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Abstract: We aimed at evaluating quantitative IgG response to BNT162b2 COVID-19 vaccine among
health care workers (HCW), and exploring the role of demographic, clinical, and occupational factors
as predictors of IgG levels. On May 2021, among 6687 HCW at the largest tertiary care University-
Hospital of Northwestern Italy, at a median of 15 weeks (Interquartile range-IQR 13.6–16.0) after
second-dose, serological response was present in 99.8%. Seropositivity was >97% in all the subgroups,
except those self-reporting immunodeficiency (94.9%). Overall, the median serological IgG value
was 990 BAU/mL (IQR 551–1870), with most of subjects with previous SARS-CoV-2 infection or
with shorter time lapse (2–8 weeks) between vaccination and serology with values in the highest
quintile (>2080). At multivariable analysis, significant predictors of lower values were increasing age,
male, current smoking, immunodeficiency, recent occupational contacts, and increasing time lapse
from vaccination; conversely, previous infection and recent household contacts were significantly
associated with higher IgG levels. Subjects with previous infection kept a very high level (around
2000 BAU/mL) up to 120 days. These results, besides supporting a high serological response up to
4–5 months, suggest predictive factors of faster decay of IgG levels that could be useful in tailoring
vaccination strategies.

Keywords: SARS-CoV-2; serology; mRNA vaccination; health care workers

1. Introduction

The relevant impact of Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2)
on global health determined an unprecedented effort for rapid developing and delivering
of vaccines. The COVID-19 mRNA vaccines were the first to receive emergency use au-
thorization from the Food and Drug Administration (FDA) and the European Medicines
Agency (EMA). In particular, in Italy, the vaccination campaign started at the end of 2020
with the administration of BNT162b2 vaccine (Pfizer/BioNTech) to healthcare personnel
and elderly individuals in nursing homes. In 2020, we conducted an observational study
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on SARS-CoV-2 IgG seroprevalence in relation to clinical, demographic, and occupational
factors among health care, administrative, and service personnel, at a large tertiary care uni-
versity hospital in Turin [1]. Currently, the dynamics and magnitude of serological response
in vaccinated individuals are being monitored in terms of levels and duration of anti-spike
IgG antibodies. Herein, we report data on qualitative and quantitative SARS-CoV-2 anti-
body response in this cohort, at a median of 15 weeks after vaccination, to explore factors
potentially affecting magnitude and duration of immune response.

2. Materials and Methods
2.1. Study Design and Population

The study was conducted at the University Hospital Città della Salute e della Scienza di
Torino (CSS), located in Turin, the largest tertiary care Public Utility in North Western Italy.

Since 27 December 2020, COVID-19 vaccine (BNT162b2 mRNA vaccine) has been offered
to all workers of CSS. Vaccinations (both doses) took place mostly (88%) in January–February
2021. During the month of May 2021, all CSS workers were invited to attend a serological
survey (post-vaccination survey) aimed at evaluating the dynamics and magnitude of IgG
response after vaccination. Recruitment was on a voluntary basis, and all the subjects were
asked to sign an informed consent and complete a questionnaire before blood collection.
The questionnaire investigated demographic data, medical history, occupational data,
contacts at risk, and evidence of previous SARS-CoV-2 infection. The study was approved
by CSS Institutional Review Board (protocol n. 0046457 27th April 2021).

2.2. Serological Assay

Serological data on serum specimens were studied by the LIAISON® SARS-CoV-2
Trimeric IgG assay chemiluminescent immunoassay (CLIA) (Diasorin, Saluggia, Italy),
following the manufacturer’s instruction and using the LIAISON® XL Analyzer [2]. The
principal components of the assay are magnetic particles (solid phase) coated with recom-
binant trimeric SARS-CoV-2 spike protein [3] and mouse monoclonal antibodies to human
IgG linked to an isoluminol derivative (conjugate). The assay evaluates the presence of
antibodies to SARS-CoV-2, including neutralizing antibodies. Antibody concentrations
were calculated by the analyzer and expressed as Binding Antibody Units (BAU/mL), and
calibrated with the First WHO International Standard for anti-SARS-CoV-2 immunoglobu-
lin 20/136 [4], allowing for a qualitative grading of the results: <33.8 BAU/mL considered
as negative; ≥33.8 BAU/mL as positive. The upper limit for quantification of antibody
levels, with no further sample dilution, was 2080 BAU/mL, while the lower detection limit
was 4.81 BAU/mL.

2.3. Definition of SARS-CoV-2 Infections

Exposure to SARS-CoV-2 before serological test (from March 2020 to May 2021) was
defined by the occurrence of any of the following: (a) positivity to molecular assay in upper
respiratory specimens (nasopharyngeal swab); (b) any previous positive serological assay,
as previously reported [1]; (c) a history of Hospital admission due to COVID disease.

2.4. Statistical Analysis

Baseline characteristics of participants and positivity of serological test are summarized
as absolute and relative (percentage) frequencies, or as means and standard deviations.
Quantitative variables with non-normal distribution (including IgG levels) are reported as
medians and interquartile ranges (IQR). To evaluate potential individual and occupational
predictors of IgG levels after vaccination, we performed a multivariable ordinal logistic
regression model using the quintiles of IgG distribution, considering the highest category as
reference. The estimated Odds ratios (OR), with 95% confidence intervals (95%CI), express
the risk of belonging to a lower quintile of the IgG distribution, after accounting for all
other variables. Distance between vaccination and serological test was calculated as the
number of days (or weeks) between the date of the second vaccine dose (first dose for those
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who received only one dose) and the date of the serological test. Statistical analyses were
performed by Stata 15.1 software (StataCorp LP, College Station, TX, USA).

