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Background. Pregnant persons are at increased risk of severe coronavirus disease 2019 (COVID-19) and adverse obstetric
outcomes. Understanding maternal antibody response, duration, and transplacental transfer after severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection and COVID-19 vaccination is important to inform public health
recommendations.

Methods. This prospective observational cohort study included 351 pregnant people who had SARS-CoV-2 infection or
COVID-19 vaccination during pregnancy. Immunoglobulin (Ig) G and IgM to SARS-CoV-2 S1 receptor binding domain were
measured in maternal and cord blood. Antibody levels and transplacental transfer ratios were compared across (1) disease
severity for those with SARS-CoV-2 infection and (2) infection versus vaccination.

Results. There were 252 individuals with SARS-CoV-2 infection and 99 who received COVID-19 vaccination during
pregnancy. Birthing people with more severe SARS-CoV-2 infection had higher maternal and cord blood IgG levels (P =.0001,
P=.0001). Median IgG transfer ratio was 0.87-1.2. Maternal and cord blood IgG were higher after vaccination than infection
(P=.001, P=.001). Transfer ratio was higher after 90 days in the vaccinated group (P<.001). Modeling showed higher

amplitude and half-life of maternal IgG following vaccination (P <.0001). There were no significant differences by fetal sex.

Conclusions.

COVID-19 vaccination in pregnancy leads to higher and longer lasting maternal IgG levels, higher cord blood

IgG, and higher transfer ratio after 90 days compared with SARS-CoV-2 infection. Greater infection severity leads to higher
maternal and cord blood antibodies. Maternal IgG decreases over time following both vaccination and infection, reinforcing the
importance of vaccination, even after infection, and vaccine boosters for pregnant patients.
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Pregnant persons with severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection are at higher risk of severe co-
ronavirus disease 2019 (COVID-19), including hospitalization,
intensive care, and death [1-3]. Furthermore, adverse perinatal
outcomes such as increased risk of preterm birth, preeclampsia,
and stillbirth have been observed with SARS-CoV-2 infection in
pregnancy, particularly in moderate-severe disease [1, 3-6].
While the pathophysiological mechanisms leading to increased
morbidities in pregnancy are not fully understood, a growing
body of literature provides evidence that COVID-19 vaccina-
tions are both safe [7-9] and efficacious [10, 11] in pregnancy.

Received 28 March 2022; editorial decision 22 September 2022; published online 9
November 2022

Correspondence: L. B. Mithal, 225 E Chicago Ave, Box #20, Chicago, IL 60611 (Imithal@
luriechildrens.org).

Clinical Infectious Diseases® 2023;76(2):220-8

© The Author(s) 2022. Published by Oxford University Press on behalf of Infectious Diseases
Society of America. All rights reserved. For permissions, please e-mail: journals.permissions
@oup.com

https://doi.org/10.1093/cid/ciac793

Thus, there is an urgent recommendation to protect pregnant
persons from COVID-19 through vaccination [12].

Due to the novel nature of SARS-CoV-2 and exclusion of
pregnant patients from initial vaccine trials, the immunologic
response in infection and vaccination has been studied through
observational studies. SARS-CoV-2 infection in pregnancy
generates antibody responses over many weeks [13-17]. In
nonpregnant adults, disease severity is associated with antibody
levels, which decrease over time after an initial peak [18, 19].
However, is a paucity of information about the duration of an-
tibody titers over time and how pregnancy-specific factors such
as fetal sex impact maternal immunologic response to
SARS-CoV-2 infection [20]. Vaccine hesitancy in pregnancy
remains, and there are limited data on vaccination of pregnant
persons following recovery from prior infection.

Maternal antibody response also correlates with infant pas-
sive immunity; thus, vaccination during pregnancy remains
an important prevention strategy to promote infant health
[21]. Transplacental antibody transfer has been shown in the
setting of SARS-CoV-2 infection and mRNA vaccination
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during pregnancy, with varying reported transfer ratios (0.3—
1.3) [14, 22-26] and concerns about impaired transplacental
transfer after infection [13, 27]. With respect to COVID-19 vac-
cination, 2 doses of mRNA vaccine [24, 26, 28] and vaccination
earlier in pregnancy are associated with higher transfer ratios
[29, 30]. Yet, few studies have addressed the duration of
vaccine-induced antibody response in pregnancy or have com-
pared vaccine-induced antibodies with natural infection.

