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Abstract

Introduction. The development of the coronavirus disease 2019 (COVID-19) vaccine marked
the beginning of the end of the pandemic and the understanding of the disease as something
that is part of clinical practice. The aim of this study was to investigate, assess, and demonstrate
the significance of vaccination on the outcome of severely ill patients treated in intensive care
units.

Methods. A retrospective study was conducted on a sample of patients hospitalized at the Clinic
for Infectious Diseases of the Clinical Center of the University of Sarajevo during 2022.

Results. Participants who were vaccinated against COVID-19 had a lower mortality rate and a
higher chance of survival compared to unvaccinated participants. Additionally, disease outcomes
were significantly influenced by oxygen saturation and platelet count at admission.

Conclusion. COVID-19 vaccination significantly reduced the mortality rate, with vaccinated par-
ticipants having a higher chance of survival compared to unvaccinated participants.

Keywords: Coronavirus disease 2019, vaccination, treatment, prognosis.

INTRODUCTION

The clinical manifestation of coronavirus di-
sease 2019 (COVID-19) is not specific and
is very similar to other viral infections (1).
After an incubation period of around 4 to 14
days, the infection can develop with mild to
severe symptoms, which can also be fatal.
COVID-19 is clinically classified as mild to
moderate illness (without pneumonia or with
pneumonia), severe illness (dyspnea, respi-
ratory rate above 30/min, oxygen saturation
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below 93%, partial pressure of oxygen in ar-
terial blood (Pa02)/ inspiratory oxygen con-
centration (FiO2) ratio less than 300, and/or
lung infiltrates covering 50% of the lung sur-
face within 24 to 48 hours), and critical ill-
ness (respiratory failure, multi-organ failure,
sepsis) (2-4). All patients who experienced
a severe clinical course of the disease had
chronic conditions such as cardiovascular
diseases, pulmonary pathology, chronic kid-
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ney disease, or were oncology cases (5-9).
COVID-19 vaccines that have been analyzed
or approved for clinical studies include inac-
tivated vaccines, live attenuated vaccines,
vector vaccines, deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA), protein subunit-
based vaccines, and virus-like particle vacci-
nes (10,11). The primary goal of the vaccine
was to prevent the development of severe
clinical disease, i.e., to reduce mortality and
morbidity rates and to slow the spread of
the virus (11). After the first vaccines were
approved and vaccination began, it was ob-
served that the spread of this severe infecti-
on slowed down (11). Clinicians noticed that
vaccinated patients, compared to unvacci-
nated patients, had a milder course of the
disease, shorter hospital stays, and a lower
percentage of fatal outcomes in the vaccina-
ted population (11).

The aim of the study was to determine the
vaccination status of critically ill COVID-19
patients admitted to intensive care units
(ICU), to assess the significance of vaccina-
tion on the outcome of critically ill COVID-19
patients, to establish the average values of
vital parameters at admission in patients
admitted to ICUs, to determine the avera-
ge values of non-specific inflammation and
blood count parameters, and to assess their
significance on the outcome of critically ill
COVID-19 patients, as well as to compare
independent predictors at admission on the
outcome of critically ill COVID-19 patients.

METHODS

Patients and study design

The study utilized data obtained from cli-
nical data records, temperature charts, la-
boratory findings, and discharge letters. A
total of 110 patients (57 male, 53 female)
hospitalized in the ICU at the Clinic for In-
fectious Diseases of the Clinical Center of
the University of Sarajevo (CCUS) between
January 1, 2022, and December 31, 2022,
were included in the study. The analyzed
variables were: gender, age, comorbidities,

vaccination status (number of doses and
vaccine manufacturer), assessment of the
patient’s general condition, vital parameters
(oxygen saturation (sO2), blood pressure,
heart rate), laboratory parameters (values
of leukocytes, neutrophils, erythrocytes, he-
moglobin, hematocrit, platelets, C-reactive
protein (CRP)), duration of treatment (in
days), and disease outcome.

Methods

The study was designed as a retrospective
cohort study. Approval for the review and
processing of data from patients was obta-
ined from the Institute for Scientific Rese-
arch at CCUS. The study was conducted in
accordance with the Convention on Human
Rights (Oviedo Convention), the Helsinki
Declaration on the Rights of Patients in Bio-
medical Research and its latest revision, as
well as national laws on patient rights (Law
on the Rights, Obligations, and Responsibi-
lities of Patients of the Federation of Bosnia
and Herzegovina, Law on the Protection of
Personal Data of Bosnia and Herzegovina,
and the Rulebook on Regulations and Recor-
ds in the Field of Health Care of the Federa-
tion of Bosnia and Herzegovina).

