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Abstract

Maternal COVID-19 vaccination could protect infants who are ineligible for vaccine through

antibody transfer during pregnancy and lactation. We measured the quantity and durability

of SARS-CoV-2 antibodies in human milk and infant blood before and after maternal booster

vaccination. Prospective cohort of lactating women immunized with primary and booster

COVID-19 vaccines during pregnancy or lactation and their infants. Milk and blood samples

from October 2021 to April 2022 were included. Anti-nucleoprotein (NP) and anti-receptor

binding domain (RBD) IgG and IgA in maternal milk and maternal and infant blood were

measured and compared longitudinally after maternal booster vaccine. Forty-five lactating

women and their infants provided samples. 58% of women were anti-NP negative and 42%

were positive on their first blood sample prior to booster vaccine. Anti-RBD IgG and IgA in

milk remained significantly increased through 120–170 days after booster vaccine and did

not differ by maternal NP status. Anti-RBD IgG and IgA did not increase in infant blood after

maternal booster. Of infants born to women vaccinated in pregnancy, 74% still had positive

serum anti-RBD IgG measured on average 5 months after delivery. Infant to maternal IgG

ratio was highest for infants exposed to maternal primary vaccine during the second trimes-

ter compared to third trimester (0.85 versus 0.29; p<0.001). Maternal COVID-19 primary

and booster vaccine resulted in robust and long-lasting transplacental and milk antibodies.

These antibodies may provide important protection against SARS-CoV-2 during the first six

months of life.
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Introduction

Children <6 months old were excluded from SARS-CoV-2 vaccine trials and are not eligible

for vaccine in the United States [1]. However, infants <12 months with COVID-19 are more

likely to require hospitalization, respiratory support, intensive care and are at higher risk of

death compared to children 1–4 years old [2–5]. Strategies to protect this vulnerable popula-

tion are necessary.

Transplacental acquisition of IgG following maternal immunization protects infants from

tetanus, pertussis and influenza during the first 6 months of life [6–9]. Immunization of

women during pregnancy with COVID-19 vaccines results in trans-placental transfer of anti-

receptor binding domain (RBD) and neutralizing IgG antibodies [10]. Both of these antibodies

are known correlates of protection in adults and could provide protection against infant infec-

tions. In fact, maternal immunization with COVID-19 vaccines during pregnancy is associated

with a 50% decreased risk of infant hospitalization with COVID-19 [11]. While it is hypothe-

sized that transplacental antibodies against COVID-19 are likely present and protective

through approximately six months of life, there is limited data examining the durability of

these antibodies following delivery. Furthermore, anti-RBD IgG and IgA antibodies are detect-

able in human milk from lactating women after SARS-CoV-2 primary vaccination for up to

six months [10, 12–15], and virus-neutralizing antibodies are detected in saliva and stool of

breastfed infants [15, 16]. However, the ability of milk antibodies to protect infants against

COVID-19 is less understood. Furthermore, limited data exists on the impact of maternal

booster vaccination on milk and infant blood antibody titers [17].

In this study, we measured the quantity and durability of anti-RBD SARS-CoV-2 antibodies

in human milk and maternal and infant blood prior to and following maternal booster vaccine

with ancestral strain. We hypothesized that infants born to women vaccinated in pregnancy

would still have persistent anti-RBD in their blood and that booster vaccine but substantially

increase milk anti-RBD compared to pre-booster samples but would not change infant blood

titers. This will provide critical information that can be used to by clinicians to tailor vaccine

counselling for pregnant and lactating women who may be motivated by potential benefits to

their child.

Methods

Study population

This study used data obtained from a prospective cohort of lactating women and their children

recruited from April 2021 to September 2021 to provide longitudinal human milk samples up to

one year after primary COVID-19 vaccine. For the parent study, eligible women were� 18 years,

lactating, and were vaccinated or planning to be vaccinated with any COVID-19 vaccine at time

of enrollment. Starting in September 2021, participants were invited to partake in sub-study col-

lecting longitudinal blood samples in addition to milk. For this analysis, we included data from

women and their infants who 1) consented to participate in both studies, 2) mother received a

complete primary COVID-19 vaccines series, 3) mother obtained a COVID-19 booster vaccine

and 4) had at least one blood and milk sample available before and 15–35 days after booster vac-

cine. The University of Pittsburgh Institutional Review Board approved this study and all partici-

pants provided written informed consent (STUDY21010154 and STUDY21080124).

