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BACKGROUND: The exclusion of pregnant women from initial COVID-
19 messenger RNA vaccine trials raised hesitancy regarding the benefits
of vaccination for pregnant women, hence little is known about vaccines’
efficacy in this population.

OBJECTIVE: To determine the maternal-neonatal transplacental trans-
fer of SARS-CoV-2 antibodies among vaccinated parturient women. A
control group of COVID-19-recovered patients was included to compare
the immunoglobulin G levels between vaccinated and recovered patients.
STUDY DESIGN: This is a prospective cohort study conducted in a
single tertiary medical center in Israel between February and March 2021;
parturient women vaccinated with the BNT162b2 messenger RNA vaccine
during pregnancy were included and compared with COVID-19-recovered
parturient women. SARS-CoV-2 immunoglobulin G antibodies were mea-
sured in maternal and cord sera, dried blood spot samples taken from
newborns, and breast milk samples. The primary aim was to determine
whether neonatal cord and dried blood spot samples were positive for
SARS-CoV-2 antibodies and to evaluate the transfer ratio, defined as cord
blood immunoglobulin G divided by matemal immunoglobulin G levels.
RESULTS: The study included 64 vaccinated parturient women and 11
parturient women who had COVID-19 during pregnancy. All maternal
blood sera samples and 98.3% of the cord blood sera samples were posi-
tive for SARS-Cov-2 immunoglobulin G with median concentrations of
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q ccumulating evidence indicates that
pregnant women are more likely to
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excluded from all clinical trials.>® Vacci-

26.1 (interquartile range, 22.0—39.7) and 20.2 (interquartile range, 12.7
—29.0), respectively. Similarly, 96.4% of neonatal blood spot samples
and all breast milk samples were positive for SARS-CoV-2 immunoglobulin
G with median concentrations of 11.0 (interquartile range, 7.2—12.8) and
4.9 (interquartile range, 3.8—6.0), respectively. There was a significant
positive correlation between maternal serum levels of SARS-CoV-2 immu-
noglobulin G and cord blood (r=0.483; P-.0001), neonatal blood spot
(r=0.515; P=.004), and breast milk levels (=0.396; P-.005) of SARS-
CoV-2 immunoglobulin G. The median placental transfer ratio of SARS-
COV-2 immunoglobulin G was 0.77. Comparison of vaccinated and recov-
ered COVID-19 patients revealed significantly higher SARS-CoV-2 immu-
noglobulin G levels in maternal serum and cord blood among vaccinated
women (P<.0001).

CONCLUSION: Our study demonstrated the efficient transfer of SARS-
CoV-2 immunoglobulin G across the placenta in women, vaccinated with
the BNT162b2 messenger RNA vaccine during pregnancy, to their neo-
nates, with a positive correlation between maternal serum and cord blood
antibody concentrations. In addition to maternal protection against COVID-
19, the vaccine may also provide neonatal humoral immunity.

Key words: antibodies transfer, COVID-19 vaccine, neonatal immunity,
pregnancy, SARS-CoV-2 antibodies

9—12

infection to delivery.” "~ In addition to the
maternal protection against COVID-19
following vaccination, the potential benefit
of transplacental and lactational passage of

experience COVID-19 complications than
nonpregnant women." The novel
BN'T162b2 messenger RNA (mRNA) vac-
cine against SARS-CoV-2 was shown to
be effective both in a randomized trial and
in a nationwide mass vaccination setting,

vet pregnant and lactating women were
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nation recommendations during preg-
nancy differ greatly around the globe. In
view of the risks associated with COVID-
19 in pregnancy, which seem to outweigh
the potential side effects of the BN'T'162b2
mRNA vaccine, the Israeli Ministry of
Health has issued an official recommenda-
tion for vaccinating pregnant women."
‘I'ransplacental passage of maternal-
derived SARS-CoV-2 antibodies in sero-
positive women infected with COVID-19
has been described, showing that cord
blood immunoglobulin G (IgG) antibody
concentrations were directly associated
with maternal antibody concentrations
and with time elapsed from maternal

antibodies is of immense importance
because it may provide infants with pro-
tection against COVID-19 at a phase in
which their humoral response is still ineffi-
cient.” " Such findings may provide
important additional insight for deciding
whether to vaccinate pregnant women.

