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Abstract

Objectives: To investigate specific immunoglobulin A (sIgA), specific immunoglobulin G (sIgG), and
neutralizing antibodies (NAbs) against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in
breast milk and compare immunity in mothers with hybrid immunity (infection and vaccination) versus those
solely vaccinated (coronavirus disease [COVID]-naïve).
Methods: A longitudinal study was conducted among lactating mothers who received at least two doses of
the coronavirus disease 2019 (COVID-19) vaccine or tested positive for SARS-CoV-2. Details of vaccination
and infection were collected through questionnaires and interviews. Fifteen milliliters of breast milk samples,
self-collected at 1, 3, and 6 months postvaccination or infection, were sent to analysis for sIgA, sIgG, and
NAbs using enzyme-linked immunosorbent assay.
Results: In total, 119 lactating mothers (202 milk samples) were enrolled; 82 participants had hybrid immunity,
and 32 were COVID-19-naïve. Two-thirds received a combination of different vaccines and booster shots. Breast
milk retained sIgA, sIgG, and NAbs for up to 6 months post-COVID vaccination or infection. At 3 months, moth-
ers with hybrid immunity had significantly higher sIgA and NAbs compared with COVID-naïve mothers (geomet-
ric mean [95% confidence interval (CI)] of sIgA 2.72 [1.94–3.8] vs. 1.44 [0.83–2.48]; NAbs 86.83 [84.9–88.8] vs.
81.28 [76.02–86.9]). No differences in sIgA, sIgG, and NAbs were observed between lactating mothers receiving
two, three, or more than or equal to three doses, regardless of hybrid immunity or COVID-naïve status.
Conclusion: sIgA, sIgG, and NAbs against SARS-CoV-2 in breast milk sustained for up to 6 months postim-
munization and infection. Higher immunity was found in mothers with hybrid immunity. These transferred
immunities confirm in vitro protection, supporting the safety of breastfeeding during and after COVID-19
vaccination or infection.
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Introduction

Breast milk is widely recognized as the most optimal
food for infants. It not only provides essential nutrients

for infant growth but also contains a myriad of bioactive
components such as hormones, pre/probiotics, and immuno-
globulins (Ig) that play a crucial role in promoting infant
survival and fostering healthy development.1,2 Previous
research has shown that exclusive breastfeeding for the first
6 months of life and breastfeeding together with complemen-
tary feeding afterward are linked to a noteworthy decrease in
respiratory and gastrointestinal illnesses during infancy, as
well as positive health outcomes later in life.3–6

Since the global outbreak of coronavirus disease 2019
(COVID-19), an infectious disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), the World
Health Organization (WHO) declared a Public Health Emer-
gency of International Concern and global pandemic in early
2020.7 These had notably impacted peripartum and postpartum
clinical procedures, particularly concerning breastfeeding. Re-
search indicates a significant decline in exclusive breastfeeding
rates during the lockdown.8,9 This decrease could be attribut-
able to concerns in potential viral transmission through breast-
feeding, safety concerns related to the COVID-19 vaccine, and
a lack of support from health care professionals.

Previous studies have identified the presence of antibodies
against SARS-CoV-2 in breast milk.10–14 This discovery
suggests a potential transfer of COVID-19 immunity to
infants, particularly during the first 6 months of age when vac-
cination against COVID-19 is not yet available. This protective
effect could be attributed to specific immunoglobulin A (sIgA)
against SARS-CoV-2, which prevents harmful pathogens from
attaching and entering epithelial cells without causing harmful
inflammation.15 Consequently, breastfeeding might offer a nat-
ural defense against COVID-19 in early infancy.

However, most previous studies had focused on investigating
Ig levels in human milk after individuals received the COVID-
19 immunization or experienced an infection. To the best of
our knowledge, only a few studies have explored the Ig levels

in breast milk from lactating mothers with hybrid immunity
(resulting from both vaccination and infection).16,17 Moreover,
there is a limited number of studies that investigate neutralizing
antibodies (NAbs), which play a crucial role in the protection
conferred by COVID-19 vaccination and/or prior infection.
Hence, this study aimed to investigate the levels of sIgA, spe-
cific immunoglobulin G (sIgG), and NAbs against SARS-CoV-
2 in breast milk from lactating mothers with hybrid immunity.
Also, we compared these Ig levels with those of mothers who
received only COVID immunization (COVID-naïve) and moth-
ers who had a history of SARS-CoV-2 infection without receiv-
ing COVID-19 immunization. Gaining a more comprehensive
understanding of how breast milk provides immunity against
SARS-CoV-2 could potentially provide reassurance to both
mothers and health care providers about the advantages of
breastfeeding in these challenging circumstances.

