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Abstract

One of the immune responses desired to be achieved by SARS-CoV-2 vaccination is to create neutralizing antibodies (nAbs),
thus preventing the development and spread of infection. The aim of this study was to investigate the seropositivity rate,
anti-spike antibody levels, and neutralizing capacity of these antibodies against wild type (WT) and alpha variants in serum
samples of individuals who had been naturally infected or vaccinated with CoronaVac®. Total anti-spike antibody levels
were determined in all samples. Neutralization assays were performed by the reduction of the cytopathic effect in Vero-E6
cells with infectious WT and alpha SARS-CoV-2 variants.

Although both naturally infected and vaccinated individuals were all seropositive for antispike antibodies, 84.8% of the vac-
cinated group, and 89.3% of the naturally infected group had detectable nAbs. The nAbs titers were significantly higher in
the naturally infected group for both WT and alfa variant of the virus as compared to the vaccinated individuals.

In this study, it was observed that all individuals became seropositive six weeks after exposure to the vaccine or the virus.
Moreover, naturally infected individuals had higher levels of nAbs than those vaccinated. The presence of nAbs against
the alpha variant in both naturally infected and vaccinated individuals suggests that these antibodies may also be protective
against infections, which may be caused by other variants, such as delta and omicron.

Introduction

SARS-CoV-2, the causative agent of COVID-19 that was
declared a pandemic by the World Health Organization
on March 11, 2020, is a coronavirus that first emerged in
China in December 2019 and spread rapidly around the
world [1]. SARS-CoV-2 causes the emergence of variants
that may have different characteristics with the development
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of mutations over time [2]. The genetic evolution of SARS-
CoV-2 was minimal during the early phase of the pandemic,
with the emergence of a globally dominant variant called
D614G [wild-type (WT)] [2]. Upon the uncontrollable
spread of SARS-CoV-2, multiple variants of SARS-CoV-2
have been described, of which a few are considered variants
of concern (VOCs) given their impact on public health [2,
3]. In December 2020, routine genomic surveillance in the
United Kingdom (UK) reported a new and rapidly grow-
ing lineage with an unexpectedly large number of genetic
changes, including that in the receptor-binding domain of
SARS-CoV-2 [variant VOC202012/01, lineage B.1.1.7
(alpha)] [4]. Reports began to appear that this new variant
was rapidly spreading all over the world as of January 2021
[5, 6].

During the COVID-19 pandemic, which was character-
ized by high morbidity and mortality rates, vaccine devel-
opment has become a global priority [3]. Various vaccines
have been applied worldwide to prevent the development
of COVID-19 infection via different mechanisms [7]. The
SARS-CoV-2 vaccination program in Turkey started on
January 11, 2021, with the application of CoronaVac®
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(Sinovac Life Science Co., Ltd., Beijing, China), an inac-
tivated complete viral vaccine [8]. One of the immune
responses desired to be achieved by vaccination is to cre-
ate neutralizing antibodies in individuals, thus impeding
the development and spread of infection by preventing
the entry, fusion, or release of the virus from the cell
[7]. The presence and titers of neutralizing antibodies
are important for virus clearance, protection from and
prediction of SARS-CoV-2 infection, and prediction of
clinical outcomes of SARS-CoV-2 infection [9, 10]. Few
data are available on the neutralization capacity of the
CoronaVac® vaccine against the variants, and whether this
vaccine produces neutralizing antibodies against different
variants of SARS-CoV-2 has not been clearly resolved [8].
In the phase 2 study reports of CoronaVac® vaccine, the
neutralization activity was measured earliest at the 14th
day after the second dose of vaccination, and the neutral-
izing antibody seroconversion level was determined as
50%. However, seroconversion of neutralizing antibodies
increased to 79% in experiments performed on the 28th
day after the second dose [11]. However, the power of the
CoronaVac vaccine in neutralizing SARSCoV-2 variants
has not yet been clarified [12].

In this study, we aimed to investigate the seropositivity
rate, anti-spike antibody levels, and neutralizing capacity
of these antibodies against WT and alpha variants in serum
samples obtained after the 6th week of PCR positivity in
individuals who developed an immune response due to
inadvertent SARS-CoV-2 infection and in those who were
presumed to develop anti-SARS-CoV-2 antibodies after 14
days from the second dose vaccination.

Materials and Methods
Study Groups and Sample Collection

We retrospectively evaluated the titers of SARS-CoV-2
S1 receptor-binding domain (RBD) total antibodies and
neutralizing antibodies (nAbs) titers against the SARS-
CoV-2 WT and alpha variant in sera from uninfected per-
sons who received two doses of CoronaVac ®, and com-
pared these with sera from unvaccinated, naturally infected
individuals.

