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Abstract
Objective Vaccination is the most efficient way to control the coronavirus disease 2019 (COVID-19) pandemic, but vaccina-
tion rates remain below the target level in most countries. This multicenter study aimed to evaluate the vaccination status of 
hospitalized patients and compare two different booster vaccine protocols.
Setting Inoculation in Turkey began in mid-January 2021. Sinovac was the only available vaccine until April 2021, when 
BioNTech was added. At the beginning of July 2021, the government offered a third booster dose to healthcare workers and 
people aged > 50 years who had received the two doses of Sinovac. Of the participants who received a booster, most chose 
BioNTech as the third dose.
Methods We collected data from 25 hospitals in 16 cities. Patients hospitalized between August 1 and 10, 2021, were 
included and categorized into eight groups according to their vaccination status.
Results We identified 1401 patients, of which 529 (37.7%) were admitted to intensive care units. Nearly half (47.8%) of the 
patients were not vaccinated, and those with two doses of Sinovac formed the second largest group (32.9%). Hospitaliza-
tions were lower in the group which received 2 doses of Sinovac and a booster dose of BioNTech than in the group which 
received 3 doses of Sinovac.
Conclusion Effective vaccinations decreased COVID-19-related hospitalizations. The efficacy after two doses of Sinovac 
may decrease over time; however, it may be enhanced by adding a booster dose. Moreover, unvaccinated patients may be 
persuaded to undergo vaccination.
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
rapidly developed into a pandemic with approximately 210 
million cases of infection and more than 4.4 million deaths 

recorded worldwide as of August 19, 2021 [1]. The rapid 
and successful development of COVID-19 vaccines is a 
significant hallmark of this pandemic [2, 3]. Vaccination 
is the most efficient way to control the pandemic; however, 
vaccination rates are still below the targeted level in most 
countries [4], and cases continue to increase despite the 
existence of effective vaccines. The anti-vaccine movement 
and vaccine hesitancy are prominent issues. There are dif-
ferent types of vaccines, including mRNA, vector, and inac-
tivated vaccines, and population studies have documented 
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their success [5–9]. Vaccine supply, vaccine combinations, 
booster doses, and new virus variants are controversial 
matters. Turkey is one of the most affected countries and 
is currently experiencing the fourth wave of the pandemic. 
In general, vaccination programs are considered successful 
(> 72% of the adult population have received their first dose) 
[10] despite anti-vaccine campaigns and vaccine hesitancy. 
Turkey is the first country to offer two options for a third 
(booster) dose to its residents. This multicenter study aimed 
to evaluate the vaccination status of hospitalized patients and 
compare the efficacy of the two booster vaccine protocols.

Methods

We collected data from 25 hospitals in 16 cities. Patients 
hospitalized between August 1 and 10, 2021, were included. 
Patients hospitalized because of social indications for isola-
tion were excluded.

Age, sex, vaccination status, comorbidities (such as dia-
betes mellitus, hypertension, cardiovascular disease, chronic 
lung disease, cerebrovascular disease, cancer, and chronic 
kidney disease), and the reason for the patients not being 
vaccinated (if available) were collected. The patients were 
categorized into two groups based on whether they were 
admitted to the intensive care unit or were treated in clinics. 
A government vaccine tracking system was used to deter-
mine the patients' vaccination status and vaccination dates. 
There are two types of vaccines available in Turkey: Sinovac 
(inactivated virus) and BioNTech (mRNA).

The patients were categorized into eight groups according 
to their vaccination status:

0: Unvaccinated,
1: Two doses of Sinovac,
2: Two doses of BioNTech,
3: Three doses of Sinovac,

4: Two doses of Sinovac + one dose of BioNTech,
5: One dose of Sinovac,
6: One dose of BioNTech,
7: Two to three doses of Sinovac with or without BioN-

Tech, but less than 14 days after the last dose;
The reasons for not getting vaccinated are questioned, 

such as negligence, hesitancy, or anti-vaccine advocacy.
We also obtained data from the Ministry of Health web-

site [11]. The study was approved by the Ministry of Health, 
and the Turkish Thoracic Society supported the study.

