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Abstract: The titer of the anti-SARS-CoV-2 antibodies produced after vaccination shows a relevant
decay over time, as demonstrated in several studies. However, less is known on the possible factors
affecting the entity of this decay. The aim of this study is to analyze a group of individual factors
which are possibly associated with anti-SARS-CoV-2 antibody titer decay six months after the second
vaccine dose. We report here the results of a follow-up serological analysis and a questionnaire-based
evaluation of a sample of workers from an Italian nursing home, vaccinated with two doses of
BNT162b2 vaccine in early 2021. The baseline data were collected one month after the vaccine, while
in the present analysis we report the data collected six months later. Our data show a relevant decay
of the neutralizing antibody titer, even if for all the workers a largely positive response was detected.
Moreover, our results demonstrate a possible association between younger age and the absence of
previous COVID-19 infection, and a higher decay rate of the anti-SARS-CoV-2 antibodies titer.

Keywords: SARS-CoV-2; COVID-19; healthcare workers; vaccines; antibody titer; adverse effects;
health surveillance

1. Introduction

The decrease in the protection against SARS-CoV-2 new infections and re-infections
after a few months from the second vaccine dose has highlighted the need for a third booster
dose. The administration of this further anti-COVID-19 vaccine dose began in European
and North American Countries in the second half of the year 2021 [1-4]. Currently, a fourth
vaccine dose for subjects who are particularly at risk of infection and its severe consequences
has been proposed [5,6]. Since the beginning of the COVID-19 pandemic, one of the ways
to evaluate the presence of an immune response to SARS-CoV-2, acquired after a previous
infection or after the vaccination, was the determination of serological anti-SARS-CoV-2
antibody titer [1-6]. It is now known that these antibodies only represent a component of the
immune response, and that the direct role of memory T cells in killing virus-infected cells
is equally fundamental [7]. Nevertheless, the presence of neutralizing antibodies against
SARS-CoV-2 is still an important indicator used to determine whether a subject might have
a positive response to the vaccine, and their presence is also evaluated in some studies
aimed at exploring possible associations with COVID-19 symptoms and prognosis [1-6,8,9].
The main target of the anti-SARS-CoV-2 neutralizing antibodies investigated after the
performance of the vaccination is the spike (S) protein, and in particular its Receptor-
binding Domain (RBD) [10]. Several scientific reports show a rapid decrease of the IgG
anti-RBD titer a few months after the vaccination, but there is still a lack of knowledge
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about the possible factors that may play a role in influencing this decay [1-6,11]. As
various conditions are currently considered associated with an increased likelihood of
contracting a severe illness from COVID-19 [12], the hypothesis of this research is that
there may also be possible factors influencing the anti-SARS-CoV-2 antibody titer. These
factors are: (i) older age; (ii) the number of underlying medical conditions, including (but
not limited to) cancer, chronic kidney disease, liver disease, chronic respiratory diseases,
various neurological conditions, diabetes, cardiovascular diseases including hypertension
and various others; (iii) long-standing systemic health and social inequities, certain ethnic
minority groups and disabilities; (iv) a smoking habit; (v) pregnancy; (vi) refusal of, or
contraindication to undergo, anti-COVID-19 vaccination; (vii) inadequate compliance with
the preventive measures for COVID-19 [12]. Considering the diseases, certainly those of
them directly affecting the immune response and causing immunodeficiency (e.g., HIV
infection, lymphoproliferative and immunological diseases and others) or those conditions
requiring chronic immunosuppressive therapy (e.g., use of antiblastic drugs, radiotherapy,
prolonged use of corticosteroids and others) can both have an influence on the antibody
titer [12-14]. Another factor of interest from an occupational health point of view for
healthcare workers and other professions is the performance of nightshifts at work. This
is a recognized work-related risk factor, possibly involved in the dysregulation of the
circadian rhythm with repercussions also for the immune function [13,15]. Considering
the relation with SARS-CoV-2 infection, it has been reported that nightshift healthcare
workers during the pandemic had a higher job demand, longer working hours and poorer
sleep quality, therefore increasing the occasions for contagion [13,16-18]. Nevertheless, the
possible dysregulation of the circadian rhythm influencing the preparedness of the immune
system for responding to the infections cannot be ruled out [15]. Moreover, it should also be
underlined that published data suggest a significant detection of lower vitamin D levels [19]
and higher Body Mass Index (BMI) [16] in nightshift workers: both these conditions have
been reported as associated with an increased risk of COVID-19 [16-18,20,21]. Finally,
another condition that was specifically considered among our hypothesis of factors possibly
influencing the anti-SARS-CoV-2 antibodies level after the anti-COVID-19 vaccination, and
its decay after six months, was the recent performance of other vaccination(s), and in
particular of anti-influenza vaccination. The rationale is that another vaccine could possibly
provide a certain degree of cross-protection against other viral infections [22,23].

According to these premises, the objective of this work is to evaluate a series of
individual factors which are possibly associated with a significant decrease of the anti-RBD
IgG antibody titer in a sample of healthcare workers (HCW) six months after the second
dose of the COVID-19 BNT162b2 vaccine.