Statistical Methods

Upon completion of the study, statistical
data analysis was performed. The statistical
analysis of the data was conducted using the
SPSS for Windows software package (versi-
on 19.0, SPSS Inc., Chicago, Illinois, USA)
and Microsoft Excel (version 11, Microsoft
Corporation, Redmond, WA, USA). The Kol-
mogorov-Smirnov test was used to determi-
ne the distribution of continuous variables
(for a sample size greater than 50 parti-
cipants). For variables that showed a sta-
tistically significant deviation from normal
distribution, average values were presented
using the median and interquartile range
(25th-75th percentile), and the Mann-Whit-
ney U test was used for their comparison.
Binary logistic regression was applied to

19



Sarajevo Medical Journal, Volume 1, Number 1, August 2024

examine whether independent predictors/
variables in the study had an influence on
the disease outcome univariately. Subsequ-
ently, multivariate regression analysis was
used to assess the combined influence of
variables that were identified as statistically
significant predictors in univariate analysis.
The Chi-square test of independence was
employed to examine the dependency of di-
sease outcomes on the vaccination status of
participants. A significance level of a=0.05
was set for statistical analysis. Decisions to
accept or reject hypotheses in the relevant
tests were made based on the p-value of the
statistical test (if p = a, the hypothesis was
accepted; if p < a, the hypothesis was re-
jected). The results were thoroughly detai-
led and documented, presented in absolute
numbers, relative numbers, and statistical
values using statistical indicators, and dis-
played in simple and understandable tables
and graphs.

RESULTS

The average age of participants hospitali-
zed in the ICU during this period was 75.5
(67.75-83), with the youngest participant
being 22 years old and the oldest 93 years
old. The average age of male participants
was 76.0, while the average age of female
participants was 75.0, and no statistically si-
gnificant difference in age between genders
was found (p=0.434). The most common
pre-existing cardiorespiratory risk factors
were present in 74 participants (63.7%),
followed by endocrinological pathology in 34

participants (30.9%), urological pathology
in 23 participants (20.9%), and gastroin-
testinal pathology in 3 participants (2.7%).
Regarding vaccination status, a larger num-
ber of participants, 59 (53.6%), were un-
vaccinated, while 51 (46.4%) were vaccina-
ted. Among the 51 vaccinated participants,
four had received one dose, 37 had received
two doses, and 10 participants had recei-
ved a booster—a third dose. The majority of
participants had a moderately severe clinical
presentation, 73 (66.4%), while 30 partici-
pants (27.3%) had a severe clinical presen-
tation, and 7 participants (6.4%) were in
critical condition upon admission. The ave-
rage oxygen saturation level of participants
was 91% (86-95%), with a minimum value
of 60% and a maximum of 99%.

The average systolic blood pressure was 125
mmHg (110-135.25 mmHg), and the avera-
ge diastolic blood pressure was 76 mmHg
(69.75-85 mmHg). The average heart rate
was 84 beats/min (76-97), with a minimum
of 36 and a maximum of 150 beats/min. Ta-
ble 1 shows the values of non-specific in-
flammatory and blood parameters.

The average value of CRP was 86 mg/L
(29.75-137 mg/L), with a minimum of 1
mg/L and a maximum of 310 mg/L. The
average leukocyte count was 7.2 x 10°/L
(5.275-10.275 x 10°/L), with @ minimum of
1 x 10°/L and a maximum of 38 x 10°/L. The
average erythrocyte count was 4.3 x 10*?/L,
with @ minimum of 2 x 10*2/L and a makxi-
mum of 22.6 x 10*?/L. The average hemo-
globin level was 127 g/L, with a minimum of
57 g/L and a maximum of 166 g/L.

