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Abstract: The global response to the COVID-19 pandemic has been successfully driven by efforts to
ramp up access to vaccines. Pregnant or breastfeeding women and their children have not benefited
from the vaccines despite their susceptibility to the virus. We investigated whether women who
were offered vaccination after delivery passively transferred protective antibodies to their infants via
breast milk. Serum was collected from breast feeding mother–infant pairs and analysed for levels of
antibodies to the SARS-CoV-2 spike protein using the CLIA chemiluminescence technique. Data were
analysed for the significance of the differences using the Mann–Whitney U test and the Spearman’s
rank correlation coefficient to determine the strength of the correlation. A total of 13 mothers, mean
age 34.86 (95%CI = 33.21–36.48) years and their infants, mean age 15.77 (95%CI = 11.24–20.29) months
were enrolled. The mothers had completed their courses of the mRNA BNT162b2 SARS-CoV-2
vaccine during breastfeeding, 8.3 (95%CI = 7.24–9.36) months before the study. All 13 mothers had
detectable antibodies to the SARS-CoV-2 spike protein, mean 1252, (95%CI = 736–1769) BAU/mL.
Antibodies were detected in 3/13 (23%) breast-fed infants mean 322, (95%CI = 252–897) BAU/mL.
There was no correlation between the maternal and infant IgG antibody titres. The time-lag since
full vaccination did not correlate to the presence of antibodies in infant sera. Maternal or infant ages
did not correlate to the presence of antibodies. Although some children (23%) had anti-SARS-CoV-2
antibodies, there was no association between vaccine-induced COVID-19 spike protein specific
maternal IgG antibody titres and the presence of antibodies in the breastfed infants. The data show
that the transfer of passive immunity to infants following post-partum vaccination with the mRNA
BNT162b2 SARS-CoV-2 vaccine may be infrequent in this population.
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1. Introduction

The SARS-CoV-2 virus is one of the greatest epidemiological challenges of the 21st
century and a major cause of death in the world. The disease caused by SARS-CoV-2,
COVID-19 can lead to serious complications and death. At the time of writing this article,
the number of COVID-19 victims has exceeded 6 million worldwide [1]. In the initial
phases of the pandemic, when the dominant SARS-CoV-2 were the Alpha and Beta variants,
the vast majority of infections in the paediatric population were asymptomatic or only
pauci-symptomatic. The emergence of new SARS-CoV-2 variants including the Delta and
Omicron variants has dramatically changed the patient profile, causing severe infections
and mortality in children as well.

In the absence of an effective causal treatment, the only documented method of
prevention so far is vaccination. Whereas adults and increasingly, older children are eligible
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for vaccination, susceptible neonates and infants have no access to any vaccines. Currently,
the European Medicines Agency (EMA) and the Food and Drugs Agency (FDA) have
approved five and three products, respectively. An innovative vaccine based on mRNA
technology, the BNT162b2 COVID-19 Vaccine (Pfizer–BioNTech) was used for the first time
in the primary prevention of SARS-CoV-2 infections. There are no approved preparations
for neonates and infants.

COVID-19 vaccines are safe and highly effective in the prevention of SARS-CoV-2
infections [2]. However, the vaccines are currently not registered by the FDA and EMA
for pregnant and lactating women and infants. The databases of medical publications
contain the first results of studies on the immunogenicity of COVID-19 vaccines in preg-
nant/breastfeeding participants, however, the sample sizes are rather small [3]. This issue
requires further research on representative groups of patients.

SARS-CoV-2 infection during pregnancy is dangerous for both the mother and the
foetus. The main threat of COVID-19 infection during pregnancy is preterm labour [4]
and, consequently, prematurity with all its complications. Moreover, as shown by Naidu
et al. [5], the cytokine storm associated with the infection may induce neurological disorders
in developmental age.

