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ABSTRACT

Objectives: We aimed to determine the antibody levels created by COVID-19 vaccination in healthcare workers and the factors
affecting the antibody response.

Methods: Our research is a single-center, observational study that was prospectively designed and retrospectively analyzed at the
beginning of the COVID-19 pandemic, and included 103 healthcare workers who received the three-dose regimen of COVID-19
vaccine. In accordance with the recommendations of the Ministry of Health of Turkey, the first two doses of CoronaVac vaccine were
administered routinely, while the booster dose was given as BioNTech or CoronaVac (heterologous or homologous vaccination)
depending on the preference of the volunteers. Antibody titers against the SARS-CoV-2 were measured in all individuals at different
time points (1 month after the second dose of CoronaVac, before the booster dose [BioNTech or CoronaVac] at the fifth month and
one month after the booster dose) with AESKULISA® SARS-CoV-2 S1 IgG (AESKU DIAGNOSTICS, Wendelsheim, Germany).

Results: The mean age was 39.98+11.31 years, 62.1% of whom were women and 54.4% of them were accompanied by comorbid
disease. After two doses of CoronaVac, the antibody titer averaged 49.50+33.15 U/mL in the 1%t month (antibody seropositivity
86%) and the antibody titer decreased 24.01+33.48 U/mL (antibody seropositivity 49.5%) at 5" month. The mean antibody titer
was found 59.73+£60.20 U/ml in those who received the booster dose of homologous and 185.07+46.28 U/mL in those who were
heterologous (p<0.001). Antibody levels were detected significantly lower after the booster dose of vaccination in patients with
comorbidities (p<0.05).

Conclusion: Our study, which reflects the data within the scope of the Turkey Ministry of Health’s COVID-19 vaccination program
determined that the antibody response after heterologous vaccination is better than in homologous vaccination. Antibody titer
level in the 5'" month was 50% waned after two doses of inactivated vaccination. It was also shown that factors such as gender, age,
body mass index, and smoking did not create a statistically significant difference in homologous and heterologous vaccination,
but after the booster dose antibody levels decreased significantly in those with comorbidity.
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Knowing that vaccination is the most effective method
that can slow the pace of the COVID-19 pandemic and
reduce mortality has led to the acceleration of vaccination
efforts all over the world. As a result, CoronaVac (Sinovac Life
Sciences, Beijing, China) was the first vaccine whose effica-
cy and safety were accepted, started to be administered to
individuals in the risk group, especially healthcare workers,
on January 14, 2021, with the decision of the Ministry of
Health of the Republic of Turkey. CoronaVac is an inactivated
vaccine and the most widely used COVID-19 vaccine in the
world. Its efficacy ranges from 50.7% to 83.5% and produces
animmune response against all viral proteins of SARS-CoV-2.
It is difficult to measure the immune response against the
vaccines, but studies have shown that measuring the level
of SARS-CoV-2 antibodies in vaccinated individuals can be
used to evaluate the effectiveness of the vaccine.'

With the waning antibody response over time especially in
inactivated vaccines and the emergence of variant strains,
booster dose vaccination has been brought to the agenda
all over the world and in our country.>® For these reasons,
The Ministry of Health of Turkey has also accelerated its ef-
forts for the supply of mRNA vaccines and provided access
to both vaccines primarily to individuals in the risk group
and then to all citizens with vaccination indications. As a re-
sult, BioNTech (Pfizer, Inc., and BioNTech) vaccine has been
put into use in our country as of July 2021.

Our research is a prospective study which reflects the ex-
perience of a single center that will be evaluated retrospec-
tively. Volunteer healthcare workers who were involved in
the vaccination program during the pandemic were includ-
ed in our study. Vaccinations were carried out within the
program recommended by the Ministry of Health of our
country. In our study, it was aimed to determine the anti-
body levels created by COVID-19 vaccination in healthcare
workers and the factors affecting the antibody response.

