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Abstract: Although the anti-COVID-19 vaccination has proved to be an effective preventive tool,
"breakthrough infections" have been documented in patients with complete primary vaccination course. Most
of the SARS-CoV-2 neutralizing antibodies produced after SARS-CoV-2 infection target the spike protein
receptor-binding domain which has an important role in facilitating viral entry and infection of the host cells.
SARS-CoV-2 has demonstrated the ability to evolve by accumulating mutations in the spike protein to escape
the humoral response of the host. The aim of this study is to compare the titers of neutralizing antibodies
against the variants of SARS-CoV-2 by analyzing the sera of recovered and vaccinated healthcare workers
(HCWs). 293 HCWSs were enrolled and divided into three cohorts as follows: 91 recovered from SARS-CoV-2
infection (nVP); 102 vaccinated who became positive after the primary cycle (VP); 100 vaccinated with complete
primary cycle who concluded the follow-up period without becoming positive (VN). Higher neutralization
titers were observed in the vaccinated subjects” arms com-pared to the nVP arm. Differences in neutralization
titers between arms for single variant were statistically significant (p<0.001) except for titers against the Alpha
variant (p<0.05) between nVP and VP. Within the nVP group, the number of subjects with the absence of
neutralizing antibodies was high. The presence of higher titers in patients with a complete primary cycle
compared to patients recovered from the infection suggests a better efficacy of artificial immunization
compared to natural immunization, further encouraging the promotion of vaccination even in subjects with
previous infection.

Keywords: SARS-CoV-2; healthcare workers; vaccine; COVID-19; neutralizing antibodies; variants
of concern

1. Introduction

At the end of 2019, the first cases of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) infection were diagnosed. SARS-CoV-2 is a Betacoronavirus capable of causing a disease
called COVID-19 (COronaVIrus Disease 19), mainly characterized by an influenza-like syndrome.
Typical manifestations are fever, dry cough, and dyspnea; other symptoms include headache,
dizziness, vomit and diarrhea. [1,2] However, SARS-CoV-2 infections may present in various forms,
causing mildly symptomatic affections or even Acute Respiratory Distress Syndromes (ARDS),
accompanied by a severe systemic inflammation, leading eventually to multiple organ failure (MOF).
[1] It appears that susceptibility to the infection and clinical manifestations severity are associated to
patients’ age; typically, older people with comorbidities may develop severe symptomatic infection,
eventually leading to hospitalization and even death, while younger subjects may develop mild
forms or even asymptomatic infections. [3,4]

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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As for other Betacoronaviruses, human to human transmission happens through respiratory
droplets. Median incubation time is four to six days before the onset of symptoms; during this period
high viral loads have been identified in the host, or at the symptoms’ onset and during the first week
of the disease, determining a high transmission potential even with mildly symptomatic infections.
[1,3] This led to a rapid spread of SARS-CoV-2 worldwide, causing more than 100,000 confirmed
cases and over 4000 deaths by early 2020 [5]. Therefore, on the 11th of March 2020, COVID-19 was
declared a pandemic by the WHO Director-General [5], launching a global effort to develop effective
vaccines [6].

In a short time, already in the course of 2020, various vaccines were developed to pursue and
obtain an efficient SARS-CoV-2 prevention tool [1]. BNT162b2 mRNA COVID-19 (Comirnaty)
Vaccine, an mRNA vaccine encoding for the full-length SARS-CoV-2 spike glycoprotein (S), was the
first SARS-CoV-2 vaccine approved by both Food and Drug Administration (FDA) and the European
Medicines Agency (EMA) in December 2020. At the end of the same month, vaccination campaign
against SARS-CoV-2 started, immediately showing a good impact on severe illness.

Several studies demonstrated the immunogenicity of Comirnaty ® vaccine, showing sustained
antibody response after vaccination. Originally, the primary vaccination schedule included injection
of two doses of BNT162b2, 21 days apart. A 95% protection against COVID-19 has been claimed
following administration of two doses of BNT162b2 [7]. Despite these results, several people have
been infected by SARS-CoV-2 after a second dose of BNT162b2, as demonstrated by positive
nasopharyngeal swabs.

Most of the SARS-CoV-2 neutralizing antibodies (NtAbs) produced after SARS-CoV-2 infection
target the spike (S) protein receptor-binding domain (RBD) [8-10]. RBD is a subdomain of SARS-CoV-
2 S-protein which is exposed on the virus membrane and has an important role in facilitating viral
entry and infection of the host cells [9,10]. SARS-CoV-2 has demonstrated the ability to evolve by
accumulating mutations in the spike protein in order to escape the humoral response of the host: the
rapid emergence of SARS-CoV-2 Variants of Concern (VOC) such as Alpha (B.1.1.7), Gamma (P.1),
Delta (B.1.617.2) and Omicron (B.1.1.529) has caused large outbreaks also among previously infected
and vaccinated populations [11].