Our aim was to assess the transfer of
maternal antibodies in infants born to
women vaccinated with the BN'T162b2
mRNA vaccine during pregnancy by
measuring SARS-CoV-2 antibodies in
maternal and cord sera, infant blood
spot samples, and breast milk during
postpartum hospitalization.
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Why was this study conducted?

Pregnant women were excluded from initial trials of SARS-CoV-2 vaccines,
hence little is known about their efficacy in this population.
It is known that a maternal-neonatal transfer of antibodies occurs both trans-

placentally and via lactation.

We sought to determine the maternal-neonatal transfer of SARS-CoV-2
immunoglobulin (Ig) G antibodies among vaccinated parturient women.

Key findings

SARS-CoV-2 IgG antibodies were detected in cord blood, newborn dried blood

spot, and breast milk samples.

Neonatal and breast milk antibody levels were positively correlated with
maternal serum antibody levels. Higher levels of cord blood antibodies were
detected in vaccinated women than in COVID-19-recovered women.

What does this add to what is known?
High rates of maternal-neonatal SARS-CoV-2 antibodies transfer occur in vacci-

nated pregnant women.

In addition to maternal protection against COVID-19, the SARS-CoV-2 vac-
cine may also provide neonatal humoral immunity.

Materials and Methods
This was a prospective cohort study of
parturient women vaccinated with the
BNT162b2 mRNA vaccine during preg-
nancy and COVID-19-recovered partu-
rient women admitted for delivery at a
single tertiary medical center in Febru-
ary and March 2021. Inclusion criteria
included pregnant women aged
>18 years who had received 2 dosages
of the BNT162b2 mRNA COVID-19
vaccine at least 14 days before delivery.
COVID-19-recovered women with pre-
vious documented positive polymerase
chain reaction (PCR) tests for SARS-
CoV-2 served as a control group;
patients were defined as recovered if
they were asymptomatic for 3 days or
more after 10 days had elapsed from the
initial positive PCR test. Documenta-
tion of a positive PCR test during the
acute phase of infection and a signed
form by the Ministry of Health stating
that the patients were defined as recov-
ered was required. Eligible women were
offered to participate on admittance to
the delivery room or operating room in
cases of elective cesarean delivery. Data
regarding general medical history and
pregnancy outcomes were collected.
Maternal  blood  samples
obtained on admittance, and cord blood

were
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samples were taken immediately post-
partum. Serum samples were centri-
fuged at 4000 g for 4 minutes at room
temperature. The samples were tested
for SARS-CoV-2  receptor-binding
domain (RBD) IgG using the access
SARS-CoV-2 1gG assay (Beckman
Coulter, CA) according to the manufac-
turer's instructions, and those with a
sample/cutoff ratio of >1.1 were consid-
ered positive. Dried blood spot (DBS)
samples were obtained from the infants
on Guthrie cards 1 day after delivery.
Breast milk samples were collected dur-
ing postpartum hospitalization. DBS
and breast milk samples were tested for
SARS-CoV-2 lgG RBD
enzyme-linked immunosorbent assay as
previously demonstrated,”*' with the
following modifications: breast milk
samples were diluted in the ratio 1:2 for
IgG. For DBS samples, 4 mm punches
were taken from a single Guthrie card
and antibodies were extracted by incu-
bation with 250 uL of 1% skim milk in
phosphate-buffered saline with 0.05%
Tween for 90 minutes. One hundred
microliters of extracted material were
taken for IgG testing and the transfer
ratio was calculated as cord blood
SARS-CoV-2 IgG divided by maternal
IgG concentration. The transfer ratio,

with an

defined as median maternal serum IgG
levels divided by cord blood median
1gG levels, was calculated.

This study was approved by the
Sheba Medical Center Institutional
Review Board (approval number 8142-
21).