2. Materials and Methods
2.1. Description of the Study

We performed a new evaluation of a previously described group of workers employed
in a nursing home in northern Italy, who received two doses of the anti-SARS-CoV-2
BNT162b2 vaccine in early 2021 [24]. The nature of the study is observational: after six
months from the baseline investigation, we returned to the same north-Italian small nursing
home, proposing to the workers a further cross-sectional follow-up investigation, including
the collection of a blood sample for the determination of anti-SARS-CoV-2 antibodies and
the participation to a self-reported survey, administered on paper.

The inclusion criteria of this follow-up study were:

- being an employee of the nursing home at work during the period January—August 2021;

- being vaccinated with two doses of the Pfizer/BioNTech BNT162b2 anti-SARS-CoV-2
mRna vaccine between 12 January and 17 February of 2021 (i.e., the dates that we
identified during the baseline investigation);

- having participated to our first baseline investigation, with an available anti-SARS-
CoV-2 IgG antibody titer determined via a serological test performed in our lab.

No other exclusion criteria were applied.
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We did not only consider healthcare operators for our analysis, but also included other
workers employed in the nursing home such as administrative personnel, cleaning service
and kitchen staff and maintenance workers. Healthcare workers (HCW) were categorized
as follows: nurses, nurses’ assistants, physicians and other HCW (e.g., physiotherapists).
All the personnel voluntarily agreed to participating in our study, and signed a written
informed consent. The study was approved by our local institutional review board.

As reported in our prior publication [24], four weeks after the second dose of the
vaccine, a blood sample was collected from all the subjects to determine the titer of IgG-
neutralizing anti-RBD antibodies of the subunit S1 of the spike protein of SARS-CoV-2.
With the present analysis, we consider a further determination of these IgG performed six
months after the second dose. The test applied was the same for the first and the second
antibody titer determination, i.e., the EUROIMMUN Anti-SARS-CoV-2 QuantiVac ELISA
(IgG) test, with the interpretation of the results in Binding Antibody Units per milliliter
(BAU/mL), considering as negative a titer < 26 BAU/mL, positive a titer > 36 BAU/mL,
while a titer between 26 and 35 BAU/mL [25,26] was of doubtful interpretation.

During the baseline investigation we collected a self-reported questionnaire [24]
(Supplementary Materials File S1) and a second questionnaire, which was similar but
shorter, was collected for the follow-up analysis to register any relevant updated informa-
tion (Supplementary Materials File S2). The survey was distributed on the occasion of the
collection of the blood sample for the determination of the antibodies level. All the informa-
tion that was collected with the two questionnaires is fully reported in the Supplementary
Materials (Files S1 and S2). In the present analysis, we specifically considered the following
variables: sex, age, body mass index (BMI), smoking habit, job category, performance of
nightshifts at work, performance of anti-influenza vaccine at the end of 2020/beginning of
2021, date of COVID-19 diagnosis—reported number, if any, of concomitant diseases. This
last variable was obtained based on the answers to open questions (see Files 51 and S2),
coded ex-post by the researchers (A.M. and S.P.) in order to build the variable “pathologies
number”, categorized as 0, 1 or >2.

2.2. Statistical Analysis

Logarithmic transformation was used to normalize anti-SARS-CoV-2 neutralizing IgG
and the results are expressed as median and ranges. The chi-square test, paired ¢ test, and
one-way analysis of variance (ANOVA) with the Bonferroni test were applied whenever
necessary. Mann—-Whitney test was used to compare the percentage of anti-SARS-CoV-2
neutralizing IgG titer decline between two subgroups and Kruskal-Wallis test for the com-
parison of three or more subgroups. Multivariate linear regression analysis was performed
to determine whether the participants” characteristics (age, sex, previous SARS-CoV-2
infection, BMI, smoking status, job category, nightshifts at work, number of concomitant
diseases and previous anti-influenza vaccine) influenced anti-SARS-CoV-2 neutralizing
IgG titer decline six months after the vaccination. Data collected were analyzed using
STATA Software (release 15, StataCorp, College Station, TX, USA). Regarding statistical
significance, a p value < 0.05 was considered.

3. Results
3.1. Characteristics of the Study Population and Anti-SARS-CoV-2 Antibody Titer in the
Vaccinated Subjects after One Month and Six Months from the Second Vaccine Dose

A total of 63 out of 74 employees of the nursing home (85.1%) investigated in our
first study agreed to participate in the follow-up and gave a further blood sample for the
determination of the anti-SARS-CoV-2 IgG titer. Workers were for the 79.4% females, with
a median age of 54 years old (range: 25-73). Regarding job type, 44.5% of the sample was
composed of nurses, nurses’ assistants and physicians (1 = 28), 20.6% by other HCWs
(n = 13), 14.3% by kitchen and cleaning personnel (n = 9) and 20.6% by technical and
administrative personnel (1 = 13).
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The median IgG titer one month after the vaccination was 4821 BAU/mL (range:
764-27,600), while after six months the titer was 876 (156-6034). For all the subjects, a
decrease of the titer was observed and the difference between the first and the second
determination was highly significant (p < 0.001), also considering the subjects grouped
according to the different variables investigated (i.e., sex, age classes, smoking habit, BMI,
previous COVID-19 diagnosis, anti-influenza vaccination and number of concomitant
diseases) (Table 1). In Figure 1 we show a visual description of the decrease in the antibody
titer for the 63 workers (Figure 1).

one month after the vaccine six months after the vaccine

Figure 1. Decrease in the anti-SARS-CoV-2 neutralizing IgG titer: trend of the levels detected one
month vs. six months after the anti-COVID-19 BNT162b2 vaccine, graphically represented with a line
for each of the 63 workers of the nursing home included in the study sample.

