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ARTICLE INFO ABSTRACT

Keywords: Background: Vaccine-induced population immunity is a key global strategy to control coronavirus disease 2019
COVID-19 (COVID-19). The rapid implementation and availability of several COVID-19 vaccines is now a global health-care
SARS-CoV-2 vaccine priority but more information about humoral responses to single- and double-dose vaccine is needed.
iﬁz&gﬁ;’z Methods: 163 health care workers (HCW) of the Padua University Hospitals, who underwent a complete vacci-
Serology nation campaign with BNT162b2 vaccine were asked to collect serum samples at 12 (t12) and 28 (t28) days after
Immunological response the first inoculum to allow the measurement of SARS-CoV-2 Antibodies (Ab) using chemiluminescent assays
Immunoassays against the spike (S) protein and the Receptor Binding Domain (RBD) of the virus, respectively.

Results: Significant differences were found at t12 for infection-naive and subjects with previous-natural infection
who present higher values of specific antibodies, while no significant differences have been found between t12
and t28. No statistically significant difference was found between male and female, while lower Ab levels have
been observed in subjects older than 60 years at t12 but not at t28.

Conclusions: Our study confirms observed differences in vaccine responses between infection-naive and subjects
with previous natural infection at t12 but not for a longer time. The influence of sex and age deserves further

studies, even if the relationship with age seems particularly significant.

1. Introduction

Coronavirus disease 2019 (COVID-19) is a major public health issue.
To contrast the spread of SARS-CoV-2, the rapid immune-induced
vaccination has been suggested as a key global strategy and, currently,
a total of 82 vaccines are in clinical development, and 182 are in pre-
clinical development (https://www.who.int/publications/m/item/dra
ft-landscape-of-covid-19-candidate-vaccines). Several of the vaccines
currently developed are based on a double-dose, the prime and boost
approach. This strategies allowed to obtain a high immunity, which was
demonstrated, for example, to be effective in preventing 95% of Covid-
19 cases for BNT162b2 (Pfizer/BioNTech, Comirnaty) [1]. Similarly,
strong evidence has been reported that a second dose enhances the

antibody response in other vaccines [2,3].

In most European countries, the vaccination campaigns started be-
tween the 26 and 31 December 2020 after the first lots of Comirnaty
vaccine were delivered [4]. The vaccine generates an immune response
against the S1 spike protein, the titers of which Ab correlate with
functional viral neutralization [1,5]. Up to now, only few studies have
provided pieces of evidence about the immunological status of infection-
naive vaccinated subjects and previous natural infection. Interestingly,
very elevated Ab titers were described by two recent studies from
Manisty et al. and Prendecki et al, the latter further showing an inverse
correlation with age of Ab levels. However, to better clarify immuno-
logical response to the two vaccinal inoculums, several time points
should be inspected since it has been shown that at least 12-14 days are
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necessary to mount a valuable antibody response [6]. Furthermore,
subjects should be well characterized from their previous infection sta-
tus. This latter point is particularly important for evaluate the necessity
of implementing the boosting dose in previous natural-infection sub-
jects, when Ab levels were already elevated.

Since several immunoassay methods for measuring SARS-CoV-2 Ab
were designed to detect N- or generic S-protein antigens, this caused a
potential issue on Ab measurement, and methods should be validated for
this purpose, or neutralization activity assay should be chosen as alter-
native. However, this latter technique needs handle live virus in BSL-3
laboratories and for this reason, a surrogate method to evaluate their
levels in patients has been strongly advocated [7].

In this study, a well-defined cohort of healthcare workers (HCW) was
tested for serum SARS-CoV-2 Ab after 12 and 28 days after the first
inoculum of BNT162b2 with two different chemiluminescent immuno-
assays. The cohort includes a series subjects who presented previous
natural infection during the first or second wave of pandemic. The aims
of this study are to investigate the Ab levels in previous natural infection
and infection-naive subjects, and to assess further correlations with age
and gender.

