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SUMMARY

Background. We tested the antibody response to SARS-
CoV-2 vaccination in individuals with and without pre-
vious infection that received different vaccination strat-
egies.

Methods. We recruited 203 volunteers. Individuals who
have had SARS-CoV-2 infection during the six months
preceding vaccination received one dose (group 1), the
others received two (group 2). After 3 months, 98 sub-
jects received a booster dose. Anti-SARS-CoV-2 Spike
RBD IgG were tested in all subjects before vaccination
(T0), and at 15 (T15), 90 (T90), 180 (T180) and 360 (T360)
days after second or single dose; additionally, in group
2, IgG were tested 10 days after the vaccination (T10).
Results. The difference of IgG concentration between
the groups was statistically significant (p<0.05) at TO,

B INTRODUCTION

Since the start of the 2019 coronavirus disease
pandemic (COVID-19) vaccination against
SARS-CoV-2 (Severe Acute Respiratory Syndrome
Coronavirus 2) represents the most effective strat-
egy to contrast the health, social and economic
consequences caused by the spread of the virus [1,
2]. The availability of various types of vaccine,
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T15 and T90, but not at T180 (p=0.713) and T360
(p=0.069). At TO and T90 the antibody titre was higher
in group 1, but it dropped in all volunteers 90 days after
vaccination. Most of infections after vaccination oc-
curred between T90 and T180.

Conclusions. Antibody titre is significantly associated
with a previous SARS-CoV-2 infection. Probability of
contracting the infection increases after three months
from primary vaccination, even among who had a pre-
vious infection, confirming the efficacy of vaccination
as a preventive measure against SARS-CoV-2 infections
and the need of booster administrations.

Keywords: SARS-CoV-2 infections, vaccination, booster,
anti-SARS-CoV-2 IgG, follow-up, clinical efficacy.

particularly the two RNA vaccines, BNT162b2 and
mRNA-1273, authorized by the Food and Drug
Administration (FDA) and by the European Med-
icines Agency (EMA) between late 2020 and early
2021, opened optimistic prospects in the fight
against COVID-19 [3, 4].

In Europe, the vaccination campaign against
SARS-CoV-2 effectively started on 27" December
2020, and to date, in Italy, AIFA (Agenzia Italiana
del Farmaco), that is the Italian Medicine Agency,
has authorized 5 types of vaccines:

— Comirnaty/BNT162b2 (BioNTech/Pfizer)

— Spikevax/mRNA-1273 (Moderna)

— Vaxzevria (AstraZeneca, University of Oxford)
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— COVID-19 Vaccine Janssen/ Jcovden (Johnson
& Johnson)

— Novaxovid (Novavax)

Nevertheless, several doubts remain regarding the
persistence of humoral immunity against SARS-
CoV-2, either after vaccination or after recovery
from the COVID-19 infection [5]. Literature data
have shown that the immune response generated
in the human body after COVID-19 disease in-
volves all four major types of immune memory:
antibodies against SARS-CoV-2 spike protein (S)
and the S1 subunit on the receptor-binding do-
main (RBD), memory B cells, memory CD8+ T
cells, and memory CD4+ T cells. The antibodies
can be detected 3 days after the development of
symptoms: immunoglobulins (Ig) M peak at 14-35
days and begin to decrease at 21-35 days, the IgG
against the SARS-CoV-2 spike protein peak at 21-
49 days and in most of patients persist 6-8 months
after infection [6-9]. Anyway;, the efficacy of a vac-
cine does not refer only to the biological efficacy
detectable and quantifiable by evaluating the im-
mune response to the antigen of interest through
serological and neutralization tests, but also to the
clinical efficacy, intended as prevention of infec-
tion, symptomatic or not, and prevention of the
most clinically serious disease, which have the
greatest impact on public health and mortality
[10]. Moreover, after the various types of vaccines
became available, a dispute arose among scientists
worldwide regarding the possible effectiveness of
administering a single dose in previously infected
people and some countries such as France, Germa-
ny and Italy started to recommend the use of a
single dose of vaccine in those with a previous
SARS-CoV-2 infection. This choice, although sup-
ported by some scientific data, had the aim of
guaranteeing vaccination to the largest number of
individuals at a time when the availability of vac-
cines was not yet large and constant, and the pan-
demic was still in progress. Indeed, other govern-
ments, such as the United States, where the avail-
ability of vaccines was relatively abundant, have
always recommended two doses to everyone [11].
Aim of our study was to evaluate the dynamic of
humoral response to anti-COVID-19 vaccine in
subjects who have had a previous SARS-CoV-2 in-
fection and individuals without history of COV-
ID-19 disease that received, respectively, one or
two vaccine doses. In addition to the epidemiolog-
ical aspect, we wanted to evaluate the immunity