Since the early months of the pandemics, healthcare workers, have shown a remarkable risk of
SARS-CoV-2 infection and subsequent morbidity and mortality [12,13], higher than the general
population, especially for those in the frontline, either using adequate personal protective equipment
or not [14]. This has led to prioritizing healthcare workers’ vaccination at the start of the anti-COVID
immunization campaigns worldwide, alongside with elderly patients. [15] Healthcare workers’
exposure has been shown related to a considerable, although declining, risk of SARS-CoV-2 infection
throughout the year 2020 and during the early phases of the vaccination campaign in 2021. [16]

Keeping these premises in mind, the aim of the present study is to identify factors that might
have a role in SARS-CoV-2 infections in vaccinated healthcare workers (HCWs), by analyzing sera
from different subjects” groups.

With the objective of understanding why some vaccinated HCWs were infected, we compared
vaccinated subjects’ and not vaccinated infected subjects’ sera and measured the neutralizing
antibodies against Wild-Type SARS-CoV-2 and other variants by in vitro live virus neutralization
assay.

2. Materials and Methods

2.1. Population

We retrospectively analyzed differences in neutralizing antibodies response in HCWs of both
sexes and aged between 18 and 70, working at the Policlinico University Hospital “P. Giaccone” of
Palermo, whose sera were collected from October 2020 to October 2021 at the Microbiology and
Virology Laboratory of the University Hospital.

Our study population was divided into 3 cohorts of HCWs (Figure 1):
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1. Non-Vaccinated Positive (nVP) cohort: Unvaccinated subjects who were diagnosed positive
for SARS-CoV-2 infection by molecular test on a nasopharyngeal swab (NPS) sample
between August 2020 and March 2021, whose sera were collected 10 to 180 days after a
positive test for COVID-19.

2. Vaccinated Positive (VP) cohort: Subjects who received 2 doses of BNT162b2, and were
successively diagnosed positive for SARS-CoV-2 at RT-PCR molecular test on an NPS
sample, whose sera were collected 10 to 180 days from administration of the second dose
of vaccine, encompassing the humoral response peak and the decline of the humoral
response [17,18], and at least 10 days before diagnosis of infection (“positivization”).

3. Vaccinated Non-positive (VN) cohort: Subjects who have received 2 doses of BNT162b2,

without evidence of post-vaccination SARS-CoV-2 infection, with sera collected 10 to 180
days after the second vaccine dose administration.

BLOOD SAMPLING:
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Figure 1. Inclusion criteria for the three study cohorts.

Subjects included in the three different cohorts were matched by age (+ 5 years), sex, and days
(£ 15) to blood collection from the administration of vaccine, for VN and VP group, or days (+ 15)
from blood collection to a positive COVID-19 test for nVP group. The date of COVID-19 positivity
was retrieved from the national COVID-19 cases database, updated until February 2022.

2.2. Virus neutralization assay

We used a previously described in vitro live virus-neutralization assay to quantify neutralizing
antibodies (NtAbs) [19]. The Vero E6 cell line, cultured and maintained at 37 °C in MEM containing
10% FBS and antibiotics (100 U/mL of penicillin and 100 pg/mL of streptomycin) (Gibco, Life
Technologies, USA), were used to isolate Wild-Type SARS-CoV-2 and its VOC (Alpha, Delta,
Gamma, and Omicron variants) obtained from clinical samples. Isolation and live virus micro-
neutralization assays were performed in a BioSafety Level (BSL)-3 laboratory. Genetic characteristics
of SARS-CoV-2 strains were investigated by sequence analysis of spike protein before and after
isolation in cell culture. Testing procedures of clinical specimens were carried out through strict
observance of the WHO interim guidance [20]. The titers of NtAbs were determined using separately
cells infected with Wild-Type virus and the above-mentioned VOCs. The degree of cytopathic effect
(CPE) was evaluated after 3 days of incubation at 37°C 5% CO2. NtAbs titers were defined as the
reciprocal value of the sample dilutions (from 1:10 to 1:1280) showing a 50% protection from virus-
induced cytopathic effect (ID50). Titers below 10 were reported as “negative”.

