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Abstract. Introduction: Severe Acquired Respiratory Syndrome-Coronavirus 2 (SARS-CoV-2) infection rep-
resents an unprecedented public health problem and, at present, vaccination is the only weapon available to
combat the infection. The simplest and most immediate method to quantify the response of the subject’s im-
mune system to vaccination and / or infection is the serological assessment of the antibody titer. The objective
of our study was 1) to evaluate the presence of antibody responses in a sample of healthcare workers subjected
to a complete vaccination course as per ministerial provisions (double dose for negatives and single dose for
ex-SARS-CoV subjects -2 positive) with Comirnaty vaccine (Pfizer / BioNTech) 2) evaluate the presence
of statistically significant associations for sex, age and previous positive swab. Materials and methods: the
antibody levels of both nucleocapsid antibodies and anti-Sars-CoV2 Spike antibodies of the study subjects
were examined with the electrochemiluminescent immunoassay (ECLIA) method developed by Roche®. The
cut-off value, as suggested by the manufacturer, for anti-nucleocapsid antibodies was 1 COI, while the Ig
Spike value was 0.8 I/ mL. The study sample was stratified by age (<45 years, 46-55, 256 years old), previous
positive molecular swab, gender and IgG S1 / S2 values at the completed vaccination course (<200, 2200 AU
/ mL). Statistical analyzes were carried out with the R software. Resu/ts: almost all of the sample (89.45%)
showed IgG Spike values> 200 AU / mL with statistically significant associations in relation to sex (greater
in females, p<0.05), to previous swab positivity in the presence of a vaccine dose (n = 44; p <0.001) and at
age (with greater antibody response in subjects under 45; p <0.001). Discussion and conclusions: The current
study confirms what is reported in the literature. In the light of the results obtained, it could be interesting
to promote studies that evaluate the antibody titers trend over time a) in women of childbearing age and
postmenopausal age b) in particular categories of subjects with chronic degenerative diseases to assess the
actual need for doses booster, it being understood that the immune system response is guaranteed by both
cellular and humoral immunity and that the antibody titer does not faithfully reflect the protection obtained.
(www.actabiomedica.it)
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Introduction

SARS-CoV-2 represents an unprecedented public
health problem. Nevertheless, many other communica-
ble diseases, which have lead to enormous economic and
social damage, have affected humanity throughout his-
tory, from the bubonic plague, cholera, smallpox, typhus,
measles, polio, diphtheria, the Spanish pandemic of
1918 (which killed between 50 and 100 million peo-
ple, 21 million of which in Europe alone), to the ongo-
ing HIV pandemic and the recent SARS epidemics in
2003, MERS in 2012 and, last but not least Ebola. (1)

In many cases, several efforts were made to obtain
an effective vaccination that could reduce the circula-
tion of the pathogen, which in some cases has remained
endemic, while in others, treatments have been intro-
duced that have increased the life span of patients.

Only one year has passed since the first known
case of Covid-19 was identified in the city of Wuhan
in November 2019, leading to the birth of multiple
studies beginning in the spring of 2020, and the con-
ditional marketing authorization for a first messenger
RNA vaccine: mRNA (Comirnaty, from the company
BioNTech / Pfizer) and immediately thereafter, on
January 6 2021, the vaccine produced by Moderna. (2)

If in 2020 the news focused on the spread of
COVID-19 across the world, in 2021 the main focus was
ending the pandemic through vaccine distribution. (3-5)

Covid-19 is caused by a SARS-CoV-2 virus
strain which belongs to the Coronaviridae family, and
is highly transmissible by air following human contact.
The virus causes Severe Acute Respiratory Syndrome
type 2 with symptoms including fever, cough and dif-
ficulty breathing, and frequent occurrences of bilateral
interstitial pneumonia as well as possible extra-pulmo-
nary manifestations (6).

According to a meta-analysis of studies, the sever-
ity of the clinical presentation of infected individuals
is strongly correlated with advanced age (> 60 years),
the male sex and the presence of comorbidities, such as
hypertension, diabetes, coronary heart disease, chronic
renal failure, cerebrovascular disease and chronic lung
diseases (7).

Body response following contact with the virus is
both humoral and cellular, mediated by T lymphocytes
(8). The SARS-CoV-2 genome encodes approximately

25 proteins. Protein S plays a critical role for fusion

and entry into the host cell and comprises an N-ter-
minal S1 receptor binding domain (RBD), the N-ter-
minal domain (NTD) and a C-terminal S2 subunit. It
is responsible for interaction with ACE2 receptor (9).