The attainment of specific immunity in this group of children is currently hindered by
the absence of approved paediatric vaccine formulations, and the absence of authorization
to vaccinate pregnant women. The approval for infant immunization remains a remote
possibility even as children increasingly succumb to the condition. Currently, the only
route through which neonates and infants can access any level of COVID-19 immunity is
by the passive transfer of antibodies from a vaccinated or previously infected mother. The
presence of vaccine-induced antibodies in children of mothers who were vaccinated during
pregnancy has been demonstrated [6].

The IgG antibodies cross the placenta and have been detected in cord blood [7,8],
where their presence is presumed to confer immune protection. Transplacental transfer
of IgG antibodies has been demonstrated for other vaccinations recommended during
pregnancy, including those for influenza and whooping cough [9].

Antibodies are also present in the milk of mothers vaccinated during pregnancy or
lactation. In addition to immunoglobulins, breast milk contains a number of components
that support the development of the baby’s immune system and thus protects against the
development of viral and bacterial infections. Substances playing a key role in protec-
tion against infections include oligosaccharides, proteins (such as lactoferrin), lipids, and
pro- and anti-inflammatory factors (TNF-α, interleukin-1, interleukin-10, prostaglandins
E2, etc.) [10,11]. Of particular interest is lactoferrin which acts by inhibiting the multiplica-
tion of viruses, including RSV, as demonstrated by in vitro studies [12]. Lactoferrin also
inhibits infections caused by adenoviruses [12]. When discussing the positive influence of
breastfeeding on the development of the child’s immunity, the presence of immune cells in
the mother’s milk cannot be omitted. In the conducted study, the presence of CD45+ leuko-
cyte populations and cells such as myeloid precursors, neutrophils, immature granulocytes,
CD16+ and CD16- monocytes, non-cytotoxic T cells, cytotoxic T and NK cells, eosinophils,
basophils, B-cell precursors, and B cells was proved by flow cytometry [13]. The immune
cells contained in breast milk are able to survive in the gastrointestinal environment and
enter the bloodstream through the mucosa, modulating the cellular response of the child’s
immune system and directly phagocytosing pathogens [14,15].

Numerous studies have highlighted the role of breastfeeding in protection against in-
fections. Christensen et al. [16] showed that breastfeeding reduces the risk of hospitalisation
due to infection in the first year of a child’s life. In contrast, Verd et al. directly demon-
strated that breastfed children are less likely to be infected with SARS-CoV-2 compared to
children fed only milk replacer (p = 0.036) [17].

Immunization of pregnant women protects the pregnant woman and the foetus, as
well as the new-born, and later the infant, before they can be vaccinated themselves. Im-
munization against SARS-CoV-2 infection has many benefits for both the mother and the
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neonate. Despite these advantages, knowledge about the effects of the COVID-19 vac-
cine on breastfeeding mothers and their babies is very limited. It is unknown whether
vaccination during breastfeeding also protects the breastfed child. For this reason, many
global scientific societies recommend vaccinations in this group despite the lack of regis-
tration [18,19]. Although there is abundant evidence of immune protection following the
transplacental transfer of IgG antibodies, it remains unclear whether breastfeeding confers
any immunological protection.

The objective of the study is to answer the question of whether the children of mothers
vaccinated against COVID-19 during breastfeeding obtain passive immunity owing to
antibodies contained in the breast milk.

2. Material and Methods
2.1. Material

The study included 13 pairs of mothers and their children. The age of women ranged
from 32 to 40 years (34.84 ± 2.70 years) and children from 8 to 29 months (15.76 ± 7.49 months).
A total of 4 boys (31%) and 9 girls (69%) were included in the study. During the study, the
mothers were lactating. The study was not restricted exclusively to breastfeeding women.
Women using different feeding patterns were qualified to reflect the lactation patterns of
the study population. At the same time, none of the women included in the study had a
history of documented SARS-CoV-2 infection. Detailed criteria for inclusion and exclusion
are presented in Table 1.

