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abstractBACKGROUND AND OBJECTIVES: Passive and active immunity transfer through human milk (HM)

constitutes a key element in the infant’s developing immunity. Certain infectious diseases and

vaccines have been described to induce changes in the immune components of HM.

METHODS: We conducted a prospective cohort single-institution study from February 2 to April

4, 2021. Women who reported to be breastfeeding at the time of their coronavirus disease

2019 (COVID-19) vaccination were invited to participate. Blood and milk samples were

collected on day 14 after their second dose of the vaccine. Immunoglobulin G (IgG) antibodies

against nucleocapsid protein as well as IgG, immunoglobulin M and immunoglobulin A (IgA)

antibodies against the spike 1 protein receptor-binding domain against severe acute

respiratory syndrome coronavirus 2 (anti-SARS-CoV-2 RBD-S1) were analyzed in both serum

and HM samples.

RESULTS: Most of the participants (ie, 94%) received the BNT162b2 messenger RNA COVID-19

vaccine. The mean serum concentration of anti-SARS-CoV-2 RBD-S-IgG antibodies in

vaccinated individuals was 3379.6 ± 1639.5 binding antibody units per mL. All vaccinated

study participants had anti-SARS-CoV-2 RBD-S1-IgG, and 89% of them had anti-SARS-CoV-2

RBD-S-IgA in their milk. The antibody concentrations in the milk of mothers who were

breastfeeding 24 months were significantly higher than in mothers with breastfeeding periods

<24 months (P < .001).

CONCLUSIONS: We found a clear association between COVID-19 vaccination and specific

immunoglobulin concentrations in HM. This effect was more pronounced when lactation

periods exceeded 23 months. The influence of the lactation period on immunoglobulins was

specific and independent of other variables.
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WHAT’S KNOWN ON THIS SUBJECT: Recently, there have

been 2 studies published on the presence of antibodies

against severe acute respiratory syndrome coronavirus 2 in

humanmilk after vaccination of the breastfeedingmother.

WHAT THIS STUDY ADDS: The interesting finding was the

greater impact of vaccination on immunoglobulins in

human milk with lactations>23 months. The influence of

the lactation period on immunoglobulins was specific and

independent of other variables.

To cite: Romero Ram�ırez DS, Lara P�erez MM, Carretero

P�erez M, et al. SARS-CoV-2 Antibodies in Breast Milk After

Vaccination. Pediatrics. 2021;148(5):e2021052286
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Transfer of passive and active

immunity through human milk (HM)

is a key element in the infant

protection against infections.1 The

mucosa is the point of entry for at

least 90% of microorganisms, so the

immunomodulatory capacity

conferred by HM is important from

the neonatal period onward.1,2

Breastfed infants are better

protected against different infectious

diseases, such as gastroenteritis,

otitis media, urinary tract infection,

neonatal sepsis, and necrotizing

enterocolitis,3 as well as respiratory

infections,4 with a reduced

frequency, duration, and risk of

hospitalization than formula-fed

infants.5-8 Protection through HM

may go beyond cessation of

breastfeeding, although not all the

mechanisms are well known.9

HM includes many bioactive factors,

such as secretory immunoglobulin

A (sIgA), secretory immunoglobulin

M (sIgM), immunoglobulin G (IgG),

oligosaccharides, maternal

glycoproteins, cytokines,

nucleicacids, and leukocytes, which

promote the infant’s developing

immunocompetence.

Immunoglobulins are the most

studied immunoprotective

components in HM.10 sIgA is the

main isotype and is considered

dominant in protecting the infant’s

mucosal surfaces without

stimulating a substantial

inflammatory response (ie, by

intracellular neutralization,

immune exclusion, and virus

excretion).11,12 Second most

abundant is pentameric sIgM, which

activates the complement cascade

and causes agglutination of

recognized pathogens and innate

immunologic activities.9,11,13 IgG

represents a lower proportion (2%)

of immunoglobulins in HM, the

implication of which is partly still

unknown. It appears to be involved

in immune surveillance in the

intestinal lumen by binding to

antigens, phagocytizing them, and

transporting these antigen-IgG

complexes to the lamina

propria14 to activate B cells and

thus affect the adaptive response of

the infant.11,13 In in vitro models

with HIV, IgG is able to prevent

infection at the intestinal level.2,15

The impact of the cellular and

biochemical composition of HM on

infectious diseases in mothers and

infants has been studied and

described elsewhere.5,16 Changes in

HM composition have also been

observed after administration of

certain vaccines during pregnancy

or lactation.17–19

Since March 11, 2020, when the

World Health Organization declared

the global pandemic caused by

severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), the

world has focused on studying this

virus and preventing its spread.