Student t and chi-square tests were used for statistical 
analysis, and a p value < 0.05 was considered significant.

Results

We enrolled 1401 patients (715 men, 686 women; mean 
age 59.7 years) from the hospitals, of which 529 (37.7%) 
were admitted to intensive care units. Approximately half 
(47.8%) of the patients were unvaccinated, and the next 
largest group comprised those who received two doses of 
Sinovac (32.9%). Vaccination status, sex, mean age, and the 
number of patients' comorbidities are presented in Table 1.

Vaccination status

0: not vaccinated, 1: two doses of Sinovac, 2: two doses of 
BioNTech, 3: three doses of Sinovac, 4: two doses of Sino-
vac + one dose of BioNTech, 5: one dose of Sinovac, 6: one 
dose of BioNTech, 7: two doses of Sinovac with or without 
BioNTech, but less than 14 days after the last dose.

Unvaccinated patients accounted for the largest group 
despite having low comorbidities and also represented 
the largest group in intensive care units. Patients who had 
received two or three doses of Sinovac or two doses of 
Sinovac and one of BioNTech were older and had more 

Table 1  Vaccination status, sex, mean age, and number of patients' comorbidities

*299 male, 230 female, p = 0.001

Vaccination 
status

Clinics
n (%)

Intensive care n(%) Male Female Total number n(%) Mean age 
(years)

Mean number of 
comorbidities

0 388 (44.5) 281 (53.1) 353 (49) 316 (46) 669 (47.8) 53.4 0.9
1 285 (32.7) 176 (33.2) 216 (30) 245 (36) 461 (32.9) 69.3 1.6
2 29 (3.3) 8 (1.5) 25 (3) 12 (2) 37 (2.6) 58.4 1.3
3 28 (3.2) 21 (4.0) 32 (4) 17 (2) 49 (3.5) 72.2 1.7
4 8 (0.9) 3 (0.6) 5 (0.6) 6 (1) 11 (0.8) 75.5 1.5
5 37 (4.2) 10 (1.9) 19 (2.6) 28 (4) 47 (3.4) 54.5 1.0
6 71 (8.1) 21 (4.0) 50 (7) 42 (6%) 92 (6.6) 51.5 0.8
7 26 (2.9) 9 (1.7) 15 (2) 20 (3) 35 (2.5) 60.9 1.5
Total 872 (100) 529* (100) 715 (51) 686 (49) 1401(100) – –
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comorbidities. The mean ages of these groups (vaccination 
groups 1, 3 and 4) were 69.3, 72.2, and 75.5 years, respec-
tively. Hospitalizations in group 4 (2 doses of Sinovac + 1 
dose of BioNTech) were lower than in group 3 (3 doses of 
Sinovac), and there were only three patients from group 4 
who were admitted to the intensive care unit.

The vaccination status according to the age group is 
shown in Table 2. Among patients younger than 50 years, 
322 of 445 (72.4%) were unvaccinated. On the other hand, 
nearly half (301/608, 49.5%) of the patients older than 
64 years had two doses of Sinovac, while 32.9% of this 
age group were unvaccinated.

Vaccination status

0: unvaccinated, 1: two doses of Sinovac, 2: two doses 
of BioNTech, 3: three doses of Sinovac, 4: two doses of 
Sinovac + one dose of BioNTech, 5: one dose of Sino-
vac, 6: one dose of BioNTech, 7: two doses of Sinovac 
with or without BioNTech, but less than 14 days after the 
last dose. Female patients were older than male patients 
(61.1 vs. 58.4 years, p = 0.006) and had more comorbidi-
ties (mean 1.25 vs. 1.16). However, female patients were 
less common in the intensive care units than male patients 
(230/686, 34% vs. 299/715, 42%; χ2 = 10.2, p = 0.001).

Table  3 shows the correlation between intensive 
care hospitalizations and the number of comorbidities 
(p = 0.000). As the number of comorbidities increased, so 
did age and intensive care hospitalizations.