Table 1. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

Age from 18 to 45 18 < age < 45
Taking two doses of BNT162b2 (Comirnaty, Pfizer–BioNTech)

vaccine after childbirth Vaccination before childbirth

Negative history of SARS-CoV-2 infection prior to mother or
child vaccination

Failure to complete the full vaccination schedule with
BNT162b2 (Comirnaty, Pfizer–BioNTech)

Time from taking the second dose of the vaccine is 6 to 12 weeks Time from the second dose of vaccine less than 6 or more than
12 weeks

No immunodeficiency SARS-CoV-2 infection confirmed by PCR or antigen test before
immunization of the mother or child

Single pregnancy Congenital or acquired immunodeficiencies
Childbirth after 37 weeks of pregnancy Use of immunosuppressive drugs

Physiological delivery and caesarean section Multiple pregnancy
Active lactation and breastfeeding Birth defects

Informed consent to participate in the study Premature delivery <38 weeks of pregnancy
Lack of informed consent to participate in the study

2.2. Methods

The study was designed as a comparative analysis of IgG anti-SARS-CoV-2 antibody
titres in mothers and infants. A survey was also conducted in which mothers were asked
about lactation and social behavior during the COVID-19 epidemic. The questionnaire
and the results are presented in Table 2. The study was conducted between August and
September 2021 at the Department of Neonatology and Rare Diseases, Medical University
of Warsaw, Poland. The study was conducted after obtaining a positive opinion from
the Bioethical Committee of the Medical University of Warsaw. Venous blood samples,
3 mL from the mothers and 3 mL from the children were collected. Blood samples were
centrifuged 90 min after collection in a centrifuge (centrifugation parameters: 3000 G for
10 min) to obtain serum. The serum was analysed using the CLIA chemiluminescence
method, standardized against the international WHO standard NIBSC 20/136 with use
of the Liaison analyser (Diasorin, Saluggia, Italy). The test determines IgG antibodies
specific for the S-1 and S-2 units of the SARS-CoV-2 virus surface antigens. The result was
expressed in BAU/mL. The StatSoft Statistica ver. 13.3 software was used for the statistical
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analysis of the results. Due to the non-fulfilment of the assumptions of the parametric tests
caused by the small sample size, non-parametric tests were used in the analysis. The Mann–
Whitney U test was used to assess the significance of the differences, and the strength of the
correlation was determined by evaluation of the Spearman’s rank correlation coefficient.

Table 2. Results of a survey on lactation and social behaviour.

Frequency (n)/% Including the Mother of the Child with
Positive IgG Antibodies (n)/%

How often have you been breastfeeding?
a. Main feeding 1 (8%) 0 (0%)
b. Several times a day: during the day and at night 9 (69%) 2 (15%)
c. Twice/ three times per day 3 (23%) 0 (0%)
d. Sporadically 0 (0%) 0 (0%)
Are you employed?
a. Yes 1 (8%) 0 (0%)
b. Yes, I work online 7 (54%) 2 (15%)
c. No 5 (38%) 1 (8%)
Was any close family contact with suspected or diagnosed with
COVID-19 person after childbirth?
a. No 4 (31%) 2 (15%)
b. Yes 9 (69%) 1 (8%)
Did the household members was diagnosed for COVID-19?
a. Yes 3 (23%) 3 (23%)
b. No 10 (77%) 0 (0%)

3. Results

The results are presented in Table 3 The concentration of neutralizing antibodies (IgG),
specific for the peak protein—S antigen below <4.81 BAU/mL, was considered a negative
result, and >33.8 BAU/mL a positive result.

Table 3. Concentration of SARS-CoV-2 S IgG antibodies in the serum of mothers and their children.