We investigated maternal anti-spike protein (S1) receptor
binding domain (RBD) immunoglobulin (Ig) G and IgM in
pregnant people and umbilical cord blood (herein referred to
as infant) at the time of delivery in a large cohort with either
SARS-CoV-2 infection or mRNA vaccination in pregnancy.
We aimed to specifically assess the association between tim-
ing/severity of infection and both maternal and infant antibody
levels. In addition, we aimed to compare antibody levels at de-
livery between pregnant people who were infected with
SARS-CoV-2 and those with COVID-19 vaccination.

METHODS

Study Design and Patient Cohort

This is a prospective observational cohort study of pregnant
people who delivered at Northwestern Medicine Prentice
Women’s Hospital in Chicago, Illinois, USA (April 2020-July
2021). Individuals who had SARS-CoV-2 infection or received
COVID-19 vaccination during pregnancy were identified via
the electronic medical record (EMR). Maternal SARS-CoV-2
infection during pregnancy was defined as either a positive
SARS-CoV-2 polymerase chain reaction (PCR) result or pro-
vider documentation of a positive test. Demographic and clin-
including COVID-19 symptoms,
abnormalities, imaging, clinical course, and treatment, were
collected through EMR review. SARS-CoV-2 infection severity
was defined according to National Institutes of Health criteria

ical data, laboratory

as asymptomatic, mild, moderate, severe, and critical [31].
Vaccination date and type were taken from the EMR that in-
terfaces with the Illinois Comprehensive Automated
Immunization Registry Exchange (I-CARE). Timing of
SARS-CoV-2 infection or vaccination (first dose) was deter-
mined by gestational age, utilizing the clinically defined esti-
mated due date [32]. For asymptomatic patients (e.g., who
tested positive on routine PCR screening upon admission to
Labor and Delivery), the specific timing of infection could
not be accurately determined. Thus, for analyses related to tim-
ing of infection, these individuals were excluded. Timing from
event (infection vs vaccine) to delivery is termed “latency.” We
excluded patients who were both vaccinated and had a
SARS-CoV-2 infection in pregnancy. This study was approved
by the Institutional Review Board of Northwestern University
(reference number STU00212232) with a waiver of informed

consent obtained prior to initiation of this research.

For all analyses, statistical significance was defined as P <.05.
Corrections were not made for multiple comparisons. Analyses
were conducted using STATA/IC version 16.0 (StataCorp), R
software (R Foundation for Statistical Computing), and
Python 3.10.1 (Python Software Foundation).

Maternal and Infant Antibody Detection

After birth, maternal blood and cord blood were retrieved from
the clinical laboratory. A maternal specimen is sent to a blood
bank for all pregnant people upon admission to Labor and
Delivery; cord blood is sent based on maternal blood type (O,
Rh-, or positive blood group antibodies). Plasma was separated
and stored at —80°C. SARS-CoV-2 IgM and IgG were measured
in maternal and infant plasma using the Access SARS-CoV-2
IgG and IgM Antibody tests (DXI Platform; Beckman Coulter)
in the Northwestern Memorial Hospital College of American
Pathologists/Clinical Laboratory Improvement Amendments
(CAP/CLIA)-certified laboratory. The chemiluminescent assay
reports quantitative antibodies to the SARS-CoV-2 spike protein
S1 RBD in arbitrary units (AU)/mL, with values of 1 or higher
being positive. Antibody transfer ratio was calculated as infant
IgG divided by maternal IgG concentrations.

Statistical Analysis: SARS-CoV-2 Severity

Demographics, clinical characteristics, maternal and infant IgG
at delivery, and IgG transfer ratio were compared between
those with SARS-CoV-2 infection across strata of severity.
Locally weighted smoothing (LOESS) was applied for univari-
ate regression analysis fitting of antibody plots with respect to
latency time.

