studies. The studies were all obser-
vational and included case reports and case series.
All studies had a high risk of bias due to lack of
a control group, short follow-up time, and lack of
control for other possible confounders. All of the
included studies also had a high risk of imprecision
since case reports and case series document out-
comes on few cases. Additionally, the description of
feeding practices was incomplete. We consider that
a high risk of publication bias is plausible given that
COVID-19-positive cases of infants and breast milk
are most likely to be reported and published. Addi-
tionally, the sample could also be biased by only test-
ing infants who seek care and present with severe
symptoms.

Studies without breast milk sample
assessment

A total of 303 reports on infants and young children
0-24 months of age did not test breast milk samples
for SARS-CoV-2. We grouped these reports by the
infant feeding practices (Table 2).

We identified 153 breastfeeding neonates, which
included 16 positive SARS-CoV-2 infections and
137 negative cases, based on the lack of viral RNA
detection by RT-PCR tests in throat or nasopha-
ryngeal samples. There were 82 neonate cases who
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were reportedly fed with a breast milk substitute
or presumably so since some of the newborns were
isolated from their mothers or the authors rec-
ommended stopping breastfeeding practices during
hospital stay. Among these neonates, there were 15
positive cases and 67 negatives by RT-PCR tests
from throat or nasopharyngeal swabs. There were
10 cases of reportedly mix-feeding practices: three
of these neonates were positive and seven were
negative for SARS-CoV-2 infection according to
the lack of viral RNA detection by RT-PCR test
on oral or nasopharyngeal samples. A total of 672
neonate cases did not report on infant feedings.
These included 76 positive neonates and 596 neg-
ative neonates for SARS-CoV-2 infection; neonate
diagnosis was based on viral RNA detection in nasal
or nasopharyngeal samples, except 19 neonates*’
who were diagnosed as negative COVID-19 cases
based on clinical diagnosis. The references to these
studies are listed in Table 2.

There were also 12 breastfeeding infants (of 28
days to 2 years of age) who were positive for SARS-
CoV-2 infection, as well as other six infants fed with
a breast milk substitute and three cases who were
mix-fed. There were no negative cases among these
feeding categories. Infant feeding practices were not
reported in 127 cases of infants, which included 112
infants with a positive diagnosis for COVID-19 and
two were negative cases (Table 2). Infant cases of
COVID-19 were determined by viral RNA detec-
tion with RT-PCR assays from nasal or nasopharyn-
geal swabs, except by one infant who was diagnosed
by clinical presentation.*®

Discussion

In this review, we assess the evidence on transmis-
sion of SARS-CoV-2 from the mother to her child
through breast milk and breastfeeding (i.e., related
bodily fluids, such as blood, sweat, and respiratory
droplets) or droplet transmission due to close con-
tact with the infant or young child via skin-to-skin
exposure or airborne transmission. We also sum-
marize outcomes for infants and children with sus-
pected or confirmed SARS-CoV-2 infection accord-
ing to breastfeeding practices, as reported by the
authors.

