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ABSTRACT

Introduction: Studies are showing that a high antibody response increases the protection against variants in the fight against the
COVID-19 pandemic. In this study, we aimed to investigate the relationship between antibody response and side effects based on the
number of doses administered to healthcare workers who were vaccinated against COVID-19.

Materials and Methods: Healthcare workers, who were vaccinated with two doses of BNT162b2 (Group 1), a single dose of BNT162b2
following two doses of CoronaVac (Group 2), or two doses of BNT162b2 following two doses of CoronaVac (Group 3), were randomly
assigned to this study. Serum samples were taken from the participants 30 = 2 days after the last vaccination date, and the SARS-
CoV-2 anti-spike ST RBD IgG test was administered to these samples. A questionnaire was conducted detailing the demographics of the
patients as well as their post-vaccination complaints. The results were analyzed statistically. Analysis results with a p-value of <0.05
were considered significant.

Results: A total of 179 healthcare professionals with a mean age of 41.7 £ 10.6 years were included in our study. Of the studied
samples, 95.5% (n= 171) were interpreted as anti-spike ST RBD IgG seropositive. Positivity rates and mean antibody levels were
93.2%, 95.9%, 97.8%, and 107.4 + 117.1, 152.7 £ 108.5, 201.4 + 114.9 (AU/mL) for Group 1, Group 2, and Group 3, respectively
(p< 0.05). In general, no significant differences in antibody response were seen based on gender or age. However, a significant
correlation was found between the occurrence of vaccine-related side effects and antibody titer (p< 0.001). The most common side
effect was pain in the area where the vaccine was administered, with a rate of 77.4% (n= 48). More vaccine-related side effects were
reported in participants under the age of 40 and in female healthcare workers.

Conclusion: We believe that booster doses are effective for increasing the immune response and thus protecting against COVID-19.
More extensive research should be conducted to confirm the link between the occurrence of vaccine-related side effects and antibody
titer. Furthermore, studies on the safety of increasing the number of vaccine doses are required.
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Saglik Calisanlarinda COVID-19'a Karsi inaktif ve mRNA Asilanma Sonrasi Doz Sayisina Bagli
Antikor Yaniti ve Yan Etkilerin Degerlendirilmesi

Taylan BOZOK, Harun GULBUDAK, Seda TEZCAN ULGER, Génuil ASLAN
Mersin Universitesi Tip Fakuiltesi, Tibbi Mikrobiyoloji Anabilim Dali, Mersin, Tdrkiye

Giris: COVID-19 salginina karsi miicadelede antikor yanitin ytiksek olmasinin varyantlara karsi koruyuculugu artirdigina yénelik ¢calisma-
lar mevcuttur. Bu calismada COVID-19a karsi asilanmis saglik calisanlarinda asi sonrasi doz sayisina bagh olusan antikor yaniti ve yan
etki iliskisini degerlendirmeyi amagladik.

Materyal ve Metod: Calismaya randomize olarak sadece iki doz BNT162b2 ile asilanmis olanlar (Grup 1) ve iki doz CoronaVac sonrasi
tek doz (Grup 2) veya iki doz (Grup 3) BNT162b2 ile asilanmis olanlar dahil edildi. Katilimcilardan serum 6rnekleri son asilanma
tarihinden itibaren 30 + 2 giin sonra alindi ve érneklere SARS-CoV-2 anti-spike ST RBD IgG testi ¢calisildi. Hastalarin demografik verileri
ve asi sonrasi olusan sikayetleri ile ilgili anket formu dolduruldu. Sonuglar istatistiksel olarak analiz edildi, p< 0.05 degeri anlamii kabul
edildi.