Data and sample collection

All women were asked to provide up to five fresh or frozen milk samples every 3 months (+/- 1

month) starting before their first COVID-19 vaccine or at delivery if vaccinated while
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pregnant. For women who received a COVID-19 booster vaccine while lactating and opted to

provide blood samples, additional paired milk and blood samples (mother and infant) were

collected<30 days before and 14–35 days after receiving a booster. Women then resumed rou-

tine milk collection schedule as outlined at enrollment. A convenience sample of mother-

infant pairs were requested to provide a third blood sample with a milk sample occurring 60–

119 days or 120–170 days after booster vaccine. Detailed milk and blood collection methods

are included in S1 File. All paired milk and blood samples as well as any milk samples collected

in the interval between blood samples were included in this analysis. In addition, baseline and

COVID-19 infection data obtained from self-reported online surveys completed by partici-

pants with each milk collection were included.

Enzyme-linked immunosorbent assay (ELISA) for SARS-CoV-2

nucleoprotein and receptor binding domain

Using indirect ELISA, we assessed serum IgG binding to SARS-COV-2 nucleoprotein (NP) as

previously described and detailed in S1 File. [18] The assay was optimized to detect anti-

SARS-CoV-2 NP IgG with sensitivity of 93.4% and specificity of 89.3%. [18] SARS-CoV-2

RBD IgG and IgA ELISA were performed as described with modifications defined in Supple-

mental Material. [19] This assay was optimized to detect anti-SARS-CoV-2 RBD IgG (cut-off

titer� 900) with sensitivity of 94.8% and specificity of 97.8% and IgA (cut-off titer� 300)

with sensitivity of 88.2% and specificity of 97.3% in blood. The limit of detection on this assay

was 100; samples below the limit were set to 99 for statistical analysis. Positive cut-off values

for milk IgG (titer� 4; specificity of 93.3%) and secretory IgA (titer� 8: specificity of 96.7%)

were determined using 30 pre-pandemic milk samples collected from 2018–2019 obtained

from a human milk biobank. The limit of detection for the milk assay was 1.0; samples below

this limit were set to 0.9 for statistical analysis.

Statistical analysis

Antibodies in maternal blood and milk by maternal NP status. Using the anti-NP

results from the first maternal blood sample, women were divided into two groups: 1) women

with no anti-NP antibodies and no reported COVID-19 infection; and 2) women with anti-NP

antibodies in their first sample +/- a history of COVID-19 infection. If a woman demonstrated

seroconversion to positive anti-NP antibodies between blood samples, reported a new SARS--

CoV-2infection, or stopped lactating, all samples obtained at that time or later were excluded.

By anti-NP status, we compared the proportion of women who were positive for anti-RBD

IgG and IgA in blood and milk at each timepoint using Fisher’s Exact test. We compared milk

and blood anti-RBD geometric mean titer (GMT) over time using mixed-effects models with

Geisser-Greenhouse correction and Sidak’s multiple comparisons test. First, we assessed mod-

els with interaction terms between maternal anti-NP serostatus and time; models with non-

significant interaction terms (p>0.05) were removed and the simpler model including anti-

NP serostatus and time but no interaction term was used. We used Pearson’s correlation to

assess correlations between paired blood and milk titers.

Antibodies in infant blood by timing of maternal primary COVID-19 vaccine. To

assess differences in infant serum anti-RBD antibody over time, we grouped infants by the

timing of their mother’s primary COVID-19 vaccine series, either during pregnancy or lacta-

tion. Any samples from infants positive for anti-NP, who had COVID-19, or no longer

received breastmilk were excluded. We then compared the proportion of samples positive for

IgG or IgA prior to maternal COVID-19 booster vaccine by timing of the mother’s first vac-

cine using Fisher’s exact test. We then compared blood anti-RBD GMT by timing of the
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mother’s first vaccine over time using a mixed-effects model with interaction and Geisser-

Greenhouse correction and Sidak’s multiple comparisons test.

