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Summary
BACKGROUND: Pregnant and lactating women were sys-
tematically excluded from the first SARS-CoV-2 vaccine
trials, leading to great uncertainty in those women and
their treating clinicians concerning the safety of the SARS-
CoV-2 vaccine [1]. Detailed information about the immune
response in blood and breast milk of lactating women and
the transmission to infants after mRNA vaccination against
SARS-CoV-2 is still scarce.

STUDY AIMS: We aimed to characterise the antibody re-
sponses and neutralising antibody responses against dif-
ferent variants of SARS-CoV-2 after mRNA vaccination
in blood and breast milk of lactating women. We further
aimed to compare the antibody responses to a matched
cohort of non-lactating women, and to identify factors as-
sociated with antibody responses. Additionally, we as-
sessed the occurrence of post-vaccination symptoms,
health status trajectories and SARS-CoV-2 infections
among participants and their infants after vaccination.

METHODS: We conducted a single-centre prospective co-
hort study recruiting participants between October 2021
and February 2022. The study participants were recruited
directly on-site at the reference vaccination centre of the
Canton of Zurich, or referred to the study centre by exter-
nal healthcare providers. Eligible participants were aged
>18 years and had not previously been vaccinated against
SARS-CoV-2 with an mRNA vaccine. The primary out-
come was the antibody response (anti-S IgA, anti-S IgG,
anti-N IgG) in blood plasma and breast milk in lactating
women at baseline, 4 weeks and 6 weeks. Secondary
outcomes were neutralising antibody responses in blood
plasma at 6 weeks, as well as self-reported post-vaccina-
tion symptoms, health status (assessed using the EuroQol
visual analogue scale [EQ VAS]) and SARS-CoV-2 infec-
tions in mothers and infants over the study follow-up. Anti-
body responses in plasma were compared with a propen-
sity score-matched sample of non-lactating women from

the population-based Zurich SARS-CoV-2 Vaccination Co-
hort. Descriptive statistical analyses were conducted for
all outcomes, and associations between demographic and
clinical factors with antibody responses were evaluated
using multivariable mixed linear regression models.

RESULTS: Of 45 eligible study participants, 40 lactating
women completed at least two immunological assess-
ments and were included in analyses. Study participants
had a mean age of 34.9 years and 5 (12.8%, 5/39) partic-
ipants reported a prior SARS-CoV-2 infection.Two weeks
after the second vaccination (at 6 weeks), all study partic-
ipants tested seropositive in blood plasma for anti-S IgG
and anti-S IgA, with 3 (7.7%, 3/39) testing seropositive for
anti-N IgG. Neutralising antibodies against the wildtype,
delta and omicron variants were detected in blood plas-
ma of 100% (40/40), 97.4% (39/40) and 64.1% (26/40) of
participants, respectively. All breast milk samples tested
positive for anti-S IgG, but only 15.6% (6/40) showed de-
tectable anti-S IgA levels. Antibody responses were simi-
lar in the matched cohort of non-lactating women. Of the
136 post-vaccination symptoms reported in mothers and
the 37 reported in infants (173 post-vaccination symptoms
in total), the majority were reported to be of very mild
to medium severity (87.1%, 108/124 in mothers; 93.5%,
29/31 in infants) and resolved spontaneously (70.7%, 70/
99 in lactating women; 42.3%, 11/26 in infants). EQ VAS
scores were high at baseline (median: 85, interquartile
range [IQR]: 75.5–92) and showed a minimal decrease at
weeks 4 and 6 (medians: 82 and 81), with self-reported
wellbeing returning to baseline levels by month 6. Over six
months, 52% of the study participants reached for full fol-
low-up (13/25) reported an infection with SARS-CoV-2, all
of mild severity.

CONCLUSIONS: Antibody responses against SARS-
CoV-2 in blood plasma and breast milk were found to
be anti-S IgG-dominant, and neutralisation assays at 6
months showed high neutralisation capacity for the wild-
type and delta variants in plasma. No difference between
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lactating and non-lactating women was found. Self-report-
ed post-vaccination symptoms were mostly of medium 
severity, and health status returned to baseline levels by 
6 months after a short-term decrease around 4–6 weeks. 
Mild infections were reported after vaccination.

Introduction

The COVID-19 pandemic has posed significant health 
risks, especially to pregnant women and infants under 6 
months, who faced high hospitalisation rates [2–5]. Anti-
bodies play an important role in neonatal immunity, mak-
ing detailed knowledge about immune responses in this 
population and protective immunity transferred through 
breast milk vital.

To date, the immune response of lactating women is sub-
ject to substantial research and not yet fully understood. 
Studies have shown that antibodies stimulated through 
vaccination transfer into breast milk and may protect the 
child. They could be detected in breast milk up to 8 months 
after receiving the first vaccine dose, although their con-
centrations decreased when compared with concentrations 
reached immediately after vaccination [6, 7]. Neutralising 
activity of vaccine-induced antibodies in breast milk is 
highly variable and generally low [8–12]. Breast milk IgG 
antibodies are synchronised with maternal serum IgG an-
tibodies, and maternal serum antibody titres are equivalent 
to those of non-lactating women [11, 13–16]. There is 
no evidence of serious side effects of SARS-CoV-2 vac-
cinations in mothers or infants or significant impact on 
milk supply across numerous large studies and registries 
of COVID-19 vaccination in lactation [10, 15–20]. Until 
now, no clinical correlation has been established between 
clinical protection from COVID-19 infection in breastfed 
infants and breast milk antibody concentration of vacci-
nated lactating mothers [21, 22]. Only a few studies have 
compared immune responses in lactating vs non-lactating 
women and included longitudinal symptom evaluations. 
Despite increasing numbers of studies, further research 
needs to be conducted to better understand the complex 
topic of immune response after COVID-19 mRNA vacci-
nation in lactating women.

This study aimed to characterise the antibody responses 
and neutralising antibody responses against different vari-
ants of SARS-CoV-2 in blood and breast milk after mRNA 
vaccination (Comirnaty® [BNT-162b2] or Spikevax® [mR-
NA-1273]) in lactating women. Further objectives were to 
compare the antibody responses to those in a matched co-
hort of non-lactating women, and to identify factors asso-
ciated with antibody responses. Additionally, we assessed 
the occurrence of post-vaccination symptoms, health status 
trajectories, and SARS-CoV-2 infections among study par-
ticipants and their children after vaccination.

Materials and methods

Study design

A single-centre prospective cohort study of lactating 
women receiving an mRNA vaccine against SARS-CoV-2 
was conducted at the Corona Centre of the University of

Zurich, Switzerland, from 15 October 2021 to 21 February
2022 (recruitment period). Recruitment was stopped ear-
ly due to a substantial decline in participant attendance,
mainly because of changes in regulations (discontinuation
of mandatory vaccination certificates, growing number of
individuals with prior infection and therefore not needing
vaccination). The study site operated as the reference vac-
cination centre in the Canton of Zurich, providing an opti-
mal location for recruiting study participants. Participants
were recruited on-site (flyers, direct approach by trained
personnel) before vaccination or referred by external
healthcare providers (whom we provided with information
material beforehand). Approximately 65 healthcare
providers (paediatricians and gynaecologists) in the city of
Zurich were approached. During the recruitment period,
two monovalent mRNA vaccines were available in
Switzerland: BNT-162b2 and mRNA-1273 (both approved
for individuals 12 years and older). Most of the data was
collected during the first wave of infections with the omi-
cron variant in Switzerland, which started in November
2021 [23].

Lactating women aged over 18 years, who had not pre-
viously received a vaccination against SARS-CoV-2 and
who could follow the study procedures were included. El-
igible women not completing at least two immunological
assessments were excluded from the study.

The study was approved by the ethics committee of the
Canton of Zurich (BASEC 2021-01835). All participants
provided written informed consent to participate in the
study. The study was registered in the International Stan-
dard Randomised Controlled Trial Number registry (IS-
RCTN12344753, accessible at https://doi.org/10.1186/IS-
RCTN12344753). A comprehensive project plan outlining
the study design and methodology was developed and
served as the equivalent of the study protocol. This project
plan has, however, not been published online but is avail-
able upon request from the corresponding author.

Outcome measures

The primary outcome was the antibody response (anti-S
IgA, anti-S IgG and anti-N IgG), measured in mean fluo-
rescence intensity (MFI) ratios (see below), in blood plas-
ma and breast milk at baseline, 4 weeks and 6 weeks. Sec-
ondary outcomes included neutralising antibody responses
against wildtype, delta and omicron variants of SARS-
CoV-2 in blood plasma at 6 weeks, as well as self-reported
post-vaccination symptoms over 6 weeks, health status tra-
jectories (assessed using the EuroQol visual analogue scale
[EQ VAS]) over 6 months, and SARS-CoV-2 infections in
mothers and infants over 6 months of follow-up.

