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We evaluated the neutralization efficiency against SARS-CoV-2
Omicron variant in maternal and cord blood sera after antenatal
BNT162b2 vaccination. Neutralizing antibodies against
Omicron were lacking at the time of delivery after 2-dose
vaccination. A third booster dose was essential in building
neutralizing antibody capacity against Omicron among
mothers and neonates.
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Coronavirus disease 2019 during pregnancy can result in severe
disease and adverse maternal and perinatal outcomes [1].
Messenger RNA (mRNA)–based vaccines were shown to be ef-
fective in preventing severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2)–related maternal illness and provide
first-line neonatal protection [1, 2]. The evolution of
SARS-CoV-2 variants of concern (VOCs), including the recent
emergence of the Omicron variant, has raised concerns regard-
ing vaccine efficacy, given its ability to cause reinfection and es-
cape from vaccine-induced humoral immunity [3, 4]. Whether
the antibody response elicited by mRNA vaccines will effective-
ly neutralize infection with emerging VOCs in the setting of
pregnancy remains unclear.

Here, we examined the neutralizing capacity of maternal and
neonatal sera against the Omicron and Delta VOCs following
antenatal mRNA vaccination.

METHODS

Study Population

A prospective study following women admitted for delivery
was performed during February 2021–November 2021 at
Hadassah Medical Center, a tertiary care university-affiliated
hospital in Jerusalem, Israel, with more than 10 000 deliveries
annually. Women who received the SARS-CoV-2 BNT162b2
mRNA (Pfizer-BioNTech) vaccine during pregnancy were eli-
gible for this study. Parturients who delivered prematurely
(,37 weeks of gestation), multifetal gestations, those vaccinat-
ed at later than 36 weeks of gestation, and those who did not
complete the 2-dose vaccine series prior to delivery were ex-
cluded. All women who completed the 2-dose vaccine series
within the recommended time frame were included. Women
with a prior history of SARS-CoV-2 infection were ineligible
for this study. All participants were tested and found to be neg-
ative for nucleocapsid immunoglobulin G (IgG). Demographic
and clinical data were collected at the time of enrollment. The
HadassahMedical Center Institutional Review Board approved
this study.

Laboratory Methods

Following delivery, maternal and cord blood sera were collect-
ed for antibody measurement. Spike protein receptor-binding
domain (RBD)–specific IgG levels (Architect SARS-CoV-2
IgG II Quant assay, Abbott Diagnostics, Chicago) were evalu-
ated in maternal and cord/neonatal blood sera. The nucleocap-
sid IgG assay (Architect SARS-CoV-2 IgG II Quant assay,
Abbott Diagnostics, Chicago) was also performed on maternal
blood sera to exclude prior infection. Standard assay controls
(negative, low-positive, and positive; supplied by the manufac-
turer and used in accordance with the manufacturer’s specifica-
tions), along with internal quality controls (prepared at the
Hadassah Clinical Virology Laboratory from pooled sera and
established for statistically based control limits in accordance
with the laboratory’s ISO 15189 accreditation requirements),
were included in each assay. The controls’ values were moni-
tored using the Westgard rules for the specified ranges to con-
trol for the system and assay performances.
Neutralizing efficiency against wild-type SARS-CoV-2 and

the Delta and Omicron variants was defined using the
SARS-CoV-2 virus microneutralization assay as previously de-
scribed [5], with minor modifications. Briefly, serial 2-fold di-
lutions of heat-inactivated serum samples (starting from 1:10;
diluted in Dulbecco’s modified Eagle’s medium in a total vol-
ume of 50 μL) were incubated with an equal volume of viral sol-
ution containing 100 tissue culture infectious doses of
SARS-CoV-2 isolates (wild-type USA-WA1/2020 [NR-52281;
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obtained from BEI Resources], Delta [hCoV-19/Israel/
CVL-12804/2021], and Omicron [hCoV19/Israel/
CVL-n49814/2021] variants) for 1 hour in a 96-well plate (at
37°C in humidified atmosphere with 5% carbon dioxide). The

serum–virus mixtures (100 µL; 8 replicates of each serum dilu-
tion) were then added to a 96-well plate that contained a semi-
confluent Vero E6 cell monolayer (American Type Culture
Collection CRL-1586; maintained as described in [6]).

