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Introduction
The World Health Organization (WHO) declared 
the COVID-19 pandemic in March 2020, and 
vaccine research against SARS-CoV-2 started in 
the next few months.1,2 As of early 2021, vaccina-
tion programs have begun in various countries. 
The vaccination program in Türkiye started  
with CoronaVac, an inactivated whole-virus 

SARS-CoV-2 vaccine developed by Sinovac 
Biotech, in January 2021.3,4 In the first weeks of 
the program, healthcare workers and people aged 
65 and over were the target population. Türkiye 
started administering the BNT162b2 (mRNA 
vaccine) developed by Pfizer–BioNTech in April 
2022.3,5 The Turkovac, an inactivated whole-
virion COVID-19 vaccine, was developed in 
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Abstract
Background: Immunization in the elderly population is critical due to the high frequency of 
health outcomes related to COVID-19.
Objectives: This study aimed to compare the effectiveness levels of COVID-19 vaccine 
schedules in preventing SARS-CoV-2 infection in the older adult group who received at least 
one booster dose.
Design: Retrospective cohort study.
Methods: This study evaluated 8969 adults aged 65 and over in the Sultanbeyli district of 
İstanbul. COVID-19 vaccination and SARS-CoV-2 polymerase chain reaction testing data 
between January 14, 2021 and December 2, 2022 were obtained from the National Public 
Health Management System.
Results: The median age of participants was 71 years. The vaccines were mostly administered 
as CoronaVac for the first and second doses (81.4% and 82.2%, respectively) and BNT162b2 for 
the third and fourth doses (61.8% and 73.1%, respectively). Turkovac was administered only in 
booster doses (third dose 0.6%, fourth dose 4.8%). The adjusted relative vaccine effectiveness 
(rVE) was found to be 61.8% (95% confidence interval (CI) 51.5–69.9) in two doses of inactivated 
vaccine and one dose of mRNA vaccine schedule compared to the homolog booster of 
CoronaVac primary vaccine schedule. In two booster doses receipts, the adjusted rVE was 
found to be 45.4% (95% CI 13.8–65.4) in three doses of inactivated and one dose mRNA vaccine 
schedule and 43.0% (95% CI 20.5–59.2) in two doses of inactivated and two doses of mRNA 
vaccines schedule compared to the two homolog boosters with CoronaVac primary vaccine 
schedule.
Conclusion: In this study, the effectiveness of the mRNA vaccine as a booster dose was higher 
than that of the homologous boosters in participants receiving the CoronaVac primary series 
for those aged 65 and over.
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Türkiye and approved by the Turkish Ministry of 
Health for emergency use in December 2021.6

Booster dose vaccination started on July 1, 2021, 
in Türkiye. According to the strategy of the 
Turkish Ministry of Health, the first two doses 
must be the same vaccine type; however, the types 
of booster doses were based on personal choice.3 
Vaccinations were administered in health institu-
tions such as family health centers, district health 
centers, and hospitals. In addition, older adults 
were vaccinated in their homes if requested. Only 
inactivated vaccines were administered in home 
visits. Vaccination and SARS-CoV-2 PCR (poly-
merase chain reaction) testing were free and 
widely available in İstanbul/Türkiye.3

Individuals aged 65 and over were the population 
most affected by the SARS-CoV-2, as the group 
with a high incidence of chronic diseases.7 
Although older adults had the most prolonged 
period of pandemic restrictions in Türkiye, hospi-
talizations and deaths due to COVID-19 were 
most common in this group.8,9

Vaccines developed with different technologies, 
including mRNA, inactivated, and viral vector 
vaccines, were administered worldwide during 
the pandemic. Türkiye is among the countries 
where BNT162b2 and CoronaVac vaccines were 
both applied at high rates. This study aimed to 
assess the effectiveness of vaccination schedules 
in older adults who received at least one booster 
dose of the COVID-19 vaccine.

