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ABSTRACT

Objectives: With the availability of vaccines, commercial assays detecting anti-severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) antibodies evolved toward quantitative assays directed to the spike
glycoprotein or its receptor-binding domain (RBD). The objective was to perform a large-scale, longitudi-
nal study involving health care workers (HCWs), with the aim of establishing the kinetics of immune
response throughout the 9-month period after receipt of the second dose of the BNT162b2 vaccine.
Methods: Quantitative determination of immunoglobulin (Ig) G antibodies against the RBD of the S1
subunit of the spike protein of SARS-CoV-2 on the Alinity systems.
Results: The highest levels of anti-RBD IgG were measured after 1 month from full vaccination (median:
1432 binding antibody units/ml [BAU/ml]); subsequently, a steep decrease (7.4-fold decrease) in IgG levels
was observed at 6 months (median: 194.3 BAU/ml), with a further 2.5-fold decrease at 9 months (median:
79.3 BAU/ml). Furthermore, the same data, when analyzed for sex, showed significant differences between
male and female participants at both 1 and 9 months from vaccination, but not at 6 months.
Conclusion: Our results confirm the tendency of anti-RBD antibodies to decrease over time, also when
extending the analysis up to 9 months, and highlight a better ability of the female sex to produce an-
tibodies 1 month and 9 months after vaccination. Overall, these data, obtained in a wide population of
HCWs, support the importance of having increased the vaccine doses.
© 2022 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

having been used, including live attenuated, viral vectored,
messenger RNA (mRNA)-based, protein-based, and inactivated

Two years after the initial spread of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection, and 1 year from
the start of the coronavirus disease 2019 (COVID-19) vaccination
campaign, approximately 416 million people have been infected
and a total of approximately 10 billion vaccine doses have
been administered worldwide (https://covid19.who.int, accessed
on February 15, 2022). Despite a wide range of technologies
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vaccines (Ng et al, 2020), BNT162b2 was the first vaccine
authorized for emergency use by the European Medicines Agency
(https://www.ema.europa.eu/en/news/ema-recommends-first-covid
-19-vaccine-authorisation-eu, accessed on May 5, 2022) and,
in Italy, it was used for the first phase of the immunization
program, primarily focused on health care workers (HCWs)
(https://www.sa—lute.gov.it/por—tale/nuovocorona—virus/dettaglioCo
ntenutiNuovoCoronavirus.jsp?lingua=italiano&id=5452&area=nuov
oCoronavirus&menu=vuoto, accessed on May 5, 2022). Several
studies have evaluated BNT162b2 efficacy and safety profile
(Dighriri et al., 2022; Polack et al., 2020), reporting adverse events
after the second dose, as compared with the first dose, following
an active surveillance (Ripabelli et al., 2022).
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Table 1
Description of analyzed samples.
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Numbers of HCWs  Month of collection  Positive (%) Negative (%) M (%) F (%) Median age (min-max)
1343 February 1340 (99.8) 3 (0.2) 402 941 51

July 1338 (99.6) 5 (0.4) (29.9) (70.1) (24-68)

October 1323 (98.5) 20 (1.5)

HCW, health care worker; M, male; F, female; min, minimum; max, maximum.

Vaccine immunity involves both cellular and humoral pathways.
Given cellular immunity is not easy to assess on a large scale,
the evaluation of vaccine effectiveness mainly relies on quantita-
tive measurement of antibodies (Shi and Ren, 2021; Van Tilbeurgh
et al., 2021). During the current pandemic, many serological tests,
directed at the spike glycoprotein or its receptor-binding do-
main (RBD) and based on different technologies, have been used
(Saker et al., 2022; Van Elslande et al., 2020). The World Health
Organization (WHO) released an international standard to facili-
tate comparison of the results obtained with different assay and
in different countries (Knezevic et al., 2022), but its real utility
in enabling comparability harmonization of data has been criti-
cized (Ferrari et al., 2021; Matusali et al., 2022; Perkmann et al.,
2021). Independently from the used assay, numerous studies agree
in highlighting a significant decrease of anti-SARS-CoV-2 antibod-
ies produced after 3 to 6 months after vaccination and have crit-
icized a consequent increased susceptibility to infection for sub-
jects who completed the vaccination schedule from 6 months
(Bayart et al., 2021; Bochnia-Bueno et al., 2022; Ferrari et al., 2021;
Matusali et al., 2022; Perkmann et al., 2021). In this context, de-
creasing antibodies over time and immune escape have driven the
discussion on the need for evolution of vaccine strategies, such as
additional dosing (Garcia-Beltran et al., 2022; Lopez Bernal et al.,
2021).

Here, we report the results of a large-scale, longitudinal study
involving HCWs that was conducted to assess the kinetics of im-
mune response throughout the 9-month period after receipt of the
second dose of the BNT162b2 vaccine.

Methods
Study cohort

A total of 4029 serum samples were longitudinally collected
from 1343 HCWs from the San Camillo-Forlanini Hospital who
administered the BNT162b2 mRNA COVID-19 vaccine (Comirnaty,
BioNTech Manufacturing GmbH, Mainz, Germany) during the pe-
riod February to October 2021. The inclusion criteria for the par-
ticipants were (1) to be personnel performing health care activi-
ties; (2) to sign an informed consent form agreeing to the study
aims; (3) to have received and completed the BNT162b2 vaccina-
tion; (4) to have been tested for anti-RBD immunoglobulin (Ig) G
at 1 month, 6 months, and 9 months after the second dose of
Comirnaty; and (5) to have declared no active or past SARS-CoV-
2 infection. Descriptive analysis of the cohort study is reported in
Table 1. All samples and volunteers’ data (age, sex) were stored in
a pseudonymized manner.

