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In the present study, immunogenicity data in 61 vaccinated healthcare workers (HCWs) either infection
naïve (naïve HCWs) or with infection of Delta and/or Omicron COVID-19 (experienced HCWs) were eval-
uated up to 270 days after the second dose of BNT162b2 vaccine and up to 90 days after a booster dose. A
decrease in antibody levels at 270 days following administration of the second dose (p = 0.0335) was
observed, although values did not fall below the positivity threshold (33.8 BAU/ml). After booster vacci-
nation, antibody levels increased after 30 days (p = 0.0486), with much higher values than after first and
second vaccination. Antibody levels then decreased at 60 and 90 days after the booster dose. A compar-
ison between mean antibody levels of naïve and experienced HCWs revealed higher values in experi-
enced HCWs, resulting from both natural and vaccination-induced immunity. A total of 14.7% of HCWs
contracted the Omicron virus variant after the vaccine booster, although none showed severe symptoms.
These results support that a booster dose results in a marked increase in antibody response that subse-
quently decreases over time.

� 2022 Elsevier Ltd. All rights reserved.
1. Introduction

The global coronavirus disease 2019 (COVID-19) epidemic is
still ongoing [1]. Up to March 2022, more than 6 billion vaccina-
tions had been administered worldwide, impacting positively on
the control of the epidemic [2]. However, the observed reduction
in antibody levels over time after vaccination and the rise in posi-
tive cases have led to the need for a further booster vaccination [3–
4].

The emergence of new variants has also been witnessed across
the world; in recent months the Omicron variant (B.1.1.529), first
detected in South Africa, has spread to many countries in a short
space of time. In Italy, according to data from the Integrated
Surveillance System of SARS-CoV-2 variants, the Delta variant
was dominant (86.6%) between 23 October and 6 December
2021. Since December 2021, Italy has seen an increase in cases
involving the Omicron variant, which shows higher transmissibil-
ity and lower infection severity. Currently, the prevalence of Omi-
cron in Italy is at 99.2%, while that the Omicron BA.2 (B.1.1.529.2)
is increasing and now stands at 44.1%. We previously evaluated the
presence of antibodies to SARS-CoV-2 in samples from healthcare
workers (HCWs) at different time points over 90 days after the sec-
ond dose of BNT162b2 vaccine; we observed an initial increase in
antibody levels, which subsequently decreased and reached a pla-
teau at 60 days, with similar values detected after 90 days [5].

The aim of the present study was to evaluate antibody response
in HCWs over more extended periods, up to 12 months from the
first dose of vaccine, up to 270 days after the second dose, and
up to 90 days after administration of the booster dose in order to
trace the antibody trend in naïve HCWs and in HCWs with a Delta
and/or Omicron COVID-19 infection.
2. Materials and methods

Immunogenicity was evaluated in 61 vaccinated Caucasian
HCWs, 26 male and 35 female, aged 27 to 70 years at the Clinical
Pathology Laboratories of the University of Campania ‘‘Luigi Van-
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vitelli” Hospital in Naples (Italy). None of the subjects were taking
immunomodulatory drugs, and lifestyle, diet, and level of physical
activity remained unchanged throughout the study period. All par-
ticipants gave their informed consent to participate in the study. Of
the 61 HCWs, 17 had a COVID-19 infection (experienced HCWs),
five before the first vaccination in October and December 2020,
three following the second dose, and two, three, and four about
50, 70, and 80 days after the booster vaccination, respectively; 44
were naïve HCWs, without previous infection.

A venous blood sample was taken 180 and 270 days after
second-dose vaccination. In November 2021, 300 days after the
second dose, all the HCWs received a booster dose (30 lg) of the
BNT162b2 mRNA COVID-19 vaccine (Comirnaty; Pfizer). Venous
blood was collected 30, 60, and 90 days after booster vaccination.

The DiaSorin Liaison SARS-CoV-2 TrimericS IgG (DiaSorin TriS
IgG; DiaSorin) chemiluminescence immunoassay (CLIA) was used
to quantify IgG antibodies in human serum against a trimeric S-
protein antigen on a DiaSorin Liaison, as previously described [5].

Anti-SARS-CoV-2 IgG antibody levels were expressed in World
Health Organization (WHO) International Standard (NIBSC code.
20/268) binding arbitrary units (BAU/ml). Samples were consid-
ered positive when values were � 33.8 BAU/ml.
2.1. Statistical analysis

Data are reported as mean ± SD, unless otherwise stated. A com-
parison between the two groups was performed using Student’s t-
test. Significance was assumed for p-values less than 0.05.
Fig. 1. Mean values of anti-trimeric spike protein specific IgG antibodies (BAU/mL) in 44
according to sex and to age (A); at 30, 60, and 90 days after booster dose of vaccine, ac
according to sex and age combined (C). (*p less than 0.05).
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3. Results

The mean values of serum levels of IgG antibodies to SARS-CoV-
2 in the 44 naïve HCWs at 180 and 270 days after the second vac-
cine dose and according to sex and age are shown in Fig. 1A. The
overall mean value of IgG serum antibody levels to SARS-CoV-2
at 180 days after the second dose was 453.7 BAU/ml and decreased
to 314 BAU/ml (p = 0.0335) at 270 days. No associations were
found between antibody levels and sex, although higher levels
were observed in female participants at both 180 and 270 days
(decreasing from 528.2 BAU/ml to 367.9 BAU/ml) than in male par-
ticipants (decreasing from 335.3 BAU/ml to 228.5 BAU/ml). A sig-
nificant difference was observed in the 27–40 age group
(p = 0.0202).