Materials and methods

Study group and participants
The study group of this retrospective cohort 
study consisted of the population aged 65 and 
over residing in the Sultanbeyli district of 
İstanbul/Türkiye. Sultanbeyli has the lowest 
socio-economic development index rank among 
the districts of İstanbul.10 The population of 
Sultanbeyli was 349,485 people in 2021 and 
358,201 people in 2022. According to the Turkish 
Statistical Institute, the population aged 65 and 
over corresponds to approximately 3.8% of the 
district population.11 After people whose SARS-
CoV-2 PCR test data could not be reached were 
excluded, 8949 elderly adults were included in 
the study.

Data source and extraction
The study data were obtained from the National 
Public Health Management System (HSYS in 
Turkish). The HSYS is a registry system estab-
lished by the Turkish Ministry of Health and 
includes the data of all SARS-CoV-2 PCR tests 
and vaccines applied in Türkiye. Data on sex, 
age, smoking, SARS-CoV-2 PCR testing dates, 
counts, and results, and SARS-CoV-2 vaccina-
tion dates, counts, and vaccine types were 
obtained from people residing in Sultanbeyli by 
the HSYS. The primary outcome of the study was 
SARS-CoV-2 PCR test positivity. Analyses 
focused on the period from January 14, 2021, 
when the COVID-19 vaccination was started to 
be administered in Türkiye, to December 2, 
2022.

Statistical analysis
Statistical analysis of this study was performed 
using IBM SPSS Statistics for Windows, version 
29 (IBM Corp., Armonk, NY, USA). The 
descriptive data were presented as counts (n), 
ratios (%), and median and range values. The 
period of administration of the booster doses was 
separated according to the number of COVID-19 
cases in Türkiye, considering the wave periods. 
The effectiveness of the vaccine schedules against 
SARS-CoV-2 PCR positivity was calculated using 
Cox regression analysis (proportional hazard 
model) as 1 − hazard ratio formula. Vaccination 
schedules of the participants were evaluated in 
two regression models for those who received 
three doses and four doses. In both regression 
models, only those vaccinated with all doses of 
inactivated whole-virion SARS-CoV-2 vaccines 
were considered as reference, and the relative 
effectiveness of the other schedules was calcu-
lated. Age and sex variables were included in the 
regression analyses, along with SARS-CoV-2 
PCR test results. Only two participants vacci-
nated with four doses were not included in the 
analysis due to the missing data on the fourth 
dose vaccine. Insufficient counts of vaccine 
schedules for analysis were also not included in 
the models. In the regression analysis, CoronaVac 
and Turkovac vaccines were evaluated in the 
same category as they were both inactivated 
whole-virion SARS-CoV-2 vaccines. Considering 
the optimal protective periods of the COVID-19 
vaccines, SARS-CoV-2 PCR test results per-
formed in the 90-day period from ⩾14 days after 
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the vaccination were included in the regression 
analyses.12 The statistical significance level was 
accepted as p < 0.05 in analyses.

Results
The median age of the participants was 71 years 
(65–109 years), and 42.4% (n = 3804) were aged 
65–69 years. Of the participants, 58.3% (n = 5232) 
were women. Almost half had at least one SARS-
CoV-2-positive test result during the study period 
(n = 4132, 46.1%). The percentages of older 
adults who received one dose, two doses, three 
doses, and four doses of SARS-CoV-2 vaccines 
were 2.8% (n = 291), 31.7% (n = 2842), 38.1% 
(n = 3419), and 21.6% (n = 1936), respectively. 
Only 5.4% (n = 481) were unvaccinated (Table 
1). The first and the second doses were mostly 
administered as CoronaVac (81.4% and 82.2%, 
respectively). Over half of older adults who 
received the booster doses preferred the 
BNT162b2 vaccine (61.8% for the third and 
73.1% for the fourth doses). The number of indi-
viduals vaccinated with Turkovac was 31 (0.6%) 
for the third dose and 92 (4.8%) for the fourth 
dose (Table 2).

The percentages of the three-dose vaccine sched-
ules for CoronaVac–CoronaVac–BNT162b2  
was 60.6% (n = 3244), CoronaVac–CoronaVac–
CoronaVac was 37.2% (n = 1992), and 
BNT162b2–BNT162b2–CoronaVac was 1.6% 
(n = 87; Table 3). In those who had four doses of 
vaccine, the vaccine schedule was CoronaVac–
CoronaVac–BNT162b2–BNT162b2 for 59.5% 
(n = 1150), CoronaVac–CoronaVac–CoronaVac–
CoronaVac for 18.7% (n = 362), and CoronaVac–
CoronaVac–CoronaVac–BNT162b2 for 13.1% 
(n = 254) of the participants (Table 4).

