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ABSTRACT

Objectives: This study aimed to assess the effectiveness of different vaccination regimens using two distinct
SARS-CoV-2 vaccines against mortality risk and the need for intensive care unit (ICU) admission among hos-
pitalised patients.

Methods: The single-centre hospital-based retrospective cohort study was performed with adult COVID-19
patients in a tertiary-level hospital between March 2020 and September 2022. The associations between pa-
tients’ demographics and clinical features, vaccine status and regimens, in-hospital mortality, and need for I[CU
admission were evaluated using multivariable regression analyses.

Results: During the study period, 2,373 patients were included. Mortality among unvaccinated patients was
85.0%, which was significantly lower in vaccinated groups (P<0.001), particularly with BNT162b2 than with
Sinovac. Vaccination reduced mortality and ICU admission rates, with higher efficacy observed with increased
vaccine doses and BNT162b2 regimens. Multivariable analyses confirmed age as a significant determinant
and various vaccination schedules showed consistent reductions in mortality and ICU admissions.
Conclusions: A two-dose initial plus one or more-dose booster BNT162b2 regimen effectively reduced mor-
tality risks and ICU admission.
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terised by a respiratory syndrome that can vary
in severity, ranging from mild effects to life-
threatening consequences. Its fatality rate is approxi-
mately 2.3%, lower than SARS-CoV and MERS-CoV
infections [1]. It is noteworthy that COVID-19 has

SARS—COV—Z infection (COVID-19) is charac-

caused significantly more deaths globally because
SARS-CoV-2 is widely transmitted within the com-
munity, whereas SARS-CoV and MERS-CoV are pri-
marily transmitted among hospitalised patients [2].
Previous studies have demonstrated that both antici-
pated annual viral respiratory infections and unfore-
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seen pandemic outbreaks result in three to five million
cases of severe disease and up to half a million deaths
worldwide [3, 4].

The unprecedented pace of vaccine development
against COVID-19 and robust global vaccination ef-
forts play critical roles in controlling the pandemic [5].
Few studies have investigated the effectiveness of var-
ious vaccine doses and schedules, including the use of
different vaccines and complementary administration
of a booster dose from another vaccine, in preventing
disease severity and mortality during the COVID-19
pandemic. Numerous studies have sought to delineate
the number of applications of the same vaccine
deemed a full dose and the number of doses consid-
ered insufficient within this context [6, 7]. However,
the production processes and availability of vaccines
have varied across countries during the COVID-19
pandemic, leading to the implementation of mixed
vaccination regimens involving different vaccines in
many regions. A limited number of studies compared
the incidence of severe infections among unvacci-
nated, partially vaccinated, and fully vaccinated indi-
viduals. Therefore, this study aimed to evaluate the
efficacy of various vaccines and, more critically, to as-
certain which specific vaccines and vaccination regi-
mens are most effective in mitigating the progression
to severe disease and reducing mortality rates.

METHODS

This single-centre hospital-based retrospective cohort
study included patients with COVID-19 admitted to a
tertiary-level hospital. The Clinical Research Ethics
Committee approved this study (Approval date:
20.04.2022, Approval number: 2011-KAEK-25
2022/04-18). The study followed the ethical principles
outlined in the Declaration of Helsinki and the guide-
lines for Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement. In-
formed written consent was not obtained because of
the study's retrospective design.

The cohort was defined as "patients aged 18 years
and older who were admitted with a diagnosis of
COVID-19 between March 2020 and September
2022.” According to the cohort definition, the inclu-
sion criteria for the study population were (1) being

18 years or older, (2) having a microbiologically con-
firmed diagnosis of COVID-19, and (3) being admit-
ted to the hospital. Patients for whom vaccination
information, the primary independent variable of the
study, was not accessible were excluded from the
study. Patients vaccinated with any vaccine other than
Sinovac or BNT162b2 were also excluded from the
study. However, patients with missing data for other
variables were not excluded to provide different types
of analyses involving more variables.

Data, including patients’ demographics (age and
sex), vaccination status, blood group, COVID-19 Re-
porting and Data System (CO-RADS) stage, Acute
Physiology and Chronic Health Evaluation Mortality
Prediction Rate (APACHE II-MPR), acute phase re-
actants [ferritin (ng/mL), procalcitonin (ng/mL), and
C-Reactive Protein (CRP) (mg/L)], D-dimer (mg/L
FEU), troponin (ng/mL), white blood cell (WBC)
count (x109/L), and platelet (x109/L) levels were ob-
tained from electronic medical records.