3.2. Evaluation of the Decrease of Anti-SARS-CoV-2 Antibody Titer in the Vaccinated Subjects Six
Months after the Second Dose and of the Possible Associated Factors

In Table 1 we report the median values and ranges of neutralizing antibodies against
SARS-CoV-2, measured 6 months after two doses of BNT162b2 vaccine in the 63 nurs-
ing home workers included in the follow-up analysis, evaluated according to various
characteristics of the population.

Overall, the decline of the antibody titer reached 83%, slightly higher in males com-
pared to females (84.5 vs. 82%), even if the difference is not statistically significant (Table 1).

We observed a significant difference evaluating the decay of the titer with respect to
age-classes: in the younger group, the highest decrease of the titer was observed (i.e., <91%),
while in the older group the decrease of 78% is lower compared to the other age-classes
(p = 0.04, Table 1). In the linear regression analysis, age resulted in a coefficient of —4.58
(CI195% —7.25-—1.91, p = 0.001).
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Table 1. Titer (BAU/mL, median and range values) and titer decay (A, %) of neutralizing anti-SARS-CoV-2 antibodies, measured 1 vs. 6 months after the second
dose of the BNT162b2 vaccine in 63 workers of an Italian nursing home, grouped according to the main individual and occupational characteristics.

A Anti-SARS-CoV-2 IgG % (Anti-SARS-CoV-2

Anti-SARS-CoV-2 IgG Anti-SARS-CoV-2 IgG

. (BAU/mL) One Month  (BAU/mL) Six Months (One vs. Six Months IgG) Decline Six
N (%) * S, . p-Value after Vaccination) Months after p-Value
after Vaccination-MD after Vaccination—MD . .
(Range: Min—-Max) (Range: Min—-Max) BAU/mL Vaccination
ge: ge: MD (Q1; Q3) MD (Q1; Q3)
Overall 63 (100) 4821 (764-27,600) 876 (156-6034) <0.001 3802 (2465; 7367) 82.9 (78.5; 88.6)
S Males 13 (20.6) 3398 (764-17,300) 355 (161-6034) <0.001 2870 (1790; 7367) 84.5 (78.9; 91.0) 0.445
ex .
Females 50 (79.4) 5285 (830-27,600) 895 (156-5748) <0.001 4074 (2472; 7010) 82.1(78.5;87.1)
<30 6(9.5) 8288 (3695-13,749) 756 (239-3347) <0.001 7783 (4472; 10,402) 91.3 (81.2; 94.9)
31-40 11 (17.5) 3074 (1824-11,390) 355 (169-1398) <0.001 2452 (1789; 3426) 83.4 (81.8;91.0)
Age class ? 41-50 12 (19.1) 4820 (2508-12,465) 882 (245-2242) <0.001 4074 (2623; 5473) 83.6 (80.5; 86.7) 0.041
51-60 21 (33.3) 4821 (830-15,474) 1035 (156-5748) <0.001 3280 (2627; 6556) 84.2 (74.9; 85.9)
>60 13 (20.6) 6783 (764-27,600) 1293 (161-6034) <0.001 5034 (3085; 9811) 78.5 (69.9; 82.5)
<25 32 (51.6) 4700 (830~13,749) 668 (169-3347) <0.001 3844 (2438; 5817) 83.6 (79.5; 89.9)
BMI 25-29.9 25 (40.3) 6783 (764-17,300) 1169 (161-6034) <0.001 3372 (2472; 7540) 80.2 (73.5; 85.1) 0.208
>30 5(8.1) 4557 (2783-14,834) 588 (156-5024) <0.003 3969 (2870; 6285) 84.5(81.8;87.1)
. . Non-smokers 48 (76.2) 4568 (764-27,600) 669 (156-6034) <0.001 3752 (2462; 8197) 82.7 (78.7; 88.4)
Smoking habit 0.796
Smokers 15 (23.8) 6783 (1824-13,551) 1205 (175-5748) <0.001 3986 (2472; 6556) 83.0 (74.9; 88.6)
Job type HCW 28 (44.4) 6226 (1504-27,600) 1163 (169-6034) <0.001 4355 (3018; 8926) 82.3 (74.2; 86.0) 0.407
P Other employees 35 (55.6) 4150 (764-15,474) 588 (156-5174) <0.001 3456 (2452; 6285) 83.0(79.1; 89.1) '
Nightshifts at No 49 (80.3) 4254 (764-17,300) 588 (156—6033) <0.001 3456 (2465; 7367) 84.5(79.1; 89.1) 0.085
work Yes 12 (19.7) 5959 (2508-27,600) 1221 (245-5748) <0.001 4074 (2448; 6493) 80.5 (75.7; 83.3) ’
Anti-influenza No 39 (61.9) 5062 (830-27,600) 1035 (175-5748) <0.001 3702 (2404; 8354) 81.2 (75.1; 85.0) 0.017
vaccine Yes 24 (38.1) 4527 (764-17,300) 558 (156—6034) <0.001 3886 (2811; 5879) 86.6 (79.4; 92.0) ’
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Table 1. Cont.
Anti-SARS-CoV-21gG  Anti-SARS-CoV-2 IgG A Anti-SARS-CoV:2IgG % (Anti-SARS-CoV-2
. (One vs. Six Months IgG) Decline Six
o (BAU/mL) One Month (BAU/mL) Six Months ..
N (%) * .. .. p-Value after Vaccination) Months after p-Value
after Vaccination-MD after Vaccination—MD ..
(Range: Min—-Max) (Range: Min—-Max) BAU/mL Vaccination
ge: 8¢ MD (Q1; Q3) MD (Q1; Q3)
COVID-19 No 34 (54.0) 3721 (764-27,600) 512 (156-5174) <0.001 3310 (2452; 6556) 85.2 (79.3; 91.5) 0.016
diagnosis Yes 29 (46.0) 6783 (1310-17,300) 1205 (178-6034) <0.001 5034 (2870; 9811) 81.2 (73.5; 85.0) '
_ 0 32 (50.8) 4364 (830-15,474) 759 (175-5174) <0.001 3752 (2438; 6720) 82.6 (79.0; 87.3)
Pﬁﬂﬂgﬂ‘” 22 (34.9) 5695 (764-27,600) 540 (161-6034) <0.001 3679 (2535; 8041) 85.2 (78.9; 88.7) 0.420
>2 9 (14.3) 4821 (2783-14,834) 1169 (156-5024) <0.001 3969 (3085; 6285) 79.0 (72.5; 85.0)

