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A B S T R A C T   

Objective: BNT162b2 messenger RNA (mRNA) COVID-19 vaccine administered during pregnancy was found to 
produce a strong maternal immunoglobulin (IgG) response which crosses the placenta to the newborn. Our aim 
was to evaluate maternal and neonatal SARS-CoV-2 IgG antibody levels at birth, following a COVID-19 booster 
vaccine during the third trimester. 
Study design: A prospective cohort study including women admitted to delivery ward at least 7 days after their 
BNT162b2 (Pfizer/BioNTech) booster vaccination without a prior clinical COVID-19 infection. SARS-CoV-2 IgG 
antibodies levels were measured in maternal blood upon admission to delivery and in the umbilical blood within 
30 min following delivery. The correlation between antibody titers, feto-maternal characteristics, maternal side 
effects following vaccination, and time interval from vaccination to delivery were analyzed. 
Results: Between September to November 2021, high antibody levels were measured in all 102 women and 93 
neonatal blood samples, at a mean ± standard deviation duration of 7.0 ± 2.9 weeks after the third vaccine. We 
found positive correlation between maternal and neonatal antibodies (r = 0.73, 95% confidence interval [CI] 
0.61 to 0.81, p < 0.001), with neonatal titers approximately 1.4 times higher compared to maternal titers. In the 
multivariable analysis maternal antibody levels dropped by − 7.2% (95% CI − 12.0 to − 2.3%, p = 0.005) for each 
week that passed since the receipt of the third vaccine dose. In contrary, systemic side effects after the third 
vaccine were associated with higher maternal antibody levels of 52.0% (95% CI 4.7 to 120.8%, p = 0.028). Also, 
for each 1 unit increase in maternal body mass index, maternal antibody levels increased by 3.6% (95% CI 0.4 to 
6.9%, p = 0.025). 
Conclusions: BNT162b2 mRNA COVID-19 booster dose during the third trimester of pregnancy was associated 
with strong maternal and neonatal responses as reflected by maternal and neonatal SARS-CoV-2 IgG antibody 
levels measured at birth. These findings support the administration of the COVID-19 booster to pregnant women 
to restore maternal and neonatal protection during the ongoing pandemic.   

Introduction 

The messenger RNA (mRNA) COVID-19 vaccines have been found to 
be highly effective in preventing symptomatic COVID-19, including 
those at risk for severe disease [1] such as pregnant women [2,3]. 
Despite the initially promising results of nationwide vaccination 

campaigns, many countries are currently experiencing a resurgence of 
COVID-19 [4], probably due to reduction in the protection of the 
COVID-19 vaccine after about 6 months from administration [5]. In the 
past few months, a few health organizations, mainly in Western coun-
tries, have authorized the use of a booster dose of COVID-19 vaccine to 
reestablish protection after it has decreased [6]. On the 19th of August 
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2021 the Israeli Ministry of Health authorized and recommended the 
administration of the booster dose to pregnant women who are at least 
six months after the second vaccine. On the 22 of September 2021 the 
Food and Drug Administration (FDA) authorized the use of a single 
booster dose for individuals 18 through 64 years of age at high risk of 
severe COVID-19 including pregnant women, who are at least six 
months after completion of the primary vaccinations [7]. Two studies 
conducted in Israel demonstrated that a third dose of the BNT162b2 
mRNA COVID-19 vaccine was effective in protecting individuals against 
severe COVID-19 related outcomes, compared with those who received 
only two doses at least 5 months before [4,8]. 

Gray et al. found that the mRNA COVID-19 vaccines generate a 
robust humoral immunity in pregnant women similar to that observed in 
nonpregnant women [9]. Moreover, a multi-center study found that the 
mRNA COVID-19 vaccine during the 3rd trimester elicits a strong 
maternal humoral IgG response that crosses the placenta barrier and 
approaches maternal titers in the fetus within 15 days following the first 
dose [10]. 

An open label randomized study revealed that antibody titers two 
weeks after a booster dose of an mRNA COVID-19 vaccine were at least 
as high as the peak titer measurement one month after the primary 
vaccine series [11]. Flaxman et al. reported data from two randomized 
controlled trials which discovered that antibody titers 28 days after 
administration were significantly higher among participants who 
received a third vaccine dose compared to those who received the sec-
ond vaccine dose [12]. Also, a robust correlation was seen between 
antibody titers and efficacy, with higher titers correlating with higher 
vaccine efficacy [13]. 