Differences across severity with respect to latency were eval-
uated using 2 methods. First, latency from infection was dichot-
omized at 90 days and median antibody levels were compared
across severity subgroups using Kruskal-Wallis analysis of var-
iance (ANOVA). Ninety days was used for clinical relevance
(the time frame that reinfection is deemed less likely) [33, 34].
This analysis was performed separately for maternal IgG and in-
fant IgG. Second, mathematical modeling of maternal antibody
durability was conducted using amplitude over time by previ-
ously described methods [35] (code available at https://github.
com/jagstein/antibody_kinetics). This approach assumes 2
antibody secreting populations, 1 with a long half-life (llp)
and the other with a short half-life (slp). In this model, the
following equation is used:

e hlsont _ p=ihligGt
IgG = amplitude * <sh0rtprop % (—))
hlshort - hlIgG

gt __ il
+ ((1 — shortprop) *<#>>

hllong - hlIgG

where IgG, is the IgG level at a latency of ¢ days; amplitude is a
measure of intensity; shortprop is the proportion of the
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IgG-secreting population that is short-lived, hly,,,, is the half-
life of the short-lived population, hlyg is the half-life of IgG,
and hlj,,, is the half-life of the long-lived population. The pro-
portion of IgG-secreting cells that are long-lived is not directly
estimated but is simply the proportion of IgG-secreting cells
that are not short lived (1—shortprop). Five-fold cross-
validation was performed 20 times with shuffling of the IgG an-
alyte (maternal) and categories (mild, moderate, severe, vacci-
nated). Amplitudes of subcategories were compared using ¢
tests to report statistically significant differences in antibody ki-
netics between subgroups.

Statistical Analysis: SARS-CoV-2 Infection Versus Vaccination

A similar approach was used to compare characteristics, anti-
body levels, and transfer ratio in SARS-CoV-2 infection versus
vaccination during pregnancy. Univariate LOESS was used for
regression analysis of maternal and infant IgG. In addition, la-
tency from either infection or vaccination was dichotomized at
90 days and median antibody levels were compared across sub-
groups within each latency stratum using Mann-Whitney U
tests. Differences in maternal IgG kinetics were also evaluated
using the mathematical modeling approach described above.
In patients with multiple inoculations, incorporation of a sec-
ond stimulus/secretion curve did not improve accuracy and
so was not further pursued.

Statistical Analysis: Sex as a Biological Variable

Median maternal IgG, infant IgG, and transfer ratios were com-
pared across infant sex using Mann-Whitney U tests. These
analyses were repeated separately for those with SARS-CoV-2
infection and who received COVID-19 vaccination.

RESULTS

Study Population and Characteristics

There were 351 pregnant people and 357 infants in the study. Of
pregnant people, 252 were diagnosed with SARS-CoV-2 infec-
tion and 99 received COVID-19 vaccination during pregnancy.
Maternal and neonatal characteristics are reported in Table 1.

Maternal Disease Severity

Of those with SARS-CoV-2 infection, severity categories were 64
(26%) asymptomatic, 140 (56%) mild disease, 32 (13%) moder-
ate disease, and 12 (5%) severe/critical disease (Supplementary
Table 1). The majority of pregnant people were symptomatic
at diagnosis: 83% (20/24) in the first trimester, 95% (59/62) in
the second trimester, and 65% (105/162) in the third trimester.
There was no statistically significant difference in median latency
based on severity (mild: 65.5 days; interquartile range [IQR]:
25-124 days); moderate: 70.5 days; IQR: 27-128 days; severe/
critical: 60 days; IQR: 13-104 days; P=.67). Of pregnant people
with infection, 63% had a positive IgG (>1 AU/mL) at delivery
with a median of 1.67 AU/mL (IQR: 0.45-6.24), which was

Table 1. Patient Demographics and Delivery Outcomes

Total SARS-CoV-2 COVID-19
Characteristics Cohort Infection Vaccine P
Maternal, n 351 252 99
Age, mean (SD), y 32.5(5.7) 31.7 (5.9) 34.1(4.9) <.001

Race .002

White 183 (62.1) 109 (43.3) 74 (74.8)

Black 31(8.8) 29 (11.5) 2 (2.0)

Asian 15 (4.3) 8(3.2) 7(7.1)

Other 102 (29.1) 92 (36.5) 10 (10.1)

Unknown 20 (56.7) 14 (5.6) 6(6.1)

Latinx 122 (35.8) 115 (46.6) 7(7.5) <.001
Public insurance 113 (32.2) 109 (43.3) 4(4.0) <.001
Multiple gestations 5(1.4) 4(1.6) 1(1.0)