duration in our population helping to redefine the
timing of vaccine and booster administration.

B MATERIALS AND METHODS

In this prospective observational study, from June
to November 2021, we recruited 224 volunteers
over the age of 18 (140 women and 84 men) who
intended to be vaccinated against COVID-19 at
Metropolitan Area of Bologna (Italy). The exclu-
sion criterion for recruiting was a SARS-CoV-2 in-
fection confirmed by RT-PCR (Reverse Transcrip-
tion-Polymerase Chain Reaction) and/or antigen
test for COVID-19 (COVID-19 Ag test) on naso-
pharyngeal swab at the time of enrolment, or im-
mediately after vaccination. Among the 224 en-
rolled volunteers, 203 effectively participated in
the study signing the informed consent and the
information on the processing of personal data re-
quired by the Research Protocol approved by our
Ethics Committee and AIFA (opinion n. 328 of the
Register of Experiments 2020/2021). At the time of
enrolment, we interviewed everyone, collecting
information about previous COVID-19 infections,
ascertained by RT-PCR and/or COVID-19 Ag test
onnasopharyngeal swab, any previous or existing
medical condition and therapy and, immediately
before the administration of the vaccine, we col-
lected a blood sample for the evaluation of basal
level of anti-SARS-CoV-2 Spike RBD IgG (T0) on
serum. After that, we divided them in two groups:
volunteers with previous known SARS-CoV-2 in-
fection (group 1) and volunteers without history
of COVID-19 disease (group 2). According to Ital-
ian Ministry of Health’s recommendations [12],
group 1 received a single dose of COVID-19 vacci-
nation and group 2 received two doses. Antibody
response to vaccination was subsequently moni-
tored measuring quantitative anti-SARS-CoV-2
Spike RBD IgG values on blood samples collected
at different time: IgG were tested in all subjects
before vaccination (T0), and at 15 (T15), 90 (T90),
180 (T180) and 360 (T360) days after second or sin-
gle dose; additionally, in group 2, IgG were tested
also 10 days after the administration of the first
dose of vaccination (T10).

During the follow-up any side effect to vaccination,
any SARS-CoV-2 positivity diagnosed through RT-
PCR or COVID-19 Ag test, and any booster dose
administrated were recorded. All blood samples
were tested using the Access SARS-CoV-2 IgG (1st
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IS) kit on Access UniCel DxI 800 (Beckman Coulter
s.r.l.), specific for the Spike RBD, that represents
the main antigenic target of the immune response
against SARS-CoV-2 [6]. The analytical measure-
ment range was 8-1,800 IU/mL (LoD= 8 IU/mL).
For results that exceed the upper limit of the meas-
urement range, a sample volume was diluted as
indicated by the kit manufacturer, reaching an ex-
tended range of 1,500-36,000 IU/mL. A result <30
IU/mL was interpreted as negative or non-reac-
tive for SARS-CoV-2 IgG, a result 230 IU/mL was
interpreted as positive or reactive for SARS-CoV-2
IgG. This research was conducted in compliance
with the principles of Helsinki Declaration.