The periods in which the vaccines were adminis-
tered most frequently were July 1 to December 
15, 2021, for the third dose (91.5%, n = 4899) 
and December 16, 2021 to February 15, 2022, 
for the fourth dose (86.0%, n = 1664; Figures 1 
and 2). The most common three-dose vaccina-
tion schedules of the 65–74 and 75–84 age groups 
were two doses of inactivated and one dose of 
mRNA vaccine (62.8%, n = 2362 and 58.0%, 
n = 773, respectively). However, more than half of 
the participants in the ⩾85-year-old group had 
completed three-dose inactivated vaccination 
series (58.0%, n = 152; Table 5).

Table 1.  Demographic and clinical characteristics of the study population 
(n = 8969).

Characteristics N (%)

Age in years

  65–69 3804 (42.4)

  70–74 2246 (25.0)

  75–79 1419 (15.8)

  80–84 888 (9.9)

  85–89 390 (4.3)

  90+ 222 (2.5)

Sex

  Female 5232 (58.3)

  Male 3737 (41.7)

SARS-CoV-2-positive test results during the study period

  No 4837 (53.9)

  Yes 4132 (46.1)

Smoking statusa

  Never smoker 6463 (90.2)

  Former smoker 243 (3.4)

  Current smoker 459 (6.4)

Number of SARS-CoV-2 PCR tests

  0 1358 (15.1)

  1 3308 (36.9)

  2 1985 (22.1)

  3+ 2318 (25.8)

COVID-19 vaccination doses received

  0 481 (5.4)

  1 291 (2.8)

  2 2842 (31.7)

  3 3419 (38.1)

  4 1936 (21.6)

aMissing = 1804.
PCR, polymerase chain reaction.
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The incidence rates of positive SARS-CoV-2 
PCR test were 8.6% (172/2005) in three doses of 
inactivated vaccine group, 3.5% (112/3244) in 
two doses of inactivated and one dose of mRNA 
vaccine group, and 1.9% (2/105) in two doses of 
mRNA vaccine and one dose of inactivated 

vaccine group. The adjusted relative vaccine 
effectiveness (rVE) was found to be 61.8% (95% 
CI 51.5–69.9) in two doses of inactivated vaccine 
and one dose of mRNA vaccine schedule and 
79.8% (95% CI 18.4–95.0) in two doses of 
mRNA vaccine and one dose of inactivated vac-
cine schedule compared to three doses of inacti-
vated vaccine schedule (Table 6). The incidence 
rates of those with a positive SARS-CoV-2 PCR 
test were 16.2% (54/333) with four doses of inac-
tivated vaccine group, 9.3% (28/301) with three 
doses of inactivated and one dose of mRNA vac-
cine group, and 9.6% (98/1019) with two doses 
of inactivated and two doses of mRNA vaccine 
group. The adjusted rVE was found to be 45.4% 
(95% CI 13.8–65.4) in three doses of inactivated 
and one dose of mRNA vaccine schedule and 
43.0% (95% CI 20.5–59.2) in two doses of inac-
tivated and two doses of mRNA vaccines sched-
ule compared to the four doses of inactivated 
vaccine group (Table 6).

Discussion
Our study compared the effectiveness of vaccine 
schedules against SARS-CoV-2 in the population 
aged 65 and over and determined that the 90-day 
rVE of including at least one dose of mRNA vac-
cine in the vaccination schedule was higher than 
all inactive vaccine schedules. This finding was 
consistent with previous studies comparing 
homologous and heterologous additional dose 
effectiveness.13–16 In a study in Malaysia, the risk 
of developing SARS-CoV-2 infection was found 
to be lower in the group aged 60 years and above, 
when the group receiving two doses of BNT162b2 
vaccine was taken as a reference, in those who 
received two doses of inactivated vaccine and one 
dose of BNT162b2 vaccine than those who 

Table 2.  Frequency of the vaccine types, n (%).

