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Findings  In this cohort study involving 103 women who received a COVID-19 mRNA vaccine, 30
of whom were pregnant and 16 of whom were lactating, immunogenicity was demonstrated in
all, and vaccine-elicited antibodies were found in infant cord blood and breast milk. Pregnant and
nonpregnant vaccinated women developed cross-reactive immune responses against SARS-CoV-2
variants of concern.

Meaning  In a small convenience sample, COVID-19 mRNA vaccines were immunogenic in preg-
nant and lactating women and induced immune responses against SARS-CoV-2 variants.

Abstract
Importance  Pregnant women are at increased risk of morbidity and mortality from COVID-19 but
have been excluded from the phase 3 COVID-19 vaccine trials. Data on vaccine safety and im-
munogenicity in these populations are therefore limited.

Objective  To evaluate the immunogenicity of COVID-19 messenger RNA (mRNA) vaccines in
pregnant and lactating women, including against emerging SARS-CoV-2 variants of concern.

Design, Setting, and Participants  An exploratory, descriptive, prospective cohort study enrolled
103 women who received a COVID-19 vaccine from December 2020 through March 2021 and 28
women who had confirmed SARS-CoV-2 infection from April 2020 through March 2021 (the last
follow-up date was March 26, 2021). This study enrolled 30 pregnant, 16 lactating, and 57 nei-
ther pregnant nor lactating women who received either the mRNA-1273 (Moderna) or BNT162b2
(Pfizer-BioNTech) COVID-19 vaccines and 22 pregnant and 6 nonpregnant unvaccinated women
with SARS-CoV-2 infection.

Main Outcomes and Measures  SARS-CoV-2 receptor binding domain binding, neutralizing, and
functional nonneutralizing antibody responses from pregnant, lactating, and nonpregnant
women were assessed following vaccination. Spike-specific T-cell responses were evaluated us-
ing IFN-γ enzyme-linked immunospot and multiparameter intracellular cytokine–staining assays.
Humoral and cellular immune responses were determined against the original SARS-CoV-2 USA-
WA1/2020 strain as well as against the B.1.1.7 and B.1.351 variants.

Results  This study enrolled 103 women aged 18 to 45 years (66% non-Hispanic White) who re-
ceived a COVID-19 mRNA vaccine. After the second vaccine dose, fever was reported in 4 preg-
nant women (14%; SD, 6%), 7 lactating women (44%; SD, 12%), and 27 nonpregnant women
(52%; SD, 7%). Binding, neutralizing, and functional nonneutralizing antibody responses as well
as CD4 and CD8 T-cell responses were present in pregnant, lactating, and nonpregnant women
following vaccination. Binding and neutralizing antibodies were also observed in infant cord
blood and breast milk. Binding and neutralizing antibody titers against the SARS-CoV-2 B.1.1.7
and B.1.351 variants of concern were reduced, but T-cell responses were preserved against viral
variants.



variants.

Conclusion and Relevance  In this exploratory analysis of a convenience sample, receipt of a
COVID-19 mRNA vaccine was immunogenic in pregnant women, and vaccine-elicited antibodies
were transported to infant cord blood and breast milk. Pregnant and nonpregnant women who
were vaccinated developed cross-reactive antibody responses and T-cell responses against SARS-
CoV-2 variants of concern.

Introduction
Pregnant women with symptomatic COVID-19 have a higher risk of intensive care unit admission,
mechanical ventilation, and death compared with other women in their reproductive years.1 In-
creases in preterm birth and stillbirth also have been observed in pregnancies complicated by
COVID-19.2 Maternal-fetal virus transmission in utero is rare,2 and it appears that newborns re-
ceive passive immunity through antibody transfer via the placenta and from breast milk following
natural infection.3,4 Vaccination during pregnancy has reduced maternal morbidity and mortality
from influenza and neonatal morbidity from pertussis through passive immunity.5,6

The theoretical risks of COVID-19 vaccination in pregnancy and during lactation are limited, and
the current vaccines have a favorable safety profile and high efficacy in nonpregnant individuals.
The Centers for Disease Control and Prevention7 recommended that pregnant and lactating
women have access to the available COVID-19 vaccines. In the month following Emergency Use
Authorization of 2 COVID-19 messenger RNA (mRNA) vaccines in December 2020, 11 087 preg-
nant women received a COVID-19 vaccine in the United States.8 However, pregnant and lactating
women were excluded from phase 3 vaccine efficacy trials9-11; thus, data on vaccine safety and
immunogenicity in these populations remain limited.