Table 1. Average values of non-specific inflammatory and blood parameters

N Minimum Maximum Percentiles

25th 50th (Median) 75th
C-reactive protein (mg/L) 110 1 310 29.75 86.00 137.50
Leukocytes x 10°/L 110 1.0 38.0 5.275 7.200 10.275
Erythrocytes x10%?/L 110 2.0 22.6 3.700 4.300 4.700
Hemoglobin g/L 110 57 166 107.00 127.00 140.25
Hematocrit L/L 110 3 58 34.00 39.00 42.25
Thrombocytes x10°/L 110 13 525 129.00 168.00 220.25
Neutrophiles % 71 11 94 64.40 75.80 85.50

N - number of data
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Table 2. The impact of participants’ vaccination status on disease outcome

B Wwald Df p Exp (B) 95.0%C.I.for Exp (B)

Lower Upper

Step 1 (a) Vaccination status 1.390 8.161 1 0.004 4.016 1.547 10.424
Constant 0.448 2.817 1 0.093 1.565

B - estimated logit coefficient; Wald —Wald test; Df — Degrees of freedom; p-level of significance; Exp(B)- odds ratio; CI - Con-

fidence Interval

The average duration of treatment for parti-
cipants in the ICU was 7 days (5-10 days),
with @ minimum duration of one (1) day
and a maximum of 21 days. Out of the total
number of participants included in the study,
30 (27.3%) had a fatal outcome, while 80
(72.7%) had a positive outcome, meaning
they recovered. Univariate binary logistic
regression was used to examine the influ-
ence of independent predictors on disease
outcome (survived - 1; did not survive - 0),
with age and gender of the participants not
proving to be statistically significant predic-
tors of survival (p>0.5). The presence or
absence of pre-existing comorbidities also
did not have a statistically significant pre-
dictive value (p>0.05).

Univariate binary logistic regression was
used to examine the impact of vaccination
status on disease outcomes. Vaccination
status was found to be a significant pre-
dictor (p=0.004, Exp(B)= 4.0) of disease
outcome (Table 2). Vaccinated participants
had a fourfold greater chance of survival
compared to unvaccinated participants,
with the survival chance in this population
ranging from 1.5 to 10 times higher. The
univariate binary logistic regression also de-
monstrated that oxygen saturation (02%)
upon admission had a statistically signifi-
cant impact on disease outcome (p=0.019,
Exp(B)=1.07). For every one percent incre-

ase in oxygen saturation at admission, the
chance of survival increased by 7% in our
sample, with the range in such a popula-
tion being between 1% and 14%. The im-
pact of systolic and diastolic blood pressu-
re, as well as heart rate, was also examined
using univariate binary logistic regression,
but no statistically significant influence on
disease outcome was found (p>0.05). Va-
lues of non-specific acute inflammation
markers such as CRP, leukocytes, and the
percentage of neutrophils at admission did
not show a statistically significant impact on
disease outcome (p>0.05). However, plate-
let count was found to be a significant pre-
dictor (p=0.009, Exp(B)=1.08) of disease
outcome. If the platelet count at admissi-
on was higher by 10 (x10°/L), the chance
of survival increased by 8% in our sample,
with the survival chance in such a popula-
tion ranging between 2% and 14%. Multi-
variate logistic regression was used to exa-
mine the impact of independent predictors
(which were found to be significant in the
univariate analysis) on disease outcomes.
Multivariate regression analysis showed
that all three independent factors had a
statistically significant impact on disease
outcomes (p<0.05). Among them, platelet
count at admission had the greatest impact
(Wald=6.69), followed by vaccination status
(Wald=5.58) and peripheral oxygen satura-
tion percentage (Wald=4.58). The Hosmer

Table 3. The impact of independent predictors (vaccination status, peripheral oxygen saturation, and platelets) on disease outco-

mes at admission

B Wald Df p Exp(B) 95.0% CIfor EXP(B)

Lower Upper

Vaccination status (yes/no) 1.222 5.589 1 0.018 3.392 1.232 9.340

02 saturation % 0.072 4.583 1 0.032 1.075 1.006 1.148

Thrombocytes x 109/L 0.085 6.699 1 0.010 1.089 1.021 1.161
Constant -7.337 5.440 1 0.020 0.001

B - estimated logit coefficient; Wald — Wald test; Df — Degrees of freedom; p-level of significance; Exp(B)- odds ratio; CI - Con-

fidence Interval

21



Sarajevo Medical Journal, Volume 1, Number 1, August 2024

and Lemeshow test supports the assertion
that the model is a good fit, with a x2 value
of 9.115 and p=0.329. Out of 59 unvaccina-
ted participants, 36 (61%) survived, while
23 (39%) had a fatal outcome. In the vacci-
nated group (n=51), 44 (86.3%) survived,
and 7 (13.7%) had a fatal outcome. The
chi-square test of independence showed a
significant association between treatment
outcome and vaccination status (x2=8.7,
p=0.003).