Administration of a third mRNA COVID-19 vaccine dose in preg-
nancy should restore maternal and neonatal protection after it had 
decreased. In this study we aim to evaluate maternal and neonatal 
COVID-19 antibody levels at birth, following the mRNA COVID-19 
booster vaccine administration during the third trimester of pregnancy. 

Materials and methods 

This was a prospective cohort study, conducted between September 
2021 to November 2021 at the delivery ward of Carmel Medical Center, 
Haifa, Israel. 

Pregnant women over 24 weeks of their singleton gestation expected 
to give birth within three days, who were at least 7 days from their third 
BNT162b2 (Pfizer/BioNTech) mRNA COVID-19 vaccination and were 
not known to be previously infected with the virus, were recruited and 
enrolled consecutively upon admission to the delivery ward. We 
excluded women who did not receive three doses of the vaccine and 
those who reported a previous COVID-19 infection. A written and signed 
informed consent form was obtained from all study participants before 
enrollment. 

A maternal blood sample was obtained following recruitment and an 
umbilical blood sample was obtained within 30 min following delivery. 
Both maternal and umbilical blood samples were assessed by SARS-CoV- 
2 IgG II Quant Abbott@, a two-step chemiluminescent microparticle 
immunoassay used for the quantitative determination of IgG antibodies 
to SARS-CoV-2 on Architect and Alinity i systems. The SARS-CoV-2 IgG 
II Quant assay is designed to detect IgG antibodies, including neutral-
izing antibodies, to the receptor-binding domain (RBD) of the S1 subunit 
of the spike protein of SARS-CoV-2 virus in human serum and plasma. 

At the time of recruitment, demographic and clinical data were 
collected including maternal age, body mass index (BMI) at delivery, 
self-reported ethnicity, history of systemic disease and chronic medi-
cations, parity, date and gestational age at the 1st, 2nd and 3rd vaccine, 
systemic side effects after each vaccine and gestational age at birth. The 
time interval between the third vaccine and delivery was calculated. 
Further data were extracted from patients’ charts following delivery 
including newborn sex and birthweight. The correlation between anti-
body titers, feto-maternal characteristics, and the time interval from 

vaccination to delivery were analyzed after the completion of data 
gathering. Maternal and neonatal IgG antibodies from the current study 
were compared to antibody levels measured after second trimester 2- 
dose vaccination in a previous study published by our group [14]. In 
addition, transplacental SARS-CoV-2 IgG antibody transfer ratios were 
calculated by dividing neonatal (umbilical cord blood) IgG levels, by the 
IgG antibody levels in paired maternal blood. Subsequently, correlation 
between transplacental SARS-CoV-2 IgG antibody transfer ratios and 
duration from third COVID-19 vaccination to birth were analyzed. 

Missing data 

Nine of 102 (8.8%) neonates of women who met the inclusion 
criteria were not included because blood from their umbilical cord was 
not collected. 

Ethical considerations 

The study was approved on August 24, 2021 by the Institutional 
Review Board of Carmel Medical Center (Protocol number CMC- 
0051–21(. 

Statistical analysis 

After data collection, the correlation between antibody titers, feto- 
maternal characteristics, and the time interval from vaccination to de-
livery were analyzed. Continuous variables are presented as means and 
standard deviations (SD) or as medians and interquartile ranges (IQR). 
Categorical variables are presented as percentages. To estimate corre-
lations with antibody levels, we used a univariable linear model 
(maternal and neonatal separately) with a logarithmic transformation 
for the antibody level because it is not normally distributed. Correlation 
coefficients (r) with 95% confidence intervals (CI) for the correlation 
between the antibody level and duration from receipt of the third vac-
cine dose are presented. Variables that were found to be statistically 
significant (2-sided P < 0.05) were entered into a multivariable 
regression model to estimate adjusted associations with antibody levels. 
Correlations between the maternal and neonatal antibody levels, be-
tween transplacental antibody transfer ratio and duration from third 
COVID-19 vaccination to birth, and between antibody levels and dura-
tion from last vaccine to birth were analyzed using the Spearman cor-
relation. The 95% CI for the correlation coefficient was performed using 
SAS, version 9.4 (SAS Institute Inc). All other analyses were performed 
using IBM statistics version 24 (SPSS). 

