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Background: The possibility of 2019 novel coronavirus disease (COVID-19) transmission to neonates 

through breast milk remains unverified. 

Methods: This paper presents the interim results of a longitudinal study being carried out in Hubei 

province. As of 1 April 2020, 24 mothers confirmed with COVID-19, 19 mothers suspected with COVID-19 

but Polymerase chain reaction negative, and 21 mothers without COVID-19 and their neonates have been 

recruited. Telephone follow-up was conducted to collect information on breastfeeding practices. Forty- 

four breast milk samples were collected from 16 of the 24 mothers with confirmed COVID-19 for the se- 

vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2) ribonucleic acid (RNA) and antibodies (IgM 

and IgG) testing. 

Findings: The average mother-child separation time was 36 • 7 ± 21 • 1 days among mothers confirmed 

with COVID-19, significantly longer than that of the suspected group (16 • 6 ± 13 • 1 days) and control 

group (10 • 5 ± 8 • 2 days). Both the COVID-19 confirmed (58 • 3%) and suspected (52 • 6%) groups presented 

significantly lower rates of breastfeeding as compared with the control group (95 • 2%). All 44 breast milk 

samples tested negative for the SARS-CoV-2 nucleic acid. Thirty-eight breast milk samples underwent 

antibody testing and all tested negative for IgG. Twenty-one breast milk samples from 8 women tested 

positive for IgM, while the remaining samples from 11 women tested negative. 

Interpretation: Considering the lack of evidence for SARS-CoV-2 transmission through breast milk, breast- 

feeding counselling along with appropriate hand hygiene precautions and facemasks should be provided 

to all pregnant women. 

Funding: The study was funded by the Hong Kong Committee for UNICEF. 

© 2020 Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Research in context 

Evidence before this study: We searched PubMed, Else- 
vier ScienceDirect, Wiley Online Library, SpringerLink and the 
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“COVID-19 ′′ , “coronavirus”, “SARS-CoV-2 ′′ , “2019-nCoV”, AND 

“pregnancy”, “vertical transmission”, “breast milk”, “antibody”
AND “neonate”, “case report”. Sixteen studies have published 

the testing of SARS-CoV-2 RNA in breast milk, half of which 

reported with negative results from the intermittently col- 
lected samples. However, a few studies reported positive 
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SARS-CoV-2 ribonucleic acid (RNA) in breast milk on 1–13 
days post-delivery, or 1–5 days after the onset of symptoms 
of COVID-19. The positive rate of RNA was nearly 14 • 29% 

(20/140 samples from 9/49 patients). Even though one study 
reported positive results of one neonate’s nasopharyngeal 
swab, stool, and blood samples after breastfeeding by the 
positive mother, neither the mother nor infant exhibited any 
symptoms. The largest cohort study published thus far found 

no evidence of mother-to-child transmission when neonates 
roomed-in with mothers and breastfed, but the possibility of 
COVID-19 transmission to neonates through breast milk has 
been postulated. The SARS-CoV-2 antibodies of IgA, IgM and 

IgG in breast milk had also been reported, but the number 
of samples was limited and the effects of prolonged mother- 
child separation on breastfeeding practices due to quarantine 
control measures have not been reported. 

Added value of this study: The possibility of SAR-CoV-2 
transmission through breast milk and its antibodies in breast 
milk of mothers confirmed with COVID-19, as well as the 
impacts of prolonged mother-child separation on breastfeed- 
ing practices due to quarantine control measures were in- 
vestigated in this study. There was no evidence of SARS- 
CoV-2 in any collected samples of the breast milk form 16 
mothers confirmed with COVID-19 between 3–79 days from 

the onset of COVID-19 symptoms. The IgM antibody was de- 
tected in the breast milk of some mothers confirmed with 

COVID-19 between 3–68 days after the onset of symptoms. 
IgG antibody for SARS-CoV-2 was not detected in the breast 
milk samples in our study even several weeks post infec- 
tion. Breastfeeding was less common among neonates born to 
both confirmed mothers and suspected/PCR negative moth- 
ers (58 • 3% and 52 • 6%, respectively) compared to the control 
group (95 • 2%). Mothers with confirmed COVID-19 delayed 

initiation of breastfeeding or feeding of expressed breast milk 
to infants until three weeks after delivery primarily due to 
strict isolation and quarantine measures. 

Implications of all the available evidence: Breastfeeding 
practices were severely impacted during the COVID-19 epi- 
demic, as the Chinese national guidelines called for suspen- 
sion of breastfeeding and the separation among both con- 
firmed and suspected/PCR negative mothers and their infants. 
Considering the lack of evidence for transmission of SARS- 
CoV-2 through breast milk, health care workers should pro- 
vide adequate breastfeeding counseling along with appropri- 
ate hand hygiene precautions and facemasks to all pregnant 
women to minimize the risk of transmission, and the deci- 
sion of breastfeeding should be made together by the families 
and doctors. The separation of mothers and infants should be 
avoided wherever possible. Additionally, a longer follow-up 

period is likely needed to detect IgG antibody. 

. Introduction 

The Severe Acute Respiratory Syndrome Coronavirus-2 (SARS- 

oV-2) is highly contagious, and was first identified in Wuhan, 

hina in December 2019 [1] . The outbreak has spread to 188 coun- 

ries and regions around the world, with more than 31 • 6 million 

onfirmed cases as of 23 September 2020 [2] . 