Materials and Methods

Study design and study population

This observational study is a part of the ongoing research
project titled “Infant Feeding Survey During the COVID-19
Pandemic” (TCTR20220215012). Data collection was per-
formed from March 2022 to July 2023. Thai lactating moth-
ers were recruited from the postpartum wards of King
Chulalongkorn Memorial Hospital in Bangkok, Thailand, as
well as various social networks.

To be eligible, participants had to be Thai lactating moth-
ers of healthy, singleton-born infants who had either
received at least two doses of the COVID-19 vaccination or
had tested positive for SARS-CoV-2 through polymerase
chain reaction or antigen test kit within 6 months prior to the
collection of breast milk samples. Mothers of preterm infants
or infants with congenital diseases were excluded from the
study.

This research was granted approval by the Institutional
Review Board (IRB) of the Faculty of Medicine, Chulalong-
korn University, under IRB No. 956/64.

FIG. 1. Details of the lactating
mothers and their milk samples.
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Data collection

Demographic data. Demographic information, such as
maternal age, pre-pregnancy body mass index (BMI), gesta-
tional age, parity, pregnancy complications, family income,
and infant details such as gender, birth weight, and delivery
method, were obtained by a recruitment nurse. Meanwhile,
data on COVID-19 vaccination, including the types, frequency,
and timing, or a documented history of SARS-CoV-2 infection
were collected through a self-administered questionnaire. To
ensure accuracy, all responses were validated through tele-
phone interviews conducted by research assistants.

sIgA, sIgG, and NAbs against SARS-CoV-2 in breast
milk. Lactating mothers were instructed to collect 15 mL
of breast milk at 1, 3, and 6 months after completing the pri-
mary series of COVID-19 vaccination or infection with
SARS-CoV-2. If a mother received a booster dose of the
COVID-19 vaccine or had the COVID-19 illness after the
initial vaccination period, they were asked to provide addi-
tional breast milk samples at 1, 3, and 6 months after the
most recent event.

The mothers were directed to express their breast milk into
a sterile container, which was then stored in their home freezer.

The collected specimens were subsequently retrieved by the
research team, transported in an insulated box and kept at a
temperature of -20�C until they were analyzed for research
purposes.

The analysis of sIgA and sIgG antibodies against SARS-
CoV-2 in human milk was conducted using the enzyme-
linked immunosorbent assay (ELISA) technique with the
anti-SARS-CoV-2 ELISA test kit (EUROIMMUNMedizini-
sche Labordiagnostika, L€ubeck, Germany). Initially, breast
milk samples were subjected to centrifugation at 800 g for
10 minutes at 4�C to separate the fat content from the milk.
The resulting skimmed breast milk samples were then
diluted at ratios of 1:25 for sIgA and 1:10 for sIgG. These
diluted samples were pipetted into the reagent wells, together
with peroxidase-labeled anti-SARS-CoV-2 sIgA and anti-
body peroxidase-labeled anti-human sIgG, using an auto-
mated ELISA processing system (EUROIMMUN Analyzer
I-2P, L€ubeck, Germany). Complexes formed between sIgA
and sIgG from the milk samples and the respective antibodies
during the substrate incubation period. The color developed
during this incubation was directly proportional to the concen-
trations of sIgA and sIgG in the samples. As per the instruc-
tions provided by the manufacturer, the semiquantitative test

TABLE 1. BASELINE CHARACTERISTICS OF LACTATING MOTHERS AND THEIR INFANTSa,b

Total
(N = 119)

COVID-19 vaccination
in conjunction with

SARS-CoV-2 infection
(n = 82)

COVID-19
vaccination only

(n = 32)

SARS-CoV-2
infection only

(n = 5) p-value

Mothers
Age (year) 30.9 – 6.1 30.6 – 6.1 30.9 – 5.6 28.4 – 8.8 0.40
Parity, n (%) 0.59

1 52 (43.7) 35 (42.7) 16 (50) 1 (20)
2 42 (35.3) 31 (37.8) 9 (28.1) 2 (40)
‡3 25 (21) 16 (19.5) 7 (21.9) 2 (40)

Pregnancy complications,c

n (%)
53 (44.5) 36 (43.9) 14 (43.8) 3 (60) 0.84

Pre-pregnancy BMI (kg/m2) 22.5 – 3.9 22.4 – 3.9 23.0 – 4.0 21.3 – 2.1 0.59
Lactation time (month),

median (IQR)
1 (0.5–2) 1 (0.5–32) 1 (1–2) 1.5 (1–2.5) 0.73

Household income (Thai baht),
n (%)