SARS-CoV-2 is a single-stranded

RNA-encapsulated virus, the

infection of which can lead from an

asymptomatic process to a severe,

multisystemic disease termed

coronavirus disease 2019 (COVID-

19). Children of all ages are

susceptible to infection with this

virus, and even those with mild or

asymptomatic symptoms appear to

be involved in disease

transmission.20–22

At the beginning of the pandemic,

there were doubts about the safety

of breastfeeding by mothers infected

with SARS-CoV-2. Some authorities

recommended against it. The

current global recommendation is to

encourage breastfeeding because no

such route of transmission has been

demonstrated and its benefits

outweigh the risks.23

Studies on breast milk from mothers

with COVID-1924 and on HM donors

during the pandemic25 have

revealed the presence of anti-SARS-

CoV-2 antibodies and their

neutralizing capacity. This confers

hope of protection for breastfed

infants.

The first SARS-CoV-2 vaccines were

given emergency use authorization

by the US Food and Drug

Administration26,27 and appeared

less than a year after virus

sequencing. The initial exclusion of

breastfeeding mothers and children

in clinical trials reveals the need for

studies to provide scientific

information on these groups. We

designed this study on the basis of

the hypothesis that vaccination

against SARS-CoV-2 leads to

antibody excretion into breast milk

and passive antibody transfer to

breastfed infants.

METHODS

Study Design and Population

In this study, we applied a

prospective cohort design with a

convenience sample of health care

professionals who were

breastfeeding their children at the

time of vaccination against SARS-

CoV-2. The exposed vaccinated

group consisted of individuals

vaccinated with either the

BNT162b2 messenger RNA (mRNA)

COVID-19 vaccine or the mRNA-

1273 COVID-19 vaccine. All mothers

at the Hospital Universitario Nuestra

Se~nora de Candelaria who reported

breastfeeding and 8 breastfeeding

mothers from other institutions

were included. From February 2 to

April 4, 2021, 102 vaccinated

potential study participants were

invited for enrollment the day they

were administered their second

dose of vaccine. Four of them were

excluded from final analyses (Fig 1)

for COVID-19 symptoms at the time

of vaccination, 1 for past SARS-CoV-

2 infection, and 2 for presenting

serum parameters also suggestive of

past infection. Twenty-four

nonvaccinated breastfeeding

mothers without previous SARS-

2 RAM�IREZ et al
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CoV-2 infection were recruited as a

control group to determine the

threshold for the presence of SARS-

CoV-2–specific antibodies in HM. All

participants gave their signed

consent. Any type of breastfeeding

at any infant age was accepted.

Epidemiological variables and risk

factors for severe COVID-19 disease

in mothers and infants were

collected (Table 1). Participants

with HIV infection, diseases or

treatment that cause

immunosuppression, previous

infections, or ongoing symptoms

compatible with COVID-19 at the

time of recruitment were excluded.

Of the vaccinated study

participants, 92 (94%) received the

BNT162b2 mRNA COVID-19 vaccine

and 6 (6%) received the mRNA-

1273 COVID-19 vaccine, with a

mean time range between doses of

25 ± 2 and 28 ± 1 days,

respectively.

Procedures

Maternal blood and milk sampling

was scheduled on day 14 after the

second dose of the vaccine.

Vaccines against COVID-19

introduce information from the

spike glycoprotein receptor-

binding domain (RBD) of SARS-

CoV-2 and generate a humoral

immune response with

immunoglobulin A (IgA), IgG, and

immunoglobulin M (IgM) antibody

production against its S1 subunit

with its binding region for human

cells, but they do not generate

antibodies against the SARS-CoV-2

nucleocapsid protein, which solely

appear in infected patients and

those who have had the disease.

Individuals with serum IgG against

the SARS-CoV-2 nucleocapsid

protein (anti-SARS-CoV-2 N IgG-

serum) were excluded from the

study for previous SARS-CoV-2

infection.

The SARS-CoV-2 IgG ARCHITECT

Abbott (Abbott, Chicago, IL) assay

was used for anti-SARS-CoV-2 N IgG

detection. IgM antibodies against the

spike protein of SARS-CoV-2 (anti-

SARS-CoV-2 S1 IgM-serum) were

assessed with the SARS-CoV-2 IgM

ARCHITECT Abbott assay. By

default, data for both assays were

expressed as qualitative positive or

negative results (ie, the sample to

positive [S/C] ratio), given in detail

in the Supplemental Information.

FIGURE 1
Participant enrollment.
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IgG antibodies against the receptor-

binding spike domain S1 subunit

(anti-SARS-CoV-2 RBD-S1 IgG-

serum) were determined with the

SARS-CoV-2 IgG II Quant Abbott

assay, and results were expressed as

international standard units (unit of

1000 binding antibody units [BAUs]

per mL).28 According to the

manufacturer, anti-SARS-CoV-2 RBD-

S1 IgG concentrations of >560.90

BAUs per mL correspond to a 95%

probability (95% confidence interval

[CI]: 78%–99%) of neutralization

capacity, calculated by a plaque

reduction equivalent to an inhibition

of 50% of infection in cultured cells.