The vaccination status of the patients was cate-
gorised as follows: (1) unvaccinated, (2) one- or two-
dose vaccination with Sinovac, (3) two initial doses
plus one-dose booster Sinovac, (3) two initial doses
plus two- or more-dose booster Sinovac, (4) one- or
two-dose BioNTech (BNT162b2), (5) two initial doses
plus one-dose booster BNT162b2, (6) two initial doses
plus two- or more-dose booster BNT162b2, (7) two
initial doses Sinovac plus one-dose booster
BNT162b2, and (8) two initial doses Sinovac plus
two- or more-dose booster BNT162b2.The underlying
rationale behind this categorisation is to consider those
who received one or two doses of any vaccine as “in-
adequately vaccinated.” In contrast, individuals who
received two initial doses and one booster dose are re-
garded as “fully vaccinated.”

The CO-RADS was used to include the radiolog-
ical disease status of patients in the analysis [8]. The
APACHE II comprises 12 physiological variables: age
and previous disease status. The APACHE II score was
converted into a percentage to derive the Mortality
Prediction Rate (MPR) variable [9]. This approach al-
lowed for the integration and standardised evaluation
of multiple variables as a single independent variable.

There were two primary outcomes of the study.
These are “in-hospital mortality” and “the need for an
intensive care unit (ICU)”. “Mortality” was defined as
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“all-cause mortality during the stay in the hospital.”
“The need for ICU” was described as “a need for hos-
pitalization in the intensive care unit for any reason
during the stay in the hospital.”

Statistical Analysis

No prior sample size was calculated. All eligible
patients' data were included in the analysis. Statistical
analyses were performed using SPSS version 23 (IBM
Corp., Armonk, NY, USA). Descriptive statistics are
presented as median with interquartile range (IQR) for
numerical data and frequency (n) and percentage (%)
for categorical data. Pearson Chi-square Test was used
to analyse mortality and ICU admission rates among
the study groups with different vaccination statuses.
Univariable Logistic Regression Analyses with the
Enter Method were employed for univariable analysis
to estimate the effects of variables and potential co-
variates on mortality risk and the need for ICU risk.
Several multivariable models were constructed with
statistically significant variables from the univariable
analyses while avoiding highly correlated independent
variables. Odds Ratios (ORs) with a 95% confidence
interval (CI) were used to evaluate the risk. Statistical
significance was set at P<0.05.

RESULTS

The data of 2373 patients were included in the analysis
based on the inclusion and exclusion criteria of the
study. The number of patients included in the analysis
decreased to 916 for some variables. Patients with
missing data were not excluded from the analysis to
present more comprehensive findings. The median age
was 74 years, and 56.9% were male. The median body
mass index (BMI) was 26.6 kg/m2, and 48.5% were
unvaccinated. Although 5.5% of patients were classi-
fied as CO-RADS stage 1, 20.1% as stage 2, 20.2% as
stage 3, 24.3% as stage 4, and 29.9% as stage 5, the
median APACHE MPR score was 42.8%. Sepsis de-
veloped in 13 patients, and the median length of stay
was 6.0 days. Notably, the levels of acute-phase reac-
tants were elevated in all patients (Table 1).
Mortality was 85.0% (n=979) among unvacci-
nated patients, whereas it significantly decreased in all
vaccinated groups (P<0.001 for the comparisons be-