Vaccine CoronaVac (inactivated whole-
virion SARS-CoV-2 vaccine)

BNT162b2, Pfizer–
BioNTech (mRNA vaccine)

TURKOVAC (inactivated whole-
virion SARS-CoV-2 vaccine)

First dose 6905 (81.4) 1583 (18.6) —

Second dose 6734 (82.2) 1463 (17.8) —

Third dose 2015 (37.6) 3309 (61.8) 31 (0.6)

Fourth dosea 428 (22.1) 1414 (73.1) 92 (4.8)

aMissing = 2.

Table 3.  Frequency of three-dose vaccination schedules (n = 5355).

Vaccination schedules N (%)

CoronaVac–CoronaVac–BNT162b2 3244 (60.58)

CoronaVac–CoronaVac–CoronaVac 1992 (37.20)

BNT162b2–BNT162b2–CoronaVac 87 (1.62)

BNT162b2–BNT162b2–Turkovac 18 (0.34)

CoronaVac–CoronaVac–Turkovac 13 (0.24)

BNT162b2–BNT162b2–BNT162b2 1 (0.02)

Table 4.  Frequency of four-dose vaccination schedules (n = 1934).

Vaccination schedules N (%)

CoronaVac–CoronaVac–BNT162b2–BNT162b2 1150 (59.46)

CoronaVac–CoronaVac–CoronaVac–CoronaVac 362 (18.72)

CoronaVac–CoronaVac–CoronaVac–BNT162b2 254 (13.13)

CoronaVac–CoronaVac–BNT162b2–CoronaVac 63 (3.26)

CoronaVac–CoronaVac–BNT162b2–Turkovac 56 (2.90)

CoronaVac–CoronaVac–CoronaVac–Turkovac 35 (1.81)

CoronaVac–BNT162b2–BNT162b2–BNT162b2 12 (0.62)

BNT162b2–BNT162b2–CoronaVac–Turkovac 2 (0.10)
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Figure 1.  Analysis groups and the third dose of vaccines receiving times.

Figure 2.  Analysis groups and the fourth dose of vaccines receiving times.
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Table 5.  Booster doses applied in different age groups, n (%).

Vaccination schedules Age in years

65–74 75–84 85+

Three doses

 � Three doses of inactivated vaccine 1314 (35.0) 539 (40.4) 152 (58.0)

 � Two doses of inactivated vaccine and one dose of 
mRNA vaccine

2362 (62.8) 773 (58.0) 109 (41.6)

 � Two doses of mRNA vaccine and one dose of 
inactivated vaccine

83 (2.2) 21 (1.6) 1 (0.4)

Four doses

 � Four doses of inactivated vaccine 270 (19.2) 104 (23.5) 23 (32.9)

 � Three doses of inactivated vaccine and one dose of 
mRNA vaccine

258 (18.3) 100 (22.6) 15 (21.4)

 � Two doses of inactivated vaccine and two doses of 
mRNA vaccine

881 (62.5) 239 (53.9) 32 (45.7)

Table 6.  PCR test results and adjusted relative vaccine effectiveness against SARS-CoV-2 infection for 
participants.

Regression models Positive PCR, n (%) Adjusteda VE (95% CI)

Model 1 (three doses)

 � Three doses of inactivated vaccine (reference) 172/2005 (8.6) —

 � Two doses of inactivated vaccine and one dose of 
mRNA vaccine

112/3244 (3.5) 61.8 (51.5–69.9)

 � Two doses of mRNA vaccine and one dose of 
inactivated vaccine

2/105 (1.9) 79.8 (18.4–95.0)

Model 2 (four doses)b

 � Four doses of inactivated vaccine (reference) 54/333 (16.2) —

 � Three doses of inactivated vaccine and one dose of 
mRNA vaccine

28/301 (9.3) 45.4 (13.8–65.4)

 � Two doses of inactivated vaccine and two doses of 
mRNA vaccine

98/1019 (9.6) 43.0 (20.5–59.2)