New genetic variants have evolved from the initial SARS-CoV-2 sequence. The D614G variant is
associated with enhanced infectivity,12 the B.1.1.7 variant is associated with greater transmissibili-
ty,13 and the B.1.351 variant appears to evade natural immunity from prior infection14,15 and par-
tially escapes from neutralizing antibodies. The objective of this study was to assess the immuno-
genicity of the current COVID-19 mRNA vaccines in pregnant and lactating women against both
the original SARS-CoV-2 USA-WA1/2020 strain as well as against the B.1.1.7 and B.1.351 variants
of concern.

Methods
Study Population
The Beth Israel Deaconess Medical Center institutional review board approved this study and the
parent biorepository study; participants provided written informed consent. We conducted an ex-
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parent biorepository study; participants provided written informed consent. We conducted an ex-
ploratory, descriptive cohort study of women 18 years or older who had received a COVID-19 vac-
cine from December 2020 through March 2021 or had had confirmed SARS-CoV-2 infection from
April 2020 through March 2021 using samples collected in a larger hospital-wide, prospective
data and tissue biorepository. The date of the last follow-up was March 26, 2021.

To recruit participants planning to be vaccinated, we screened clinic schedules; to recruit partici-
pants with confirmed infection, we also screened inpatient admissions. Participants also self-re-
ferred from flyers posted in the hospital. All participants provided blood, some provided infant
cord blood at delivery, and some provided breast milk. Samples were collected close to each vac-
cine dose and 2 to 8 weeks after the second dose for the mRNA-1273 (Moderna) or BNT162b2
(Pfizer-BioNTech) COVID-19 vaccine. The analysis presented herein includes pregnant, lactating,
and nonpregnant women aged 18 to 45 years who were vaccinated or infected (Table 1). To fur-
ther characterize the study population, participants were asked to provide their race and ethnici-
ty based on specified categories for each; they could select multiple race categories. Participants
also reported if they had fever symptoms following either vaccine dose.

Enzyme-Linked Immunosorbent Assay
SARS-CoV-2 spike receptor binding domain (RBD)–specific binding antibodies in serum and milk
were assessed by enzyme-linked immunosorbent assay (ELISA) (Table 2). The 96-well plates
were coated with 2 μg/mL of wild-type SARS-CoV-2, variant B.1.1.7 (containing mutation N501Y)
(A.G. Schmidt),16 or B.1.351 (containing mutations K417N, E484K, N501Y) RBD protein in 1× Dul-
becco phosphate-buffered saline (DPBS) and incubated at 4 °C overnight.

After incubation, plates were washed once with wash buffer (0.05% Tween 20 in 1× DPBS) and
blocked with 350 μL of casein block solution per well for 2 to 3 hours at room temperature. Fol-
lowing incubation, block solution was discarded and plates were blotted dry. Serial dilutions of
heat-inactivated serum or breast milk diluted in Casein block were added to wells, and plates
were incubated for 1 hour at room temperature, prior to 3 more washes and a 1-hour incubation
with a 1:4000 dilution of anti–human IgG horseradish peroxidase (HRP) (Invitrogen, ThermoFish-
er Scientific) or a 1:1000 dilution of anti–human IgA HRP (Bethyl Laboratories Inc) at room tem-
perature in the dark. Plates were washed 3 times, and 100 μL of SeraCare KPL TMB SureBlue
Start solution was added to each well; plate development was halted by adding 100 μL of Sera-
Care KPL TMB Stop solution per well. The absorbance at 450 nm, with a reference at 650 nm,
was recorded with a VersaMax microplate reader (Molecular Devices). For each sample, the ELISA
end point titer was calculated using a 4-parameter logistic curve fit to calculate the reciprocal
serum dilution that yields a corrected absorbance value (450 nm-650 nm) of 0.2. Interpolated
end point titers were reported.

Pseudovirus Neutralizing Antibody Assay



The SARS-CoV-2 pseudoviruses expressing a luciferase reporter gene were generated in a similar
approach, described previously.3,17-19 In brief, the packaging construct psPAX2 (AIDS Resource
and Reagent Program), luciferase reporter plasmid pLenti-CMV Puro-Luc (Addgene), and spike
protein expressing pcDNA3.1-SARS-CoV-2 SΔCT were cotransfected into HEK293T cells with cal-
cium phosphate. Pseudoviruses were also generated using spike plasmids harboring mutations
found in the USA-WA1/2020 variant (mutation D614G), B.1.1.7 variant (Global Initiative on Sharing
All Influenza Data [GISAID] accession number, EPI_ISL_601443), and B.1.351 variant (GISAID ac-
cession number, EPI_ISL_712096). The supernatants containing the pseudotype viruses were col-
lected 48 hours after transfection; pseudotype viruses were purified by filtration with a 0.45-μm
filter.