Bulgular: Calismamiza yas ortalamasi 41.7 £ 10.6 olan toplamda 179 saglik ¢alisani dahil edildi. Calisilan érneklerin %95.5'i (n=171)
anti-spike ST RBD IgG seropozitif olarak yorumlandi. Gruplara gore pozitiflik oranlari ve ortalama antikor dtizeyleri sirasiyla Grup 1,
Grup 2, Grup 3; %93.2, %95.9, %97.8;, 107.4 £ 117.1, 152.7 £ 108.5, 201.4 £ 114.9 idi (p< 0.05). Genel olarak cinsiyet ve yasa
gobre antikor yanitinda anlamli bir farklilik tespit edilmedi. Ancak asiya bagl yan etki olusumu ile antikor titresi arasinda anlamii bir iliski
bulundu (p< 0.001). En sik gériilen yan etki %77.4 (n= 48) oraninda asi yapilan bélgede gelisen agri sikayetiydi. Katihmcilardan 40
yas alti olanlarda ve kadin saglik calisanlarinda daha fazla asiya bagl yan etki bildirildi.

Sonug: COVID-19’a karsi immiin yaniti ve dolayisiyla koruyuculugu artirmak icin hatirlatma dozlarinin yapilmasinin etkili oldugunu
diistinmekteyiz. Asiya baglh yan etki olusumu ile antikor titresi arasindaki iliski daha kapsamli calismalarla pekistirilmelidir. Bunun yanin-
da asi doz sayisinin artirlmasinin giivenligi hakkinda ¢alismalara ihtiyag vardir.

Anahtar Kelimeler: COVID-19; Asi; Anti-spike s1 rbd igg; Doz sayisi; Antikor yanit

INTRODUCTION particle virus-like protein (VLP) vaccines, DNA
(COVID-19) vaccines, and mRNA vaccines are examples of
’ these vaccines!*). Currently, the most com-
monly used types of vaccine in the world and
our region are inactivated vaccines and mRNA
vaccines. Vaccines were first administered to

The Coronavirus disease-2019
caused by severe acute respiratory syndrome
coronavirus-2  (SARS-CoV-2), spread rapidly
around the world since the day it was identified
and caused a pandemiclll. According to the
data reported by the World Health Organization health workers in our region per the vaccination
(WHO) on 09.03.2022, there were approxi- policy of our country and the majority received
mately 480 million confirmed cases and 6.1 two doses of the CoronaVac (Sinovac Biotech,
million deaths. Approximately 11 billion doses China)  inactivated virus  vaccine. The third
of COVID-19 vaccines have been administered ~ d0se was given six months later, and a fourth
worldwidel?. Vaccination is the most cost-effec- dose was optional. At this point, in addition

five and reliable method for combating infectious ~ f© the CoronaVac vaccine, an mRNA vaccine,
diseases. such as the SARS-CoV-2 parldemic[e‘]. BNT162b2 (Pfizer-BioNTech), was available as a

vaccine option. Several studies have been pub-
lished in the literature to investigate the antibody
response to inactive or mRNA vaccination®7).
However, studies are insufficient since different
vaccinations and doses are used. The purpose of
this study was to investigate the differences in

In this context, different types of vaccines have
been developed and are still being developed
by many research laboratories all around the
world. Inactive virus vaccines, recombinant viral
vector vaccines, live-attenuated virus vaccines,
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antibody responses that occur following different
doses and types of vaccination in health workers.

MATERIALS and METHODS
Study Design

This was a prospective study that included
healthcare workers with various immunization
statuses in a single-center, tertiary hospital.

Study Group

A total of 179 healthcare professionals work-
ing at Mersin University Medical Faculty Hospital,
who were aged between 18-65, and had no
previous history of COVID-19 were included in
this study. Individuals who were receiving immu-
nosuppressive treatment were not included in
this study. Serum samples were collected from
volunteer healthcare workers to form three ran-
domized groups. Group 1 (n= 59) consisted of
those who received only two doses of mRNA
(BNT162b2) vaccine, Group 2 (n= 74) of those
who received a single dose of mRNA vaccine
following two doses of inactive (CoronaVac)
vaccine, and Group 3 (n= 46) of those who
received two doses of mRNA wvaccine following
two doses of inactive vaccine.