Among the 37 included studies with breast milk
samples, nine out of 84 analyzed breast milk sam-
ples were reported to be positive for SARS-CoV-2
RNA via RT-PCR analysis'®!**! and one sample
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had specific IgG.*® Among the cases with viral
RNA detected in breast milk samples, one healthy
neonate'’ had negative nasopharyngeal and anal
test results for COVID-19, while maternal breast
milk samples had detectable viral RNA. However,
this neonate was fed with a breast milk substitute,
while maternal breast milk was positive and thus,
it is not possible to ascertain the risk of infection by
exposure to breast milk. In another case, the infant
tested negative to the virus and exposure through
breast milk could not be confirmed because infant
feeding practices were not reported.’! In a dif-
ferent case, a neonate was found to be positive
for COVID-19 based on viral RNA detected by
RT-PCR, while exposed to maternal breast milk
that tested positive for SARS-CoV-2 RNA.! The
mother breastfed the neonate while using surgical
masks and following hygiene recommendations.
In this particular case, before showing symptoms,
both mother and newborn shared a hospital room
with another mother-infant pair diagnosed with
COVID-19. Thus, it is not clear whether the new-
born became exposed due to close contact with
the other confirmed COVID-19 patients, contact
with the confirmed COVID-19-positive mother, or
through the exposure to her SARS-CoV-2 RNA-
positive breast milk. Moreover, this newborn was
also coinfected with respiratory syncytial virus
and it is possible that the coinfection could have
increased the neonate’s vulnerability to COVID-19
or worsen the symptoms of the infection. In the case
of an 8-month-old infant with COVID-19,2 it is
not possible to determine if transmission occurred
through breast milk intake or breastfeeding, since it
was interrupted during the maternal symptomatic
phase, and the infant had symptoms 1 day after the
mother’s symptoms; additionally, mother and infant
were staying in an area with ongoing COVID-19
community transmission for 2 months.

Even though viral RNA has been detected in
breast milk samples, among the included studies
there were no attempts to culture the SARS-CoV-
2 from breast milk isolates, adding to the uncer-
tainty about potential infectious capacity of breast
milk. One preprint study*® found no culturable
virus from one breast milk sample with viral RNA
and from control breast milk samples spiked with
SARS-CoV-2.

From the two reports that described breast-
feeding practices, it is not possible to conclude
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if SARS-CoV-2 infection was due to mother-to-
child transmission, which can include but is not
limited to specific breastfeeding practices or to
feeding young children with breast milk from a
COVID-19-positive woman. For the latter, the evi-
dence gathered also includes another 79 breast milk
samples, belonging to different women with con-
firmed COVID-19, which had no traces of SARS-
CoV-2 RNA, and this may suggest a low risk
of transmission by ingesting breast milk. Inter-
estingly, there were several confirmed COVID-
19 infants by RT-PCR tests who received SARS-
CoV-2 negative breast milk; these included two
newborns exclusively breastfed,”’ one 27-day-old
neonate who was breastfed,!” and infants aged 3
and 6 months old.'”?> Therefore, it seems plausi-
ble that these infants might have been exposed to
SARS-CoV-2 through close contacts with infected
family members, especially considering that in all
these cases, both parents, relatives, and individuals
in their communities were diagnosed with COVID-
19. Notably, infant feeding practices were scarcely
reported in most of the included studies.

From the evidence reported in articles without
breast milk samples tested, it is not possible to
ascertain if there is an increased risk of viral infec-
tion among breastfeeding children via breast milk.
Most breastfeeding neonates did not have evidence
of COVID-19 (28 out of 33) based on negative
RT-PCR tests. Similarly, among infants who were
fed with a breast milk substitute, 63 out of 77 did
not have COVID-19 based on negative RT-PCR
tests. However, infant feeding practices were not
accurately reported. From all these studies, the fre-
quency or exclusivity of breastfeeding is unclear,
especially in relation to onset of maternal symptoms
or viral load.

Most neonates born to mothers diagnosed with
COVID-19 by RT-PCR tests during their pregnancy
were negative for viral infection. One neonate was
reported to be negative for COVID-19 by RT-PCR
tests in throat swabs but had elevated IgM and IgG
levels at birth.!> These findings may suggest that
vertical transmission does not appear to occur dur-
ing the peripartum period. It is possible that passive
immunity from the mother to the infant could be
protective against infection. This was also suggested
in the context of severe acute respiratory syndrome
coronavirus (SARS-CoV) infection.’® Given that all
maternal infections reported in the included studies
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occurred shortly before delivery, the consequences
of infection during earlier stages of pregnancy are
not clear. Additionally, the majority of included
studies did not assess the presence of SARS-CoV-
2-specific antibodies in neonates, breast milk, pla-
centa, or other tissues and hence, the significance
of finding anti-SARS-CoV-2 IgM immediately after
birth in serum samples from the neonates, as
reported by Ref. 12, remains to be defined. It is also
important to understand the potential of passive
immunity from mother to child during pregnancy
and by breast milk intake. Specific IgA antibodies
have been found in 12 of 15 breast milk samples, for
example, from different women who had COVID-
19,°! and further research is needed to ascertain the
protective capacity and the duration of these anti-
bodies.