2.3. Statistical Analysis
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Categorical variables were summarized by frequency and relative frequencies (%), whereas
continuous variables were shown as mean (standard deviation — SD) if normally distributed and
median (interquartile range — IQR) for not normally distributed variables. Moreover, neutralizing
antibody titers were summarized by geometric mean and geometric standard deviation (GSD), in
accordance with the international scientific literature [21]. To test for the normal distribution of
continuous data, the Shapiro-Wilk test for normality was applied. To compare demographic data
among the groups, Pearson’s Chi-squared test was used. Inter-group comparisons were assessed by
using the Mann-Whitney U-test.

All statistical analyses were conducted using R for Statistical Computing (R version 4.2.1,
Vienna, Austria) within the Rstudio interface (Rstudio, PBC, Boston, MA), and a p-value <0.05 was
considered statistically significant [22,23].

3. Results
The study population comprised 293 HCWs, of which 91 were in the nVP cohort, 102 in the VP

cohort and 100 in the VN cohort. Their demographic characteristics are represented in Table 1.

Table 1. Sociodemographic characteristics of the three study cohorts: nVP (not Vaccinated Positive
cohort), VP (Vaccinated Positive cohort), VN (Vaccinated Non-positive cohort).

nVP VP VN p-value
No. of Subjects 91 102 100
Sex, N (%)
- Female 56 (61.5%) 59 (57.8%) 62 (62%) 0.804
- Male 35 (38.5%) 43 (42.2%) 38 (38%)

Age in years; Median (IQR) 36 (29 - 51.5) 32 (27 -51) 33.5 (28 - 51) 0.485
Days to serum collection from
exposure; Median (IQR)

61 (31.5-102.5) 51 (18.3-995) 57.5(18.8-104)  0.140

During the observation period, a few subjects enrolled in the VN cohort became SARS-CoV-2
positive and, therefore, they were moved to the VP cohort, resulting in a total number of 102 HCWs.
Their presence did not lead to any statistically significant differences for sex and age between the
three cohorts. We then replaced the missing subjects in the VN cohort with other HCWs with the
same characteristics.

Female subjects were 56 (61.5%) in nVP cohort, 59 (57.8%) in VP cohort and 62 (62%) in VN
cohort. Differences in sex distribution among the groups were not statistically significant. Also the
median age (36 in nVP, 32 in VP and 33.5 in VN) and the median of days to blood collection from
vaccination or the exposure to the infection (61 in nVP, 51 in VP, 57.5 in VN) showed no statistically
significant difference between the cohorts.

Table 2 shows the general serological characteristics of the three population groups. In the nVP
cohort, the geometric mean NtAbs titers range from 5.92 against Omicron variant to 24.11 against
Alpha; in the VP cohort, it ranges from 10.50 against Omicron to 48.45 against Gamma; in the VN
cohort, it ranges from 7.45 against Omicron to 60.90 against Alpha. Considerable proportions of the
sera analyzed did not have detectable NtAbs against the Omicron variant: 76.92% in the nVP group,
42.16% in the VP group and 56% in the VN group.

Table 2. Serological characteristics of the three study cohorts: nVP (not Vaccinated Positive cohort),
VP (Vaccinated Positive cohort), VN (Vaccinated Non-Positive cohort).

nVP vP VN

Neutralizing Antibody titers against variants
(reciprocal value of the sample dilution); Geometric
Mean (+GSD) 11.68 (£2.72) 43.92 (£2.11) 41.10 (+2.42)
- Wild-Type 2411 (+ 3.40) 33.25(+2.71) 60.90 (+2.67)
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- Alpha 10.55 (£ 2.77) 43.27 (£2.52) 29.02 (+3.24)
- Delta 15.88 (£3.62) 48.45 (£2.79) 45.66 (+2.52)
- Gamma 592 (£3.92) 10.50 (£2.10) 7.45 (+1.64)
- Omicron
Absence of Neutralizing Antibodies against variants.
N,(%) 42 (46.15%) 1 (0.98%) 6 (6%)
- Wild-Type o o o
- Alpha 20 (21.74%) 6 (5.88%) 2 (2%)
- Delta 45 (49.45%) 4 (3.92%) 12 (12%)
- Gamma 40 (43.96%) 7 (6.86%) 6 (6%)
. 70 (76.92%) 43 (42.16%) 56 (56%)
- Omicron