Using only mother-infant pairs who were both anti-NP negative on their first blood sample,

we then assessed the infant to maternal ratio of anti-RBD IgG among infants born to women

vaccinated during pregnancy based on trimester of vaccination (2nd trimester defined as 13 to

26 weeks, 3rd as 27 weeks to 41 weeks) using Student t-test. Mother-infant pairs vaccinated in

the first trimester were excluded due to small numbers. All statistical analyses were completed

on GraphPad Prism 9 or STATA 17 and original deidentified data are available in S2 File.

Results

Study population

Forty-five women and their children met inclusion criteria for this analysis (Fig 1). Initial

blood samples were collected from 10/7/2021 to 1/17/2022 with 96% collected prior to any

local SARS-CoV-2 Omicron variant circulation which was first reported 12/12/2021. [20]

Women were predominately white, college-educated, and in their mid-30s (Table 1). Fifty-

four percent (24/45) of women received primary SARS-CoV-2 vaccine during pregnancy and

95% (43/45) were boosted with the same vaccine type (median time primary to booster: 8.2

months; range 5.8–11.1; SD:1.2). Median time from birth to booster vaccine for women first

vaccinated during pregnancy was 5.2 months (range 3.3–7.7; SD: 1.3). All infants born to

women vaccinated in pregnancy were� 37 weeks gestational age (Table 1).

Anti-NP antibody in maternal blood

Fifty-eight percent (26/45) of women were negative and 42% (19/45) were positive for anti-NP

antibody on their first blood sample obtained prior to booster vaccine (Fig 2). Of those nega-

tive, over two-thirds remained negative at subsequent time points. Of those anti-NP positive

on the first blood sample, only one woman had known prior clinical infection.

Fig 1. Consort diagram of participants from parent study included in current analysis.

https://doi.org/10.1371/journal.pone.0287103.g001
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Table 1. Maternal and infant baseline characteristics by timing of administration of the primary COVID-19 vac-

cine series to the mother.

Characteristic Pregnant Lactation

N = 24 N = 21

Maternal age, mean (range), y 33.6 (29.2–39.1) 35.6 (29.7–43.2)

Maternal race

White 24 (100) 20 (95)

Asian 0 (0) 1 (5)

Highest level of education

Some college 0 (0) 1 (5)

2 or 4 year college 6 (25) 11 (52)

Graduate or professional degree 18 (75) 9 (43)

Employment type

Healthcare 16 (67) 5 (24)

Non-healthcare 8 (33) 12 (57)

None outside home 0 (0) 4 (19)

Maternal chronic medical conditions

Asthma 4 (17) 4 (19)

Obesity (BMI > 30) 1 (4) 4 (19)

Autoimmune disorder/cancer 2 (8) 3 (15)

Diabetes 0 (0) 1 (5)

Hypertension or cardiac disease 0 (0) 1 (5)

Medical conditions in last pregnancy

Gestation hypertension/pre-eclampsia 2 (8) 6 (29)

Gestational diabetes 1 (4) 5 (24)

Clinical COVID-19 infection prior to 1st blood sample

Mother 0 (0) 1 (5)

Child 0 (0) 0 (0)

Maternal primary COVID-19 vaccine

BNT162b2 (Pfizer-BioNTech) 10 (42) 8 (38)

mRNA-1273 (Moderna) 14 (58) 11 (52)

Ad26.COV2.S (Janssen/Johnson and Johnson) 0 (0) 2 (100)

Maternal booster SARS-CoV-2 vaccine

BNT162b2 (Pfizer-BioNTech) 9 (37) 8 (38)

mRNA-1273 (Moderna) 15 (63) 13 (62)

Child sex

Male 11 (46) 9 (43)

Female 13 (54) 12 (57)

Child gestational age at birth

< 35 weeks 0 (0) 2 (10)

35–36 weeks 0 (0) 4 (19)

>37 weeks 24 (100) 15 (71)

Child age at 1st blood sample

< 3 months 2 (8) 0 (0)

� 3 to 5 months 17 (71) 1 (5)

� 6 to 11 months 5 (21) 7 (33)

� 12 to 17 months 0 (0) 8 (38)

� 18 months 0 (0) 5 (24)

N (%). BMI: body mass index

https://doi.org/10.1371/journal.pone.0287103.t001
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Anti-RBD antibodies in maternal blood before and after COVID-19

booster vaccine

Ninety-six percent (43/45) of women had positive serum anti-RBD IgG on average eight

months after primary series but before booster (Table 2). In contrast, only 40% (18/45) had

serum anti-RBD IgA. There was no difference in the proportion of women positive for anti-

RBD IgG or IgA or in GMT at any time by maternal serum anti-NP status (Table 2; Fig 3A

and 3B). However, regardless of anti-NP status, anti-RBD IgG and IgA GMT in maternal

Fig 2. Flow chart of anti-NP results and COVID-19 infections in samples of women included in study (N = 45).

https://doi.org/10.1371/journal.pone.0287103.g002

Table 2. Comparison of the proportion of positive blood and milk samples for anti-RBD IgG and IgA by maternal anti-NP status in blood using Fisher’s exact

tests.