To determine the neutralization activity of human adult and infant cord blood serum and whole
breast milk, HEK293T-hACE2 cells were seeded in 96-well tissue culture plates at a density of
1.75 × 104 cells per well overnight. Three-fold serial dilutions of heat-inactivated serum samples
were prepared and mixed with 50 μL of pseudovirus. The mixture was incubated at 37 °C for 1
hour before adding to HEK293T-hACE2 cells. After 48 hours, cells were lysed in Steady-Glo Lu-
ciferase Assay (Promega Corp) according to the manufacturer’s instructions. SARS-CoV-2 neutral-
ization titers (NT50) were defined as the sample dilution at which a 50% reduction in relative
light units was observed relative to the average of the virus control wells.

Systems Serology
For the functional analysis of sera samples, bead-based assays were used to quantify antibody–
dependent cellular phagocytosis (ADCP), antibody–dependent neutrophil phagocytosis (ADNP),
and antibody–dependent complement deposition (ADCD), as previously described.19 Fluorescent
streptavidin beads (ThermoFisher) were coupled to biotinylated SARS-CoV-2 Spike trimer (Lake-
Pharma) and incubated with diluted serum (ADCP and ADNP, 1:100; ADCD, 1:10). For ADCP, THP-1
cells (ATCC), derived from a human monocytic cell line, were added to the immune complexes
and incubated for 16 hours at 37 °C. For ADNP, primary neutrophils were isolated using an ammo-
nium chloride potassium lysis buffer from whole blood.

After a 1-hour incubation at 37 °C, neutrophils were stained with an anti-CD66b PacBlue detec-
tion antibody (Biolegend). For the ADCD assay, lyophilized guinea pig complement component 3b
(C3b) (Sigma) was resuspended according to manufacturer’s instructions and diluted in a gelatin
veronal buffer with calcium and magnesium (Boston BioProducts). After incubation, C3 was de-
tected with fluorescein-conjugated goat IgG fraction to guinea pig complement C3 (MPbio). For
ADCP, events were gated on bead-positive cells, whereas neutrophils were defined as CD66b
positive followed by gating on bead-positive neutrophils for ADNP. ADCP and ADNP data were
reported as the phagocytic score, calculated using the following formula: phagocytic score = 
{[percentage of bead-positive cells] × [geometric mean MFI (mean fluorescence index) for bead-
positive cells]}/1000. ADCD was reported as the MFI of C3 deposition.



positive cells]}/1000. ADCD was reported as the MFI of C3 deposition.

IFN-γ Enzyme-Linked Immunospot Assay
Enzyme-linked immunospot (ELISPOT) assay plates were coated with mouse anti–human IFN-γ
monoclonal antibody (MabTech) at 1 μg per well and incubated overnight at 4 °C. Plates were
washed with DPBS and blocked with R10 media (RPMI with 10% heat-inactivated fetal bovine
serum [FBS] with 1% of 100× penicillin-streptomycin, 1 M of HEPES buffer, 100 mM of sodium
pyruvate, 200 mM of L-glutamine, and 0.1% of 55 mM of 2-mercaptoethanol) for 2 to 4 hours at
37 °C. Peptides from wild-type, B.1.1.7, and B.1.351 variant spike (21st Century Biochemicals) were
prepared and plated at a concentration of 2 μg per well, and 100 000 cells per well were added
to the plate.

The peptides and cells were incubated for 15 to 20 hours at 37 °C. All steps following this incuba-
tion were performed at room temperature. The plates were washed with an ELISPOT wash buffer
and incubated for 2 to 4 hours with 1 μg/mL of biotinylated mouse anti–human IFN-γ monoclonal
antibody (MabTech). The plates were washed again and incubated for 2 to 3 hours with 1.33
μg/mL of conjugated goat antibiotin alkaline phosphatase (Rockland Inc). The final wash was fol-
lowed by adding nitor-blue tetrazolium and 5-bromo-4-chloro-3-indolyphosphate p-toludine salt
(NBT/BCIP chromogen) substrate solution for 7 minutes. The chromogen was discarded, and the
plates were washed with water and dried in a dim place for 24 hours. Plates were scanned and
counted on an immunospot analyzer (Cellular Technologies Ltd).