Hundreds of confirmed maternal cases of the 2019 novel coro- 

avirus disease (COVID-19) have been reported globally [ 3 , 4 ]. Most 

esearch studies thus far have not found evidence of vertical trans- 

ission of COVID-19 from mother to child [5–9] . However, some 

tudies found that a few neonates born to mothers with confirmed 

OVID-19 presented positive SARS-CoV-2 Polymerase Chain Reac- 

ion (PCR) results, including one neonate with a nasopharyngeal 

wab positive for SARS-CoV-2 PCR within 16 h after birth [10] , and 

hree of 33 neonates with nasopharyngeal and anal swabs positive 

or SARS-CoV-2 PCR within two days after birth [11] . There have 
2 
een no confirmed cases of vertical transmission of SARS-CoV-2 

rom mother to child through breastfeeding, but the possibility of 

OVID-19 transmission to neonates through breast milk has been 

ostulated. Until September 18, 2020, sixteen studies have pub- 

ished the testing of SARS-CoV-2 ribonucleic acid (RNA) in breast 

ilk, half of which reported with negative results from the in- 

ermittently collected samples [ 7 , 12–17 ]. However, a few studies 

eported positive SARS-CoV-2 RNA in breast milk on 1–13 days 

ost-delivery [18-23] , or 1–5 days after the onset of symptoms of 

OVID-19 [ 24 , 25 ], and one study did not include the testing time

26] . The positive rate of RNA was nearly 14 • 29% (20/140 samples 

rom 9/49 patients). Even though Bastug and colleagues reported 

ositive results of one neonate’s nasopharyngeal swab, stool, and 

lood samples after breastfeeding by the positive mother, nei- 

her the mother nor infant exhibited any symptoms [21] . How- 

ver, the largest cohort study published thus far found no evidence 

f mother-to-child transmission when neonates roomed-in with 

others and breastfed [27] . In the past few months, the SARS-CoV- 

 antibodies of IgA, IgG and IgM in breast milk have also been 

eported [ 13 , 28 , 29 ], but the number of samples was limited and

he effects of prolonged mother-child separation on breastfeeding 

ractices due to quarantine control measures have not been re- 

orted. The risk of transmission through breast milk and impact 

f COVID-19 infection on neonates need to be carefully balanced 

ith the early- and longer-term negative health consequences of 

ot breastfeeding. 

A multi-center longitudinal research study is being carried out 

n Wuhan, the epicenter of the COVID-19 outbreak in China. The 

arent study began on 10 February 2020. This study presents in- 

erim results of the multi-center research focused on breastfeed- 

ng practices in the first 56 days after delivery and the presence 

f SARS-CoV-2 nucleic acid and its antibodies (IgM and IgG) in 

he breast milk of mothers confirmed with COVID-19 post-delivery. 

e present the following paper in accordance with the STROBE 

STrengthening the Reporting of OBservational studies in Epidemi- 

logy) statement and protocols. 

. Methods 

.1. Participants 

Participants were recruited from Hubei Province for a multi- 

enter longitudinal study on the transmission of COVID-19 and its 

mpact on health and developmental outcomes among neonates 

orn to mothers with confirmed/suspected COVID-19. The present 

tudy aims to explore the short- and medium-term health and 

evelopmental outcomes of neonates born to mothers with con- 

rmed/suspected COVID-19. While recruitment of participants is 

ngoing, as of 1 April 2020, 24 pairs of pregnant women con- 

rmed with COVID-19 and their neonates (Confirmed Group, in- 

luding one pair of twins), 19 pairs of pregnant women suspected 

f COVID-19 but found to be PCR negative and their neonates 

Suspected Group), and 21 pairs of pregnant women without con- 

rmed/suspected COVID-19 and their neonates (Control Group, in- 

luding one pair of twins) have been recruited and matched by 

estational age. 

The diagnostic criteria by the National Health Commission of 

he People’s Republic of China was used for the mothers con- 

rmed or suspected with COVID-19 [30] . All mothers diagnosed 

ith COVID-19 were enrolled in this study. Each mother had a pos- 

tive SARS-CoV-2 nucleic acid test on a throat swab or serological 

ntibodies, with at least one clinical manifestation (e.g., fever, res- 

iratory tract symptoms, chest computerized tomography (CT) of 

neumonia, or abnormal blood routine) concurrently. All the moth- 

rs with suspected COVID-19 who subsequently had a negative 

ARS-CoV-2 nucleic acid test of a throat swab and a negative sero- 
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ogical test were recruited into the suspected group. Mothers who 

ere free from COVID-19 related diseases but admitted for birth 

r pregnancy complications (e.g., prematurity, hyperbilirubinemia, 

eonatal amniotic fluid/meconium aspiration syndrome, neonatal 

acterial pneumonia), in the same hospitals as the confirmed and 

uspected groups were recruited for the control group; addition- 

lly, women in the control group had normal chest CT and had a 

egative SARS-CoV-2 nucleic acid testing. 

.2. Data collection and methods 

Telephone based follow-ups were conducted at the 3rd, 7th, 

4th, 28th, 42rd, and 56th day after delivery to collect informa- 

ion on breastfeeding practices, including the feeding method (ex- 

lusive breastfeeding or feeding expressed breast milk, breastfeed- 

ng or feeding expressed breast milk mixed with formula feeding, 

nd only formula feeding), the days of mother-child separation, 

nd the timing of initiation of breastfeeding or feeding with ex- 

ressed breast milk, if applicable. 