Descriptive statistics were used to
assess the demographic and clinical
characteristics of the participants and
are presented as mean = standard devi-
ation or median and interquartile
ranges (IQR), as appropriate. SARS-
CoV-2 antibody levels were analyzed,
and the correlation between maternal
concentrations and cord, neonatal, and

breast milk concentrations was
assessed.
Results
The study included 64 parturient

women vaccinated with 2 doses of the
BNT162b2 mRNA vaccine and 11 par-
turient women who had COVID-19
during pregnancy. The demographic
and clinical characteristics are presented
in Table 1. The mean time interval
between the second vaccination and
delivery was 21.7 (£11.0) days for vac-
cinated women, and 92.5 (+75.8) days
between a positive PCR test for SARS-
CoV-2 infection and delivery in recov-
ered COVID-19 patients (P<.0001). All
maternal blood sera samples and 98.3%
of the cord blood sera samples were
positive for SARS-CoV-2 IgG with
median concentrations of 26.1 (IQR,
22.0—39.7) and 20.2 (IQR, 12.7—29.0),
respectively. Similarly, 96.4% of the
neonatal blood spot samples (n=55)
and all breast milk samples (n=30) were
positive for SARS-CoV-2 IgG with
median concentrations of 11.0 (IQR, 7.2
—12.8) and 4.9 (IQR, 3.8—6.0), respec-
tively (Table 2).

There was a significant positive cor-
relation between maternal serum levels
of SARS-CoV-2 IgG and cord blood
(r=0.483; P=.0001), neonatal blood spot
(r=0.515; P=.004), and breast milk levels
(r=0.396; P=.005) of SARS-CoV-2 IgG
(Figure 1 A—C). The median placental
transfer ratio of SARS-CoV-2 1gG was
0.77. We observed a significant negative
correlation between the time elapsed
since the second dosage of the vaccine



TABLE 1
Cohort demographic characteristics of parturient women following BNT162b2 messenger RNA vaccine vs COVID-19
recovered women
BNT162b2 mRNA vaccinated COVID-19 recovered
Characteristic women (n=64) women (n=11) Pvalue
Maternal age (y) 33.8 (£5.8) 32.7 (£5.7) .56
BMI 28.2 (£4.9) 31.6 (+4.6) .06
Type | diabetes mellitus 1(1.6) 1(9.1) 27
Pregestational hypertension 1(1.6) 0 99
Other medical conditions Hypercoagulation 3(4.7) 0(0) 99
Autoimmune disease 5(7.8) 2(18.2) 58
Smoking 4(6.3) 1(9.1) 99
Medications Levothyroxine or PTU 34.7) 1(9.1) 47
Aspirin and/or LMWH 5(7.8) 0(0) .59
Prednisone 34.7) 0(0) 99
Insulin 1(1.6) 2(18.2) .054
Gestational diabetes mellitus 4(6.3) 2(18.2) .21
Gestational hypertensive disease 2(3.1) 0(0) 72
Gestational age at vaccination—second 33.5(£3.2) 27.2 (£11) 07
dosage or positive SARS-CoV-2 PCR (wk)
Gestational age at delivery (wk) 38.7 (=1.3) 39.0 (1.2 46
Vaginal delivery 43 (64) 8(72.7) 99
Newborn gender-male 28 (43.9) 6 (54.5) 53
Neonatal birthweight (g) 3187.2 (+484.3) 3470.0 (+427.9) .06
Second vaccine or positive SARS-CoV-2 21.7 (£11.0) 92.5 (£75.8) <.0001
PCR to sampling interval (d)
Multiple gestation 2(3.1) 0(0) 712
Data are presented as number (percentage) or mean (+-standard deviation), where appropriate.
Autoimmune disease comprised hypothyroidism and ulcerative colitis. Gestational hypertensive disease comprised pregnancy induced hypertension and preeclampsia toxemia.
BMI, body mass index; LMWH, low-molecular weight heparin; mAN4, messenger RNA; PCR, polymerase chain reaction; PTU, propylthiouracil.
Nir. Maternal-neonatal SARS-CoV-2 immunoglobulin G antibodies transfer following vaccination of pregnant women. Am J Obstet Gynecol MEM 2021.

TABLE 2
Serology for COVID-19—specific antibodies

BNT162b2 mRNA COVID-19 recovered
Samples vaccinated women (n=64) women (n=11) Pvalue
Maternal serum IgG 26.1 (22.0-39.7) 2.6(0.9-3.5 <.0001
Neonatal cord blood 20.2 (12.7—29.0) 3.27 (0.5—-4.6) <.0001
DBS? 11.0 (7.2—12.8) N/A
Breastmilk IgG® 49 (3.8-6.0) N/A

Data are presented as median (interquartile range).
DBS, dried blood spot; IgG, immunoglobulin G; mANA, messenger RNA; N4, not applicable.
2 Neonatal DBS samples (n=55);; * Breastmilk samples (n=30).