Blood anti-RBD IgG Milk anti-RBD IgG

Time Anti-NP- Anti-NP+ OR (95%CI) p-valuea Anti-NP- Anti-NP+ OR (95%CI) p-valuea

Pre-booster 24/26 (92) 19/19 (100) –b 0.50 4/26 (15) 10/19 (53) 0.2 (0.0–0.8) 0.01

Post-booster 14-35d 22/22 (100) 19/19 (100) – – 22/22 (100) 19/19 (100) – –

Post-booster 60-119d 9/9 (100) 8/8 (100) – – 9/11 (82)c 9/10 (90)c 0.5 (0.0–11.6) 1.00

Post-booster 120-170d 5/5 (100) 3/3 (100) – – 4/5 (80) 3/3 (100) – 1.00

Blood anti-RBD IgA Milk anti-RBD IgA

Time Anti-NP- Anti-NP+ OR (95%CI) p-valuea Anti-NP- Anti-NP+ OR (95%CI) p-valuea

Pre-booster 11/26 (42) 7/19 (37) 1.3 (0.3–5.1) 0.76 3/26 (12) 2/19 (11) 1.1 (0.1–14.6) 1.00

Post-booster 14-35d 21/22 (95) 18/19 (95) 1.2 (0.0–95.9) 1.00 9/22 (41) 4/19 (21) 2.6 (0.5–14.1) 0.20

Post-booster 60-119d 9/9 (100) 6/8 (75) – 0.21 5/11 (45)>c 4/10 (40)c 1.3 (0.2–9.9) 1.00

Post-booster 120-170d 3/5 (60) 2/3 (67) 0.8 (0.0–27.7) 1.00 3/5 (60) 1/3 (33) 3 (0.1–235.0) 1.00

n/N (%); RBD = Receptor Binding Domain; NP = nucleocapsid; OR: odds ratio; CI: confidence interval; d = days
ap-values were calculated using Fisher’s Exact tests.
b“–" indicates that a confidence interval or p-value could not be calculated due to zero counts in one or more cells.
cFour women (two anti-NP negative; two anti-NP positive) provided unpaired milk samples between their second and third blood sample.

https://doi.org/10.1371/journal.pone.0287103.t002
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Fig 3. A-F. SARS-CoV-2 anti-receptor binding domain (RBD) IgG and IgA geometric mean titer (GMT) in maternal

and infant blood and milk before and after maternal COVID-19 booster vaccine (N = 45 pairs). The dotted lines

indicate the positive cutoff titer of 900 for IgG and 300 for IgA in blood (A,B, E, F) and 4 for IgG and 8 for IgA in milk

(C, D). Mixed effects models with Geisser-Greenhouse correction and Sidak’s multiple comparisons test was used to

assess differences over time. Error bars indicate GMT standard deviation. Timepoint comparisons not significant

unless otherwise shown; *: p<0.05; **p<0.01; ***p<0.001; **** p<0.0001. Anti-RBD IgG and IgA was significantly

increased in maternal blood through 60–119 days after booster vaccine and in milk through 120–170 days after booster

vaccine (A-D) regardless of maternal NP status. Anti-RBD IgG GMT in milk continued to increase between 15–35

days and 60–119 days after vaccination (C). Infants of women vaccinated during lactation showed no increase in

serum anti-RBD IgG or IgA antibodies after maternal booster vaccine (E- F). Infants of women vaccinated during

pregnancy showed a decrease in serum anti-RBD IgG between samples (E).

https://doi.org/10.1371/journal.pone.0287103.g003
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blood significantly increased 2–4 weeks after booster and remained increased through 60–119

days after booster (Fig 3A and 3B). By 120–170 days, there was no difference in GMT com-

pared to pre-booster samples.