Concentration of
SARS-CoV-2 S

Antibodies [BAU/mL]
of the Mother

(Mean 1252
(95% CI = 736–1769)

BAU/mL)

Mother’s Age
[Years]

(34.84 ± 2.70 Years)

Time from the
2nd Dose of

Vaccination to
Blood Collection

[Weeks]

Concentration of
SARS-CoV-2 S

Antibodies [BAU/mL]
of the Child
(Mean 322,

(95% CI = −253–897)
BAU/mL)

Child’s Age
[Months]

(Mean 15.76 ±
7.49 Months)

Child’s Gender
(31% Male

69% Female)

1420 32 6 <4.81 14 female
614 33 7 215.00 28 female

>2080 35 7 <4.81 13 male
1010 40 7 <4.81 23 female

>2080 32 7 <4.81 11 female
>2080 35 12 <4.81 10 male
>2080 35 8 <4.81 29 male

940 36 9 <4.81 24 female
1550 33 7 <4.81 10 male
1980 32 10 <4.81 15 female

>2080 36 8 <4.81 8 female
>2080 34 10 164.00 10 female
>2080 40 10 588.00 10 female

All tested women (n = 13) had detectable anti-SARS-CoV-2 S protein IgG antibodies.
Values ranged from 614.00 to >2080, mean 1252 (95% CI = 736–1769) BAU/mL. In 7/13 (54%)
of the mothers, values were greater than the upper limit of detection (>2080 BAU/mL).
Three children (23%) tested positive for anti-SARS-CoV-2 S IgG antibodies. The values
ranged from 4.81 to 588, mean 322, (95% CI = −253–897) BAU/mL.

There were differences in the levels of SARS-CoV-2 S protein IgG antibodies be-
tween the mothers and their breastfed babies. The results were statistically significant
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(p = 0.02, Mann–Whitney U test) (Figure 1). However, it was found that there was no
correlation between the titre of SARS-CoV-2 S IgG antibodies in the mother and the child
(R = 0.00, Spearman’s rank correlation coefficient) (Figure 2). There was a weak correlation
between the time interval from vaccination and the titre of antibodies in the mother’s
serum (R = −0.13, Spearman’s rank correlation coefficient). However, the results were not
statistically significant (p > 0.05).
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4. Discussion

Recent waves of the COVID-19 pandemic have shown that children of all ages are
susceptible to infection and disease, yet there are currently no approved vaccines for these
age groups. In this small study we investigated whether antibodies present in breast milk
could confer passive immunity to the breastfeeding infants. Our results show that the
concentrations of SARS-CoV-2 antibodies in mothers who had received two doses of the
mRNA vaccine (BNT162b2) against COVID-19 after childbirth were uniformly high and,
in some cases, higher than the detection limit of the kit used. The presence of significant
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IgG antibodies was detected in a quarter (3/13) of the paired children. The physiological
mechanism of transmission of IgA and IgG antibodies to infants via breast milk is well
recognized. However, the reason for the selective transfer of antibodies in the breast milk
to some children is unclear. We are unaware of similar studies comparing the antibody
titres in post-partum vaccinated mothers with those in their breastfed children.

The chronological appearance of IgA and IgG antibodies in breast milk has been
reported by others. According to Perl et al. [20], IgA antibodies appear in breast milk two
weeks after the administration of the first vaccine dose. Titres increase significantly after
receiving the second dose of the vaccine (four weeks from the beginning of the vaccination
course). IgG antibodies were detected in a significant titre only after the second dose.
In this study, 8.3 (7.24–9.36) months had elapsed since the administration of the second
vaccine dose and breast milk IgG levels were expected to be high. However, there was
no correlation between the presence of antibodies in the mother’s plasma and the child’s
plasma (R = 0.00, Spearman’s rank correlation coefficient). The results of this study suggest
that the presence of antibodies in maternal serum may not be related to their presence in
the serum of the breastfed child.

It should be acknowledged that the source of antibodies in the three children may
not have been from the maternal breast milk. Gray et al. [7] showed the presence of
SARS-CoV-2 S IgG antibodies in the cord blood of all mothers vaccinated during pregnancy,
thereby demonstrating that transplacental transfer of antibodies to the foetus was probably
universal. Bearing in mind that COVID-19 is a predominantly asymptomatic infection,
a possibility that the three children could have acquired the antibodies transplacentally
following an asymptomatic infection of their mothers cannot be ruled out. The children
may also have developed antibodies following asymptomatic infection. Another variable
that was not interrogated is the quantum of milk received by the antibody-positive versus
antibody-negative children.