Study assessments and follow-up

Study assessments were conducted at a total of five time
points and included data collection using questionnaires,
a symptom diary and the collection of biological samples
(figure 1). The first visit, the baseline (BL), took place di-
rectly after study enrolment. The second visit (W4) was
scheduled approximately 4 weeks after BL and the third
visit (W6) was scheduled approximately 2 weeks after W4.
At the first three visits, both questionnaire data and sam-
ples were collected. Further online follow-up assessments
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(exclusively questionnaire data) were conducted at approx-
imately 3 months (M3) and 6 months (M6) after the BL
visit. Symptom booklets were collected at 6 weeks during
the last study visit.

Participants were vaccinated with one of the two mono-
valent mRNA vaccines against SARS-CoV-2 available in
Switzerland, BNT-162b2 or mRNA-1273, at BL and at
W4. At both time points, vaccines were administered after
blood withdrawal. Study participants could freely choose
between the two vaccines.

The Research Electronic Data Capture (REDCap) survey
system was used as a software solution to securely manage
the study data [24].

Data collection

The baseline questionnaire included questions about so-
ciodemographic information of the mothers and their in-
fants. Furthermore, SARS-CoV-2-related information was
obtained, i.e. about previous episodes with possible
COVID-19 symptoms or previous documented SARS-
CoV-2 infection. Participants’ health status was assessed
using the EuroQol visual analogue scale (EQ VAS), which
was included as part of the EuroQoL 5-dimension 5-level
(EQ-5D-5L) instrument (German version) [25]. The full
baseline questionnaire can be found in the supplementary
material at https://doi.org/10.57187/s.4207.

In addition, a symptom diary was handed out at the BL
visit which aimed to collect information regarding post-
vaccination symptoms. This included their nature, severity
(based on participants’ self-assessment; 5-point Likert
scale ranging from very mild to very severe) and medical
consequence. There were separate sections for the mother
and her infant. The symptom diary can be accessed in the
supplementary material at https://doi.org/10.57187/s.4207.

At all follow-up time points (W4, W6, M3 and M6), fol-
low-up questionnaires were distributed to participants to
assess health status as well as new SARS-CoV-2 tests and
potential infections over time.

Sample collection

At the study centre, peripheral venous blood samples were
collected at BL, W4 and W6. For the collection of breast
milk samples, study participants could either use a
Medela® Symphony breast pump available at the study

centre or bring cooled breast milk that they had collected
on the day of the study visit. Hence, the maximum time
difference between milk and blood sample collection was
approximately 10 hours.

Laboratory analysis for SARS-CoV-2 antibodies and
neutralising capacity against SARS-CoV-2 variants

All blood and breast milk samples were processed, aliquot-
ed and stored at −20 °C in the biobank of the research
laboratory attached to the study centre. Frozen blood plas-
ma samples were subsequently transported to the Lausanne
University Hospital (CHUV) for analysis. There, laborato-
ry analyses for SARS-CoV-2-specific antibodies for both
blood plasma and breast milk (anti-Spike [S] IgG, anti-S
IgA, anti-Nucleocapsid [N] IgG) and neutralising antibod-
ies (anti-wildtype, anti-delta, anti-omicron) were conduct-
ed as reported elsewhere [26–28]. In short, the analysis
was performed using a Luminex binding assay, more
specifically the Sensitive anti-SARS-CoV-2 Spike Trimer
Immunoglobulin Serological (SenASTrIS), which has
been shown to have a high specificity (99%) and sensitiv-
ity (97%) [28]. The mean fluorescence intensity ratio val-
ues obtained have been categorised into negative and posi-
tive according to the cut-off value of 6 (for anti-S IgG and
anti-N IgG) or 6.5 (anti-S IgA). Values below the cut-off
indicated no detection of SARS-CoV-2-specific antibod-
ies and those above the cut-off were interpreted as pres-
ence of SARS-CoV-2-specific antibodies (i.e. seropositivi-
ty and hence functional immunity) in the analysed samples
[26]. Anti-N IgG levels above the cut-off values were used
as an indicator of a previous infection with SARS-CoV-2
(none of the applied mRNA vaccines contained nucleocap-
sid antigens). The same cut-off values for the mean fluo-
rescence intensity values were used for blood plasma and
breast milk analyses.

In order to determine the presence of SARS-CoV-2 neu-
tralising antibodies against wildtype SARS-CoV-2 as well
as two major variants of concern circulating in 2021 and
early 2022 in Switzerland (delta, omicron BA-1), we used
a cell- and virus-free surrogate assay based on the com-
petitive inhibition of trimeric SARS-CoV-2 spike protein
binding to the angiotensin-converting enzyme 2 (ACE2)
receptor [29]. Neutralisation has been shown to occur at
half-maximal inhibitory concentrations (IC50) above the
cut-off value of 50 [26]. While a similar neutralisation as-

Figure 1: Study flow and assessment time points. BL: Baseline visit; W4: Follow-up visit at approximately 4 weeks; W6: Follow-up visit at ap-
proximately 6 weeks; M3: Follow-up questionnaire at 3 months; M6: Follow-up questionnaire at 6 months.
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say in breast milk was initially planned, this method yield-
ed unreliable results. After multiple unsuccessful attempts
to implement the neutralisation assay in breast milk, we fi-
nally decided to omit it from the analysis.

Additionally, although planned a priori, an additional as-
sessment of T cell responses in the study was not realised
due to time and budget constraints.

Comparison sample of non-lactating women

To compare immune responses in blood of lactating moth-
ers to those of non-lactating women of childbearing age,
we used data from the Zurich SARS-CoV-2 Vaccination
Cohort (ISRCTN15499304), an ongoing, population-
based, longitudinal cohort of individuals vaccinated
against SARS-CoV-2 [30]. From this cohort (total n =
575), a 1:1 propensity score-matched sample of women
aged 20–45 years who were not pregnant and had received
the mRNA-1273 or BNT-162b2 vaccines was drawn.
Propensity score matching was performed based on age,
smoking status, body mass index and presence of chronic
comorbidities, using nearest-neighbour matching with a
calliper of 0.2. The matching was implemented using the
MatchIt package (v4.5.0) in R. Questionnaires, antibody
and neutralising antibody testing protocols of this cohort
were fully aligned with the cohort of lactating mothers to
ensure comparability.

Statistical analysis

Participant characteristics, laboratory testing data and col-
lected follow-up data were analysed using descriptive sta-
tistics. Minimum values were set to 1 (mean fluorescence
intensity ratios) and 0.5 (IC50 values) for antibody and
neutralising antibody responses, respectively, since lower
measurement values were not considered clinically mean-
ingful based on the laboratory tests used. Proportions with
95% Wilson confidence intervals (CIs) were calculated for
individuals testing positive for anti-S IgA, anti-S IgG, an-
ti-N IgG or neutralising antibodies, and reporting a SARS-
CoV-2 infection at the different follow-up time points.
Spearman correlation coefficients were calculated to in-
vestigate correlations of anti-S IgA, anti-S IgG and anti-
N IgG between blood plasma and breast milk at different
time points, as well as to investigate correlations of anti-
body and neutralising antibody responses in plasma at 6
weeks. The associations of different factors with post-vac-
cination (4 weeks and 6 weeks) anti-S IgG response in
plasma and breast milk were evaluated using multivariable
mixed (repeated-measures) linear regression models (mean
fluorescence intensity ratios of anti-S IgG responses were
log10-transformed). These models were mutually adjusted
for the evaluated factors (age of mother, lactation duration,
vaccine type, prior positive SARS-CoV-2 test, smoking
status and body mass index). These variables were selected
a priori based on clinical reasoning, since they were known
to be associated with the strength of the antibody respons-
es [31–34]. Models further included a random intercept for
each individual in the study to account for correlation with-
in individuals. Model assumptions were checked and con-
sidered to be reasonably met given the available sample
size and exploratory nature of the analysis. We calculat-
ed 95% CIs and estimated two-sided p-values using Sat-
terthwaite’s method [35]. We did not adjust p-values for

multiple testing but instead interpreted them in terms of
the strength of statistical evidence given the low statisti-
cal power of the study (no p-value threshold was applied;
p >0.1: no evidence; p >0.05 and ≤0.1: weak evidence; p
>0.01 and ≤0.05: moderate evidence; p >0.001 and ≤0.01:
strong evidence; p <0.001: very strong evidence [36]). As
missing data was sparse, no measures were taken to im-
pute missing values and data was reported as recorded in
the study.

All analyses were conducted using the free open-source
software R (version 4.2.2) [37] and using the tidyverse
(v2.0.0) and lmerTest (v3.1-2) packages.

