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IMPORTANCE BNT162b2 messenger RNA (mRNA) COVID-19 vaccination in the third trimester
was found to be associated with a strong maternal humoral IgG response that crossed the
placenta and approached maternal titers in the newborn.

OBJECTIVE To evaluate maternal and neonatal SARS-CoV-2 immunoglobulin G (IgG) antibody
levels at birth after mRNA COVID-19 vaccination during the second trimester of pregnancy.

DESIGN, SETTING, AND PARTICIPANTS This prospective cohort study, conducted at a single
medical center in Haifa, Israel, from May to July 2021, included women with a singleton
pregnancy over 24 weeks of gestation at least 7 days after receipt of their second COVID-19
vaccine dose who were not known to be previously infected with COVID-19.

EXPOSURES BNT162b2 (Pfizer/BioNTech) vaccination.

MAIN OUTCOMES AND MEASURES The primary outcomes were SARS-CoV-2 IgG antibody titers
measured in the parturient at admission and in the umbilical cord blood within 30 minutes
after delivery. Secondary outcomes were the correlation between antibody titers,
feto-maternal characteristics, maternal adverse effects after vaccination, and time interval
from vaccination to delivery.

RESULTS Antibody levels were measured for 129 women (mean [SD] age, 31.9 [4.9] years) and
114 neonates, with 100% of the tests having positive results. The mean (SD) gestational age
at administration of the second vaccine dose was 24.9 (3.3) weeks. Neonatal IgG titers were
2.6 times higher than maternal titers (median [range], 3315.7 [350.1-17 643.5] AU/mL vs
1185.2 [146.6-32 415.1] AU/mL). A positive correlation was demonstrated between maternal
and neonatal antibodies (r = 0.92; 95% CI, 0.89-0.94). Multivariable analysis revealed that
for each week that passed since receipt of the second vaccine dose, maternal and neonatal
antibody levels changed by −10.9% (95% CI, −17.2% to −4.2%; P = .002) and −11.7% (95% CI,
−19.0 to −3.8%; P = .005), respectively. For each 1-year increase in the mother’s age, maternal
and neonatal antibody levels changed by −3.1% (95% CI, −5.3% to −0.9%; P = .007) and
−2.7% (95% CI, −5.2% to −0.1%; P = .04), respectively.

CONCLUSIONS AND RELEVANCE In this cohort study, receipt of the BNT162b2 mRNA COVID-19
vaccine during the second trimester of pregnancy was associated with maternal and neonatal
humoral responses, as reflected in maternal and neonatal SARS-CoV-2 IgG antibody levels
measured after delivery. These findings support COVID-19 vaccination of pregnant individuals
during the second trimester to achieve maternal protection and newborn safety during the
pandemic.
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C OVID-19 can lead to severe respiratory disease in preg-
nant women as well as quicker disease progression and
higher rates of intensive care unit admissions than in

the general population.1 It has been suggested that pregnan-
cies complicated by COVID-19 have a higher risk for preterm
birth, cesarean delivery, fetal distress, preeclampsia,2 and peri-
natal death.3 The chance of children becoming infected with
COVID-19 is similar to that for adults; however, disease in chil-
dren is usually more subtle.4,5 A severe infection in neonates
and infants is uncommon5 despite the suboptimal defense of
their humoral immune system.6 Several studies have shown
that SARS-CoV-2 immunoglobulin G (IgG) antibodies are trans-
ferred through breast milk.7 However, IgG antibodies were not
detected in the plasma of infants whose mothers were vacci-
nated during lactation.8

A study9 of parturient women with antibodies as a result
of an infection found that SARS-CoV-2 IgG antibody concen-
trations in umbilical cord blood correlated with maternal an-
tibody concentrations and with duration between onset of in-
fection and delivery. Another study10 reported that SARS-
CoV-2 antibody transfer to infants in the third trimester was
significantly reduced compared with transfer of influenza- and
pertussis-specific antibodies. Furthermore, levels of neutral-
izing SARS-CoV-2 IgG antibodies created in the beginning of
pregnancy remain high at later stages and are transferred to
the newborn,11 which may suggest a potential advantage in vac-
cinating women during early stages of pregnancy.