Intracellular Cytokine Staining Assay
Peripheral blood mononuclear cells were resuspended at a concentration of 106 cells in 100 μL of
R10 media supplemented with a CD49d monoclonal antibody (1 μg/mL) and a CD28 monoclonal
antibody (1 μg/mL). Each sample was assessed with mock (100 μL of R10 plus 0.5% dimethyl sul-
foxide; background control), peptides (2 μg/mL), and/or 10 pg/mL of phorbol myristate acetate
and 1 μg/mL of ionomycin (Sigma-Aldrich) (100 μL; positive control) and incubated at 37 °C for 1
hour. After incubation, 0.25 μL of GolgiStop (BD Bioscience), which contains monensin, and 0.25
μL of GolgiPlug (BD Bioscience), which contains brefeldin A, in 50 μL of R10 was added to each
well and incubated at 37 °C for 8 hours and then held at 4 °C overnight.

The next day, the cells were washed twice with DPBS, stained with aqua live-or-dead dye for 10
minutes, and then stained with predetermined titers of monoclonal antibodies (mAbs) against
CD279 (clone EH12.1, BB700), CD4 (clone L200, BV711), CD27 (clone M-T271, BUV563), CD8
(clone SK1, BUV805), and CD45RA (clone 5H9, APC H7) for 30 minutes. Cells were then washed
twice with a 2% FBS-DPBS buffer and incubated for 15 minutes with 200 μL of BD CytoFix/Cyto-
Perm fixation/permeabilization solution. Cells were washed twice with 1× Perm Wash buffer (BD
Biosciences Perm/Wash Buffer 10× in the CytoFix/CytoPerm Fixation/ Permeabilization kit diluted
with MilliQ water and passed through 0.22-μm filter) and stained intracellularly with mAbs



against Ki67 (clone B56, BB515), IL-21 (clone 3A3-N2.1, PE), CD69 (clone TP1.55.3, ECD), IL-10
(clone JES3-9D7, PE CY7), IL-13 (clone JES10-5A2, BV421), IL-4 (clone MP4-25D2, BV605), TNF
(clone Mab11, BV650), IL-17 (clone N49-653, BV750), IFN-γ (clone B27; BUV395), IL-2 (clone
MQ1-17H12, BUV737), IL-6 (clone MQ2-13A5, APC), and CD3 (clone SP34.2, Alexa 700) for 30
minutes. Cells were washed twice with 1× Perm Wash buffer and fixed with 250 μL of freshly pre-
pared 1.5% formaldehyde. Fixed cells were transferred to a 96-well round bottom plate and ana-
lyzed by BD FACSymphony system.

Statistical Analysis
Descriptive statistics were calculated using SAS 9.4 (SAS Institute Inc) and GraphPad Prism 8.4.3
(GraphPad Software). Data are presented as median with interquartile range (IQR) or proportion
with standard deviation (SD).

Results
Enrollment
The hospital-wide biorepository enrolled 103 women aged 18 to 45 years who received an mRNA
COVID-19 vaccine and had serum available for analysis; an additional 4 individuals declined to
participate. Among these 103 participants, 30 were pregnant; 16 were lactating; and 57 were nei-
ther pregnant nor lactating (Table 1). Samples were obtained a median of 21 days (IQR, 17-27
days) after the second vaccine dose from nonpregnant women, 21 days (IQR, 14-36 days) from
pregnant women, and 26 days (IQR, 19-31 days) from lactating women. Nine pregnant women
delivered during the study and contributed infant cord blood. Fifty-six participants (54%) re-
ceived BNT162b2; 47 (46%) received mRNA-1273. Prior SARS-CoV-2 infection was diagnosed in 4
(4%) of the vaccinated participants. Among pregnant participants, 5 (17%) received their first
vaccine dose in the first trimester, 15 (50%) in the second, and 10 (33%) in the third.