Methods

Our study is a single-center, observational study that was
designed prospectively at the beginning of the COVID-19
pandemic and analyzed retrospectively. One hundred and
twelve healthcare workers (doctor, nurse, allied health
personnel, medical secretary, laboratory technician, and
pharmacist) aged 20-65 years who received three doses of
COVID-19 vaccination (first dose between January 14 and
January 31, 2021, second dose between 14 February and
February 28, 2021, and booster dose between July 11 and
August 15, 2021) at Istinye University Hospital were includ-
ed in the study. With the decision of the Ministry of Health
of the Republic of Turkey, CoronaVac (Sinovac Life Sciences,
Beijing, China) as the whole virus SARS-CoV-2 vaccine was

administered to healthcare workers at a dose of 3 mcg with
an interval of 28 days as primary doses. During the pan-
demic period, the COVID-19 mRNA vaccine, which was ap-
proved to be applied in our country as well as all over the
world, was left to the preference of health workers in the
third dose vaccine administration. One group of health-
care workers continued with CoronaVac (homologous),
while the other group continued with BioNTech (heterolo-
gous) as the booster dose. A total of 103 healthcare work-
ers were included in the study, excluding those who had
COVID-19 in the 3 months before the first vaccination, who
did not provide at least two blood samples, and those who
left the study voluntarily.

Informed consent was obtained from the volunteers. Par-
ticipants’ age, gender, profession, habits, chronic diseases,
medicine use, body mass index (BMI), influenza vaccina-
tion history, BCG scarring, history of COVID-19 before the
primer dose of vaccination and up to 6 months after the
booster dose, vaccine-related local (pain and redness) and
systemic (fever and anaphylaxis) side effects were record-
ed. The diagnosis was confirmed by studying SARS-CoV-2
RNA PCR in the nasopharyngeal swab of the individuals in-
cluded in the study with suspected COVID-19. Blood sam-
ples were taken from the healthcare workers participating
in the study between 28 and 35 days after the second dose
of vaccination, before the third dose of vaccination (same
day or 24 h before) at 5" month, and on the 28-35 days
after the booster dose of vaccination for antibody level
measurement, and centrifuged at 1500 g.plasma part was
separated and stored at —20°C.

The enzyme-linked immunosorbent test AESKULISA®
SARS-CoV-2 S1 IgG (AESKU DIAGNOSTICS, Wendelsheim,
Germany) was used for the quantitative detection of IgG
antibodies in serum and plasma samples targeting the re-
combinant S1 domain of the SARS-CoV-2 spike protein in
all serum samples taken at different times. According to the
manufacturer’s instructions, quantitative analysis was per-
formed using a four-parameter logistic standard curve ob-
tained by plotting the measured optical density values for
the four calibrators against their antibody activities (U/ml)
using logarithmic/linear coordinates, Antibody activities of
the samples were evaluated by optical density using the
generated curve and were considered positive if >12 U/mL.
Values measured above 199 U/mL were considered >199;
not diluted or reworked.

Our study was conducted in accordance with the Declara-
tion of Helsinki. Approval was obtained from the Ministry
of Health Scientific Research Platform (Approval Number.
2020-07-08T15_14_ form) and Istinye University Ethics
Committee (2/2021.G-132). Our work was supported by the
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Istinye University Scientific Research Projects fund (Project
number: 2021/B19).

Statistical Analysis

The analysis of the data was performed by recording in
the Statistical Package for Social Sciences (SPSS, Chicago,
IL, USA), version 11.0) program. Significant differences be-
tween groups were investigated using Student’s t-test in
comparisons of two subgroups and analysis of variance
(ANOVA test) in comparisons of more than two subgroups.
The test statistic probability value p <0.05 was considered
statistically significant.

Results

The mean age of healthcare personnel was 39.98+11.31
years and 62.1% (n=64) were female. Participants over the
age of 40 constituted 44.7% (n=46) and comorbid disease
accompanied 54.4% (n=56) of the cases. Comorbidities
were under follow-up and there were no individuals with
uncontrolled diabetes, severe chronic obstructive pulmo-