Results

Participant characteristics

Between 15 October 2021 and 21 February 2022, a total
of 45 study participants were enrolled, of whom three
dropped out at baseline and two after the first vaccination
(did not complete at least two immunological assess-
ments). One participant completed two immunological as-
sessments but dropped out at 6 weeks of follow-up. There-
fore, 40 study participants were included in the immune
response analyses, and 39 were included in the other analy-
ses (figure 2).

Population characteristics are shown in table 1, with fur-
ther details reported in appendix table S1. The median
age of lactating mothers was 36 years (interquartile range
[IQR]: 32–38). The median age of their infants at time of
enrolment was 9 weeks (IQR: 4–17) with 61.5% (24/40)

Figure 2: Enrolment and follow-up.
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being female. The median duration of lactation at enrol-
ment was 8.6 weeks (IQR: 4.3–17.7). Five mothers (5/39
or 12.8%, 1 missing) reported having ever tested positive
for SARS-CoV-2 infection prior to enrolment.

Characterisation of antibody responses against SARS-
CoV-2 in blood plasma and breast milk

After vaccination, a relevant increase in anti-S IgA and an-
ti-S IgG was observed in the blood plasma of the study par-
ticipants (figure 3A). Anti-S IgA and anti-S IgG showed a
continuous increase between baseline and W4 and between
W4 and W6, respectively. At W4 and W6, all participants
(100%, 39/39, 1 missing) tested seropositive for anti-S
IgG antibodies. Three participants (7.5%, 3/40) tested an-
ti-N IgG-positive at enrolment. The number of anti-N IgG-
positive participants decreased by 4 weeks (2.5%, 1/40)
and subsequently increased again by 6 weeks (7.8%, 3/39,
1 missing). Antibody positivity in blood plasma reached
peak levels at W6 for anti-S IgA and at W4 for anti-S IgG
(figure 3B).

In breast milk, a similar increase in anti-S IgG levels was
observed. By 4 weeks, all participants tested positive for
anti-S IgG antibodies. Meanwhile anti-S IgA showed only
a minimal increase, with the majority remaining below the
positivity threshold at 6 weeks (84.6%, 33/39, 1 missing)
(figure 4A). Anti-N IgG antibody levels were consistent-
ly below the positivity threshold except for one participant.
Antibody positivity reached high levels at W4 for anti-S
IgG, while it stayed low for anti-S IgA (figure 4B).

The correlation between antibody responses in blood plas-
ma and in breast milk was moderate to very strong across
time points, while it was greatest for anti-S IgG at all time
points (appendix figure S1).

Characterisation of neutralising antibody responses
against SARS-CoV-2 variants in blood plasma

At 6 weeks, neutralising antibodies were detected in the
blood against (in decreasing order) the wildtype, delta and
omicron variant in 100% (39/39, 1 missing), 97.4% (38/
39) and 64.1% (25/39) of participants, respectively (figures
5A and 5B). A strong correlation between anti-S IgG an-

Table 1:
Population characteristics at baseline.

Age in years, mean (SD), range 34.9 (3.8), 27–42

BMI in kg/m2, mean (SD), range 22.5 (2.9), 17–31

BNT-162b2 (Comirnaty®, Pfizer/BioNTech) 28 (70.0%)Vaccine type, n (%)

mRNA-1273 (Spikevax®, Moderna) 12 (30.0%)

Lactation duration in weeks, mean (SD), range 20.3 (41.9), 1–245

Prior positive SARS-CoV-2 test, n (%) 5 (12.8%)

Prior negative SARS-CoV-2 test, n (%) 34 (87.2%)

Mothers (n = 40)

Comorbidity, n (%) 1 (2.6%)

Female sex, n (%) 24 (61.5%)

Age in weeks, mean (SD), range 13.8 (14.0), 1–64

<10 20 (54.1%)

10–19 9 (24.3%)

20–29 1 (2.7%)

30–39 5 (13.5%)

Infants (n = 40)

Age in weeks by group, n (%)

>39 2 (5.4%)

BMI: body mass index; IQR: interquartile range; SD: standard deviation.

Figure 3: Immune response in blood plasma over time. The x-axis represents the different time points (BL, W4, W6) at which the blood sam-
pling was performed. (A) The y-axis shows the mean fluorescence intensity (MFI) ratio in the blood plasma on a log10 scale; the dotted line in-
dicates the detection threshold for presence of SARS-CoV-2-specific antibodies (i.e. seropositivity and hence functional immunity). Individual
measurements (MFI ratios) are depicted as black dots and measurements from the same individual are connected with grey lines. Boxplots
depict median (red middle line), interquartile range (red box) and 1.5 × interquartile range (whiskers) of measurements across participants at
each time point. (B) The y-axis displays the percentage of participants showing antibody positivity in blood plasma at time points BL, W4 and
W6. The red dots represent the point estimate and red error bars represent 95% confidence intervals for proportions at each time point. Data
is displayed for each antibody group individually (anti-S IgA, anti-S IgG and anti-N IgG).
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tibodies in the blood of the study participants and neutral-
ising antibodies against the wildtype variant was observed
(Spearman’s correlation coefficient 0.70, appendix figure
S2). For the delta and omicron variants, moderate correla-
tion was found (0.65 and 0.52, respectively). Correlation
with neutralising antibodies was generally lower for anti-S
IgA.

Comparison of humoral immune responses in blood
plasma of lactating versus non-lactating women

The comparison of antibody and neutralising antibody re-
sponses in the blood of lactating mothers and non-lactating
women from an otherwise comparable population-based
cohort showed similar humoral immune response patterns
between the two populations (appendix figures S3A and
S3B). A detailed overview and the population characteris-
tics of the matched sample can be found in the appendix
tables S2 and S3.

Comparison of humoral immune responses in blood
plasma and breast milk according to vaccine type

Based on descriptive analyses, mRNA-1273 was found to
induce slightly stronger antibody responses and neutralis-
ing antibody responses in blood plasma (appendix figure
S4A) and breast milk (appendix figure S4B) when com-
pared to BNT-162b2. However, there was no statistical
evidence for a difference based on adjusted association
analyses (figures 6A and 6B). With respect to neutralising
antibodies, levels were higher with mRNA-1273 compared
to BNT-162b2 for wildtype and delta SARS-CoV-2, but
not for the omicron variant, based on descriptive analyses
(appendix figure S6C).

Association of potentially influencing factors with anti-
body responses in blood plasma and breast milk

In adjusted association analyses, there was no statistical
evidence that the age of the mother, lactation duration
(subgroup analysis ≥10 weeks vs <10 weeks), vaccine type

Figure 4: Immune response in breast milk over time. The x-axis represents the different time points (BL, W4, W6) at which the breast milk
sampling was performed. (A) The y-axis shows the mean fluorescence intensity (MFI) ratio in the breast milk on a log10 scale; the dotted line
indicates the detection threshold for presence of SARS-CoV-2-specific antibodies. Individual measurements (MFI ratios) are depicted as black
dots and measurements from the same individual are connected with grey lines. Boxplots depict median (red middle line), interquartile range
(red box) and 1.5 × interquartile range (whiskers) of measurements across participants at each time point. (B) The y-axis displays the percent-
age of participants showing antibody positivity in breast milk. The blue dots represent the point estimate and blue error bars represent 95%
confidence intervals for proportions at each time point. Data is displayed for each antibody group individually (anti-S IgA, anti-S IgG and anti-N
IgG).

Figure 5: Neutralising antibodies and antibody positivity against the different SARS-CoV-2 variants in blood plasma. The x-axis represents the
time point (W6) at which the blood sampling was performed. (A) The y-axis shows the half-maximal inhibitory concentrations (IC50) in blood
plasma on a log10 scale; the dotted line indicates the threshold for neutralisation capacity of the antibodies against the respective variants.
Boxplots depict median (red middle line), interquartile range (red box) and 1.5 × interquartile range (whiskers) of measurements across partici-
pants. (B) The y-axis displays the percentage of participants showing neutralising antibody positivity in blood at W6, displayed for each variant
individually. The red dots represent the point estimate and red error bars represent 95% confidence intervals for proportions.
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(mRNA-1273 vs BNT-162b2), smoking status or body
mass index (BMI) was correlated with anti-S IgG antibody
responses in blood and breast milk, based on mixed re-
peated-measures linear regression models mutually adjust-
ed for all evaluated factors (figures 6A and 6B). Mean-
while, there was weak evidence for stronger anti-S IgG
responses in blood (1.33-fold increase in mean fluores-
cence intensity ratio, 95% CI: 1.00–1.76, p = 0.059) and
strong evidence for stronger anti-S IgG responses in breast
milk (3.09-fold increase in mean fluorescence intensity ra-
tio, 95% CI: 1.44–6.65, p = 0.007) among mothers with a
prior positive test for SARS-CoV-2 compared to non-pre-
viously infected mothers.

