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Abstract. – OBJECTIVE: As the pandem-
ic continues, different vaccine protocols have 
been implemented to maintain the protection 
of vaccines and to provide protection against 
new variants. The aim of this study was to as-
sess hospitalized patients’ vaccination status 
and document the efficacy of boosters.

PATIENTS AND METHODS: The patients that 
were hospitalized due to COVID-19 were enrolled 
from 28 hospitals in Turkey for five months from 
September 2021. 5,331 confirmed COVID-19 pa-
tients from collaborating centers were random-
ly enrolled to understand/estimate the distri-
bution of vaccination status in hospitalized pa-
tients and to compare the efficacy of vaccina-
tion/booster protocols. 

RESULTS: 2,779 men and 2,552 women of 
which 2,408 (45.2%) were admitted to Intensive 
Care Units participated in this study. It was found 
that the highest risk reduction for all age groups 
was found in groups that received 4 doses. Four 
doses of vaccination for every 3.7 people under 
50 years of age, for every 5.7 people in the 50-64 
age group, and for every 4.3 people over 65 years 
of age will prevent 1 patient from being admitted 
to intensive care. 

Regardless of the type of vaccine, it was found 
that the risk of ICU hospitalization decreased in 
those who were vaccinated compared to those 
who were not vaccinated. Regardless of the type 
of vaccine, the ICU risk was found to decrease 
1.25-fold in those who received 1 or 2 doses of 
vaccine, 1.18-fold in those who received 3 dos-
es, and 3.26-fold in those who received 4 doses. 

CONCLUSIONS: The results suggested that 
the addition of a fourth dose is more effective 
in preventing intensive unit care even in disad-
vantaged.

Key Words:
COVID-19, Booster, Vaccination, Hospitalization, 

Vaccine effectiveness.

Introduction

Coronavirus disease 2019 (COVID-19), caused 
by the severe acute respiratory syndrome Corona-
virus 2 (SARS-CoV-2), has quickly spread into a 
pandemic, with approximately 420 million cases of 
infection and more than 5.8 million deaths recorded 
worldwide as of February 18, 20221. Vaccination 
is the most effective method of pandemic control; 
however, vaccination rates, particularly booster shot 
rates, remain below the target level in most coun-
tries2, and cases/hospitalizations continue to rise de-
spite the availability of effective vaccines. Vaccines 
of various types exist, including messenger ribonu-
cleic acid (mRNA), vector, and inactivated vaccines, 
and population studies3-7 have demonstrated their ef-
fectiveness. Except for one (Ad26.COV2.S, Johnson 
& Johnson-Janssen), all vaccination protocols requi-
red two injections at 1-2 month intervals. Immuni-
ty declines with time after vaccination, impaired 
response to vaccines in high-risk patients, and new 
virus variants necessitated modification of protocol 
changes and booster shots. 

Turkey is one of the most affected coun-
tries, and it is currently experiencing the pan-
demic’s fifth wave. Vaccination in Turkey began 
in January 2021, with only Sinovac7 available at 

26Department of Infectious Diseases and Clinical Microbiology, Faculty of Medicine, Health Sciences 
  University, Erzurum Regional Training and Research Hospital, Erzurum, Turkey
27Department of Infectious Diseases and Clinical Microbiology, Faculty of Medicine, Samsun 
  University, Samsun, Turkey
28Department of Chest Diseases, Faculty of Medicine, Ufuk University, Ankara, Turkey
29Department of Infectious Diseases and Clinical Microbiology, Health Sciences University, Kayseri 
  City Training and Research Hospital, Kayseri, Turkey 
30Department of Chest Diseases, Faculty of Medicine,  Fırat University, Elazig, Turkey 
31Duzce Ataturk State Hospital, Duzce, Turkey
32Siirt Training and Research Hospital, Siirt, Turkey
33Private Memorial Dicle Hospital, Diyarbakir, Turkey
34Private Altunizade Acıbadem Hospital, Istanbul, Turkey
35Department of Internal Medicine and Rheumatology, Faculty of Medicine, Gazi University, Ankara, 
  Turkey
36Private Konak Hospital, Kocaeli, Turkey
37Department of Public Health, Cukurova University, Adana, Turkey
38Department of Chest Diseases, Faculty of Medicine, Dokuz Eylul University, Izmir, Turkey