Breast milk samples were collected from 16 of the 24 COVID- 

9 confirmed mothers for SARS-CoV-2 nucleic acid and antibody 

IgM and IgG) testing. Among the remaining eight mothers in the 

onfirmed group, one refused breast milk testing, two stopped ex- 

ressing breast milk due to mastitis since the third day after de- 

ivery, and the remaining five failed to collect samples of breast 

ilk due to isolation and strict transportation limitations for the 

esearchers. Breast milk samples were attempted to be collected 

t 10 different time points, including the day of delivery, as well 

s the 3rd, 7th, 14th, 21st, 28th, 35th, 42nd, 56th and 70th day 

ost-delivery. Mothers were requested to wear masks and wash 

ands before collecting breast milk samples. The breast milk was 

xpressed by electric breast pump and utensils were disinfected 

y boiling water prior to each use. All samples were immediately 

ransferred to RNase-free sample tubes and stored at -20 °C until 

esting. 

The testing was conducted by Wuhan Institution of Virology 

nder the Chinese Academy of Sciences by methods reported pre- 

iously [ 31 , 32 ]. Considering the potential exposure risk of infection 

uring testing, all samples were incubated at 56 °C for 30–60 min 

efore testing to inactivate the virus, according to kit instructions 

sed in this study and the World Health Organization (WHO)’s lab- 

ratory technical guidelines [ 33 , 34 ]. FineMag viral DNA/RNA ex- 

raction kits with rapid magnetic bead method (Genfine Biotech 

o LTD, Beijing, FMY502T5-TR) were applied to extract the RNA of 

pecimens. Automated Nucleic Acid Extractor (Hubei Xinzongke Vi- 

al Disease Control Bio-Tech LTD, Wuhan, NZKEX-32) was used for 

NA extraction. 

2019-nCoV Nucleic Acid Detection Kits (Hubei Xinzongke Viral 

isease Control Bio-Tech LTD, Wuhan, NZK-H20 0 08) and RT-PCR 

ere used to detect the RdRp gene and N gene of SARS-CoV-2, and 

he human Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 

ene was used as an internal control [ 31 , 35 ]. All RT-PCRs ran on

 Bio-Rad CFX96 Real-time Detection System. The reaction mixture 

onsisted of 14 μL reaction buffer, 1 μL enzyme solution, 5 μL 

NA template, and 5 μL RNase-free pure water. The RT-PCR reac- 

ions were set to 42 °C for 5 min, incubated at 95 °C for 1 min,

enatured at 95 °C for 45 cycles for 10 s, and fluorescence sig- 

al was acquired at 60 °C for 30 s. After the reaction, RdRp gene,

 gene and GAPDH gene were detected by the fluorescent chan- 

els FAM, HEX/VIC, and ROX, respectively. The diagnostic criteria 

re based on the recommendations of the National Institute for Vi- 

al Disease Control and Prevention of China. Procedures to prevent 

ample contamination were in accordance with standard labora- 

ory practices. 

Diagnostic Kits for IgM/IgG Antibodies to SARS-CoV-2 (Enzyme 

inked immunosorbent assay, Livzon Pharmaceutical Group Inc., 
3 
huhai, 2,020,020,308) were used to detect IgM and IgG in breast 

ilk [32] . After inactivation, samples were diluted in dilution 

uffer (1:100 for IgM and 1:20 for IgG) and added to the plates 

oated with anti-human IgM μ chain for IgM and SARS-CoV-2 nu- 

leocapsid (N) protein for IgG, respectively. The absorbance value 

ndicating the relative antibody level in the sample—was tested un- 

er 450 nm/630 nm wavelength. Antibody levels equal to or higher 

han the cut off values of 0 • 10 for IgM and 0 • 13 for IgG were con-

idered positive. 

.3. Statistical analysis 

IBM SPSS Statistics 22 • 0 software was used for statistical analy- 

is. Categorical variables are presented with number and propor- 

ion (%) and continuous variables are presented with mean and 

tandard deviation. One-way ANOVA was used to compare the data 

f three groups that conformed to normality and homogeneity of 

ariance. Kruskal-Wallis test was used to compare data of the three 

roups that did not conform to normality or homogeneity of vari- 

nce. Chi-square test was used to compare proportions of the three 

roups. A value of P < 0 • 05 was considered statistically significant. 

.4. Ethical approval 

This study has been registered in the Chinese Clinical Trial Reg- 

ster (ChiCTR20 0 0 033960). All procedures performed in the study 

nvolving the collection of human samples were in accordance 

ith the ethical standards approved by the Ethical Committee of 

ubei Provincial Maternal and Child Health Hospital (NO. 2020–

EC–XM010). All participants gave their written permission for both 

heir own and their children’s participation in the study. 

.5. Role of funding source 

The study was funded by the Hong Kong Committee for UNICEF, 

ho was fully independent to the research design, data collection, 

nalysis, interpretation, writing or decision to submit the paper for 

ublication. This study group hasn’t been paid to write this article 

y any pharmaceutical company or other agency. Prof Shiwen Xia 

as full access to all the data in the study and has final responsi-

ility for the decision to submit for publication. 

. Results 

.1. Basic information of mothers and their neonates 

Among the 64 mothers across the three groups, one confirmed 

other was enrolled in the study 49 days before delivery; 25 

others were enrolled on the day of delivery (6 confirmed, 2 sus- 

ected and 17 control); and the remaining were enrolled between 

–31 days after delivery (17 confirmed, 17 suspected and 4 control; 

able 1 and Fig. 1 ). 