MD = median, BAU/mL (binding antibody units per milliliter), HCWs (healthcare workers), BMI (body mass index). * The percentages were calculated excluding missing values.

2 Bonferroni: p = 0.031 between age class 3140 vs. >60, no significant difference between other categories.
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No significant differences in the decrease of neutralizing antibodies’ titer were ob-
served according to BMI and smoking habit, and, as expected, according to job type (Table 1).
A lower percentage reduction of the antibody titer, even if not statistically significant, was
found when comparing workers performing nightshifts at work vs. those not performing
nightshifts (80.5 vs. 84.5%, p = 0.085) (Table 1). A significantly higher percentage decrease in
the antibody titer is reported for the workers who previously underwent an anti-influenza
vaccination (p = 0.017), as well as for those with no previous COVID-19 infection (p = 0.016)
(Table 1). Using multivariate linear regression analysis, previous anti-influenza vaccination
resulted in a coefficient of 7.33 (CI 95% 1.02-13.64, p = 0.024), while for previous COVID-19
the coefficient was —2.57 (CI 95% —13.30-—1.63, p = 0.013).

Considering the number of concomitant diseases reported, no differences in the reduc-
tion of the titer were identified when comparing workers with no diseases vs. personnel
with 1 or >2 pathologies (Table 1).

4. Discussion

Our results are a further confirmation of the relevant decline of the anti-SARS-CoV-2
IgG titer six months after the second dose of anti-COVID-19 vaccination [1-6]. Nevertheless,
at the same time, the results we obtained represent also a further demonstration that, six
months after completing the vaccination, there is still a positive antibody response, possibly
indicating a protective effect [27-29], which in our case was identified in 100% of the
sample. In fact, the IgG titer remained indicative of a positive neutralizing antibody
response (i.e., according to the manufacturer > 36 BAU/mL, for all the 63 subjects, even
after six months from the second dose). The antibodies’ titers we detected in the sample
observed of workers of a nursing home had a relevant decline of —83% after six months,
confirming that a booster vaccine dose was needed: HCW in Italy, together with the fragile
population, were the first groups to receive the third vaccination dose, since the end of
September 2021 [30]. This choice was determined by the fact that HCW have an increased
COVID-19 risk [31,32], and also that they were the first group who received the vaccination
at the beginning of the campaign in early 2021 (and therefore a longer period had elapsed
since the completion of the vaccination cycle, possibly resulting in a relevant decline of the
neutralizing antibody titer).

The second objective of this work was to identify possible factors associated with
different decay rates of anti-SARS-CoV-2 IgG titer six months after the vaccines. It should
be underlined that, considering our data, the most relevant decline was observed in those
subjects who had a higher antibody titer at the baseline, confirming recent data [23]. This
is particularly clear when we look at our study sample grouped according to age classes:
our results show that the highest decline was identified in the youngest group, while the
lowest was in workers who are over 60. As mentioned above, this is most likely related to
the fact that subjects < 30 years of age were those with the highest antibody titer compared
to all the other age classes one month after the vaccination, showing a median titer of
8288 BAU/mL. A possible exception to this interpretation is the difference observed in
antibody titer considering gender: females start with a higher antibody titer compared to
males, confirming previous data [13]. Nevertheless, the percentage decline we measured is
lower in females than in males (—82.1 vs. —84.5%), even if the difference is not significant.