The first study group compared individuals with SARS-
CoV-2 infection with positive viral RNA in nasopharyngeal
swab samples using the real-time polymerase chain reac-
tion (RT-PCR) method between August and November 2020.
These individuals were not vaccinated, and after PCR posi-
tivity, they did not receive any vaccines. Serum samples
were taken in the 6th week after PCR positivity.
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In the second group of our study, serum samples were
collected from individuals who were immunized with Coro-
naVac® between January and February 2020 on the 14th day
after the second dose (i.e., 6 weeks after the first dose) of
vaccination. Individuals with previous or subsequent SARS-
CoV-2 infection at the time of inoculation with the first vac-
cination dose were excluded.

Serum samples were stored at — 80 °C until the neutral-
izing antibody detection assay.

CoronaVac® Vaccination Protocol

The vaccine was produced from a novel coronavirus (strain
CZ02) grown in kidney cell cultures of the African green
monkey Vero cells and contains inactivated SARS-CoV-2
virus, aluminum hydroxide, disodium hydrogen phosphate
dodecahydrate, sodium dihydrogen phosphate monohydrate,
and sodium chloride. A single dose of 0.5 mL contains 600
SU of inactivated SARS-CoV-2 virus as antigen. The vac-
cinated participants received two doses of inactive Corona-
Vac® (Sinovac Life Science Co, Ltd, Beijing, China) vac-
cine. The second dose was administered 28 days after the
first dose as recommended. The vaccine was administered
intramuscularly in the deltoid region of the upper arm [13].

Detection of SARS-CoV-2 RNA

SARS-CoV-2 genomic RNA was detected in the naso-
pharyngeal samples of patients with COVID-19 infection
using a Bio-speedy SARS-CoV-2 (2019-nCoV) RT-qPCR
detection kit (Bioeksen, Istanbul, Turkey) and a LightCy-
cler® 480 Instrument II (Roche Molecular Systems, USA),
using the reverse transcription RT-PCR method.

Detection of anti-SARS-CoV-2 Antibodies
Electrochemiluminescent Inmunoassay

The total antibody levels developed against the spike protein
were determined in all samples using an Elecsys anti-SARS-
CoV-2 S Quantitative kit (Roche Diagnostics International
AG. Rotkreuz, Switzerland) kit according to the manufactur-
er’s instructions. The assay uses a recombinant protein rep-
resenting the RBD of the spike antigen in a double-antigen
sandwich electrochemiluminescence immunoassay, which
uses streptavidin-coated microparticles to separate bound
from unbound substances prior to applying voltage to the
electrode. This assay detects total antibodies (predomi-
nantly IgG, IgA, and IgM) against an epitope of the viral
spike protein RBD. Samples were prepared according to
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the manufacturer’s instructions and analyzed using a Roche
Cobas e601 analyzer. In the first step, 20 uL of sample, bioti-
nylated SARS-CoV-2 S-RBD-specific recombinant antigen,
and SARS-CoV-2 S-RBD-specific recombinant antigen
labeled with a ruthenium complex formed a sandwich com-
plex. In the second step, after the addition of streptavidin-
coated microparticles, the complex was bound to the solid
phase via the interaction between biotin and streptavidin.
The mixture was then aspirated into the measuring cell,
where microparticles were magnetically captured onto the
surface of the electrode. The application of a voltage to the
electrode then induced chemiluminescent emission, which
was measured using a photomultiplier. The results obtained
at the end of these processes were determined via a cali-
bration curve, which is an instrument-specifically gener-
ated 2-point calibration and a master curve provided via
the reagent barcode. Using the manufacturer’s guidelines, a
cut-off value of > 0.8 U/mL was accepted as positive. Dilu-
tions were performed on specimens with values greater than
250 U/mL according to the manufacturer’s guidelines [14]..
The Ggreenhouses that were measured with antibodyies
titers above 250 were diluted and studied again. When inter-
preting the results, antibody titers were grouped as 1-125,
126-250, and >250 U/mL, and evaluated in percentages.

Neutralizing Antibody Detection

To assess the presence of neutralizing SARS-CoV-2 anti-
bodies, blood samples from all the participants were ana-
lyzed. Neutralization assays were performed essentially by
the reduction of cytopathic effect (CPE) in Vero E6 cells
with infectious D614G (wild type, WT) (GISAID Accession
Number EPI_ISL_3509539), and B.1.1.7 (Alpha) (GISAID
Accession Number EPI_ISL_1167921) SARS -CoV-2
variants.