The hospital-wide biorepository also enrolled 70 women aged 18 to 45 years who were tested for
SARS-CoV-2, including 60 pregnant women; an additional 76 individuals declined to participate.
The analysis presented herein includes 22 pregnant and 6 nonpregnant unvaccinated women
with SARS-CoV-2 infection as comparators who had serum available for analysis. These partici-
pants were more likely to self-identify as Black or Hispanic than were the vaccinated women (Ta-
ble 1). Among women who had not been vaccinated but had been infected, the median time from
symptom onset (or positive polymerase chain reaction [PCR] test result among those who were
asymptomatic) to sample collection was 12 days (IQR, 10-20 days) for nonpregnant women and
41 days (IQR, 15-140 days) for pregnant women. Among participants infected but not vaccinated,
1 nonpregnant (17%) and 3 pregnant (14%) women experienced severe disease.

Reactogenicity
After the second dose, fever was reported in 27 nonpregnant (52%, SD; 7%), 4 pregnant (14%;



After the second dose, fever was reported in 27 nonpregnant (52%, SD; 7%), 4 pregnant (14%;
SD, 6%), and 7 lactating (44%; SD, 12%) women (Table 1). Among nonpregnant women, 5 did
not report whether they had a fever within 48 hours after the first or second dose; 1 pregnant
woman did not report whether she had a fever after the second dose. No severe adverse events
or pregnancy or neonatal complications were observed.

Serum Binding and Functional Antibody Responses
The median RBD–IgG binding antibody titers in nonpregnant (37 839), pregnant (27 601), and lac-
tating (23 497) women after the second vaccine dose were higher than their baseline prevaccina-
tion titers (28) (Figure 1A). Among pregnant women, median binding antibody titer was 27 601
following vaccination and was 1321 after infection. The median binding antibody titer was 37 839
following vaccination and was 771 after infection in nonpregnant women. Similarly, the median
pseudovirus NT50 in vaccinated nonpregnant (901), pregnant (910), and lactating individuals
(783) were higher than the prevaccination titers (20) (Figure 1B). Among those who were not
vaccinated but were infected, the median NT50 values were 148 among those who were preg-
nant and 193 among those who were not pregnant. Among vaccinated individuals, ADNP activity
was quantified with median phagocytic score of 58 in nonpregnant, 27 in pregnant, and 12 in lac-
tating individuals (Figure 1C). The median MFI for ADCD among vaccinated nonpregnant women
was 376; pregnant women, 402; and lactating women, 333 (Figure 1D). The median phagocytic
score for ADCP among vaccinated nonpregnant women was 277; for pregnant women, 282; and
for lactating women, 249 (Figure 1E).

Binding and Neutralizing Antibodies in Cord Blood
Nine paired maternal and infant cord blood samples were used to evaluate transplacental trans-
fer of vaccine–elicited binding and neutralizing antibodies. Median maternal serum RBD IgG bind-
ing antibody titers at delivery were 14 953 compared with 19 873 in cord blood (Figure 2A). The
median maternal NT50 at delivery was 1016 compared with 324 in cord blood (Figure 2B). In the
unvaccinated infected maternal and infant dyads, the median RBD IgG binding antibody titers at
delivery were 1342 in maternal sera and 635 in cord blood (Figure 2A), and the median NT50 was
151 in maternal sera compared with 164 in cord blood (Figure 2B).

Binding and Neutralizing Antibodies in Breast milk
RBD IgG and IgA binding antibodies and neutralizing antibodies were assessed in breast milk fol-
lowing vaccination and infection. The median serum IgG binding antibody titer was 25 055 after
vaccination and 1593 following natural infection. Median breast milk IgG titer was 97 in vaccinat-
ed and 203 in infected individuals (Figure 2C). The median serum IgA–binding antibodies were
820 after vaccination and 152 after infection. The median breast milk IgA binding antibodies were
25 after vaccination and 1940 after infection (Figure 2D). The median NT50 in breast milk was 75
following vaccination and 153 following infection (Figure 2E).



T-Cell Responses in Peripheral Blood
Spike-specific T-cell responses were evaluated in 18 pregnant, 7 lactating, and 12 nonpregnant
individuals with available peripheral blood mononuclear cells (PBMCs). The median ELISPOT re-
sponses in vaccinated pregnant individuals was 270 spot-forming cells (SFCs) per million PBMCs,
185 SFCs per million PBMCs in lactating, and 435 SFCs per million PBMCs in nonpregnant women.
The percent of spike-specific IFN-γ production by CD4 T cells, CD4 central memory T cells, CD8 T
cells, and CD8 central memory T cells were comparable in pregnant, lactating, and nonpregnant
women (Figure 3).