Preterm birth 37 (10.5) 32(12.7) 5(5.1) .035
Nulliparous 129 (36.8) 105 (41.7) 24 (24.2) .002
Comorbidities

Asthma 40 (11.4) 35 (13.9) 5(5.1) .024

Diabetes 28 (8.0) 25 (9.9) 3 (3.0 .03

Obesity 185 (62.7) 156 (61.9) 29(29.3) <.001

Tobacco use 32(9.1) 28 (11.1) 4 (4.0) .04

Chronic hypertension 7 (1.99) 7(2.78) 0 19
Gestational age at exposure, 29.6 (8.9) 29.0 (9.9) 31.3(5.3) .62

mean (SD), wks
Infant, n 357 256 101

Sex (female) 181 (60.7) 134 (62.3) 47 (46.5) .38

Cord blood available 298 (83) 234 (91) 64 (63)

Data are presented as n (%) unless otherwise indicated.

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2; SD, standard deviation.

“Significant differences between the SARS-CoV-2 infection and COVID-19 vaccination
groups for maternal age, race/ethnicity, public insurance, parity, asthma, obesity,
diabetes, and tobacco use in our cohort, representative of national trends [36].

similar for the subset with symptomatic infection (66% positive
IgG; median: 1.71 AU/mL; IQR: 0.60-7.79). Infant IgM was pos-
itive in 4 infants (range: 1.1-3.6 AU/mL). Infant IgG following
maternal infection was positive in 58% (median IgG: 1.28 AU/
mL; IQR: 0.37-5.86). In the subset with symptomatic infection,
63% of infants had positive IgG (median: 1.69 AU/mL; IQR:
0.56-7.94).

Pregnant people with greater severity of SARS-CoV-2 infec-
tion were more likely to have higher maternal and infant IgG
levels (P=.0001 and P=.0001) (Figure 1). More severe infec-
tion was also more likely to result in positive maternal IgG
(asymptomatic 55% vs mild 61% vs moderate 78% vs severe
92%; P=.02), a trend that was also reflected in infant IgG levels
(asymptomatic 45% vs mild 60% vs moderate 79% vs severe/
critical 80%; P=.026). Median IgG transfer ratio ranged
from 0.87 to 1.2 and was not significantly different across se-
verity categories (P=.29). The LOESS plots in Figure 2 show
the best-fit trend of maternal IgG and infant IgG for patients
with symptomatic SARS-CoV-2 infection with respect to laten-
cy. Dichotomizing latency to fewer and more than 90 days
(Supplementary Table 2), median maternal IgG levels were
higher after more severe infection after 90 days of latency
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Figure 2. Antibody levels by severity of maternal SARS-CoV-2 infection with respect to latency from SARS-CoV-2 infection to delivery. A, Maternal IgG. B, Infant IgG.
Severity: green = severe, pink =moderate, blue = mild. Locally weighted smoothing (LOESS) was applied for univariate regression analysis fitting of antibody plots with
respect to latency time. Abbreviations: AU, arbitrary units; IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

(P<.001) but did not reach statistical significance at 90 days or
fewer (P =.085). Similarly, infant IgG was significantly higher
with greater severity when infection was more than 90 days pri-
or to delivery (P =.004) but not significantly different if latency
was 90 days or fewer (P=.21). Transfer ratios were not signifi-
cantly different across severity groups (P=.78 for < 90-day la-
tency and P = .67 for >90-day latency). Mathematical modeling
demonstrated significantly higher maternal IgG amplitude and
longer-half life with greater disease severity (P <.0001 across
severity categories and in individual comparisons of mild vs
moderate, moderate vs severe, mild vs severe). Models are dis-
played in Figure 3A.

SARS-CoV-2 Infection and Vaccination

Significant differences were noted in maternal age, race/ethnic-
ity, public insurance, parity, asthma, obesity, diabetes, tobacco
use, and preterm birth (P=.035) among the SARS-CoV-2 in-
fection group compared with the vaccinated group (Table 1).
Sixty-four percent of vaccinations were Pfizer NT162b2, 32%

had Moderna mRNA-1273, and 4% were unknown. The first
dose was during the second trimester for 17% and during the
third trimester for 83% of patients. Twenty patients (20% of
the vaccinated group) received only 1 dose of vaccine prior to
delivery. The median latency between SARS-CoV-2 infection
and delivery was 66 days (IQR: 25-124), whereas the latency
between first-dose vaccination and delivery was 46 days
(IQR: 33-71) (P=.007).