Figures 2—4 show violin plot graphs for each group (nVP - Fig. 2, VP - Fig. 3, VN - Fig. 4)
representing the distributions of NtAbs titers against Wild-Type SARS-CoV-2 and VOCs. The
subjects in the nVP cohort showed a wide range of NtAbs titers (0 to 320) against Alpha, Gamma,
and Delta VOCs, a shorter range against the Wild-Type, while NtAbs against Omicron were almost
undetectable (0 to 15). Subjects in the VP cohort showed the following distributions ranges of NtAbs
against the VOCs: from 0 to 280 against the Wild-Type, from 0 to 320 against Alpha, Gamma, and
Delta, and from 0 to 60 against Omicron. Subjects in the VN group had the following distributions
ranges of NtAbs: from 0 to 320 against Wild-Type, Alpha and Delta, from 0 to 240 against Gamma,
and from 0 to 40 against Omicron. The differences in NtAbs titers distributions against Omicron and
against the other VOCs are statistically significant in all three groups.
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Figure 2. Comparison between neutralizing antibodies titers distributions against the different
variants within the unvaccinated positive subjects (nVP) cohort. Use of the Mann-Whitney U-test with
associated p-values.
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Figure 3. Comparison between neutralizing antibodies titers distributions against the different
variants in the vaccinated positive subjects (VP) cohort. Use of the Mann-Whitney U-test with
associated p-values.
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Figure 4. Comparison between neutralizing antibodies titers distributions against the different
variants in the vaccinated non-positive (VN) cohort. Use of the Mann-Whitney U-test with associated
p-values.

In Figure 5, the violin plot graph describes the comparisons between distributions of NtAbs titers
in each group against each different variant. Almost all differences in the NtAbs distributions for
each variant are statistically significant.
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Figure 5. Comparison between neutralizing antibodies titers distributions against the different
variants in the vaccinated non-positive (VN) cohort. Use of the Mann-Whitney U-test with associated
p-values.

4. Discussion

Our study aimed at evaluating the possible determinants of infection in subjects already
immunized against SARS-CoV-2 either by a previous infection or by vaccination. HCWs were chosen
as the target population of our study because they have been considered at high risk for SARS-CoV-
2 infection, morbidity and mortality since the beginning of the pandemic spread [12,14]. For the same
reason, they have been identified as a priority target group in the earliest phases of vaccination
campaigns [15]. In 2021 new variants of SARS-CoV-2 emerged and spread rapidly, with different
infectivity and transmissibility patterns, leading first to a replacement of the Wild-Type SARS-CoV-
2 and, then in turn becoming the predominant strain responsible for the subsequent “pandemic
waves” [19]. Therefore, with the aim of speculating on vaccine efficacy against future variants, we
assessed the neutralizing efficacy of the immune response against the major SARS-CoV-2 VOCs,
compared to the Wild-Type strain, whose spike protein mRNA was included in the vaccine [24-27].

The presence of specific NtAbs has been predictive of adequate protection from SARS-CoV-2
infection by both the Wild-Type and the VOCs, although a decline of neutralizing titers against VOCs
has been described elsewhere [28,29]. Many studies have described the capacity of Wild-Type strain
SARS-CoV-2 and other VOCs to escape the protective host immunity induced by both natural
infection and vaccination [28-35]. Overall, the analysis of the HCWs sera showed a generally
acceptable neutralizing potency, when compared to results available from previous literature [28,36].

In our study, subjects in the nVP cohort showed higher titers against the Alpha variant than
against all other strains. The prevalence of Alpha-specific NtAbs was not surprising, as that variant
predominantly circulated during the time period in which the nVP population was infected [37], but
the lack of protection from subsequent VOCs somewhat confirmed the escape ability gained by newer
variants. On the other hand, vaccinated individuals developed comparable mean neutralizing
responses to all VOCs.

As expected, a higher proportion of subjects who did not receive the vaccine did not produce
measurable levels of NtAbs. A number of studies in the literature have described that Wild-Type
SARS-CoV-2 strain and other variant strains may escape the host protective immunity induced by
both natural infection and by vaccination [31,33-35].

In our study, the subjects in the nVP cohort showed higher NtAbs titers specifically against the
Alpha variant than against the other strains, and significantly lower or no antibody production
against the Omicron variant, somewhat confirming the escaping ability of this variant. The
prevalence of Alpha-specific NtAbs might be attributable to the circulation of that variant during part
of the time range in which the nVP population had been infected. An increasing incidence of
infections by the Alpha VOC, although never dominating, has characterized a wave of COVID cases
during the last weeks of 2020 and the first months of 2021 in Sicily [37], and this might explain our
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results. Such hypothesis can only be presumed but not confirmed due to unavailability of genotyping
on the biological samples.