After booster vaccination, high antibody levels were observed
after 30 days; the mean values of serum levels of IgG antibodies
at different time points and according to sex and age are illustrated
in Fig. 1B. The overall mean value of IgG antibody serum levels at
30 days after the booster vaccination was 7162 BAU/ml and
decreased to 4846 BAU/ml after 60 days, further decreasing to
3183 BAU/ml at 90 days. The difference in mean values of antibody
levels of all HCWs was statistically significant between 30 and
60 days (p = 0.0486) and between 60 and 90 days (p = 0.0292).
In addition, there was a significant difference in antibody levels
in males between 60 and 90 days (p = 0.0307).

The mean values of IgG serum antibody levels at different time
points in male and female naïve HCWs after the booster dose clas-
sified according to age are shown in Fig. 1C. No associations
between antibody levels and age groups were observed, although
naïve healthcare workers (HCWs): at 180 and 270 days after second dose of vaccine,
cording to sex and to age (B); at 30, 60, and 90 days after booster dose of vaccine,



Fig. 2. Anti-trimeric spike protein specific IgG antibody (BAU/mL) values at 180 and 270 days after second dose of vaccine and at 30, 60, and 90 days after booster dose of
vaccine in: 5 experienced HCWs infected by SARS-CoV-2 before vaccination in October–December 2020 (A); 3 experienced HCWs infected by SARS-CoV-2� 70–140 days after
second dose (B); 9 experienced HCWs infected by SARS-CoV-2 � 50–80 days after booster dose (C). * HCW also infected with Omicron variant � 80 days after booster dose.
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a difference in the mean value of antibody levels was found to be
statistically significant between 30 and 60 days (p = 0.0492) and
between 60 and 90 days (p = 0.0075) in male participants aged
41–55 years.

Seventeen experienced HCWs were infected by the COVID-19
Delta and/or Omicron variant. Antibody levels of 5/61 (8.2%) HCWs
infected with the Delta variant of SARS-CoV-2 before vaccination
are shown in Fig. 2A. Of the 17 experienced HCWs, one was also
infected with the Omicron variant after the booster dose. Antibody
levels of 3/61 (4.9%) HCWs infected with the Delta variant after the
second dose are shown in Fig. 2B. Antibody values of 9/61 HCWs
(14.7%) infected with the Omicron variant after the booster dose
are shown in Fig. 2C. None of the experienced HCWs showed sev-
ere symptoms.

A comparison between mean antibody levels of naïve HCWs
and experienced HCWs is illustrated in Fig. 3. Higher values were
observed in experienced HCWs, infected before vaccination and
after the second dose, at all dosing times compared to naïve HCWs.
In experienced HCWs infected after the booster dose, antibody
levels increased significantly from 30 days to 90 days after booster
administration, while values in naïve HCWs and experienced
HCWs infected before vaccination and after the second dose
decreased.
4. Discussion

Since December 2020, several SARS-CoV-2 variants have
emerged and have been classified by the WHO as variants of con-
cern (VOC): Alpha (B.1.1.7), first detected in the United Kingdom;
Beta (B.1.351), first identified in South Africa; Gamma (P.1), first
detected in Brazil; Delta (B.1.617.2), first identified fin India; and
Omicron (B.1.1.529). The Omicron variant has many mutations
compared to the original virus, which could lead to significant
changes in the antigenic properties of the virus [6–11].

In a previous study we reported a decrease in antibody levels
from 60 to 90 days after the second dose of BNT162b2 vaccine
[5]. Here, we show that antibody levels continue to decrease at
180 and 270 days after the second dose (p = 0.0335), indicating
Fig. 3. Comparison between mean values of anti-trimeric spike protein specific IgG an
before vaccination, after second dose, and after booster dose.
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that by nine months following second-dose administration of
BNT162b2, humoral response was substantially reduced. A study
conducted on 4868 HCWs up to six months after the second dose
showed a considerable decrease in antibody levels [12]. Notably,
in our study the values do not fall below the positivity threshold
(33.8 BAU/ml), demonstrating the persistence of vaccine-induced
antibody response.