Gray et al12 found that the messenger RNA (mRNA)
COVID-19 vaccines generate a robust humoral immune re-
sponse in pregnant women similar to that observed in non-
pregnant women. Similarly, Goldshtein et al13 demonstrated
that mRNA COVID-19 vaccination was associated with a sig-
nificantly lower risk of COVID-19 in pregnant women com-
pared with unvaccinated women. Moreover, a multicenter
study14 found that mRNA COVID-19 vaccination during the
third trimester was associated with a strong maternal hu-
moral IgG response that crossed the placental barrier and ap-
proached maternal titers in the fetus within 15 days after the
first dose. A small cohort study15 found that antibody concen-
trations in umbilical cord blood were correlated with mater-
nal levels and with time since vaccination.

Ideally, vaccination of pregnant individuals should result
in a maximum coverage period during pregnancy while en-
suring protection through delivery. In this study, we aimed to
evaluate maternal and neonatal SARS-CoV-2 antibody levels
at birth after vaccination during the second trimester of preg-
nancy. Furthermore, we reevaluated the correlation between
the period of vaccination during pregnancy and antibody lev-
els in the mother and neonate.

Methods
This prospective cohort study was conducted between May
2021 to July 2021 at the delivery room of Carmel Medical Cen-
ter, Haifa, Israel. The study was approved by the Carmel Medi-
cal Center institutional review board on April 26, 2021. Writ-
ten informed consent was obtained from all study participants

before recruitment. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Pregnant women over 24 weeks of gestation expected to
give birth within 3 days who had received their second
BNT162b2 mRNA COVID-19 vaccine (Pfizer/BioNTech) within
the past 7 days (vaccinated women) and were not known to
be previously infected with the virus were enrolled and re-
cruited consecutively at admission to the delivery room.
Women who reported previous COVID-19 infection and those
who did not receive 2 vaccine doses were excluded.

After recruitment, we obtained a maternal blood sample.
An umbilical cord blood sample was obtained within 30 min-
utes after delivery. Both maternal and umbilical cord blood
samples were assessed using SARS-CoV-2 IgG II Quant (Ab-
bott Core Laboratory), a 2-step chemiluminescent micropar-
ticle immunoassay used for the quantitative determination of
IgG antibodies to SARS-CoV-2 on Architect and Alinity i sys-
tems (Abbott Core Laboratory). The SARS-CoV-2 IgG II Quant
assay is designed to detect IgG antibodies, including neutral-
izing antibodies, to the receptor-binding domain of the S1 sub-
unit of the spike protein of SARS-CoV-2 virus in human se-
rum and plasma.

After enrollment, demographic and clinical data were col-
lected, including ethnicity (classified by the investigator), ma-
ternal age, body mass index, history of systemic disease, par-
ity, date and gestational age at the first and second vaccine
doses, systemic adverse effects including adverse events af-
ter the first and second vaccine doses, and gestational age at
birth. The time interval between the first and second vaccine
doses and delivery was calculated. Post partum, additional data
were extracted from patients’ medical records, including new-
born sex and weight.

Statistical Analysis
After data collection, the correlation between antibody titers,
feto-maternal characteristics, and the time interval from vac-
cination to delivery were analyzed. Continuous variables are
presented as means and SDs or as medians and IQRs. Categori-
cal variables are presented as percentages. To estimate corre-
lations with antibody levels, we used a univariable linear model

Key Points
Question What were the maternal and neonatal SARS-CoV-2
immunoglobulin G antibody levels at birth after messenger RNA
(mRNA) COVID-19 vaccination during the second trimester of
pregnancy?

Findings In this cohort study of 130 pregnant women who
received the BNT162b2 mRNA vaccine during their second
trimester, antibody titers were positive for all women during
delivery, and neonatal titers were higher than maternal titers,
representing 100% placental antibody transfer.