3. Results

The cohort study flow is reported in the appendix (Figure S1 and Table S1). Briefly,
a serological test was available for 7726 workers (69.5% of the 11115 CSS workers). The
analysed population included 6687 subjects that received (by May 2021) at least one dose of
vaccine, filled in the questionnaire, and performed the serological test at least 14 days after
vaccination. The included subjects had a median age of 49.5 years (IQR 38.7–56.5), 75%
were females, 35% were nurses, 25% physicians, and 11% health care assistants (Table 1);
most (79.4%) attended the previous serological survey performed on May–June 2020, after
the first pandemic wave in Northern Italy [1]. The large majority (6556, 98%) received both
doses of vaccine.

Table 1. Participants (first column), prevalence of seropositivity (second column), and serological
values (third column) among 6687 vaccinated HCW of CSS participating in the serological post-
vaccination survey on May 2021, by individual and socio-demographic characteristics.

Participants and Prevalence of Positivity Serological Values

Total—N (%) Serological Positivity—N (%) IgG Value (BAU/mL)—Median (IQR)

OVERALL 6687 6675 (99.8%) 990 (551–1870)

Age (yrs)
Mean (SD) 47.4 (11.3)

Median (IQR) 49.5 (38.7–56.5)
Age-groups (yrs):

≤29 751 (11.2%) 751 (100.0%) 1360 (821–2060)
30–39 1055 (15.8%) 1055 (100.0%) 1090 (667–1860)
40–49 1643 (24.6%) 1641 (99.9%) 912 (518–1710)
50–59 2417 (36.1%) 2410 (99.7%) 910 (487–1870)
≥60 821 (12.3%) 818 (99.6%) 873 (487–1770)

Gender
Female 5006 (74.9%) 4997 (99.8%) 1030 (570–1890)
Male 1681 (25.1%) 1678 (99.8%) 874 (511–1740)

Job profile
Nurse 2315 (34.6%) 2312 (99.9%) 1010 (544–1950)

Physician 1644 (24.6%) 1640 (99.8%) 975 (573–1745)
Health care assistant (HCA) 748 (11.2%) 745 (99.6%) 1020 (511–2080)

Clinical staff (other than physician/nurse/HCA) 1073 (16.0%) 1071 (99.8%) 960 (550–1670)
Administrative staff 692 (10.3%) 692 (100.0%) 981 (553–1810)
IT/maintenance staff 215 (3.2%) 215 (100.0%) 905 (496–1790)

Smoking habit
Never smokers 4054 (60.6%) 4050 (99.9%) 1100 (624–1990)

Former smokers 1152 (17.2%) 1149 (99.7%) 978 (555–1935)
Current smokers 1481 (22.1%) 1476 (99.7%) 729 (399–1360)

Body Mass Index (BMI)
Underweight (BMI < 18.5) 296 (4.4%) 295 (99.7%) 973 (493–1550)

Normal weight (BMI18.5–25) 4071 (60.9%) 4066 (99.9%) 996 (555–1820)
Overweight (BMI 25–30) 1626 (24.3%) 1624 (99.9%) 973 (556–1980)

Obesity (BMI 30–40) 641 (9.6%) 639 (99.7%) 970 (528–2070)
Severe obesity (BMI > 40) 53 (0.8%) 51 (96.2%) 1170 (533–2080)

AB0 Blood Group
0 2375 (35.5%) 2372 (99.9%) 964 (545–1810)
A 1939 (29.0%) 1935 (99.8%) 1050 (571–1930)

AB 328 (4.9%) 326 (99.4%) 923 (500–1850)
B 706 (10.6%) 706 (100.0%) 1000 (553–1840)

Unknown 1339 (20.0%) 1336 (99.8%) 956 (542–1850)

At a median distance of about 15 weeks (IQR 13.6–16.0 weeks) between vaccination
and serological evaluation (Table 2), a serological response was present in almost all subjects
(99.8%); only 12 subjects out of 6687 (0.18%) had an IgG value below the positivity cut-
off of 33.8 BAU/mL, and only 4 of them had an IgG value below the detection limit of
4.81 BAU/mL.

Prevalence of sero-positivity was higher than 97% in almost all the subgroups ex-
amined (Tables 1–3), with the only exception of subjects that self-reported an immun-
odeficiency (94.9%).
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Table 2. Participants (first column), prevalence of seropositivity (second column), and serological
values (third column) among 6687 vaccinated HCW of CSS participating in the serological post-
vaccination survey on May 2021, by previous SARS-CoV-2 infection, contacts at risk, and distance
between vaccination and serological test.