CI, confidence interval; PCR, polymerase chain reaction; VE, vaccine effectiveness (calculated as 100% × (1 − hazard ratio) 
for 3 months from day 14 after vaccination).
aAdjusted for age and sex.
bBetween December 16, 2021 and February 15, 2022.

received three doses of inactivated vaccine 
(adjusted odds ratio (aOR), 0.17 (95% CI 0.17–
0.18), and aOR, 0.19 (95% CI 0.19–0.20), 
respectively).15 In a study conducted in China in 

the age group 60 years and above, the primary 
CoronaVac series with BNT162b2 booster 
appeared to have higher vaccine effectiveness 
against infection than the homologous booster 
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(60–79 years old: 30.9% (95% CI 28.5–33.2), 
80 years and older: 61.4% (95% CI 55.8–66.3)), 
but no significant difference was detected in 
COVID-19-related hospitalization, severe com-
plications, and mortality.16 A meta-analysis that 
included 23 studies showed that the heterologous 
booster dose was more effective than the homolo-
gous inactive booster in preventing SARS-CoV-2 
infection, symptomatic COVID-19, and COVID-
19-related hospitalization.13

This was the first booster dose vaccine effective-
ness study focusing on the 65 and older age group 
in Türkiye. However, our research findings 
aligned with the prior studies conducted in differ-
ent populations in Türkiye. A study on healthcare 
workers revealed that the rVE was lower in three 
doses of Sinovac receipts in comparison to those 
who received two doses of Sinovac followed by a 
single dose of BioNTech, with reference to the 
unvaccinated group (62% and 89% respec-
tively).17 Similarly, another study involving 25 
hospitals across 16 cities found a decrease in hos-
pitalizations among those who had two doses of 
Sinovac and a BioNTech booster, in contrast to 
those who had three doses of Sinovac.18 The find-
ings of our study that the effectiveness of the 
additional dose of BNT162b2 was higher than 
the homologous additional dose administered 
with CoronaVac were also aligned with research 
on antibodies in Türkiye.12

This study found that the heterologous vaccine 
schedule showed higher effectiveness than the 
completely inactivated vaccine schedule in both 
three- and four-dose vaccine schedules. However, 
the relative increase in effectiveness was higher in 
the third dose schedules. In our research group, 
the majority of the third dose vaccines were 
administered in the July–December 2021 period, 
when the Delta variant dominated, and the major-
ity of the fourth dose vaccines were administered 
in the January–February 2022 period, when the 
Omicron variant dominated in Türkiye. Besides, 
January–February 2022 was one of the peak peri-
ods for COVID-19 cases in Türkiye. During this 
period, the participants who often stayed at home 
received inactivated vaccines more than people 
with active lifestyles. That may have reduced the 
difference in the relative effectiveness of the 
mRNA vaccine. Similarly, previous studies found 
the effectiveness level of the mRNA vaccine to the 
Omicron variant to be lower than in the Delta 

variant period.19–21 A study conducted in England 
showed that Omicron had a higher rate of second 
attack rates inside and outside the household and 
clustering in households than Delta due to its 
success in evading the immune response and that 
it reduced the effect of the vaccine on the trans-
mission rate compared to Delta.21

Most of our study group (91.8%) had received at 
least two doses of SARS-CoV-2 vaccine. However, 
the proportion of that receiver booster dose 
dropped to 59.7%. In China, by November 2022, 
the rate of those aged 60 and over who completed 
the two-dose series was 88.6%, and those who 
received at least one booster dose was 72.4%.22 In 
the United States, 89.7% and 84.4% of adults 
aged 65–74 and 75 and older, respectively, have 
received two doses.23 In the United Kingdom, as 
of July 2022, the two-dose vaccination rate was 
93.6%, and the booster dose rate was 90.4%.24 
Approximately one-third of those in our study 
group who completed the two-dose series did not 
receive a booster dose. In Türkiye, the COVID-19 
vaccine was widely available and administered free 
of charge. However, considering the sociocultural 
characteristics of the study region, the low fre-
quency of active lifestyles in older adults may have 
reduced seeking for booster doses. Hence, about a 
third of participants in a previous study conducted 
in our research area stated that the booster doses 
were unnecessary or ineffective.25 Also, the signifi-
cant drop in booster dose uptake, even with high 
primary vaccination coverage, could be attributed 
to most requirements mandating primary vaccina-
tion by the Turkish Ministry of Health do not 
extend to booster doses.