Table 1. Demographic data of healthcare workers

The Medical Bulletin of Sisli Etfal Hospital

nary disease, end-organ damage, or severe immunosup-
pressive drug use. The distribution of healthcare workers
by occupational groups were doctors 34% (n=35), nurses
33% (n=34) and other (healthcare personnel, laboratory
technician, secretary, and pharmacist) 33% (n=34). Those
who used alcohol 3 days a week or more were 5.8% (n=6)
of those included in the study, while 39.8% (n=41) were
regular smokers, but none of them were heavy smok-
ers (>3 packs/day). BCG scar was present in 93.2% (n=96)
of the participants. It was 11.7% (n=11) of the volunteers
who received influenza vaccination regularly, which was
slightly higher than the general population and health-
care workers.”# Overweight cases were 43.7% (n=45). The
proportion of individuals who had COVID-19 after 15 days
of two doses of CoronaVac and before booster dose (ap-
proximately 5 months) 13.6% (n=14). Homologous vacci-
nation was 16.5% (n=17), heterologous vaccination was
77.7% (n=80). Six participants were not vaccinated due to
COVID-19 diagnosis. Those diagnosed with COVID-19 for 6
months follow-up after the booster shot (homologous or
heterologous) were 27.7% (n=28) (Table 1). Among those

Parameters n (%)
Age (years)£SD (min-max) 39.98+11.31 (22-66)
>40 years 46 (44.7)
Female gender 64 (62.1)
BMI£SD (min-max) 25.07+4.68 (18.36-49.55)
Comorbidity 56 (54.4)

Hypertension 7

Diabetes 2

Cardiovascular disease 4

Chronic lung disease 6

Autoimmune disease 10

Multiple comorbidities 15

Other 12
Profession group

Doctor 35(34)

Nurse 34 (33)

Other 34 (33)
Alcohol/Smoking 6 (5.8)/41 (39.8)

BCG scarring/Regular influenza vaccination

Homologous booster/Heterologous booster

Those with COVID-19 after two doses of CoronaVac

Those with COVID-19 after booster dose (6 months follow up)
Vaccine side effects (2™ dose CoronaVac)

Local/Systemic

Vaccine side effects (3"dose)

Local/Systemic

96 (93.2)/12(11.7)
17 (16.5)/80 (77.7)
14 (13.6)
28 (27.7)

38 (36.9)
13(12.6)/24 (24.3)
71 (69)

34 (33)/37 (36)

SD: Standart deviation; BMI: Body mass index; BCG: Bacille calmette-guerin.
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with COVID-19 positivity for the homologous booster shot
was 41.2%, and 21.8% for the heterologous.

The mean antibody titer in the 15t month after two doses of
CoronaVac was 49.50+33.15 U/ml. In correlation with this
86% (n=88) had seropositivity. In the 5" month, the anti-
body titer was found to be decreased by approximately fif-
ty percent, with an average of 24.01+£33.48 U/mL, and the
rate of seropositivity was 49.5% (n=48). Among those who
did not have comorbid diseases the antibody positivity at
the 5% month was 45.3% (n=39) and the mean antibody ti-
ter was 22.02+32.23 U/mL (Table 2). The antibody titer lev-
els before the third vaccination of those who had COVID-19
(n=14) and those who did not have COVID-19 (n=89) were
evaluated and no statistically significant difference was
found (160.99+75.62 vs. 162.61+68.40) (p=0.095).

Regardless of homologous or heterologous vaccination, the
mean antibody level postbooster was 162.44+68.71 U/mL.
Two individuals (2.3%) were found to have no seropositivity
after the booster shot. These individuals were middle-aged
female volunteers who were homologous booster and had
no comorbidities. The mean antibody titer after the booster
dose was 59.73+60.20 U/mL in 17 individuals with homolo-
gous vaccination, and 185.07+46.28 U/mL in 71 cases with
heterologous vaccination (p<0.001) (Table 2). While the
antibody level was 186.80+45.64 U/mL in those who devel-
oped systemic side effects after booster dose vaccination,
the antibody level was slightly lower (149.63+75.44 U/mL)
in those who did not develop side effects.