Results 

Between September 2021 to November 2021, 102 women were 
recruited a mean ± SD duration of 7.0 ± 2.9 weeks after the third 
vaccine. Umbilical blood was not collected in 9 neonates. The first and 
second vaccination were administered prior to conception in 60 and 36 
women, respectively. However, 42 women received the first vaccination 
after becoming pregnant at a mean ± SD gestational age of 5.7 ± 3.5 
weeks, whereas 66 women received their second vaccine after 
conceiving at a mean ± SD gestational age of 6.7 ± 3.9 weeks. The mean 
± SD gestational age at the receipt of the third vaccination was 32.2 ±
3.2 weeks. Furthermore, the mean ± SD time interval from the second to 
the third vaccine was 28.2 ± 3.7 weeks. Our objective was to recruit 
women soon after the booster dose was authorized to pregnant women, 
aiming to evaluate antibodies at birth following third trimester booster 
vaccination. However, 4 women received the 3rd vaccine at 24–27 
weeks of gestation because they delivered prematurely. Nonetheless, 
they were included in the study analysis because the time from vacci-
nation to delivery was similar to the other participants which were 
vaccinated in the third trimester. 

Demographic and clinical characteristics are presented in Table 1. 
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100% of maternal and neonate SARS-CoV-2 IgG tests were positive. 
Median (range) level of IgG antibodies at birth was 13,681 
(5718–18095) AU/ml for parturients and 19,221 (8352–26717) AU/ml 
for neonates. Median (range) maternal and neonatal IgG antibodies at 
birth following third trimester booster vaccination were higher than 

antibody levels measured after second trimester 2-dose vaccination 
(maternal- 1185 [146–21,415] AU/ml; neonatal- 3315 [350–17,643]) 
in a previous study published by our group (p < 0.001) [14]. We found a 
median (IQR) transplacental SARS-CoV-2 IgG antibody transfer ratio of 
1.37 (0.97–2.01). A positive correlation between transplacental SARS- 
CoV-2 IgG antibody transfer ratio and duration from last vaccine to 
birth was found)r = 0.41, 95% CI 0.23 to 0.57, P < 0.001) (Fig. 1). 

Univariable analysis demonstrated positive correlation between 
maternal SARS-CoV-2 IgG antibody titer levels at delivery and systemic 
side effects after the 3rd vaccine dose or BMI, and negative correlation 
with duration from the 3rd vaccine to birth. Systemic side effects after 
the 3rd vaccine were associated with higher maternal antibody levels of 
71.9% (95% CI 16.8, 153.0%, p = 0.03). Maternal SARS-CoV-2 IgG 
antibody levels in women with side effects after the 3rd vaccine were 
higher than women without systemic side effects after the 3rd vaccine 
(median [IQR] 19,641 [7864–40000] vs. 9622 [5361–14776] AU/ml; P 
= 0.005) (Fig. 2). Also, for each unit increase in BMI, maternal antibody 
levels increased by 4.4% (95% CI 1.0 to 7.9%, p = 0.01). Maternal SARS- 

Table 1 
Demographic and clinical characteristics of pregnant women vaccinated with 
the third BNT162b2 mRNA COVID-19 vaccine.  

All women (n ¼
102)  

All neonates (n ¼
93)  

33.3 ± 4.6 Maternal age, mean (SD), years 
27.7 (25.7, 31.6) Body mass index, median (IQR), kg/m2 

29 (28.4) Background systemic diseasea No. (%) 
101 (99.0) Jewish religion 
1 (1.0) Arab ethnicity 
33 (32.4) Primipara No. (%) 
34 (33.3) Multipara ≥ 2 births No. (%) 
2 (1.5) Grand multipara ≥ 5 births No. (%) 
5 (4.9) Systemic side effects after 1st vaccineb No. (%) 
30 (29.4) Systemic side effects after 2nd vaccineb No. (%) 
32.2 ± 3.2 Gestational age at 3rd vaccine, mean (SD), weeks 
28.2 ± 3.7 Duration from second to third vaccine, mean (SD), weeks 
21 (20.6) Systemic side effects after 3rd vaccineb No. (%) 
37 (36.3) Systemic side effects after any vaccineb No. (%) 
38.9 ± 1.6 Gestational age at birth, mean (SD), weeks 
7.0 ± 2.9 Duration from third vaccine to birth, mean (SD), weeks 
13,681 

