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1 | INTRODUCTION
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Abstract

In the 10th month of the pandemic, coronavirus disease 2019 (COVID-19) vacci-
nation was given first to healthcare workers in Turkey after receiving emergency use
approval from the Ministry of Health. This study, which was performed at the
COVID-19 reference center in Ankara (the capital of Turkey) aimed to evaluate the
seroconversion rate of the CoronaVac vaccine. The anti-spike immunoglobulin G
response to the two-dose vaccination was retrospectively examined in healthcare
workers who had no previous history of severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) infection. The postvaccine seroconversion rate was in-
vestigated by measuring the antibody levels of healthcare workers who had received
CoronaVac. Vaccination was administered as 600SU in 28-day intervals. The
healthcare workers' anti-SARS-CoV-2 immunoglobulin G levels were used to de-
termine the seroconversion rate 2 months after the second dose of the vaccine.
Of the healthcare workers, 22.9% (n = 155) were seronegative. The younger the age
of the participant, the higher the level of anti-SARS-CoV-2 immunoglobulin
G. Furthermore, anti-SARS-CoV-2 immunoglobulin G levels were much higher in

women than men.
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to HCWs, beginning on January 14, 2021. The HCWs received two doses
of the inactive CoronaVac vaccine with the recommended dosing interval

Healthcare workers (HCWSs) have been on the frontline of the fight
against the coronavirus disease 2019 (COVID-19) pandemic since its
outbreak in December 2019. The pandemic has posed substantial chal-
lenges for HCWs and healthcare systems in many countries. Not only are
HCWs under the burden of excess working hours, but they are also at
huge risk of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection to due to direct contact with infected patients. Thus,
shortly after the CoronaVac vaccine was given emergency use approval

by the Republic of Turkey Ministry of Health, vaccination was given first

of 28 days between the first and second doses.

CoronaVac is an inactivated and aluminum-adjuvant vaccine that was
developed by Sinovac Life Science Company.” This vaccine, which is
produced in Vero cells, induces humoral responses against SARS-CoV-2
and has an acceptable safety profile in vaccinated individuals, with limited
adverse reactions.>* This study aimed to evaluate the seroconversion
rate of the CoronaVac vaccine retrospectively by examining the antibody
response to the two-dose vaccination in HCWs with no previous history
of SARS-CoV-2 infection.
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2 | MATERIALS AND METHODS

Two 0.5-ml doses of the CoronaVac vaccine containing 600 SU of
SARS-CoV-2 virus antigen were administered intramuscularly with a
28-day dosing interval. To determine the anti-SARS-CoV-2 im-
munoglobulin G (IgG) antibody levels, blood samples from 678 HCWs
were collected by hospital management 2 months after the second
dose of the vaccine. The HCWs, who were volunteers, included pe-
diatricians, pediatric nurses, and auxiliary healthcare staff who
worked at the Children's Hospital of Ankara City Hospital. Since in-
dividuals who have had prior SARS-CoV-2 infection may generate a
higher antibody response to vaccination than those who have not,
any participants with a previous history of SARS-CoV-2 infection
were excluded from the study. The hospital management organized
the sampling, transportation, and timing of the samples before our
study. In our study, we analyzed the results of these samples retro-
spectively with the permission of the Children's Hospital of Ankara
City Hospital management.

After receiving approval from the Ministry of Health, the authors'
institution, and the ethics committee, the results of the samples which
were analyzed at the Ankara Microbiology Reference Laboratories of the
Public Health General Directorate of Turkey, were evaluated retro-
spectively. Analyses were performed in a macro-ELISA device (Roche
Cobas 8000-e801analyzer) with an electrochemiluminescent (ECLIA)
technique using a commercial kit (Elecsys Anti-SARS-CoV-2; Roche). This
technique uses a recombinant protein to represent the nucleocapsid (N)
antigen of the virus. The tests were run and evaluated according to the
manufacturer's instructions. A cut-off index (COI) < 1.0 was considered
negative for anti-SARS-CoV-2 antibodies, while a COI > 1.0 was con-
sidered positive. The results were determined as COIl, and semi-
quantitative results were obtained. Although the results are reported
qualitatively, semi-quantitative values are used in statistical calculations.