0.10

<15,000 14 (11.8) 7 (8.5) 6 (18.8) 1 (20)
15,000–50,000 66 (55.5) 49 (59.8) 13 (40.6) 4 (80)
>50,000 39 (32.8) 26 (31.7) 13 (40.6) 0 (0)

Infants
Male, n (%) 55 (46.2) 39 (47.6) 14 (43.8) 2 (40) 0.94
Birth weight (kg) 3.13 – 0.36 3.13 – 0.35 3.17 – 0.41 2.92 – 0.21 0.36
Mode of delivery, n (%) 0.94

Normal vaginal delivery 56 (46.1) 40 (48.8) 13 (40.6) 3 (60)
Assisted vaginal delivery
with forceps or vacuum

3 (2.5) 2 (2.4) 1 (3.1) 0 (0)

Elective cesarean section 19 (16) 13 (15.9) 6 (18.8) 0 (0)
Emergency cesarean section 41 (34.4) 27 (32.9) 12 (27.5) 2 (40)

aValues are presented as mean – standard deviation for continuous variables. Categorical variables are expressed as n (%).
bDifferences in mean and proportion were performed by analysis of variance and chi-square test or Fisher’s exact test, respectively.
cPregnancy complications, n: anemia, 23; gestational diabetes mellitus, 13; pregnancy-induced hypertension, 9; chorioamnionitis, 3; post-

partum hemorrhage, 2; oligohydramnios, 2; hepatitis B infection 2; others (e.g., hyperthyroid, vitamin D deficiency, scoliosis), 8.
BMI, body mass index; COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2.
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results were reported as a ratio between the test sample’s
extinction and the calibrator. The manufacturer’s guidelines
did not include specific threshold values for breast milk
samples.

NAbs against SARS-CoV-2 were determined following
the supplier’s instructions (EUROIMMUN Medizinische
Labordiagnostika). The ELISA technique used microplate
strips with wells coated with the recombinant SARS-CoV-2
S1/receptor-binding domain produced via in vitro culture
of human embryonic kidney 293 cells. Human milk sam-
ples were diluted 1:5 in the provided sample buffer contain-
ing a biotinylated soluble human angiotensin-converting
enzyme 2 (ACE2) receptor, which competes with NAbs in
the sample. After a 1-hour incubation, unbound ACE2 mol-
ecules were washed away, and a colorimetric reaction was
initiated by adding peroxidase enzyme labeled with strepta-
vidin. The color intensity measured at 450 nm inversely
correlated with the NAbs concentration in the sample.
Results were expressed as the inhibition percentage (%IH)
using the formula: %IH = 100% - (Sample Absorbance ·
100%/Blank Absorbance).

Statistical analysis

Statistical analyses were conducted using Stata 17.0
(StataCorp., College Station, TX). Before analysis, normal-
ity was assessed using histograms and the Kolmogorov test.
Categorical data, such as parity, pregnancy complications,
family income, mode of delivery, infant gender, details of
COVID-19 immunization and infection, were presented as
numbers and percentages. Continuous data, including mater-
nal age, gestation, and infant birth weight, were expressed
as means with standard deviations. Group differences in
means and proportions were evaluated using Analysis of
Variance and chi-square tests or Fisher’s exact tests, respec-
tively. The geometric mean (GM) and geometric mean ratio
(GMRs) with a 95% confidence interval (95% CI) for sIgA,
sIgG, and NAbs against SARS-CoV-2 were calculated using
two independent sample t-tests. All statistical tests were two-
sided, and a significance level of p < 0.05 was considered stat-
istically significant.

Results

In total, 211 lactating mothers were initially recruited.
However, 92 mothers were excluded from the study owing
to reasons such as insufficient milk samples (60%), difficul-
ties in collecting milk samples (31%), and loss to follow-up
(9%). Consequently, 119 lactating mothers were successfully
enrolled, and in total, 202 milk samples were collected. Among
these participants, approximately two-thirds had a history of
SARS-CoV-2 infection along with COVID-19 immunization,
whereas one-fourth were classified as COVID-19-naïve.
The details of the participants and milk samples are shown
in Figure 1.

