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We collected sequential serum samples (0, 4, 12 weeks, 9 months) for the determination of S-RDB IgG
levels from 103 vaccinated healthy subjects (age 45 ± 13 years; 60 women), in order to evaluate neutral-
izing antibody response against SARS-CoV-2 in healthy healthcare workers (HCWs) after the administra-
tion of two doses of BNT162b2 SARS-CoV-2 mRNA vaccine. Every subject received two doses of mRNA
vaccine BNT162b2 (Pfizer-BioNTech), 21 days apart (January-February 2021). Furthermore, antibody titer
of 14 subjects who were hospitalized for symptomatic COVID-19 was evaluated. Antibody response was
(median, interquartile range) 35 U/mL (10–104) at baseline, 1960 (1241–3221) at 4 weeks, 791 (388–
1179) at 12 weeks and 524 (273–931) at 6 months. Antibody response was inversely correlated with
age at all timepoints (p < 0.001) while gender and Body Mass Index had no significant effect. At multivari-
ate analysis, post-baseline values were significantly higher than baseline (p < 0.001) with a reduction at
12 weeks and 9 months (p < 0.001). Antibody response of hospitalized subjects who did not receive vac-
cination, symptomatic for COVID 19 infection, was 103 (25–557) U/mL, significantly higher than baseline
(p = 0.007) of study population but lower than all post-baseline determinations (p < 0.001). Younger sub-
jects showed a stronger response and a lower decrease of antibody titers compared to the classes of older
subjects. SARS-CoV2 infection was excluded by performing 1017 nasopharyngeal RT-PCR swabs on the
study cohort. The second dose of mRNA vaccine resulted in an antibody response effective in preventing
infection in a population of healthcare professionals. The antibody level was stable through week 12,
showing a reduction in the following six months.
� 2022 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

In the last two years, the spread of pandemic SARS-CoV-2
resulted in a great scientific mobilization in order to find out ther-
apies and vaccines effective in reducing the impact of the disease.
SARS-CoV-2 infection results in the production of antibodies
against the virus spike protein (S) and nucleoprotein (N) [1–4].
Several papers have analyzed the decline in antibody titer follow-
ing SARS-CoV2 infection [5]. Some have shown a decline of the
antibody titer in four monthswhile others have demonstrated a
permanence of seropositivity of up to nine months, albeit with a
decreasing titre [6,7]. Recent studies on patients and vaccinated
subjects against COVID-19 show that the disease immunizations
and the vaccinations reduced the rate of SARS-CoV-2 infections
[8–10]. Although the persistence of the vaccine-induced neutraliz-
ing antibodies is not yet fully known, the neutralizing antibodies
induced by the infection were detectable for at least six months
after the onset of symptoms [11]. Antibodies production after vac-
cine administration was variable depending on the type of vaccine
[12–14]. Currently, the European Medicines Agency (EMA) has
authorized use of four vaccines: two mRNA vaccines (BNT162b2
and mRNA-1273) and two adenoviral vector-based vaccines
(ChAdOx1-S and COVID-19 Janssen) [15,16]. All of these vaccines
aremeant to generate specific antibodies against the virus spike
protein and all of them showed an efficacy to induce anti-S IgG
antibodies with neutralizing activity against the first pandemic
variant SARS-CoV-2 Wuhan Hu-1 and the other D614G variants
currently in circulation. [17–19]. The aim of the study was to eval-
uate neutralizing antibody responses against SARS-CoV-2, during a
nine-month follow-up, in healthy healthcare workers after the
administration of double dose of BNT162b2 SARS-CoV-2 mRNA
vaccine.
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Fig. 1. Median of Antibody Responses (S-RDB IgG) in the overall cohort (panel A),
by age (panel B) and gender (panel C).
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Materials and methods