The Statistical Package for the Social Sciences version 23.0 (IBM
Corp.) was used to analyze the data. Descriptive statistics (including
frequencies and means) for all variables were calculated. The results
were expressed as mean+standard deviation, median, range
(minimum-maximum), and number (%). The Kolmogorov-Smirnov
test was used to examine whether the numerical variables showed
normal distribution. The Mann-Whitney U test investigated differ-
ences between the two independent groups in terms of binary vari-
ables. Kruskal-Wallis test was used for comparison of more than one
independent group. Spearman's correlation coefficient was used to
determine whether there was a significant relationship between
binary variables. The level of statistical significance was established
as p <0.05.

The data that support the findings of this study are available on
request from the corresponding author. The data are not publicly
available due to privacy or ethical restrictions.

This study was conducted in conformity with the principles of
the Declaration of Helsinki and approved by the Republic of Turkey
Ministry of Health, the Ethics Committee of Ankara City Hospital
Ethics Committee, and the Institutional Review Board of the Chil-

dren's Hospital of Ankara City Hospital.
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TABLE 1 Descriptive features of the participants
Variables n (%)
Age (year) (mean = SD) 375+9.8

Median 37

Age groups (years)

20-35 305 (45%)

36-50 284 (41.9%)

51-65 89 (13.1%)
Gender

Female 511 (75.4%)

Male 167 (24.6%)

Anti-SARS-CoV-2 1gG

<1 (Negative) 155 (22.9%)

1-1.99 45 (6.6%)

2-9.99 138 (20.4%)
10-99.99 232 (34.2%)
>100 108 (15.9%)

Abbreviations: IgG, immunoglobulin G; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

3 | RESULTS

Of the 678 participants, 511 (75.4%) were women, and 167 (24.6%)
were men. The mean age was 37.5 + 9.8 years old, and the median
age was 37 years old. The mean age of men was 39.4 + 9.7 years old,
while the mean age of women was 36.8 + 9.8 years old (Table 1).

When the antibody levels of the HCWs were examined retro-
spectively, 22.9% (n=155) of the samples were seronegative (<1),
and 77.1% were seropositive. The distribution of the antibody titers
was as follows: 22.9% (n = 155) were less than 1; 6.6% (n = 45) were
between 1 and 1.99; 20.4% (n=138) were between 2 and 9.99;
34.2% (n=232) were between 10 and 99.99; and 15.9% (n=108)
were over 100 (Table 1).

Anti-SARS-CoV-2 IgG levels were much higher in women than in
men (p <0.001; Table 2). Additionally, a significant relationship was
found between age and anti-SARS-CoV-2 IgG levels (p < 0.001). Ac-
cording to the correlation analyses, the younger the age of the HCW,
the higher that individual's levels of anti-SARS-CoV-2 IgG (r=-0.312,
p < 0.001; Table 2). No relationship was found between age or gender

and antibody levels in the seronegative participants (p > 0.05).

4 | DISCUSSION

This study retrospectively evaluated the seroconversion rate of the
CoronaVac vaccine using anti-SARS-CoV-2 IgG antibody levels after
two-dose vaccination in HCWs with no prior SARS-CoV-2 infection.
About one-fifth of the participants were seronegative. To the best of
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TABLE 2 Anti-SARS-CoV-2 IgG levels based on age and gender
Anti-SARS-CoV-2 IgG levels

Variables Mean+SD Minimum Maximum p
Gender
Female (n=511) 42.5+57.7 0.074 262.5 p <0.001
Male (n=167) 31.3+55.6 0.072 2449
Age groups
20-35 56+64.7 0.074 262.5
years
(n=305)
36-50 28+47.7 0.072 244.9 p <0.001
years
(n=284)
51-65 21,8+43.2 0.081 2134
years
(n=89)

Correlation analyses between age and anti-SARS-CoV-2 IgG levels

Correlation coefficient -0.312
p 0.000
Number 678

Abbreviations: IgG, immunoglobulin G; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

the authors' knowledge, this was one of the first studies to show a
significant decrease in anti-SARS-CoV-2 IgG antibody levels with
increasing age.