The majority of vaccinated individuals (92%) had positive
maternal IgG levels (median: 16.64 AU/mL; IQR: 8.58-28.53)
and 89% had positive infant IgG (median: 17.38 AU/mL; IQR:
7.60-31.26). Overall, maternal IgG levels were higher in the vac-
cinated group compared with the infection group (16.64 vs 1.66;
P=.001) as were infant IgG levels (17.6 vs 1.28 AU/mL; P=
.001). Maternal IgM was slightly higher in the vaccinated group
(IgM:1.21vs 0.56 AU/mL; P=.001). There was no difference in
infant IgM levels (0.17 vs 0.17 AU/mL; P = 1.00). Four infants of
mothers with SARS-CoV-2 infection and no infants of mothers
who received vaccination had positive IgM levels. Patients who
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SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

were vaccinated during pregnancy were more likely to have ma-
ternal IgG levels greater than 1 AU/mL compared with those with
SARS-CoV-2 infection (92% vs 63%; P <.001), a trend reflected
in infant IgG as well (90% of vaccination group vs 58% of infec-
tion group; P <.001). Figure 4 demonstrates the distribution of
maternal IgG, infant IgG, and transfer ratio following infection
and vaccination, respectively. LOESS plots in Figure 5 show best-
fit curves for maternal IgG and infant IgG in the vaccinated and
SARS-CoV-2 infection groups by latency. Vaccinated individuals
had higher maternal IgG and infant IgG levels that are longer last-
ing, although there was a downward trend after approximately
day 50 and they were notably low by approximately 150 days
from exposure.

Median maternal IgG was significantly higher at delivery in
the vaccinated group across latency time frames (< 90 days:
20.40 vs 2.67; P=.001; >90 days: 5.17 vs 1.21; P<.001).
Similarly, infant IgG was significantly higher in the vaccinated
group (< 90 days: 19.79 vs 1.82; P <.001; >90 days: 12.57 vs
1.36; P <.001). Transfer ratios were not significantly different
if latency was 90 days or fewer (0.92 vs 0.94; P=.66)
but were higher if more than 90 days had passed since infection

or vaccination (2.84 vs 1.37; P < .001). Mathematical modeling
demonstrated significantly higher maternal IgG amplitude and
longer-half life in vaccinated people compared with infection
(P<.0001). Models are displayed in Figure 3B.

Comparison With Respect to Fetal Sex

There were no statistically significant differences by fetal sex in
maternal IgG, infant IgG, or transfer ratio in either the vaccinat-
ed group or infection group or in pooled analysis of the entire
cohort (combining vaccination and infection) (Supplementary
Table 3, Figure 6).

DISCUSSION

In this prospective observational cohort study, we addressed ma-
ternal and infant antibody levels and transplacental transfer fol-
lowing SARS-CoV-2 infection and vaccination, particularly with
respect to latency. Given the potential adverse maternal and ob-
stetric effects of SARS-CoV-2 infection, the goal of vaccination is
to optimally protect the pregnant person. Thus, it is imperative
to understand the durability of protection after SARS-CoV-2
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infection and COVID-19 vaccination. Additionally, because in-
fants younger than 6 months of age are vulnerable and require
a unique vaccination strategy, antibody transfer to the fetus is
an important strategy to optimize protection in infancy.
Recent data demonstrated decreased hospitalizations among in-
fants younger than 6 months whose mother received COVID-19
vaccination during pregnancy [37].

There are limited data on immune response in relation to
disease severity in pregnant people. Prior work by Flannery
et al [14] noted that mothers with moderate—critical illness
had higher maternal and infant IgG, but the differences were
not statistically significant. Our data demonstrate through
stratified analysis and modeling that greater severity of infec-
tion is associated with higher and longer lasting maternal anti-
body levels and higher cord blood IgG. Antibody levels
decrease over time, particularly after mild infection in nonpreg-
nant individuals [38, 39]. In our study, pregnant persons with
SARS-CoV-2 infection had a clear increase in IgG with a
peak approximately 6 weeks from first vaccination and then a
significant decrease by 4-5 months. People with asymptomatic
and mild infection yielded lower antibody levels sooner. These
data emphasize the need for vaccination as a protective strategy
for pregnant people, even after natural SARS-CoV-2 infection
during pregnancy.