Among the 24 mothers confirmed with COVID-19, their average 

ge was 29 • 8 years old. The average days to delivery from the on-

et of COVID-19 symptoms was nine days. Two mothers had a pos- 

tive PCR test result prior to delivery, and 22 mothers had positive 

esults postnatally. All mothers confirmed with COVID-19 had ab- 

ormal chest imaging, although none of them had severe COVID-19 

ymptoms. Fifteen had fever or respiratory tract symptoms, while 

he remaining cases did not have typical COVID-19 symptoms (1 

ad decreased amniotic fluid, 2 had premature rupture of mem- 

rane, and 6 were asymptomatic). Nine were transferred from the 

elivery hospitals to the designated hospital for COVID-19 treat- 

ent once confirmed, and the remaining were isolated in the de- 

ivery hospitals for treatment until discharge. Among them, 20 • 8% 
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Table 1 

Basic information of the mothers and their neonates in the three groups. 

Items Confirmed group Suspected group Control group F / χ 2 value P value 

Maternal Information 

Number of mothers n = 24 n = 19 n = 21 

Enrolled before delivery 1 0 0 

Enrolled at the day of delivery 6 2 17 

Enrolled after delivery 17 17 4 

Age 29 • 8 ± 3 • 7 32 • 5 ± 5 • 1 30 • 9 ± 3 • 2 2 • 81 # 0 • 25 

High school education or below 11 (45 • 8%) 9 (47 • 4%) 12 (57 • 1%) 0 • 65 0 • 72 

Gestational hypertension 5 (20 • 8%) 3 (15 • 8%) 1 (4 • 8%) 2 • 8 0 • 25 

GDM 

& 4 (16 • 7%) 3 (15 • 8%) 5 (23 • 8%) 0 • 52 0 • 77 

Gestational thyroid disease 1 (4 • 2%) 4 (21 • 1%) 2 (9 • 5%) 3 • 11 0 • 21 

Fetal distress 4 (16 • 7%) 4 (21 • 1%) 1 (4 • 8%) 2 • 76 0 • 25 

Intrauterine infection 5 (20 • 8%) 5 (26 • 3%) 3 (14 • 3%) 0 • 91 0 • 63 

PROM 

& > 2 h 5 (20 • 8%) 6 (31 • 6%) 6 (28 • 6%) 0 • 69 0 • 71 

Cesarean delivery 19 (79 • 2%) 12 (63 • 2%) 11 (52 • 4%) 3 • 64 0 • 16 

Abnormal amniotic fluid 1 (4 • 2%) 3 (15 • 8%) 5 (23 • 8%) 4 • 04 0 • 13 

Abnormal umbilical cord 3 (12 • 5%) 5 (26 • 3%) 5 (23 • 8%) 1 • 56 0 • 46 

Abnormal placenta 2 (8 • 3%) 2 (10 • 5%) 7 (33 • 3%) 5 • 44 0 • 07 

Delivery complications 1 (4 • 2%) 0 (0 • 0%) 2 (9 • 5%) 2 • 70 0 • 26 

Maternal length of stay (d) 16 • 5 ± 10 • 5 4 • 7 ± 1 • 0 4 • 8 ± 1 • 6 19 • 46 # < 0 • 001 ∗∗

Neonatal information 

Number of neonates n = 25 n = 19 n = 22 

Twins 2 (8 • 0%) 0 (0 • 0%) 2 (9 • 1%) 2 • 84 0 • 24 

Male infants 15 (60 • 0%) 8 (42 • 1%) 13 (59 • 1%) 1 • 67 0 • 43 

GA & (w) 38 • 2 ± 2 • 1 37 • 1 ± 3 • 2 37 • 7 ± 2 • 5 1 • 01 # 0 • 61 

Birth weight (kg) 3 • 0 ± 0 • 5 2 • 8 ± 0 • 7 3 • 0 ± 0 • 5 1 • 15 0 • 32 

SGA & 3 (12 • 0%) 4 (21 • 1%) 3 (13 • 6%) 0 • 72 0 • 70 

Preterm infants 7 (28 • 0%) 5 (26 • 3%) 8 (36 • 4%) 0 • 59 0 • 75 

1 min Apgar score 9 • 2 ± 0 • 8 8 • 8 ± 1 • 7 9 • 6 ± 1 • 0 6 • 63 # 0 • 04 ∗

5 min Apgar score 9 • 8 ± 0 • 4 9 • 6 ± 1 • 3 9 • 8 ± 0 • 9 2 • 19 # 0 • 34 

Birth asphyxia 0 (0 • 0%) 3 (15 • 8%) 1 (4 • 5%) 5 • 47 0 • 07 

PCIS & < 90 3 (12 • 0%) 6 (31 • 6%) 4 (18 • 2%) 2 • 59 0 • 27 

Mortality 0 (0 • 0%) 0 (0 • 0%) 0 (0 • 0%) N/A N/A 

Neonatal length of stay (d) 6 • 6 ± 6 • 5 11 • 2 ± 10 • 4 8 • 5 ± 6 • 4 2 • 81 # 0 • 25 

& GDM, Gestational diabetes mellitus; PROM, Premature rupture of membrane; GA, Gestational age; SGA, Small for gesta- 

tional age; PCIS, Pediatric Critical Illness Score 
# Kruskal-Wallis test 
∗ P < 0 • 05 
∗∗ P < 0 • 01 
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ad underlying pregnancy complications (e.g., hypertension, dia- 

etes, thyroid disease, fetal distress, or intrauterine infection dur- 

ng pregnancy). cesarian section was performed on 79 • 2% of the 

others. The average number of days from the onset of symp- 

oms until recovery with negative PCR testing was 16 • 4 ± 15 • 6
ays (range 3–62 days). 