Sequential serum samples (0, 4, 12 weeks, 9 months) for the
determination of S-RDB IgG levels from 103 vaccinated health care
workers (HCWs), healthy and not previously affected by Covid19
were collected. The whole study population was not affected from
immunological diseases and consequently did not take any
immunosuppressive drugs. Just a few of study subjects were suf-
fering from arterial hypertension and were taking common antihy-
pertensive drugs. All participants received two doses of messenger
RNA vaccine BNT162b2 (Pfizer-BioNTech) 21 days apart, (on the
period of January-February 2021). The vaccine consisted of a mul-
tidose vial to be diluted before use. Each vial (0.45 mL) contained 6
doses of 0.3 mL after dilution. Each dose (0.3 mL) contained 30 lg
of COVID-19 mRNA vaccine (encapsulated in lipid nanoparticles). 5
’capped single-stranded messenger RNA (mRNA), produced by cell-
free transcription in vitro (cell-free) from the corresponding tem-
plate DNA, encoding the SARS-CoV- viral spike protein (S) 2. The
vaccine was administered intramuscularly in the deltoid region
of one the upper arms, after dilution as a cycle of 2 doses
(0.3 mL each) at least 21 days apart. Needles between 2.5 and
3.8 cm (1–1 and 1/2 in.) in length were usedof 22–25 gauge in cal-
iber. The cold chain was preserved by scheduling the daily doses
based on the number of subjects previously booked. The first deter-
mination of the antibody titer was performed after the first vaccine
dose (baseline), after 4, 12 weeks and nine months from the second
dose. In addition, the antibody titer of 14 subjects who have recov-
ered from symptomatic COVID-19 was evaluated. The sampling of
this last group of subjects was performed approximately three
months after recovery and healing confirmed by a double negative
nasopharyngeal swab. All subjects provided written informed con-
sent. The study complied with the principles of the Declaration of
Helsinki and was approved by the local ethics committee (approval
number 6726 of the AziendaUniversitariaOspedalieraConsorziale -
Policlinico of Bari, Italy). In order to verify the effective protection
against infection, during the entire observation period, all study
participants were subjected to periodic screening with RT-PCR
anti-SARS-CoV2 molecular swab. Nasopharyngeal swabs were per-
formed approximately every 30 days, starting from the first week
after the administration of the second dose, up to the week before
the last determination (ninth month), or whenever symptoms such
as fever, cough, marked asthenia or the suspicion of a contact with
a positive subject were found. As a whole they have been carried
out 1017 nasopharyngeal swabs, averaging about 10 swabs for
each participant.

Biochemical Analysis. The serum anti S-RDB IgG levels were mea-
sured on fresh samples obtained after centrifugation for 10 min at
3500g at room temperature of whole blood collected in dry tubes.
The measurement was performed by indirect chemiluminescence
immunoassay on Cobas e 601 instrumentation, according to the
manufacturer’s instructions.

The assay is an immunoassay for the in vitro quantitative deter-
mination of antibodies (including IgG) to the SARS-CoV-2 spike (S)
protein receptor binding domain (RBD) in human serum and
plasma. The assay uses a recombinant protein representing the
RBD of the S antigen in a double-antigen sandwich assay format,
which favours detection of high affinity antibodies against SARS
CoV 2. The test is intended as an aid to assess the adaptive humoral
immune response to the SARS CoV 2 S protein. The nasal/oropha-
ryngeal swab was performed with the RT-PCR method.

Statistical analysis. Data are reported as mean ± standard devia-
tion or median with interquartile range. Difference between
groups were tested with the independent sample t-test. Categori-
cal variables, compared between groups by using the chi-squared
test, were reported as number and percentage. Due to the skewed
2

distribution, Antibody Responses was analysed after a natural log-
arithm transformation. Difference in Antibody Responses between
repeated measures were tested with the paired sample t-test. The
Spearman’s coefficient was used to estimate the correlation
between age and Antibody Responses. A mixed-linear regression
model, with patient considered as random effects (cluster of the
three repeated observations), was used to evaluate the effect of
gender, age and BMI on Antibody Responses. Intra-class correlation
coefficient (ICC) was estimated to evaluate the proportion of Anti-
body Responses variation attributed to patient. A p value of 0.05 or
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less was considered statistically significant. All analyses were con-
ducted using STATA software, version 16 (Stata-Corp LP, College
Station, Tex).
Results