With regards to the role of previous SARS-CoV-2 infection, it is well documented that
HCW who had a SARS-CoV-2 infection plus a vaccination reach higher anti-SARS-CoV-2
antibody titer one month after the vaccination when compared to subjects with no infection
history, and our results are in agreement with these findings [11,24,28]. Moreover, we found
that these subjects with previous infection reported a significantly lower decay of the titer
six months later.

Considering recognized risk factors for COVIID-19 as high BMI, smoking status and
the number of concomitant diseases [12], we did not observe significant differences in
the decline of the neutralizing antibody response when comparing the titers one vs. six
months after the vaccination. Finally, of doubtful interpretation is the result related to
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anti-influenza vaccination, as we observed a significantly lower decline in the antibody
titer in subjects who did not report a influenza vaccine at the end of 2020/beginning of 2021
compared to those who reported this vaccination. These data represent only a preliminary
finding suggesting an association, but it has to be interpreted with caution, unless it is
confirmed in adequately designed studies, with a sufficiently large sample size. To the
best of our knowledge, this is the first report of a higher decay of the anti-SARS-CoV-2
IgG titer among subjects with recent anti-flu vaccination. We found a similar observation
also in the Greco et al. article: in this study the group that reported anti-influenza vaccine
had a higher decay, but they started from a higher antibodies level in both the first and
the second determination compared to the non-vaccinated subjects [23]. In our case, we
tested various hypotheses in an attempt to explain the slightly significant association we
found, and we particularly focused on the possible effects of the age classes and of all the
other factors we investigated. We did not find any significant difference in anti-influenza
self-reported vaccination rates across age groups, and the statistical difference we calculated
also remained valid after adjustments in the multivariate linear regression analysis. As
further stressed below in the discussion of our study limitations, we believe that the main
reasons of this finding do not depend on a real causal association, but most likely on the
effect determined by the exceptional contribution of single individuals able to influence the
overall results, due to the small sample size.

Among the main limitations of our study there is the small sample size and the
observational nature of the research, analyzing self-reported data collected with a survey.
Among all the variables analyzed, the self-reporting may have been particularly critical
for the variables related to the medical anamnesis of the subjects, including the data on
anti-flu vaccination and those on concomitant diseases. This data would be better captured
with more objective methods, based on the direct collection of clinical data by health
professionals. Regarding the diseases, we tried to overcome this limitation by performing
a blind and rigorous ex-post coding of the answers to the open questions given by the
respondents. Moreover, we tested various approaches, categorizing the diseases in different
ways, considering the specific types of pathologies, finally keeping the most reliable variable
we used in the multivariate analysis (i.e., the number of concomitant diseases of any type).
Regarding the anti-flu vaccine, in this case the possibility of further cleaning and testing the
self-reported data in different ways was not reliable, as we had only one yes/no question
based on the survey administered. For this reason, the finding related to anti-influenza
vaccine must be interpreted with extra caution, and has to be confirmed with an additional
analysis of larger samples, possibly including more objective data on the performance
of the vaccine. Our study may have also technical limitations, referred in particular to
the determination of the anti-SARS-CoV-2 antibody titers and to the assay performed,
including the possible presence of different immunoglobulins’ isotopes and their relations
with the total level of circulating antibodies. Moreover, other limitations of our study
are intrinsically related to its nature and to the source population, which is selected from
a small nursing home located in northern Italy, where the spread of SARS-CoV-2 was
particularly relevant compared to other areas of Italia and the world during the first few
months of the pandemic. Furthermore, it should be taken into consideration that this is a
professionally exposed population, with a significantly higher exposure to SARS-CoV-2
compared to the general public: this peculiarity, together with the already mentioned issue
of the small sample size, makes the extrapolation of our findings to a wider public not
possible. Finally, the limitations intrinsically related to the variability over time of the virus,
and in particular of SARS-CoV-2, should also be mentioned here: the changes of the virus,
considering the quite long duration of our study, may have influenced the antibodies’ titer
of our population, with different individual responses based on the virus variant and viral
load exposure.

Despite these limitations, our study has also important strengths, as almost all the
subjects investigated one month after the vaccination agreed to participate again six months
later, filling in the same questionnaire administered the first time and being evaluated
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for the anti-SARS-CoV-2 with the same test applied for the first serological determination.
Moreover, all the subjects had been vaccinated with two doses of the same anti-COVID-19
vaccine, indicating that the possible differences in the decline of the antibodies’ titers,
identified across sub-groups, cannot be related to different vaccines used or different
number of doses administered.

5. Conclusions

Our study in a sample of Italian nursing home workers shows a relevant decay of anti-
SARS-CoV-2 neutralizing antibodies six months after the second BNT162b2 vaccine dose.
A largely positive antibody response was detected in the totality of the sample. We found
that the absence of previous COVID-19 infection and a younger age were significantly
associated with a higher decay of the antibody titer.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/antib11030059/s1, File S1: Baseline questionnaire for the study
“ Antibody response after anti-SARS-CoV-2 vaccination in healthcare operators and possible associated
factors”; File S2: Follow-up questionnaire for the study “Antibody response after anti-SARS-CoV-2
vaccination in healthcare operators and possible associated factors”.