O. Baydar Toprak, T. Akpolat, O. Uzun, P. Pınar Deniz, N. Kokturk, et al

2134

first (Table I). Despite anti-vaccine campaigns 
and vaccine hesitancy, vaccination programs 
are generally regarded as successful (>92% of 
the adult population received their first dose)8. 
Countries have different vaccines and protocols. 
A pandemic is a dynamic period in which our 
knowledge grows and new mutations emerge; 
thus, data sharing is critical. In August 2021, 
Turkey was the first country to offer a fourth (se-
cond booster) dose to residents. The goal of this 
multicenter study was to assess the hospitalized 
patients’ vaccination status, to compare the effi-
cacy of booster vaccine protocols and to define 
the risk factors of need of Intensive Care Unit in 
hospitalized COVID-19 patients. 

Patients and Methods

Study Design 
Prospective cross-sectional data were col-

lected from 28 hospitals in 18 cities in Turkey for 
five months, beginning from September 2021 un-
til January 2022.

 
Inclusion criteria
  –	Patients hospitalized aged over 18 years of age, 

during the first 10 days of each month from 
August 2021; hospitalized either in clinics or 
Intensive Care Unit. 

Exclusion criteria
  –	Patients hospitalized due to social indications 

rather than the COVID-19 itself.
All patients participated in the study after 

the ethical approval from Cukurova University 
Non-Interventional Committee (114/2021) was 
obtained and they signed the informed consent 
consequently. The study is supported by Turki-
sh Thoracic Society. Our cross-sectional August 
2021 data were previously published9. 

Participants and Data Sources/
Measurement

Age, sex, vaccination status, and comorbidities 
(diabetes mellitus, hypertension, cardiovascular di-
sease, chronic lung disease, cerebrovascular disea-
se, cancer, chronic kidney disease, solid organ tran-
splantation, and pregnancy) were investigated via a 
questionnaire applied by the corresponding doctor. 
Patients were categorized into two groups: intensive 
care group and clinic group. A government vacci-
ne tracking system was used to determine patients’ 
vaccination status and dates in available cases. Two 
types of vaccines are available in Turkey: Sinovac 
(inactivated) and BioNTech (mRNA).

The patients were categorized into four groups 
according to their vaccination status: 
1.	 Unvaccinated;
2.	 Sinovac-based protocols (two doses of Sino-

vac, three doses of Sinovac, two doses of Sino-
vac plus one dose of BioNTech, or two doses 
of Sinovac plus two doses of BioNTech);

3.	 BioNTech-based protocols (two doses of 
BioNTech or three doses of BioNTech);

4.	 Others (one dose of Sinovac, one dose of 
BioNTech, four doses of Sinovac, three doses 
of Sinovac plus one dose of BioNTech, or last 
dose of any protocol performed less than 14 
days after the last dose).

Table I. Important dates of vaccination in Turkey.

Date 	 Action 

January 2021	 Sinovac*

April 2021	 BioNTech**

July 2021	 First booster dose (either Sinovac or BioNTech) for individuals who received
	 two doses of Sinovac
August 2021	 Second booster dose opportunity (only BioNTech) for individuals who received 
	 two doses of Sinovac for VISA and travel requirements
August 2021	 Vaccination began for individuals aged <18 years
November 2021	 Booster dose for individuals who received two doses of BioNTech after 6 months
December 2021	 Booster dose for individuals who received two doses of BioNTech after 3 months
	 and opportunity for four doses of Sinovac
December 26, 2021	 ***Turkovac
December 31, 2021	 ***Third booster (fifth) dose opportunity for individuals who received four doses

*Healthcare workers first, followed by older adults, starting from those aged >90 years and decreasing by 5 years. **Individuals 
aged 60-65 years and younger citizens had two choices (either Sinovac or BioNTech). ***Does not have any significant effect 
on our study design.
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We also determined the last vaccination date 
for two doses of Sinovac plus one dose of BioN-
Tech and two doses of Sinovac plus two doses 
of BioNTech groups (only for January 2022) and 
categorized them into two groups: <90 days and 
>90 days. 

Variables 
Primary outcome
  –	Determining the effectiveness of the CO-

VID-19 vaccines (especially the boosters) by 
comparing the vaccination status of hospitali-
zed patients.