Statistical analysis

All statistical analysis were performed using R sta-
tistical software (Version 4.1.2). A Kolmogor-
ov-Smirnov test of normality was performed for
all variables. To analyse the differences between
the two groups of interest, statistical significance
was performed using the Chi-square (x?) test for
dichotomous variables and Wilcoxon-Mann-Whit-
ney test for continue variables or with the inde-
pendent sample t-test (parametric). Non-paramet-
ric Friedman test or ANOVA (parametric) was
used for repeated measures and, when the overall
test resulted to be significant, the comparison be-
tween 2 results was evaluated using paired ¢ test
(parametric) or Wilcoxon test (non-parametric)
with Bonferroni correction. Categorical variables
were described as frequency and percentages,
continuous variables were described using medi-
an and interquartile range (IQR) values, as appro-
priate. Multivariate generalized linear model
(GLM) was used to measure the effect of multiple
dependent variables on one dependent variable. A
p-value of <0.05 was considered significant.

B RESULTS

As reported in Table 1, 60.6% of individuals en-
rolled to our study were women, with a median
age of 44 (IQR: 33-56) years and 39.4% were men,
with a median age of 43 (IQR 32-53) years. From
recorded anamnestic data we found that 39.4% of
all individuals were healthy subjects, 39.9% re-
ported mild to medium allergic history and 20.7%
other diseases. Only 3% were under immunosop-
pressive therapy, that could have influenced vac-
cine response. Moreover 78/203 (38.4%) reported

Table 1 - Main characteristics of enrolled individuals.

Sex (%), N=203 N (%)
I 123 (60.6)
M 80 (39.4)
Age (years) N=203 Median (IQR)
44 (33-55)
Underlying conditions, N=203 N (%)
None 80 (39.4)
Mild to medium allergic history 81 (39.9)
Other: 42 (20.7)
anaemia 2 (1.0)
type 2 diabetes mellitus 4(2.0)
epilepsy 1(0.5)
chronic venous insufficiency 1(0.5)
hypercholesterolemia 2 (1.0)
hypertension 12 (5.9)
hypothyroidism 9(4.4)
haematological disease 1(0.5)
neurodegenerative disease 1(0.5)
cold urticaria 1(0.5)
autoimmune syndrome 3(1.5)
depressive syndrome 3(1.5)
polycystic ovary syndrome 1(0.5)
breast cancer 1(0.5)
Immunosuppressive therapy N (%)
corticosteroid therapy 6 (3%)
First cycle of vaccination, N=197 N (%)
BNT162b2 (one dose) 69 (35.2)
BNT162b2 (two doses) 123 (62.2)
mRNA-1273 (single dose) 4(2)
Jeovden (single dose) 1(0.5)
n.a. 6(2.9)
Booster doses administrated between T90 and N (%)
T180, N=176 ’
BNT162b2 (one dose) 57 (32.4)
mRNA-1273 (half-dose) 41 (23.3)
Jcovden (one dose) -
none 77 (44.3)

a SARS-CoV-2 infection in the previous six months
(52.6% women and 47.4% men) and for this reason
they were included in group 1. During the prima-
ry vaccination cycle, 192/203 volunteers (94.6%)
received BNT162b2 vaccination (69 of them re-
ceived a single dose and 123 two doses), four sub-
jects (2.0%) received a dose of mRNA-1273 and
one (0.5%) a dose of Jcovden, while six individuals
(2.9%) left the study after TO, before the vaccine
administration. After that, 21 more individuals
discontinued the study after T10 and other 20 after
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Figure 1 - Comparison of median anti-SARS-CoV-2 19G concentrations between patients with and without prior
SARS-CoV-2 infection at different times of follow-up: T0, T15, T90, T180 and T360. The concentration of anti-SARS-
CoV-2 IgG (IU/mL) is indicated on the ordinate axis, distinction between subjects with or without previous SARS-
CoV-2 infection at the time of recruitment is indicated on the abscissa axis (group 1= individuals with previous