Author Contributions: Conceptualization, A.B. and FE.G.; methodology, A.B.,S.P., AM., R.B,, SM,,
R.V. and EG,; software, S.P., R.B., S.M. and R.V,; formal analysis, A.M., S.P., S M. and R.B.; investi-
gation, EB., P.G., R.B,, S.M,, S.P. and A.M,; resources, EB., P.G., A.B,, EG. and R.V,; data curation,
AM. and S.P; writing—original draft preparation, A.M., S.P. and EG.; writing—review and editing,
AM.,, AB,, SP. and EG,; supervision, F.G.; project administration, A.B.; funding acquisition, A.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grant 'UNIMORE FAR2021 DIPARTIMENTALE PROGETTT'".

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the “Area Vasta Emilia Nord”
(protocol code 776/2020/SPER/UNIMO SIRER ID 540).

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 on request from the
corresponding author. The data are not publicly available due to restrictions for reasons of privacy
and ethics.

Acknowledgments: We are very grateful to the “Fondazione Scarpari Forattini” of Schivenoglia
(Mantova province, Italy) for the kind collaboration that permitted us to conduct our research, and we
would like to acknowledge the valuable support received for the development of this research study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Achiron, A.; Mandel, M.; Dreyer-Alster, S.; Harari, G.; Gurevich, M. Humoral SARS-CoV-2 IgG decay within 6 months in
COVID-19 healthy vaccinees: The need for a booster vaccine dose? Eur. |. Intern. Med. 2021, 94, 105-107. [CrossRef]

2. Andrews, N,; Tessier, E.; Stowe, J.; Gower, C.; Kirsebom, F.; Simmons, R.; Gallagher, E.; Thelwall, S.; Groves, N.; Dabrera, G.; et al.
Duration of Protection against Mild and Severe Disease by COVID-19 Vaccines. N. Engl. . Med. 2022, 386, 340-350. [CrossRef]

3. Israel, A.; Shenhar, Y.; Green, L; Merzon, E.; Golan-Cohen, A ; Schiffer, 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]

4. Poukka, E.; Baum, U.; Palmu, A.A.; Lehtonen, T.O.; Salo, H.; Nohynek, H.; Leino, T. Cohort study of COVID-19 vaccine
effectiveness among healthcare workers in Finland, December 2020-October 2021. Vaccine 2022, 40, 701-705. [CrossRef]

5. Abbasi, J. Fourth COVID-19 Vaccine Dose Increases Low Antibodies. JAMA 2022, 327, 517. [CrossRef] [PubMed]

6. Kamar, N.; Abravanel, E; Marion, O.; Esposito, L.; Hebral, A.L.; Médrano, C.; Guitard, J.; Lavayssiere, L.; Cointault, O.; Nogier,
M.B,; et al. Anti-SARS-CoV-2 spike protein and neutralizing antibodies at 1 and 3 months after three doses of SARS-CoV-2 vaccine
in a large cohort of solid organ transplant patients. Am. . Transplant. 2022, 22, 1467-1474. [CrossRef] [PubMed]

7. Kundu, R.; Narean, J.S.; Wang, L.; Fenn, J.; Pillay, T, Fernandez, N.D.; Conibear, E.; Koycheva, A.; Davies, M,

Tolosa-Wright, M.; et al. Cross-reactive memory T cells associate with protection against SARS-CoV-2 infection in COVID-19
contacts. Nat. Commun. 2022, 13, 80. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/antib11030059/s1
https://www.mdpi.com/article/10.3390/antib11030059/s1
http://doi.org/10.1016/j.ejim.2021.10.027
http://doi.org/10.1056/NEJMoa2115481
http://doi.org/10.3390/vaccines10010064
http://doi.org/10.1016/j.vaccine.2021.12.032
http://doi.org/10.1001/jama.2022.0727
http://www.ncbi.nlm.nih.gov/pubmed/35133430
http://doi.org/10.1111/ajt.16950
http://www.ncbi.nlm.nih.gov/pubmed/35000296
http://doi.org/10.1038/s41467-021-27674-x
http://www.ncbi.nlm.nih.gov/pubmed/35013199

Antibodies 2022, 11, 59 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Barriere, J.; Carles, M.; Audigier-Valette, C.; Re, D.; Adjtoutah, Z.; Seitz-Polski, B.; Gounant, V.; Detscamps, D.; Zalcman, G. Third
dose of anti-SARS-CoV-2 vaccine for patients with cancer: Should humoral responses be monitored? A position article. Eur. ].
Cancer 2022, 162, 182-193. [CrossRef]

Toda, M.; Yoshifuji, A.; Kikuchi, K.; Komatsu, M.; Fujii, K.; Kato, A.; Kikuchi, T.; Nakazawa, A.; Ryuzaki, M. Factors associated
with SARS-CoV-2 antibody titers and prognosis of breakthrough infection in hemodialysis patients. Clin. Exp. Nephrol. 2022, 26,
571-580. [CrossRef]