A total of 103 subjects was evaluated (age 45 ± 13 years), 60
(58%) females and 43 (42%) males. females were younger than
males (40 ± 12 vs 51 ± 11 years; p < 0.001) and had a lower Body
Mass Index (BMI; 23 ± 4 vs 26 ± 4 Kg/m2; p < 0.001). Fig. 1 shows
median values of Antibody Responses (S-RDB IgG) at different
timepoints in the overall population (panel A), by gender and age
(respectively panel B and C). The determination at 4 weeks was
the highest and significantly greater than the others (all
Table 1
Antibody Responses (S-RDB IgG) at baseline, 4 weeks, 12 weeks and 9 months.

N Baseline (U/mL) 4 wee

Overall 103 35 (10–104) 1960
Gender
Women 60 40 (17–114) 2237
Men 43 22 (6–77) 1672
Age (years)
<35 27 105 (37–190) 3408
35–44 27 35 (12–80) 2014
45–55 21 21 (7–55) 1545
>55 28 18 (4–69) 1681

Median (interquartile range).

Fig. 2. Median of Antibody Responses (S-R

3

p < 0.001). At 12 weeks and 6 months there was a values reduction
but they stayed significantly higher than the baseline (both
p < 0.001). Younger subjects and female subjects showed an higher
Antibody response than older subjects and male subjects (Fig. 1,
panel B and C). Table 1 reports values at each determination for
the overall cohort as well as by gender and age groups.

Antibody responses was inversely correlated with age at all
timepoints (Spearman coefficient �0.41 at baseline, �0.35 at 4
and 12 weeks as well as at 9 months; all p < 0.001). These correla-
tions were all confirmed in females (Spearman coefficient �0.43 at
baseline, �0.44 at 4 weeks,-0.30 at 12 weeks and �0.39 at
9 months; respectively p < 0.001, p < 0.001, p = 0.029 and
p = 0.005). In males, Antibody Responses inversely correlated with
age only at baseline (Spearman coefficient �0.30; p = 0.047).
ks (U/mL) 12 weeks (U/mL) 9 months (U/mL)

(1241–3221) 791 (388–1179) 524 (273–931)

(1307–3806) 879 (505–1322) 573 (379–979)
(995–2599) 560 (292–1045) 398 (177–822)

(1883–5817) 1188 (873–2423) 921 (585–1872)
(1242–2672) 591 (374–880) 442 (241–524)
(991–2466) 782 (376–1193) 532 (236–931)
(1178–2805) 615 (252–971) 394 (208–764)

DB IgG) by gender within age groups.
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Fig. 2 depicts Antibody responses by gender in subjects with
<35 years (panel A), 35–44 years (panel B), 45–55 (panel C) and
more than 55 years (panel D). Within the same age group, differ-
ences between male and females were not statistically significant.
At multivariate analysis, Antibody responses was inversely corre-
lated with age (p < 0.001) with higher post-baseline values than
baseline (all p < 0.001) and higher values at 4 weeks then there-
after (p < 0.001) while gender had no significant effect
(p = 0.514). This model had an ICC of 0.50 indicating that 50% of
total variation of Antibody responses was explained by the subject.
When BMI was added to multivariate model, no significant associ-
ation was found between body size and Antibody Responses
(p = 0.215). Fig. 3 shows scatter plot of Antibody Responses at
4 weeks, 12 weeks and 9 months. Values were strongly correlated
among consecutive measurements but the reduction of values was
more marked at 12 than 4 weeks (Fig. 3, panel A) compared to
9 months (Fig. 3, panel B). The reduction at 12 weeks than 4 weeks
Fig. 3. Scatter plot of Antibody Responses (S-RDB IgG) at 4 and 1

4

was 1124 (663–2360) while at 9 months than 12 weeks was 181
(66–352).