Meaning The findings suggest that administration of the mRNA
COVID-19 vaccine during the second trimester is associated with a
maternal humoral response that is sustained during labor and
transfers antibodies to the neonate, supporting early vaccination
of pregnant women.
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(maternal and neonatal separately) with a logarithmic trans-
formation for the antibody level because it is not normally dis-
tributed. Correlation coefficients (r) with 95% CIs for the cor-
relation between the antibody level and duration from receipt
of the second vaccine dose are presented. Variables that were
found to be statistically significant (2-sided P < .05) were en-
tered into a multivariable regression model to estimate ad-
justed associations with antibody levels. Correlation be-
tween the maternal and neonatal antibody levels was analyzed
using the Spearman correlation. The 95% CI for the correla-
tion coefficient was performed using SAS, version 9.4 (SAS In-
stitute Inc). All other analyses were performed using IBM sta-
tistics, version 24 (SPSS).

Results
FromMay2021toJuly2021,130womenwererecruited.Antibody
titers were measured for 129 women (mean [SD] age, 31.9 [4.9]
years)and114neonatesbornatamean(SD)gestationalageof39.3
(1.3) weeks. One maternal sample was inadequately obtained
(wrong test tube sent). Of 16 neonates whose antibody titers were
not measured, 5 neonates did not have samples obtained; 11 ad-
ditionalsampleswerenotanalyzedowingtoinvalidbloodsample
obtainment (ie, wrong test tube sent or insufficient amount of
blood sample sent). The mean (SD) gestational ages at adminis-
tration of the first and second vaccine doses were 21.9 (3.3) weeks
and 24.9 (3.3) weeks, respectively. The mean (SD) duration from
the second vaccine dose to birth was 14.4 (3.0) weeks. All mater-
nal and newborn SARS-CoV-2 IgG tests had positive results. The
median level of IgG antibodies at birth was 1185.2 AU/mL (range,
146.6-32 415.1 AU/mL) for parturient women and 3315.7 AU/mL
(range, 350.1-17 643.5 AU/mL) for neonates, with neonatal titers
measuring approximately 2.6 times higher than maternal titers.
A positive correlation was demonstrated between maternal and
neonatal antibodies (r = 0.92; 95% CI, 0.89 to 0.94; P < .001).
Demographic and clinical characteristics are presented in Table 1.

Univariable analysis demonstrated correlation of mater-
nal and newborn SARS-CoV-2 IgG antibody titers at delivery
with maternal age, gestational age at the second vaccine dose,
and duration from the second vaccine dose to birth. For each
1-year increase in the mother’s age, the maternal and neona-
tal antibody levels changed by −3.9% (95% CI, −6.8% to −2.0%;
P = .01) and −3.9% (95% CI, −5.8% to −1.0%; P = .01), respec-
tively. In addition, for each 1-week increase in gestational age
at the second vaccine dose, the maternal and neonatal anti-
body levels increased by 10.5% (95% CI, 7.2%-13.9%; P < .001)
and 9.4% (95% CI, 5.1%-13.9%; P < .001), respectively. Fur-
thermore, for each week that passed since the second vac-
cine dose, maternal and neonatal antibody levels changed by
−12.1% (95% CI, −15.6% to −8.6%; P < .001) and −11.3% (95%
CI, −15.0 to −6.9%; P < .001), respectively. No correlation was
found between maternal SARS-CoV-2 IgG antibody levels and
maternal body mass index, any maternal background sys-
temic disease, parity, systemic adverse effects after the first
and/or second vaccine dose, and gestational age at birth. No
correlation was found between newborn SARS-CoV-2 IgG an-
tibody levels and maternal body mass index, any maternal

background systemic disease, parity, systemic adverse ef-
fects after the first and/or second vaccine dose, gestational age
at birth, newborn sex, newborn weight, and neonatal inten-
sive care unit admission. The correlations between the time
interval from the second vaccine dose to birth and maternal
or neonatal antibody levels are presented in Figure 1 and
Figure 2.