Walsh, E.E.; Frenck, R.W., Jr.; Falsey, A.R.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Neuzil, K.; Mulligan, M.].; Bailey,
R.; et al. Safety and Immunogenicity of Two RNA-Based COVID-19 Vaccine Candidates. N. Engl. ]. Med. 2020, 383, 2439-2450.
[CrossRef]

Fraley, E.; LeMaster, C.; Khanal, S.; Banerjee, D.; Pastinen, T.; Grundberg, E.; Selvarangan, R.; Bradley, T. Prior infection and age
impacts antibody persistence after SARS-CoV-2 mRNA vaccine. Clin. Infect. Dis. 2021, 75, ciab850. [CrossRef]

U.S. Centers for Disease Control and Prevention (CDC). People with Certain Medical Conditions. 2022. Available online:
https:/ /www.cdc.gov/coronavirus/2019-ncov /need-extra-precautions /people-with-medical-conditions.html (accessed on
5 July 2022).

Modenese, A.; Casolari, L.; Rossi, G.; Della Vecchia, E.; Glieca, F.; D’Elia, C.; Garavini, D.; Righi, E.; Mariani, S.; Venturelli, L.; et al.
Factors Associated with SARS-CoV-2 Infection Risk among Healthcare Workers of an Italian University Hospital. Healthcare 2021,
9, 1495. [CrossRef] [PubMed]

Justiz Vaillant, A.A.; Qurie, A. Inmunodeficiency. In StatPearls. Treasure Island (FL); StatPearls Publishing: Tampa, FL, USA, 2022.
Loef, B.; van Baarle, D.; van der Beek, A.].; Sanders, E.A.M.; Bruijning-Verhagen, P.; Proper, K.I. Shift Work and Respiratory
Infections in Health-Care Workers. Am. J. Epidemiol. 2019, 188, 509-517. [CrossRef] [PubMed]

Rizza, S.; Coppeta, L.; Grelli, S.; Ferrazza, G.; Chiocchi, M.; Vanni, G.; Bonomo, O.C.; Bellia, A.; Andreoni, M.; Magrini, A.; et al.
High body mass index and night shift work are associated with COVID-19 in health care workers. J. Endocrinol. Investig. 2021, 44,
1097-1101. [CrossRef]

Maidstone, R.; Anderson, S.G.; Ray, D.W.; Rutter, M.K.; Durrington, H.J.; Blaikley, J.F. Shift work is associated with positive
COVID-19 status in hospitalised patients. Thorax 2021, 76, 601-606. [CrossRef]

Wang, X,; Jiang, X.; Huang, Q.; Wang, H.; Gurarie, D.; Ndeffo-Mbah, M.; Fan, E; Fu, P; Horn, M.A; Mondal, A; et al. Risk factors
of SARS-CoV-2 infection in healthcare workers: A retrospective study of a nosocomial outbreak. Sleep Med. X 2020, 2, 100028.
[CrossRef]

Munter, G.; Levi-Vineberg, T.; Sylvetsky, N. Vitamin D deficiency among physicians: A comparison between hospitalists and
community-based physicians. Osteoporos. Int. 2015, 26, 1673-1676. [CrossRef]

Meltzer, D.O,; Best, T.].; Zhang, H.; Vokes, T.; Arora, V.M.; Solway, J. Association of Vitamin D Levels, Race/Ethnicity, and Clinical
Characteristics With COVID-19 Test Results. JAMA Netw. Open. 2021, 4, e214117. [CrossRef]

Benskin, L.L. A Basic Review of the Preliminary Evidence That COVID-19 Risk and Severity Is Increased in Vitamin D Deficiency.
Front. Public Health 2020, 8, 513. [CrossRef]

Zhou, R.; Wang, P.; Wong, Y.C.; Xu, H.; Lau, S.Y,; Liu, L.; Mok, B.W.-Y,; Peng, Q.; Liu, N.; Woo, K.-E; et al. Nasal prevention of
SARS-CoV-2 infection by intranasal influenza-based boost vaccination in mouse models. eBioMedicine 2022, 75, 103762. [CrossRef]
Greco, M.; Cucci, F; Portulano, P; Lazzari, R.A.; Caldararo, C.; Sicuro, F; Catanese, C.; Lobreglio, G. Effects of Influenza
Vaccination on the Response to BNT162b2 Messenger RNA COVID-19 Vaccine in Healthcare Workers. J. Clin. Med. Res. 2021, 13,
549-555. [CrossRef] [PubMed]

Modenese, A.; Paduano, S.; Bargellini, A.; Bellucci, R.; Marchetti, S.; Bruno, F.; Grazioli, P.; Vivoli, R.; Gobba, F. Neutralizing
Anti-SARS-CoV-2 Antibody Titer and Reported Adverse Effects, in a Sample of Italian Nursing Home Personnel after Two Doses
of the BNT162b2 Vaccine Administered Four Weeks Apart. Vaccines 2021, 9, 652. [CrossRef] [PubMed]

Euroimun. Anti-SARS-CoV-2 QuantiVac ELISA (IgG). 2021. Available online: https://www.coronavirus-diagnostics.com/
documents/Indications/Infections/Coronavirus/EI_2606_D_UK_E.pdf (accessed on 5 July 2022).

