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A B S T R A C T   

Background: : While a growing body of literature describes antibody dynamics in serum, little is known about breast milk antibody titers in the months following 
SARS-CoV-2 infection. 
Objectives: : We evaluated the dynamics of the humoral immune response to SARS-CoV-2 in two women who were breastfeeding when infected. We assessed paired 
breast milk and serum samples for six months post-infection for antibodies specific to the SARS-CoV-2 receptor binding domain (RBD) of the spike protein. 
Results: : Starting at 10 days after symptom onset, IgA antibody levels were persistent over a 6-month time period in human milk. For both mothers, no detectable IgA 
was found in the samples collected pre-symptom onset. RBD-specific IgG and IgM antibodies in tandem serum collected from the two donors demonstrated stable IgG 
levels over the six-month time period post-symptom onset. 
Conclusions: : We found that breastfeeding mothers produced a durable IgA response for up to six months following COVID-19 infection, suggesting an important role 
for breast milk in protection of infants.   

1. Introduction 

Transfer of maternal SARS-CoV-2 antibodies to infants through 
breast milk may be important in protecting infants from COVID-19. IgA 
is the main SARS-CoV-2-reactive immunoglobulin in breast milk [1–3], 
making up 90% of the antibodies found in human milk [4]. The 
long-term persistence of antibodies in breast milk following maternal 
infection with SARS-CoV-2 is unknown, with four studies reporting 
longitudinal data on antibody titers in milk only up to 12 weeks [5–8]. 
Mapping antibody dynamics post-infection is important for under
standing the long-term impact of breastfeeding following SARS-CoV-2 
infection. 

We report a longitudinal evaluation, spanning six months post- 
symptom onset, of the antibody response to SARS-CoV-2 infection in 
breast milk and in serum among two breastfeeding individuals who 
tested positive for SARS-CoV-2 postpartum. 

2. Methods 

2.1. Participants 

Serum and breast milk samples were collected from five women, 
including two enrolled in a prospective longitudinal cohort study of 
adults with COVID-19 and three healthy controls. Participants with PCR- 
confirmed SARS-CoV-2 infection were enrolled 30–60 days following 
mild illness that did not require hospitalization; information on the in
fants was not available. The three healthy controls indicated no prior 
history of a positive SARS-CoV-2 test or any recent symptoms consistent 
with COVID-19, and tested negative on a serum antibody test. At the 
time of enrollment, all participants underwent informed consent. 

2.2. Sample collection and processing 

Subjects underwent collection of blood samples at the time of 
enrollment and returned periodically for longitudinal sample collection. 
Nursing subjects also contributed breast milk self-collected at home. The 
two SARS-CoV-2 infected participants provided breast milk samples 
spanning from three weeks prior to symptom onset to six months post- 
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illness onset. Whole blood was centrifuged, and the subsequent serum 
was aliquoted, frozen at − 80 ◦C, and then heat-inactivated prior to 
testing. Collected breast milk samples were thawed, centrifuged, ali
quoted, and frozen at − 80 ◦C. 

2.3. Measurement of SAR-CoV-2-specific antibodies 

We adopted a previously described enzyme-linked immunosorbent 
assay (ELISA) [9] to measure IgA, IgG, and IgM antibody concentrations 
to the SARS-CoV-2 Receptor Binding Domain (RBD) site to analyze both 
serum and human milk samples. Ninety-six-well plates were coated 
overnight with spike protein RBD of SARS-CoV-2/Wuhan/2019 (Im
mune Tech, New York, NY) diluted in phosphate-buffered saline (PBS) at 
4 ◦C. To correct for background interference for breast milk samples, an 
additional set of plates were coated only with PBS. After overnight in
cubation, coated plates were washed three times with PBS containing 
0.1% Tween-20 (PBS-T) (Sigma-Aldrich, Saint Louis, MO). Plates were 
blocked with PBS-T and 3% bovine serum albumin (BSA) (Sigma 
Aldrich, Saint Louis, MO) for one hour at room temperature. Milk and 
serum samples were diluted in PBS-T/1% BSA with a starting dilution of 
1:5 and 1:25, respectively. Milk samples were serially diluted two-fold 
and serum samples were diluted three-fold; these sequential dilutions 
were added in duplicate (100uL/well) to the plate after the blocking 
solution was removed. After two-hour incubation at room temperature, 
the plates were washed three times with PBS-T. Anti-human-IgG 
Fab-specific, IgM Fc5μ fragment-specific, or IgA α-chain-specific (Jack
son ImmunoResearch, West Grove, PA) were diluted 1:5000 in 
PBS-T/1% BSA and added to plates to incubate for one hour. Plates were 
washed three times and developed with ABTS solution (Sigma Aldrich, 
Saint Louis, MO) followed by quenching with HCl after 20 min and read 
at 405 nm. 