Post-vaccination symptoms and health status trajecto-
ries after vaccination

In total, 173 post-vaccination symptoms were reported, of
which 136 were in vaccinated mothers and 37 in their in-
fants. The mean symptom duration was 2.3 days (SD: 2.8)
in mothers and 4.2 days (SD: 4.3) in their infants, with a
range of 0–15 days and 0–13 days, respectively (appendix
table S4).

The three most common post-vaccination symptoms in
mothers were pain in extremity (17.6%, 24/136), headache
(16.2%, 22/136) and asthenia (11%, 15/136) (figure 7A).
Most of the post-vaccination symptoms in mothers (70.7%,
70/99, 37 missing) resolved spontaneously or could be re-
lieved by self-medication (28.3%, 28/99), while one single

post-vaccination symptom required an emergency room or
physician visit (1.0%, 1/99, symptom was diarrhoea) (fig-
ure 7B). Self-reported severity in mothers was very mild to
medium in most cases (87.1%, 108/124, 12 missing), with
fewer reported as severe to very severe (12.9%, 16/124)
(figure 7C).

Among the infants, the three most common symptoms
after their mother’s vaccination were pyrexia and cough
(both 13.5%, 5/37), irritability and rhinorrhoea (10.8%, 4/
37) and asthenia, vomiting and nasal congestion (8.1%
each, 3/37) (figure 7A). A large proportion of the post-
vaccination symptoms (42.3%, 11/26, 11 missing) resolved
spontaneously (figure 7B). In contrast to the mothers,
57.7% (15/26) of all post-vaccination symptoms in infants
were reported to have led to the involvement of a profes-
sional healthcare worker (7.7%, 2/26 as a remote profes-
sional consultation; 50.0%, 13/26 as a visit in an emer-
gency room or physician visit). Severity as reported by the
mothers was very mild to medium (93.5%, 29/31, 6 miss-
ing) in most cases, and severe in two cases (6.5%, 2/31),
with none being reported as very severe (figure 7C).

Analyses based on individual participants (mothers and in-
fants) instead of individual symptoms are presented in ap-
pendix table S5. Full results including counts and percent-
ages of symptoms are presented in appendix table S6.

EQ VAS scores were high at BL in all study participants
(median: 85, IQR: 75.5–92). At time points W4 and W6,
a minimal decrease in wellbeing was reported by the study

Figure 6: Association analysis of factors potentially influencing immune responses in blood plasma (A) and breast milk (B). The x-axis in both
panels represents the x-fold increase in mean fluorescence intensity (MFI) ratio for blood plasma (A) and breast milk (B), indicating the effect
of different maternal characteristics or vaccine type on antibody levels. Results are based on adjusted (multivariable) mixed (repeated mea-
sures) linear regression models mutually adjusted for all reported variables. Dots depict point estimates and error bars represent 95% confi-
dence intervals (CI) for the estimates derived from the model. Values >1 suggest a positive association (i.e. higher antibody levels in blood
plasma or breast milk compared to the comparison group), while values <1 indicate a negative association. BMI: body mass index;
BNT-162b2: Comirnaty®; mRNA-1273: Spikevax®
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participants (median: 82, IQR: 76–89 and median: 81,
IQR: 75–91, respectively). In the longer-term follow-up,
self-reported wellbeing returned to baseline levels by M6
(median: 84, IQR: 74.5–89) (figure 7D).

Proportion experiencing a SARS-CoV-2 infection after
vaccination

From W4 to M6, a continuous increase in positive SARS-
CoV-2 tests (either polymerase chain reaction [PCR] or
rapid antigen test) reported by participants was found, pro-
viding evidence for recent infection. At W4, one partic-
ipant (2.6%, 1/39) reported a positive SARS-CoV-2 test,
whereas at M6, 52% (13/25) of the remaining study par-
ticipants reached for follow-up reported having had a pos-
itive SARS-CoV-2 test (appendix figure S5). The median
duration from vaccination to infection among those report-
ing the date of diagnosis of infection (n = 5) was 33 days
(IQR: 32–35).

Discussion

Principal findings and results in the context of previ-
ous findings on the topic

This study of immune responses and post-vaccination
symptoms in lactating mothers showed a relevant induc-
tion of an immune response (anti-S IgA and anti-S IgG) in
the blood plasma of lactating women with anti-S IgG being
the dominant subtype. This finding is coherent with previ-
ous studies and underlines the effectiveness of the mRNA
vaccines in inducing a relevant immune response against
SARS-CoV-2 in blood plasma, even in special populations
like lactating women [12, 14–16, 22, 38–40).

In breast milk, a relevant and continuous increase in anti-S
IgG was found, whereas anti-S IgA levels showed only a

minimal increase over time. These findings correlate part-
ly with previous findings, comprehensively summarised by
Hunagund et al., who described an initial increase in an-
ti-S IgG 14–21 days after the first vaccination followed
by an increase and peak 7 days after the second vaccina-
tion, remaining at an elevated level for at least 6 weeks
[41]. Additionally, anti-S IgA levels in breast milk gener-
ally peaked at 14–18 days after the first vaccination with a
slight increase after the second vaccination for a duration
of one week, followed by a decline. Our findings concern-
ing anti-S IgG levels in breast milk hence correlate with
the present literature on the topic, while the mostly non-rel-
evant increase in anti-S IgA levels appears to stand in con-
trast. However, some studies showed similar results con-
cerning anti-S IgA levels in breast milk. Scrimin et al.
found no anti-S IgA in the breast milk samples of vacci-
nated mothers [38]. Similarly, Demers-Mathieu et al. de-
scribed no change in titres of anti-S IgA levels in vac-
cinated mothers [42]. Golan et al. showed no detectable
anti-S IgA in the breast milk in 25% of their vaccinated
study participants [22]. In a recently published systematic
review conducted by Nicolaidou et al., the intramuscular
application of the vaccines and an antibody class switch
to anti-S IgG was proposed to be responsible for the low
levels of anti-S IgA in breast milk of vaccinated mothers
[43]. This fact is supported by other authors stating that the
lack of a robust anti-receptor binding domain (RBD) IgA
response in breast milk and blood of vaccinated women
could be attributed to the intramuscular route of adminis-
tration of the mRNA vaccines [10, 44]. Another possible
reason for the minimal increase of breast milk anti-S IgA
levels in our study might be a low rate of previous SARS-
CoV-2 infections in the mothers, as the post-infection an-
tibody response in human milk is IgA-dominant [45–48].
Furthermore, the duration of lactation (in the present study,

Figure 7: Overview of self-reported post-vaccination symptoms (PVS) in mothers and their infants, their severity as well as health status (Eu-
roQol visual analogue scale [EQ VAS]) over time. (A) Overview of the most common self-reported post-vaccination symptoms in the vaccinat-
ed mothers and their infants, with the frequency (in percentage) on the x-axis and symptoms on the y-axis. (B) Overview and breakdown (in
percentage, y-axis) of the severity of post-vaccination symptoms based on their medical consequence reported by mothers (own post-vaccina-
tion symptoms as well as their infants’ post-vaccination symptoms). (C) Overview and breakdown (in percentage, y-axis) of the self-reported
severity of the post-vaccination symptoms reported by mothers (own post-vaccination symptoms as well as their infants’ post-vaccination
symptoms). (D) Health status measured by EQ VAS (0–100) over time with time points on the x-axis. Boxplots depict median (blue middle
line), interquartile range (blue box) and 1.5 × interquartile range (whiskers) of measurements across participants.
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mean lactation duration was 20.3 weeks) might have had
an impact, as antibody concentrations in the milk were
shown to be significantly higher in breastfeeding periods
>24 months [49]. However, we did not find evidence for
an association of lactation duration and antibody responses
in our study.