Participants and Prevalence of Positivity Serological Values

Total—N (%) Serological Positivity—N (%) IgG Value (BAU/mL)—Median (IQR)

OVERALL 6687 6675 (99.8%) 990 (551–1870)

Previous SARS-CoV-2 infection *
No 5465 (81.7%) 5455 (99.8%) 859 (504–1450)
Yes 1222 (18.3%) 1220 (99.8%) 2080 (1340–2080)

Contacts at risk in 2021
-with collegues

No 4687 (70.1%) 4678 (99.8%) 1020 (566–1930)
Yes 2000 (29.9%) 1997 (99.9%) 901 (519–1690)

-with patients
No 3758 (56.2%) 3749 (99.8%) 1000 (543–1880)
Yes 2929 (43.8%) 2926 (99.9%) 971 (559–1860)

-in the household
No 6186 (92.5%) 6174 (99.8%) 975 (544–1850)
Yes 501 (7.5%) 501 (100.0%) 1100 (661–2080)

-others
No 6432 (96.2%) 6420 (99.8%) 994 (552–1870)
Yes 255 (3.8%) 255 (100.0%) 942 (545–1570)

Distance (weeks) between vaccination and serological test
Mean (SD) 14.2 (3.1)

Median (IQR) 14.9 (13.6–16.0)
Distance categories:

2–4 weeks 175 (2.6%) 174 (99.4%) 2080 (2080–2080)
4–8 weeks 260 (3.9%) 259 (99.6%) 2080 (1730–2080)

8–12 weeks 422 (6.3%) 422 (100.0%) 1685 (1060–2080)
12–16 weeks 4214 (63.0%) 4208 (99.9%) 931 (553–1670)
>16 weeks 1513 (22.6%) 1509 (99.7%) 716 (423–1300)

Vaccination date not known 103 (1.5%) 103 (100.0%) 1480 (829–2080)

* From March 2020 to the date of serological survey on May 2021.

In the overall population, the median serological value was 990 BAU/mL (IQR 551-1870)
(Table 1), with a certain degree of variability among subgroups. As expected, median
serological values greater than 2080 BAU/mL (i.e., in the highest quintile of the overall dis-
tribution, see Table S2) were observed in subjects who experienced a previous SARS-CoV-2
infection and in those with a shorter time lapse (from 2 to 8 weeks) between vaccination and
serological test (Table 2). Lower serological values were observed among current smokers
(Table 1), subjects that self-reported an immunodeficiency or a kidney disease (Table 3),
and for those with a longer time lapse (more than 16 weeks) between vaccination and
serological test (Table 2). No substantial differences were observed in both positivity and
IgG values among AB0 blood groups (Table 1).

We investigated several demographic, clinical, and occupational factors to explore
whether they were associated with lower serological values post-vaccination, using multi-
variable analysis in order to adjust for eventually unequal distribution of factors among
different subgroups. The adjusted associations between these factors and lower serological
values (measured as odds ratios of belonging to a lower quintile of the distribution), are
reported in Figure 1 and in Table S3. Significant predictors of lower serological values are
increasing age, male gender, being a current smoker, having an immunodeficiency, and
having had recent (in 2021) contacts with infected colleagues in the workplace; furthermore,
lower serological values increased by an OR of 1.30 (95%CI 1.27–1.33) for each week of time
lapse from vaccination. Conversely, a previous SARS-CoV-2 infection and recent (in 2021)
household contacts significantly reduced the risk of belonging to lower quintiles, i.e., are
associated with higher IgG levels.

To better evaluate IgG decline after vaccination, we analysed serological values over
time separately for subjects without (n.5454) and with (n.1221) a SARS-CoV-2 infection at
any time before serological test. Subjects without previous SARS-CoV-2 infection show a
slow, but progressive decline in IgG levels starting from 60 days after vaccination, while
subjects with previous SARS-CoV-2 infection tend to keep a very high IgG level (around
2000 BAU/mL) up to 120 days after vaccination (Figure 2). Similarly, we observed a more
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pronounced reduction over time in IgG levels among those reporting an immunodeficiency
compared to those not reporting this disorder (Figure S2).

Table 3. Participants (first column), prevalence of seropositivity (second column), and serological
values (third column) among 6687 vaccinated HCW of CSS participating in the serological post-
vaccination survey on May 2021, by self-reported diseases/disorders.

Participants and Prevalence of Positivity Serological Values

Total—N (%) Serological Positivity—N (%) IgG Value (BAU/mL)—Median (IQR)

OVERALL 6687 6675 (99.8%) 990 (551–1870)

Autoimmune diseases
No 5812 (86.9%) 5806 (99.9%) 987 (552–1860)
Yes 875 (13.1%) 869 (99.3%) 1010 (541–1920)

Immunodeficiency
No 6609 (98.8%) 6601 (99.9%) 995 (554–1870)
Yes 78 (1.2%) 74 (94.9%) 629 (327–1440)

Hypertension
No 5660 (84.6%) 5652 (99.9%) 1000 (563–1860)
Yes 1027 (15.4%) 1023 (99.6%) 896 (495–1920)

Diabetes
No 6530 (97.7%) 6519 (99.8%) 995 (553–1860)
Yes 157 (2.3%) 156 (99.4%) 876 (484–2080)

Cardiovascular diseases
No 6499 (97.2%) 6487 (99.8%) 995 (555–1860)
Yes 188 (2.8%) 188 (100.0%) 873 (439–1960)

Allergic rhinitis
No 5801 (86.8%) 5792 (99.8%) 981 (543–1850)
Yes 886 (13.2%) 883 (99.7%) 1040 (598–1950)

Respiratory diseases
No 6513 (97.4%) 6501 (99.8%) 991 (553–1860)
Yes 174 (2.6%) 174 (100.0%) 935 (481–1880)

Kidney diseases
No 6647 (99.4%) 6636 (99.8%) 991 (552–1870)
Yes 40 (0.6%) 39 (97.5%) 786 (378–1620)

Neurological diseases
Yes 6649 (99.4%) 6638 (99.8%) 990 (552–1870)
SI 38 (0.6%) 37 (97.4%) 1150 (483–1530)

Neoplasms
No 6543 (97.8%) 6532 (99.8%) 990 (552–1860)
Yes 144 (2.2%) 143 (99.3%) 1025 (519–1970)

Other chronic diseases
No 6582 (98.4%) 6570 (99.8%) 989 (551–1860)
Yes 105 (1.6%) 105 (100.0%) 1110 (585–1930)
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test on May 2021, by previous SARS-CoV-2 infection.