tween the unvaccinated group and all vaccination reg-
imens). Mortality rates were 66.9% in patients vacci-
nated with one or two-dose Sinovac, 55.9% with
two-dose plus one-dose booster Sinovac, 26.1% with
two-dose plus two or more-dose boosters of Sinovac,
27.3% with one or two-dose of BNT162b2, 3.3% with
two-dose plus one-dose booster of BNT162b2, 3.6%
with two-dose plus two or more-dose booster
BNT162b2, 47.1% with two-dose Sinovac plus one-
dose booster BNT162b2, and 21.7% two-dose Sinovac
plus two or more-dose booster BNT162b2. The need
for ICU admission followed a similar trend. Among un-
vaccinated patients, 81.3% (n=937) required ICU care,
which was significantly higher compared to vaccinated
groups (P<0.001 for the comparisons between the un-
vaccinated group and all vaccination regimens). The
ICU admission rates 65.2% in patients vaccinated with
one or two-dose Sinovac, 54.0% with two-dose plus
one-dose booster Sinovac, 37.7% with two-dose plus
two or more-dose boosters of Sinovac, 29.7% with one
or two-dose of BNT162b2, 9.8% with two-dose plus
one-dose booster of BNT162b2, 17.9% with two-dose
plus two or more-dose booster BNT162b2, 49.6% with
two-dose Sinovac plus one-dose booster BNT162b2,
and 30.2% two-dose Sinovac plus two or more-dose
booster BNT162b2. Overall mortality and ICU admis-
sion rates for the entire cohort were 64.0% (n=1519)
and 63.3% (n=1502), respectively (data not shown).
Age was a statistically significant determinant of
mortality and the need for ICU. Compared to unvac-
cinated individuals, all vaccination schedules were as-
sociated with reduced mortality risk. Moreover, as the
number of booster doses increased, both the mortality
and ICU admission risks decreased. When evaluating
between vaccines, the regimen that most significantly
reduced the mortality and ICU admission was the
BNT162b2 vaccine at both the initial and booster
doses, followed by the Sinovac initial regimen with
BNT162b2 boosters. The slightest reduction in mor-
tality was observed with the Sinovac regimen for both
the initial and booster doses (Table 2). This trend was
also the same for the need for an ICU (Table 3).
Three different models were employed to evaluate
mortality risk for significant variables in the univari-
able analyses. The findings from the univariable analy-
ses were preserved across all the models (Table 2).
Similar results were obtained in the modelling of ICU
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Table 1. Demographics, clinical features and laboratory findings of the patients

Characteristics

Data

Age (years), (n=2373)
Sex, n (%) (n=2373)
Female
Male
BMI (kg/m?), (n=916)
Blood group, n (%) (n=2146)

74.0 (64.0-82.0)

1022 (43.1)
1351 (56.9)

26.6 (23.4-31.1)

0 Rh (-) 105 (4.9)

0 Rh (+) 551 (25.7)

ARh(-) 101 (4.7)

A Rh (+) 864 (40.3)

B Rh (-) 42 (2.0)

B Rh (+) 320 (14.9)

AB Rh (-) 14 (0.7)

AB Rh (+) 149 (6.9)

Vaccine status, n (%) (n=2373)

Unvaccinated 1152 (48.5)

One or two-dose Sinovac 408 (17.2)

Two-dose plus one-dose booster Sinovac 202 (8.5)

Two-dose plus two or more-dose booster Sinovac 69 (2.9)

One or two-dose BNT162b2 172 (7.2)

Two-dose plus one-dose booster BNT162b2 92 (3.9)

Two-dose plus two or more-dose booster BNT162b2 28 (1.2)

Two-dose plus one-dose booster mix 121 (5.1)

Two-dose plus two or more-dose booster mix 129 (5.4)

CO-RADS, n (%) (n=2108)

1 115 (5.5)

2 423 (20.1)

3 426 (20.2)

4 513 (24.3)

5 631 (29.9)
APACHE MPR (%), (n=1557) 42.8 (26.2-70.5)
Occurrence of sepsis, n (%) (n=1427) 13 (0.9)

LOS (days), (n=2373) 6.0 (2.0-11.0)
Ferritin (ng/mL), (n=1916) 602.70 (280.62-1407.41)
Procalcitonin (ng/mL), (n=593) 0.23 (0.10-0.62)
CRP (mg/L), (n=2301) 79.20 (16.20-176.00)
D-Dimer (mg/L FEU), (n=2214) 2.08 (0.95-5.72)
Troponin (ng/mL), (n=2287) 50.90 (10.94-269.60)
WBC count (x10°/L), (n=2361) 11.36 (7.62-17.42)
Platelet (x10°/L), (n=1916) 199.00 (123.50-282.00)

Data are shown as median (IQR-Interquartile range) or n (%). BMI=Body mass index, CO-RADS=COVID-19 Reporting and
Data System, APACHE MPR=Acute Physiology, Age, and Chronic Health Evaluation-Mortality Prediction Rate,
LOS=Length of stay, CRP=C-Reactive Protein, WBC=White blood cell.
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admission needs. While effect modifications were ob-
served for other variables across the six different mod-
els, the trends in the findings related to vaccination
regimens remained consistent (Table 3).

DISCUSSION

Our study revealed that all vaccinated groups, includ-
ing those receiving only one dose of the Sinovac or
BNT162b2 regimen, had lower rates of ICU admis-
sion during hospitalisation and lower mortality rates
than unvaccinated patients. Specifically, ICU admis-
sions and mortality rates were lower in the BNT162b2
vaccinated group compared to the Sinovac-vaccinated
group. Moreover, individuals who received a two-dose
regimen of BNT162b2 followed by a booster dose
(BNT162b2d), or two doses of BNT162b2 with two
or more booster doses exhibited the lowest ICU ad-
mission rates (9.8% and 17.9%) and mortality rates
(3.3% and 3.6%) compared to those who received two
doses of Sinovac with one or more booster doses or
two doses of Sinovac followed by one BNT162b2
booster dose. Conversely, the most significant reduc-
tions in mortality risk and ICU admission were ob-
served in individuals who received BNT162b2 at both
the initial and booster doses. Our study also identified
age, CO-RADS stage, and APACHE MPR score as
statistically significant determinants of mortality and
ICU admission.