Blood extraction by venipuncture

and milk collection were performed

simultaneously. HM expression was

conducted by the mothers in the

hospital setting, usually in the

morning, at least 1 hour after the last

feeding, using an electric pump

(Spectra S1; Uzinmedicare Co., LTD,

Hwaseong-si, Republic of Korea) and

disposable extraction systems

(Beldico, Marche-en-Famenne,

Belgium) equipped with 1-mm filters

and nonreturn valves. The target

amount for extraction, 20 to 30 mL,

was collected in food-standard

polypropylene containers. Specific

IgG (anti-SARS-CoV-2 RBD-S1 IgG-

HM) and IgM antibodies (anti-SARS-

CoV-2 S1 IgM-HM) in HM were

determined with the same

techniques used for blood serum

samples. IgA (anti-SARS-CoV-2 S1

IgA-HM) was analyzed with the anti-

SARS-CoV-2 enzyme-linked

immunosorbent assay (Anti-SARS-

CoV-2 ELISA) (IgA) (Euroimmun,

L€ubeck, Germany). Results are

reported by calculating the ratio of

the extinction of the control or

patient sample over the extinction of

the calibrator, S/P ratio. Details are

available in the Supplemental

Information. The cutoff values in HM

were calculated from the control

milk samples as follows: mean 1 2 �

SD. Thus, the cutoff was 0.12 BAUs

per mL for IgG and the S/P ratio for

IgA was 0.37. Following the

manufacturer’s instructions, an S/C

ratio of 1 was used as the cutoff for

IgM in serum and HM samples.

The study was approved by the

institutional review board.

RESULTS

The clinical and demographic

characteristics of the 98 vaccinated

and the 24 control participants

(Fig 1) are given in Table 1.

TABLE 1 Study Participant Characteristics

Characteristic Control Group (n 5 24) Vaccinated Group (n 5 98) P

Age, median (IQR), y 34 (30.7–36.0) 36 (33.2–38.7) <.001

BMI,
a
median (IQR) 23.1 (21.4–30.2) 23.0 (20.7–25.7) .41

Mother’s risk factors for severe

COVID-19, n (%)

Liver disease 1 (4) 1 (1) .36

Autoimmune disorders 0 (0) 8 (8) .36

Immunosuppressive or

immunodeficient state,
b

systemic immunosuppressants

or immune-modifying drugs,

hepatitis C or B, chronic lung

disease, severe obesity,

diabetes

0 (0) 0 (0) >.99

Childbirth, n (%)

Vaginal delivery 16 (66) 66 (67) >.99

Cesarean delivery 4 (17) 22 (22) .76

Instrumental delivery 4 (17) 11 (11) .49

Gestational age, mean ± SD, wk 39.9 ± 1.1 39.3 ± 1.8 .20

Birth wt, median (IQR), g 3300 (2940–3400) 3225 (2994–3504) .62

Infant feeding modality, n (%) .23

Exclusive breastfeeding 10 (42) 28 (28) .29

Partial breastfeeding 1 (4) 5 (5) >.99

Breastfeeding and

complementary feeding

13 (54) 67 (67) .29

Breastfeeding duration, mean ±

SD, mo

6.5 (2.7–13.7) 11 (5.0–20.7) .04

Child’s sex, n (%) .62

Male 7 (58) 46 (46) —

Female 5 (42) 54 (54) —

Child’s risk factors for severe

COVID-19, n (%)

>.99

Significant cardiac disease (eg,

heart failure, congenital heart

disease, cardiomyopathies, and

pulmonary hypertension)

0 (0) 1 (1) >.99

Cystic fibrosis,

bronchopulmonary dysplasia,

moderate to severe asthma,

oxygen therapy, or CPAP therapy

0 (0) 1 (1) >.99

Immunosuppressive or

immunodeficient state,
b

systemic immunosuppressants,

or immune-modifying drugs,

diabetes, severe neurology

diseases, short bowel

syndrome, sickle cell diseases,

inborn errors of metabolism,

myopathy

0 (0) 0 (0) >.99

CPAP, continuous positive airway pressure; IQR, interquartile range; —, not applicable.
a
BMI at the time of screening calculated as wt (in kilograms) divided by height (in meters squared).

b
Cancer, chemotherapy, immunomodulators, radiotherapy, immunosuppressants, or corticosteroids (eg, >20 mg/d of

prednisone or equivalent) for >14 d in the last 6 mo or immunoglobulins in the last 3 mo.

4 RAM�IREZ et al
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Immunogenicity

We detected anti-SARS-CoV-2 N IgG-

serum antibodies in 2 vaccinated

participants, who were, therefore,

excluded for previous SARS-CoV-2

infection. Serum samples were

obtained from 97 enrolled individuals

on day 14 ± 0.7 after the second dose

of the vaccine. The mean SARS-CoV-2

RBD-S1 IgG-serum antibody

concentration in vaccinated

participants was 3379.64 ± 1639.46

BAUs per mL (95% CI: 3049–3710).

Neutralizing antibody titers, as defined

by the manufacturer, were >560.9

BAUs per mL in all vaccinated

individuals. Two weeks post

vaccination, 22.5% of the samples

(95% CI: 14.3–32.5) were positive

for anti-SARS-CoV-2 S1 IgM-serum.

We did not find a significant

correlation between antibody levels

in serum and maternal age or

maternal BMI. Serum samples of

the control individuals were

negative for anti-SARS-CoV-2 N and

SARS-CoV-2 spike RBD IgM and IgG

antibodies.