(5718–18095) 
Intrapartum maternal SARS-CoV-2 IgG antibodies, median 
(range), AU/ml 

10,198 
(8690–11849) 

Intrapartum maternal SARS-CoV-2 IgG antibodies, geometric 
mean (95 % CI), AU/ml 

19,221 
(8352–26717) 

Newborn SARS-CoV-2 IgG antibodies, median (range), AU/ 
ml 

13,882 
(11591–15398) 

Newborn SARS-CoV-2 IgG antibodies, geometric mean (95 % 
CI), AU/ml 

41 (44.1) Newborn male sex No. (%) 
3157 ± 465.0 Birthweight, mean (SD), grams 
4 (43.0) Neonatal intensive care unit admission No. (%)  

a Hypertension (5 women), diabetes (6 women), thyroid disease (12 women), 
epilepsy (2 women), Crohn’s disease (1 woman), hypercoagluation state (1 
woman), fibromyalgia (1 woman), IgG nephropathy and psoriasis (1 woman), 
complex migranes (1 woman). 

b General weakness, dizziness, fever, chills, headache, vomiting, general 
muscle aches, fatigue, general rash. 

Fig. 1. Correlation between transplacental SARS-CoV-2 IgG antibody transfer ratio and duration from third COVID-19 vaccination to birth; r = 0.41, 95% CI 0.23 to 
0.57, P < 0.001. 

Fig. 2. Box plot presenting the difference between maternal SARS-CoV-2 IgG 
antibody levels of women with or without systemic side effects after the 3rd 
vaccine; The boxes represent the data between the 25 percentile to the 75 
percentile, the line in the middle of the boxes represents the median. 
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CoV-2 IgG antibody levels in overweight/obese women (BMI ≥ 25 kg/ 
m2) were higher than normal weight women (BMI < 25 kg/m2) (median 
[IQR] 11,506 [6664–19399] vs. 7861 [3661–11981] AU/ml; P = 0.033) 
(Fig. 3). Furthermore, for each week that passed since the 3rd vaccine, 
maternal antibody levels dropped by 8.0% (95% CI − 13.0 to − 3.0%, p 
= 0.003) (Fig. 4). No correlation was found between maternal SARS- 
CoV-2 IgG antibody levels and maternal age, any maternal back-
ground systemic disease or parity. 

Univariable analysis demonstrated positive correlation between 
neonatal SARS-CoV-2 IgG antibody titers at delivery with maternal an-
tibodies (r = 0.73, 95% CI 0.61 to 0.81; p < 0.001) (Fig. 5), and maternal 
systemic side effects after the 3rd vaccine, and maternal BMI. For each 
one percent increase in maternal antibody level, neonatal antibody 
levels increased by 0.6% (95% CI 0.5 to 0.8%, p < 0.001). Additionally, 
systemic side effects after the 3rd vaccine were associated with higher 
neonatal antibody levels of 61.1% (95% CI 14.7 to 126.6%, p = 0.01). 
Also, for each unit increase in BMI, neonatal antibody levels increased 
by 3.2% (95% CI 0.1 to 6.2%, p = 0.03). No significant correlation was 
found between neonatal SARS-CoV-2 IgG antibody levels and any 
maternal background systemic disease, parity, gestational age at 3rd 
vaccine, gestational age at birth, duration from 3rd vaccine to birth 
(Fig. 6), newborn sex or birthweight, and neonatal intensive care unit 
admission. 