Secondary outcomes 
  –	To identify the vaccination schemes of the CO-

VID-19 patients who were admitted to either 
clinics or Intensive Care Units.

  –	To criticize the effect of the fourth dose of CO-
VID-19 vaccines.

  –	To define the risk factors for Intensive Care 
Unit in hospitalized COVID-19 patients.
Influencing factors: different vaccines, the 

need for hospitalization in clinics/Intensive Care 
Unit, comorbidities, gender, age.

Sample Size 
We collected data from 5,331 hospitalized CO-

VID-19 from collaborating centers. Each patient 
hospitalized for COVID-19 during study period 
has included. Patients hospitalized for social rea-
sons or isolation were excluded.

We categorized patients into three groups ac-
cording to age: <50 years, 50-64 years, and ≥65 
years. Data were also obtained from the Ministry 
of Health website10. The study was approved by 
the Ministry of Health and Cukurova University 
non-interventional Ethical Committee and sup-
ported by Turkish Thoracic Society.

Statistical Analyis
The statistical analysis was performed by SPSS 

for Windows version 25 (IBM Corp., Armonk, NY, 
USA). The normality of the numerical variables was 
evaluated by the Shapiro-Wilk test. The Mann-Whi-
tney U test was performed to compare patients with 
long term symptoms and those without for nonnor-
mal numerical variables. In the multivariate analy-
sis, variables were selected based on significance in 
the univariate analysis. Binary logistic regression 
analyses were performed to estimate ICU admission 
risk and calculate odds ratios (aORs) and 95% confi-
dence intervals (CIs). p-value <0.05 was considered 
statistically significant. 

Results

We enrolled 5,331 patients (2,779 men, 2,552 
women; mean age 62.1 years) from hospitals, of 
which 2,408 (45.2%) were admitted to Intensive 
Care Units. Approximately one-third (37%) of 
patients were unvaccinated, and the next largest 
group comprised those administered two doses 
of Sinovac (23.6%). The vaccination status, mean 
age, and number of comorbidities of patients are 
shown in Table II. Table III provides more detai-
led information about comorbidities. The percen-
tages of the patients who have two or more co-
morbidities were 25.4%, 43.6%, 53.4% and 64.1% 
in unvaccinated, vaccinated with one/two doses, 
vaccinated with three doses and vaccinated with 
four doses respectively (p<0.001). The percen-
tages of the patients over 65 years were 29.7%, 
53.2%, 71.1%  and 65.4% in unvaccinated, vacci-
nated with one/two doses, vaccinated with three 
doses and vaccinated with four doses respectively 
(p<0.001). The comorbidities and age distribution 
of hospitalized COVID-19 patients can be seen in 
Figure 1 and Figure 2, respectively. 

Table IV shows vaccination status of the ho-
spitalized patients by month. Unvaccinated pa-
tients account for the largest group in all months 
varying between 32.9% and 47.5%.

The highest risk reduction for all age groups 
was found in groups that received 4 doses. Four 
doses of vaccination for every 3.7 people under 50 
years of age, four doses of vaccination for every 
5.7 people in the 50-64 age group, and four do-
ses of vaccination for every 4.3 people over 65 
years of age will prevent 1 patient from being ad-
mitted to intensive care. Relative risk reduction 
was also found to be higher for each age group in 
groups with four doses of vaccination in hospi-
talized COVID-19 patients. It was found that the 
risk of Intensive Care Unit hospitalisation would 
decrease by 76.6% in the group under 50 years of 
age, 39.5% in the 50-64 age group, and 42% in the 
group over 65 years of age (Table V).

The exact last vaccination date was available 
in 103 of 160 patients, 80 patients received two 
doses of Sinovac + one dose of BioNTech and 23 
patients received two doses of Sinovac + two do-
ses of BioNTech. The duration between the last 
vaccine dose and hospitalization dates was longer 
than 90 days in 75 of 80 (94%) and 11 of 23 (49%) 
patients who received two doses of Sinovac + one 
dose of BioNTech and two doses of Sinovac plus 
two doses of BioNTech, respectively. The logistic 
regression model created to predict the risk of In-
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Table II. Vaccination status, sex, mean age, hospitalizations, and number of patients’ comorbidities.