Besides antibody titre, antibody function is a key consid-
eration in evaluating vaccine-induced antibody protection
for both mothers and infants. New variants are evolving
in SARS-CoV-2 and RBD mutations have been associated
with a higher capacity to evade the immune system [50].
The data from the present study shows neutralising anti-
bodies in the blood against the wildtype variant two weeks
after the second vaccination in all mothers, and against the
delta and omicron variants with an antibody positivity of
100%, 97.4% and 64.1%, respectively. A strong correla-
tion between anti-S IgG in the blood and the wildtype vari-
ant could be shown. We did not measure neutralisation ca-
pacity in breast milk. However, it is worth mentioning that
other studies measuring neutralising antibody responses in
breast milk observed a high variability in these responses
[8, 10, 11, 16]. It remains unclear whether COVID-19 mR-
NA vaccine-induced antibodies in breast milk can confer
immune protection to the infant. Although breast milk anti-
bodies might not be sufficient to directly neutralise SARS-
CoV-2, cumulative transfer through repeated feeds might
provide the infant with effective neutralisation capacity.
This transfer of immunity to infants has been part of previ-
ous studies. Yeo et al. found no neutralising antibodies in
the serum of five infants after maternal vaccination [12].
Schwartz et al. found anti-S IgG in the oral mucosa of
60% of breastfed infants, but no detectable amounts of an-
ti-SARS-CoV-2 antibodies were found in their circulation
[51]. In an analysis conducted by Narayanaswamy et al.,
anti-RBD IgG and anti-RBD IgA were detected in 33%
and 30% of infant stool samples [10].

No relevant difference in immune response between lactat-
ing women and matched non-lactating women was found
in the present study. This is in accordance with findings
of previous studies showing similar immunogenicity after
COVID-19 vaccination between lactating individuals and
non-lactating controls [8, 16, 45]. The study group under
Atyeo et al. has shown that after a booster dose, spike-spe-
cific total IgG, IgM and IgA levels and neutralising titres
against omicron reached levels comparable to those in non-
lactating women [52].

The two vaccines BNT-162b2 and mRNA-1273 showed
relatively similar immune response patterns in the present
study. Antibody responses after mRNA-1273 vaccination
appeared slightly elevated based on descriptive analyses.
However, this difference could not be confirmed in adjust-
ed regression analyses, which is likely due to the small
sample size. At W6, mRNA-1273 seemed to induce higher
levels of anti-S IgA in the blood compared to BNT-162b2.
This correlates with the findings of a study conducted by
Gray et al. which showed higher anti-S IgA responses
in the blood of participants vaccinated with mRNA-1273
(2nd vaccination) than in those vaccinated with BNT-162b2
[45]. The observed elevated levels of antibody responses
in breast milk in our study contrast with previous findings
by Selma-Royo et al. showing no difference in antibody
response (anti-S IgA, anti-S IgG) in breast milk when

comparing BNT-162b2 and mRNA-1273 [47]. Yang et al.
showed similar anti-S IgG titres in breast milk of partic-
ipants receiving BNT-162b2 or mRNA-1273 [53]. Mean-
while, Juncker et al. found 1.5-fold higher anti-S IgG lev-
els in breast milk of participants receiving mRNA-1273
in comparison to BNT-162b2, which corresponds well to
our finding (1.52-fold higher). After 70 days, only partici-
pants vaccinated with mRNA-1273 showed detectable lev-
els of anti-S IgA in breast milk [54]. Interestingly, neutral-
ising antibody responses at W6 were also stronger for the
wildtype and delta variant with mRNA-1273 compared to
BNT-162b2, but not for omicron SARS-CoV-2.

Our analyses showed no association between the age of
the mother, the lactation duration, the type of vaccine, the
smoking status and the BMI and the antibody response in
blood and breast milk – these findings were consistent with
previous studies [8, 49, 55]. Exclusively, a prior positive
SARS-CoV-2 test (PCR or rapid antigen test) showed a
positive correlation in the antibody response in the present
study. It has been shown in numerous studies that an in-
fection with SARS-CoV-2 results in the production of an-
tibodies against the virus [56]. A prior infection may have
triggered an immune response that was later boosted by
two mRNA vaccines, leading to higher antibody titres.

Post-vaccination symptoms turned out to be of mild to
medium severity in most cases (in lactating mothers as
well as in their breastfed infants). Except for one post-vac-
cination symptom, all post-vaccination symptoms experi-
enced by the mothers could be handled by self-medication
or resolved spontaneously. One of the study participants re-
quired medical care by a healthcare provider for the man-
agement of her post-vaccination symptoms and none re-
quired hospitalisation. This provides further evidence for
the safety of the vaccines in lactating women, as described
by previously published studies [18, 22, 46, 57].

In contrast, in 57.7% of cases of post-vaccination symp-
toms in infants, mothers sought medical care, though most
were mild to moderate. Interpretation of these findings is
complicated as the post-vaccination symptoms were great-
ly influenced by parental assessment and the fact that these
post-vaccination symptoms may have also resulted from
other early-life illnesses (not only maternal vaccination).
Analysis of the health status during the vaccination period
and during the follow-up period (6 months after first vac-
cination) showed no relevant difference between the first
vaccination and 6 months after. At W6, a minimal decrease
in median self-rated health status was detected – explain-
able by the occurrence of post-vaccination symptoms dur-
ing the time of the vaccination period.

To our knowledge, this study is the first to assess the oc-
currence of SARS-CoV-2 infections in lactating women
following an mRNA vaccination against SARS-CoV-2 in
Switzerland. A continuous rise in self-reported positive
SARS-CoV-2 tests (PCR or rapid antigen test) during the
course of the present study was found. The study time-
frame corresponded to a wave of high incidence of the
omicron variant, spreading through the Swiss population
rapidly because of its high transmissibility: according to
the Swiss Science TaskForce, the omicron variant account-
ed for 67% of all sequenced probes in week 51 of 2021
[58]. This circumstance combined with the low neutralis-
ing capacity against omicron in the blood of participants
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at 6 weeks after baseline in comparison with wildtype and
delta may explain the high rate of positive tests (52% of all
study participants reported at least one positive test at M6).

Clinical implications and thoughts on further research

Although SARS-CoV-2 infections, hospitalisations and
deaths have decreased substantially to allow normal life to
resume in most countries, this study’s findings remain im-
portant for healthcare providers and public health policies
in managing future pandemic outbreaks.

First, post-vaccination symptoms seemed to appear in a
similar pattern in the present study as in non-lactating indi-
viduals. As stated by the United States Food and Drug Ad-
ministration (FDA) official briefing documents by Mod-
erna and Pfizer on the website of the Centers for Disease
Control and Prevention, the most common post-vaccina-
tion symptoms in persons ≥18 years of age were found to
be injection site pain, fatigue and headache (in decreas-
ing order, lactating individuals excluded) [59, 60]. Despite
the small sample size, post-vaccination symptoms and im-
mune responses in the blood in lactating women align
with non-lactating women, supporting mRNA vaccine ef-
fectiveness in this specific subgroup.

Our study focused on immunoglobulins in human breast
milk. However, it is important to consider that human
breast milk is rich in other factors – immune cells such
as monocytes/macrophages; neutrophils; cytotoxic, helper
and regulatory T cells; natural killer (NK) cells; and B
cells. These cells provide active immunity to neonates by
their abilities to produce bioactive molecules such as lacto-
ferrin, lysozyme, oligosaccharides, cytokines and others.
Transfer of maternal lymphocytes via breast milk greatly
assists the newborn’s immune system. It is postulated that
lymphocytes survive the infant’s gastrointestinal tract and
may be able to cross the infant’s gut mucosa and take up
residence in infant tissues. As memory T cells are long-
lived, this opens the possibility that milk-transferred pro-
tection might still be present in the infant even after wean-
ing.

SARS-CoV-2 spike-specific T cells were detected in breast
milk of mRNA-vaccinated mothers. Whether mRNA vac-
cines can elicit mammary MALT T and B cell responses
that could be transferred to the infant via breast milk re-
mains unknown [17].

To sum up, in the clinical setting, lactating women should
be reassured and actively be informed about the safety and
effectiveness of mRNA vaccination against SARS-CoV-2
during their lactation period. These findings could provide
important data for establishing recommendations in future
applications of mRNA vaccines in the vulnerable group of
lactating women and their infants.

Strengths and limitations

This study is based on a prospective evaluation of objec-
tive and self-reported measures over a total follow-up of
6 months. It provides a comprehensive evaluation of im-
mune responses both in blood and breast milk, as well as
data on post-vaccination symptoms in mothers and their in-
fants, mothers’ longer-term health status and new SARS-
CoV-2 infections after vaccination. It further includes a
comparison with non-lactating women, providing further

evidence for the interpretation of the study’s findings.
Therefore, the current study not only contributes to the
overall understanding of immune responses in lactating
women and conferred protection in their infants as well as
evidence-based clinical decision-making but also provides
a foundation for future research in this field.