Since the CoronaVac was available in Türkiye 
when the vaccination program started, the first 
two doses of vaccines in the study group were 
mostly CoronaVac. The arrival of the BNT162b2 
vaccine in Türkiye was in April 2022, and it had 
mostly been preferred as a booster dose. However, 
the frequency of preferring inactive vaccines as 
booster doses was higher in the group aged 85 
and over compared to other age groups in our 
study. Providing only the CoronaVac during in-
home visits might have raised the rate of inactive 
booster doses among individuals with a less active 
lifestyle. The most significant factors influencing 
vaccine choice were effectiveness and potential 
adverse reactions, as indicated in research.26 The 
higher tendency toward the inactivated vaccine in 
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the group aged 85 and over may have been 
impacted by adverse reaction perceptions of 
them. Besides, the occurrence of comorbidities 
increases with advancing age. Our study did not 
assess comorbidities; however, a previous study in 
the Turkish elderly population aged 65 and above 
demonstrated that the presence of comorbidities 
did not influence the selection between mRNA 
and CoronaVac vaccines.27

Turkovac, developed in Türkiye, was in a small 
proportion of the booster doses in our study 
group. Although Turkovac development stages 
were followed with interest in the Turkish com-
munity, this low rate emerged because it started 
to be distributed to vaccination centers when the 
number of cases and vaccination rates decreased.3

Limitations
The present study has some limitations: First, 
since COVID-19-related hospitalization and 
death data could not be obtained from the 
national HSYS system, the effectiveness level of 
the vaccines in these parameters could not be 
evaluated. Therefore, considering the divergent 
results of previous studies that evaluated SARS-
CoV-2 PCR test positivity together with hospi-
talization and mortality, it is important to 
understand that it would be inappropriate to 
make inferences about COVID-19 hospitaliza-
tion and mortality rates from our results. Second, 
chronic disease data were unavailable, so this 
variable could not be included in the regression 
analyses. However, in light of the lack of evidence 
linking comorbidities to the COVID-19 vaccine 
type preference and with age and sex variables 
included in our regression analyses, the effect of 
comorbidities on the outcomes was regarded as 
marginal level. Third, due to the unavailability of 
variant-specific SARS-nCoV-2 PCR positivity 
data in the national HSYS system, effectiveness 
levels of booster doses were interpreted based on 
dominant variants over time in Türkiye. Fourth, 
since most of the older age group had already 
completed the two doses of the vaccination until 
the BNT162b2 vaccine arrived in Türkiye, the 
number of individuals whose vaccination sched-
ule was homolog booster with primary mRNA 
series was insufficient for analysis. Larger cohort 
studies should be conducted across Türkiye, with 

a higher number of those who received the 
homologous mRNA booster dose/doses vaccina-
tion schedules.

Conclusion
Our findings showed that in the population aged 
65 and over, having at least one dose of BNT162b2 
vaccine in the vaccination schedule had higher 
effectiveness in preventing SARS-CoV-2 PCR 
positivity compared to homolog boosters with pri-
mary CoronaVac series. Although the frequency of 
the two-dose series of vaccine receipt was high in 
our study group, one-third of those did not receive 
a booster dose. Future studies will evaluate SARS-
CoV-2 vaccine acceptance and effectiveness levels 
in different districts of İstanbul to reveal the 
impact of sociocultural differences on this topic.

Declarations

Ethics approval and consent to participate
Ethics committee approval of the study was obtained 
from the İstanbul Medipol University Non-
Interventional Clinical Research Ethics Committee 
with the date of 24 November 2022 and protocol 
number 989. Due to the retrospective nature of 
the study, informed consent was waived by the 
local institutional review board. 

Consent for publication
Not applicable.

Author contributions
Mehmet Akif Sezerol: Conceptualization; Data 
curation; Methodology; Supervision; Writing – 
review & editing.