Figure 1. Neutralizing antibody titers in maternal (A) and neonatal (B) sera against WT severe acute respiratory syndrome coronavirus 2 and the Delta and Omicron variants
in those who completed the 2-dose vaccine series in the first, second, and third trimesters of pregnancy and those who additionally received a third booster dose. Neutralizing
efficiency is reflected by NT50 values, measured in live virus microneutralization assay (see Methods section). The I bars represent 95% confidence intervals, and the circles
represent the values in individual participants. The dashed line indicates the lower limit of detection of the assay (10). Samples with values below the lower limit of detection
were assigned a value of 5. Abbreviations: NA, not available; NT50, neutralization titer; WT, wild type.
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Following 3 days of incubation (at 37°C in a humidified atmo-
sphere with 5% carbon dioxide), the cells in each well were
scored for viral cytopathic effect (CPE). The neutralization titer
(NT50) was defined as the reciprocal of the highest serum dilu-
tion that protected 50% of culture wells from CPE. An NT50 of
10 served as the detection limit. Positive and negative serum
controls, cell control, and a viral back-titration control were in-
cluded in each assay.

Statistical Analyses

Significance between groups was assessed using the χ2 test and
Fisher exact test for categorical variables, while the Mann–
Whitney U test was used for continuous variables.
Correlations were reported using the Spearman test with the
correspondent ρs and P values. The data were analyzed using
Software Package for Statistics and Simulation (IBM SPSS ver-
sion 24, IBM Corp, Armonk, NY).

RESULTS

Maternal and cord-blood sera were prospectively obtained
from mother/newborn dyads following term delivery, after an-
tenatal 2-dose BNT162b2 mRNA vaccination. Initiation of the
primary vaccine dose was in the first (n= 19), second (n= 21),
or third trimester (n= 13) of pregnancy, with the second vac-
cine dose administered 21 days later. We also included an ad-
ditional group of parturients (n= 16) who further received a
third booster dose during the third trimester. Patients’ charac-
teristics are provided in Supplementary Table 1.

In those who completed the 2-dose vaccine series in the first
and second trimesters, no neutralizing antibodies against the
Delta and Omicron variants were detected in maternal and
neonatal sera at the time of delivery, whereas maternal and neo-
natal neutralizing antibodies against the wild-type virus were
detectable following all 2-dose timing regimens across the dif-
ferent trimesters (with titers gradually increasing following
first-, second-, and third-trimester vaccination; Figure 1).
Third-trimester 2-dose vaccination resulted in no detectable
neutralizing antibodies against the Omicron variant, withmod-
erate neutralization efficiency against the Delta variant (with an
approximately 15-fold drop compared with wild-type virus
neutralization). Importantly, antenatal receipt of the 3 vaccine
doses was associated with detectable maternal and neonatal
neutralizing antibodies against the Omicron variant (in all test-
ed participants) and with enhancedmaternal and neonatal neu-
tralization efficiency against the wild-type virus and Delta
variant (Figure 1). This finding is consistent with the recently
demonstrated effect of a third mRNA vaccine dose among non-
pregnant individuals [3, 7]. Following booster dose administra-
tion, there was still an approximately 34-fold drop in Omicron
compared with wild-type virus neutralization potency, with an
intermediate cross-neutralization potency (approximately 6- to

8-fold drop) shown for the Delta variant. Aligning with the rel-
ative decline in variant-specific neutralization potency, the cor-
relation between neutralizing and binding anti-RBD antibody
levels (measured by enzyme-linked immunosorbent assay) var-
ied for the different variants and was high for the wild-type
(ρs= .93; P, .001), moderate for the Delta (ρs= .67; P,
.001), and weak for the Omicron variants (ρs= .51; P= .006;
Supplementary Figure 1). Hence, the commonly used serolog-
ical assays (based on wild-type virus sequence) may poorly cor-
relate with functional antibody-based immunity against new
VOCs, calling for the development of variant-adapted assays.

DISCUSSION

We evaluated the neutralization efficiency of antenatal
BNT162b2 vaccination against the Omicron and Delta VOCs
among pregnant women and their neonates. We demonstrated
that neutralizing antibodies against the Omicron variant were
lacking in maternal and neonatal sera after 2-dose vaccination.
A booster dose was shown to be essential for building neutral-
izing antibody capacity against the Omicron variant in mothers
and neonates at the time of delivery and for bolstering the neu-
tralization of the Delta variant. These data support the impor-
tance of a third booster dose in the setting of pregnancy for
enhanced defense of mothers and neonates against break-
through infections by emerging VOCs and can guide vaccine
prioritization and timing strategies in the pregnant population.
Potential caveats of the current study include its relatively small
sample size and differences in vaccination-to-delivery interval
among participants, precluding kinetic analyses. In addition,
while the presence of nucleocapsid IgG was excluded in all
study participants, as the levels of this antibody wane through-
out time, the potential occurrence of prior remote infection re-
mains possible. Finally, the durability of the impact of the third
booster dose and its ability to confer maternal and neonatal
protection are yet to be determined.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.
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