It is also important to understand if the risk of
transmission through breast milk changes in dif-
ferent stages of maternal disease progression or in
asymptomatic cases. The three breast milk samples
with detectable viral RNA were collected during
the maternal symptomatic phase.!®!'**! But the 43
breast milk samples without detectable viral RNA
were collected during either the symptomatic or
convalescent phase. This might suggest that SARS-
CoV-2 does not always cross the alveolus or milk-
secreting unit during the acute phase, when mater-
nal viremia is expected to be higher, or during the
convalescent phase. Even after 4-5 weeks of mater-
nal infection, viral RNA was not detected in breast
milk, possibly indicating that the alveolus does not
act as a reservoir for SARS-CoV-2.

Breast milk is not homogenous and its com-
position changes through the lactation period. In
the future studies, it will be important to deter-
mine if the risk of transmission changes with the
stage of lactation. In this review, most of the
breast milk samples (43 out of 46) were negative
for SARS-CoV-2 RNA presence, and the major-
ity were tested during the first 48 h postpartum.
This early period usually has a higher concentra-
tion of immune factors in milk compared with the
composition of mature milk after the first month
postpartum. There were few samples at different
stages indicating the need to further characterize
the risk of SARS-CoV-2 transmission in the context
of breast milk composition, especially considering
the immunomodulating components of breast milk,
including antibodies, growth factors, and other
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proteins, with critical roles in sustaining healthy
neonatal intestinal epithelium and with antimicro-
bial properties.”? Lactoferrin, an iron-binding pro-
tein present in breast milk, for example, has been
found to inhibit SARS-coronavirus infection in cell
culture conditions.>®

What is known from SARS-CoV

When we consider the past experience with SARS-
CoV, the viral agent that caused a major outbreak
in 2003, it is important to note that it is geneti-
cally similar to SARS-CoV-2.>* We identified two
case reports where SARS-CoV was tested in breast
milk.>® In one case,* the breast milk sample col-
lected at birth was positive for SARS-CoV. The
infant was exclusively breastfed and did not show
any symptoms of the disease at 5 days of age. The
mother was diagnosed with SARS-CoV infection
at 20 gestational weeks, and she required inten-
sive care. In a second case report,”> the mother
presented with serious symptoms of SARS-CoV
infection at 20 gestational weeks, and the infant was
born healthy at 38 gestational weeks by cesarean sec-
tion. Viral RNA was not detected in maternal sam-
ples of serum, whole blood, nasopharyngeal, and
rectal swabs, or postdelivery, in the placenta, cord
blood, amniotic fluid, and breast milk. However,
antibodies to SARS-CoV were detected in maternal
serum, cord blood, and breast milk, suggesting that
the newborn might have acquired passive immunity
from the mother. Curiously, in both cases, the moth-
ers developed gestational diabetes.”>>°

Another case series® reported five infants born to
mothers with SARS-CoV infection and pneumonia.
All five infants tested negative for the presence of
SARS-CoV RNA in samples of serum, throat swab,
and urine. They also had negative cultures, but
serum samples indicated the presence of SARS-CoV
antibodies. The antibody titres did not increase
in paired samples between the acute (1-9 days)
and convalescent phases (21-23 days), suggesting
passive immune transfer during pregnancy.”’ It is
possible that the vertical transmission of SARS-
CoV may be prevented by the presence of antibod-
ies in cord blood and breast milk, as previously
described.””” In summary, we reviewed the evi-
dence for the transmission of the related SARS coro-
navirus (SARS-CoV) and found that most studies
reporting on infection status of mothers and their
children did not describe breastfeeding behaviors
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or test breast milk samples. This evidence from the
SARS-CoV outbreak in 2003 can be useful in the
interpretation of the results from this review on
COVID-19.

