
48

Evaluation of Antibody Response and Side Effects 
Related to the Number of Inactive and mRNA 
Vaccine Doses Against COVID-19 in Healthcare 
Workers

Sağlık Çalışanlarında COVID-19‘a Karşı İnaktif ve mRNA Aşılanma Sonrası 
Doz Sayısına Bağlı Antikor Yanıtı ve Yan Etkilerin Değerlendirilmesi
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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 S1 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 S1 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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INTRODUCTION

The Coronavirus disease-2019 (COVID-19), 
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 pandemic[1]. According to the 
data reported by the World Health Organization 
(WHO) on 09.03.2022, there were approxi-
mately 480 million confirmed cases and 6.1 
million deaths. Approximately 11 billion doses 
of COVID-19 vaccines have been administered 
worldwide[2]. Vaccination is the most cost-effec-
tive and reliable method for combating infectious 
diseases, such as the SARS-CoV-2 pandemic[3]. 
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, 

particle virus-like protein (VLP) vaccines, DNA 
vaccines, and mRNA vaccines are examples of 
these vaccines[4,5]. 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 
health workers in our region per the vaccination 
policy of our country and the majority received 
two doses of the CoronaVac (Sinovac Biotech, 
China) inactivated virus vaccine. The third 
dose was given six months later, and a fourth 
dose was optional. At this point, in addition 
to the CoronaVac vaccine, an mRNA vaccine, 
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[6,7]. 
However, studies are insufficient since different 
vaccinations and doses are used. The purpose of 
this study was to investigate the differences in 

ÖZ

Sağlık Çalışanlarında COVID-19‘a Karşı İnaktif ve mRNA Aşılanma Sonrası Doz Sayısına Bağlı 
Antikor Yanıtı ve Yan Etkilerin Değerlendirilmesi
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Giriş: COVID-19 salgınına karşı mücadelede antikor yanıtın yüksek olmasının varyantlara karşı koruyuculuğu artırdığına yönelik çalışma-
lar mevcuttur. Bu çalışmada COVID-19’a karşı aşılanmış sağlık çalışanlarında aşı sonrası doz sayısına bağlı oluşan antikor yanıtı ve yan 
etki ilişkisini değerlendirmeyi amaçladık.

Materyal ve Metod: Çalışmaya randomize olarak sadece iki doz BNT162b2 ile aşılanmış olanlar (Grup 1) ve iki doz CoronaVac sonrası 
tek doz (Grup 2) veya iki doz (Grup 3) BNT162b2 ile aşılanmış olanlar dahil edildi. Katılımcılardan serum örnekleri son aşılanma 
tarihinden itibaren 30 ± 2 gün sonra alındı ve örneklere SARS-CoV-2 anti-spike S1 RBD IgG testi çalışıldı. Hastaların demografik verileri 
ve aşı sonrası oluşan şikayetleri ile ilgili anket formu dolduruldu. Sonuçlar istatistiksel olarak analiz edildi, p< 0.05 değeri anlamlı kabul 
edildi.

Bulgular: Çalışmamıza yaş ortalaması 41.7 ± 10.6 olan toplamda 179 sağlık çalışanı dahil edildi. Çalışılan örneklerin %95.5’i (n= 171) 
anti-spike S1 RBD IgG seropozitif olarak yorumlandı. Gruplara göre pozitiflik oranları ve ortalama antikor düzeyleri sırasıyla 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 yaşa 
göre antikor yanıtında anlamlı bir farklılık tespit edilmedi. Ancak aşıya bağlı yan etki oluşumu ile antikor titresi arasında anlamlı bir ilişki 
bulundu (p< 0.001). En sık görülen yan etki %77.4 (n= 48) oranında aşı yapılan bölgede gelişen ağrı şikayetiydi. Katılımcılardan 40 
yaş altı olanlarda ve kadın sağlık çalışanlarında daha fazla aşıya bağlı yan etki bildirildi.

Sonuç: COVID-19’a karşı immün yanıtı ve dolayısıyla koruyuculuğu artırmak için hatırlatma dozlarının yapılmasının etkili olduğunu 
düşünmekteyiz. Aşıya bağlı yan etki oluşumu ile antikor titresi arasındaki ilişki daha kapsamlı çalışmalarla pekiştirilmelidir. Bunun yanın-
da aşı doz sayısının artırılmasının güvenliği hakkında çalışmalara ihtiyaç vardır.