Antibodies in Breast Milk

The mean anti-SARS-CoV-2 RBD-S1

IgG level in the HM from the

vaccinated participants was 12.19 ±

11.74 BAUs per mL (95% CI:

9.77–14.60; P < .001) and, therefore,

lower than that in serum samples,

but it was significantly higher than

were the levels in the milk from the

control group (0.02 ± 0.05 BAUs per

mL [95% CI: 0.01–0.05; P < .001]).

All vaccinated participants had anti-

SARS-CoV-2 RBD-S1 IgG in their milk

(95% CI: 96–100; Fig 2).

We found a positive correlation (r 5

0.36; 95% CI: 0.17–0.53; P < .001)

between anti-SARS-CoV-2 RBD-S1

IgG in serum and HM samples,

which was stronger with

breastfeeding periods <24 months

(r 5 0.67; 95% CI: 0.52–0.78; P <

.001) than with breastfeeding

periods $24 months (r 5 0.32; 95%

CI: 0.16–0.67; P 5 .19; Fig 3).

However, the difference in the

serum to milk IgG correlations

between the 2 time frames (<24

months and $24 months) was not

statistically significant (P 5 .06).

Consequently, we cannot conclude

that the serum to HM correlation of

SARS-CoV-2 RBD-S1 IgG differed

between the 2 time ranges.

We also found anti-SARS-CoV-2 S1

IgA in 89% of the HM samples (95%

CI: 81–95). A strong positive

correlation was observed between

anti-SARS-CoV-2 S1 IgA-HM and anti-

SARS-CoV-2 RBD-S1 IgG-HM (r 5

0.75; 95% CI: 0.65–0.83; P < .001;

Fig 3). We did not detect anti-SARS-

CoV-2 S1 IgM in HM (95% CI: 2–5).

Furthermore, we did not find any

maternal age- or BMI-related

differences in HM immunoglobulins.

Breastfeeding Period Related

Effects of the COVID-19 Vaccination

Regarding the characteristics of the

vaccinated study participants, we did

not detect significant differences

related to their breastfeeding periods

(0–6, 6–12, 12–24, $24 months). We

only observed differences related to

the type of breastfeeding, for

example, exclusive breastfeeding was

more frequent in infants <6 months

(Supplemental Table 2).

When analyzing immunoglobulin

levels by the mentioned subgroups

(Supplemental Table 3), we

observed significant differences (P <

.001) between breastfeeding periods

of <24 months (group A) and

$24 months (group B), with higher

anti-SARS-CoV-2 immunoglobulin

levels in group B. The anti-SAR-

S-CoV-2 S1 IgA-HM S/P ratio in

FIGURE 2
Boxplot of the immunoglobulins anti-SARS-CoV-2-S1 IgA-HM, anti-SARS-CoV-2 S1 IgM-HM, and anti-SARS-

CoV-2 RBD-S1 IgG-HM in HM of the vaccinated and control study participants. The gray, dotted line

stands for the positive cutoff, calculated as the mean1 2 SDs of the control milk samples for each

immunoglobulin. Red dots represent the participants with a lactation period of$24 months.
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group A was 1.35 ± 1.17 (95% CI:

1.1–1.6), and it was 3.20 ± 2.14 (95%

CI: 2.17–4.23) in group B. In group A,

the anti-SARS-CoV-2 RBD-S1 IgG-HM

level was 9.16 ± 7.22 BAUs per mL

(95% CI: 7.50–10.84), and in group B,

it was 24 ± 17.57 BAUs per mL (95%

CI: 15.52–32.47) (Fig 4).

Our group observed that both

breastfeeding for $24 months and

high anti-SARS-CoV-2 RBD-S1 IgG

levels in serum samples predict

high IgG levels in breast milk. In a

linear and multiple regression

model, these associations proved

to be independent, that is, the

effect of the HM-IgG

concentrations during

breastfeeding for $24 months was

not associated with the mother’s

IgG levels in serum samples.

Compared with a breastfeeding

period of <24 months, lactation

for $24 months led to an increase

in the mean anti-SARS-CoV-2 RBD-

S1 IgG level in HM by 17.04 BAUs

per mL (95% CI: 12.07–22.15; P <

.001).

DISCUSSION

In our study, we found that all

vaccinated mothers developed specific

anti-SARS-CoV-2 RBD-S1 IgG

antibodies in serum and milk samples.

These data point to a possible route of

infant protection against the virus. The

secretion of specific antibodies in

naturally immunized mothers has

been related to protection against

enteric diseases, such as

Campylobacter, Vibrio cholerae,

Salmonella typhimurium, norovirus,

etc,29–32 as well as a decrease in

respiratory infections.33,34

Other authors have already

described the presence of specific

IgA and IgG antibodies in HM of

mothers infected with SARS-CoV-2.