We enrolled 19 mothers in the suspected group and 21 moth- 

rs in the control group, with average ages of 32 • 5 and 30 • 9 years,

espectively. Among these two groups, the percentages of preg- 

ancy complications were 31 • 6% and 28 • 6%, and cesarian section 

as performed on 63 • 2% and 52 • 4% of the mothers, respectively.

here were no statistical differences between the three groups in 

aternal age, educational level, presence of underlying pregnancy 

omplications, delivery mode, or incidence of birth complications 

nd abnormalities (e.g., amniotic fluid, umbilical cord and placenta 

bnormalities, and fetal distress) ( Table 1 ). The average length of 

aternal hospitalization was 16 • 5 ± 10 • 5 days for the confirmed 

roup, which was significantly longer than that of the suspected 

roup (4 • 7 ± 1 • 0 days) and the control group (4 • 8 ± 1 • 6 days) (P

 0 • 001). 

There was a total of 66 neonates born to the 64 mothers 

one pair of twins in the confirmed and control groups, respec- 

ively). Among the 25 neonates born to confirmed mothers, seven 

ere premature, three were small for gestational age (SGA), and 

one experienced birth asphyxia. SARS-CoV-2 nucleic acid testing 

as also performed on neonates in the confirmed and suspected 

roups in this study, and no positive results was found (a detailed 

tudy on neonates will be published in another paper). The aver- 

ge length of hospitalization was 6 • 6 ± 6 • 5 days, 11 • 2 ± 10 • 4 days,
 l

4 
nd 8 • 5 ± 6 • 4 days for neonates born to confirmed, suspected, and

ontrol group mothers, respectively. There were no significant dif- 

erences between the three groups of neonates in the length of 

ospitalization, gender, gestational age, birth weight, as well as the 

ncidence of small for gestational age (SGA), prematurity, birth as- 

hyxia, and critical illness ( Table 1 ). 

.2. Breastfeeding practices 

As of 30 April 2020, telephone-based follow-ups were con- 

ucted with all enrolled mothers across three groups between 30–

0 days. In the confirmed, suspected and control groups, the av- 

rage duration (days) of mother-child separation immediately af- 

er birth was 36 • 7 ± 21 • 1, 16 • 6 ± 13 • 1, and 10 • 5 ± 8 • 2, respec-

ively ( Table 2 ). The rates of any kind of breastfeeding (includ- 

ng exclusive breast milk feeding and breast milk combined with 

ormula feeding) in the confirmed, suspected and control group 

ere 58 • 3%, 52 • 6% and 95 • 2% within 56 days after birth, respec-

ively. The rates of exclusive breastfeeding (including bottle feeding 

xpressed breast milk and direct breastfeeding by mothers) were 

 • 2%, 15 • 8% and 47 • 6%, respectively ( Table 2 ). Both confirmed and

uspected groups presented significantly lower rates of breastfeed- 

ng as compared with the control group (P = 0 • 006). 

Expressing breast milk was the preferred feeding method 

dopted by 44 of the 64 mothers recruited in the study. Ten out of 

4 confirmed mothers who fed their babies with expressed breast 

ilk began expressing breast milk after delivery, but did not initi- 

te feeding breast milk to their baby until 22–29 days after de- 

ivery, primarily due to strict isolation and quarantine measures 
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Fig. 1. Research protocol and process of this study. The participants were enrolled between February 10 - April 1, 2020, and the follow-up data was collected by April 30, 

2020. 

Table 2 

Breastfeeding practices among the confirmed, suspected and control groups. 

Items Confirmed group Suspected group Control group F / χ 2 value P value 

Feeding method 

Exclusive breastfeeding 1 (4 • 2%) 3 (15 • 8%) 10 (47 • 6%) 12 • 96 0 • 002 ∗∗

Breastfeeding combined with formula 13 (54 • 2%) 7 (36 • 8%) 10 (47 • 6%) 1 • 29 0 • 53 

Formula feeding 10 (41 • 6%) 9 (47 • 4%) 1 (4 • 8%) 10 • 37 0 • 006 ∗∗

Any breastfeeding 14 (58 • 3%) 10 (52 • 6%) 20 (95 • 2%) 10 • 37 0 • 006 ∗∗

Days of mother-child separation (d) 36 • 7 ± 21 • 1 16 • 6 ± 13 • 1 10 • 5 ± 8 • 2 20 • 63 # < 0 • 001 ∗∗

Timing of the initiation of breastfeeding & 

Initiated Breastfeeding ≤ 7 days 2 (14 • 3%) 0 (0 • 0%) 13 (65 • 0%) 16 • 12 < 0 • 001 ∗∗

Initiated Breastfeeding at 8–14 days 1 (7 • 1%) 3 (30 • 0%) 5 (25 • 0%) 8 • 79 0 • 012 ∗

Initiated Breastfeeding at 15–21 days 1 (7 • 1%) 4 (40 • 0%) 0 (0 • 0%) 3 • 01 0 • 22 

Initiated Breastfeeding at 22–28 days 4 (28 • 6%) 2 (20 • 0%) 2 (10 • 0%) 3 • 28 0 • 19 

Initiated Breastfeeding ≥ 29 days 6 (42 • 9%) 1 (10 • 0%) 0 (0 • 0%) 11 • 27 0 • 004 ∗∗

∗∗ P < 0 • 01 
∗ P < 0 • 05 
# Kruskal-Wallis test 
& The initiation of breastfeeding included the initiation of breastfeeding or initiation of feeding expressed breast milk to neonates. 
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 Table 2 ). Only two mothers in the confirmed group initiated feed- 

ng breast milk to their baby within seven days after delivery, one 

other initiated between 8–14 days after delivery, and one mother 

nitiated between 15–21 days after delivery ( Table 2 ). In the sus- 

ected group, none of the 10 mothers who fed their babies with 

xpressed breast milk initiated feeding breast milk to their baby 

ithin seven days after delivery, while one mother initiated later 

han 29 days after birth ( Table 2 ). In the control group, 20 out

f the 21 mothers breastfed their babies, with 13 out of the 20 
5 
others initiating breastfeeding within seven days after delivery 

 Table 2 ). 