Anahtar Kelimeler: COVID-19; Aşı; Anti-spike s1 rbd igg; Doz sayısı; Antikor yanıt
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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 vaccine 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 IgG II (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 II 
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 IgG 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 ± 108.5, 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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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 (rspear-
man= 0.367, p< 0.001).

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/

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).

A B

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

Type of 
vaccine (n)

Group 1 
BNT162b2 (2) p

Group 2 
CoronaVac (2) 
BNT162b2 (1) p

Group 3 
CoronaVac (2) 
BNT162b2 (2) p Total p

Characteristics
mean ± SD
(CI 95%)

mean ± SD
(CI 95%)

mean ± SD
(CI 95%)

mean ± SD
(CI 95%)

Age (min-max) (18-62) (18-63) (24-60) (18-63)

≤40
121.8 ± 115.9 
(83.1-165.4)

0.111

153.1 ± 106.7 
(112.6-194.3)

0.732

191.4 ± 121.2 
(139.3-248.8)

0.540

149.8 ± 116.9 
(123.6-177.5)

0.934

>40
91.6 ± 118.5 
(53.6-140.7)

152.4 ± 110.6 
(122.5-185.5)

208.5 ± 112.0 
(167.2-250.1)

150.6 ± 119.2 
(130.4-174.2)

Gender

Female
106.8 ± 97.3 
(73.0-142.7)

0.533

157.3 ± 108.3 
(127.0-187.4)

0.680

216.1 ± 112.8 
(176.2-256.6)

0.300

158.2 ± 113.3 
(136.2-180.6)

0.111
Male

108.2 ± 139.0 
(58.7-166.6)

145.8 ±110.4 
(105.6-187.0)

176.4 ± 117.5 
(117.7-236.0)

139.1 ± 124.3 
(109.6-168.4)

Side effect

No
95.9 ± 118.4 
(63.4-132.8)

0.030

133.9 ± 102.8 
(104.7-165.2)

0.021

169.5 ± 108.0 
(126.5-216.9)

0.046

127.2 ± 112.5 
(106.8-147.9)

<0.001
Yes

141.3 ± 110.1 
(90.4-197.6)

187.3 ± 112.4 
(145.7-231.8)

239.4 ± 113.6 
(193.8-288.0)

193.8 ± 116.5 
(165.7-224.0)

Total
107.4 ± 117.1 
(77.4-135.6)

152.7 ± 108.5 
(127.5-178.5)

201.4 ± 114.9 
(168.8-234.4)

150.3 ± 118.0 
(133.7-168.6)

<0.05

SD: Standard deviation, CI: Confidence interval.
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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[8,9]. 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[10,11]. 

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-
ture[6,12,13]. 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[14]. In 

Figure 2. Percentage frequency of side effects due to COVID-19 vaccine according to different variables.
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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[15,16]. 

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 safe[17]. 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 elderly[18]. 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[16].

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 vaccination, 
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 45th day after vac-
cination and at the subsequent analysis dates[19]. 
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 study[20,21]. 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 
disease[22]. 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 titer[23]. 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.

ETHICS COMMITTEE APPROVAl

This study was performed in line with the 
principles of the Declaration of Helsinki. Approv-
al was granted by the Mersin University Clinical 
Research Ethics Committee (Date: 15/12/2021 
and Decision No: 2021/769). Written informed 
consent was obtained from the participants in-
cluded in the study.

CONFlICT of INTEREST

The authors have no relevant financial or 
non-financial interests to disclose.

AUTHORSHIP CONTRIBUTIONS

Concept and Design: TB, STÜ, GA

Analysis/Interpretation: All of authors

Data Collection or Processing: All of authors

Writing: All of authors

Review and Correction: All of authors

Final Approval: All of authors

REFERENCES 
1.  Barnes CO, Jette CA, Abernathy ME, Dam KMA, Esswein SR, 

Gristick HB, et al. SARS-CoV-2 neutralizing antibody structu-
res inform therapeutic strategies. Nature 2020;588:682-7. 
https://doi.org/10.1038/s41586-020-2852-1 

2. World Health Organization (WHO). Available from: htt-
ps://www.who.int/emergencies/diseases/novel-coronavi-
rus-2019. (Accessed Date: 28.03.2022). 