The previously described virus neutralization assay pro-
cedures were followed [15].

Briefly, Vero E6 cells (3.3x10* per well) were seeded 24
h before infection in a 96-well plate (TPP Techno Plastic
Products AG, dTrasadingen, Switzerland). Neutralization
assays were performed by incubating serial dilutions (1:4
to 1:2048) of 100 pL of heat-inactivated serum samples
with 100 uL (100 TCID50) of each variant. The mixture
of virus Ab mix (200 pL) was then added to the cells in
96-well plates, and the plates were incubated at 37°C for
three days incubation to develop a full CPE as determined
by microscopic examination. The highest dilution of serum
that showed full CPE inhibition was recorded as the nAbs
titer. All samples were tested in duplicates. On each 96-well
plate, Ab-positive and -negative serum samples and no-
serum-added wells, as well as no-virus-added wells, were
included. Only at 1/2 serum dilutions were the samples toxic

to cells, and in the remainder of the assays, the samples were
diluted starting at 1/4 dilution.

Statistical Analysis

Statistical Package for the Social Sciences version 23.0
(IBM Corp.) was used to analyze the data. Descriptive statis-
tics, including frequencies and means, for all variables were
calculated. The results were expressed as mean + standard
deviation, median, range (minimum— maximum), and per-
centage (%). The Shapiro-Wilk test was used to examine
whether the numerical variables showed a normal distribu-
tion. A Chi-square test or Fisher’s exact test was used for
the comparison of categorical variables, and Mann-Whitney
U test was used to investigate differences between the two
independent groups in terms of binary variables. Oneway
analysis of variance was used to compare more than two
independent groups.

Spearman’s correlation coefficient was used to determine
whether there was a significant relationship between binary
variables. The level of statistical significance was set at p
< 0.05.

Results

In the first group of enrolled 28 individuals [overall mean
age (years) (mean + SD) 43 + 15.42 (range 22 to 79, > 65,
10.7%)] with a confirmed SARS-CoV-2 quantitative RT-
PCR test. Disease severity in all patients was mild to mod-
erate according to the World Health Organization (WHO)
criteria, and serum samples were taken six weeks after PCR
positivity [16]. In the second group of 33 individuals [overall
mean age (year) (mean + SD) 42.61 + 9.69 (range 22 to 62)]
who received two doses of the CoronaVac® vaccine. The
first doses of the vaccine were administered from January 11
to January 18, 2021. The second dose was administered 28
days after the first dose. Sera were drawn 14 days after the
second dose of vaccination to evaluate the antibody levels
and neutralization potency. Demographics, clinical charac-
teristics, and antibody levels of naturally infected COVID-19
patients and CoronaVac®-vaccinated individuals are shown
in Table S1 and S2.

A total of 61 participants were included in our study, of
which, 30 were male (49.2%) and 31 were female (50.8%).
Of the CoronaVac® vaccinated patients, 14 were male
(42.4%), 19 were female (57.6%), while in the group who
were naturally infected (Group 2), there were 16 males
(57.1%) and 12 females (42.9%). There were no statistically
significant differences between the two groups in terms of
sex and age (P = 0.252 and P = 0.907, respectively).

We found that 100% of individuals were seropositive
for spike protein specific total antibodies. Although not

@ Springer



162 Page4of7

E. Ozkaya et al.

Table 1 Total anti-S-SARS-CoV-2 antibody levels (U/mL) based on age, and gender in natural infected and CoronaVac ® vaccinated indiviuals

(One-way ANOVA Tukey)

Variables Mean + SD (%95 CI) P value
Infected individuals Age groups (years)
20-39 (n=14) 97.01£97.12 (40.93-153.09) P=0.149
>40 (n=14) 173.48 +164.38 (78.57-268.4)
Gender
Female (n=12) 98.69 +111.55 (27.81-169.57) P=0.174
Male (n=16) 162.66 +152.72 (81.28-244.05)
CoronaVac ® vaccinated persons Age groups (years)
20-39 (n=11) 561.23+507.96 (219.98-902.49) P=0.015
>40 (n=22) 204.491 +173.56 (127.53-281.44)
Gender
Female (n=19) 389.33 +£421.44 (186.2-592.46) P=0.174
Male (n=14) 233.92+240.89 (94.83-373.01)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; U/mL, units/mL