Anti-RBD antibodies in milk before and after SARS-CoV-2 booster vaccine

Fifteen percent (4/26) of anti-NP negative women and 53% (10/19) of anti-NP positive women

had positive milk anti-RBD IgG obtained before booster (Odds ratio (OR) 0.2 (95%Confidence

interval (CI) 0.0–0.8; p = 0.011; Table 2). However, after booster, there were no differences in

milk anti-RBD IgG or IgA by maternal anti-NP status (Table 2). Using the mixed-effects

model, there were no statistical differences in milk IgG and IgA GMT by maternal anti-NP sta-

tus over time (Fig 3C and 3D). However, there was a non-significant trend toward decreased

milk IgG GMT by 120–170 days post-booster among anti-NP negative women (Fig 3C).

Among all women, regardless of anti-NP status, milk anti-RBD IgG and IgA GMT signifi-

cantly increased 14–35 days after booster and remained elevated at all subsequent timepoints

relative to the pre-booster sample (Fig 3C and 3D). Milk IgG GMT continued to rise at 60–119

days relative to 14–35 days after booster, with an average 2.6-fold dilution increase (Fig 3C,

p<0.0001).

Correlation of anti-RBD antibodies in maternal blood and milk

While milk anti-RBD IgG significantly correlated with anti-RBD IgG in paired maternal blood

obtained both before and 14–35 days after booster, the correlation was strongest 60–119 days

after booster (Fig 4A). Conversely, milk anti-RBD IgA only weakly correlated with maternal

anti-RBD IgA in paired blood obtained 14–35 days after booster (Fig 4B).

Fig 4. A, B. Correlation of human milk anti-receptor binding domain (RBD) IgG and IgA with serum IgG and IgA before and after COVID-19 booster

vaccine (N = 45 paired samples). The colors represent the different time points. The dotted lines indicate the positive cutoff titer for IgG (900 for serum and 4

for milk) and IgA (300 for serum and 8 for milk). Milk IgG correlated with IgG in serum before and at 15–35 days and 60–119 days after booster vaccine (A).

Milk IgA correlated with IgA in serum at 14–35 days after booster vaccine (B). Correlations were analyzed using Pearson correlation coefficient.

https://doi.org/10.1371/journal.pone.0287103.g004
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Anti-RBD antibodies in infant blood before and after SARS-CoV-2 booster

vaccine

Ninety-one percent (41/45) of infants were anti-NP negative on initial blood, with 9% (4/45)

positive and excluded (Fig 5). Of those negative, 98% (40/41) and 81% (25/31) remained nega-

tive on their second and third blood samples, respectively.

Among anti-NP negative infants, 74% (17/23) of infants born to women vaccinated during

pregnancy had positive (�900) serum anti-RBD IgG prior to maternal booster, compared to

11% (2/18) of infants born to women vaccinated while lactating (p<0.001). Among infants

born to women immunized while lactating, there was no increase in blood anti-RBD IgG after

maternal booster (Fig 3E). However, among infants born to women immunized during preg-

nancy, there was a significant decrease in serum anti-RBD IgG at all times compared to initial

Fig 6. Comparison of infant to maternal anti-receptor binding domain (RBD) IgG among mother-infant pairs

who are both negative for anti-NP in serum obtained before COVID-19 booster vaccine by trimester of

vaccination with primary COVID-19 vaccine series (N = 15).

https://doi.org/10.1371/journal.pone.0287103.g006

Fig 5. Flow chart of anti-NP results and COVID-19 infections in samples from children included in study.

https://doi.org/10.1371/journal.pone.0287103.g005
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blood (Fig 3E), whereby only 6% (1/17) had positive IgG by their third sample. No infants had

detectable anti-RBD IgA in any blood sample (Fig 3F).

Among 15 mother-infant pairs who were both anti-NP negative on their first blood sample,

infants born to women vaccinated during the second trimester (N = 9) had higher infant to

maternal ratio of IgG GMT compared to those vaccinated during the third trimester (N = 6);

mean ratio 0.85 versus 0.29; p<0.001; Fig 6). There was no difference in mean infant age at

time of initial blood sample between those exposed to vaccine during the second and third tri-

mester (5.1 versus 5.9 months, respectively; p = 0.127).