3. Remy V, Largeron N, Quilici S, Carroll S. The economic 
value of vaccination: Why prevention is wealth. Va-
lue Health 2014;17:A450. https://doi.org/10.1016/j.
jval.2014.08.1211

4. Awadasseid A, Wu Y, Tanaka Y, Zhang W. Current advances 
in the development of SARS-CoV-2 vaccines. Int J Biol Sci 
2021;17:8-19. https://doi.org/10.7150/ijbs.52569 

5. Padron-Regalado E. Vaccines for SARS-CoV-2: Lessons from 
other coronavirus strains. Infect Dis Ther 2020;9:255-74. 
https://doi.org/10.1007/s40121-020-00300-x 

6. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lo-
ckhart S, et al. Safety and efficacy of the BNT162b2 mRNA 
COVID-19 vaccine. N Engl J Med 2020;383:2603-15. 
https://doi.org/10.1056/NEJMoa2034577 

7. Zeng G, Wu Q, Pan H, Li M, Yang J, Wang L, et al. Immu-
nogenicity and safety of a third dose of CoronaVac, and 
immune persistence of a two-dose schedule, in healthy 
adults: Interim results from two single-centre, double-blind, 
randomised, placebo-controlled phase 2 clinical trials. Lan-
cet Infect Dis 2022;22:483-95. https://doi.org/10.1016/
S1473-3099(21)00681-2 

8. Planas D, Saunders N, Maes P, Guivel-Benhassine F, 
Planchais C, Buchrieser J, et al. Considerable escape of 
SARS-CoV-2 Omicron to antibody neutralization. Nature 
2022;602:671-5. https://doi.org/10.1038/s41586-021-
04389-z 

9. Carreño JM, Alshammary H, Tcheou J, Singh G, Raskin A, 
Kawabata H, et al. Activity of convalescent and vaccine serum 
against SARS-CoV-2 Omicron. Nature 2022;602:682-8. 
https://doi.org/10.1038/s41586-022-04399-5 

10. Jiang S, Hillyer C, Du L. Neutralizing antibodies aga-
inst SARS-CoV-2 and other human coronaviruses. Trends 
Immunol 2020;41:355-9. https://doi.org/10.1016/j.
it.2020.03.007 

11. Wu F, Liu M, Wang A, Lu L, Wang Q, Gu C, et al. Evalu-
ating the association of clinical characteristics with neut-
ralizing antibody levels in patients who have recovered 
from mild COVID-19 in Shanghai, China. JAMA Intern Med 
2020;180:1356-62. https://doi.org/10.1001/jamaintern-
med.2020.4616 

12. Şenol Akar Ş, Akçalı S, Özkaya Y, Gezginci FM, Özyurt BC, 
Deniz G, et al. Factors affecting side effects, seroconver-
sion rates and antibody response after inactivated SARS-
CoV-2 vaccination in healthcare workers. Mikrobiyol Bul 
2021;55:519-38. https://doi.org/10.5578/mb.20219705 

13. Uysal EB, Gümüş S, Bektöre B, Bozkurt H, Gözalan A. Eva-
luation of antibody response after COVID-19 vaccination of 
healthcare workers. J Med Virol 2022;94:1060-6. https://
doi.org/10.1002/jmv.27420 

14. Mok CKP, Cohen CA, Cheng SM, Chen C, Kwok KO, Yiu K, 
et al. Comparison of the immunogenicity of BNT162b2 and 
CoronaVac COVID-19 vaccines in Hong Kong. Respirology 
2022;27:301-10. https://doi.org/10.1111/resp.14191 

15. Zhang J, He Q, An C, Mao Q, Gao F, Bian L, et al. Boosting 
with heterologous vaccines effectively improves protective 
immune responses of the inactivated SARS-CoV-2 vaccine. 
Emerg Microbes Infect 2021;10:1598-608. https://doi.org
/10.1080/22221751.2021.1957401 