However, several limitations need to be considered when
interpreting the findings of this study. First, the sample size
is relatively small. However, despite difficulties with re-
cruitment, we were able to enrol a comparable sample size
to similar studies, even though there was more reluctance
for study participation during the SARS-CoV-2 pandemic,
especially in vulnerable individuals or their close relatives
[61]. Second, selection bias may be present if those par-
ticipating in our study are different to those not participat-
ing. Due to a lack of data on those not participating, we
could not evaluate whether such differences exist. Mean-
while, the study population is rather homogeneous with re-
spect to their educational level and health status (89.4%,
34/38, 2 missing, with an education level of higher tech-
nical school/college or university degree; 97.4%, 37/38, 2
missing, without comorbidities), as often observed in such
studies [62]. This may limit the generalisability of our re-
sults. Third, five women did not complete at least two
immunological assessments and thus were omitted from
analyses. Additional drop-outs occurred after 6 weeks until
6 months of follow-up, which may have led to bias in the
results related to the longer-term health status and post-
vaccination infections. Fourth, the comparison group of
non-lactating mothers may not have been fully compara-
ble with the lactating mothers despite the use of a propen-
sity score matching algorithm. While examined population
characteristics were broadly comparable, there may still be
other factors that may have biased the comparison. Sim-
ilarly, there may be differences between participants who
received BNT-162b2 and mRNA-1273. While it is unlikely
that there are such differences that are also associated with
differences in immune responses, the comparison may still
suffer from confounding.

Fifth, interpretation of post-vaccination symptoms may be
difficult as self-reported symptoms may also be attribut-
able to causes other than the vaccination. Particularly for
post-vaccination symptoms among children of study par-
ticipants, it is likely that such symptoms occurred due to
different circumstances (i.e. other diseases/infections) oth-
er than the vaccination of the mother.

Sixth, study participants could bring their milk collected
on the same day, leading to a maximum time difference of
10 hours between milk and blood sample collection. The
effect of the time difference on the outcome of the analy-
sis however should be minimal, according to findings from
Italianer et al.[63].

Lastly, the association analyses were adjusted for a limited
set of potential confounders. Further residual confounding
that influenced the results may have been present. Howev-
er, it is unlikely that this would have altered the primary
conclusions of this study.

Conclusion

In the present study, immune responses in blood plasma
and breast milk were found to be anti-S IgG-dominant.
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Neutralising capacity against the wildtype and delta vari-
ants was high, and no difference in antibody and neutralis-
ing antibody responses between lactating and non-lactating
women was found. Post-vaccination symptoms were found
to be largely of very mild to medium severity. Health sta-
tus remained at a high level up to 6 months, with a short-
term decrease around 4–6 weeks. Only mild infections af-
ter vaccination with a monovalent mRNA vaccine were
reported. To conclude, the present data suggests that mR-
NA vaccinations against SARS-CoV-2 may be an effective
and safe way to protect lactating women from a severe in-
fection with SARS-CoV-2 and that an immune response in
the breast milk is effectively triggered by vaccinating the
mother. Further research needs to be conducted in order to
analyse the exact mechanism of the immune transfer to in-
fants by breastfeeding more precisely.
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Appendix 

 

Table S1: Extended population characteristics at baseline. 

Mothers (N=40) 

Age (years) 

Mean (SD) 34.9 (3.8) 

Median (IQR) 36.0 (32.0 to 38.0) 

Range 27 to 42 

Vaccine type 

BNT-162b2 28 (70.0%) 

mRNA-1273 12 (30.0%) 

Lactation duration (weeks) 

Mean (SD) 20.3 (41.9) 

Median (IQR) 8.6 (4.3 to 17.7) 

Range 1 to 245 

Missing 4 (10.0%) 

<10 19 (55.9%) 

10 - 19 7 (20.6%) 

20 - 29 2 (5.9%) 

30 - 39 4 (11.8%) 

40 or more 2 (5.9%) 

Missing 6 (15.0%) 

Prior positive SARS-CoV-2 test 

No 34 (87.2%) 

Yes 5 (12.8%) 

Missing 1 (2.5%) 

Symptoms at positive test* 

Yes 5 (100.0%) 

Missing 0 (0.0%) 

Severity at positive test* 

None 2 (40.0%) 

Mild 1 (20.0%) 

Moderate 2 (40.0%) 

Missing 0 (0.0%) 

Hospitalization at positive test* 

No 5 (100.0%) 

Missing 0 (0.0%) 

BMI 
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Mean (SD) 22.5 (2.9) 

Median (IQR) 22.0 (20.2 to 24.0) 

Range 17 to 31 

Missing 2 (5.0%) 

Smoking status 

Non-smoker 30 (78.9%) 

Ex-smoker 7 (18.4%) 

Smoker 1 (2.6%) 

Missing 2 (5.0%) 

Comorbidity status 

No 37 (97.4%) 

Yes 1 (2.6%) 

Missing 2 (5.0%) 

Immune suppression 

No 38 (100.0%) 

Missing 2 (5.0%) 

Blood group 

A 12 (34.3%) 

B 5 (14.3%) 

AB 2 (5.7%) 

0 16 (45.7%) 

Missing 5 (12.5%) 

Employment 

Employed 26 (68.4%) 

Student 4 (10.5%) 

Unemployed or other 8 (21.1%) 

Missing 2 (5.0%) 

Education level 

None or mandatory school 0 (0.0%) 

Vocational training or specialized 
baccalaureate 

4 (10.5%) 

Higher technical school or college 11 (28.9%) 

University 23 (60.5%) 

Missing 2 (5.0%) 

Income level 

<6'000 CHF 10 (27.8%) 

6'000 - 12'000 CHF 15 (41.7%) 

>12'000 CHF 11 (30.6%) 

Missing 4 (10.0%) 

Nationality 

Swiss 25 (65.8%) 

Non-Swiss 13 (34.2%) 

Missing 2 (5.0%) 

Children (N=40) 
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Sex 

Female 24 (61.5%) 

Male 15 (38.5%) 

Missing 1 (2.5%) 

Age (weeks) 

Mean (SD) 13.8 (14.0) 

Median (IQR) 9.0 (4.0 to 17.0) 

Range 1 to 64 

Missing 3 (7.5%) 

Age (weeks, categorical) 

< 10 20 (54.1%) 

10 - 19 9 (24.3%) 

20 - 29 1 (2.7%) 

30 - 39 5 (13.5%) 

40 or more 2 (5.4%) 

Missing 3 (7.5%) 

Birth height (cm) 

Mean (SD) 49.9 (3.3) 

Median (IQR) 50.0 (49.0 to 51.8) 

Range 35 to 56 

Missing 2 (5.0%) 

Birth weight (grams) 

Mean (SD) 3393.8 (628.7) 

Median (IQR) 3505.0 (3020.0 to 3800.0) 

Range 970 to 4540 

Missing 2 (5.0%) 

Birth complications 

No 31 (81.6%) 

Yes 7 (18.4%) 

Missing 2 (5.0%) 

Hospitalization at birth 

No 37 (97.4%) 

Yes 1 (2.6%) 

Missing 2 (5.0%) 

Positive test in child 

No 38 (100.0%) 

Missing 2 (5.0%) 

* denominator is all mothers previously tested positive for SARS-CoV-2. 
SD = standard deviation, IQR = interquartile range, BMI = body mass index, CHF = international currency code for Swiss Franc 
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Table S2: Comparison of the population characteristics between the lactating women of 
the present study and the matched cohort of non-lactating women. 

Lactating women Non-lactating women Overall 

(N=40) (N=38) (N=78) 

Age (years) 

Mean (SD) 34.9 (3.8) 33.2 (5.2) 34.1 (4.6) 

Median (IQR) 36.0 (32.0 to 38.0) 33.0 (29.0 to 36.0) 35.0 (31.0 to 37.0) 

Range 27 to 42 24 to 44 24 to 44 

Vaccine type 

BNT-162b2 28 (70.0%) 18 (47.4%) 46 (59.0%) 

mRNA-1273 12 (30.0%) 20 (52.6%) 32 (41.0%) 

Prior positive SARS-CoV-2 test 

No 34 (87.2%) 34 (89.5%) 68 (88.3%) 

Yes 5 (12.8%) 4 (10.5%) 9 (11.7%) 

Missing 1 (2.5%) 0 (0%) 1 (1.3%) 

BMI 

Mean (SD) 22.5 (2.9) 22.1 (3.3) 22.3 (3.1) 

Median (IQR) 22.0 (20.2 to 24.0) 21.4 (19.7 to 23.8) 21.9 (20.1 to 24.0) 

Range 17 to 31 18 to 35 17 to 35 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

Smoking status 

Non-smoker 30 (78.9%) 35 (92.1%) 65 (85.5%) 

Ex-smoker 7 (18.4%) 2 (5.3%) 9 (11.8%) 

Smoker 1 (2.6%) 1 (2.6%) 2 (2.6%) 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

Comorbidity status 

No 37 (97.4%) 35 (92.1%) 72 (94.7%) 

Yes 1 (2.6%) 3 (7.9%) 4 (5.3%) 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

Immune suppression 

No 38 (100.0%) 38 (100.0%) 76 (100.0%) 