Characteristics of lactating mothers

Table 1 presents the baseline characteristics of lactating
mothers and their infants. The participants had an average
age of 30.9 years. Almost half of them experienced some

pregnancy complications, including anemia (43%), gesta-
tional diabetes (24%), and pregnancy-induced hypertension
(17%). The breast milk collection typically occurred when
the infants were around 1 month old. There were no notable
differences in maternal age, parity, pre-pregnancy BMI, lac-
tation duration, socioeconomic status, or infant characteris-
tics among the lactating mothers who received hybrid
immunity, those who were vaccinated only, and those with a
history of only SARS-CoV-2 infection.

Furthermore, the majority of lactating mothers received
the initial series of COVID-19 vaccinations. Notably, about
two-thirds of them received a combination of different vac-
cines (mRNA + vector based 47.3%; mRNA + killed virus
based 28.4%; vector + killed virus based 6.7%; all types
17.6%), and 63% of them received the booster dose of
COVID-19 vaccine. In addition, 73% had prior exposure to
COVID-19, but their symptoms were mild. It is noteworthy
that most of those who had a history of infection had already
been immunized against COVID-19 after the infection
(Table 2).

sIgA, sIgG, and NAbs against SARS-CoV-2 in human milk

after the vaccination and/or infection

Table 3 and Figure 2 show the comparisons of sIgA,
sIgG, and NAbs against SARS-CoV-2 in breast milk follow-
ing maternal COVID-19 immunization and/or SARS-CoV-2
infection. sIgA, sIgG, and NAbs can be detected in breast

TABLE 2. DETAILS OF COVID-19 IMMUNIZATION

AND SARS-COV-2 INFECTION

History of COVID-19 vaccinationa n (%)

Total number of lactating mothers who
received complete course of the vaccine

112 (94.1)

Type of the vaccine
mRNA 20 (17.9)
Vector-based vaccine 14 (12.5)
Killed vaccine 4 (3.6)
Mixed types of the vaccinesb 74 (66.1)

Total doses of the vaccine
2 doses 41 (36.6)
3 doses 50 (44.6)
>3 doses 21 (18.8)

History of SARS-CoV-2 infectionc

Total number of lactating mothers who had a
history of the SARS-CoV-2 infection

87 (73.1)

Having symptoms 74 (85.1)

Vaccination status
Infection without vaccine 5 (5.7)
Receiving the vaccine before the infection 5 (5.7)
Receiving the vaccine after the infection 77 (88.5)

aBrand of COVID-19 vaccine: Pfizer-BioNTech (n = 15);
Moderna (n = 5); AstraZeneca (n = 13); CoronaVac (n = 5).

bDetails of mixed types of vaccination: mRNA + vector based
(n = 35); mRNA + killed virus based (n = 21); vector + killed virus
based (n = 5); all types (n = 13).

cMethod of detecting SARS-CoV-2 infection: antigen test kit
(n = 125); polymerase chain reaction (n = 25).
COVID-19, coronavirus disease 2019; SARS-CoV-2, severe

acute respiratory syndrome coronavirus 2.
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milk after the mothers had COVID-19 vaccination and/or
SARS-CoV-2 infection for up to 6 months. Moreover, lactat-
ing mothers with hybrid immunity showed significantly
higher sIgA at 3 and 6 months compared with those who
received only COVID-19 immunization. In addition, moth-
ers who received both vaccination and infection showed the
highest sIgG ratios at 6 months compared with those who had
either only vaccination or infection. For NAbs, there were no
significant differences among the three groups at 1 month.
However, at 3 months, lactating mothers with hybrid immu-
nity had a higher NAbs percentage of inhibition compared
with those who received only COVID-19 vaccination. Never-
theless, this difference disappeared at 6 months. Mothers with
a history of only SARS-CoV-2 infection exhibited the highest
NAbs in breast milk, surpassing the other two groups at both
3 and 6 months.

Subgroup analysis of sIgA, sIgG, and NAbs in breast milk
between lactating mothers who received COVID-19
vaccination in conjunction with SARS-CoV-2 infection
and those who received COVID-19 vaccination only,
according to the number of doses

At 1 month, breast milk sIgA in mothers who received
two doses of COVID-19 immunization along with SARS-
CoV-2 infection was five times higher than those in COVID-
naïve mothers. Similarly, at 6 months, sIgA and sIgG of lactating
mothers receiving two doses of COVID-19 vaccination in
conjunction with the infection were significantly higher than
those of COVID-naïve mothers. However, these differences
disappeared when mothers received more than two doses of
vaccination. No differences in NAbs were observed at 1, 3,
and 6 months between the two groups when classified based
on the number of doses (Table 4).