Our study design does not allow to accurately estimate the incidence of breakthrough
SARS-CoV-2 infections in this cohort, since only a fraction of HCW working in at risk
wards undergo periodical monitoring with PCR. However, we investigated by means of
a questionnaire the occurrence of a positive swab and of COVID symptoms up to May
2021. Out of 6687 vaccinated HCW, only 49 (0.7%, equivalent to an estimated incidence
of 0.66 per 10,000 person/day at risk) had a positive swab more than 14 days after the
complete vaccination (2nd dose), and 43% of them did not report any symptoms.

4. Discussion

In this study, we describe the results of serological evaluation performed at approx-
imately 4 months post-vaccination on a cohort of almost 6700 hospital workers that can
be considered representative of anti-spike IgG response to BNT162b2 vaccine in an adult
healthy population. The first relevant finding of this study is that >99% of subjects devel-
oped and maintained a good serological response to vaccination at least up to 4 months.
This rate of seropositivity is similar to those reported in recent publications, such as the
study by Eyre and coll. Ref. [5] with 98.9% of >3600 HCW in United Kingdom, the study of
Lustig and coll. Ref. [6] with 98.4% of >4000 HCW in Israel, and the study by Kontou and
coll. with 99.8% of vaccine antibody response [7]. In other studies on general population,
IgG antibody generation following Pfizer/BioNTech vaccine was similarly high, ranging
from 94.2% to 98.36% [8,9]. Data on efficacy of BNT162b2 mRNA COVID-19 vaccine ev-
idenced a 95% efficacy in preventing COVID-19 [10]; this efficacy was confirmed in the
updated analysis up to 6 months after the administration of the second dose [11]; our
preliminary results on breakthrough infections up to 4–5 months post-vaccination appear
in line with these studies.

Considering the extremely low number of subjects without seroconversion observed in
our study, no inference can be made about possible relation between demographic, clinical,
and occupation features and rate of seronegativity. Hence, we evaluated determinants
potentially predicting quantitative antibody responses in our study, which is one of the
largest cohorts of health care workers.

In agreement with previous reports, our study supports a role for age in the devel-
opment and amount of antibody response. Moreover, this significant relation between
lower serological values and increasing age is observed also at different time lapses from
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vaccination, including the first weeks [5,6,12–16], up to 3–6 months such as in our and other
studies [17,18].

Another demographic feature that we found associated with lower serological levels is
male gender (adjusted for all other variables), a finding that deserves further investigations.
Several studies evidenced a lower antibody response to BNT162b2 vaccine in men than in
women [6,7,12–17,19]. Some studies suggested that this difference could be influenced by
the serological assay used for analysis. Indeed, this difference in antibody level according
to sex was observed in several studies using various commercially available serological
assays, including the test used in the present study.

We observed significantly lower serological values among current smokers in compar-
ison to never smokers (OR 2.00, 95% CI 1.79–2.25), in line with other studies that investi-
gated this factor [17,20]. Interestingly, this finding is consistent with the low seroprevalence
among smokers observed in the first phase of our study on HCW, after the first pandemic
wave [1], and suggests an impairment by tobacco smoke on humoral response [21] both to
infection and to vaccination.

Concerning the impact of other personal features, some studies evidenced a signif-
icant association between obesity and a general low seroconversion upon some vaccine
administration [22], an increased risk of infection even in the presence of strong serolog-
ical response [23], and an inverse association between lower antibody levels following
SARS-CoV-2 vaccine and waist circumference [20]. Nevertheless, in our study, no signifi-
cant association was found between serological response and Body Mass Index (BMI). This
result is similar to that found by others [13,20]. Although these discrepant results among
studies could be due to different assays used as well as the timing of serology, Watanabe
and Coll. Ref. [20] underline that BMI poorly reflects actual body fat excess, whereas
waist circumference better describes obesity. This issue should be more appropriately
investigated as it has already been reported that a higher ratio of visceral fat in relation
to total adipose tissue was superior to BMI also in predicting COVID-19 morbidity and
mortality [24].

Among potential predictors of antibody response, we investigated the role of sev-
eral diseases or health conditions, including autoimmune diseases, immunodeficiencies,
chronic diseases, and neoplasms; however, we failed to find any significant association with
the exception of immunodeficiency. Patients with common variable immunodeficiencies
and other primary antibody defects evidence an impaired antibody response to infection
and immunization [25,26]. In our study, patients with self-reported immunodeficiency
evidenced an increased risk of lower serological values of more than 2-fold, and seroposi-
tivity was found in 94.9% of 78 subjects in contrast with 97–100% of individuals with other
diseases/disorders. In the series by Pulvirenti and coll. Ref. [26], SARS-CoV-2 infection
primed a more efficient classical memory B cell response, whereas the BNT162b2 vaccine
induced non-canonical B cell responses in patients with immunodeficiency. In addition,
natural immunity following infection was boosted by subsequent immunization, suggest-
ing the possibility to further stimulate the immune response by additional vaccine doses in
immunodeficiency disorders.