It seems that the predominant

response is reflected in an even

higher IgA titer, which correlates

with the neutralizing capacity

demonstrated in HM.24

Moreover, certain vaccines have

been shown to induce changes in

the protection-related composition

of HM. In the randomized clinical

trial by Jarvis et al,17 mothers

vaccinated against influenza in the

third trimester of pregnancy had

higher levels of antibodies against

influenza A in their HM during the

first 6 months post partum than

nonvaccinated mothers. This type of

reaction was also seen in studies

with other vaccines, such as the

tetanus and pertussis and the

antimeningococcal vaccine.19,35,36

For that reason, our group decided

to assess potentially similar effects

of SARS-CoV-2 vaccination.

In our study, we found a direct link

between COVID-19 vaccination and

specific immunoglobulins in HM. All

the analyzed HM samples contained

specific IgG antibodies, and 89% of

them contained specific IgA

antibodies. These findings are in line

with other recent studies on

vaccinated mothers.37,38 In breast

milk, the predominant response to

vaccination was observed for IgG,

which the mentioned authors

attribute to parenteral

FIGURE 3
A and B, Scatterplots representing the positive correlation between anti-SARS-CoV-2 RBD-S1 IgG-serum and anti-SARS-CoV-2 RBD-S1 IgG-HM, both expressed

in BAUs per mL (A), and anti-SARS-CoV-2 RBD-S1 IgG-HM and anti-SARS-CoV-2-S1 IgA-HM, expressed as the S/P ratio (B). Red dots represent the participants

with a lactation period of$24 months. Pearson correlation coefficients (r) were determined when P< .05.
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administration.38 Our group

observed a higher percentage of

mothers with anti-SARS-CoV-2 RBD-

S1 IgG in their milk, although we

cannot compare quantification

outcomes because a

semiquantitative technique was

used for anti-SARS-CoV-2 S1 IgA

evaluation. What we did find was a

strong positive correlation between

anti-SARS-CoV-2 RBD-S1 IgG

concentrations and the IgA S/P ratio

in breast milk. We believe that this

finding is more likely to be related

to the immune response to the

vaccine antigens39 rather than the

route of administration. Brady et

al18 reported an IgA-IgG response

and neutralizing capacity of milk

from breastfeeding mothers who

had been administered a live-

attenuated (intranasal) versus

inactivated (intramuscular)

influenza vaccine, although the

response was stronger on parenteral

administration. The authors

concluded that the entry through

the mucosa is not enough to elicit a

high IgA18 response to this vaccine.

In our study, all mothers developed

IgG antibodies against SARS-CoV-2

RBD-S1 in serum samples, with

concentrations that, according to the

manufacturer, predict a potentially

neutralizing capacity. Moreover, we

found a highly significant correlation

between the antibody levels in serum

samples and those in HM. Hence,

serum antibody concentrations seem

to predict the appearance of

antibodies in HM. Moreover, serum

antibody levels strongly correlated

with those in HM in lactations of <24

months, although this statement

should be interpreted with caution

because the correlation between

lactation periods of <24 months and

FIGURE 4
Boxplot of human milk immunoglobulins anti-SARS-CoV-2 S1 IgA-HM, anti-SARS-CoV-2 S1 IgM-HM, and anti-SARS-CoV-2 S1 IgG-HM (all anti-SARS-CoV-2 antibod-

ies against the spike protein RBD) in participants grouped according to their lactation period (0–5 months, 6–11 months, 12–23 months, and$24 months).

PEDIATRICS Volume 148, number 5, November 2021 7

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://p

u
b
lic

a
tio

n
s
.a

a
p
.o

rg
/p

e
d
ia

tric
s
/a

rtic
le

-p
d
f/1

4
8
/5

/e
2
0
2
1
0
5
2
2
8
6
/1

1
9
6
7
2
2
/p

e
d
s
_
2
0
2
1
0
5
2
2
8
6
.p

d
f b

y
 g

u
e
s
t o

n
 1

1
 D

e
c
e
m

b
e
r 2

0
2
1



$24 months did not have a significant

result (P 5 .06). The association

between serum and HM antibody

levels in lactation periods of $24

months was less pronounced than in

shorter periods, which may suggest

some intervening mechanism (eg, a

local antibody production in the breast

itself), a point that should be explored

in depth. Our finding that breastfeeding

periods $24 months had a stronger

influence on vaccine-induced

immunoglobulin concentrations in HM

than shorter ones and that the effect of

the lactation period on

immunoglobulins was specific and

independent of other variables may

encourage further study as well.

No anti-SARS-CoV-2 RBD-S1 IgM

antibodies were detected in 88% of

the samples taken 14 days after the

second dose of the vaccine. IgM

antibodies have not yet been well

studied in this context. This primary

response may be transient and

short-termed. More data are needed

to clarify this point.