When the antibody response is evaluated according to
age; the mean antibody level was 52.04+33 U/mL among

Table 2. Antibody titers after COVID-19 vaccinations

participants under the age of <40 who received two dos-
es of CoronaVac, and waned 24.23+35.07 U/mL in the 5t
month. In this group, the mean antibody level after the
booster shot was 167.14+65.26 U/mL, while the antibody
titer was 84.04+74.76 U/mL in homologous (n=9) and
184.72+48.07 U/mL in heterologous vaccinated individ-
uals (n=42). Among the participants over 40 years of age,
the mean antibody level was 46.28+33.43 U/mL after two
doses of CoronaVac, and waned 23.72+31.78 U/ml at the
5% month. In general, the antibody response in this group
was 157.52+£72.59 U/mL on average after the booster dose
of vaccination, while the mean was 35.42+28.76 U/mL in
homologous (n=8) and 185.43+45.05 U/ml in heterologous
(n=38) vaccinated volunteers. There was no difference in
antibody response after heterologous vaccination in indi-
viduals <40 or >40 years of age (184.72 U/mL vs. 185.43 U/
mL). These data suggest that the antibody levels decreased
(24.01+33.48 U/mL) similarly regardless of age groups, af-
ter two doses of CoronaVac vaccination at the 5" month
(Table 2).

In patients with comorbidities (n=56), the mean antibody
titer was 51.70+33.82 U/mL at the 15 month and decreased
25.79+34.79 U/mL at the 5" month after two doses of Coro-
naVac. After the booster dose, the mean antibody titer was
145.63+76.35 U/mL, and 57.02+49.54U/mL in homologous
(n=14), 179.51£54.38 U/mL in heterologous vaccinated
subjects (n=39). Among those without comorbidity (n=47)
the mean antibody titer was 46.92+32.51 U/mL after two
doses of CoronaVac and decreased 22.02+32.23 U/mL in
the 5" month. After the booster dose, the mean antibody

Parameters Antibody titer

at 1 month after

Antibody titer

before the booster

Antibody titer
at 1 month after

Antibody titer
after homologous

Antibody titer
after heterologous

two doses of dose (at 5t booster dosexSD  booster+SD (U/mL) booster+SD (U/mL)
CoronaVac+SD month)=SD (U/mL) (U/mL)
(U/mL)
Participants (n=103) 49.50%33.15 24.01+£33.48 162.44+68.71 59.73+60.20* 185.07+46.28*
Female 51.33+33.63 22.64+31.06 156.84+73.70 60.59+68.91 183.69+48.53
Male 46.42+32.52 26.43+37.75 171.78+£59.37 57.15£26.45 187.18+43.36
>40 years 46.28+33.43 23.72+31.78 157.52+72.59 35.42+28.76 185.43+45.05
<40 years 52.04+33 24.23+35.07 167.14+65.26 84.04+£74.76 184.72+48.07
Smoker 48.71+33.44 12.11£13.56 172.31£60.29 53.99+24.27 187.20+44.90
Non-smoker 50.03+33.22 32+40.05 155.92+73.57 61.64+69.03 183.51+47.75
BMI =25 50.05+£34.91 23.15+£32.97 143.82+78.88 40.48+31.16 170.42+63.92
Normal BMI 49.07£31.99 24.66+34.16 176.59+56.67 78.98+77.13 195.09+24.98
Comorbidity 51.70+33.82 25.79+34.79 145.63+£76.35** 59.02+49.54 179.51+£54.38
Without comorbidity 46.92+35.51 22.02+32.23 181.71£53.41** 71.46+110.46 190.18+37.37

SD: Standart deviation; BMI: Body mass index; *p<0.001; **p<0.05.
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titer was 181.71+£53.41 U/mL, while it was 71.46+£110.46 U/
mL in homologous (n=3), and 190.18+37.37 U/mL in het-
erologous vaccine (n=41) participants. Among those with
multiple comorbidities (n=14); the mean antibody titer was
45.02+32.27 U/mL in the 1% month and 28.81+42.96 U/mL
in the 5" month after two doses of CoronaVac. After the
booster dose, the mean antibody titer was 127.31+86.95 U/
mL, while it was 31.22+24.39 U/mL in homologous (n=5),
and 180.70+54.88 U/mL in heterologous vaccined (n=9).
Among those without multiple comorbidities (n=88) af-
ter two doses of CoronaVac the mean antibody titer was
50.21+33.41 U/mLin 1**month, and waned 23.13+31.70 U/
mL in the 5" month. After the booster dose, the mean anti-
body titer was 169.08+63.24 U/mL, while it was 72.69+67.88
U/mL in homologous (n=12), and 185.70+45.38 U/mL in
heterologous vaccined (n=71) participants (Table 2).