2. Material and methods

This study included a series of 163 HCW of the Padua University
Hospitals, who underwent a complete vaccination campaign (prime
dose followed by a boost dose after 21 days) between December 26th
2020 and March 10th 2021. A total of 125 individuals included in this
study were previously enrolled in a follow-up study, carried out between
April 8 and May 29, 2020, for determining SARS-CoV-2 serological
levels as described elsewhere [8], while the other 38 included subjects
were post-graduate medical trainees. All subjects underwent periodical
nasopharyngeal swab testing (every 2 or 3 weeks) from March 2020 to
March 2021. All HCW were asked to collect two serum SARS-CoV-2 S-
RBD samples to determining Ab after 12 and 28 days after the first
inoculum of BNT162b2; all subjects underwent a second vaccine
administration after 21 days from the first dose. For the 38 residents, a
pre-vaccination sample was collected from 24 to 0 h before vaccination.
A previous COVID-19 natural infection has been assessed by direct
interview and was considered affirmative with at least one positive
nasopharyngeal swab test. Serum S-RBD antibodies against the RBD of
the Spike (S) protein of the virus was measured by two already validated
chemiluminescent immunoassay (CLIA) that determine: a) anti-SARS-
CoV-2 S-RBD IgG Ab (Snibe Diagnostics, New Industries Biomedical
Engineering Co., Ltd [Snibe], Shenzhen, China), reagent lot 270200211,
b) anti-SARS-CoV-2 S Ab (Elecsys, Roche Diagnostics GmbH, Mannheim,
Germany, reagent lot 51639401). The anti-SARS-CoV-2 S-RBD IgG Ab
assay presents a very good linearity, with a clinical sensitivity and
specificity of 96.9% and 91.8%, respectively [9]. The Elecsys Anti-SARS-
CoV-2 S, determining total Ab levels, has been extensively evaluated by
the manufacturer, showing 99.98% (95% CI, 99.91-100%) specificity on
5991 samples and 98.8% (95% CI, 98.1-99.3%) sensitivity on 1423
samples obtained 14 days or later after SARS-CoV-2 PCR-confirmation
[10]. For Elecsys Anti-SARS-CoV-2 S, sensitivity and specificity were
confirmed to reach 98.2% and 99.2%, respectively in a recent paper by
Schaffne and Coll. in a cohort of 125 COVID-19 patients [11]. The
manufacturers’ claimed cut-offs for positivity were 1.0 kAU/L for anti-
SARS-CoV-2 S-RBD IgG Ab (Snibe insert SARS-CoV-2 S-RBD IgG-en-
EU, V1.2, 2020-08) and 0.8 KAU/L for Elecsys Anti-SARS-CoV-2 S
(Roche insert Anti-SARS-CoV-2 S 09289275500 V1.0, 2020-09, V 1.0
Italian), respectively. Analyses were performed on MAGLUMI™ 2000
Plus (Snibe Diagnostics) and Roche Cobas C8000, and results expressed
in kKAU/L for both methods. The GraphPad Prism version 9.1 for Win-
dows (GraphPad Software, LLC) and Stata v16.1 (Statacorp, Lakeway
Drive, TX, USA) were used for assessing univariate and multivariate
differences across the studied groups. The study was performed in
accordance with the Declaration of Helsinki and all participants gave
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informed consent (Institutional Review Board of the University of Padua
protocol nr 7862).

3. Results

After personal interview, a total of 13 subjects were confirmed to
have experienced COVID-19 disease during the first or the second wave
of pandemic. Among the 163 individuals, 49 (30.1%) were males and
114 (69.9%) females; age was not different in males and females
(Kruskall-Wallis y? = 3.783, p = 0.052) and in average was 42.4 years
(yrs), standard deviation 11.7 yrs. Considering the group of post-
graduate medical trainees with pre-vaccination samples (baseline),
36/38 (94.8%) were infection-naive. All Ab levels of these 36 in-
dividuals were negative (below 1 kAU/L) by Elecsys Anti-SARS-CoV-2 S,
while 2/36 (5.6%) were positive for anti-SARS-CoV-2 S-RBD IgG Ab.
Notably, one of these subjects is affected by autoimmune disease. On the
other hand, among the two subjects with previous-natural SARS-CoV-2
infection, one had negative anti S-RBD levels at baseline for both
methods and presented asymptomatic disease. Fig. 1, panel A, reports
the dot plots of anti S-RBD levels in studied groups. The Snibe anti-SARS-
CoV-2 S-RBD IgG median levels for Infection-naive subjects at 12 days (t
12) were 6.62 kAU/L, 25th and 75th quartiles (IQR) 3.04 and 14.8 kAU/
L, respectively, range from 0.56 to 3780 kAU/L, while median levels at
28 days (t28) were 382.0 kKAU/L, IQR 141.3 — 727.9 kAU/L and range
from 10.7 to 3789 kAU/L. On the same groups, anti S-RBD median levels
for Roche at t12 were 2.54 kAU/L, IQR 0.52 - 8.73 kAU/L, range 0.4 to
6316 kAU/L, while median levels at t28 were 1204.0 kAU/L, IQR 510.4
— 2756 kAU/L, range 19.35kAU/L to 12,136 kAU/L. For previous-
natural infection disease, Snibe anti-SARS-CoV-2 S-RBD IgG Ab me-
dian levels at t12 were 746 kAU/L, IQR 414.7 — 1504.1 kAU/L, range
19.6 to 1504.1 kAU/L, while median levels at t28 were 1713 kAU/L,
IQR 870.5-2314.5 kAU/L, range 412.5 kAU/L to 8509.3 kAU/L. On the
same group, Elecsys Anti-SARS-CoV-2 S at t12 and t28 were all above
12,500 kAU/L, being quantifiable only in 3 individuals. Fig. 1 shows the
Snibe anti-SARS-CoV-2 S-RBD IgG comparative Ab levels at baseline, t12
and t28 for infection-naive (panel B) and previous-natural infection
diseased (panel C). Comparing infection-naive and previous-natural
COVID-19 individuals Snibe anti-SARS-CoV-2 S-RBD IgG values, sig-
nificant differences were found at t12 for infection-naive and subjects
with previous-natural infection (Kruskall-Wallis test with Bonferroni’s
adjusted p-value < 0.001). Furthermore, no significant differences were
observable between t12 and t28 of infection-naive and previous-natural
COVID-19 individuals Ab values, respectively (Fig. 1, panel D). Further
analyses were also performed. Considering anti S-RBD levels and age a
significant inverse correlation was found at t12 both for Snibe and Roche
(Fig. 1, panels E-H). No significant anti S-RBD levels differences were
found between males and females in all the studied conditions (data not
shown).