In the within-group comparison, no differences in breast
milk sIgA, sIgG, and NAbs were found at 1 and 3 months
among lactating mothers who received two, three, or more
than three doses, both in mothers with hybrid immunity and
COVID-naïve mothers. However, at 6 months, mothers who
received three doses of COVID-19 vaccination in conjunc-
tion with the infection exhibited slightly lower sIgA and
sIgG ratios compared with mothers with hybrid immunity
who received two doses of vaccination, whereas their NAbs
were slightly higher (GMR [95% CI], sIgA 0.45 [0.21–
0.96], sIgG 0.54 [0.3–0.98], NAbs 1.1 [1.01–1.19]). On the
contrary, in the COVID-naïve group, mothers who received
more than two doses of the vaccine had sIgG ratios at 6
months approximately five times higher than those in the group
who received only two doses of COVID-19 immunization
(GMR [95% CI], three doses 4.56 [1.86–11.4], more than three
doses 5.63 [1.31–23.11]) (Supplementary Tables S1–S3).

Discussion

The COVID-19 pandemic disrupted daily life worldwide,
impacting various facets of the global population, including
lactating mothers. Prior research indicated a decrease in
exclusive breastfeeding rates, potentially attributed to con-
cerns about viral transmission through breast milk. Our
recent publication showed that sIgA against SARS-CoV-2
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can persist in the breast milk for up to 6 months after vacci-
nation.17 In addition to the sIgA, the finding from this report
further revealed a sustained presence of sIgG and NAbs
against SARS-CoV-2 in the breast milk of lactating mothers
who had a history of SARS-CoV-2 infection and/or had
received at least two doses of the COVID-19 vaccination.
This strengthens the possibility that these immunities can
pass on and offer protection against SARS-CoV-2 infections
for their breastfeeding infants.

Our study found the presence of sIgA, sIgG, and NAbs
against SARS-CoV-2 for a duration of at least 6 months in
breast milk after the mother received the COVID-19 vacci-
nation and/or experienced COVID-19 illness. Likewise,
Stafford et al.18 conducted a prospective study among 37
mothers and 25 infants and found sIgA and sIgG in breast
milk up to 6 months following maternal COVID-19 vaccina-
tion. In addition, they detected SARS-CoV-2 IgA and IgG in
the stool of breastfeeding infants. These antibodies demon-
strated the ability to neutralize the pseudovirus in vitro. Sim-
ilarly, Longueira et al.19 identified the presence of sIgA and
sIgG against SARS-CoV-2 in human milk following mater-
nal completion of two doses of the COVID-19 vaccination,
with a minimum duration of 120 days. Moreover, the levels
of Igs in breast milk exhibited a strong correlation with those
found in the serum. These findings emphasize the potential for
breastfeeding to serve as a crucial pathway for the transfer of
protective immunity against SARS-CoV-2 from vaccinated or
previously infected mothers to their infants.

Furthermore, our study’s findings indicate that lactating
mothers with hybrid immunity exhibited higher levels of
sIgA, sIgG, and NAbs in their breast milk compared with
mothers who received vaccination alone. These findings
align with recent studies suggesting that hybrid immunity,
resulting from both natural infection and vaccination, may
contribute to the elevation of immune factors in breast milk.
For instance, Golan et al.20 observed that lactating mothers,
who had encountered breakthrough SARS-CoV-2 infection
post their third dose of immunization, displayed significantly
higher sIgA in their milk following infection compared with
those after their second and third vaccine doses. However,
sIgG levels in their milk postinfection were found to be

comparable with those observed after the third vaccine dose.
There are several possible explanations for this result. First,
most individuals with hybrid immunity had been exposed to
SARS-CoV-2 antigens more repeatedly than individuals
who were only immunized or infected. Moreover, there are
differences in the quality of immune responses since the body
is exposed to various antigens during infection, whereas
mRNA and virus-vectored vaccines express only spike protein
antigens. In addition, the infection with the recent variant
SARS-CoV-2 and the vaccination may stimulate and expand
the body’s immune response.21,22 This suggests a potential
synergistic effect between vaccination and infection in enhanc-
ing the mucosal immune response in lactating mothers. Despite
this, we observed the highest levels of NAbs in mothers who
experienced SARS-CoV-2 infection without vaccination.
However, caution is warranted in interpretation because of the
small sample size of mothers with a history of SARS-CoV-2
infection alone, potentially impacting statistical power.