Sex, hospitalization status, and the number of comor-
bidities according to age groups are shown in Table 4.

Reasons for not getting vaccinated were identified in 
566 patients. Negligence (n = 270, 48%) and hesitancy 
(n = 93, 16%) were two common reasons. While 203 
patients (36%) were anti-vaccine.

Discussion

The course of the pandemic in Turkey is similar to that of 
other countries in the Northern Hemisphere facing the fourth 
wave; however, strict social restrictions controlled the first 
two peaks. The alpha variant dominated the third peak, and 
effective vaccines were available. In Turkey, inactivated vac-
cines (Sinovac) were primarily used in the third peak, while 
Western countries had mRNA or vector vaccines. Sinovac 
has also been used in Brazil, Chile, Indonesia, and China. 
During the third peak, the number of vaccinated people was 
limited in Turkey, but a significant decrease in healthcare 
worker death was observed after inoculation with Sinovac 
[12]. The hallmark of the fourth peak is the Delta variant 
and its rapid spread, mainly among unvaccinated people. 
Vaccination began in mid-January 2021 in Turkey, where 
healthcare workers were initially vaccinated, and the proto-
col was two doses of vaccine, 28 days apart. Only Sinovac 
was available until April 2021 when BioNTech was added 
as an option. At the beginning of July 2021, the government 
offered a third booster dose to healthcare workers and peo-
ple > 50 years who had received two doses of Sinovac. Most 
people (> 90%) preferred BioNTech (96% of the authors 
of this article received BioNTech as their third dose). By 
August 10, 2021, 12 million, 30 million, and 6 million peo-
ple had received one, two, and three doses, respectively, and 
nearly 19 million remained unvaccinated [10].

The results presented in Tables 1 and 2 should be evalu-
ated and compared cautiously, because vaccine types and 
their accessibility were dependent on age group, comor-
bidities, and previous infection; therefore, only appropriate 
data are presented. Our study showed that nearly half of 
the hospitalized patients were unvaccinated, and the dura-
tion of protection after two doses of Sinovac may not be 
long enough. It also showed that the fourth wave of the pan-
demic affected people regardless of being vaccinated or not. 
Approximately half of the patients > 64 years had received 

Table 2  Vaccination status according to age

Vac-
cination 
status

Age < 50 years 
n (%)

Age 
50–64 years 
n (%)

Age ≥ 65 years 
n (%)

Total

0 322 (72.4) 147 (42.2) 200 (32.9) 669
1 35 (7.9) 125 (35.9) 301 (49.5) 461
2 9 (2.0) 17 (4.9) 11 (1.8) 37
3 2 (0.4) 7 (2.0) 40 (6.6) 49
4 2 (0.4) 0 9 (1.5) 11
5 23 (5.2) 12 (3.4) 12 (2.0) 47
6 47 (10.6) 26 (7.5) 19 (3.1) 92
7 5 (1.1) 14 (4.0) 16 (2.6) 35
Total 445 (100) 348 (100) 608 (100) 1401

Table 3  Relationship between the number of comorbidities and inten-
sive care hospitalizations and age

*Correlation between intensive care hospitalizations and the number 
of comorbidities (p = 0.000)

Number of 
comorbidities

Clinics
n (%)

Intensive care*
n (%)

Total Mean 
age 
(years)