However, in our study neutralizing response against different viral strains was encouraging in
general, all the groups showed wide ranges of NtAbs titers against the Wild-Type and the VOCs,
except against the Omicron strain. Antibodies against the latter were significantly lower in all groups,
and a remarkable number of subjects didn’t have detectable levels of NtAbs against the Omicron
strain. This result aligns with previous studies describing considerably reduced humoral response
against the Omicron strain and almost no vaccine effectiveness against symptomatic disease after two
doses of BNT162b2 [38]. Omicron sub-variants have generally higher immune escape ability than
other SARS-CoV-2 VOCs [34,39], even though the earlier Omicron sub-variants (BA.1 and BA.2)
appeared to have stronger binding affinities than other VOCs [39]. The Omicron variant is
characterized by great antigenic variability due to the selection of 37 mutations in the spike protein,
the main immunogenic protein of the virus and capable of inducing the production of neutralizing
antibodies [40,41]. However, significant protection against Omicron has been shown at least within a
short time after booster dose, but initial elevation of the NtAbs titers was followed by a remarkable
decline over time [38,42,43]. These results raise concerns about the potential protective efficacy of
antibodies against Omicron over time [44,45], justifying the need for periodic administration of
booster doses and production of vaccines based on newly emerging variants. This has been furtherly
confirmed by a recent literature review, analysing several studies which implied how booster doses
administration increased Nt Abs production and conferred a stronger protection against severe
COVID-19 [46].

The analysis of the HCWSs sera collected in this study showed a generally acceptable neutralizing
potency, confirming the results of several studies that focused on the immune response to SARS-
CoV-2 infection and/or COVID-19 vaccination [19,30]. However, a significantly lower neutralizing
response following natural infection was recorded in the unvaccinated group (nVP) compared to the
vaccinated HCWs, once again confirming the importance of promoting these professionals’
immunization, keeping in mind that their role exposes them to a higher risk of infection than the
general population and to becoming a potential vehicle for virus transmission virus to subjects with
comorbidities and a weaker immune system.

It is worth noting that, since our study involved a sample of HCWs, being more exposed to
infectious agents, these results might not be fully applicable to the general population. On the other
hand, since fewer and fewer healthcare workers have remained unvaccinated, also due to the
mandatory vaccination against SARS-CoV-2 for such professionals, approved in Italy as an
emergency decree on April 1, 2021, further enrollment in the nVP cohort will be more and more
difficult.

It has been estimated that higher titers are required for protection from severe infection than the
ones required to protect from any symptomatic infection and mild/moderate symptomatic infection
[28]. Unfortunately, it was not possible to collect information on the clinical status of the infected
participants both in the nVP and VP group, limiting our capability to correlate humoral immunity
with development of symptomatic infection. Lastly, another limitation of our study was not to
examine other immune responses (e.g., innate, or cellular immunity) which are commonly involved
in contrasting viral infections and elicited by COVID vaccination [18], preventing from assessing any
potential correlation between the different types of immune responses.

Despite this, it is critical to underline that these data underscore the need of promoting COVID-
19 vaccination on a routine basis. This is due to the emergence of novel VOCs, as well as evidence
indicating that antibody protection conferred by vaccinations based on SARS-CoV-2 variations
genetically distant from the circulating version is insufficient. Recent advancements have resulted in
the approval of a vaccine formulation based on mRNAs encoding the SARS-CoV-2 VOC XBB.1.5
Spike protein [47]; this Omicron sub-lineage has been shown to resist immune response induced by
one of the latest vaccines, based on both Wild-type and Omicron BA.4/BA.5 [47,48]. Based on these
findings and a plethora of additional information, it is the role of professionals working in public
health to educate the general population about the benefits of having SARS-CoV-2 vaccinations in
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the following months, and to maintain an active surveillance system to detect the emergence of new
VOCs, evaluate the risks for the community and be prepared to contrast the undesired spread of the
virus. This is aimed at preventing an increase in the number of patients suffering from respiratory
diseases caused by SARS-CoV-2 infections.

5. Conclusions

The results of the present study offer supplemental evidence to confirm antibodies protection
against the predominant SARS-CoV-2 VOCs, in both unvaccinated and vaccinated subjects.
However, the humoral response of people infected and unvaccinated appeared to be less adequate
to contrast different variants of SARS-CoV-2. Therefore, future constant research might be
accompanied by investigation of the clinical features of SARS-CoV-2 infection in immunized subjects.
These findings confirm the need to promote booster vaccination for both previously infected and
vaccinated people. The procedures illustrated in this paper could be applied to evaluation of the
several vaccine platforms available and developed in the future, and their immunizing potential.
Moreover, the low immunity against Omicron variants elicited by both previous infection and
vaccination pushes to continue monitoring VOCs circulation, to detect newly emerging SARS-CoV-
2 variants and contrast their spread with proper public health measures.
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