COVID-19 disease, group 2= individuals without previous COVID-19 disease).
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T15, because not willing to continue the study, or
they did not show up for the subsequent appoint-
ments, so that 156 volunteers remained. After 3
months from recruitment, 98/156 subjects (62.8%)
received a booster dose of anti-COVID-19 vaccine:
57 of them received BNT162b2 (36.5%) and 41
(26.3%) half a dose of mRNA-1273. The median
values and relative IQR of SARS-CoV-2 IgG de-
tected during the follow-up in group 1 and group
2 are showed in Table 2. As expected, the differ-
ence of anti-SARS-CoV-2 IgG concentration be-
tween the two groups at baseline (T0) was statisti-
cally significant (p<0.001), with a median of 1.51
(IQR, 0.40-243.30) IU/mL in subjects without as-
certained previous SARS-CoV-2 infection and a
median of 48.03 (IQR, 0.88-1,578.13) IU/mL in in-
dividuals with previous infection. On the other
hand, the anti-SARS-CoV-2 IgG concentration was
still significantly higher in group 2 at T15 (p=0.021),
while, at T90, the IgG concentration was signifi-
cantly higher in group 1 (p= 0.003). Conversely,
the difference between the two groups was not
statistically significant at T180 (p=0.713) and T360
(p=0.069) (Figure 1). As reported in Table 2, at TO
there was not a statistically significant difference
between the two groups in terms of sex and age,
suggesting that these variables did not affect
whether individuals contracted or not SARS-
CoV-2 infection before receiving the first cycle of
anti-COVID-19 vaccination. Multivariate statisti-

cal analysis made considering also the other vari-
ables recorded, such as type of vaccine, booster
administration and underlying conditions report-
ed in Table 1, showed that at T15 and T90 there
were not statistically significant differences be-
tween the two groups depending on the type of
vaccine administered, with a p-value of 0.379 and
0.091, respectively, probably because 94.6% of the
enrolled subjects received the same vaccine
(BNT162b2) at the first cycle of vaccination. Simi-
larly, the SARS-CoV-2 IgG median concentrations
at T180 and at T360 were not influenced by the
type of booster administered, with a p-value of
0.226 and 0.192, respectively, although, among the
98 subjects who received the booster dose, 57
(58.2%) received one dose of BNT162b2 and 41
(41.8%) received half a dose of mRNA-1273. At
T90 the median antibody titre dropped in both
groups of volunteers, but the IgG decrease in per-
centage was higher in group 2 (-81.8%) than in
group 1 (-67.2%), and the probability of contract-
ing SARS-CoV-2 infection was statistically in-
creased (p <0.001) in subjects who did not receive
the booster dose after 90 days from the adminis-
tration of the first cycle of vaccination. In fact, a
total of 59 SARS-CoV-2 infections occurred after
vaccination: 3 of them between T15 and T90, 45
between T90 and T180 and 11 between T180 and
T360 (Figure 2). Among the 45 individuals who
got infected between T90 and T180, 37 belonged to

Table 2 - The table shows the main characteristics of the two groups of subjects studied (group 1: includes indi-
viduals with previous SARS-CoV-2 infection, group 2: includes subjects without previous COVID-19 disease) and
the comparison between median values of SARS-CoV-2 19G, and relative interquartile ranges (IQRs), detected

during the follow-up.