0 350 (74) 122 (26) 472 (100) 48
1 258 (65) 141 (35) 399 (100) 62
2 141 (51) 136 (49) 277 (100) 69
3 78 (48) 84 (52) 162 (100) 69
4 or more 21 (41) 30 (59) 51 (100) 71
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two doses of Sinovac, which was more than the number of 
unvaccinated patients (301 vs. 200). However, it should be 
considered that 301 and 200 are absolute numbers rather 
than frequencies, and vaccination rates are higher among 
patients > 64 years. As 52% of the hospitalized patients were 
infected despite vaccination, it also indicates the importance 
of correct, adequate, and timely vaccination. The main lim-
itation of our study is using absolute numbers instead of 
frequencies for vaccination rates due to unknown exact vac-
cination numbers. Therefore, Table 1 should be interpreted 
with caution. For example, the hospitalization rate in group 
5 (only one dose of Sinovac) may seem low compared to that 
of group 1 (two doses of Sinovac), or the hospitalization rate 
of group 6 (one dose of BioNTech) is twice as large as that 
of group 5 (one dose of Sinovac). However, both these infer-
ences are incorrect, because absolute numbers rather than 
frequencies are presented in Table 1. Since data regarding 
the total number of people with one or two doses of Sinovac 
or one dose of BioNTech were not available, comparisons 
between these groups could not be performed. In addition, 
only a few people in Turkey have received only one dose of 
Sinovac.

The development of several types of vaccines led to vac-
cine combinations and modifications of original protocols, 
most of which required two doses. In addition, impaired 
or reduced response to vaccines in immunocompromised 
and high-risk patients showed the need for booster doses. 
Booster doses can be categorized into two groups:

1. A third dose with the same vaccine: mRNA (Israel, 
USA) [13–15] or inactivated vaccine (Turkey)
2. A third dose with a different type of vaccine: two doses 
of inactivated vaccine followed by an mRNA vaccine 
(Turkey, Indonesia) [16] or a vector vaccine (Chili) [17].

The main reasons for using a different type of vaccine for 
the third booster dose are the decreased antibody titers with 
time [18] or in response to the Delta variant [19]. Turkey is 
the only country offering its population two different types 
of vaccine (mRNA or inactivated) as a booster dose which 
allowed us to compare them. Although the number of hos-
pitalized patients after three doses was limited, the results 
suggest that the preference of BioNTech over Sinovac as 
the third dose in patients who had previously received two 
doses of Sinovac may be more effective in the prevention of 
hospitalization and severe disease. Since our study did not 
involve mild disease or mortality, more studies are needed 
to compare the effects of these vaccines. In addition to com-
paring the efficacy of two different vaccines as a booster, 
our study also justified the administration of a third dose, 
which the World Health Organization criticized considering 
the COVID-19 vaccine inequity in low-and middle-income 
countries [20].

Our results also showed that among the reasons people 
are not vaccinated, hesitancy and negligence prevailed over 
being anti-vaccine. This indicates that most people can be 
persuaded if provided with education and correct informa-
tion. Misinformation spread by social media 21] is a seri-
ous threat to controlling the pandemic. The efforts of gov-
ernments, healthcare workers, and community leaders are 
needed to control the current pandemic as well as for future 
pandemics and other global health problems.

In conclusion, effective vaccinations decrease COVID-
19-related hospitalizations. Protection after two doses of 
Sinovac may not provide long-lasting immunity; however, 
a booster dose increases the immune response of patients 
who received two doses of Sinovac. In addition, most unvac-
cinated patients may be persuaded to undergo vaccination.

Table 4  Sex, hospitalization 
status, and number of 
comorbidities according to age 
groups

*Comorbidity status of 40 patients is unknown.

Variables Age < 50 years, n (%) Age 
50–64 years, 
n(%)

Age ≥ 65 years, n(%) Total
years, n(%)

Sex
 Male 247 (55.5) 185 (53.1) 283 (46.5) 715 (51)
 Female 198 (44.4) 163 (46.8) 325 (53.4) 686 (49)

Hospitalization
 Clinics 344 (77.3) 219 (62.9) 309 (50.8) 872 (62.2)
 Intensive Care Unit 101 (22.6) 129 (37) 299 (49.1) 529 (37.7)

No of comorbidities*
 0 278 (58.8) 107 (22.6) 87 (18.4) 472 (34.6)
 1 102 (25.5) 110 (27.5) 187 (46.8) 399 (29.3)
 2 28 (10.1) 67 (24.1) 182 (65.7) 277 (20.3)
 3 17 (10.4) 43 (26.5) 102 (62.9) 162 (11.9)
  > 4 5 (9.8) 10 (19.6) 36 (70.5) 51 (3.7)
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