2.4. Statistical analysis 

For serum samples, AUC was calculated as the total peak area under 
the titration curve using GraphPad Prism software. To account for the 
heterogeneity of background absorbance arising from non-antibody 
breast milk components, the antigen-free plate absorbance reading 
was subtracted from antigen-coated plate absorbance reading. The 
resulting AUC [adjusted] for breast milk samples was calculated as the 
area under the titration curve by plotting the adjusted absorbance values 
with GraphPad Prism software. 

2.5. Ethical considerations 

The study was approved by the University of Washington Human 
Subjects Institutional Review Board (Study IDs 00,000,959 and 
00,002,929). 

3. Results 

3.1. COVID-19 infected participant characteristics 

Both participants had mild SARS-CoV-2 infections that did not 
require hospitalization. Participant A developed symptoms 236 days 
after delivery. She sought care from their primary care provider 
reporting fever, myalgias, shortness of breath, dyspnea, fatigue, and loss 
of sense of taste or smell. Participant B developed symptoms 265 days 
after delivery, and reported rhinorrhea, diarrhea, and loss of sense of 
taste or smell, and did not require any medical care for her illness. 

3.2. IgA antibody levels in breast milk persistent over 6 months post- 
infection 

Antibodies specific to the RBD of SARS-CoV-2 were quantified in 
breast milk samples from two COVID-19 infected mothers and compared 

to the values of healthy controls. For both mothers, no detectable IgA 
was found in the sample collected pre-symptom onset. Starting at 10 
days post-symptom onset, IgA levels were persistent over a six-month 
period (Fig. 1A). The IgA level in Participant A gradually increased 
over a three-month period before decreasing and plateauing. The IgA 
antibody titer in Participant B peaked at 33 days post-symptom onset 
and decreased to a consistent level over the next five months. Although 
IgA-specific antibodies were detected and quantified at three standard 
deviations above the average healthy control breast milk samples, IgG 
and IgM were not above the positive cut-off. The assay was not sensitive 
enough to distinguish breast milk IgG and IgM levels from the negative 
controls, even when adjusting for background absorbance readings (data 
not shown). 

3.3. Serum antibody titers differed from breast milk antibody titers 

Serum IgA, IgG, and IgM antibody levels were measured in samples 
from the same two breastfeeding mothers in the six months following 
symptom onset. Both participants were found to have IgG antibodies 
specific to the RBD region of SARS-CoV-2 after illness, while only one 
had a level of IgM distinguishable from negative controls (Fig. 1C-D). No 
detectable IgA antibody level was found in serum samples (Fig. 1B). 
Over the six-month period, the IgG levels remained steady for both 
participants (Fig. 1C). 

4. Discussion 

Breastfeeding mothers produced durable anti-RBD IgA antibodies in 
breast milk beginning ten days after symptom onset and persisting over 
6 months. This abundance of IgA is consistent with the unique ability of 
dimeric IgA to cross the mucosal environment into the mammary gland 
and the preferential expression of J-chain by mucosal plasma cells [10]. 
While this study was not designed to evaluate the level of protection that 
IgA conferred from mother to infant during prolonged lactation periods, 
patterns of protection found in other respiratory viruses suggest this 
confers effective passive immunity [9,11]. 

The RBD-specific antibodies in serum collected from the two SARS- 
CoV-2 infected mothers demonstrated stable titers over the six-month 
time period post-symptom onset. While the main antibody isotype 
quantified in serum was IgG, only Participant A had detectable levels of 
IgM distinguishable from the SARS-CoV-2 PCR-negative controls. With 
Participant A’s first serum collection occurring 61 days following 
symptom onset, the undetectable levels of IgM are consistent with 
known rapid decline following initial peak humoral response [12]. 

This study has several limitations. First, a larger sample size is 
needed to definitively characterize SARS-CoV-2 humoral immunity in 
milk. We also only assessed the immune response to the RBD site due to 
the critical role of the RBD site in facilitating viral fusion into host cells 
[13,14], but evaluation of other antigens could expand the under
standing of neutralizing capabilities of breast milk antibodies. 

Although non-randomized observational studies have found that 
breastfeeding is associated with protection against respiratory viruses 
via transfer of immunity between mother and infant [15], protection 
against SARS-CoV-2 infection specifically has yet to be established. 
Understanding the dynamics of antibodies in breast milk is crucial in
formation for evaluating the potential impact on infants of vaccinating 
women who are pregnant or breastfeeding. 
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Fig. 1. Antibody binding titers over time in 
serum and breast milk from two women infec
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infant. A) Longitudinal SARS-CoV-2 RBD-spe
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symptom onset quantified by area under the 
curve of ELISA after adjustment for background 
signal by subtraction of an antigen-free plate 
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