Multivariable analysis revealed an inverse correlation of
maternal and neonatal antibody titers at delivery with the time
interval from the second vaccine dose and with maternal age
(Table 2 and Table 3). For each week that passed since the sec-
ond vaccine dose, maternal and neonatal antibody levels
changed by −10.9% (95% CI, −17.2% to −4.2%; P = .002) and
−11.7% (95% CI, −19.0% to −3.8%; P = .005), respectively. Fur-
thermore, for each 1-year increase in the mother’s age, the ma-
ternal and neonatal antibody levels changed by −3.1% (95% CI,
−5.3% to −0.9%; P = .007) and −2.7% (95% CI, −5.2% to −0.1%;
P = .04), respectively.

Table 1. Demographic and Clinical Characteristics of Pregnant Women
Vaccinated With the BNT162b2 mRNA COVID-19 Vaccine

Characteristic Women (N = 130)a

Maternal age, mean (SD), y 31.9 (4.9)

Body mass index, median (IQR)b 27.5 (24.9-30.0)

Background systemic diseasec 30 (23.1)

Jewish religion 119 (91.5)

Arab ethnicity 11 (8.5)

Primipara 61 (46.9)

Multipara (≥2 births) 30 (23.1)

Grand multipara (≥5 births) 2 (1.5)

Gestational age at first vaccine dose, mean (SD), wk 21.9 (3.2)

Systemic adverse effects after first vaccine dosed 13 (10)

Gestational age at second vaccine dose,
mean (SD), wk

24.9 (3.3)

Systemic adverse effectsd

After second vaccine dose 41 (31.5)

After first and/or second vaccine dose 47 (36.2)

Gestational age at birth, mean (SD), wk 39.3 (1.3)

Duration from second vaccine dose to birth, mean
(SD), wk

14.4 (3.0)

SARS-CoV-2 IgG antibody level, median (range),
AU/mL

Intrapartum maternal 1185.2
(146.6-32 415.1)

Newborn 3315.7
(350.1-17 643.5)

Newborn sex

Male 70 (53.8)

Female 60 (46.2)

Newborn weight, mean (SD), g 3265.2 (429.1)

a Data are presented as number (percentage) of women unless otherwise
indicated.

b Calculated as weight in kilograms divided by height in meters squared.
c Hypertension (5 women), diabetes (7 women), asthma (4 women), thyroid

disease (7 women), celiac (2 women), Crohn disease (1 woman), familial
Mediterranean fever (1 woman), multiple sclerosis (2 women), and
epidermolysis bullosa (1 woman).

d General weakness, dizziness, fever, headache, general muscle aches, fatigue,
and general rash.
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Discussion

In this prospective cohort study, receipt of the mRNA
COVID-19 vaccine during the second trimester of pregnancy
was associated with maternal and neonatal humoral
responses at the time of delivery. Antibody titers were posi-
tive for all women during delivery, and furthermore, neona-
tal titers were approximately 2.6 times higher than maternal
titers, representing 100% placental antibody transfer. Neo-
natal antibody titers were positively correlated with mater-
nal antibody titers, and as such, higher maternal antibody
titers were associated with higher neonatal antibody titers.
Maternal and neonatal antibody titers were found to be
inversely correlated with maternal age, meaning that in
younger pregnant women, maternal and neonatal antibody
levels were higher. In addition, we showed an inverse corre-
lation of antibody titers with the time interval from the sec-
ond vaccination; thus, if the second vaccination was per-
formed earlier in pregnancy, both maternal and neonatal
titers were found to be lower at delivery. No correlation was
found between maternal and neonatal antibody titers and
the presence of systemic adverse effects after vaccination,
gestational age at birth, or newborn weight or sex.