.3. Testing of SARS-CoV-2 nucleic acid and antibodies in breast milk 

mong mothers confirmed with COVID-19 

We anticipated collecting 160 samples of breast milk, however, 

ue to challenges faced during the COVID-19 epidemic, only 44 
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Table 3 

IgM, IgG and PCR testing of SARS-CoV-2 in breast milk of mothers confirmed with COVID-19. 

NO. Items 1 d 3 d 7 d 14 d 21 d 28 d 35 d 42 d 56 d 70 d 

Case 1 IgM 0 • 02 

Case 2 0 • 02 

Case 3 0 • 02 0 • 03 

Case 4 0 • 53 0 • 69 0 • 22 0 • 41 

Case 5 0 • 02 0 • 02 2 • 81 0 • 66 1 • 20 

Case 6 0 • 04 

Case 7 0 • 05 

Case 8 0 • 04 0 • 03 0 • 03 

Case 9 0 • 03 0 • 48 0 • 09 

Case 10 0 • 32 0 • 66 0 • 95 0 • 05 

Case 11 0 • 50 1 • 00 0 • 94 

Case 12 3 • 03 2 • 43 0 • 54 3 • 01 

Case 13 0 • 01 0 • 04 

Case 14 1 • 03 0 • 11 0 • 08 

Case 15 0 • 15 

Case 16 

Case 1 IgG 0 • 01 

Case 2 0 • 01 

Case 3 0 • 01 0 • 01 

Case 4 0 • 01 0 • 03 0 • 003 0 • 01 

Case 5 0 • 01 0 • 01 0 • 01 0 • 02 0 • 02 

Case 6 0 • 02 

Case 7 0 • 01 

Case 8 0 • 01 0 • 01 0 • 01 

Case 9 0 • 01 0 • 01 0 • 02 

Case 10 0 • 01 0 • 01 0 • 01 0 • 003 

Case 11 0 • 01 0 • 01 0 • 01 

Case 12 0 • 01 0 • 01 0 • 01 0 • 01 

Case 13 0 • 01 0 • 01 

Case 14 0 • 02 0 • 02 0 • 02 

Case 15 0 • 01 

Case 16 

Case 1 PCR (-) 

Case 2 (-) 

Case 3 (-) (-) 

Case 4 (-) (-) (-) (-) 

Case 5 (-) (-) (-) (-) (-) 

Case 6 (-) (-) (-) (-) 

Case 7 (-) 

Case 8 (-) (-) (-) 

Case 9 (-) (-) (-) 

Case 10 (-) (-) (-) (-) 

Case 11 (-) (-) (-) 

Case 12 (-) (-) (-) (-) 

Case 13 (-) (-) 

Case 14 (-) (-) (-) 

Case 15 (-) 

Case 16 (-) (-) (-) 

The cut off value was 0 • 10 for IgM and 0 • 13 for IgG; if the antibody level was equal to or higher than the 

cut off value, it was considered as positive result. 
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amples were successfully collected from 16 of the 24 mothers 

onfirmed with COVID-19. Among those, one sample was collected 

n the day of delivery, seven samples on day 3, seven samples on 

ay 7, eight samples on day 14, two samples on day 21, nine sam- 

les on day 28, three samples on day 35, four samples on day 42, 

wo samples on day 56 and one sample on day 70 post-delivery. 

Out of the 44 breast milk samples, six samples from two moth- 

rs completed SARS-CoV-2 nucleic acid testing without the anti- 

ody results because the antibodies testing guidance and kits were 

ot available until 9 March 2020. The remaining 38 breast milk 

amples from 15 mothers completed both the SARS-CoV-2 nu- 

leic acid testing and the IgM & IgG antibody testing. Additionally, 

mong the 16 mothers who had their breast milk tested, 10 had 

ymptom onset 1–65 days prior to delivery, while six developed 

ymptoms between the day of delivery and 4 days post-delivery. 

All 44 breast milk samples tested negative for SARS-CoV-2 

 Table 3 ). Samples were collected from mothers between 3–62 
6 
ays from the onset of COVID-19 symptoms ( Fig. 2 A). Thirty-eight 

reast milk samples underwent antibody testing and all tested 

egative for the IgG antibody. Twenty-one breast milk samples 

rom eight mothers tested positive for IgM, while the remaining 

7 samples from 11 mothers tested negative for IgM ( Fig. 2 A, 2 B).

he timing of initial IgM positive results among the eight moth- 

rs was between days of 3–79 post onset of COVID-19 symptoms 

 Fig. 2 B). Three of eight mothers had an eventual IgM negative re- 

ult following the initial positive result 47–72 days post symptom 

nset ( Fig. 2 B). 