Considering the impact of previous infection with SARS-CoV-2 on serological response,
as previously reported [5,19,27–32], we confirmed that this was associated with significantly
higher antibody levels, with approximately half of the subjects displaying values exceeding
the upper limit of detection and a remaining 20% in the immediately lower quintile.
This finding is relevant, considering that our study was performed at 4–5 months post-
vaccination, whereas most studies evaluated individuals at 3 to 7 weeks post-vaccination.
For example, in the study by Ferrari and coll., in almost 99% of the cases, antibody titers
exceeding the upper limit of detection were detected at 21 days after the first dose [32]. The
overall available evidence strongly supports that a significant difference, both in magnitude
and in persistence, exists in post-vaccination response between subjects with and without
previous SARS-CoV-2 infection. Seemingly, a single dose in previously infected individuals
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results in antibody responses close to those seen after a two-dose vaccination administered
to SARS-CoV-2-naïve subjects.

Potential exposure to the virus, documented by reported household contacts, was asso-
ciated with higher IgG levels in this study. A major role of household contacts in comparison
to other potential contacts was already observed for serological data pre-vaccination [1].
Conversely, in this phase we did not observe higher IgG levels for HCW reporting contacts
with positive patients or colleagues, suggesting the efficacy of standardized preventive
measures adopted in the hospital setting after the very first phase of the pandemic.

As the humoral responses to SARS-CoV-2 infection have been proved to confer a
relevant protection against morbidity and mortality from subsequent infections [33–35],
evaluation of antibody responses after vaccination can provide relevant information in
terms of long-term effectiveness [36]. Based on our results, seropositivity persists up to
4–5 months post-vaccination in >99% of health care workers; however, a significant de-
crease in antibody levels can be observed as the time lapse between vaccine administration
and serological test increases. Further evaluation at different time points from vaccination
could allow to better define the pattern of this decline and reduction of effectiveness. How-
ever, available data have been considered sufficient to support the strategy of administering
a third booster dose, as to date performed in Italy and in other countries.

Our study has some limitations, including the lack of measurement of neutralizing
antibody levels. However, the serological assay used in this study has been shown to
closely correlate with the titer of neutralizing antibodies [2]. A potential limit is that clinical
information were collected through a questionnaire, with self-reported diseases and disor-
ders, with the only exception of previous SARS-CoV-2 infection, that was ascertain through
a hospital database collecting results of molecular swabs or previous serological positivity.

5. Conclusions

In conclusion, we presented data from one of the largest vaccinated health care worker
cohort to date, initially surveyed for seropositivity and then tested for serological response
and related factors following administration of BNT162b2 COVID-19 vaccine. Overall, our
results confirm the high serological response to this vaccine, with duration and persistence
of response up to 4 months. These results confirm the preventive strategy established by
Italy and other countries. The identification of predictive factors of antibody response
and duration could support more tailored vaccine strategies, although further studies on
cellular immunity are needed to better clarify the host role in the modification of vaccine
strategy effectiveness.
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and serological test on May 2021, by self-reported immunodeficiency; Table S1: Prevalence of
seropositivity and median serological values among HCW of CSS participating to the serological
post-vaccination survey on May 2021; Table S2: Quintile distribution of serological values among
the 6687 HCW of CSS participating to the serological post-vaccination survey on May 2021; Table S3:
Multivariable logistic regression model (ORs and 95% CI) for predictors of lower serological values
(quintiles of distribution) among vaccinated HCW of CSS.

Author Contributions: Conceptualization, C.C., G.S. and R.C.; methodology, validation and for-
mal analysis, E.M., G.C. and C.G.; software, E.M., G.C. and C.G.; resources, M.C., E.P., A.S. and
G.L.V.; data curation, E.M., C.G. and G.C.; writing—original draft preparation, C.C., E.M. and C.G.;
writing—review and editing, P.C. and R.C.; supervision, P.C. and R.C.; project administration, G.S.;
funding acquisition, R.C. Project administration, resources, Collaborative group. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Banca del Piemonte, 73301, 14, Rossana Cavallo.

https://www.mdpi.com/article/10.3390/vaccines10030474/s1
https://www.mdpi.com/article/10.3390/vaccines10030474/s1


Vaccines 2022, 10, 474 9 of 10

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee) of University Hospital Città della Salute e della
Scienza di Torino (protocol n. 0046457 27th April 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available within the article and
Supplementary Materials.

Acknowledgments: Collaborative Group: Lorenzo Angelone, Carla Sarale, Elisabetta Vacca, Stefania
Carbonari, Oriana Bertossa, Angela Vincenti, Luigi Savio, Mario Paleologo, Fabrizia Pittaluga,
Alessandra Sacchi, Maria Avolio, Gabriele Bianco, Grazia Maria Auzzas, Laura Davico, Vitor Hugo
Dias Martins, Lisa Giacometti, Danila Turco, Corinna Defilè, Marco Gilardetti, Antonella Stura, Cinzia
Rodella, Flavia Romualdo, Daniele Rossetti, Stefano Gallo, Administrative staff of the Molinette
Hospital Blood test Service ‘Baldi e Riberi’.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Scozzari, G.; Costa, C.; Migliore, E.; Coggiola, M.; Ciccone, G.; Savio, L.; Scarmozzino, A.; Pira, E.; Cassoni, P.; Galassi, C.; et al.