Sample Collection

Blood samples were collected from healthcare
workers at Mersin University Medical Faculty
Hospital who voluntarily participated in this study
30 = 2 days following their last vaccination.
The blood samples were centrifuged at 4000
rpm for 10 minutes without waiting to separate
the serums, which were then placed in 1.5 mL
vials and stored in a deep freezer at -20°C until
anti-spike IgG was detected.

Detection of Anti-spike IgG

Access SARS-CoV-2 1gG 1I  (Beckmann
Coulter, USA) test, a chemiluminescent immuno-
assay method with paramagnetic particles, was
used for the detection of SARS-CoV-2 anti-spike
S1 RBD IgG. The Access SARS-CoV-2 IgG 1
assay aims to detect the antibody response spe-
cific to the receptor binding site (RBD) of the
S1 protein. The clinical sensitivity and specificity
of this test were reported by the manufacturer
as 100% (>18 days) and 99.8%, respectively.

Interpretation of Results and Reporting

System software computed the test results
automatically. The collected results were analyzed
in accordance with the manufacturer’s recom-
mendations. Access SARS-CoV-2 IgG test results
of <10 AU/mL were interpreted as negative,
and results =10 AU/mL were interpreted as
positive.

Statistical Analysis

All obtained data were analyzed using SPSS
20.0 (IBM, Armonk, NY, USA) and Excel
(Microsoft Office Professional Plus 2016) soft-
ware. Student’s t-test was used to determine the
95% confidence interval, and the Kolmogorov-
Smirnov test was used for the normality analysis
of the parameters. The Chi-square test and
Mann-Whitney U test were used to compare the
differences between groups. Spearman analysis
was used to evaluate the correlation of outcome
values with ordinal variables. The statistical sig-
nificance level was accepted as p< 0.05.

RESULTS

The mean age of the healthcare workers
included in our study was 41.7 + 10.6 (min-
max; 18-63), 58.7% (n= 105) were female
and 41.3% (n= 74) were male. In this study,
SARS-CoV-2 1gG antibody response was positive
in 95.5% (n= 171) of the serum samples of
179 healthcare workers. On the other hand,
eight (4.5%) samples had negative results. SARS-
CoV-2 IgG antibody positivity rate was found
as 93.2%, 95.9%, and 97.8% for Group 1,
Group 2, and Group 3, respectively. The mean
anti-spike S1 RBD IgG titer of antibody-posi-
tive samples was calculated as 150.3 = 118.0
AU/mL. The mean antibody titers for Group
1, Group 2, and Group 3 were found as
107.4 = 117.1, 152.7 = 1085, and 201.4
+ 114.9, respectively (p< 0.05). According to
these data, Group 3, who received four doses
of vaccine, had the highest positivity rate and
antibody titer among all groups (Figure 1). Anti-
body levels and positivity rates of the individuals
included in our study did not show a statistically
significant difference based on age and gender
(Table 1). No significant relationship was found
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Figure 1. A. Antibody level-age correlation graph according to vaccine groups. B. Boxplot distribution of antibody levels accord-

ing to vaccine groups (Mann-Whitney U test was used as statistical analysis).