Individuals of different age groups can be affected
by this highly transmissible disease. However, people
aged >60 years and those with comorbidities such as
diabetes, cardiovascular disease, obesity, and chronic
lung disease are particularly vulnerable to severe clin-
ical illness and mortality [10]. Additionally, numerous
studies indicate that this disease tends to be more se-
vere in men and is associated with higher mortality
rates [11, 12]. Our study cohort had a higher median
age, and 56.9% were male and considered at high risk
for severe infection [7].

The virulence of the virus and the host immune re-
sponse determine the severity of SARS-CoV-2-in-
duced illness. At the same time, a controlled immune
response in mild infections leads to viral clearance, an
excessive and uncontrolled immune response, charac-
terised by aberrant cytokine and chemokine activity,
results in the infiltration of inflammatory cells, de-

struction of the respiratory epithelial layer, and conse-
quently respiratory failure in severe cases [13, 14]. El-
evated levels of CRP, ferritin, D-dimer, and troponin
have been identified as risk factors associated with the
severity of the clinical course in patients with COVID-
19 [7, 15].

Like other respiratory RNA viruses, SARS-CoV-

2 undergoes various mutations as it adapts to its new
host, leading to differences from the original strain [5].
Many studies have demonstrated that mRNA and in-
activated vaccines are effective against several vari-
ants, including Alpha, Beta, Gamma, and Delta, albeit
in varying degrees [16, 17]. A population-based study
encompassing over seven thousand COVID-19-asso-
ciated hospitalisations of adults 65 years and older
showed that 75% of the cases were unvaccinated, 12%
were partially vaccinated, and only 5% were fully vac-
cinated [18]. In the present study, 50% of the patients
were unvaccinated, 40% were partially vaccinated,
and 10% were fully vaccinated. A vaccine schedule
consisting of two doses plus one or two booster doses
was considered fully vaccinated in patients with ad-
vanced age and additional comorbidities [7, 19].
A multicentre historical control study investigating the
severity and outcomes of COVID-19 among vacci-
nated compared to unvaccinated patients found that
unvaccinated or partially vaccinated individuals expe-
rienced more in-hospital complications, severe dis-
ease, and death than fully vaccinated individuals [7].
Unvaccinated individuals more frequently show ab-
normal findings on chest imaging, with more wide-
spread involvement observed at the onset of
COVID-19 infection [7, 20]. In addition, these patients
were more likely to require ICU admission and expe-
rienced a higher death rate than vaccinated individu-
als. Our experience with the current pandemic
indicates that advanced age is a significant risk factor
for severe clinical course and disease-related mortality
[21, 22].

The severity of the current pandemic was lowest
in the fully vaccinated group and highest in the unvac-
cinated group, and it was between these two groups in
partially unvaccinated people, remarking the protec-
tive role of mRNA vaccines against severe COVID-
19 disease [7]. Heterologous prime-booster and a third
dose vaccination induced a robust humoral response
in all adult age groups [16, 23]. Our study underscores
the importance of delineating effective vaccines and
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optimal vaccination schedules, particularly in elderly
cohorts. Our findings highlight the potential need for
tailored full-dose vaccination protocols based on the
specific vaccine in specific patient groups.

Limitations

Since our study was a single-centre hospital-based
retrospective analysis, the generalisability of the study
is limited. Another potential limitation of the study is
the possibility of data source errors, as the study data
were obtained from electronic medical records. Some
patient characteristics, such as comorbidities, and their
potential impact on the outcomes were not assessed.
Additionally, the treatment modalities administered
before admission and during hospitalisation with dis-
cussions on their accessibility and efficacy were not
detailed. Readers should keep these limitations in
mind when interpreting the results.

CONCLUSION

As a result, a two-dose initial plus one or more-dose
booster BNT162b2 regimen showed the highest effec-
tiveness in reducing the risks of mortality and ICU ad-
mission compared to partially vaccinated regimens
and the unvaccinated group. Our study group con-
sisted of very elderly patients who presented with a
severe clinical course, which may explain the high
mortality rates.
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