The infrequent detection of antibodies in breastfed infants compared to the universal
presence in cord blood shows that the transplacental exposure to SARS-CoV-2 antibodies is
superior to breast milk. These findings should help allay the vaccine hesitancy reported
by Blakeway et al. [21] who followed 1328 pregnant women, with only 140 agreeing to
be vaccinated during pregnancy. Younger women (<30) were less likely to be vaccinated
(p = 0.001). Pregnant women constitute a special group in terms of introducing new
drugs and pharmaceutical products including vaccines. Multiphase studies are required
and, therefore, COVID-19 vaccines in this group of patients are not currently registered
due to an abundance of caution rather than a lack of evidence of efficacy. Numerous
studies confirm the safety of BNT162b2 vaccination for the mother and the foetus. The
frequency and severity of side effects are comparable to those of the general population.
According to Shimabukuro et al. [3] there were no differences in the incidence of obstetric
complications between patients vaccinated and unvaccinated against COVID-19 during
pregnancy. In another study Blakeway et al. [21] obtained similar results, but the results
were not statistically significant (p > 0.05). In the case of this study [21], there was a
significant disproportion in numbers between vaccinated and unvaccinated mothers during
pregnancy (1188 vs. 140), which could be the reason for the lack of significant differences,
while the trend was maintained. The safety of COVID-19 vaccines in pregnant women
was also confirmed by Ciapponi et al. [22], who extensively reviewed medical databases,
involving 2,398,855 pregnant women in 38 studies, 37 of which reported no significant
undesirable obstetric complications after vaccination performed during pregnancy.

We have demonstrated the coexistence of antibodies in three mother–child pairs. The
origin of this correlation cannot be unequivocally explained by the fact that the child
received antibodies from the mother’s milk, as the history of asymptomatic COVID-19
infection cannot be ruled out. The study was conducted among children over 6 months of
age whose diet contains food other than breast milk.

Based on the questionnaire (the form and results are presented in Table 3), an in-
terview with the mothers was conducted regarding breastfeeding and social behavior
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during the COVID-19 pandemic (during the period in which a blood sample was taken
for anti-SARS-CoV-2 antibody testing). The aim of the questionnaire study was to objectify
the obtained results of immunological tests. Despite mothers taking measures to limit the
transmission of the virus (limiting interpersonal contacts, working remotely), ultimately
all children with positive antibody titres came into contact with households infected with
COVID-19. There may be no connection between immunizing a lactating mother and
immunizing her baby. Presumably, the presence of antibodies in children is the result of
children’s contact with infected people.

There is insufficient data and studies on a large group of children clearly confirming
the effectiveness of protection of children by immunization of breastfeeding mothers. The
variable concentration of antibodies in mothers is also interesting.

In summary, it should be emphasized that women vaccinated with both doses of
BNT162b2 vaccine during breastfeeding benefit from immunization and produce adequate
SARS-CoV-2 S IgG antibodies. This benefit does not seem to be shared with their breastfed
children with only a quarter having detectable antibodies. The findings contrast starkly with
those observed in mothers vaccinated during pregnancy wherein antibodies were detected
in all cord blood samples. However, immunization during pregnancy has not been widely
recommended and is associated with considerable hesitancy. Clinicians’ attention should be
drawn to the role of COVID-19 immunization education in pregnant women. Immunization
during pregnancy should be promoted in order to obtain immunity in newborns and infants
for whom immunization is currently not recommended. Immunization should be carried
out in the second and third trimesters of pregnancy after the organogenesis processes
are completed.

5. Conclusions

1. The breastfeeding women vaccinated with BNT162b2 demonstrate anti-SARS-CoV-2
antibodies between 6 and 10 weeks after vaccination.

2. It cannot be concluded from this study that breastfeeding by women vaccinated against
COVID-19 during lactation does not lead to a passive immune response in their
children. Confirmation of the conclusion requires studies on a larger population with a
uniform feeding schedule, including in particular exclusively breastfed children.
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