There is evolving recent literature about the timing of vacci-
nation in pregnancy and duration of antibody response. Our
study demonstrates that vaccination induces higher and longer
lasting antibody levels in pregnant persons and their newborns
than SARS-CoV-2 infection, while also avoiding potential com-

plications of COVID-19. The timing of vaccination, duration of

response, and transplacental transfer to infant have shown
various results across studies, including the highest delivery an-
tibodies after early third-trimester vaccination [29, 30, 40]. Our
data, although limited to the second and third trimester, show
evidence that vaccination results in superior maternal and in-
fant antibody levels compared with infection, and that this dif-
ference is pronounced, along with a significant difference in
transfer ratio, in the setting of longer latency. Nevertheless,
there are decreasing antibody levels over time and thus this
study reinforces the potential importance and current recom-
mendation of boosting maternal immunity with an additional
dose if many months have passed since the primary vaccine
series.

In translational work by Bordt et al [20], mothers carrying
male fetuses had lower maternal IgG and transfer ratio follow-
ing third-trimester SARS-CoV-2 infection than pregnancies
with female fetuses. The possibility that fetal sex modifies ma-
ternal antibody response or placental transfer is intriguing. Our
data, however, did not find any statistically significant differ-
ences in maternal IgG level or transfer ratio according to fetal
sex after SARS-CoV-2 infection or vaccination, in overall anal-
ysis and stratified analysis limited to third-trimester infection.
Further dedicated work is needed in this area. It is also of
note that no infants of mothers who received vaccination had
positive IgM and a few infants had low positive IgM following
maternal SARS-CoV-2 infection (asymptomatic-mild, 0-49
days prior to delivery). Infants with positive IgM had negative
SARS-CoV-2 PCR testing. Thus, these results may reflect intra-
uterine vertical transmission, albeit rare, versus likely false-
positive results [41].
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Figure 6. Antibody data by fetal sex. SARS-CoV-2 infection: A, Maternal IgG; B, transfer ratio (infant IgG:maternal IgG); C, infant IgG. Vaccination: D, Maternal IgG; £,
transfer ratio; F, infant IgG by fetal sex (female vs male). All comparisons P=NS using Mann-Whitney U tests. Abbreviations: AU, arbitrary units; IgG, immunoglobulin

G; NS, not significant; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

The strengths of this study include the following: (1) the large
cohort of samples from pregnant people and umbilical cord fol-
lowing vaccination or infection during pregnancy, (2) accurate
detailed clinical information about infection severity and timing,
and (3) a consistent platform for anti-S1 RBD. Additionally, the
mathematical modeling approach to maternal antibody kinetics

adds to the statistical validity of severity and vaccine versus nat-
ural infection comparisons. Limitations include the 1 time point
of antibody measurements at delivery, single center, and latency
for the vaccination group being shorter than for the infection
group. Additionally, our LOESS regressions were limited to uni-
variate analyses to avoid overfitting models and could not
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include clinical covariates in multivariable-adjusted models.
Circulating anti-S1 RBD antibody is also only 1 measure of pro-
tection and does not account for aspects of immunologic mem-
ory. Although we did not measure neutralizing antibody, anti-S
IgG correlates closely with neutralizing activity patterns [18, 40].
In addition, given the time frame of this cohort, the effects of
booster vaccination during pregnancy and SARS-CoV-2 infec-
tion after prior vaccination are not assessed.

In conclusion, COVID-19 vaccination in pregnancy leads to
higher and longer lasting maternal IgG and higher infant IgG
levels than natural SARS-CoV-2 infection. Vaccination results
in higher transplacental antibody transfer ratios than infection
after longer latency. Severity of infection is also associated with
higher and longer lasting antibodies. Maternal IgG antibody
levels decrease over time in pregnant patients following both
vaccination and natural infection, reinforcing the importance
of (1) vaccination even after infection and (2) a potential boos-
ter dose if many months have elapsed from the initial series or
in the context of new variants, to optimize protection of preg-
nant individuals and their infants.

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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