p = 0.003 p = 0.006
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Fig. 1 Distrubution of neutralizing antibody titers of 61
CoronaVac®-vaccinated and naturally infected individuals. Neu-
tralizing antibody content of sera samples from 33 CoronaVac®-
vaccinated and 28 naturally infected individuals were analyzed using
SARS-CoV-2 variants [wild type (D614G, lineage B), and alpha
(lineage B.1.1.7)]. nAbs titers were significantly high in naturally
infected individuals than vaccinated ones against both wild type
(P=0.003) and alpha variant virus (P=0.006), respectively. Statisti-
cal significance was determined using the two-tailed Mann—Whitney
U test. p values <0.05 were considered significant. GMTs and 95%
ClIs are indicated: Wild type (9.51, 32.90), alpha (17.55, 47.73) vari-
ant. CI, confidence interval; GMT, geometric mean titer

statistically significant, total anti-S SARS-CoV-2 antibody
levels of individuals in our study were higher in women
[median (IQR) = 163.1 (56.3-404.9)] than in men [median
(IQR) = 125.8 (69.65-265.67)] (P = 0.634). SARS-CoV-2
total anti-S antibody levels based on age and sex in naturally
infected and vaccinated individuals are shown in Table 1.

Among vaccinated individuals, higher levels of anti-S
were measured when compared to the elderly (P = 0.015),
regardless of whether total anti-S levels increased with age
in the naturally infected group, but no statistically significant
difference was found (P = 0.149) (Table 1).

Neutralizing antibodies against WT and alpha variant
virus were undetectable (or below the limit of detection
< 1/4) in 13.1% (8/61) and 8.2% (5/61) of serum samples,
respectively (Figure 1). In the CoronaVac® vaccinated
group, 84.8% had a titer of 1/4 or more of nAbs, and higher
levels of nAbs were observed against the alpha variant
compared to WT. However, there was no difference in nAbs
titer between WT and alpha variants, as well as the presence
of 89.3% nAbs in the naturally infected group (Figure 1,
Table 2). Correlation analysis showed a positive correla-
tion between nAbs titers against WT and alpha variants and
anti-S antibody levels in naturally infected subjects (rho =
0.565, P = 0.002; rho = 0.559, P = 0.001, respectively).
Furthermore, a positive correlation was found between
nAbs titers and anti-S antibody levels against the WT and

Table 2 Median neutralizing

8 . o Neutralizing antibody titer— Vaccinated Naturally infected (n=28) P value
antl.body FltCI‘S of participants median (IQR) (n=33)
against wild type and alpha
strains (p <0.05 statistically nAbs titer for WT 1/8 (1/4-1/12) 1/32 (1/8-1/64) p=0.003
significant, Mann=Whitney U) nAbs titer for Alpha 1/16 (1/8-1/32) 1/32 (1/16-1/112) p=0.006

IOR inter-quartile range; WT wild type; nAbs neutralizing antibodies
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Table 3 The cohort of participants’ age and neutralizing antibody titers in wild type and alpha variant

CoronaVac®
Vaccinated (n=33)

Neutralizing antibody
titer - median (IQR)

Natural Infected (n=28)

18-39 years >40 years P value 1839 years >40 years (n=14) P value
(n=11) (n=22) (n=14)
nAbs titer for WT 1/8 (1/4-1/32) 1/8 (1/4-1/8) 0.264 1/8 (1/8-1/40) 1/48 (1/7-1/256) 0.094
nAbs titer for Alpha 1/32 (1/8-1/32) 1/16 (1/8-1/32) 0.143 1/32 (1/14-1/32) 1/64 (1/16-1/256) 0.094

nAbs Neutralizing antibodies; WT wild typee

alpha variants in vaccinated individuals (rtho = 0.709, P <
0.001; rho = 0.718, P < 0.001, respectively). Considering
the relationship between the level of nAbs hyphens and the
age of the individuals, there was no statistically significant
difference in naturally infected individuals over the age of
40 years, but higher titers of nAbs were formed against both
WT and alpha variants. Although no significant difference
was detected in individuals over 40 years of age in the vac-
cinated group, a higher rate of nAbs was found against the
alpha variant (Table 3).

Discussion

Elucidation of the magnitude of the SARS-CoV-2 antibody
response greatly contributes to the assessment of the effec-
tiveness of vaccination and also helps to better understand
COVID-19 pathogenesis as well as the development of
potential therapeutic agents and vaccines [17]. Although the
presence of antibodies is accepted as an important indicator
of the immune response, it does not imply protection [18].
The presence and level of nAbs are the main indicators to
show protection [18, 19]. In our study, seropositivity rates,
antibody levels, and neutralizing antibodies were examined
at the 6th week after PCR positivity following natural infec-
tion and on the 14th day after the second dose (i.e., at 6
weeks after the first dose) vaccination in individuals.