Prevalence, Persistence, and Factors Associated with SARS-CoV-2 IgG Seropositivity in a Large Cohort of Healthcare Workers in
a Tertiary Care University Hospital in Northern Italy. Viruses 2021, 13, 1064. [CrossRef]

2. Bonelli, F.; Blocki, F.A.; Bunnell, T.; Chu, E.; De La Arriel, O.A.; Grenache, D.G.; Marzucchi, G.; Montomoli, E.; Okoye, L.;
Pallavicini, L.; et al. Evaluation of the automated LIAISON® SARS-CoV-2 TrimericS IgG assay for the detection of circulating
antibodies. Clin. Chem. Lab. Med. CCLM 2021, 59, 1463–1467. [CrossRef]

3. Yuan, M.; Wu, N.C.; Zhu, X.; Lee, C.-C.D.; So, R.T.Y.; Lv, H.; Mok, C.K.P.; Wilson, I.A. A highly conserved cryptic epitope in the
receptor binding domains of SARS-CoV-2 and SARS-CoV. Science 2020, 368, 630–633. [CrossRef]

4. WHO International Standard. First WHO International Standard for anti-SARS-CoV-2 Immunoglobulin (Human). NIBSC Code:
20/136 Instructions for Use (Version 2.0, Dated 17/12/2020); NIBSC, Medicines & Healthcare Products Regulatory Agency:
London, UK, 2020.

5. Eyre, D.W.; Lumley, S.F.; Wei, J.; Cox, S.; James, T.; Justice, A.; Jesuthasan, G.; O’Donnell, D.; Howarth, A.; Hatch, S.B.; et al.
Quantitative SARS-CoV-2 anti-spike responses to Pfizer–BioNTech and Oxford–AstraZeneca vaccines by previous infection status.
Clin. Microbiol. Infect. 2021, 27, e7–e1516. [CrossRef]

6. Lustig, Y.; Sapir, E.; Regev-Yochay, G.; Cohen, C.; Fluss, R.; Olmer, L.; Indenbaum, I.; Mandelboim, M.; Doolman, R.; Amit, S.; et al.
BNT162b2 COVID-19 vaccine and correlates of humoral immune responses and dynamics: A prospective, single-centre, longitu-
dinal cohort study in health-care workers. Lancet Respir. Med. 2021, 9, 999–1009. [CrossRef]

7. Kontou, E.; Ranellou, K.; Zoulas, D.; Bletsa, A.; Rompola, E.; Piperaki, E.-T.; Athanasiou, N.; Ampelakiotou, K.; Pratikaki, M.;
Stergiopoulou, C.; et al. Antibody Response Following a Two-Dose mRNA Vaccination Regimen, in Health Care Workers of a
Tertiary Hospital in Athens, Greece. J. Pers. Med. 2021, 11, 576. [CrossRef]

8. Israel, A.; Shenhar, Y.; Green, I.; Merzon, E.; Golan-Cohen, A.; Schäffer, A.A.; Ruppin, E.; Vinker, S.; Magen, E. Large-scale study
of antibody titer decay following BNT162b2 mRNA vaccine or SARS-CoV-2 infection. Vaccines 2021, 10, 64. [CrossRef]

9. Guzmán-Martínez, O.; Guardado, K.; de Guevara, E.L.; Navarro, S.; Hernández, C.; Zenteno-Cuevas, R.; Montero, H. IgG Anti-
bodies Generation and Side Effects Caused by Ad5-nCoV Vaccine (CanSino Biologics) and BNT162b2 Vaccine (Pfizer/BioNTech)
among Mexican Population. Vaccines 2021, 9, 999. [CrossRef]

10. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Montero, H. Safety and Efficacy of the BNT162b2
mRNA COVID-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef] [PubMed]

11. European Medicines Agency. Product Information. 03/11/2021 Comirnaty—EMEA/H/C/005735—X/044; European Medicines Agency:
Amsterdam, the Netherlands, 2021.

12. Padoan, A.; Dall’Olmo, L.; della Rocca, F.; Barbaro, F.; Cosma, C.; Basso, D.; Cattelan, A.; Cianci, V.; Plebani, M. Antibody response
to first and second dose of BNT162b2 in a cohort of characterized healthcare workers. Clin. Chim. Acta 2021, 519, 60–63. [CrossRef]

13. Pellini, R.; Venuti, A.; Pimpinelli, F.; Abril, E.; Blandino, G.; Campo, F.; Conti, L.; De Virgilio, A.; De Marco, F.;
Di Domenico, E.G.; et al. Initial observations on age, gender, BMI and hypertension in antibody responses to SARS-CoV-2
BNT162b2 vaccine. EClinicalMedicine 2021, 36, 100928. [CrossRef]

14. Terpos, E.; Trougakos, I.P.; Apostolakou, F.; Charitaki, I.; Sklirou, A.D.; Mavrianou, N.; Papanagnou, E.-D.; Liacos, C.-I.;
Gumeni, S.; Rentziou, G.; et al. Age-dependent and gender-dependent antibody responses against SARS-CoV-2 in health workers
and octogenarians after vaccination with the BNT162b2 mRNA vaccine. Am. J. Hematol. 2021, 96, E257. [CrossRef]