Yes 0 (0%) 0 (0%) 0 (0%) 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

Employment 

Employed 26 (68.4%) 34 (89.5%) 60 (78.9%) 

Student 4 (10.5%) 2 (5.3%) 6 (7.9%) 

Unemployed or other 8 (21.1%) 2 (5.3%) 10 (13.2%) 

Retired 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

Education level 

None or mandatory school 0 (0.0%) 1 (2.6%) 1 (1.3%) 

Vocational training or specialized baccalaureate 4 (10.5%) 1 (2.6%) 5 (6.6%) 

Higher technical school or college 11 (28.9%) 6 (15.8%) 17 (22.4%) 
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University 23 (60.5%) 30 (78.9%) 53 (69.7%) 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

Income level 

<6'000 CHF 10 (27.8%) 7 (18.9%) 17 (23.3%) 

6'000 - 12'000 CHF 15 (41.7%) 23 (62.2%) 38 (52.1%) 

>12'000 CHF 11 (30.6%) 7 (18.9%) 18 (24.7%) 

Missing 4 (10.0%) 1 (2.6%) 5 (6.4%) 

Nationality 

Swiss 25 (65.8%) 20 (52.6%) 45 (59.2%) 

Non-Swiss 13 (34.2%) 18 (47.4%) 31 (40.8%) 

Missing 2 (5.0%) 0 (0%) 2 (2.6%) 

SD = standard deviation, IQR = interquartile range, CHF = international currency code for Swiss Franc 
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 Table S3: Comparison of the antibody response and the neutralising antibody 
response between lactating and non-lactating women 

BL W4 W6 Overall 

Lactating 
women 

Matched 
cohort of 
non-
lactating 
women 

Lactating 
women 

Matched 
cohort of 
non-
lactating 
women 

Lactating 
women 

Matched 
cohort of 
non-
lactating 
women 

Lactating 
women 

Matched 
cohort of 
non-
lactating 
women 

(N=40) (N=38) (N=40) (N=38) (N=39) (N=38) (N=119) (N=114) 

Blood 

Anti-S IgA 
result 
negative 37 (92.5%) 36 (94.7%) 6 (15.0%) 5 (13.5%) 1 (2.6%) 2 (5.3%) 44 (37.0%) 43 (38.1%) 

positive 3 (7.5%) 2 (5.3%) 34 (85.0%) 32 (86.5%) 38 (97.4%) 36 (94.7%) 75 (63.0%) 70 (61.9%) 

Missing 0 (0%) 0 (0%) 0 (0%) 1 (2.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.9%) 

Anti-S IgA 
MFI ratio 
Mean (SD) 2.0 (2.2) 1.7 (1.6) 34.4 (37.9) 45.5 (54.4) 80.8 (116.0) 76.0 (58.8) 38.7 (76.5) 41.0 (55.1) 

Median 
(IQR) 

1.0 (1.0 to 
1.0) 

1.0 (1.0 to 
1.1) 

20.9 (10.7 
to 39.2) 

23.4 (12.7 
to 51.9) 

51.1 (27.4 
to 95.5) 

55.4 (37.8 
to 110.1) 

16.4 (1.0 to 
45.9) 

16.7 (1.1 to 
55.1) 

Range 1 to 9 1 to 7 1 to 174 2 to 202 5 to 720 4 to 248 1 to 720 1 to 248 

Missing 0 (0%) 0 (0%) 0 (0%) 1 (2.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.9%) 

Anti-S IgG 
result 
negative 33 (82.5%) 33 (86.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 33 (27.7%) 33 (29.2%) 

positive 7 (17.5%) 5 (13.2%) 40 (100.0%) 37 (100.0%) 39 (100.0%) 38 (100.0%) 86 (72.3%) 80 (70.8%) 

Missing 0 (0%) 0 (0%) 0 (0%) 1 (2.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.9%) 

Anti-S IgG 
MFI ratio 
Mean (SD) 3.7 (8.4) 4.3 (11.2) 71.4 (27.0) 57.2 (14.1) 108.6 (6.5) 72.6 (13.4) 60.8 (46.7) 44.6 (32.1) 

Median 
(IQR) 

1.0 (1.0 to 
1.7) 

1.0 (1.0 to 
2.4) 

74.4 (48.2 
to 95.3) 

60.4 (48.5 
to 67.0) 

109.3 
(107.2 to 
110.2) 

66.9 (61.2 
to 82.9) 

74.1 (1.8 to 
108.3) 

60.3 (2.7 to 
67.1) 

Range 1 to 52 1 to 67 19 to 110 25 to 83 75 to 117 47 to 108 1 to 117 1 to 108 

Missing 0 (0%) 0 (0%) 0 (0%) 1 (2.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.9%) 

Anti-N IgG 
result 
negative 37 (92.5%) 36 (94.7%) 39 (97.5%) 36 (97.3%) 36 (92.3%) 38 (100.0%) 112 (94.1%) 110 (97.3%) 

positive 3 (7.5%) 2 (5.3%) 1 (2.5%) 1 (2.7%) 3 (7.7%) 0 (0.0%) 7 (5.9%) 3 (2.7%) 

Missing 0 (0%) 0 (0%) 0 (0%) 1 (2.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.9%) 

Anti-N IgG 
MFI ratio 
Mean (SD) 1.9 (3.5) 1.8 (2.3) 1.9 (4.0) 1.5 (1.7) 2.3 (4.2) 1.3 (0.9) 2.0 (3.9) 1.5 (1.7) 

Median 
(IQR) 

1.0 (1.0 to 
1.0) 

1.0 (1.0 to 
1.3) 

1.0 (1.0 to 
1.0) 

1.0 (1.0 to 
1.0) 

1.0 (1.0 to 
1.1) 

1.0 (1.0 to 
1.0) 

1.0 (1.0 to 
1.0) 

1.0 (1.0 to 
1.0) 

Range 1 to 21 1 to 13 1 to 26 1 to 10 1 to 24 1 to 5 1 to 26 1 to 13 

Missing 0 (0%) 0 (0%) 0 (0%) 1 (2.6%) 0 (0%) 0 (0%) 0 (0%) 1 (0.9%) 

Anti-wildtype NAb result 

negative – – – – 0 (0.0%) 1 (2.6%) – – 

positive – – – – 39 (100.0%) 37 (97.4%) – – 
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Missing 0 (0%) 0 (0%) 

Anti-wildtype NAb IC50 

Mean (SD) – – – – 584.6 
(458.6) 

551.7 
(288.7) 

– – 

Median 
(IQR) 

– – – – 472.0 
(283.5 to 
628.0) 

546.8 
(336.4 to 
715.4) 

– – 

Range 89 to 2109 19 to 1279 

Missing 0 (0%) 0 (0%) 

Anti-delta 
NAb result 
negative – – – – 1 (2.6%) 2 (5.3%) – – 

positive – – – – 38 (97.4%) 36 (94.7%) – – 

Missing 0 (0%) 0 (0%) 

Anti-delta 
NAb IC50 
Mean (SD) – – – – 3338.1 

(19359.1) 
245.1 
(157.8) 

– – 

Median 
(IQR) 

– – – – 214.0 
(134.5 to 
276.0) 

235.8 
(127.8 to 
347.6) 

– – 

Range 31 to 
121131 

7 to 742 

Missing 0 (0%) 0 (0%) 

Anti-omicron NAb result 

negative – – – – 14 (35.9%) 15 (39.5%) – – 

positive – – – – 25 (64.1%) 23 (60.5%) – – 

Missing 0 (0%) 0 (0%) 

Anti-
omicron 
NAb IC50 
Mean (SD) – – – – 87.3 (61.8) 64.0 (39.6) – – 

Median 
(IQR) 

– – – – 78.0 (39.5 
to 115.0) 

64.2 (31.3 
to 84.9) 

– – 

Range 9 to 246 0 to 159 

Missing 0 (0%) 0 (0%) 

BL = baseline, W4 = 4 weeks after 1. vaccination, W6 = 6 weeks after 1. vaccination, anti-S = anti-serum, MFI = mean fluorescence 
intensity, SD = standard deviation, IQR = interquartile range, NAb = neutralising antibody, IC50 = half maximal inhibitory 
concentration 
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Table S4: Overview of self-reported post-vaccination symptoms (PVS) including 
symptom duration, self-reported severity and medical consequences. 