Humoral and Cellular Immune Responses to SARS-CoV-2 Variants of
Concern
Serum RBD IgG binding antibodies and neutralizing antibodies to the B.1.1.7 and B.1.351 variants
of concern were evaluated.20 Binding antibody responses were comparable against wildtype
USA-WA1/2020 and B.1.1.7 RBD proteins in nonpregnant, pregnant, and lactating women and in
infant cord samples but were lower for the B.1.351 RBD protein (Figure 4A). The median neutral-
izing antibody titer in nonpregnant, pregnant, and lactating women was lower by 3.5-fold for the
B.1.1.7 variant and 6-fold lower for the B.1.351 variant than for the USA-WA1/2020 variant (Figure
4B).

Spike-specific T-cell responses were also compared with the wildtype USA-WA1/2020, B.1.1.7, and
B.1.351 peptides by ELISPOT and ICS assays following vaccination. There were no differences in
ELISPOT responses , CD4 T-cell responses, CD4 central memory T-cell responses, CD8 T-cell re-
sponses, or CD8 central memory T-cell responses across these variants.

Discussion
COVID-19 mRNA vaccines were immunogenic, as quantified by both humoral and cellular immune
responses, in pregnant, lactating, and nonpregnant, nonlactating women. Following the second
dose of the mRNA vaccines, 13% of pregnant women and 47% of nonpregnant women reported
fever. These findings need to be confirmed using the national v-safe Centers for Disease Control
and Prevention registry.21 Moreover, similar to prior studies,22 this study validates that vaccina-
tion elicits higher antibody responses than does infection.

The detection of binding and neutralizing antibodies in infant cord blood suggests efficient
transplacental transfer of maternal antibodies. As with the recommendation for diphtheria and
tetanus toxoids and acellular pertussis vaccination in pregnancy to protect vulnerable newborns
against pertussis, maternal COVID-19 vaccination in pregnancy may confer similar benefits for
newborns who may be ineligible for vaccination. Vaccination also elicited binding and neutraliz-
ing antibodies in breast milk, although IgA responses were low in breast milk, with the exception
of early breast milk from participants receiving a vaccine during pregnancy. Differential breast



of early breast milk from participants receiving a vaccine during pregnancy. Differential breast
milk IgG- and IgA-antibody production specific to respiratory pathogens has been described in
the setting of maternal infection and vaccination,23 and future work should focus on delineating
the timing of vaccination that optimizes delivery of breast milk antibodies to neonates. Other
studies have similarly reported spike–specific binding antibodies in breast milk following vaccina-
tion.24 The results of this study complement these studies by demonstrating neutralizing anti-
bodies in both cord blood and breast milk, suggesting the possibility that newborns may be pro-
tected by maternal vaccination.

Consistent with recent reports,15,25,26 reduced serum neutralizing antibody titers were evident
against the B.1.1.7 variant that was originally identified in the UK and particularly against the
B.1.351 variant that was originally identified in South Africa. Both vaccinated pregnant women
and infant cord blood showed reductions in neutralizing antibody titers against these variants. In
contrast, minimal reductions were observed against these variants for nonneutralizing antibody
binding and for CD4 and CD8 T-cell responses in both pregnant and nonpregnant women follow-
ing vaccination. These data suggest that there may be greater cross-reactivity for functional non-
neutralizing antibodies and cellular immune responses than for neutralizing antibodies against
SARS-CoV-2 variants of concern. The mechanistic roles of these different immune responses in
protecting against COVID-19 infection and disease remain to be determined, but data from non-
human primates suggest that both humoral and cellular immune responses may contribute to
protection.17

Limitations
This study has several limitations. First, the study size is small, and thus conclusions about vac-
cine safety and tolerability could not be made. Second, the correlates of immunogenicity and
protection against COVID-19 infection and disease have not yet been determined. Third, as a co-
hort study rather than a randomized clinical trial, any differences in the findings among the
groups cannot be assumed to be causal. Fourth, given the reliance on a convenience sample of
women who were willing to be vaccinated, the generalizability of the findings may be limited.
Fifth, immune responses were evaluated at a short interval after vaccination; thus, conclusions
regarding durability cannot be drawn from these results.

Conclusions
In this exploratory analysis of a convenience sample, receipt of a COVID-19 messenger RNA vac-
cine was immunogenic in pregnant women, and vaccine-elicited antibodies were transported to
infant cord blood and breast milk. Pregnant and nonpregnant women who were vaccinated de-
veloped cross-reactive antibody responses and T-cell responses against SARS-CoV-2 variants of
concern.
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