More specifically, humoral immunity is given by
the production of antibodies against the Spikes surface
glycoproteins and the nucleocapsid, which prevent
access of the virus by binding to the cellular ACE2
receptors (angiotensin converting enzyme) (10).

The presence of symptoms, younger age and
being female were associated with a stronger antibody
response, and in particular, a systematic review of virus-
specific serum antibody responses in SARS-CoV-2
infected individuals showed that IgM is consistently
detected before IgG, peaking between week 2 and
week 5 and falling over an additional three to three-
five weeks after infection. IgG peaks between the third
and seventh week after the onset of symptoms persist
for at least eight weeks. Neutralizing antibodies, with
the ability to limit virus growth in vitro, are detectable
within 7-15 days of disease onset and levels increase
until days 14-22, before stabilizing and then decreas-
ing. Lower antibody titers were observed in subjects
with asymptomatic or clinically mild disease (11)

To date, the treatments available are limited and
the most effective weapon remains vaccination.

The objective of our study was a) to evaluate the
antibody response in a sample of healthcare workers
undergoing a complete vaccination course as per min-
isterial provisions (double dose for negatives and single
dose for ex-SARS-CoV-2 patients positive) (12) with
Comirnaty vaccine (Pfizer / BioNTech) b) evaluate
the presence of statistically significant associations for
sex, age and previous positive swab

Materials and methods

A cross-sectional observational study was carried
out from February 2021 to May 2021.

The subjects enrolled in the study were repre-
sented by healthcare workers of the AOU Policlinic
“G. Martino” of Messina who, after being vaccinated
with a vaccination cycle with Comirnaty vaccine
(Pfizer / BioNTech) as product indication (13) pre-
sented voluntarily for serological screening to evaluate
the efficacy of the vaccine.
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The sample was divided into two cohorts:

a) vaccinated subjects without previous swab posi-
tivity;
b) vaccinated subjects with previous swab positivity.

The vaccination cycle was carried out for the first
dose from January 2nd to January 18th and for
the second dose, from January 19th to April 2nd
2021.

Serological evaluation

With the consent of the operator concerned, a
blood test of the subjects under study was taken to
determine the antibody levels of both the nucleocap-
sid antibodies and the anti-SARS-CoV-2 Spike anti-
bodies with the electrochemiluminescence method
(electrochemiluminescent immunoassay - ECLIA)
developed by Roche®. The cut-off value, as suggested
by the manufacturer, for anti-nucleocapsid antibodies
was 1 COI, while the Ig Spike value was 0.8 I/ mL.

Blood samples were taken 30 days after the second
dose for the vaccinated cohort and for those who tested
positive after negativization of the molecular swab.

Statistical data analysis
The study sample was stratified by sex, age (<45

years, 46-55, 256 years) and previous positive molecu-
lar swab.

Table 1. Socio-anagraphical characteristics of the sample.

For the statistical analysis, software R rel.4.1.0
was used. Categorical variables were expressed by
numbers and percentages, while continuous variables
were reported as meansxstandard deviations.

Shapiro-Wilk test and graphs (histograms and
Q-Q plots) will be used to test the assumption of
normal distribution. The Chi-square test and Mann-
Whitney U tests were performed on categorical and
non-parametric continuous data, respectively.

The Kruskal-Wallis test was conducted to com-
pare the stratified age (<45 years, 46-55, 256 years)
and analysis post hoc Conover (14) when significance
has been verified.

Two groups of patients were identified among the
responders, based on IgG S1 / S2 values at the com-
pleted vaccination cycle (<200, and> 200 AU / mL;
this cut off was chosen in relation to previous studies
(15). The likelihood of committing a type one error
was set to 0,05.

Results

The sample under study was represented by 2219
employees, of which 1300 were women and 919 men,
aged between 22 and 70 years (45.41+ 12.76 SD).

Socio-anagraphical characteristics of the sample
are represented in the Table 1.

Regarding the Anti-Sars-CoV2 Spike values,
almost all of the sample (89.45%) showed values above
the cut off we have chosen of 200 AU / mL (Figure. 1).

No. %
Gender
Male 919 41.4
Female 1,300 58.6
Age (Mean, SD and C.I. 95%) 45.41 + 12.76 (44.9 — 45.9)
Age class
<45 996 449
46-55 619 279
> 55 604 27.2
COVID-19
Positive in the past 18 0.81
- with one shot of vaccine before withdrawal 26 1.17
- never immunized
Negative but immunized 2.174 97.97
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Figure 1. Distribution of Anti-Sars-CoV2 Spike values titers
in the sample.