Alican Sarisaltik: Conceptualization; Formal 
analysis; Methodology; Writing – original draft.

Acknowledgements
Our sincere thanks are extended to the healthcare 
professionals from Sultanbeyli District Health 
Directorate for their assistance in the data 
processing.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

https://journals.sagepub.com/home/tav


MA Sezerol and A Sarisaltik

journals.sagepub.com/home/tav	 9

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
Sharing and publishing research data publicly are 
contingent upon obtaining permission as per gov-
ernment regulations.

ORCID iD
Alican Sarisaltik  https://orcid.org/0000-0002- 
7317-404X

References
	 1.	 Checcucci E, Piramide F, Pecoraro A, et al. The 

vaccine journey for COVID-19: a comprehensive 
systematic review of current clinical trials in 
humans. Panminerva Med 2022; 64: 72–79.

	 2.	 Sharma O, Sultan AA, Ding H, et al. A review 
of the progress and challenges of developing a 
vaccine for COVID-19. Front Immunol 2020; 11: 
585354.

	 3.	 Republic of Turkey Ministry of Health. COVID-
19 vaccination information platform, https://
covid19asi.saglik.gov.tr (2021, accessed 2 
September 2023).

	 4.	 Gao Q, Bao L, Mao H, et al. Development of an 
inactivated vaccine candidate for SARS-CoV-2. 
Science 2020; 369: 77–81.

	 5.	 Park JW, Lagniton PNP, Liu Y, et al. mRNA 
vaccines for COVID-19: what, why and how. Int 
J Biol Sci 2021; 17: 1446–1460.

	 6.	 Republic of Turkey Ministry of Health. Minister 
Koca announced TURKOVAC’s emergency use 
authorization, https://www.saglik.gov.tr (2022, 
accessed 1 September 2023).

	 7.	 Abul Y, Leeder C and Gravenstein S. 
Epidemiology and clinical presentation of 
COVID-19 in older adults. Infect Dis Clin North 
Am 2023; 37: 1–26.

	 8.	 Medetalibeyoglu A, Senkal N, Kose M, et al. 
Older adults hospitalized with Covid-19: clinical 
characteristics and early outcomes from a Single 
Center in Istanbul, Turkey. J Nutr Health Aging 
2020; 24: 928–937.

	 9.	 Yavuz M and Sezerol MA. The vaccination 
characteristics and mortal causes analysis of 
COVID-19 deaths at a district level. J Med Palliat 
Care 2023; 4: 145–150.

	10.	 Republic of Turkey Ministry of Industry and 
Technology. Socio-economic development 
ranking of districts, https://www.sanayi.gov.
tr/merkez-birimi/b94224510b7b/sege (2022, 
accessed 5 November 2023).

	11.	 Turkish Statistical Institute. Address based 
population registration system, https://biruni.tuik.
gov.tr/medas/?kn=95&locale=tr (2023, accessed 
31 October 2023).

	12.	 Çağlayan D, Süner AF, Şiyve N, et al. An 
analysis of antibody response following the 
second dose of CoronaVac and humoral response 
after booster dose with BNT162b2 or CoronaVac 
among healthcare workers in Turkey. J Med Virol 
2022; 94: 2212–2221.

	13.	 Deng J, Ma Y, Liu Q, et al. Comparison of the 
effectiveness and safety of heterologous booster 
doses with homologous booster doses for SARS-
CoV-2 vaccines: a systematic review and meta-
analysis. Int J Environ Res Public Health 2022; 19: 
10752.

	14.	 Jara A, Undurraga EA, Zubizarreta JR, et al. 
Effectiveness of homologous and heterologous 
booster doses for an inactivated SARS-CoV-2 
vaccine: a large-scale prospective cohort study. 
Lancet Glob Health 2022; 10: e798–e806.

	15.	 Low EV, Tok PSK, Husin M, et al. Assessment 
of heterologous and homologous boosting with 
inactivated COVID-19 vaccine at 3 months 
compared with homologous boosting of BNT162b2 
at 6 months. JAMA Netw Open 2022; 5: e2226046.