The composition of HM, including its

immunologic components, is dynamic

and changes throughout lactation.13,40

The changes detected by our group

suggest mechanisms that adapt to the

immune development of the infant, by

which mothers initially protect the

infant through abundant sIgA and

sIgM in their transitional milk and

subsequently contribute to the

development of the infant’s adaptive

immunity with IgG antibodies in their

mature milk.13,14,41 Although our

finding of higher immunoglobulin

levels in HM samples in which

breastfeeding was prolonged for >23

months was unexpected, a positive

correlation between the length of

breastfeeding (between >6 months

and 2 years of age) and the

immunoglobulin concentration in milk,

regardless of the mother’s age or BMI,

has been described previously.42,43

In addition, increased

concentrations of proteins,40,44

immunoglobulins, lactoferrin, and

lysozyme have been described in

lactation periods of >18 months

and during the involution of the

breast near weaning. This

phenomenon may be particularly

beneficial when there is a need for

augmented local protection against

infections and may favor sick

infants returning to the breast

during this period.45

A limitation of this study was that

we do not have access to biosafety

level 3 facilities and, therefore, have

not been able to perform in vitro

plaque reduction neutralization

tests, the gold standard for

determining SARS-CoV-2 antibody

deactivating effectiveness. However,

ELISA RBD-based assays have been

described as a valid alternative to

assess the neutralization capacity of

said antibodies in HM.46,47

Another possible limitation of this

study is the difference in breastfeeding

periods between control and

vaccinated participants. Only 2

mothers in the control group had

extended lactation periods of >2 years.

We do not consider this difference to

be clinically relevant or interfere with

the results of our study. The women in

the control group had not suffered the

disease and therefore did not present

anti-SARS-CoV-2 antibodies in neither

serum nor milk samples, regardless of

their breastfeeding period. In our

sample, overall antibody levels were

rather homogeneous in the control

group, and the 2 mothers who

extended breastfeeding to $24 months

did not display high antibody levels in

their milk.

CONCLUSIONS

BNT162b2 and mRNA-1273 COVID-19

vaccines generate immunity in

vaccinated mothers and are associated

with vaccine-specific immunoglobulin

concentrations in HM. This effect

persists in breastfeeding periods of >2

years. Immunity from breastfeeding

and its possible impact on infant

protection from SARS-CoV-2 infection

is a hope for breastfeeding girls and

boys, for whom the prospect of

vaccination in this pandemic is still a

long way off.

There are only few studies on HM

composition in breastfeeding

periods of >2 years, and its

immunologic benefit is often

underestimated. The stronger effect

of COVID-19 vaccination on HM

immunoglobulins in lactation

periods >2 years suggests a need to

increase support and health policies

that encourage such long

breastfeeding periods in times of a

pandemic. More studies are needed

on how long these antibodies last in

HM and on their implication in

protecting the breastfeeding

population over time.
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SARS-CoV-2: severe acute

respiratory syndrome

coronavirus 2

sIgA: secretory immunoglobulin A

sIgM: secretory immunoglobulin M

S/P: sample to positive

8 RAM�IREZ et al

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://p

u
b
lic

a
tio

n
s
.a

a
p
.o

rg
/p

e
d
ia

tric
s
/a

rtic
le

-p
d
f/1

4
8
/5

/e
2
0
2
1
0
5
2
2
8
6
/1

1
9
6
7
2
2
/p

e
d
s
_
2
0
2
1
0
5
2
2
8
6
.p

d
f b

y
 g

u
e
s
t o

n
 1

1
 D

e
c
e
m

b
e
r 2

0
2
1



Address correspondence to Dolores Sabina Romero Ram�ırez, MD, Hospital Universitario Nuestra Se~nora de Candelaria, Carretera General del Rosario, 145, 38010

Santa Cruz de Tenerife, Spain. E-correo: sabina_romero@icloud.com

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright© 2021 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: Supported by Hospital Universitario Nuestra Se~nora de Candelaria.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES

1. Brandtzaeg P, Nilssen DE, Rognum TO,

Thrane PS. Ontogeny of the mucosal

immune system and IgA deficiency.

[published correction appears in Gas-

troenterol Clin North Am. 1992;21(2):fol-

lowi]. Gastroenterol Clin North Am.

1991;20(3):397–439

2. Brandtzaeg P. The mucosal immune sys-

tem and its integration with the mam-

mary glands. J Pediatr. 2010;156(2,

suppl):S8–S15

3. Victora CG, Bahl R, Barros AJ, et al; Lan-

cet Breastfeeding Series Group. Breast-

feeding in the 21st century:

epidemiology, mechanisms, and lifelong

effect. Lancet. 2016;387(10017):475–490

4. Oddy WH, Sly PD, de Klerk NH, et al.

Breast feeding and respiratory morbid-

ity in infancy: a birth cohort study. Arch

Dis Child. 2003;88(3):224–228

5. Howie PW, Forsyth JS, Ogston SA, Clark

A, Florey CD. Protective effect of breast

feeding against infection. BMJ. 1990;

300(6716):11–16

6. Quigley MA, Kelly YJ, Sacker A. Breast-

feeding and hospitalization for diarrheal

and respiratory infection in the United

Kingdom Millennium Cohort Study. Pedi-

atrics. 2007;119(4). Available at: www.

pediatrics.org/cgi/content/full/119/4/e837

7. Chantry CJ, Howard CR, Auinger P. Full

breastfeeding duration and associated

decrease in respiratory tract infection

in US children. Pediatrics. 2006;117(2):

425–432

8. Gorlanova O, Thalmann S, Proietti E, et

al. Effects of breastfeeding on respira-

tory symptoms in infancy. J Pediatr.