Although higher levels of breast milk immunities were
observed when mothers received two doses of the COVID-19
vaccine alongside an infection compared with those who
received vaccination alone, these differences disappeared when
mothers received more than two doses of the immunization.
One aspect to consider is whether the immune system reaches
a saturation point, where additional doses do not result in fur-
ther improvement in antibody levels. This could have implica-
tions for vaccination strategies, as administering more doses
might not necessarily lead to a proportional increase in breast
milk antibody levels. Nevertheless, to the best of our knowl-
edge, this study is the first to compare immune responses in
breast milk based on vaccination dosage, distinguishing bet-
ween lactating mothers with hybrid immunity and those receiv-
ing vaccination alone. Therefore, for a better understanding of
our findings, further research is indispensable. The dynamics
of immune response in the context of breastfeeding are com-
plex. Grasping these nuances is crucial for refining vaccination
strategies and ensuring optimal protection for both mothers
and infants against SARS-CoV-2.

Similarly, this study found that sIgA, sIgG, and NAbs in
breast milk at 1 and 3 months showed no differences among
lactating mothers with hybrid immunity, whether they had

FIG. 2. Comparison of sIgA, sIgG, and NAbs against SARS-CoV-2 in breast milk at 1, 3, and 6 months post-vaccination
and/or infection among lactating mothers with hybrid immunity, those receiving vaccination only, and those with SARS-
CoV-2 infection only. (a), (b), and (c) show the comparison of sIgA, sIgG, and NAbs, respectively. sIgA and sIgG are
expressed as a ratio of the extinction of the test sample and calibrator, whereas NAbs are presented as percentage of inhibition
(%IH). Error bars show the GM and 95% CI. The asterisks indicate statistical differences by independent t-tests (*p < 0.05,
**p < 0.001). CI, confidence interval; GM, geometric mean; NAbs, neutralizing antibodies; SARS-CoV-2, severe acute respira-
tory syndrome coronavirus 2; sIgA, specific immunoglobulin A; sIgG, specific immunoglobulin G.

6 SUTEEROJNTRAKOOL ET AL.

D
ow

nl
oa

de
d 

by
 C

hu
la

lo
ng

ko
rn

 U
ni

ve
rs

ity
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

4/
03

/2
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



T
A
B
L
E
4.

C
O
M
P
A
R
IS
O
N

O
F
S
Ig
A
,S
Ig
G
,A

N
D
N
A
bS

IN
H
U
M
A
N
M

IL
K
B
A
S
E
D

O
N

T
H
E
N
U
M
B
E
R

O
F
V
A
C
C
IN

E
D
O
S
E
S
B
E
T
W
E
E
N
L
A
C
T
A
T
IN

G
M

O
T
H
E
R
S
W

H
O
H
A
D

A
H
IS
T
O
R
Y

O
F
SA

R
S-
C
O
V
-2

IN
F
E
C
T
IO

N
T
O
G
E
T
H
E
R

W
IT
H
V
A
C
C
IN

A
T
IO

N
A
N
D
C
O
V
ID

-N
A
ÏV

E
M

O
T
H
E
R
S
W

H
O
R
E
C
E
IV

E
D
O
N
L
Y

T
H
E
C
O
V
ID

-1
9
IM

M
U
N
IZ
A
T
IO

N
a

P
er
io
d
of

br
ea
st

m
il
k
co
ll
ec
ti
on

af
te
r
in
fe
ct
io
n/

va
cc
in
at
io
n

sI
gA

ra
ti
oa

,b
sI
gG

ra
ti
oa

,b
N
A
bs

(%
IH

)a
,b

C
O
V
ID

-1
9

va
cc
in
at
io
n
in

co
nj
un
ct
io
n
w
it
h

SA
R
S-
C
oV

-2
in
fe
ct
io
n

C
O
V
ID

-1
9

va
cc
in
at
io
n
on
ly

G
M
R

(9
5%

C
I)

C
O
V
ID

-1
9

va
cc
in
at
io
n
in

co
nj
un
ct
io
n
w
it
h

SA
R
S-
C
oV

-2
in
fe
ct
io
n

C
O
V
ID

-1
9

va
cc
in
at
io
n
on
ly

G
M
R

(9
5%

C
I)

C
O
V
ID

-1
9

va
cc
in
at
io
n
in

co
nj
un
ct
io
n
w
it
h

SA
R
S-
C
oV

-2
in
fe
ct
io
n

C
O
V
ID

-1
9

va
cc
in
at
io
n
on
ly

G
M
R

(9
5%

C
I)

1
m
on
th

2
do
se
s

3.
64

(2
.0
8–
6.
37
)

0.
7

(0
.1
3–
3.
65
)

5.
23

(1
.6
–
17
.0
7)

1.
74

(1
.0
3–
2.
93
)

1.
78

(0
.6
6–
4.
78
)

0.
98

(0
.3
6–
2.
62
)