4. Discussion

Serological studies are a useful tool to estimate the proportion of the
population previously infected, to allow the diagnosis of COVID-19 in
patients who present late with a low viral load and to assess the efficacy
of vaccines in clinical trial [12,13]. Limited data are available on
immunoresponses to single- and/or double-dose vaccination, and vac-
cine responses following previous natural infection have not been
assessed in clinical trials [1,5,14]. Recently published papers, however,
highlight the value of serological tests before vaccination with SARS-
CoV-2 spike messenger RNA vaccines as recipients with preexisting
immunity developed systemic side effects at higher frequency than those
without preexisting immunity [15]. It should be important, in fact, to
avoid reactogenicity after unnecessary boost risks that represent an
avoidable and unwelcome in vaccine hesitancy. Significant different
antibody responses in infection-naive individuals and previously infec-
ted groups have been reported [16] and further data seem to suggest
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Fig. 1. Immunological responses to the two doses of BNT162b2 mRNA vaccine. A) dot-plots of anti S-RBD antibodies measured at baseline (before) and after 12 days
or 28 days from the first dose (the dotted lines represent the two cut-offs, 1 kKAU/L for Snibe and 0.8 kAU/L for Roche); B-C) comparative anti S-RBD levels at
baseline, t12 and t28 (after 12 and 28 days from the first dose) in COVID-19 infection-naive and previous-natural infection individuals; D) dot-plots of anti S-RBD
antibodies measured at t12 and t28 in COVID-19 infection-naive and previous-natural infection individuals; E - H) correlation of post-vaccination anti-S levels and

age with superimposed the linear regression lines (with 95%CI).

serological testing as a potential approach to be included at or before the
time of first vaccination to prioritize use of boosters doses for individuals
with no previous infections [17].

A major issue in evaluating the immune response after vaccination is
to use valuable immunoassays which may provide results well corre-
lated with neutralizing antibody titers because they measure both the
ability of antibodies to block virus infection and vaccine efficacy [18].
Evidence has been collected to suggest immunoassays using as a target
the S1 subunit of the spike protein, the trimeric spike protein or the
receptor binding domain of the same spike protein [19]. The results of
this study confirm observed differences in vaccine responses between
infection-naive and subjects with previous natural infection at t12 but
not for a longer time. The influence of sex and age deserves further
studies, even if the relationship with age seems particularly significant.
Overall, findings demonstrates also that the two investigated assays are
able to reflect changes induced by BNT162b (Pfizer/BioNTech, Com-
irnaty) vaccine in both infection-naive individuals, and subjects with
previous SARS-CoV-2 natural infection.

The paper presents several limitations. First, a more representative
number of subjects followed for a longer time is needed. Second, even if
anti-S and anti-RBD values have been reported to correlate with in-vitro
virus neutralization, the kinetics of neutralizing antibodies after vacci-
nation should be better evaluated. Third, T-cell responses should be
evaluated to achieve a better understanding of the immunoresponse
after vaccination in both previously infected and infection-naive sub-
jects. Currently, this is more important as virus variants should affect the
efficacy of currently available vaccines and immune-responses mediated
by both humoral and T-cells.
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