2016;174:111–117.e5

9. Hanson LA. Breastfeeding provides pas-

sive and likely long-lasting active immu-

nity. [published correction appears in

Ann Allergy Asthma Immunol

1999;82(5):478]. Ann Allergy Asthma

Immunol. 1998;81(6):523–533; quiz

533–534, 537

10. Ballard O, Morrow AL. Human milk com-

position: nutrients and bioactive fac-

tors. Pediatr Clin North Am. 2013;

60(1):49–74

11. Zhu J, Dingess KA. The functional power

of the human milk proteome. Nutrients.

2019;11(8):1834

12. Van de Perre P. Transfer of antibody via

mother’s milk. Vaccine. 2003;21(24):

3374–3376

13. Cacho NT, Lawrence RM. Innate immu-

nity and breast milk. Front Immunol.

2017;8:584

14. Gao X, McMahon RJ, Woo JG, Davidson

BS, Morrow AL, Zhang Q. Temporal

changes in milk proteomes reveal

developing milk functions. J Proteome

Res. 2012;11(7):3897–3907

15. Hocini H, Bomsel M. Infectious human

immunodeficiency virus can rapidly

penetrate a tight human epithelial bar-

rier by transcytosis in a process

impaired by mucosal immunoglobulins.

J Infect Dis. 1999;179(suppl 3):

S448–S453

16. Riskin A, Almog M, Peri R, Halasz K,

Srugo I, Kessel A. Changes in immuno-

modulatory constituents of human milk

in response to active infection in the

nursing infant. Pediatr Res. 2012;71(2):

220–225

17. Jarvis JR, Dorey RB, Warricker FDM,

Alwan NA, Jones CE. The effectiveness

of influenza vaccination in pregnancy in

relation to child health outcomes: sys-

tematic review and meta-analysis. Vac-

cine. 2020;38(7):1601–1613

18. Brady RC, Jackson LA, Frey SE, et al.

Randomized trial comparing the safety

and antibody responses to live attenu-

ated versus inactivated influenza vac-

cine when administered to

breastfeeding women. Vaccine.

2018;36(31):4663–4671

19. De Schutter S, Maertens K, Baerts L, De

Meester I, Van Damme P, Leuridan E.

Quantification of vaccine-induced anti-

pertussis toxin secretory IgA antibodies

in breast milk: comparison of different

vaccination strategies in women.

Pediatr Infect Dis J. 2015;34(6):

e149–e152

20. DeBiasi RL, Song X, Delaney M, et al.

Severe coronavirus disease-2019 in chil-

dren and young adults in the Washing-

ton, DC, metropolitan region. J Pediatr.

2020;223:199–203.e1

21. Castagnoli R, Votto M, Licari A, et al.

Severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection in

children and adolescents: a systematic

review. JAMA Pediatr. 2020;174(9):

882–889

22. Williams PCM, Howard-Jones AR, Hsu P,

et al. SARS-CoV-2 in children: spectrum

of disease, transmission and immuno-

pathological underpinnings. Pathology.

2020;52(7):801–808

23. World Health Organization. Clinical Man-

agement of COVID-19: Interim Guidance,

May 27, 2020. Geneva, Switzerland:

World Health Organization; 2020

24. Pace RM, Williams JE, J€arvinen KM, et

al. Characterization of SARS-CoV-2 RNA,

antibodies, and neutralizing capacity in

milk produced by women with COVID-

19. mBio. 2021;12(1):e03192-20

25. Demers-Mathieu V, Do DM, Mathijssen

GB, et al. Difference in levels of SARS-

CoV-2 S1 and S2 subunits- and nucleo-

capsid protein-reactive SIgM/IgM, IgG

and SIgA/IgA antibodies in human milk.

[published correction appears in J

PEDIATRICS Volume 148, number 5, November 2021 9

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://p

u
b
lic

a
tio

n
s
.a

a
p
.o

rg
/p

e
d
ia

tric
s
/a

rtic
le

-p
d
f/1

4
8
/5

/e
2
0
2
1
0
5
2
2
8
6
/1

1
9
6
7
2
2
/p

e
d
s
_
2
0
2
1
0
5
2
2
8
6
.p

d
f b

y
 g

u
e
s
t o

n
 1

1
 D

e
c
e
m

b
e
r 2

0
2
1

mailto:sabina_romero@icloud.com
http://www.pediatrics.org/cgi/content/full/119/4/e837
http://www.pediatrics.org/cgi/content/full/119/4/e837


Perinatol. 2021;41(5):1207]. J Perinatol.

2021;41(4):850–859

26. Sadoff J, Le Gars M, Shukarev G, et al.

Interim results of a phase 1-2a trial of

Ad26.COV2.S covid-19 vaccine. N Engl J

Med. 2021;384(19):1824–1835

27. Anderson EJ, Rouphael NG, Widge AT,

et al; mRNA-1273 Study Group. Safety

and immunogenicity of SARS-CoV-2

mRNA-1273 vaccine in older adults.