Discussion

In this analysis, we demonstrate that lactating women who were vaccinated with SARS-CoV-2

primary series and then boosted with mRNA-based vaccine had increased breastmilk IgG and

IgA compared to pre-booster milk. While this increase was detectable as early as 2 weeks after

vaccination, anti-RBD titers peaked between 3–4 months and, while still elevated, began to

decline by 5–6 months. There was some signal that titer levels in milk may remain higher lon-

ger for women with a history of COVID-19, but these differences were not significant, likely

due to small sample size at later timepoints. While the substantial increase in milk GMT for

IgA and particularly IgG after booster vaccine is encouraging, it remains unknown whether

these increased titers correlate with increased protection for infants. Notably, the majority of

infants born to women who received primary SARS-CoV-2 vaccine during pregnancy still had

substantial transplacental antibodies five months after delivery. Our data also suggest that opti-

mal antibody transfer may occur with second trimester vaccination. These data reinforce cur-

rent recommendations for all pregnant and lactating women to receive primary and booster

vaccines. Finally, we show that despite increased milk anti-RBD antibodies after maternal

COVID-19 booster, there was no significant increase in anti-RBD antibodies in infant blood,

indicating poor absorption of these antibodies across the gut mucosa.

Our study corroborates that maternal vaccination with mRNA vaccines may offer an

important mechanism to protect infants from COVID-19 and mitigate disease severity

through provision of transplacental and milk antibodies that are correlated with protection in

adults. Numerous studies identified robust anti-RBD IgG and to a lesser degree IgA in milk

after completion of primary COVID-19 vaccine series either during pregnancy or lactation

[12, 16, 21, 22]. However, antibodies in milk wane significantly by 3–4 months after the pri-

mary series. Booster vaccines resulted in higher milk anti-RBD and neutralization antibodies

up to one month after vaccination but longer term follow-up was not available [17, 23]. The

increased durability of milk antibodies after booster vaccine seen in our study is likely a func-

tion of the increased durability of vaccine-induced antibodies in blood after booster. However,

the etiology of the delayed peak in milk IgG after vaccination, despite similar blood titer

between timepoints is less clear. While most IgG is thought to be transported into breastmilk

from maternal blood by the FcRn receptor, IgG-secreting plasma cells are also present in

breastmilk [24–26]. Gradual migration of plasma cells from B-cell germinal centers in sur-

rounding lymph nodes, mammary glands, or other mucosal tissues may account for this

delayed increase [26–28]. As seen with the primary series, booster vaccine induced a stronger

blood and milk IgG response compared to IgA. The intramuscular route of SARS-CoV-2 vac-

cine administration is strongly associated with an IgG dominant antibody response [10, 12, 15,

16]. Additionally, RNA based vaccines generally favor a Th1 response compared to protein

based or oral formulations, while IgA production is typically stimulated by Th2 cytokines such

as IL4, IL5 and IL6 [29, 30].
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The 42% seroprevalence for SARS-CoV-2 on the first maternal blood sample obtained from

October 2021 to January 2022 was higher than the 20–30% prevalence previously reported in

U.S. healthcare workers, although these studies were prior to the U.S. Delta wave [31–33].

While anti-NP positive women were more likely to be positive for IgG in their milk prior to

booster, we did not see other differences in blood or milk GMT before or after booster by

maternal NP status. The majority of these infections were likely asymptomatic or mild, which

is associated with lower and shorter duration of virus-specific IgG compared to more symp-

tomatic infections [34, 35]. Furthermore, studies on hybrid immunity following primary

mRNA-based vaccines highlight that initial protection is similar between hybrid versus vac-

cine-only immunity. Differences in protection, including titers and neutralization, begin to

emerge during long-term follow-up 6–12 months after vaccination [36, 37]. Therefore, dura-

tion of follow-up may limit our ability to identify antibody differences in blood and milk by

NP status.