Our results are in accordance with previous studies pre-
senting a positive association between maternal and neona-
tal antibody titers.14-18 During the COVID-19 pandemic,
research regarding vaccination of pregnant women, who
may develop severe COVID-19, is of great importance. The
aim of vaccinating pregnant women should be a maximal
period of protection with sufficient antibody titers during
labor and thus passive vaccination of neonates via placental
transmission. A previous study16 found that 96% of 27 vac-
cinated parturient health care workers had a positive SARS-
CoV-2 IgG test result at the time of delivery and that all
infants of women who received their first vaccine dose
more than 3 weeks before delivery had a positive SARS-
CoV-2 IgG test result. However, in contrast to our findings,
the authors16 found that infant antibody levels were

approximately equal to maternal levels and that the transfer
ratio increased with latency from vaccination. In contrast to
the present study, which included mainly women vacci-
nated during their second trimester, Mithal et al16 included
mainly women who received the COVID-19 vaccine during
their third trimester. This difference suggests a natural
humoral response in pregnant women, showing that earlier
vaccination during pregnancy is associated with higher
maternal and neonatal antibody titers at delivery, allowing
sufficient time for a complete immune response. On the
basis of what is known regarding different vaccines, titers
crossing the placenta are suggested to differ by trimester of
vaccination.12 This interpretation is in line with a previous
study14 that demonstrated that the IgG transfer ratio at birth
was significantly lower after infection during the third tri-
mester than after infection during the second trimester.
Passively acquired maternal antibodies with different anti-
gen specificity have been reported to have distinct half-lives
in infants.19 For example, although in pregnancy, pertussis-
specific IgG levels in umbilical cord blood reach over 200%
of maternal levels, maternal pertussis-specific IgG has a
half-life of 6 weeks in infants and wanes to undetectable
levels as early as 4 months of life.19 In contrast, maternal
passively acquired measles-specific IgG remain near above
protective levels in infants aged 6 months and are still
detectable by 1 year of life.19

In the present study, neonatal samples had higher anti-
body titers than maternal samples, suggesting possible active
and passive placental antibody transmission. Another expla-
nation for this finding may be that antibody levels wane faster
among mothers owing to their older age.20 Understanding the
kinetics that antibodies create after COVID-19 vaccination is
important when considering timing of optimal vaccination dur-
ing pregnancy, which should result in a maximum coverage
period during pregnancy while ensuring protection through
delivery. In the present study, vaccination during the second
trimester was shown to be associated with a maternal hu-
moral response up to delivery. We found that earlier vaccina-
tion in pregnancy was inversely correlated with antibody ti-
ters; thus, there may be a point at which the antibody levels

Figure 2. Correlation Between the Time Interval
From the Second COVID-19 Vaccine Dose and Neonatal
SARS-CoV-2 Immunoglobulin G Antibody Level
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Figure 1. Correlation Between the Time Interval
From the Second COVID-19 Vaccine Dose and Maternal
SARS-CoV-2 Immunoglobulin G Antibody Level
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begin to stabilize and possibly decrease. The long-term anti-
body response to COVID-19 vaccination has not been well stud-
ied. Experience with seasonal coronaviruses and the present
experience with COVID-19 suggest that immunity to natural
infection might wane over time, and reinfection has been
reported.21 As in natural infection, vaccine immunity has been
suggested to decrease over time, and planning additional
booster doses might be necessary to extend the duration of pro-
tection, particularly in pregnant women.21

The immune response to COVID-10 vaccination was shown
in the present study to be negatively correlated with mater-
nal age. Advanced maternal age was associated with lower ma-
ternal and neonatal antibody titers. This observation is in line
with previous studies22,23 in the general population that
showed that age was one of the important factors associated
with lower antibody titers. In general, age and sex have been
shown to be factors influencing the effectiveness of vaccines
and antigen-specific antibodies (ie, influenza vaccine), but the
level of seroprotection may not always translate to inferior clini-
cal protection.24 Thus, physicians of pregnant women with ad-
vanced maternal age should be aware of the lower antibody
levels.

Immunity derived from COVID-19 vaccination was shown
to correlate with antibody titers. A recent study25 showed that
in patients infected with SARS-CoV-2 despite being vacci-
nated, the antibody titers were lower during the peri-
infection period compared with those in uninfected control in-
dividuals.