In a study conducted in Chile to evaluate the efficacy of the
CoronaVac vaccine, participants were administered 600 SU vaccines
on Days 0 and 14, and the vaccine response was assessed on Days
14, 28, and 42. Seroconversion rates on Day 42 were 95.6% for
participants 18-59 years and 87.5% for participants 60 years and
older. However, the statistical significance of the difference between
age groups was not emphasized, and attention was drawn to the high
rate of seropositivity in both age groups.®

A study by Bayram et al.® found that seropositivity rates of
HCWs after the first and second doses of vaccination with Cor-
onaVac were 77.8% and 99.6%, respectively. When the results of
HCWs with a prior polymerase chain reaction confirmed SARS-CoV-
2 infection and those who were unsure of prior SARS-CoV-2 infec-
tion were excluded, seropositivity after the first dose was found to be
70.5%. In HCWs who may have had prior SARS-CoV-2 infection,
seropositivity the rate after the first dose was 71.4%. After the
second dose of CoronaVac, anti-SARS-CoV-2 IgG antibodies were
detected in 99.6% of the HCWs; only 0.4% remained seronegative
after receiving the second dose of the vaccine.® Although the ser-
opositivity rate was found to be high in this study conducted in
Turkey, the seropositivity rate after the second dose in our study
was 77.1%.

A randomized, double-blind, and placebo-controlled Phase 1-2
study conducted in February 2021 in the People's Republic of China
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reported that the vaccine response for CoronaVac after two doses of
vaccination did not decrease with age.®> The effectiveness of the
vaccine was reported to be 97%. In Phase 3 studies by Sinovac, this
rate was reported to be 51% for all patients, 84% for those with
conditions requiring medical treatment, and 100% for those with
conditions requiring hospitalization.” The present study found that
vaccine response was better in younger participants than in older
participants and that seropositivity rates after two vaccination doses
were nearly 78%.

The BNT162b2mRNA vaccine produced by Pfizer and BioNTech
was the first vaccine approved for emergency use by the United
States Food and Drug Administration.® The efficiency of
BNT162b2mRNA was found to be 95% in a Phase 3 study with more
than 43000 participants, and no significant difference was found
between age groups in terms of effectiveness.” In the Phase 3 study
of another messenger RNA (mRNA) vaccine—mRNA-1273 (Moderna)
—which included 30000 patients, the effectiveness of the vaccine
was found to be 94.1%.'°'' For participants aged 18-65 years,
vaccine efficacy was 95.6%, while efficacy for those over 65 was
86.4%."" Similar to the results of studies conducted with inactivated
vaccines, the efficiency of the mRNA vaccines was found to be high
in studies with mRNA vaccines, and no decrease was observed in
vaccine effectiveness with age.

Goel et al.'? found that antibody titers declined 6 months after
immunization with mRNA vaccines but remained detectable in all
subjects. In a study conducted by Lopez Bernal et al.'® with partici-
pants over the age of 16, the efficacy of the BNT162b2mRNA vac-
cine against the alpha variant was 93.7% and the efficacy against the
delta variant was 88%. It is noteworthy that the efficacy of the
vaccine varies according to the variants and the efficacy against the
delta variant decreases. Thus, it is possible that new mutations that
emerge in individuals with suboptimal or waning immunity will erode
the effectiveness of natural and vaccine-elicited immunity.**

The present study had some limitations. It was conducted in a
single center, and the prevaccination levels of SARS-CoV-2 anti-
bodies in the participants were unknown. And also, the participants
with asymptomatic infection could not be detected in the time be-
tween vaccination and sampling. It may have a minor impact on the
results of discrimination between antibodies elicited from vaccines
and those by natural infection. Additionally, whether antibody re-
sponse can predict clinical response in case of exposure to the in-
fectious agent cannot be determined.

5 | CONCLUSION

In light of the studies in the literature and the present analysis, ex-
tensive clinical response studies are needed for both inactivated
vaccines and mRNA vaccines to illuminate the long-term medical
effects of the COVID-19 pandemic and the unknowns of the im-
munization process. Planning and applying a booster dose after two
doses of CoronaVac is appropriate for people in risk groups, such as
healthcare professionals, people with chronic diseases, and elderly
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individuals. Doing so will preserve the continuity of herd immunity

until further studies have been conducted.
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