Group 1 Group 2 p-value

Sex (%), N=203

F 41 (52.6) 82 (65.6)

M 37 (47.4) 43 (34.4) 0.077
Age (years), N=203
median, (IQR) 43.00 (18.00, 76.00) 44.00 (20.00, 81.00) 0.580

SARS-CoV-2 IgG (IU/mL) median, (IOR) SARS-CoV-2 IgG (IU/mL) median, (IQR)

T0, N=203 48.03 (0.88, 1578.13), N=125 1.51 (0.40, 243.30), N=78 <0.001
T10, N=197 n.a. 17.26 (0.42, 1358.29), N=76 -
T15, N=176 926.99 (34.12, 9265.00), N=91 1152.66 (272.51, 6493.00), N=85 0.021
T90, N=156 303.96 (23.47, 1359.77), N=88 210.18 (34.36, 1881.00), N=68 0.003
T180, N=156 497.01 (7.65, 5550.00), N=88 545.68 (8.13, 4041.00), N=68 0.713
T360, N=117 208.50 (36.00-1052.00), N=69 254.00 (14.00-5032.00), N=48 0.069
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the 58 individuals (63.8%) who did not receive any
booster dose, while 8 belonged to those who re-
ceived: 1 of them received half a dose of mRNA-
1273 and 7 received the BNT162b2. Finally, our
study showed that 86.3% of individuals who com-
pleted the study (101/117) were not infected with
SARS-CoV-2 between T180 and T360 and, al-
though the difference in antibody concentration
measured at T360 was not statistically significant
between group 1 and group 2, the concentration
was higher in those who had no COVID-19 dis-
ease prior to enrolment and therefore received two
doses of vaccine, rather than in those who have
had the infection (Figure 1). All individuals report-
ed mild to moderate side effects to vaccination
(e.g., asthenia, injection site pain, fever) and mild
to moderate COVID-19 illness, not requiring hos-
pitalization, during the follow-up.

B DISCUSSION

Although more than three years have passed
since the origin of the new coronavirus pandemic,
the interest of Public Health in the development
and administration of effective anti-COVID-19
vaccines continues, especially because recent evi-
dence suggest that most of them reach efficacy
ranging 80 to 100% immediately after administra-
tion, and then drastically decrease over the fol-
lowing months [13]. Literature data also report
that the basal serum level of anti-SARS-CoV-2
antibodies before vaccination, due for example to

an immunological response to SARS-CoV-2 infec-
tion, may strongly influence the individual’s im-
munological response to primary COVID-19 vac-
cination. Nevertheless, very little is known about
the impact of booster dose on serum levels of an-
ti-SARS-CoV-2 antibodies [14]. The main purpose
of our study was to compare the immune re-
sponse over time to COVID-19 vaccination, in-
cluding the booster, between individuals with
previous confirmed COVID-19 disease, that in
accordance with the Italian ministerial decree re-
ceived a single dose of primary vaccination, and
individuals without history of SARS-CoV-2 infec-
tion, that received two initial doses. Our data con-
firmed that the basal anti-SARS-CoV-2 IgG value
at TO was significantly associated with having or
not had a previous SARS-CoV-2 infection within
six months prior to the administration of the first
vaccine dose, but it was not significantly associat-
ed either with age or sex. Conversely, we found
that at T15 the difference of median SARS-CoV-2
IgG concentrations between the two groups was
statistically significant in favour of subjects with-
out previous infection (group 2), probably be-
cause they received two doses of BNT162b2 or a
single dose of mRNA-1273 between T0 and T15,
while subjects with a previous infection received
a single dose of BNT162b2 or Jcovden vaccine, or
half a dose of mRNA-1273. Anyway, at T90, the
median concentration was again significantly
higher in group 1 than in group 2, while 180 days
after the administration of the primary cycle of
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vaccination the difference between the two
groups resulted not statistically significant, inde-
pendently of any underlying condition and the
type of booster dose eventually administered, as
well as after one year (T360). Nevertheless, at
T360, the median concentration of antibodies was
higher in group 2 than in group 1, showing al-
most a slight inversion of the trend compared to
what was seen up to T180, even if the difference
was not statistically significant, (Figure 1). In ad-
dition, as confirmation to what is reported by the
literature data, according to which the probability
of contracting the infection after vaccination in-
creases with the passing of months [6, 15-16], our
results suggest that the vaccination strategy im-
plemented by the Italian government during the
pandemic did not penalize those who, having
had a previous SARS-CoV-2 infection, received a
single dose of primary vaccination. In fact, among
the 59 SARS-CoV-2 infections after vaccination,
5.0% occurred between T15 and T90, 76.4% be-
tween T90 and T180, and 18.6% between T180
and T360, with a significantly higher percentage
among those individuals belonging in group 2
(OR: 2.55, 95%CI: 1.21-5.35, p=0.012) (Figure 2).
Despite the higher level of SARS-CoV-2 IgG and
the faster immunological response of the subjects
with previous infection, 13/45 individuals
(28.9%) who had COVID-19 disease between T90
and T180 belonged to group 1 and were vaccinat-
ed with a single dose of BNT162b2 after TO,
demonstrating that, in addition to the serum an-
tibodies concentration, the presence of predispos-
ing factors, that may play a role in the probability
of contracting the infection, cannot be excluded
and this is one of the aspects that should be ex-
plored in the future. On the other hand, we found
that those individuals who received booster dose,
regardless of the type of vaccine, they had a lower
frequency of infections (OR: 17.61, 95%CI: 7.21-
42.99, p<0.001). Certainly, our data suggest the
efficacy of vaccination as a preventive measure
against SARS-CoV-2 infections, especially be-
cause who was infected after enrolment showed
mild to moderate COVID-19 illness, not requiring
hospitalization, also aligning with what has been
reported by other studies [17-20]. Among them,
Lo Sasso et al. [17] evaluated the antibody re-
sponse after vaccination with BNT162b2 and
highlighted how the S-RBD IgG levels were sig-
nificantly lower in subjects recovered from COV-