		             Sex			            Hospital	
	
Vaccination	 Total	 Male, 	 Female,	 Mean age	 Clinics, 	 Intensive	 Mean number
  status	   number	   n (%)	    n (%)	   (years)	   n (%)	   Care Unit, 	  of comor-
						        n (%)	   bidities

Unvaccinated	 1,973 (37)	 985	 988	 54.2±17.8	 1,112	 861	 0.98±1.12
Sinovac-based 
  protocols							     
Two doses 	 1,256 (23.6)	 600	 656	 68.5±13.1	 631	 625	 1.66±1.21*

  of Sinovac
Three doses 	 781 (14.7)	 461	 320	 72.1±11.8	 396	 385	 1.74±1.26*

  of Sinovac
Two doses	 452 (8.5)	 270	 182	 70.6±13.7	 217	 235	 1.81±1.32*

  of Sinovac + one 
  dose of BioNTech	
Two doses of 	 61 (1.1)	 38	 23	 66.9±15.8	 45	 16	 1.93±1.2*

  Sinovac + two 
  doses of BioNTech	
BioNTech-based 
  protocols							     
Two doses 	 382 (7.2)	 207	 175	 54±14.9	 267	 115	 1.15±1.18
  of BioNTech
Three doses 	 11 (0.2)	 6	 5	 51.2±15.8	 10	 1	 1.09±1.04
  of BioNTech
Others	 415	 212	 203		  245	 170	
Total	 5,331	 2,779	 2,552	 62.1±17.2	 2,923	 2,408	 1.37±1.24

*p<0.001, all Sinovac based groups had more comorbid diseases compared to unvaccinated patients.

Table III. Comorbidities of hospitalized patients by month.

	                                                                  2021			   2022

	 September,	 October,	 November,	 December,	 January,
	   n (%)	   n (%)	   n (%)	   n (%)	   n (%)

Diabetes mellitus	 236 (24)	 254 (25.7)	 356 (30.2)	 317 (28.5)	 238 (22.1)
Hypertension	 366 (37.4)	 390 (39.5)	 558 (47.3)	 518 (46.6)	 388 (36.1)
Cardiovascular disease	 152 (15.5)	 1 (0.1)	 272 (23.1)	 306 (27.5)	 187 (17.4)
Chronic lung disease	 110 (11.2)	 118 (12)	 147 (12.5)	 158 (14.2)	 143 (13.3)
Cerebrovascular disease	 45 (4.6)	 56 (5.7)	 48 (4.1)	 69 (6.2)	 51 (4.7)
Cancer	 47 (4.8)	 76 (7.7)	 120 (10.2)	 101 (9.1)	 79 (7.3)
Chronic kidney disease	 65 (6.5)	 67 (6.8)	 104 (8.8)	 65 (5.8)	 72 (6.7)
Morbid obesity	 3 (0.3)	 2 (0.2)	 9 (0.8)	 10 (0.9)	 15 (1.4)
Chronic degenerative neurologic disease	 1 (0.1)	 2 (0.2)	 52 (4.4)	 48 (4.3)	 35 (3.3)
Solid organ transplantation	 3 (0.3)	 5 (0.5)	 16 (1.4)	 13 (1.2)	 8 (0.7)
Rheumatologic disease	 3 (0.3)	 5 (0.5)	 21 (1.8)	 36 (3.29	 24 (2.2)
Thyroid disease	 10 (1)	 3 (0.3)	 6 (0.5)	 18 (1.6)	 17 (1.6)
Pregnancy*	 12 (1.2)	 2 (0.2)	 4 (0.3)	 14 (1.3)	 2 (0.2)
Pulmonary emboli	 2 (0.2)	 0	 0	 3 (0.3)	 0
Others	 67 (6.9)	 95 (9.6)	 127 (10.8)	 70 (6.3)	 63 (5.9)

tensive Care Unit hospitalisation was found to be 
significant (omnibus test p<0.001). The dependent 

variable of the model was Intensive Care Unit 
admission status, and the independent variables 

*26 of 34 pregnant patients (76%) were unvaccinated.
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were number of vaccine doses, comorbidity sta-
tus, gender and age. Regardless of the type of 
vaccine, it was found that the risk of ICU hospi-
talisation decreased in those who were vaccinated 
compared to those who were not vaccinated. Re-
gardless of the type of vaccine, the Intensive Care 
Unit (ICU) risk was found to decrease 1.25-fold 
(OR=0.797) in those who received 1 or 2 doses of 
vaccine, 1.18-fold (OR=0.841) in those who recei-
ved 3 doses, and 3.26-fold (OR=0.306) in those 
who received 4 doses. The risk of ICU hospita-
lisation was found to be 1.5-fold increased in the 

group with 2 or more comorbidities and 1.22-fold 
increased in men (Table VI).