SARS-CoV-2 IgG II Quant assay

Chemiluminescent microparticle immunoassay, SARS-CoV-2 IgG
Il Quant assay by Abbott Laboratories (North Chicago, IL), was used
for quantitative determination of IgG antibodies against the RBD
of the S1 subunit of the spike protein of SARS-CoV-2 on the Alin-
ity systems, according to the manufacturer’s instructions. Results
have been expressed in binding antibody units/ml (BAU/ml) ow-
ing to the availability of a conversion factor from arbitrary units/ml
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(AU/ml) for the assay (1 BAU/ml = 0.142 AU/ml), after the release
of a WHO standard preparation for SARS-CoV-2 binding antibodies
(Kristiansen et al., 2021). SARS-CoV-2 IgG II positivity range spans
from 7.1 BAU/ml (positivity threshold) to 11,360 BAU/ml.

Statistical analysis

GraphPad Software (version 9.0.2, La Jolla, CA) was used to per-
form statistic comparisons (P-value < 0.05 was considered statisti-
cally significant).

Results

We included in the analysis sera from 1343 HCWs, 402 men
(29.9%) and 941 women (70.1%), with a median age of 51 years
(range: 24-68). We first performed a quantitative determination of
anti-RBD IgG antibodies at different time points from vaccination.
As expected, the highest levels of anti-RBD IgG were measured
after 1 month from full vaccination (median: 1432 BAU/ml; min-
max: 0.1-11,360 BAU/ml); subsequently, a steep decrease (7.4-fold
decrease) in IgG levels was observed at 6 months (median: 194.3
BAU/ml; range: 0.0-8080 BAU/ml), with a further 2.5-fold decrease
at 9 months (median: 79.3 BAU/ml; range: 0.0-3881 BAU/ml). Dif-
ferences among median results obtained at the three times of ob-
servation were all highly significant (P < 0.0001; Figure 1A). Fur-
thermore, analyzing the same data for sex by unpaired t-test, we
observed weak but significant differences between male and fe-
male sex at both 1 and 9 months from vaccination (P = 0.0373
and P = 0.0291, respectively), although a not significant difference
was revealed at 6 months (Figure 1B). When stratifying samples
into groups based on age (<30, 31-40, 41-50, 51-60, >60), we did
not observe any significant difference among groups at 1, 6, and 9
months from vaccination. Nevertheless, in all age groups analyzed,
the decrease of IgG levels after 6 and 9 months from vaccination
remains significant, as compared with IgG levels observed after 1
month.

Discussion

With the availability of vaccines, quantitative serological assays
provide an important contribution in understanding the immu-
nization status of the different populations of vaccinated individu-
als. Most scientific publications describe the trend of the antibod-
ies following the first 6 months after vaccination (Bochnia-Bueno
et al, 2021; Garcia-Beltran et al., 2022; Matusali et al., 2022).
In this study, we observed the evolution of humoral response
to BNT162b2 mRNA COVID-19 vaccine in a very wide population
(1343 HCWs) in a 9-month follow-up study by analyzing the per-
sistence of anti-RBD antibodies. Our results indicate that the high-
est levels of anti-RBD IgG were measured after 1 month from full
vaccination (median: 1432 BAU/ml); subsequently, a steep decrease
(7.4-fold decrease) in IgG levels was observed at 6 months (me-
dian: 194.3 BAU/ml), with a further 2.5-fold decrease at 9 months
(median: 79.3 BAU/ml). When analyzing the same data for sex,
significant differences between men and women at both 1 and 9
months from vaccination were observed, suggesting a greater abil-
ity of the female sex to produce anti-RBD antibodies. These data
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Figure 1. Patterns of anti-RBD IgG persistence. (A) Titers of anti-RBD IgG antibodies in longitudinally collected samples from 1343 HCWs after the second dose of Comirnaty
(1 month, 6 months, 9 months), expressed as BAU/ml. (B) Comparison between titers of anti-RBD IgG antibodies in longitudinally collected samples analyzed for sex. The
asterisks indicate statistically significant differences determined by Student’s t-test (**** p<0.0001; *p <0.05; ns p>0.05)

BAU/ml, binding antibody units/ml; HCW, health care worker; IgG, immunoglobulin G; ns, not significant; RBD, receptor-binding domain.

are in agreement with previous observational studies reporting
that men seem to be consistently overrepresented in SARS-CoV-2
infection and in COVID-19 severe outcomes, including higher fatal-
ity rates (Haitao et al, 2020; Jin et al.,, 2020; Meng et al., 2020).
These differences have been hypothesized to depend on gender-
specific behaviors, genetic and hormonal factors, and sex differ-
ences in biological pathways related to SARS-CoV-2 infection; nev-
ertheless, the different ability between men and women to pro-
duce antibodies that was observed in our study could contribute
to this phenomenon and should be better elucidated. Larger stud-
ies with sex-specific reporting and robust analyses are crucial to
clarify how sex modifies cellular and molecular pathways associ-
ated with SARS-CoV-2. We further explored the possible impact of
age on anti-RBD antibody decrease by stratifying our results into
groups based on age, but we did not observe any significant differ-
ence among groups at 1, 6, and 9 months from vaccination. Over-
all, our results, obtained in a wide population of HCWs, confirm
the tendency of anti-RBD antibodies to decrease over time, also
when extending the analysis up to 9 months, and they highlight
a better ability of the female sex to produce antibodies 1 month
and 9 months after vaccination. Moreover, these data support the
importance of having increased the vaccine doses, considering also
the recent findings that underscore the importance of receiving a
third vaccine dose to prevent moderate and severe COVID-19, es-
pecially when the Omicron variant is predominant and the effec-
tiveness of two doses of vaccines is reduced against this variant
(Thompson et al., 2022).
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