https://doi.org/10.1038/s41586-020-2852-1
https://doi.org/10.1016/j.jval.2014.08.1211
https://doi.org/10.1016/j.jval.2014.08.1211
https://doi.org/10.7150/ijbs.52569
https://doi.org/10.1007/s40121-020-00300-x
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1016/S1473-3099(21)00681-2
https://doi.org/10.1016/S1473-3099(21)00681-2
https://doi.org/10.1038/s41586-021-04389-z
https://doi.org/10.1038/s41586-021-04389-z
https://doi.org/10.1038/s41586-022-04399-5
https://doi.org/10.1016/j.it.2020.03.007
https://doi.org/10.1016/j.it.2020.03.007
https://doi.org/10.1001/jamainternmed.2020.4616
https://doi.org/10.1001/jamainternmed.2020.4616
https://doi.org/10.5578/mb.20219705
https://doi.org/10.1002/jmv.27420
https://doi.org/10.1002/jmv.27420
https://doi.org/10.1111/resp.14191
https://doi.org/10.1080/22221751.2021.1957401
https://doi.org/10.1080/22221751.2021.1957401


Bozok T, Gülbudak H, Tezcan Ülger S, Aslan G.

55FLORA 2023;28(1):48-55

16. Zuo F, Abolhassani H, Du L, Piralla A, Bertoglio F, de Cam-
pos-Mata L, et al. Heterologous vaccination with inactiva-
ted and mRNA vaccines increases B and T cell responses to 
SARS-CoV-2. MedRxiv 2022. 

17. Zhang R, Liu D, Leung K-Y, Fan Y, Lu L, Chan P-C, et al. 
Immunogenicity of a heterologous prime-Boost COVID-19 
vaccination with mRNA and inactivated virus vaccines 
compared with homologous vaccination strategy aga-
inst SARS-CoV-2 variants. Vaccines (Basel) 2022;10:72. 
https://doi.org/10.3390/vaccines10010072 

18. Cerqueira-Silva T, Katikireddi SV, de Araujo Oliveira V, Flo-
res-Ortiz R, Júnior JB, Paixão ES, et al. Vaccine effectiveness 
of heterologous CoronaVac plus BNT162b2 in Brazil. Nat 
Med 2022;28:838-43. https://doi.org/10.1038/s41591-
022-01701-w 

19. Wheeler SE, Shurin GV, Yost M, Anderson A, Pinto L, 
Wells A, et al. Differential antibody response to mRNA 
COVID-19 vaccines in healthy subjects. Microbiol Spe-
ctr 2021;9:e00341-21. https://doi.org/10.1128/Spect-
rum.00341-21 

20. Elnaem MH, Mohd Taufek NH, Ab Rahman NS, Mohd Na-
zar NI, Zin CS, Nuffer W, et al. COVID-19 vaccination atti-
tudes, perceptions, and side effect experiences in Malaysia: 
Do age, gender, and vaccine type matter? Vaccines (Basel) 
2021;9:1156. https://doi.org/10.3390/vaccines9101156 

21. Al Khames Aga QA, Alkhaffaf WH, Hatem TH, Nassir KF, 
Batineh Y, Dahham AT, et al. Safety of COVID-19 vaccines. 
J Med Virol 2021;93:6588-94. https://doi.org/10.1002/
jmv.27214 

22. Imai K, Kitagawa Y, Tabata S, Kubota K, Nagura‐Ike-
da M, Matsuoka M, et al. Antibody response patterns in 
COVID-19 patients with different levels of disease seve-
rity in Japan. J Med Virol 2021;93:3211-8. https://doi.
org/10.1002/jmv.26899 

23. Coggins SAA, Laing ED, Olsen CH, Goguet E, Moser M, Ja-
ckson-Thompson BM, et al. Adverse effects and antibody ti-
ters in response to the BNT162b2 mRNA COVID-19 vaccine 
in a prospective study of healthcare workers. Open Forum 
Infect Dis 2022;9:ofab575. 

Address for Correspondence/Yazışma Adresi

Dr. Taylan BOZOK

Department of Medical Microbiology,  
Mersin University Faculty of Medicine 
Mersin-Türkiye

E-posta: taylanbozok@hotmail.com

https://doi.org/10.3390/vaccines10010072
https://doi.org/10.1038/s41591-022-01701-w
https://doi.org/10.1038/s41591-022-01701-w
https://doi.org/10.1128/Spectrum.00341-21
https://doi.org/10.1128/Spectrum.00341-21
https://doi.org/10.3390/vaccines9101156
https://doi.org/10.1002/jmv.27214
https://doi.org/10.1002/jmv.27214
https://doi.org/10.1002/jmv.26899
https://doi.org/10.1002/jmv.26899
mailto:taylanbozok@hotmail.com