Additionally, the IgM positive samples were collected on aver- 

ge 30 • 8 ± 19 • 4 days from the onset of COVID-19 symptoms, while

gM negative samples were collected on average 43 • 4 ± 21 • 3 days 

fter the onset of symptoms ( Fig. 2 B). However, the difference of 

he sample collection time between the IgM positive and negative 

roups did not reach statistical significance, likely due to the small 

ample size (Mann-Whitney U test, P = 0 • 052). 
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Fig. 2. The IgM, IgG and PCR testing results of SARS-CoV-2 in breast milk of mothers with COVID-19. (A) The time points of the onset of symptoms and breast milk 

sample collection among mothers confirmed with COVID-19 who underwent breast milk testing. (B) Seventeen breast milk samples tested negative both for the IgG and IgM 

antibodies, and 21 samples from eight women tested positive for IgM but negative for IgG. The IgM positive samples were collected 3–68 days from the onset of symptoms. 

(C) The changes of IgM values among eight mothers who had three or more breast milk samples collected for antibody testing. 
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. Discussion 

.1. The breastfeeding practices among mothers with or without 

OVID-19 

The benefits of breastfeeding (e.g., reducing mortality, sepsis; 

acilitating the development of the neonatal immune system and 

aternal bonding and attachment) have been fully reported and 

mphasized in current studies and guidelines [36-38] . Our study 

ound that mothers with confirmed and suspected COVID-19 de- 

ayed initiation of breastfeeding or feeding of expressed breast 

ilk to infants until three weeks, and one and half weeks after 

elivery, respectively, as compared with the control group who 

nitiated breastfeeding in the first week after delivery. While all 

he confirmed and suspected mothers were guided on express- 

ng breast milk after delivery, they were unable to initiate feed- 

ng breast milk to their baby primarily due to strict isolation and 

uarantine measures, especially during the first three months of 

he COVID-19 outbreak. For the control group, the neonates and 

heir mothers were admitted to the same hospital as the con- 

rmed group due to non-COVID-19 related complications of preg- 

ancy and delivery, which contributed to mother-child separation 

nd late onset of breastfeeding. 

We found that breastfeeding was less common among neonates 

orn to both confirmed mothers and suspected/PCR negative 

others (58 • 3% and 52 • 6%, respectively) compared to the control 

roup (95 • 2%). The low breastfeeding rates among the confirmed 

nd suspected groups may be due primarily to the recommenda- 

ion of the Chinese national guidelines that breastfeeding should 

e suspended for women who give birth and are COVID-19 sus- 
7 
ected or confirmed cases [30] . Current Chinese guidelines con- 

inue to recommend that breastfeeding should be suspended until 

he mother’s nucleic acid test is negative [39] . Women with COVID- 

9 in our study also reported their concerns about the safety of 

reastfeeding. 

Another important factor that likely contributed to lower rates 

f breastfeeding was the longer period of mother-child separa- 

ion (36 • 7 ± 21 • 1 days postpartum) among the confirmed group. 

other-child separation has been considered harmful for the 

arly development of infants and may increase maternal physical 

nd psychological problems [40-42] . Chinese national guidelines 

or COVID-19 suggest an additional 14-days of isolation for con- 

rmed/suspected patients after they are discharged from the hos- 

ital, even for suspected mothers with negative test results [30] . 

he United States Centers for Disease Control and Prevention also 

onsiders the separation of the newborn from a mother with sus- 

ected or confirmed COVID-19 to reduce the risk of spreading the 

irus to the newborn [ 43 , 44 ]. These measures likely resulted in

rolonged mother-child separation, which likely contributed to de- 

ayed breastfeeding and reduced milk production. 

However, delayed breastfeeding initiation is associated with 

eonatal morbidity [44] . WHO advises that mothers should not 

e separated from their infants unless the mother is too sick to 

are for her baby [45] . We recommend that healthcare workers 

hould strengthen breastfeeding guidance and health education to 

others with confirmed and suspected COVID-19 to improve the 

ate of breastfeeding during hospitalization and once they are dis- 

harged. The risks and benefits of temporary mother-child sep- 

ration should be discussed with the mother by her healthcare 

eam. Furthermore, when the mother’s milk is not available, milk 
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anking and donor milk are recommended to ensure breastfeeding 

 46 , 47 ]. 

.2. The possibility of SARS-CoV-2 transmission through breast milk 

Our study results indicate that the breast milk of mothers con- 

rmed with COVID-19 was negative for SARS-CoV-2 nucleic acid at 

east in the first 10 weeks post-delivery. Even among five moth- 

rs with nine breast milk samples collected prior to the mothers’ 

ecovery from COVID-19 infection, SARS-CoV-2 nucleic acid test- 

ng was negative. This finding supports prior studies that SARS- 

oV-2 nucleic acid has not been detected in breast milk [ 7 , 12-17 ],

ven when the mother was still positive for SARS-CoV-2 [13] . Al- 

hough recent studies reported a 14 • 29% (20/140) positive rate of 

ARS-CoV-2 RNA in breast milk, these studies only identified viral 

NA by RT-PCR test rather than the infectious virus [18-26] . Two 

ases of neonatal infection have been reported due to unprotected 

ontact with undiagnosed mothers, while there were ten neonates 

ho did not become infected by mothers who directly breastfed 

hile wearing a mask [28] . This suggests that respiratory droplets 

re more likely to spread the virus from mother to newborn than 

hrough breast milk. It supports our findings that mothers who 

ore masks and washed hands before collecting breast milk sam- 

les all had negative SARS-CoV-2 RNA in their breast milk. 