To evaluate whether SARS-CoV-2 antibodies in milk could be absorbed and disseminated

in infant serum, we evaluated SARS-CoV-2 antibodies in infant blood following maternal

booster vaccination and when milk antibodies were highest. After maternal booster, we found

that no infants had increased blood anti-RBD IgG or IgA. Although transcytosis of IgG anti-

bodies across the gastrointestinal tract from breastmilk has been described, our data does not

support this as a mechanism for acquisition of serum SARS-CoV-2 antibodies in infants [38–

40]. In addition to degradation of breastmilk antibodies in the gut, limiting the opportunity

for transcytosis, intestinal enterocytes typically exhibit limited absorption of macromolecules

in term infants [15, 26, 38, 39]. However, milk antibodies against SARS-CoV-2 may still pro-

vide meaningful protection at the mucosa by blocking virus binding, cell entry, and replication

[12, 15, 17, 28, 41]. Interestingly, we identified two infants with positive serum RBD IgG GMT

but negative initial anti-NP. In these cases, absorption from milk was unlikely as IgG GMT

was undetectable/low on paired maternal milk samples. However, it is possible that these

infants experienced SARS-CoV-2 infection but did not seroconvert for anti-NP [42, 43].

As in other studies, maternal vaccination in pregnancy is a reliable way to provide serum

SARS-CoV-2 antibody to young infants and may provide critical passive immune protection

until infants are eligible for COVID-19 vaccines [10, 11, 44]. Our finding of higher infant-to-

maternal antibody ratios following maternal COVID-19 vaccination during the second trimes-

ter is consistent with similar studies of maternal pertussis, tetanus, and influenza vaccines [45–

49].

Our study is limited by lack of respiratory surveillance with PCR testing for SARS-CoV-2

infection for participants. While we assessed for seroconversion to positive serum anti-NP

antibody, the lack of surveillance data limits our ability to know if COVID-19 infection

occurred or if a new infection occurred among anti-NP positive women. Additionally, our lim-

ited sample size at later timepoints and overall duration of follow-up limits some analysis of

differences between women with and without hybrid immunity. Finally, the evolution of the

pandemic including emergence of new variants and changes in vaccine recommendations

leads to variability that could affect these findings. This includes variation in the timing of

booster vaccine relative to the primary series, as many women in this study were front-line

workers and among the first to receive the primary series.

Conclusions

We demonstrate that maternal COVID-19 booster with mRNA-based vaccines generated

robust and durable IgG and IgA milk antibodies. We also show that those antibodies were not

detected in infant blood following booster vaccine. COVID-19 vaccination during pregnancy
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results in significant levels of IgG in the infant that persist up to five months and may help pro-

tect infants from COVID-19 during this vulnerable period. Further studies are needed to

investigate the clinical significance of SARS-CoV-2 antibodies in milk and optimal timing of

SARS-CoV-2 vaccination in pregnancy for the protection of children from COVID-19. Clini-

cians should use these data to encourage pregnant and lactating women to obtain primary and

booster vaccines to protect themselves and their children.
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Villacampa L, et al. SARS-CoV-2 Antibodies in Breast Milk After Vaccination. Pediatrics. 2021; 148(5).

Epub 2021/08/20. https://doi.org/10.1542/peds.2021-052286 PMID: 34408089.

14. Perl SH, Uzan-Yulzari A, Klainer H, Asiskovich L, Youngster M, Rinott E, et al. SARS-CoV-2-Specific

Antibodies in Breast Milk After COVID-19 Vaccination of Breastfeeding Women. Jama. 2021; 325

(19):2013–4. Epub 2021/04/13. https://doi.org/10.1001/jama.2021.5782 PMID: 33843975; PubMed

Central PMCID: PMC8042567.

15. Narayanaswamy V, Pentecost BT, Schoen CN, Alfandari D, Schneider SS, Baker R, et al. Neutralizing

Antibodies and Cytokines in Breast Milk After Coronavirus Disease 2019 (COVID-19) mRNA Vaccina-

tion. Obstetrics and gynecology. 2022; 139(2):181–91. Epub 2022/02/02. https://doi.org/10.1097/AOG.

0000000000004661 PMID: 35104067; PubMed Central PMCID: PMC8759542.

16. Schwartz A, Nir O, Toussia-Cohen S, Leibovich L, Strauss T, Asraf K, et al. Presence of SARS-CoV-2

antibodies in lactating women and their infants following BNT162b2 messenger RNA vaccine. American

journal of obstetrics and gynecology. 2021; 225(5):577–9. Epub 2021/08/06. https://doi.org/10.1016/j.

ajog.2021.07.016 PMID: 34352250; PubMed Central PMCID: PMC8327579.

17. Bender JM, Lee Y, Cheng WA, Marentes Ruiz CJ, Pannaraj PS. Coronavirus Disease 2019 Vaccine

Booster Effects Are Seen in Human Milk Antibody Response. Frontiers in nutrition. 2022; 9:898849.