15. Vassilaki, N.; Gargalionis, A.N.; Bletsa, A.; Papamichalopoulos, N.; Kontou, E.; Gkika, M.; Patas, K.; Theodoridis, D.; Manolis, I.;
Ioannidis, A.; et al. Impact of Age and Sex on Antibody Response Following the Second Dose of COVID-19 BNT162b2 mRNA
Vaccine in Greek Healthcare Workers. Microorganisms 2021, 9, 1725. [CrossRef]

http://doi.org/10.3390/v13061064
http://doi.org/10.1515/cclm-2021-0023
http://doi.org/10.1126/science.abb7269
http://doi.org/10.1016/j.cmi.2021.05.041
http://doi.org/10.1016/S2213-2600(21)00220-4
http://doi.org/10.3390/jpm11060576
http://doi.org/10.3390/vaccines10010064
http://doi.org/10.3390/vaccines9090999
http://doi.org/10.1056/NEJMoa2034577
http://www.ncbi.nlm.nih.gov/pubmed/33301246
http://doi.org/10.1016/j.cca.2021.04.006
http://doi.org/10.1016/j.eclinm.2021.100928
http://doi.org/10.1002/ajh.26185
http://doi.org/10.3390/microorganisms9081725


Vaccines 2022, 10, 474 10 of 10

16. Kageyama, T.; Ikeda, K.; Tanaka, S.; Taniguchi, T.; Igari, H.; Onouchi, Y.; Kaneda, A.; Matsushida, K.; Hanaoka, H.;
Nakada, T.-A.; et al. Antibody responses to BNT162b2 mRNA COVID-19 vaccine and their predictors among healthcare workers
in a tertiary referral hospital in Japan. Clin. Microbiol. Infect. 2021, 27, e1–e1861. [CrossRef]

17. Nomura, Y.; Sawahata, M.; Nakamura, Y.; Kurihara, M.; Koike, R.; Katsube, O.; Hagiwara, K.; Niho, S.; Masuda, N.;
Tanaka, T.; et al. Age and Smoking Predict Antibody Titres at 3 Months after the Second Dose of the BNT162b2 COVID-19
Vaccine. Vaccines 2021, 9, 1042. [CrossRef]

18. Tober-Lau, P.; Schwarz, T.; Vanshylla, K.; Hillus, D.; Gruell, H.; Suttorp, N.; Landgraf, I.; Kappert, K.; Seybold, J.; Drosten, C.; et al.
Long-term immunogenicity of BNT162b2 vaccination in older people and younger health-care workers. Lancet Respir. Med. 2021,
9, e104–e105. [CrossRef]

19. Salvagno, G.L.; Henry, B.M.; di Piazza, G.; Pighi, L.; De Nitto, S.; Bragantini, D.; Gianfilippi, G.L.; Lippi, G. Anti-SARS-CoV-2
Receptor-Binding Domain Total Antibodies Response in Seropositive and Seronegative Healthcare Workers Undergoing
COVID-19 mRNA BNT162b2 Vaccination. Diagnostics 2021, 11, 832. [CrossRef]

20. Watanabe, M.; Balena, A.; Tuccinardi, D.; Tozzi, R.; Risi, R.; Masi, D.; Caputi, A.; Rossetti, R.; Spoltore, M.E.; Filippi, V.; et al.
Central obesity, smoking habit, and hypertension are associated with lower antibody titres in response to COVID-19 mRNA
vaccine. Diabetes Metab. Res. Rev. 2022, 38, e3465. [CrossRef]

21. Qiu, F.; Liang, C.-L.; Liu, H.; Zeng, Y.-Q.; Hou, S.; Huang, S.; Lai, X.; Dai, Z. Impacts of cigarette smoking on immune
responsiveness: Up and down or upside down? Oncotarget 2017, 8, 268–284. [CrossRef]

22. Painter, S.D.; Ovsyannikova, I.G.; Poland, G.A. The weight of obesity on the human immune response to vaccination. Vaccine
2015, 33, 4422–4429. [CrossRef]

23. Neidich, S.D.; Green, W.D.; Rebeles, J.; Karlsson, E.A.; Schultz-Cherry, S.; Noah, T.L.; Chakladar, S.; Hudgens, M.G.; Weir, S.S.;
Beck, M.A. Increased risk of influenza among vaccinated adults who are obese. Int. J. Obes. 2017, 41, 1324–1330. [CrossRef]
[PubMed]

24. Ogata, H.; Mori, M.; Jingushi, Y.; Matsuzaki, H.; Katahira, K.; Ishimatsu, A.; Enokizu-Ogawa, A.; Taguchi, K.; Moriwaki, A.;
Yoshida, M. Impact of visceral fat on the prognosis of coronavirus disease 2019: An observational cohort study. BMC Infect. Dis.
2021, 21, 1240. [CrossRef] [PubMed]

25. Picard, C.; Bobby Gaspar, H.; Al-Herz, W.; Bousfiha, A.; Casanova, J.-L.; Chatila, T.; Crow, Y.J.; Cunningham-Rundles, C.;
Etzioni, A.; Franco, J.L.; et al. International Union of Immunological Societies: 2017 Primary Immunodeficiency Diseases
Committee Report on Inborn Errors of Immunity. J. Clin. Immunol. 2018, 38, 96–128. [CrossRef]

26. Pulvirenti, F.; Fernandez Salinas, A.; Milito, C.; Terreri, S.; Piano Mortari, E.; Quintarelli, C.; Di Cecca, S.; Lagnese, G.; Punziano, A.;
Quercio, M.; et al. B Cell Response Induced by SARS-CoV-2 Infection Is Boosted by the BNT162b2 Vaccine in Primary Antibody
Deficiencies. Cells 2021, 10, 2915. [CrossRef] [PubMed]

27. Buonfrate, D.; Piubelli, C.; Gobbi, F.; Martini, D.; Bertoli, G.; Ursini, T.; Moro, L.; Ronzoni, N.; Angheben, A.; Rodari, P.; et al.
Antibody response induced by the BNT162b2 mRNA COVID-19 vaccine in a cohort of health-care workers, with or without prior
SARS-CoV-2 infection: A prospective study. Clin. Microbiol. Infect. 2021, 27, 1845–1850. [CrossRef] [PubMed]