Multivariable analysis revealed an inverse correlation between 
maternal titers at delivery with the time interval from the 3rd vaccina-
tion. For each week that passed since receipt of the 3rd vaccine dose, 
maternal antibody levels dropped by − 7.2% (95% CI − 12.0 to − 2.3%, p 
= 0.005). Furthermore, systemic side effects after the 3rd vaccine were 
associated with higher maternal antibody levels of 52.0% (95% CI 4.7 to 
120.8%, p = 0.028). Moreover, for each 1 unit increase in the mother’s 
BMI, maternal antibody levels increased by 3.6% (95% CI 0.4 to 6.9%, p 
= 0.007). 

In the multivariable analysis only maternal antibody titers remained 
significantly correlated with neonatal antibody titers. For each one 
percent increase in maternal antibody level, neonatal antibody levels 
increased by 0.6% (95% 0.5 to 0.7%, p < 0.001). 

Discussion 

In this prospective study, maternal booster vaccine dose in the third 
trimester and at least 6 months after the second mRNA COVID-19 
vaccination, was found to provide high SARS-CoV-2 IgG antibody 

levels in both the mother and neonate. Maternal antibody titers were 
positively correlated with the presence of systemic side effects after the 
third vaccine and maternal BMI but negatively correlated with the 
duration of time between the booster vaccine and delivery. There was a 
positive correlation between neonatal and maternal antibody titers. We 
found a median transplacental SARS-CoV-2 IgG antibody transfer ratio 
of 1.4. Furthermore, a positive correlation between transplacental SARS- 
CoV-2 IgG antibody transfer ratio and duration from last vaccine to birth 
was demonstrated. 

Our results are in line with previous studies demonstrating good 
maternal antibody response and placental transmission of SARS-CoV-2 
IgG antibodies after third trimester mRNA COVID-19 vaccination 
[2,3,10,15–17]. In a previous study by our group, we found that second 
trimester mRNA COVID-19 vaccination elicits high SARS-CoV-2 IgG 
antibody levels up to delivery, suggesting sufficient maternal and 
neonatal COVID-19 protection [14]. Interestingly, as in the current 
study, maternal antibody titers were negatively correlated to the time 
passed since vaccination. Yang et al. [18]. found that maternal anti- 
spike IgG levels were detectable at delivery, regardless of timing of 
vaccination, among fully vaccinated women, although early third- 
trimester vaccination was associated with the highest anti-spike IgG 
levels in maternal and umbilical cord blood. In their study, 20 pregnant 
women received a booster vaccine dose in the third trimester, with 
maternal anti-spike IgG levels greater than third-trimester vaccination 
in both maternal and neonatal blood. Similarly, in the current study we 
found higher absolute median maternal and neonatal antibody levels 
after maternal third trimester booster vaccine, compared to second 
trimester vaccinations [14]. However, this may be a result of either the 
proximity of the booster vaccination to delivery or the higher humoral 
response after a third vaccination dose. 

Our findings are also in accordance with the efficacy of a third versus 
second vaccination dose in non-pregnant women that has been shown to 
be of high potency [11–13]. Choi et al. demonstrated that antibody titers 
two weeks after a booster dose vaccine were at least as high as the peak 
titer measurement one month after the primary vaccine series [11]. 
Flaxman et al. describes that antibody titers 28 days after administration 
were significantly higher among participants who received a third 
vaccine dose compared to those who received the second vaccine dose 
[12]. 

Interestingly, we found that both presence of systemic side effects of 
the third dose of vaccination and BMI were positively correlated with 
antibody levels. Women who suffered from systemic side effects such as 
fever, chills, and fatigue eventually presented higher antibody titers. 
Adverse side effects have been previously shown to correlate with a 
higher vaccine response, especially when the side effects are systemic (e. 
g., fever) [19,20], yet the data is limited. 

Contrary to our findings, other researchers did not find that higher 
BMI influences vaccine serological response [21–23]. Our study and 
these previous studies did not evaluate vaccine efficacy. Therefore, and 
especially while pregnancy itself affects women’s BMI; the clinical sig-
nificance of this association requires further investigation. 