Nir. Maternal-neonatal SARS-CoV-2 immunoglobulin G antibodies transfer following vaccination of pregnant

women. Am | Obstet Gynecol MEM 2021,

and maternal serum IgG levels
(r=—0.386; P=.003), but the correla-
tion with cord blood IgG levels was
not as clear (r=0.159; P=.14) (Figure 2).
Comparison between vaccinated and
recovered COVID-19 patients
revealed significantly higher SARS-
CoV-2 1gG levels in maternal and
cord blood samples in vaccinated
women (P<.0001) (Table 2).

Comment

Principal findings

Our study demonstrated the efficient
transfer of SARS-CoV-2 IgG across
the placenta in women vaccinated
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FIGURE 1
Association between maternal and neonatal SARS-CoV-2 IgG
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Nir. Maternal-neonatal SARS-CoV-2 immunoglobulin G antibodies transfer following vaccination of pregnant women.
Am ] Obstet Gynecol MEM 2021.
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with the BNT162b2 mRNA vaccine
during pregnancy to their neonates,
with a positive correlation between the
maternal serum and cord blood anti-
body concentrations. Neonatal blood
spot and breast milk samples of vacci-
nated parturient women were also posi-
tive for SARS-CoV-2 IgG. Vaccine-
induced maternal serum and cord blood
antibody titers were higher than those
found in recovered COVID-19 patients.

'The presence of neonatal SARS-CoV-
2 antibodies after maternal vaccination
indicates that in addition to maternal
protection against COVID-19, the
BNT162b2 mRNA vaccine may also
provide neonatal immunity while
humoral response is still inefficient.
Such findings may provide important
additional insight for deciding whether
to vaccinate pregnant women, especially
given the increased maternal morbidity
and mortality associated with COVID-
19 in pregnancy.

Results in the context of what is
known

In a previous study on parturient
women who had COVID-19 during
pregnancy, maternal SARS-CoV-2 IgG
antibodies were transferred across the
placenta in 87% of the patients. In addi-
tion, cord blood antibody levels were
correlated with maternal antibody con-
centrations and the duration between
onset of infection and delivery.g In our
study, cord and neonatal blood spot lev-
els of antibodies were significantly
higher in infants of vaccinated parturi-
ent women than in those of women
recovered from COVID-19. In line with
our results, a recent study by Gray et
al** also showed a greater response in
vaccinated women than in recovered
patients. Yet, it is unclear whether vacci-
nation confers better neonatal immu-
nity than maternal infection with
SARS-CoV-2 during pregnancy. Of
note, the time elapsed between disease
or vaccination and delivery was signifi-
cantly longer among the COVID-19-
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Association between maternal serum and breastmilk SARS-
CoV-2 specific IgG
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FIGURE 1 CONTINUED.

recovered patients, which could also
explain the difference we found in cord
and neonatal blood antibody levels
between the 2 groups.

The optimal timing of maternal vac-
cination to achieve maximal protection
of the newborn is still unknown. Mithal
1> recently showed that the antibody
transfer ratio seems to increase with
latency from vaccination, suggesting
that earlier vaccination may produce
greater infant immunity. Studies on
other vaccinations found that placental
transfer ratios increased when the time
between maternal infection and delivery
was longer.”® Other vaccinations in
pregnancy such as tetanus toxoid,
reduced diphtheria toxoid, and acellular
pertussis  (T'dap)
given between 27 and 36 weeks of gesta-
tion according to the American College
of Obstetricians and Gynecologists and
the US Centers for Disease Control and