Mother Children Overall 

(N=136) (N=37) (N=173) 

Symptom duration (days) 

Mean (SD) 2.3 (2.8) 4.2 (4.3) 2.6 (3.2) 

Median (IQR) 1.0 (1.0 to 3.0) 3.0 (1.0 to 8.0) 1.0 (1.0 to 3.0) 

Range 0 to 15 0 to 13 0 to 15 

Missing 18 (13.2%) 10 (27.0%) 28 (16.2%) 

Self-reported severity 

Very mild 16 (12.9%) 2 (6.5%) 18 (11.6%) 

Mild 38 (30.6%) 10 (32.3%) 48 (31.0%) 

Medium 54 (43.5%) 17 (54.8%) 71 (45.8%) 

Severe 15 (12.1%) 2 (6.5%) 17 (11.0%) 

Very severe 1 (0.8%) 0 (0.0%) 1 (0.6%) 

Missing 12 (8.8%) 6 (16.2%) 18 (10.4%) 

Medical consequence 

Spontaneous resolution 70 (70.7%) 11 (42.3%) 81 (64.8%) 

Self-medication 28 (28.3%) 0 (0.0%) 28 (22.4%) 

Remote professional consultation 0 (0.0%) 2 (7.7%) 2 (1.6%) 

ER or physician visit 1 (1.0%) 13 (50.0%) 14 (11.2%) 

Hospitalization 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Missing 37 (27.2%) 11 (29.7%) 48 (27.7%) 

SD = standard deviation, IQR = interquartile range 
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Table S5: Post-vaccination symptoms - individual-level analysis (number of symptoms reported and 
worst severity) 

Mother Child Overall 

(N=40) (N=40) (N=80) 

Number of symptoms 

Mean (SD) 3.9 (3.1) 1.1 (1.8) 2.5 (2.9) 

Median (IQR) 3.0 (1.5 to 5.5) 0.0 (0.0 to 1.0) 1.0 (0.0 to 4.0) 

Range 0 to 11 0 to 8 0 to 11 

Missing 5 (12.5%) 5 (12.5%) 10 (12.5%) 

Presence of symptoms 

No symptoms 6 (17.1%) 20 (57.1%) 26 (37.1%) 

Any symptom 29 (82.9%) 15 (42.9%) 44 (62.9%) 

Missing 5 (12.5%) 5 (12.5%) 10 (12.5%) 

Number of symptoms (categorical) 

No symptoms 6 (17.1%) 20 (57.1%) 26 (37.1%) 

1 symptom 3 (8.6%) 7 (20.0%) 10 (14.3%) 

2-4 symptoms 14 (40.0%) 6 (17.1%) 20 (28.6%) 

5+ symptoms 12 (34.3%) 2 (5.7%) 14 (20.0%) 

Missing 5 (12.5%) 5 (12.5%) 10 (12.5%) 

Most severe self-reported severity* 

Very mild 1 (3.4%) 2 (14.3%) 3 (7.0%) 

Mild 6 (20.7%) 3 (21.4%) 9 (20.9%) 

Medium 13 (44.8%) 7 (50.0%) 20 (46.5%) 

Severe 8 (27.6%) 2 (14.3%) 10 (23.3%) 

Very severe 1 (3.4%) 0 (0.0%) 1 (2.3%) 

Missing 0 (0%) 1 (6.7%) 1 (2.3%) 

Most severe medical consequence* 

Spontaneous resolution 13 (54.2%) 8 (61.5%) 21 (56.8%) 

Self-medication 10 (41.7%) 0 (0.0%) 10 (27.0%) 

Remote professional consultation 0 (0.0%) 1 (7.7%) 1 (2.7%) 

ER or physician visit 1 (4.2%) 4 (30.8%) 5 (13.5%) 

Hospitalization 0 (0.0%) 0 (0.0%) 0 (0.0%) 

Missing 5 (17.2%) 2 (13.3%) 7 (15.9%) 

SD = standard deviation, IQR = interquartile range 
* denominator is all individuals for whom at least one adverse effect was reported. 
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Table S6: Description of post-vaccination symptoms, including percentages 

Mother Child Overall 

(N=136) (N=37) (N=173) 

Post-vaccination symptoms 

Abdominal discomfort 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Abdominal pain upper 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Alopecia 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Arthralgia 2 (1.5%) 0 (0.0%) 2 (1.2%) 

Asthenia 15 (11.0%) 3 (8.1%) 18 (10.4%) 

Back pain 2 (1.5%) 0 (0.0%) 2 (1.2%) 

Breast pain 2 (1.5%) 0 (0.0%) 2 (1.2%) 

Chills 4 (2.9%) 0 (0.0%) 4 (2.3%) 

Cough 1 (0.7%) 5 (13.5%) 6 (3.5%) 

Decreased appetite 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Depressed mood 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Diarrhoea 5 (3.7%) 2 (5.4%) 7 (4.0%) 

Dizziness 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Dysgeusia 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Dysphonia 1 (0.7%) 1 (2.7%) 2 (1.2%) 

Feeling cold 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Feeling of body temperature change 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Headache 22 (16.2%) 0 (0.0%) 22 (12.7%) 

Intermenstrual bleeding 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Mastitis 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Myalgia 5 (3.7%) 0 (0.0%) 5 (2.9%) 

Nasal congestion 2 (1.5%) 3 (8.1%) 5 (2.9%) 

Nausea 4 (2.9%) 0 (0.0%) 4 (2.3%) 

Neck pain 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Oropharyngeal pain 3 (2.2%) 0 (0.0%) 3 (1.7%) 

Pain in extremity 24 (17.6%) 0 (0.0%) 24 (13.9%) 

Peripheral swelling 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Pruritus 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Pyrexia 5 (3.7%) 5 (13.5%) 10 (5.8%) 

Rash 1 (0.7%) 1 (2.7%) 2 (1.2%) 

Rash erythematous 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Rhinorrhoea 1 (0.7%) 4 (10.8%) 5 (2.9%) 

Sinusitis 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Skin burning sensation 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Suppressed lactation 4 (2.9%) 0 (0.0%) 4 (2.3%) 

Swelling 1 (0.7%) 1 (2.7%) 2 (1.2%) 
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Vaccination site pain 12 (8.8%) 0 (0.0%) 12 (6.9%) 

Vaccination site rash 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Vaccination site swelling 1 (0.7%) 0 (0.0%) 1 (0.6%) 

Vomiting 1 (0.7%) 3 (8.1%) 4 (2.3%) 

Ear inflammation 0 (0.0%) 1 (2.7%) 1 (0.6%) 

Eye discharge 0 (0.0%) 1 (2.7%) 1 (0.6%) 

Fungal skin infection 0 (0.0%) 1 (2.7%) 1 (0.6%) 

Irritability 0 (0.0%) 4 (10.8%) 4 (2.3%) 

Urticaria 0 (0.0%) 2 (5.4%) 2 (1.2%) 
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Figure S1: Correlation analysis between antibody types in blood plasma and breast milk 
over time. 

For anti-S IgA, analysis using spearman’s correlation coefficient showed low correlation between blood and breast milk at BL and 
W6, while it showed moderate correlation at W4. For anti-S IgA, a moderate correlation at BL and W6 and a high correlation at W4 
was found. For anti-N IgG, low correlation at W4 and W6 and moderate correlation at BL was found. 
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Figure S2: Correlation analysis between antibody type and SARS-CoV-2 variant with 
respect to neutralising antibody response. 

A strong correlation using spearman’s correlation coefficient between anti-S IgG neutralising antibodies in the blood plasma and the 
variant wildtype was found. As for neutralising anti-S IgA antibodies, moderate correlation has been shown for the variants wildtype 
and delta, while little to no correlation was found for the variant omicron.  
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Figure S3: Comparison of antibody response (including neutralising capacity) 
between lactating and non-lactating women. 

A: A similar antibody response in blood plasma at all time points was shown between lactating mothers and a matched sample of 
non-lactating women. 

B: Analysis of the neutralising antibody response showed similar results in lactating mothers when compared to non-lactating 
women. 
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Figure S4: Comparison of antibody response in blood plasma and breast milk in respect 
to the vaccine type (mRNA-1273 vs. BNT-162b2). 

A: mRNA-1273 induced a minimally higher antibody response (anti-S IgA) in blood plasma at W6 than BNT-162b2. Analysis of anti-S 
IgG and anti-N IgG showed no differences between the two vaccines. 

B: In breast milk, no relevant difference concerning antibody response between the two vaccines mRNA-1273 and BNT-162b2 was 
found.  

C: In blood plasma, levels of neutralising antibodies were higher with mRNA-1273 when compared to BNT-162b2 for the SARS-CoV-
2 variants wildtype and delta, but not for the variant omicron. 
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Figure S5: Proportion of study participants (mothers) testing positive for SARS-CoV-2 
infection from enrolment up to 6 months of follow-up (M6). 

Test positivity for SARS-CoV-2 (PCR or rapid-antigen-testing) increased during the time of follow-up, reaching a test positivity of 52% 
in the remaining 25 study participants at M6.  
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