N Engl J Med. 2020;383(25):

2427–2438

28. Kristiansen PA, Page M, Bernasconi V,

et al. WHO International Standard for

anti-SARS-CoV-2 immunoglobulin. Lancet.

2021;397(10282):1347–1348

29. Glass RI, Svennerholm AM, Stoll BJ, et

al. Protection against cholera in breast-

fed children by antibodies in breast

milk. N Engl J Med. 1983;

308(23):1389–1392

30. Qureshi K, Mølbak K, Sandstr€om A, et

al. Breast milk reduces the risk of ill-

ness in children of mothers with chol-

era: observations from an epidemic of

cholera in Guinea-Bissau. Pediatr Infect

Dis J. 2006;25(12):1163–1166

31. Kim K, Keller MA, Heiner DC. Immuno-

globulin G subclasses in human colos-

trum, milk and saliva. Acta Paediatr.

1992;81(2):113–118

32. Labayo HKM, Pajuelo MJ, Tohma K, et al.

Norovirus-specific immunoglobulin A in

breast milk for protection against noro-

virus-associated diarrhea among

infants. EClinicalMedicine. 2020;

27:100561

33. Hurley WL, Theil PK. Perspectives on

immunoglobulins in colostrum and

milk. Nutrients. 2011;3(4):442–474

34. Sadeharju K, Knip M, Virtanen SM, et al;

Finnish TRIGR Study Group. Maternal

antibodies in breast milk protect the

child from enterovirus infections. Pedi-

atrics. 2007;119(5):941–946

35. Shahid NS, Steinhoff MC, Roy E, Begum

T, Thompson CM, Siber GR. Placental

and breast transfer of antibodies after

maternal immunization with polysac-

charide meningococcal vaccine: a ran-

domized, controlled evaluation. Vaccine.

2002;20(17–18):2404–2409

36. Schlaudecker EP, Steinhoff MC, Omer

SB, et al. IgA and neutralizing antibod-

ies to influenza a virus in human milk:

a randomized trial of antenatal influ-

enza immunization. PLoS One. 2013;

8(8):e70867

37. Perl SH, Uzan-Yulzari A, Klainer H, et al.

SARS-CoV-2-specific antibodies in breast

milk after COVID-19 vaccination of

breastfeeding women. JAMA. 2021;

325(19):2013–2014

38. Kelly JC, Carter EB, Raghuraman N, et

al. Anti-severe acute respiratory syn-

drome coronavirus 2 antibodies

induced in breast milk after Pfizer-BioN-

Tech/BNT162b2 vaccination. Am J Obstet

Gynecol. 2021;225(1):101–103

39. Loos C, Atyeo C, Fischinger S, et al. Evo-

lution of early SARS-CoV-2 and cross-

coronavirus immunity. mSphere. 2020;

5(5):e00622-20

40. Hanson LA, Hahn-Zoric M, Berndes M, et

al. Breast feeding: overview and breast

milk immunology. Acta Paediatr Jpn.

1994;36(5):557–561

41. Simon AK, Hollander GA, McMichael A.

Evolution of the immune system in

humans from infancy to old age. Proc

Biol Sci. 2015;282(1821):20143085

42. Ongprasert K, Ruangsuriya J, Malasao

R, et al. Macronutrient, immunoglobulin

a and total antioxidant capacity profiles

of human milk from 1 to 24cmonths: a

cross-sectional study in Thailand. Int

Breastfeed J. 2020;15(1):90

43. Czosnykowska-Lukacka M, Lis-Kuberka

J, Kr�olak-Olejnik B, Orczyk-Pawilowicz M.

Changes in human milk immunoglobu-

lin profile during prolonged lactation.

Front Pediatr. 2020;8:428

44. Perrin MT, Fogleman AD, Newburg DS,

Allen JC. A longitudinal study of human

milk composition in the second year

postpartum: implications for human

milk banking. Matern Child Nutr. 2017;

13(1):e12239

45. Verd S, Ginovart G, Calvo J, Ponce-Taylor

J, Gaya A. Variation in the protein com-

position of human milk during extended

lactation: a narrative review. Nutrients.

2018;10(8):1124

46. Fox A, Marino J, Amanat F, et al. Robust

and specific secretory IgA against

SARS-CoV-2 detected in human milk.

iScience. 2020;23(11):101735

47. Mazzini L, Martinuzzi D, Hyseni I, et al.

Comparative analyses of SARS-CoV-2

binding (IgG, IgM, IgA) and neutralizing

antibodies from human serum samples.

J Immunol Methods. 2021;489:112937

10 RAM�IREZ et al

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://p

u
b
lic

a
tio

n
s
.a

a
p
.o

rg
/p

e
d
ia

tric
s
/a

rtic
le

-p
d
f/1

4
8
/5

/e
2
0
2
1
0
5
2
2
8
6
/1

1
9
6
7
2
2
/p

e
d
s
_
2
0
2
1
0
5
2
2
8
6
.p

d
f b

y
 g

u
e
s
t o

n
 1

1
 D

e
c
e
m

b
e
r 2

0
2
1