Discussion

The study presented clearly demonstrates the 
efficacy of booster vaccination in preventing the 
need for Intensive Care Unit. We used data from 
the first day of each month to determine the na-
tional unvaccination rate10. The results suggested 
that the addition of a fourth dose may be more 

Figure 1. Comorbidities in hospitalized COVID-19 patients.

Figure 2. Age distribution of hospitalized COVID-19 patients.
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Table IV. Vaccination status of patients by month.

                                                                                         2021			     2022

Vaccination status	 September,	 October,	 November,	 December,	 January,
	   n (%)	   n (%)	   n (%)	   n (%)	   n (%)

Unvaccinated	 465 (47.5)	 389 (39.4)	 402 (34.1)	 363 (32.6)	 354 (32.9)
Sinovac-based protocols					   
Two doses of Sinovac	 241 (24.6)	 265 (26.8)	 301 (25.5)	 253 (22.8)	 196 (18.2)
Three doses of Sinovac	 58 (5.9)	 97 (9.6)	 177 (15)	 236 (21.2)	 215 (20)
Two doses of Sinovac +	 48 (4.9)	 66 (6.7)	 103 (8.7)	 101 (9.1)	 134 (12.5)
  one dose of BioNTech
Two doses of Sinovac +	 10 (1)	 5 (0.5)	 11 (0.9)	 9 (0.8)	 26 (2.4)
  two doses of BioNTech
BioNTech-based protocols					   
Two doses of BioNTech	 41 (4.2)	 61 (6.2)	 85 (7.2)	 94 (8.5)	 101 (9.4)
Three doses of BioNTech	 0	 0	 0	 1 (0.1)	 10 (0.9)
Others	 115 (11.8)	 106 (10.7)	 90 (7.6)	 55 (4.9)	 39 (3.6)
Total	 978	 987	 1,179	 1,112	 1,075

Table V. Risk reduction by vaccination status for ICU admission.

ARR (absolute risk reduction) = CER (Control Event Rate) - EER (Experimental Event Rate). RRR (relative risk reduction) 
= CER (Control Event Rate) - EER (Experimental Event Rate)/CER (Control Event Rate). NNT (number need to treatment) 
= 1/ARR.

Age group		          ICU care admission	 ARR	 RRR	 NNT

			   Yes	 No 

<50	 Unvaccinated 	 n	 553	 305			 
		  % 	 64.5	 35.5			 
	 Vaccinated with either 1 or 2 doses	 n	 274	 96	

9.6%	 27%	 10.4
		  % 	 74.1	 25.9			 
	 Vaccinated with 3 doses	 n	 43	 30			 
		  % 	 58.9	 41.1			 
	 Vaccinated with 4 doses	 n	 11	 1	

27.2%	 76.6%	 3.7
		  % 	 91.7	 8.3			 
50-64	 Unvaccinated 	 n	 295	 234			 
		  % 	 55.8	 44.2			 
	 Vaccinated with either 1 or 2 doses	 n	 321	 251	

0.3%	 0.006%	 333.3
		  % 	 56.1	 43.9			 
	 Vaccinated with 3 doses	 n	 141	 83	

7%	 15.8%	 14.1
		  % 	 62.9	 37.1			 
	 Vaccinated with 4 doses	 n	 11	 4	

17.5%	 39.5%	 5.7
		  % 	 73.3	 26.7			 
>65	 Unvaccinated 	 n	 264	 322			 
		  % 	 45.1	 54.9			 
	 Vaccinated with either 1 or 2 doses	 n	 528	 542	

4.2%	 7.6%	 23.8
		  % 	 49.3	 50.7			 
	 Vaccinated with 3 doses	 n	 439	 508	

1.2%	 2.1%	 76.9
		  % 	 46.4	 53.6			 
	 Vaccinated with 4 doses	 n	 35	 16	

23.5%	 42%	 4.3
		  % 	 68.6	 31.4
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effective in preventing Intensive Care Unit even 
in disadvangated groups. Males, older age groups 
and vaccination with less than four doses increa-
ses the need for Intensive Care Unit.