ID-19 disease than in vaccinated subjects, moreo-
ver he found that anti-S-RBD IgG levels signifi-
cantly decreased over a short period, and that this
decrease was not influenced by age or sex [15].
Salvagno et al. [18] pointed out that, although
subjects with the presence of anti-SARS-CoV-2
antibodies at the time of primary vaccination
with BNT162b2 had a large increase in the hu-
moral response immediately after administration
compared to seronegative subjects, the booster
dose did not generate significantly different anti-
body values between the two groups, confirming
the need to administer booster doses even to
those individuals who have had a previous SARS-
CoV-2 infection. Finally, the study by Padoan et
al. [19], conducted on 54 healthcare professionals,
20 of whom with previous COVID-19 disease, un-
derlined how the third booster dose increases the
levels of anti-SARS-CoV-2 antibodies, which re-
main high for a period of 3-4 months and then
decrease in a less pronounced way in subjects
with previous infection. Potential limitations of
our study are that patients who became infected
during the study period remain classified in their
original groups for antibody evaluation, and that
the patient that was vaccinated with a single dose
of Jecovden during first cycle of vaccination was
categorized into one-dose group even if only one
dose of this vaccine was required regardless of
previous infection. Moreover, lack of statistical
significance at T360 between group 1 and group 2
could be due to the reduced sample size, in fact,
many subjects were lost during the follow up and
just 117/203 volunteers completed the study. On
the other hand, it must be emphasized that this
study is one of the few studies that have evaluat-
ed antibody responses to anti-COVID-19 vaccina-
tion in general population, including individuals
not belonging to health professional workers’
class, paying attention on the vaccination strategy
undertaken during the pandemic. Our future
goal is to continue monitoring the humoral re-
sponse in our population, to speculate the indi-
vidual humoral response based on serum anti-
body levels and personal medical history. This
information may be useful to rationalize health
and economic resources and guarantee vaccina-
tion to those who need it most and when it can
reach maximum effectiveness, achieving what
could be considered a “personalized” anti-COV-
ID-19 vaccine administration.
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