85
.9

(8
3.
4–
88
.5
)

85
.4

(8
3.
4–
87
.4
)

1.
01

(0
.9
5–
1.
06
)

3
do
se
s

2.
23

(1
.1
2–
4.
45
)

1.
56

(0
.7
–
3.
47
)

1.
43

(0
.4
3–
4.
76
)

1.
97

(1
.2
7–
3.
05
)

1.
11

(0
.2
2–
5.
61
)

1.
77

(0
.6
4–
4.
87
)

86
.4

(8
2–
91
)

85
.3

(8
1.
6–
89
.2
)

1.
01

(0
.9
3–
1.
11
)

>3
do
se
s

1.
38

(0
.5
6–
3.
39
)

1.
05

(0
.0
4–
28
.2
4)

1.
32

(0
.1
5–
11
.4
4)

1.
31

(0
.8
5–
2)

2.
73

(0
.0
1–
10
.0
)

0.
48

(0
.1
6–
1.
41
)

83
.3

(8
0.
5–
86
.3
)

85
(4
8–
15
2.
4)

0.
98

(0
.9
–
1.
07
)

3
m
on
th
s

2
do
se
s

3.
13

(1
.8
6–
5.
27
)

1.
88

(0
.1
3–
27
.2
)

1.
67

(0
.4
4–
6.
38
)

1
(0
.6
6–
1.
53
)

1.
12

(0
.8
9–
1.
39
)

0.
9

(0
.3
7–
2.
21
)

87
.9

(8
5–
90
.9
)

82
(7
4–
90
.9
)

1.
07

(0
.9
9–
1.
16
)

3
do
se
s

2.
77

(1
.5
–
5.
11
)

1.
68

(0
.8
3–
3.
42
)

1.
65

(0
.6
6–
4.
08
)

1.
08

(0
.6
7–
1.
77
)

1.
4

(0
.8
8–
2.
24
)

0.
77

(0
.3
9–
1.
52
)

87
.3

(8
3.
5–
91
.2
)

79
.9

(7
1.
5–
89
.2
)

1.
09

(0
.9
9–
1.
21
)

>3
do
se
s

2.
08

(0
.9
5–
4.
57
)

0.
67

(0
.3
1–
1.
46
)

3.
12

(0
.8
3–
11
.7
6)

1.
29

(0
.8
9–
1.
86
)

1.
2

(0
.2
1–
6.
86
)

1.
07

(0
.4
4–
2.
64
)

86
.9

(8
2.
9–
91
.3
)

85
.2

(8
1.
1–
89
.5
)

0.
99

(0
.9
2–
1.
06
)

6
m
on
th
s

2
do
se
s

3.
47

(2
.1
7–
5.
55
)

1.
16

(0
.3
9–
3.
47
)

2.
99

(1
.1
6–
7.
66
)

1.
22

(0
.7
7–
1.
93
)

0.
23

(0
.1
1–
0.
45
)

5.
4

(2
.3
6–
12
.3
8)

81
.4

(7
4.
1–
89
.3
)

86
.1

(8
4.
7–
87
.5
)

0.
95

(0
.8
1–
1.
1)

3
do
se
s

1.
56

(0
.8
2–
2.
99
)

1.
72

(0
.6
7–
4.
41
)

0.
91

(0
.3
–
2.
71
)

0.
66

(0
.4
4–
0.
98
)

1.
03

(0
.5
2–
2.
02
)

0.
64

(0
.3
1 –
1.
3)

89
.2

(8
7.
3–
91
.2
)

86
.1

(8
3.
5–
88
.9
)

1.
04

(1
–
1.
07
)

>3
do
se
s

1.
37

(0
.7
–
2.
67
)

1.
21

(0
–
37
5.
6)

1.
13

(0
.2
3–
5.
45
)

1.
31

(0
.6
4–
2.
71
)

1.
27

(0
.0
1–
10
.6
)

1.
03

(0
.1
9–
5.
58
)

87
.3

(8
2.
3–
92
.7
)

89
(7
5–
10
6.
2)

0.
98

(0
.8
6–
1.
12
)

a V
al
ue
s
ar
e
pr
es
en
te
d
as

G
M

(9
5%

C
I)
an
d
G
M
R
(9
5%

C
I)
us
in
g
C
O
V
ID

-n
aï
ve

as
th
e
re
fe
re
nc
e
gr
ou
p.