Epub 2022/06/11. https://doi.org/10.3389/fnut.2022.898849 PMID: 35685893; PubMed Central

PMCID: PMC9171392.

PLOS ONE Passive antibodies after maternal SARS-CoV-2 vaccination

PLOS ONE | https://doi.org/10.1371/journal.pone.0287103 June 13, 2023 13 / 15

https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#pregnancy-fertility
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#pregnancy-fertility
https://doi.org/10.1016/j.vaccine.2020.11.078
http://www.ncbi.nlm.nih.gov/pubmed/33342635
https://doi.org/10.1016/j.eclinm.2022.101287
http://www.ncbi.nlm.nih.gov/pubmed/35169689
https://doi.org/10.1503/cmaj.210053
http://www.ncbi.nlm.nih.gov/pubmed/34580141
https://doi.org/10.1097/inf.0000000000003043
https://doi.org/10.1097/inf.0000000000003043
http://www.ncbi.nlm.nih.gov/pubmed/33538539
https://doi.org/10.1093/cid/cis923
http://www.ncbi.nlm.nih.gov/pubmed/23097585
https://doi.org/10.3928/00904481-20130723-09
http://www.ncbi.nlm.nih.gov/pubmed/23910028
https://doi.org/10.1093/infdis/142.6.844
https://doi.org/10.1093/infdis/142.6.844
http://www.ncbi.nlm.nih.gov/pubmed/7462695
https://doi.org/10.1056/NEJMoa0708630
http://www.ncbi.nlm.nih.gov/pubmed/18799552
https://doi.org/10.1001/jama.2021.7563
http://www.ncbi.nlm.nih.gov/pubmed/33983379
https://doi.org/10.1056/NEJMoa2204399
http://www.ncbi.nlm.nih.gov/pubmed/35731908
https://doi.org/10.1542/peds.2021-054260
http://www.ncbi.nlm.nih.gov/pubmed/34981122
https://doi.org/10.1542/peds.2021-052286
http://www.ncbi.nlm.nih.gov/pubmed/34408089
https://doi.org/10.1001/jama.2021.5782
http://www.ncbi.nlm.nih.gov/pubmed/33843975
https://doi.org/10.1097/AOG.0000000000004661
https://doi.org/10.1097/AOG.0000000000004661
http://www.ncbi.nlm.nih.gov/pubmed/35104067
https://doi.org/10.1016/j.ajog.2021.07.016
https://doi.org/10.1016/j.ajog.2021.07.016
http://www.ncbi.nlm.nih.gov/pubmed/34352250
https://doi.org/10.3389/fnut.2022.898849
http://www.ncbi.nlm.nih.gov/pubmed/35685893
https://doi.org/10.1371/journal.pone.0287103


18. Castanha PMS, Tuttle DJ, Kitsios GD, Jacobs JL, Braga-Neto U, Duespohl M, et al. Contribution of

Coronavirus-Specific Immunoglobulin G Responses to Complement Overactivation in Patients with

Severe Coronavirus Disease 2019. J Infect Dis. 2022; 226(5):766–77. Epub 2022/03/11. https://doi.org/

10.1093/infdis/jiac091 PMID: 35267024; PubMed Central PMCID: PMC8992249.

19. Xu L, Doyle J, Barbeau DJ, Le Sage V, Wells A, Duprex WP, et al. A Cross-Sectional Study of SARS-

CoV-2 Seroprevalence between Fall 2020 and February 2021 in Allegheny County, Western Pennsyl-

vania, USA. Pathogens (Basel, Switzerland). 2021; 10(6). Epub 2021/07/03. https://doi.org/10.3390/

pathogens10060710 PMID: 34204122; PubMed Central PMCID: PMC8226606.

20. Allegheny County Health Department. Variants and Genomiic Surveillance for SARS-CoV-2 in Alle-

gheny County 2022 [01/06/2023]. Available from: https://tableau.alleghenycounty.us/t/PublicSite/views/

COVID-19-VariantandGenomicSurveillance_16523720460910/

VariantsandGenomicSurveillanceforSARS-CoV-2?%3Aembed=y&%3AshowAppBanner=false&%

3Adisplay_count=n&%3AshowVizHome=n&%3Aorigin=viz_share_link.
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