According to the over 800 neonates reported in the litera- 

ure, the incidence of vertical transmission has proven to be low 

nearly 4 • 2%) [28] . Furthermore, the majority of studies reported 

o respiratory or other illness in neonates born to mothers with 

onfirmed/suspected SARS-CoV-2 infection [ 28 , 33 ]. According to 

he current evidences, the WHO recommends that the neonates 

orn to mothers with suspected or confirmed COVID-19 should be 

reastfed within 1 hour of birth with maternal masks and hand- 

ashing [ 45 , 48 ]. Moreover, the American Academy of Pediatrics—

hich initially supported the separation of newborns and advised 

gainst direct breastfeeding—has changed its recommendation to 

iscourage separation and encourage breastfeeding based on cur- 

ent evidences [49] . Although the benefits of breastfeeding may 

utweigh the risks [50] , considering the positive results of one 

eonate’s nasopharyngeal swab, stool, and blood samples after 

reastfeeding by the positive mother (although the infant did not 

xhibit any symptoms), the breastfeeding decision should be made 

ogether by the families and doctors [21] . Additionally, pasteuriza- 

ion (62 • 5 °C for 30 min) of breast milk has been reported to elim-

nate the replication-competent SARS-CoV-2 or viral RNA, which 

ould also be used to might benefit the safety of breastfeeding 

24] . 

.3. Antibodies of SARS-CoV-2 in breast milk of mothers confirmed 

ith COVID-19 

In our study, 21 of the 38 samples collected from eight con- 

rmed mothers were positive for IgM between 3–68 days after 

he onset of COVID-19 symptoms. We also found that most of the 

amples with IgM positive were collected within the first 40 days 

rom the onset of COVID-19 symptoms as compared with the IgM- 

egative samples. Previous studies tested IgG and IgM in blood 

amples which showed that the median seroconversion time for 

gM and IgG were day-12 and day-14 after the onset of disease, re- 

pectively [51] . Furthermore, a study reported positive results of 

ecretory-IgA (sIgA), IgM and IgG in breast milk samples which 

ere obtained 14–30 days after maternal symptoms had abated 

29] . However, the antibody concentration might differ between 

erum and breast milk which needs further investigation. Breast 

ilk of mothers infected with influenza has been shown to con- 

ain IgM, IgA and IgG antibodies, which has been hypothesized to 
8 
eutralize viruses in breast milk or in the gastrointestinal or res- 

iratory tracts [52] . Given that antibodies may help to neutralize 

ARS-CoV-2 [53] , it is theoretically possible that breast milk se- 

reted by lactating mothers with positive IgM may have a positive 

mpact on infant health, although more data is needed to study. 

However, we did not detect IgG for SARS-CoV-2 in the breast 

ilk samples even several weeks post infection; this was in- 

onsistent with previous studies and needs further investigation 

 13 , 28 , 29 ]. IgG antibodies are primarily expressed after recovery 

rom an infectious disease and last for months or years [54] . It has

een reported that the positive rate of SARS-CoV-2 IgG in serum is 

nly 11 • 8% at seven days after infection and increased gradually to 

00% at three months post infection [54] . In our study, most of the 

amples (31 of 38) for antibody testing were collected within two 

onths after the onset of symptoms, and none were collected after 

hree months following symptoms onset. A longer follow-up pe- 

iod is likely needed to confirm whether IgG (comprises only ~2% 

f breast milk Ig) [29] of SARS-CoV-2 is expressed in breast milk. 

n addition, a previous study demonstrated that IgG concentration 

n breast milk was reduced by 34% after pasteurization (62 • 5 °C for 

0 min, IgM was not detected), which may be a contributing fac- 

or for our negative IgG results [55] . Additionally, sIgA is another 

ommon antibody that maybe expressed in breast milk, which had 

een identified as a dominant antibody in breast milk following 

ecovery from COVID-19 [29] . However, we failed to test the sIgA 

f SARS-CoV-2 in breast milk because the kits were not available 

uring the study period and the milk samples were not available 

nymore to redo the testing. 

Four major limitations should be taken into consideration when 

nterpreting the findings. Firstly, while our study had a larger sam- 

le than in some prior studies, the sample sizes for each group 

emained relatively small with limited power to detect differences 

y group. Secondly, we had incomplete breast milk sampling from 

ach mother due to challenging field conditions, resulting in low 

umbers of breast milk samples for antibody testing. Thirdly, we 

lso failed to test the sIgA of SARS-CoV-2 in breast milk because of 

navailable testing kits. Lastly, the national protocols for isolation 

imited support for expressing milk among the mothers, and the 

nactivation process (incubated at 56 °C for 30–60 min before test- 

ng) may have reduced the detection of RNA and antibodies across 

he samples [24] . 

In summary, breastfeeding practices were severely impacted 

uring the COVID-19 epidemic among both confirmed and 

uspected/PCR negative mothers particularly due to local rec- 

mmendations to suspend breastfeeding for COVID-19 con- 

rmed/suspected mothers. Our study also highlighted the late ini- 

iation of breastfeeding even among mothers without confirmed 

r suspected COVID-19. There was no evidence of the SARS-CoV- 

 virus in breast milk. The presence of IgM in some samples sug- 

ests the possibility that breast milk might have a protective ef- 

ect on newborns. Considering the lack of evidence of SARS-CoV-2 

ransmission through breast milk, health education and counsel- 

ng on breastfeeding support should be strengthened to all preg- 

ant women and their family members. The separation of moth- 

rs and infants should be avoided wherever possible. Nevertheless, 

n view of the possibility of respiratory, contact or breastfeeding 

ransmission of the SARS-CoV-2 during breastfeeding, the decision 

hould be made together by the families and doctors, and appro- 

riate hand hygiene precautions and facemasks are recommended 

o minimize the risk of transmission. 
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