First WHO International Standard Anti-SARS-CoV-2 Immunoglobulin (Human). Product Number 20/136. 2020. Available online:
https:/ /www.nibsc.org/documents/ifu/20-136.pdf (accessed on 5 July 2022).

Chivu-Economescu, M.; Bleotu, C.; Grancea, C.; Chiriac, D.; Botezatu, A.; Iancu, I1.V,; Pitica, I.; Necula, L.G.; Neagu, A;
Matei, L.; et al. Kinetics and persistence of cellular and humoral immune responses to SARS-CoV-2 vaccine in healthcare workers
with or without prior COVID-19. J. Cell Mol. Med. 2022, 26, 1293-1305. [CrossRef] [PubMed]

Choi, J.H.; Kim, Y.R.; Heo, S.T.; Oh, H.; Kim, M.; Lee, H.R.; Yoo, J.R. Healthcare Workers in South Korea Maintain a SARS-CoV-2
Antibody Response Six Months After Receiving a Second Dose of the BNT162b2 mRNA Vaccine. Front. Immunol. 2022, 13, 827306.
[CrossRef] [PubMed]

Helle, E; Moyet, ].; Demey, B.; Frangois, C.; Duverlie, G.; Castelain, S.; Bloch, E,; Brochot, E. Humoral anti-SARS-CoV-2 immune
response after two doses of Comirnaty vaccine in nursing home residents by previous infection status. Vaccine 2022, 40, 531-535.
[CrossRef]

Ministero della Salute. Piano Vaccini Anti COVID-19. 2022. Available online: https://www.salute.gov.it/portale/
nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=5452&area=nuovoCoronavirus&menu=
vuoto (accessed on 5 July 2022).


http://doi.org/10.1016/j.ejca.2021.12.011
http://doi.org/10.1007/s10157-022-02188-y
http://doi.org/10.1056/NEJMoa2027906
http://doi.org/10.1093/cid/ciab850
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html
http://doi.org/10.3390/healthcare9111495
http://www.ncbi.nlm.nih.gov/pubmed/34828540
http://doi.org/10.1093/aje/kwy258
http://www.ncbi.nlm.nih.gov/pubmed/30475977
http://doi.org/10.1007/s40618-020-01397-0
http://doi.org/10.1136/thoraxjnl-2020-216651
http://doi.org/10.1016/j.sleepx.2020.100028
http://doi.org/10.1007/s00198-015-3028-y
http://doi.org/10.1001/jamanetworkopen.2021.4117
http://doi.org/10.3389/fpubh.2020.00513
http://doi.org/10.1016/j.ebiom.2021.103762
http://doi.org/10.14740/jocmr4590
http://www.ncbi.nlm.nih.gov/pubmed/35059073
http://doi.org/10.3390/vaccines9060652
http://www.ncbi.nlm.nih.gov/pubmed/34203652
https://www.coronavirus-diagnostics.com/documents/Indications/Infections/Coronavirus/EI_2606_D_UK_E.pdf
https://www.coronavirus-diagnostics.com/documents/Indications/Infections/Coronavirus/EI_2606_D_UK_E.pdf
https://www.nibsc.org/documents/ifu/20-136.pdf
http://doi.org/10.1111/jcmm.17186
http://www.ncbi.nlm.nih.gov/pubmed/35043552
http://doi.org/10.3389/fimmu.2022.827306
http://www.ncbi.nlm.nih.gov/pubmed/35173736
http://doi.org/10.1016/j.vaccine.2021.11.086
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=5452&area=nuovoCoronavirus&menu=vuoto
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=5452&area=nuovoCoronavirus&menu=vuoto
https://www.salute.gov.it/portale/nuovocoronavirus/dettaglioContenutiNuovoCoronavirus.jsp?lingua=italiano&id=5452&area=nuovoCoronavirus&menu=vuoto

Antibodies 2022, 11, 59 11 of 11

31. Modenese, A.; Gobba, F. Increased Risk of COVID-19-Related Deaths among General Practitioners in Italy. Healthcare 2020, 8, 155.
[CrossRef]

32. DiResta, C.; Ferrari, D.; Vigano, M.; Moro, M.; Sabetta, E.; Minerva, M.; Ambrosio, A.; Locatelli, M.; Tomaiuolo, R. The Gender
Impact Assessment among Healthcare Workers in the SARS-CoV-2 Vaccination-An Analysis of Serological Response and Side
Effects. Vaccines 2021, 9, 522. [CrossRef]


http://doi.org/10.3390/healthcare8020155
http://doi.org/10.3390/vaccines9050522

	Introduction 
	Materials and Methods 
	Description of the Study 
	Statistical Analysis 

	Results 
	Characteristics of the Study Population and Anti-SARS-CoV-2 Antibody Titer in the Vaccinated Subjects after One Month and Six Months from the Second Vaccine Dose 
	Evaluation of the Decrease of Anti-SARS-CoV-2 Antibody Titer in the Vaccinated Subjects Six Months after the Second Dose and of the Possible Associated Factors 

	Discussion 
	Conclusions 
	References