DISCUSSION

In our study, data were analyzed for 52%
male patients and 48% female patients.
Compared to similar studies, our study
had a similar gender distribution (12) as
the retrospective cohort study by Nachti-
gall et al. in Germany (2021), which inclu-
ded 51% male and 49% female participants
(12). Other studies showed different gender
distributions, such as Kautzky-Willer et al.
(2022) in Austria, which included 65% male
and 35% female patients (13), or Jirak et
al. (2022), also in Austria, which included
72% male and 28% female participants
(14). The average age of our participants
was 75.5 (67.75-83), similar to the study
by Jung et al. (2021), where the average
age was 75 (15). Other studies showed
different age structures, such as Bruni et
al., where the average age was 65 (16). The
age structure by gender in our study was
76 for males and 75 for females, which is
similar to the study by Meijis et al., where
the age structure was 64 for females and
66 for males (17). Among the participants
in our study, the most common comorbidi-
ties were cardiorespiratory, affecting 67.7%
of patients, followed by endocrine (30.9%),
urological (20.9%), and gastrointestinal
(2.7%) comorbidities. Our study had simi-
lar comorbidities compared to other studi-
es of similar design (17,18). In our sample
of 110 patients in the intensive care unit,
46.4% were vaccinated against COVID-19,
while 53.6% were unvaccinated. Among
those vaccinated, 7.8% received one dose,
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72.5% received two doses, and 19.7% re-
ceived a booster dose. In contrast, Bruni et
al. (2022) in Italy found that 41% of par-
ticipants were vaccinated, with 38% recei-
ving two doses and 62% receiving a booster
dose (16). Lorenzoni et al. (2022) in Italy
reported that 18% of patients in the intensi-
ve care unit were vaccinated, 8% were par-
tially vaccinated, and 74% were unvaccina-
ted. Vaccinated patients were more likely to
be over 80 years old compared to partially
vaccinated and unvaccinated patients (19).
Uzun et al. (2022) found 53.1% unvaccina-
ted and 46.9% vaccinated participants, with
12.5% receiving one dose, 74.2% receiving
two doses, and 13.3% receiving a booster
dose (20). In our study, vaccination status
was a significant predictor of disease outco-
me. Vaccinated participants had a fourfold
increased chance of survival compared to
unvaccinated participants, with chances
ranging from 1.5 to 10 times higher in our
population. Conversely, Lorenzoni et al. fo-
und that vaccinated patients received their
second dose on average 5 months before
admission to the intensive care unit, while
partially vaccinated patients waited for the-
ir second dose. They observed a significant
increase in admissions to the intensive care
unit only among unvaccinated patients. Their
data also indicated higher mortality among
vaccinated compared to unvaccinated pa-
tients, and a higher proportion of patients
over 80 years old among the vaccinated
(19). Uzun et al. demonstrated that vacci-
nation reduces the severity of the disease
and, consequently, the mortality rate among
vaccinated compared to unvaccinated pati-
ents (20). For every 10(x 10°/L) increase in
platelet count upon admission, the chance
of survival increased by 8% in our sample.
In contrast, Wang et al. (2021) found that a
higher leukocyte value was associated with
higher mortality rates. They observed that
23% of patients had a white blood cell count
below the normal range, 12% had a count
above the normal range, and about 50%
had a reduced lymphocyte count (21). Aly
et al. also demonstrated that lymphocyte
count, platelet count, neutrophils, and CRP
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are significant predictors of disease outco-
me in their sample (22). Data suggest that
thrombocytopenia and lymphopenia in CO-
VID-19 patients are associated with prolon-
ged hospitalization and worse outcomes.
Patients with SARS have a higher percen-
tage of lymphopenia (68-90%) and throm-
bocytopenia (20-45%) compared to tho-
se with COVID-19. Thrombocytopenia and
lymphopenia have previously been associa-
ted with increased mortality risk in patients
with COVID-19 (22). The limitations of the
study are a small patient sample, not diffe-
rentiating patients based on vaccine type,
and lack of virus strain analysis, therefore
a larger sample size, differentiation of pati-
ents based on vaccine type, and analysis of
the infective strain could provide more si-
gnificant conclusions.

CONCLUSION

It has been found that in critically ill CO-
VID-19 patients, vaccination status has si-
gnificant effects on the course of the disease.
It was discovered through statistical resear-
ch that patients who were vaccinated have a
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