After the booster vaccination, we found, as expected, that anti-
body levels increase after 30 days (p = 0.0486), with much higher
values than after the first and second vaccination [5]. Our observa-
tions are in line with a previous study that tested the antibody
levels of Italian HCWs receiving primary vaccination with
BNT162b2 vaccine, followed by administration of a homologous
second dose and one month later by a booster vaccination; the
authors observed an antibody peak with values almost three times
higher than those found one month after the second dose [13].
Therefore, SARS-CoV-2-specific memory lymphocytes induced by
the first vaccination trigger a faster and more effective antibody
response after a booster vaccine. However, at 60 and 90 days after
the booster dose, antibody levels decline quickly, as reported in
another study [14], showing that a booster dose induces high anti-
body levels which then undergo a considerable decrease over time.
Evidence that vaccine effectiveness declines suggested the need for
a fourth dose in individuals at risk, subsequently authorized by the
Food and Drug Association (FDA) in March 2022 [15].

Since it was previously assumed that the immune response to
two doses of BNT162b2 is lower in people aged 65 to 85 years than
in those aged 18 to 55 years [16], a recent study assessed the anti-
body response in individuals aged 60 years and older after a third
BNT162b2 dose and observed a significantly increased antibody
titer without any correlation with age [17]. In our study, however,
we found significant differences in the 27–40 age group after the
second dose and in the male 41–55 subgroup after the booster
dose.

In experienced HCWs, infected before vaccination, higher anti-
body levels that those in naïve HCWs were detected (Fig. 3). Previ-
ous studies showed that mRNA vaccines elicit rapid immune
responses in seropositive individuals with post-vaccine antibody
tibodies (BAU/mL) in naïve HCWs and experienced HCWs infected by SARS-CoV-2
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titers that are either comparable to or even exceed titers in naïve
vaccinated individuals with two doses [18], as the values are the
result of both natural immunity and immunity induced by
vaccination.

Here, a total of 4.9% experienced HCWs contracted the virus
between 70 and 140 days after the second dose, probably when
antibody levels provide less protection, as reported in previous
studies, where 0.3–3% of HCWs were infected after two doses of
vaccine [19–20]. The level of antibodies in our experienced HCWs
was higher than in naïve HCWs, but lower than in those infected
before vaccination (Fig. 3).

A study conducted using data fromMaccabi Healthcare Services
in Israel, in a population aged 40 years or older, found a positive
rate for COVID-19 of 1.8% after the booster dose [21]. Our data
show that 14.7% of HCWs contracted the Omicron variant, despite
having received a booster dose and the presence of high antibody
levels. However, none of these HCWs showed severe symptoms,
and experienced only mild manifestations such as fatigue, colds,
sore throat, low-grade fever, and joint pain.

Virological and efficacy studies are currently underway to
assess the impact of the Omicron variant on protection conferred
by vaccines. The Omicron variant is 2.8 times more infectious than
the Delta variant [22] due to mutations in the spike protein associ-
ated with increased infectivity and antibody evasion [23].

In a study by Nemet et al, serum samples from subjects who
received two or three doses of BNT162b2 vaccine were tested for
the ability to neutralize the Omicron variant in vitro. Although
neutralization activity was poor after two doses of the vaccine,
substantial neutralization of the Omicron variant was found in
samples from participants who received three doses [24].

A study evaluating the sensitivity of the Omicron variant to
neutralization in serum pools from vaccinated and previously
infected HCWs found an extensive, but incomplete, evasion of neu-
tralizing antibody responses by the variant [25].

Another study showed that even after heterologous vaccination,
the immunogenicity of BNT162b2 vaccine remains for up to
15 weeks after the booster dose [26]. A study in Japan also indi-
cated that vaccination followed several months later by a SARS-
CoV-2 infection offers better protection against the Omicron vari-
ant than when infection occurs soon after vaccination, thanks to
long-lived cells that carry a memory of the pathogen and confer
enhanced protection against later infections [27].

The role of T cells and their potential to provide long-term pro-
tection from re-infection with SARS-CoV-2 remains debated. A
study investigating circulating leukocyte T cell response in healthy
subjects, COVID-19-infected, and in healthy vaccinated subjects
found a significant decrease in CD8+ T cells and an increase in
CD4+/CD8+ ratio in the COVID-19-infected group compared with
vaccinated individuals; healthy vaccinated subjects showed signif-
icant increased expression of CD8+ T cells and a reduction in CD4+/
CD8+ ratio compared to those previously infected with COVID-19.
In addition, an increase in central memory and terminal effector
memory cells was observed [28–31].

Monitoring humoral immune responses after booster COVID-19
vaccination allows us to analyze the kinetics of anti-SARS-CoV-2
antibodies and supports current policies promoting a booster vac-
cine to reinforce humoral immunity, especially in people at higher
risk of developing severe illness. Our results support that a booster
dose results in a marked increase in antibody response, although a
small percentage of individuals can contract the Omicron variant. A
fourth dose of vaccine has also been indicated by FDA for some
specific categories.

The need still remains to test vaccines that are specific for the
Omicron variant, and several institutions have in fact already
started researching and developing Omicron variant-specific
COVID-19 vaccines.
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