Table 1. Analysis of SARS-CoV-2 S1 RBD IgG levels according to different groups

Group 2 Group 3
Type of Group 1 CoronaVac (2) CoronaVac (2)
vaccine (n) BNT162b2 (2) ] BNT162b2 (1) o] BNT162b2 (2) p Total o]
mean £ SD mean * SD mean £ SD mean + SD
Characteristics (Cl 95%) (Cl 95%) (Cl 95%) (Cl 95%)
Age (min-max) (18-62) (18-63) (24-60) (18-63)
<40 121.8 £ 115.9 153.1 £ 106.7 191.4 £121.2 149.8 £ 116.9
B (83.1-165.4) (112.6-194.3) (139.3-248.8) (123.6-177.5)
0.111 0.732 0.540 0.934
540 91.6 £ 118.5 152.4 £110.6 208.5+112.0 150.6 £ 119.2
(53.6-140.7) (122.5-185.5) (167.2-250.1) (130.4-174.2)
Gender
Fernale 106.8 £ 97.3 157.3 £ 108.3 216.1 £112.8 158.2 £ 113.3
(73.0-142.7) (127.0-187.4) (176.2-256.6) (136.2-180.6)
0.533 0.680 0.300 0.111
Male 108.2 £ 139.0 145.8 £110.4 176.4 £117.5 139.1 £124.3
(58.7-166.6) (105.6-187.0) (117.7-236.0) (109.6-168.4)
Side effect
No 959+118.4 133.9£102.8 169.5 £ 108.0 127.2£112.5
(63.4-132.8) (104.7-165.2) (126.5-216.9) (106.8-147.9)
0.030 0.021 0.046 <0.001
Yes 141.3 £110.1 1873 +112.4 239.4+113.6 193.8 £116.5
(90.4-197.6) (145.7-231.8) (193.8-288.0) (165.7-224.0)
Total 107.4£117.1 152.7 £ 108.5 201.4 £ 1149 150.3 £118.0 <0.05
(77.4-135.6) (127.5-178.5) (168.8-234.4) (133.7-168.6) :

SD: Standard deviation, Cl: Confidence interval.

between the change in antibody titers and age
(rspearman= 0.047, p= 0.530) (Figure 1). Howev-
er, a significant positive correlation was detected
when the relationship between the number of
doses and the antibody titer was analyzed (r

= 0.367, p< 0.001).

spear-
man

Healthcare workers who developed vaccine-re-
lated side effects were 34.6% (n= 62). The most
common side effect was pain at the injection
site with a ratio of 77.4% (n= 48). Other
side effects included weakness/fatigue in 24.2%
(n= 15), headache in 21.0% (n= 13), bone/
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Figure 2. Percentage frequency of side effects due to COVID-19 vaccine according to different variables.

joint pain in 17.7% (n= 11), fever in 11.3%
(n= 7), and other local and systemic side
effects in 14.5% (n= 9) (Figure 2). Group 3
experienced the most vaccine-related side effects
with a rate of 45.7%. When we analyzed the
relationship between the antibody titer and the
occurrence of side effects, it was observed that
the occurrence of side effects was increased
significantly in people with high antibody titer
(Table 1). Although more vaccine-related side
effects were reported in women than men (40%
vs 27%; p= 0.072) and in individuals aged <40
years than those >40 years of age (41.3% vs
29.8%; p= 0.110), these differences were not
statistically significant.

DISCUSSION

Despite the extensive measures taken to con-
trol the pandemic around the world, the impact
of SARS-CoV-2 persists by emerging new
variants that increase the rate of transmission.
Neutralization studies have also been carried out
by researchers against novel variants that have
occurred or are likely to occur. According to
these studies, increasing the number of vaccine

doses is believed to boost the efficacy against
variants®?l. However, there can be variability in
efficacy depending on the type of vaccines and
the demographic characteristics of the individuals.
It has been reported that the neutralization levels
are closely related to the level of antibodies that
are formed against RBD in the S1 region of
the S protein of the virus!!0-11,

The mean positivity rate of the SARS-CoV-2
antibody (95.5%) in all vaccinated groups in our
study was similar to other studies in the litera-
turel®12:13 When compared to vaccination with
only two doses of BNT162b2, vaccination with a
single dose or two doses of BNT162b2 following
two doses of CoronaVac produced better results
in terms of both antibody positivity and antibody
levels. This supports the view that increasing the
number of doses and administering a booster
dose will increase neutralization and hence be
effective against both current and future SARS-
CoV-2 variants. In addition, it has been reported
in studies that the antibody response obtained
after vaccination with BNT162b2 is higher
than after vaccination with CoronaVac!4. In
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our study, those who were vaccinated with a
single dose of BNT162b2 following two doses
of CoronaVac had higher antibody levels than
those who were vaccinated with two doses of
BNT162b2. This demonstrates that following
inactive vaccines with a booster dose of mRNA
vaccines improves the immune response’s low
efficiency. This finding is supported by a few
studies in the literature!1®:16].