Among volunteers with normal BMI (n=58), the mean
antibody titer was 49.07£31.99 U/mL after two doses of
CoronaVac, and 24.66+34.16 U/mL in the 5" month. Af-
ter the third dose of vaccination, the mean antibody titer
was 176.59+56.67 U/mL, while it was 78.98+77.13 U/mL
in homologous (n=9) and 195.09+24.98 U/mL heterolo-
gous vaccined (n=46) volunteers (Table 2). In those who
are overweight (BMI:25-30) (n=33), the mean antibody
titer was 48.43%£35.69 U/mL after two doses of CoronaVac
and 20+37 in the 5" month. After the third dose of vacci-
nation, the mean antibody titer was 144.81+79.40 U/mL,
while it was found 43.31+34.18 U/mL in homologous (n=5),
and 167.88+67.62 U/mL in heterologous vaccined (n=22).
Among obese individuals (BMI=30), (h=12), the mean anti-
body titer was 54.48+33.78 U/mL after two doses of Coro-
naVac and 32.02+45.08 U/mL in the 5" month. After the
booster dose, the mean antibody titer was 141.37+81.36
U/mL, while the it was found 35.76+31.73 U/mL in ho-
mologous (n=3) and 180.97+50.96 U/mL in heterologous
vaccined (n=8). There was no statistically significant differ-
ence between the groups (antibody levels 1 month and
5% month after CoronaVac and 1 month after the booster
dose) (Table 2).

Discussion

Health-care workers, who are at the forefront of the pan-
demic and are at high risk for SARS-CoV-2 infection, have
started to be vaccinated as a priority in the COVID-19 vac-
cination program. The only vaccine administered in our
country until April 2021 was the inactivated whole cell
COVID-19 virus vaccine, CoronaVac (Sinovac Life Sciences,
Beijing, China),and in July 2021, again with the decision of
the Ministry of Health, the third dose of vaccination was
started as CoronaVac or BioNTech (Pfizer, Inc,, and BioN-
Tech).l"

The Medical Bulletin of Sisli Etfal Hospital

Inactivated vaccines are the most experienced vaccines
from past to present; the advantages are that they are safe,
have few side effects, and suitable conditions for storage
and transfer. However, since the antigenic immunity of vi-
rus vaccines caused by the inactivation process is low, anti-
body responses decrease over time, and therefore booster
vaccinations are required. On the other hand, the produc-
tion of mRNA vaccines is fast and easy. They create a long-
term and more effective immune response, but the most
important disadvantage of these vaccines is that they re-
quire cold chain conditions during storage and transfer.”'®

Against SARS-CoV-2 vaccination, our body produces an-
tibodies against different structural proteins of the virus.
Neutralizing antibodies that provide virus inhibition are
mainly formed against spike protein of SARS-CoV-2 virus
and can be detected by plaque reduction neutralization
test. However, this test cannot be routinely studied due to
the need for a special laboratory infrastructure and high
cost. Therefore, spike antibodies are used in clinical prac-
tice. Although it is known that these antibodies correlate
with neutralizing antibody levels, there is no standard
threshold value for significant antibody titer.''?

Vaccination is a cost-effective method in COVID-19, as in
all infectious diseases, and billions of doses of vaccines
with proven effectiveness against SARS-CoV-2 have been
administered today, preventing hospitalization and death
due to this disease. However, vaccine-induced immunity
has been shown to decrease after mRNA vaccines, espe-
cially inactivated vaccines. At this point, immune response
data on inactive and mRNA vaccinations are being pub-
lished in increasing numbers.!"!

Inactivated vaccines were the first vaccine to be imple-
mented at the beginning of the COVID-19 outbreak. Data
on the efficacy of these vaccines came from China, Chile,
Brazil, and our country, which approved this vaccine for
emergency use in January 2021.0V1%"1 Therefore, experi-
ence with inactivated vaccines and heterologous vaccina-
tion (inactivated vaccine and mRNA vaccine) was limited
to the data of these countries, and data on mRNA vaccines
were supported by more widespread studies worldwide.