25

eta

immunization are

Prevention recommendations.” How-
ever, some studies have indicated that
the T'dap vaccine might be more effec-
tive when administered during the sec-
ond trimester of pregnancy.”® In the
current study, all participants were vac-
cinated in the third trimester at a mean
gestational age of 33.5 weeks, but no
correlation between time from vaccina-

tion and cord blood antibody levels was

demonstrated. However, a recent study
including 20 parturient women who
received the BNT162b2 mRNA
COVID-19 vaccine found cord blood
antibody concentrations to be corre-
lated with time since vaccination.”” The
placental transfer ratio reported in this
study was 0.34, which is lower than the
ratio of 0.77 found in our study. This
difference may be attributed to the lon-
ger interval between wvaccination and
delivery in our cohort (21.7 vs 11 days).
Because transplacental transfer begins
at around 17 weeks of gestation,
increasing exponentially as gestation
advances, maternal vaccination in the
early second trimester might be optimal
for neonatal protection.”® Data derived
from other vaccine studies indicate that
transplacentally acquired antibodies
usually decline by the second month of
life, and the protective efficacy is
expected to be reduced at the age of 6 to
12 months.

Based on our study, we cannot esti-
mate the duration of the potential pro-
tection against COVID-19 among
infants. However, we demonstrated
SARS-CoV-2 IgG in breast milk sam-
ples of lactating women after delivery,
which may further enhance neonatal
immunity. Similarly, Gray et al showed
the presence of vaccine-generated

antibodies in breast milk samples of 31
lactating women who received the
COVID-19 mRNA vaccine.”* The role
and extent to which antibodies trans-
ferred through breast milk can protect
breastfed infants is still unresolved.

Clinical and research implications
The results of this study show that in
addition to maternal protection against
COVID-19 during pregnancy, the novel
BNT162b2 mRNA vaccine may also
potentially provide protection to new-
borns during the sensitive period in
which their humoral protection is inef-
fective. Further research is needed to
reinforce public health policy regarding
vaccination during pregnancy. Despite
the reassuring findings of the current
study, further research is also needed to
determine several unanswered ques-
tions. First, for how long does the
potential humoral protection from
COVID-19 lasts, and how clinically
is this protection during
infancy. Second, the optimal timing of
vaccination during pregnancy with
regard to neonatal protection remains
unresolved, and additional large-scale
research is required.

effective

Strengths and limitations

This is a large study assessing maternal-
neonatal transfer of antibodies follow-
ing COVID-19 vaccination of pregnant
women. The strengths of our study
include: the prospective assessment of
several different markers of maternal-
neonatal transfer of antibodies in a
short period of time; sample collection
in close temporal proximity to the date
of vaccination; and the inclusion of a
relatively large cohort of vaccinated par-
turient women, an important group
which was not previously included in
clinical trials evaluating the effective-
ness of the BNT162b2 mRNA vaccine.
Moreover, a comparison group of
COVID-19-recovered parturient
women was also included using the
same methods. This study has several
limitations: first, lack of long-term fol-
low-up and serial sample collection.
Second, because all women were vacci-
nated during a short window of the
third trimester (33.54+3 weeks), we
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FIGURE 2

blood IgG levels

Association between time elapsed from vaccination and maternal and cord

Association between time elapsed from vaccination and maternal and cord
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cannot determine the optimal time for
vaccination. Given that the vaccine was
a new treatment when this study was
conducted, women vaccinated during
the first or second trimester were not
included because they did not deliver by
the time when the study was completed.
Furthermore, this study did not prove
the clinical efficacy of maternal vaccina-
tion in protecting infants from COVID-
19. Neither the degree of neonatal pro-
tection against SARS-CoV-2 nor the
duration of such potential protection
can be assessed from this study alone,
and further large-scale, long-term
research is required to elucidate this
issue.

Conclusions

We demonstrated that parturient
women fully vaccinated with 2 dosages
of the BN'T162b2 mRNA vaccine before
delivery transfer SARS-CoV-2 IgG anti-
bodies to their infants, with evidence of
antibodies in cord blood, neonatal

6 AJOGMFM January 2022

blood spot samples, and breast milk
samples. These data show an additional
benefit of the novel BNT162b2 mRNA
vaccine in potentially providing protec-
tion to newborns during the sensitive
period in which their humoral protec-
tion is ineffective. Further research is
needed to determine the optimal time
for vaccination during pregnancy with
regard to newborn immunity, and to
establish whether transplacentally trans-
ferred SARS-CoV-2 antibodies provide

clinically effective and long-lasting

infant protection. O
Supplementary materials
Supplementary material associated

with this article can be found in the
online version at doi:10.1016/j.ajogmf.
2021.100492.
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