Unvaccinated pregnant women are at increased risk for se-
vere COVID-19, with quicker disease progression and higher
rates of intensive care unit admissions.1 Dagan et al18 found
an estimated mRNA COVID-19 vaccine effectiveness of 96%
in pregnant women but demonstrated a low prevalence of se-
vere COVID-19 in unvaccinated pregnant women. To date, the
evidence supports the safety of COVID-19 vaccination during
pregnancy, but future surveillance and data are needed re-
garding long-term maternal and neonatal COVID-19 vaccine
safety.26,27 Further research is needed to establish the dura-
tion for which maternal passively acquired SARS-CoV-2 IgG lev-
els remain above protective levels in infants. In addition, the
protective level of antibodies needed to prevent COVID-19 is
still unknown, and future studies are needed to interpret the
meaning of different SARS-CoV-2 antibody levels.

We believe that vaccination in this unique group of pa-
tients should be recommended especially because worse ad-
verse outcomes were associated with pregnancy. The current
study showed that COVID-19 vaccination during the second tri-

mester was associated with high antibody titers in the mother
and with even higher levels in neonates, suggesting that ear-
lier timing of vaccination is important for mother and child.
In addition, the current study found a maternal and newborn
immune response at birth associated with vaccination during
the second trimester, suggesting an advantage of early vacci-
nation during pregnancy rather than during the third trimes-
ter. Later vaccination may be associated with increased risk
of a pregnancy complicated by COVID-19, which has been
shown to be associated with a higher risk for hazardous preg-
nancy outcomes.2 Additional studies are needed to assess ma-
ternal and neonatal safety as well as their immune response
after COVID-19 vaccination during the first trimester.

Strengths and Limitations
The present study has several strengths. This was a prospec-
tive study, and as such, data were accurate and bias was re-
duced. The study included a relatively large cohort, and thus,
correlations were found. Moreover, the conclusions relied on
single, academic, objective laboratory results.

This study also has limitation. Selection bias cannot be
ruled out because patients from only 1 medical center were in-
cluded in the study. Moreover, most women in the study were
vaccinated during the second trimester; therefore, we were un-
able to assess and compare maternal and neonatal antibody
levels after vaccination during the first and third trimester. In
addition, a comparison of vaccinated pregnant women with
past naturally infected pregnant women was beyond the reach
of the current study. Another possible limitation of our re-
sults is the assumption that women did not have a natural in-
fection based on history alone; therefore, some may have been
asymptomatic, had a mild illness, or did not have a con-
firmed diagnosis. Because the antibody test used in our study
also recognizes IgG to nucleocapsid protein, it is possible that,
in some women, priming through natural exposure exagger-
ated the immune response.

Conclusions
In this cohort study, receipt of the BNT162b2 mRNA COVID-19
vaccine during the second trimester of pregnancy was asso-
ciated with maternal and neonatal humoral responses, as re-
flected by maternal and neonatal SARS-s IgG antibody levels
measured after delivery. Additional studies are needed to as-
sess the long-term effects of the COVID-19 vaccine during preg-
nancy as well as maternal and fetal safety after COVID-19
vaccination.

Table 2. Multivariable Linear Regression Analysis of Maternal
SARS-CoV-2 IgG Antibody Levels at Birth After BNT162b2 mRNA
COVID-19 Vaccination During the Second Trimester of Pregnancy

Variable
Change in maternal antibody
level, % (95% CI) P value

Per 1-y increase in maternal age −3.1 (−5.3 to −0.9) .007

Per 1-wk increase from second
vaccine dose to birth

−10.9 (−17.2 to −4.2) .002

Per 1-wk increase in gestational
age at second vaccine dose

0.9 (−5.3 to 7.4) .79

Table 3. Multivariable Linear Regression Analysis of Newborn
SARS-CoV-2 IgG Antibody Levels at Birth After BNT162b2 mRNA
COVID-19 Vaccination During Pregnancy

Variable
Change in newborn antibody
level, % (95% CI) P value

Per 1-y increase in maternal age −2.7 (−5.2 to −0.1) .04

Per 1-wk increase from second
vaccine dose to birth

−11.7 (−19.0 to −3.8) .005

Per 1-wk increase in gestational
age at second vaccine dose

−1.4 (−8.6 to 6.3) .71
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