Limitations

Findings from this review are limited by the scarcity
of information of infant feeding practices and breast
milk samples tested, there was very limited infor-
mation on skin-to-skin contact, rooming-in, and
exclusive breastfeeding. In most cases, there was not
clear information on the breast milk sample col-
lection and analysis procedure. We also identified
several studies from diverse countries that reported
infant infection outcomes, but the reporting of feed-
ing practices was heterogeneous or not available.
Additionally, there could be a high risk of publi-
cation and sample bias, given that the most severe
cases are the ones that seek care, are tested, and most
commonly only those with a positive diagnosis are
most likely to be reported. Moreover, there could be
duplication of reported cases as case reports become
part of a larger body of evidence. We plan to update
these review findings as the evidence continues to
grow with upcoming results from cohort studies
and other case reports.

Implications for future research

More evidence about the intake of breast milk
directly from the breast or expressed, as well as
infants being breastfed exclusively, or formula fed
will further the understanding of SARS-CoV-2
transmission. Despite the rapidly increasing litera-
ture around SARS-COV-2 transmission routes, the
evidence of possible transmission through breast
milk is still limited. Most of the reported cases
are symptomatic infants or symptomatic pregnant
women and their newborns, the information on
older infants with or without symptoms is scarce. In
most cases, only one breast milk sample was tested
and with no information on maternal viremia.
Breast milk samples were only tested by RT-PCR
assays, and it is possible that viral RNA detection
in breast milk was affected by the component of
breast milk tested, as it has been shown to affect the
assay sensitivity in other contexts.’® It is important
to note that viral RNA detection in breast milk does
not necessarily indicate viral infectivity, and other
assays will be necessary to determine if there are
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viral particles in the breast milk that can be infec-
tious once ingested by children.

This systematic review included findings from
37 studies; 19 infants out of 77 were diagnosed
with COVID-19 by viral RNA detection and one by
serology; 59 breast milk samples that were collected
from COVID-19-positive mothers tested negative
for SARS-CoV-2 via RT-PCR. As new evidence
emerges from the current SARS-CoV-2 outbreak,
additional research is warranted to explore the
possible dynamic of breastfeeding transmission or
protection against SARS-CoV-2. Specifically, stud-
ies focused on defining the timing of maternal
and infant exposure, breast milk viral load, dura-
tion of infection, and the presence of protective
antibodies in breast milk might aid in determin-
ing the risks of SARS-CoV-2 transmission when a
breastfeeding woman is infected. We suggest that
investigators working with breastfeeding mothers
and their children collect the following data, where
feasible, to better inform this review and the con-
sequent guidelines: (1) confirmation and clinical
characteristics of maternal and infant infection; (2)
analyze and report on the presence of virus and viral
infectious particles in breast milk, potentially with
serial samples; and (3) record data on infant feed-
ing practices and any contact precautions observed,
such as wearing a mask and isolation.

The review authors are uncertain whether SARS-
CoV-2 transmission via breast milk is possible as
the certainty of the evidence has been assessed as
very low. Nonetheless, the possible transmission
through other breastfeeding-related bodily fluids,
such as blood, sweat, respiratory droplets, or droplet
transmission due to close contact with the infant or
young child via skin-to-skin exposure or airborne
transmission cannot be disregarded.

Note adding in proof. Since this work was com-
pleted and accepted, Chambers et al. report that
although SARS-CoV-2 RNA was detectable in 1
breast milk sample from 18 infected woman, this
did not represent replication-competent virus; the
authors concluded that breast milk may not be a
source of infection for infants. JAMA. Published
online August 19, 2020.https://doi:10.1001/jama.
2020.15580
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