Inthis study, we aimed to investigate the antibody response
of inactivated and mRNA vaccines, the antibody levels de-
veloped after heterologous and homologous vaccination,
the stability over time and the factors that may affect the
antibody response in health-care workers.

It was shown that the female gender had no effect on the
antibody level in our participant’s group consisting of 103
healthcare workers. Female and male antibody levels were
similar (Tables 1 and 2). Although some studies in the liter-
ature have found that female gender may be an indepen-
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dent risk factor on antibody response, some studies have
also shown that gender does not have a significant effect
on antibody response.'¢'?

In our study, the heterologous booster was predominant
(77.7%), while those who had COVID-19 after two doses of
vaccination were 13.6%, and 36.9% after booster doses in
the 6-month follow-up (Table 1). It was thought that sub-
stantial increase (13.6% vs. 36.9%) was due to the change
in the social behaviors of the healthcare workers, who were
tired under the isolation measures for a long time due to
the pandemic. And the effect of reliance created by the
vaccine, together with the administration of the booster
shot coinciding in the summer period may contribute to
this situation. In terms of vaccine reaction, it was seen that
the highest rate was shown after the booster dose (69%)
(Table 1). Consistent with the literature, this situation was
thought to be related to mRNA vaccines or heterologous
vaccination.['>2021

It has been reported that there is a decrease in the immune
response induced by the vaccine against SARS-CoV-2 as
a result of changes in immune system functions with ad-
vancing age.???1 We observed that the antibody titers
were similar between age groups, and this condition may
be associated with low number of advanced age cases and
low homologous vaccinations in the population. Although
it was found in the literature that the antibody response
decreased after SARS-CoV-2 vaccinations with advancing
age, in a study evaluating the antibody response after two
doses of inactivated vaccines, no difference was found be-
tween age groups in terms of antibody production.l624251

Similar to advanced age, it has been reported that the an-
tibody response observed after COVID-19 vaccination is
low in morbidly obese and smokers.?®! However, there was
no decrease in antibody responses after mRNA vaccines in
obese and overweight patients.””2 |n studies conducted in
our country, the antibody response was found to be low in
patients with high BMI, morbidly obese, and smokers after
two doses of inactivated vaccine.?>2% On the other hand, in
our study, no statistically significant difference was found
between BMI or smoking and antibody levels.

It has been found that the immune response to infection or
vaccination is decreased in people with comorbidities, and
spike antibody response is low after two doses of mRNA
vaccination.>3'32 |n our study, the antibody levels were
found to be significantly lower after booster dose in pa-
tients with comorbidities (Table 2). Consistent with the lit-
erature; this study showed that the antibody levels waned
over time after inactive vaccination and decreased by ap-
proximately 50% in the 5™ month, and were statistically
significantly higher after heterologous booster.>?>33 (Table

2). In similar studies conducted with healthcare profes-
sionals in our country, it was determined that the antibody
response increased significantly if the booster vaccination
after the first two doses of inactivated vaccine was heterol-
ogous.[30,34,35]

However, there are also limitations of our study. These are
the limited number of the participants, the absence of a
geriatric and pediatric population, no further dilution of
antibody upper limit and the absence of antibody levels
data for longer than 6 months.

Conclusion

Our article is noteworthy because the data on heterol-
ogous vaccination (inactive and mRNA vaccines) in the
world are limited to only certain countries (China, Brazil,
Chile..). And also, it provides information about the anti-
body response and stability developed after inactivated
vaccine which was used widely (45% of COVID-19 vaccina-
tions) in the world.®In conclusion, our study which reflects
the data within the scope of the Turkey Ministry of Health’s
first vaccine administration program at the beginning of
the COVID-19 pandemic, showed that the post-vaccination
antibody response was better in heterologous vaccination
than in homologous vaccination. In addition, a decrease of
approximately 50% in the antibody levels in the 5" month
in the follow-up of inactive vaccination is compatible with
the literature. While it was shown that factors such as gen-
der, age, BMI, and smoking did not create a statistically sig-
nificant difference in homologous and heterologous vacci-
nation, antibody response decreased significantly in those
with comorbidity after the booster dose. Our data should
be supported by extensive studies involving a large num-
ber of cases.
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