28. Callegaro, A.; Borleri, D.; Farina, C.; Napolitano, G.; Valenti, D.; Rizzi, M.; Maggiolo, F. Antibody response to SARS-CoV-2
vaccination is extremely vivacious in subjects with previous SARS-CoV-2 infection. J. Med. Virol. 2021, 93, 4612–4615. [CrossRef]

29. Gobbi, F.; Buonfrate, D.; Moro, L.; Rodari, P.; Piubelli, C.; Caldrer, S.; Riccetti, S.; Sinigaglia, A.; Barzon, L. Antibody Response to
the BNT162b2 mRNA COVID-19 Vaccine in Subjects with Prior SARS-CoV-2 Infection. Viruses 2021, 13, 422. [CrossRef]

30. Ebinger, J.E.; Fert-Bober, J.; Printsev, I.; Wu, M.; Sun, N.; Prostko, J.C.; Frias, E.C.; Stewart, J.L.; Van Eyk, J.E.; Braun, J.G.; et al.
Antibody responses to the BNT162b2 mRNA vaccine in individuals previously infected with SARS-CoV-2. Nat. Med. 2021, 27,
981–984. [CrossRef]

31. Salvaggio, M.; Fusina, F.; Albani, F.; Salvaggio, M.; Beschi, R.; Ferrari, E.; Costa, A.; Agnoletti, L.; Facchi, E.; Natalini, G. Antibody
Response after BNT162b2 Vaccination in Healthcare Workers Previously Exposed and Not Exposed to SARS-CoV-2. J. Clin. Med.
2021, 10, 4204. [CrossRef]

32. Ferrari, D.; Di Resta, C.; Tomaiuolo, R.; Sabetta, E.; Pontillo, M.; Motta, A.; Locatelli, M. Long-term antibody persistence and
exceptional vaccination response on previously SARS-CoV-2 infected subjects. Vaccine 2021, 39, 4256–4260. [CrossRef]

33. Dispinseri, S.; Secchi, M.; Pirillo, M.F.; Tolazzi, M.; Borghi, M.; Brigatti, C.; De Angelis, M.L.; Baratella, M.; Bazzigaluppi, E.;
Venturi, G.; et al. Neutralizing antibody responses to SARS-CoV-2 in symptomatic COVID-19 is persistent and critical for survival.
Nat. Commun. 2021, 12, 2670. [CrossRef] [PubMed]

34. Lumley, S.F.; O’Donnell, D.; Stoesser, N.E.; Matthews, P.C.; Howarth, A.; Hatch, S.B.; Marsden, B.D.; Cox, S.; James, T.;
Warren, F.; et al. Antibody Status and Incidence of SARS-CoV-2 Infection in Health Care Workers. N. Engl. J. Med. 2021, 384,
533–540. [CrossRef] [PubMed]

35. Hall, V.J.; Foulkes, S.; Charlett, A.; Atti, A.; Monk, E.J.M.; Simmons, R.; Wellington, E.; Cole, M.J.; Saei, A.; Oguti, B.; et al.
SARS-CoV-2 infection rates of antibody-positive compared with antibody-negative health-care workers in England: A large,
multicentre, prospective cohort study (SIREN). Lancet 2021, 397, 1459–1469. [CrossRef]

36. Appelman, B.; van der Straten, K.; Lavell, A.H.A.; Schinkel, M.; Slim, M.A.; Poniman, M.; Burger, J.A.; Oomen, M.; Tejjani, K.;
Vlar, A.P.J.; et al. Time since SARS-CoV-2 infection and humoral immune response following BNT162b2 mRNA vaccination.
EBioMedicine 2021, 72, 103589. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cmi.2021.07.042
http://doi.org/10.3390/vaccines9091042
http://doi.org/10.1016/S2213-2600(21)00456-2
http://doi.org/10.3390/diagnostics11050832
http://doi.org/10.1002/dmrr.3465
http://doi.org/10.18632/oncotarget.13613
http://doi.org/10.1016/j.vaccine.2015.06.101
http://doi.org/10.1038/ijo.2017.131
http://www.ncbi.nlm.nih.gov/pubmed/28584297
http://doi.org/10.1186/s12879-021-06958-z
http://www.ncbi.nlm.nih.gov/pubmed/34893021
http://doi.org/10.1007/s10875-017-0464-9
http://doi.org/10.3390/cells10112915
http://www.ncbi.nlm.nih.gov/pubmed/34831138
http://doi.org/10.1016/j.cmi.2021.07.024
http://www.ncbi.nlm.nih.gov/pubmed/34329793
http://doi.org/10.1002/jmv.26982
http://doi.org/10.3390/v13030422
http://doi.org/10.1038/s41591-021-01325-6
http://doi.org/10.3390/jcm10184204
http://doi.org/10.1016/j.vaccine.2021.06.020
http://doi.org/10.1038/s41467-021-22958-8
http://www.ncbi.nlm.nih.gov/pubmed/33976165
http://doi.org/10.1056/NEJMoa2034545
http://www.ncbi.nlm.nih.gov/pubmed/33369366
http://doi.org/10.1016/S0140-6736(21)00675-9
http://doi.org/10.1016/j.ebiom.2021.103589
http://www.ncbi.nlm.nih.gov/pubmed/34571363

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Serological Assay 
	Definition of SARS-CoV-2 Infections 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