	16.	 Wan EYF, Mok AHY, Yan VKC, et al. 
Effectiveness of BNT162b2 and CoronaVac 
vaccinations against SARS-CoV-2 omicron 
infection in people aged 60 years or above: a case-
control study. J Travel Med 2022; 29: taac119.

	17.	 Çulpan HC, Aydın SN, Uygur A, et al. 
Effectiveness of the BNT162b2 and the 
CoronaVac vaccines and boosters in healthcare 
workers. Hum Vaccin Immunother 2023; 19: 
2275445.

	18.	 Uzun O, Akpolat T, Varol A, et al. COVID-19: 
vaccination vs.hospitalization. Infection 2022; 50: 
747–752.

	19.	 Buchan SA, Chung H, Brown KA, et al. 
Estimated effectiveness of COVID-19 vaccines 
against omicron or delta symptomatic infection 
and severe outcomes. JAMA Netw Open 2022; 5: 
e2232760.

	20.	 Stowe J, Andrews N, Kirsebom F, et al. 
Effectiveness of COVID-19 vaccines against 

https://journals.sagepub.com/home/tav
https://orcid.org/0000-0002-7317-404X
https://orcid.org/0000-0002-7317-404X
https://covid19asi.saglik.gov.tr
https://covid19asi.saglik.gov.tr
https://www.saglik.gov.tr
https://www.sanayi.gov.tr/merkez-birimi/b94224510b7b/sege
https://www.sanayi.gov.tr/merkez-birimi/b94224510b7b/sege
https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr
https://biruni.tuik.gov.tr/medas/?kn=95&locale=tr


Volume 12

10	 journals.sagepub.com/home/tav

Therapeutic Advances in 
Vaccines and Immunotherapy

Omicron and Delta hospitalisation, a test 
negative case-control study. Nat Commun 2022; 
13: 5736.

	21.	 Allen H, Tessier E, Turner C, et al. Comparative 
transmission of SARS-CoV-2 Omicron 
(B.1.1.529) and Delta (B.1.617.2) variants and 
the impact of vaccination: national cohort study, 
England. Epidemiol Infect 2023; 151: e58.

	22.	 Wang G, Yao Y, Wang Y, et al. Determinants 
of COVID-19 vaccination status and hesitancy 
among older adults in China. Nat Med 2023; 29: 
623–631.

	23.	 Mayo Clinic. US COVID-19 vaccine tracker: see 
your state’s progress, https://www.mayoclinic.
org/coronavirus-covid-19/vaccine-tracker (2022, 
accessed 1 November 2023).

	24.	 UK Health Security Agency. National flu 
and COVID-19 surveillance reports: 2021 to 

2022 season, https://www.gov.uk/government/
statistics/national-flu-and-covid-19-surveillance-
reports-2021-to-2022-season (2022, accessed 1 
November 2023).

	25.	 Sezerol MA and Davun S. COVID-19 vaccine 
booster dose acceptance among older adults. 
Vaccines 2023; 11: 542.

	26.	 Ong AKS, Prasetyo YT, Lagura FC, et al. Young 
adult preference analysis on the attributes of 
COVID-19 vaccine in the Philippines: a conjoint 
analysis approach. Public Health Pract (Oxf) 2022; 
4: 100300.

	27.	 Evren H, Ünal Evren E, Argun Barış S, et al. 
Comparison of adverse effects of COVID-19 
vaccines among elderly: Pfizer/BioNTech Versus 
CoronaVac. Acıbadem Üniversitesi Sağlık Bilimleri 
Dergisi 2023; 14: 353–359.

Visit Sage journals online 
journals.sagepub.com/
home/tav

 Sage journals

https://journals.sagepub.com/home/tav
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.mayoclinic.org/coronavirus-covid-19/vaccine-tracker
https://www.gov.uk/government/statistics/national-flu-and-covid-19-surveillance-reports-2021-to-2022-season
https://www.gov.uk/government/statistics/national-flu-and-covid-19-surveillance-reports-2021-to-2022-season
https://www.gov.uk/government/statistics/national-flu-and-covid-19-surveillance-reports-2021-to-2022-season
https://journals.sagepub.com/home/tav
https://journals.sagepub.com/home/tav