T
he

di
ff
er
en
ce
s
be
tw
ee
n
th
e
gr
ou
ps

w
er
e
pe
rf
or
m
ed

by
in
de
pe
nd
en
tt
-t
es
ts
.

b
sI
gA

an
d
sI
gG

ar
e
ex
pr
es
se
d
as

a
ra
tio

of
th
e
ex
tin

ct
io
n
of

te
st
sa
m
pl
e
an
d
ca
lib

ra
to
r,
w
he
re
as

N
A
bs

ar
e
pr
es
en
te
d
as

a
pe
rc
en
ta
ge

of
in
hi
bi
tio

n.
C
I,
co
nfi

de
nc
e
in
te
rv
al
;
C
O
V
ID

-1
9,

co
ro
na
vi
ru
s
di
se
as
e
20
19
;
%
IH

,
in
hi
bi
tio

n
pe
rc
en
ta
ge
;
G
M
,
ge
om

et
ri
c
m
ea
n;

G
M
R
,
ge
om

et
ri
c
m
ea
n
ra
tio

;
SA

R
S-
C
oV

-2
,
se
ve
re

ac
ut
e
re
sp
ir
at
or
y
sy
n-

dr
om

e
co
ro
na
vi
ru
s
2;

sI
gA

,s
pe
ci
fi
c
im

m
un
og
lo
bu
lin

A
;s
Ig
G
,s
pe
ci
fi
c
im

m
un
og
lo
bu
lin

G
;N

A
bs
,n
eu
tr
al
iz
in
g
an
tib

od
ie
s.

7

D
ow

nl
oa

de
d 

by
 C

hu
la

lo
ng

ko
rn

 U
ni

ve
rs

ity
 f

ro
m

 w
w

w
.li

eb
er

tp
ub

.c
om

 a
t 0

4/
03

/2
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



received two, three, or more than three doses. However, at 6
months, mothers with triple COVID-19 vaccination and
prior infection showed slightly lower sIgA and sIgG levels
than those with hybrid immunity, receiving two vaccine
doses, while exhibiting slightly higher levels of NAbs. Previ-
ous studies also indicated that administering booster doses of
COVID-19 vaccination after a prior infection may restrict
the enhancement of immunity against SARS-CoV-2. For
example, Kim et al.23 explored the immune response to a
fourth dose of COVID-19 vaccination in individuals with
prior natural infection with the Omicron variant and found
that the fourth dose received 2 months after Omicron infec-
tion did not enhance surrogate virus neutralization titer at
50% against SARS-CoV-2. Furthermore, a recent study
from England indicated that COVID-19 booster immuniza-
tion may elevate the risk of myocarditis and pericarditis, par-
ticularly after the administration of the second vaccine dose.
However, a reduced risk was observed in individuals with a
history of prior SARS-CoV-2 infection before receiving
COVID-19 vaccination.24 This finding, coupled with the
absence of an augmented effect following a booster, does
not imply a spike-directed immune mechanism. The dimin-
ishing differences of immunities after individuals receive a
booster dose, especially among those who had completed the
primary vaccine series alongside a prior SARS-CoV-2 infec-
tion, may be influenced by the complex interplay of immune
mechanisms, potential desensitization, or saturation of immune
pathways. Further research should explore the optimal dosing
strategies of COVID-19 vaccination to optimize immune pro-
tection for both mothers and infants during lactation.

The strength of this study is its longitudinal examination
of the impact of hybrid immunity, not only for sIgA but also
for sIgG and NAbs in human milk. It further compares breast
milk immunity between individuals with no prior exposure to
COVID and those with a history of SARS-CoV-2 infection
coupled with immunization. In addition, the study explored the
influence of booster vaccine doses on breast milk immunity.
Nevertheless, there are several limitations to our study. Primar-
ily, our focus was solely on examining immunity in breast milk,
and we did not investigate the history of COVID-19 infection in
infants. This omission raises concerns about the assurance that
the observed levels of immunity in breast milk effectively trans-
fer and safeguard infants from COVID-19 illness. Moreover, the
limited sample size of milk samples, particularly from individu-
als with a history of SARS-CoV-2 infection alone, might have
compromised our ability to detect variations in immunity levels
associated with infection versus immunization.

Conclusion

In addition to a persistent presence of sIgA and sIgG
against SARS-CoV-2 in the breast milk of lactating mothers
who had hybrid immunity along with those who had vacci-
nation or infection alone, our study demonstrated the in vitro
ability of these antibodies in breast milk to neutralize the
virus for up to 6 months. These immunities can be passed to
infants, providing a safeguard against SARS-CoV-2 infec-
tions. Health care professionals should confidently support
the continuation of breastfeeding during and after COVID-19
vaccination as well as infection.
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