Zhang et al. found that individuals who
received two doses of BNT162b2 + CoronaVac
heterologously had stronger immunity than
those who received two doses of homologous
CoronaVac vaccine, and they argued that the
combination vaccine strategy is safell”]. In another
study, they found that a dose of the BNT162b2
booster vaccine improved protection against the
disease after two doses of CoronaVac, especially
for the elderlyug]. Similar to this study, Zuo et
al. found that booster dose mRNA vaccination
after inactivated vaccine significantly increased
antibody response. They also stated that heterol-
ogous vaccination significantly increased the spe-
cific memory B and T cell response compared
to homologous mRNA vaccination!1¢l.

In general, there was no statistically significant
difference in antibody levels based on gender or
age. However, antibody response to only two
doses of the BNT162b2 vaccine was found to
be higher in individuals under 40 years of age.
The immune system’s response is expected to
decline as getting older, and this decline can
be restored with booster doses. It was observed
that increasing the number of vaccine doses or
reminder doses increased the antibody response
in favor of women. Although we did not find
sufficient data in the literature, researchers found
a significant antibody response inversely propor-
tional to age after a single dose wvaccination,
similar to our study, when they analyzed the
results based on age and gender. However, this
difference became insignificant with increasing
doses and durations. Similarly, when an analysis
based on gender was performed, no signifi-
cant difference in antibody response was seen
between female and male groups in a single-dose
vaccination, but a statistically significant difference

was shown in favor of females in the second
dose vaccination. However, this difference lost
statistical significance on the 45" day after vac-
cination and at the subsequent analysis dates!1?!.
This provides evidence that the early immune
response to second or booster doses may be
higher in females. However, this evidence needs
to be supported by more comprehensive studies.

In our study, the rate of side effects, described
as giving discomfort, except for local and mild
symptoms related to the vaccine, was 34.6%.
In the literature, the incidence of side effects
against different COVID-19 vaccines varies.
Generally, the most common symptom in these
studies was local effects at the administration site
similar to our studyl?%-2ll, When we look at the
vaccine-related side effects between the groups, it
has been observed that more side effects occur
in women and individuals under the age of 40.
Besides, it was observed that the incidence of
side effects increased with the increasing number
of vaccine doses. In our analysis, a significant
relationship between the antibody level and the
occurrence of side effects was found. In a study
by Imai et al. about the effect of disease severity
on antibody response; it has been observed that
lower values in antibody seroconversion occur in
patients with mild disease than those with severe
diseasel??. We do not have enough evidence
to associate this situation with the side effects
of the vaccine. However, the frequency of vac-
cine-related side effects was found to be higher
in the younger age group and female gender,
similar to our study, but this situation could not
be associated with antibody titer3l. Since the
degree of discomfort due to the side effects of
the vaccine is not an objective situation and
there can be different dynamics between indi-
viduals, it was considered inappropriate to eval-
uate vaccine-related side effects as a one-to-one
immune response marker.

In this study, measuring the antibody levels
of the participants at different periods before
the vaccination and during the follow-up could
provide a more effective evaluation of the results.
However, a limited number of examples could
be studied due to budget constraints.
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CONCLUSION

In our study, antibody levels against SARS-
CoV-2 were analyzed according to different
vaccination status. In conclusion, it has been
shown with the data we obtained in this study
that increasing the number of doses increases
the level of antibodies regardless of gender and
age. Therefore, it is believed that booster doses
may be effective in protecting against active
variants and new SARS-CoV-2 variants that may
occur in the future. However, more extensive
clinical studies are needed to better understand
the effects of increasing the number of doses in
SARS-CoV-2 vaccination.
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