According to the Ministry of Health data, as of 
January 5, 20228, among the adult population, nearly 
8% were unvaccinated, and approximately 33% recei-
ved booster shots. In addition, there were regional dif-
ferences. One of the limitations of our study is the ab-
sence of detailed national and regional data. It should 
be noted that, to compare different booster protocols, 
the distribution and tendency of fourth-fourth shots 
rather than the exact numbers is important. 

During the only Sinovac era (January-April 
2021), the efficacy and decreased number of de-
aths among healthcare workers in Turkey have 
been previously reported11. Our first study do-
cumented the decreased efficacy of two doses of 
Sinovac and lower hospitalization rates in indi-
viduals who received two doses of Sinovac plus 
one dose of BioNTech than in those who recei-
ved three Sinovac doses9. The presented study 
revealed that the highest risk reduction for all 
age groups was found in patients that received 
four vaccine doses. Four doses of vaccination 
for every 3.7 people under 50 years of age, four 
doses of vaccination for every 5.7 people in the 
50-64 age group, and four doses of vaccination 
for every 4.3 people over 65 years of age will 
prevent one patient from being admitted to in-
tensive care. Aproximately 50% relative risk re-
duction was also found in groups with four do-
ses of vaccination in all age groups. Since fourth 
dose of Sinovac was available in December 2021 
and their number was limited, our data did not 
allow us to compare two doses of Sinovac plus 
two doses of BioNTech with four doses of Sino-

vac. We will not discuss the protective effect of 
the three doses of BioNTech because it has been 
documented many times12-14.

The course of the pandemic in Turkey is similar 
to that in other countries in the Northern Hemisphe-
re. The alpha, delta, and omicron variants dominated 
the third, fourth, and fifth wave, respectively. Since 
the third wave, effective vaccines have been develo-
ped. In Turkey, Sinovac (an inactivated vaccine) was 
primarily used in the third wave, whereas Western 
countries had used mRNA (BioNTech and Moder-
na) or vector vaccines (AstraZeneca and Johnson & 
Johnson-Janssen). More than 10 billion doses of CO-
VID-19 vaccines were administered worldwide as 
of February 2022. Inactivated and mRNA vaccines 
are the two most commonly administered vaccine 
types. In literature, data regarding the efficacy and 
side effects of mRNA vaccines compared to those 
of inactivated vaccines are extensive. Sinovac and 
Sinopharm are inactivated vaccines that are most-
ly used in many countries such as China, Brazil, 
Chile, Indonesia, and Turkey. The efficacy of three 
doses of mRNA vaccines has been documented cle-
arly12-14. Sablerolles et al15 demonstrated the safety 
and efficacy of Ad26.COV2.S and mRNA boosters 
in healthcare workers who received a priming dose 
of Ad26.COV2.S vaccine. To the best of our know-
ledge, there are four reports9,16-18 on booster shots 
following Sinovac in the delta variant era. Early 
estimates of booster shots of Sinovac, BioNTech, 
and AstraZeneca after Sinovac in Chile showed16 
similar decreased rates of hospitalizations: 84-88%, 
84-87%, and 84-96%, respectively. Costa Clemens 
et al17 measured antibody titers 28 days after a boo-
ster shot following two doses of Sinovac. They used 
four different vaccines (Ad26.COV2-S, Janssen or 
BNT162b2, Pfizer-BioNTech or AZD1222, Astra-

Table VI. Multivariate analysis of risk factors of İntensive care unit need in hospitalized COVID-19 patients.