Our finding of a median transplacental SARS-CoV-2 IgG antibody 
transfer ratio of 1.4 is similar to the 1.3 reported by Poon et al. [24] 
following confirmed SARS-CoV-2 infection during the third trimester of 
pregnancy. However, Nir et al. demonstrated a median transfer ratio of 
0.7 following vaccination with the second BNT162b2 COVID-19 vaccine 
in the third trimester [25]. Nonetheless, we described a transfer ratio of 
2.6 in our previous publication of women who received the second 
BNT162b2 COVID-19 vaccine during the second trimester [14]. The 
ratio difference between vaccination in the second and third trimester 
may be explained by a reduction of SARS-CoV-2 specific antibody 
transfer in the third trimester due to altered SARS-CoV-2 antibody 
glycosylation profiles [26]. In accordance with our study, Dustin et al. 
reported that a higher transfer ratio was associated with increasing 
duration between onset of maternal infection and time of delivery [27]. 
These findings might suggest a benefit in COVID-19 vaccination earlier 

Fig. 3. Box plot presenting the difference between maternal SARS-CoV-2 IgG 
antibody levels of overweight/obese women (BMI ≥ 25 kg/m2) and normal 
weight women (BMI < 25 kg/m2); The boxes represent the data between the 25 
percentile to the 75 percentile, the line in the middle of the boxes represents 
the median. 
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in pregnancy to enhance neonatal protection. 
In conjunction with previous studies that examined the administra-

tion of the mRNA COVID-19 booster vaccination to non-pregnant in-
dividuals [11–13], our findings support vaccination with the booster 
dose to pregnant women, to restore maternal and neonatal protection 
during the pandemic. Higher titers in neonates may imply longer post-
natal protection, yet this assumption must be further studied. As side 
effects may increase vaccine hesitancy, the suggestion of positive cor-
relation between the presence of systemic side effects and vaccine effi-
cacy, may improve vaccine acceptance rates. 

All women in this study got their third vaccine dose in the third 
trimester; therefore assessment of maternal and neonatal antibody levels 
following booster vaccination earlier in pregnancy was beyond the reach 
of the current study. The exact timing and schedule of COVID-19 vac-
cines before and during pregnancy, in order to ensure sustained 
maternal protection throughout pregnancy as well as sufficient neonatal 
protection, needs further evaluation. 

This study has several strengths. It is a prospective study, including 
102 pregnant women and their neonates, emphasizing on the effects of 

booster vaccination in pregnant women and the resulting levels of an-
tibodies in the umbilical cord. Furthermore, all women received the 
same vaccine, and none was previously diagnosed with COVID-19 
infection. 

The study also has several limitations. This is a single center study 
with an ethnically homogeneous population and all women received the 
BNT162b2 mRNA COVID-19 vaccine thus the results might not be 
applicable to other vaccines or settings. We presumed that women did 
not have a natural infection based on history alone, therefore some may 
have been asymptomatic or with a mild illness and without a confirmed 
diagnosis. The antibody test used in our laboratory also recognizes IgG 
to nucleocapsid protein, hence it is feasible that occult natural infection 
lead to an increased immune response. Another limitation of our study 
was that maternal SARS-CoV-2 IgG antibodies were not evaluated prior 
to the third vaccination. Therefore, it is possible the results may reflect 
higher antibody levels preceding the third dose, resulting in higher post- 
vaccination antibodies. However, all of the women received the third 
mRNA COVID-19 Pfizer vaccine at least five months after their second 
mRNA COVID-19 Pfizer vaccination so it may be assumed the baseline 

Fig. 4. Correlation between the time interval from the 3rd COVID-19 vaccination and maternal SARS-CoV-2 IgG antibodies; r = -0.31, 95% CI − 0.47 to − 0.12, P 
= 0.002. 

Fig. 5. Correlation between maternal SARS-CoV-2 IgG antibody levels and newborn SARS-CoV-2 IgG antibody levels at birth after BNT162b2 mRNA COVID-19 third 
vaccine dose during third trimester of pregnancy; r = 0.73, 95% CI 0.61 to 0.81; P < 0.001. 
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antibody levels were relatively low. 

Conclusion 

In this cohort study, receipt of the BNT162b2 mRNA COVID-19 third 
vaccine dose during the third trimester of pregnancy was associated with 
strong maternal and neonatal humoral responses as reflected by 
maternal and neonatal SARS-CoV-2 IgG antibody levels measured at 
birth. These findings support the administration of the mRNA COVID-19 
booster dose to pregnant individuals to restore maternal and neonatal 
protection during the pandemic. 
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