Antibody responses of 14 non-vaccinated patients were com-
pared to study population of vaccinated subjects. No difference
in age was observed between patients (49 ± 9 years) and study
subjects (p = 0.288). In patient’s population, 13 (93%) were males
(p < 0.001) when compared to study population. Antibody
responses of non-vaccinated patients was 103 (25–557) U/mL, sig-
nificantly higher than baseline (p = 0.007) of study population but
lower than the second and third determination (both p < 0.001). In,
males that were prevalent in patients group, results were con-
firmed with an Antibody Responses of 114 (85–557) U/mL signifi-
cantly higher than baseline (p < 0.001) of males of the study
population and lower than post-baseline determinations (all
p < 0.001). The execution of 1017 nasopharyngeal swabs during
the observation period did not show positive cases on the whole
cohort.
2 weeks (panel A) and at 12 weeks and 9 months (panel B).
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Discussion

Our data demonstrate that the antibody response after the
administration of two doses of the BNT162b2 SARS-CoV-2 mRNA
vaccine was obtained in 100% of the studied subjects. Gender does
not influence extent of response. The antibody titre decreased dur-
ing the observation period in the whole sample examined without
any gender difference; even the BMI values did not change the
trend of antibody values. Antibody Responses was inversely corre-
lated with age at all timepoint. The subjects of the younger classes
showed a stronger response and a lower decrease of the antibodies
titers at the third determination compared to the older subjects.
The analysis of antibody response after the first vaccine dose
(and before the administration of the second one), 4, 12 weeks
and nine months after the second dose showed that approximately
50% of those variations were explained by the subject and 50% by
other factors. No difference emerges in the antibody response, at
the first determination, from the comparison between subjects
recovered from symptomatic COVID-19 (even if the sample was
small) and vaccinated subjects, demonstrating a similar response
in the production of antibodies to both the disease and the vaccine.
The antibody titer obtained after SARS-Cov2 infection declines over
a variable period of 4/9 months as has been shown by several stud-
ies. The immunity generated by the administration of the second
dose of the vaccine BNT162b2 SARS-CoV2 mRNA is significantly
reduced, in our study, from the ninth month, remaining signifi-
cantly elevated at least until the 12th week [9,10]. Our study sam-
ple, despite being a small one, showed a datum that has not yet
completely been studied in literature [20,21]; nine-month
follow-up analysis showed a slight reduction of the antibody titer.
The median at nine months, although the high individual variabil-
ity, is constantly higher than the first determination (baseline), as
an evidence of the permanence of the antibody titer, higher than
the baseline, for at least nine months. Periodic nasopharyngeal
swab did not reveal any SARS-CoV2 infection in the population
tested during the observation period.
Conclusions

The aim of the study was to demonstrate the efficacy of a
double-dose BNT162b2 SARS-CoV2 mRNA vaccine in producing
an effective antibody response on a small sample of 103 healthy
subjects, during a nine-month follow-up. Our data showed that
this efficacy was confirmed by the antibody titer values (median
1690 U/mL) four weeks after administration of the second dose
of vaccine. The antibody titer tends to slightly decrease over time,
with a statistically significant difference between the young sub-
jects and the older ones. Young subjects showed a stronger and
more durable response. The antibody titer of the subjects hospital-
ized for symptomatic Covid-19 is higher, only at baseline, com-
pared to the HCWs group. In multivariate analysis, BMI does not
influence the antibody response. At present, our evidence suggests
that an adequate, antibody titer, although slightly reduced,
remains nine months after the administration of a complete vacci-
nation course with BNT162b2 SARS-CoV2 mRNA vaccine. The
lower responses observed in older subjects suggests an expression
of an ‘‘aging” of the immune system [22]. The decline in antibody
titer did not expose the subjects to infections. Further studies in
order to verify and better define the antibodies protecting titers
and the duration of protection against the disease in vaccinated
subjects are necessary. It also appears necessary to define the need
to provide for the administration of the third dose of the vaccine,
and to strictly identify which are the subjects that appears the
most vulnerable ones to a SARS-CoV2 infection, even after the
appropriate vaccination cycle.
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