Seropositivity is one of the parameters that stimulates
the immune system upon exposure to an infectious agent or
vaccination [18]. In our study, all individuals became sero-
positive six weeks after exposure to the vaccine or virus.
In phase 1-2 study of the CoronaVac vaccine conducted in
China, the positivity for anti-S antibodies was found to be
100% after two dosages administered 28 days apart, while
this rate was found to be 89.7% in a phase 3 study conducted
in Turkey [20].

Anti-S antibody seropositivity rates after the second dose
of Coronavac® vaccine in uninfected individuals in Turkey
were reported to be 99.6% and 100% by two studies [21,
22]. Seropositivity rates vary among naturally infected indi-
viduals. Zhao et al. [23] reported that while anti-S antibody
positivity was 100% within 15-39 days after the onset of the

disease, Liu et al. [24] determined this rate as 85.7% in the
sixth week of the disease.

One of the most important parameters affecting anti-
body response is age [18]. Due to the change in T cell
function and decrease in B lymphocyte production with
increasing age in adults, level of the antibody response
after infection or vaccination in older may be lower than
that in young people, or no antibodies may develop [25].
In various studies performed after influenza, hepatitis A,
hepatitis B, pneumococcal, tick-borne encephalitis, teta-
nus, and SARSCoV-2 vaccination, it was observed that the
post-vaccine antibody response was inversely proportional
to age, and antibody titers decreased over time [17, 25].
In our study, similar to the literature, it was determined
that among vaccinated individuals, young people produced
statistically significantly higher levels of anti-S antibodies
than the elderly. In contrast, anti-S antibody levels were
found to be proportionally higher, albeit not statistically
significant, in individuals over the age of 40 years in the
group with natural infection.

Antibodies that inhibit viral attachment are called “neu-
tralizing antibodies [19]”. nAbs against SARS-CoV-2 are
formed against RBD in the “spike (S)” protein [11]. Con-
ventionally, the gold standard method for evaluating the
presence and neutralization potential of these antibodies
is the “plaque reduction neutralization test (PRNT) [19]".
In China, the nAbs seropositivity rates of the CoronaVac®
vaccine were 97-100% for the WT variant in phase 1 and
2 studies, whereas the formation of neutralizing antibodies
was 98-99% in volunteers over 60 years of age [11, 26]. In
a phase 3 study conducted in our country, the presence of
nAbs were detected at a rate of 92% in a group of 356 people
[20]. Similar to Tanriover et al. [20], in our study, it was
found that 86.9% of the individuals had nAbs against WT
and 91.8% against the alpha variant. In addition, although
there was no statistically significant difference in naturally
infected individuals over 40 years of age compared to indi-
viduals under 40 years of age, higher titers of nAbs were
detected against both the WT and alpha variants.

Fernandez et al. [8] in Chile and Vacharathit et al. [27]
in Thailand reported that the titers of the nAbs response
against alpha variants were significantly lower than those
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of the WT after two-dose vaccination with CoronaVac®.
In a study by Chen et al. [28], sera were equally effective in
neutralizing the WT and alpha variants in individuals vac-
cinated with CoronaVac®. In our study, naturally infected
individuals had higher levels of nAbs than those vaccinated
with CoronaVac®. While there was no difference between
WT and alpha variants in nAbs titers developed in naturally
infected individuals, in our study, contrary to the findings
of the studies by Fernandez et al. [8], Vacharathit et al. [27],
and Chen et al. [28], the titers of the nAbs response against
alpha variants were higher than those against the WT variant
in two dose-vaccinated CoronaVac strains.

The present study has some limitations. First, the study
was conducted at a single center. Second, the fact that indi-
viduals with asymptomatic infections could not be detected
in the period between vaccination and sampling may have
a small effect on the results, as the distinction between
vaccine-elicited antibodies and antibodies originating from
natural infection will be affected.

Conclusions

In our study, the presence of nAbs against the alpha vari-
ant in both naturally infected with WT and uninfected
CoronaVac®-vaccinated individuals suggests that these
antibodies may also protect from the infections caused by
other variants, such as delta and omicron. In addition, the
presence of limited data on the neutralizing power of the
CoronaVac® vaccine against different variants reveals that
large-scale studies should be conducted to determine vac-
cine dosing applications that will create a long-term nAbs
memory response.

Supplementary Information The online version contains supplemen-
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