Variables 	 B	 p	 OR	                 95% CI for OR
				  
				    Lower	 Upper
 
Vaccine dose group (ref: unvaccinated)					   
  Vaccine dose group (1 or 2 doses)	 -0.227	 <0.001	 0.797	 0.698	 0.911
  Vaccine dose group (3 doses)	 -0.174	 0.031	 0.841	 0.718	 0.985
  Vaccine dose group (4 doses)	 -1.184	 <0.001	 0.306	 0.182	 0.515
Comorbidities (ref >2, risk≥2)	 0.406	 <0.001	 1.500	 1.329	 1.694
Age group (<50 yeaers)					   
  Age group (50-64 years)	 0.368	 <0.001	 1.445	 1.226	 1.704
  Age group (≥65 years)	 0.718	 <0.001	 2.051	 1.751	 2.402
Sex (ref: female, risk: male)	 0.204	 <0.001	 1.227	 1.097	 1371
Constant	 -0.511	 <0.001	 0.600
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Zeneca or Sinovac) for booster shots. Heterologous 
boosting resulted in more robust immune responses 
than homologous boosting, and they concluded that 
heterologous boosting might enhance protection17. 
Cerqueira-Silva et al18 reported increased vaccine 
efficacy against infection and severe outcomes 14-
30 days after the booster. In our previous study9, 
although the number of hospitalized patients after 
three doses was limited, the results suggested 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 pre-
venting hospitalization and severe disease. This stu-
dy confirms our previous findings9. 

We had three booster groups following two 
doses of Sinovac: three doses of Sinovac, two 
doses of Sinovac plus one dose of BioNTech, or 
two doses of Sinovac plus two doses of BioNTe-
ch. The increased risk of hospitalization 90 days 
after administration of two doses of Sinovac plus 
one dose of BioNTech may support the necessity 
of a fourth dose. As previously mentioned, this is 
one of the limitations of our study, but our clini-
cal and personal observations are compatible with 
our data, and we think there may be only minor 
changes that will not affect our conclusions. 

In the omicron variant era, data regarding the 
effect of booster shots on severe disease in pa-
tients who previously received Sinovac were not 
available. Antibody studies in literature have eva-
luated the effects of Sinovac on omicron variants. 
Although the drug maker noted19 that among 48 
individuals who received three doses of Sinovac, 
45 (94%) tested positive for neutralizing antibo-
dies, another study20 showed lower antibody re-
sponse to Sinovac compared to BioNTech. 

The emergence of the omicron variant called 
for a second booster shot (fourth dose). Only one 
study21 from Israel showed that the fourth shot of 
an mRNA vaccine was less effective on the omi-
cron variant. Chile, which mainly used Sinovac as 
initial vaccine nationwide, began second booster 
shot for high-risk populations in February, 202222. 
Turkey was the first country to offer a fourth (se-
cond booster) dose to residents, beginning in Au-
gust 2021. This study demonstrates that regardless 
of the vaccine type, it was discovered that people 
who received vaccinations had a lower probability 
of being admitted to an ICU than those who did 
not. Regardless of the vaccine type, it was discove-
red that receiving one or two doses of the vaccina-
tion reduced ICU risk by 1.25-fold, 3 doses reduced 
it by 1.18-fold and 4 doses reduced it by 3.26-fold. 
It was discovered that the likelihood of ICU hospi-

talization was 1.5 times higher in the group with 2 
or more comorbidities and 1.2 times higher in men. 
These results suggest that the addition of a fourth 
dose may be more effective and these data gain va-
lue as there are very limited data in the literature.

Our results in January reflect the transition pe-
riod from the delta to omicron era. The absence of 
variant analysis is another limitation of our study, 
but the high number of cases (record number of 
daily cases since the beginning of the pandemic 
in January 2022) and health officials’ explana-
tions support the effect of the omicron variant. 

The research contains data from a variety of 
cities and hubs around the country, but it does not 
reflect the total population. The exact date of the 
last vaccine inoculation of all the participants in 
the trial has yet to be determined, limiting the 
evaluation of vaccine effects. Because mutations 
were not investigated in all samples obtained in 
accordance with the national policy, the indivi-
duals’ SARS-CoV-2 mutation data are unknown.

Conclusions

The findings suggest that even in disadvanta-
ged populations, the fourth dose of vaccine may 
be more beneficial in preventing the need for In-
tensive Care Unit follow-up, which increases mor-
tality in COVID-19. The need for Intensive Unit 
Care increases in males, older age groups and 
those who receive less than four doses of vaccine.
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