Although no statistically significant differences
were found in the sample means in relation to gender,
higher values> 200 AU / ml were most observed in
females (P<0.05) (Figure. 2).

The Table 2 shows the distribution of antibody
titers by gender, age group and Covid 19 history and
immunization. As regards gender, no significant statis-
tical differences were observed. The anti-SARS-CoV2
Nucleocapsid total Ig values were, in subjects with
previous positivity, ranging from a minimum of 0 to a
value of 241.2 (6.94+28.48).

Furthermore, age stratification showed higher
levels of antibody response in subjects under 45

(p <0.001) (Figure.3).
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Figure 2. Distribution of Anti-Sars-CoV2 Spike values by
gender
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Figure 3. Distribution of Anti-Sars-CoV2 Spike values by age

Table 2. Difference in level of Anti-Sars-CoV2 Spike Ig stratified by gender, age class and Covid-19 history and immunization

<200 > 200 p value
N (%) N (%)
Gender
Male 83 836 0.05
Female 151 1149
Age class
<45 78 918
46-55 86 533 0.001
> 55 70 534
CoViD-19 history and immunization
Positive in the past 1 26
-with one shot of vaccine before withdrawal 11 7 0.001
- never immunized 222 1952
Negative but immunized
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Table 3. Analysis of age groups analyzed

Age classes <45

46-55

>55 p value

Spike 1763,21 + 2113,51

1426,27 + 1942,43

1159,93 + 1582,56 0.001

Through Post Hoc analysis it is possible to high-
light that there are significant differences in the three
age groups. This significance is to be attributed to all
three age groups analyzed (Table 3).

In relation to the previous positivity to the swab
(n = 44), a reduction in the antibody titer of the sub-
jects was observed below of 200 AU / ml in 61.1%
of cases; moreover, in 96.3% of cases the value was
higher than 200 AU / ml after a single dose of vaccine.
In particular, a statistically significant difference was
observed between vaccinated with two doses, vacci-
nated with one dose and not vaccinated resulting from
antibody titers> 200 AU / ml found in the first and
second cohort. There were no differences in sample
means for Ig spike levels in the three cohorts.

Discussion

In this study we analyzed two different patient
cohorts in order estimate the antibody response in a sam-
ple of healthcare workers undergoing a complete vaccina-
tion course as per ministerial provisions (double dose for
negatives and single dose for ex - SARS-CoV-2 positive
patients) with Comirnaty vaccine (Pfizer / BioNTech);
and to estimate the presence of statistically significant
associations for sex, age and previous positive swab

First, we found that all subjects immunized with
the BNT162b2 m-RNA COVID-19 vaccine achieved
an immunological response with higher-than-cut IgG
concentrations. Furthermore, infected subjects also
had a serological response with an increase after a sin-
gle vaccine shot above the level of 200 AU / ml, as
reported in other studies (15). Considering that about
60% of patients had IgG concentrations below 200 AU
/ mL, and that in about 96% of patients after a single
dose the value was higher than this, we can state that
immunization, even with one administration, increases
the level of antibodies. This may be important in some
categories of patients given the decrease in persistence
of antibodies after natural immunity that has been
reported in the literature.

These results were in line with other studies in the
literature reporting that in a COVID 19 positive sub-
ject, a single dose of mRNA vaccine elicited post-vac-
cination antibody concentrations similar to or higher
than the concentrations found in seronegative partici-
pants who received two doses of the vaccine (15).

Furthermore, we observed that younger age and
female gender appear to be associated with higher
antibody titers, as previously described in the literature
(16-18).

Some possible limitations of the study are that
only humoral and non-cellular immune responses are
considered; furthermore, as reported in the literature,
we did not identify a protection cut-off.

However, on the other hand, higher antibody
titers may be related to protective immunity, and we
cannot fail to state that a lower titer is indicative of a
higher risk of infection.

As reported by previous studies, identifying a pro-
tective cut-off could be useful in some categories of
patients (19).

On the other hand, as reported by Westmeier
et al. in infected elderly patients we had a decrease in
CD8'T cells, which are responsable for cellular immu-
nity, and this could also be related to the lower titer
response to immunization (20).

The current study has confirmed what was
reported in the literature and, in the light of the results
obtained, it could be interesting to promote studies
that evaluate the antibody titer trend over time a) in
women of childbearing age and postmenopausal age
b) in particular categories of subjects with chronic
degenerative diseases, in order to estimate the actual
need for booster doses, it being understood that the
immune system response is guaranteed by both cellu-
lar and humoral immunity and that the antibody titer
does not faithfully reflect the protection obtained.
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