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Abstract

Background: The COVID-19 pandemic, caused by severe acute respiratory syndrome coronavirus
2, started with an outbreak of COVID-19 in Wuhan, China, in December 2019, resulting in
millions of deaths in the following years. Bacterial coinfections and superinfections are concerns
for patients with COVID-19. This study aimed to determine the mortality rate of COVID-19,
its associated risk factors, and the bacterial isolates from urine samples of hospitalized patients
suspected of having COVID-19 in Salmas, northwest Iran.

Methods: The data from 3,733 patients suspected of COVID-19 who were referred to Khatam Al-
Anbiya hospital in Salmas, West Azerbaijan, Northwest Iran, from December 2019 to February
2024, were collected and analyzed in a retrospective study.

Results: Of the 3,733 patients, 2,172 (58.2%) tested positive for COVID-19, while 1,561 (41.8%)
tested negative. Among those who tested positive, 1,210 were females (59.6%), and 962 were
males (56.5%). The highest COVID-19 rate was observed in 2021 (72%), whereas the lowest
rate was reported in 2024 (13.8%). Of the COVID-19-positive patients, 328 (15.1%) died, and
the bacterial isolates from their urine samples included Escherichia coli (68.75%), which was the
most prevalent isolate, followed by Klebsiella spp. (12.5%), coagulase-negative staphylococci
spp. (10%), Enterobacter spp. (3.75%), nonhemolytic streptococci spp. (2.5%), Pseudomonas
aeruginosa (1.25%), and Streptococcus beta-hemolytic spp. (1.25%).

Conclusion: Based on the results, the overall mortality rate of COVID-19 over five years was
15.1%. The most important risk factors for COVID-19-related death included older age, chronic
kidney and lung diseases, diabetes mellitus, and male gender. Bacterial isolates from the urine
samples of COVID-19 patients were E. coli, Klebsiella spp., coagulase-negative staphylococci
spp., P. aeruginosa, Enterobacter spp., and non-hemolytic streptococci spp.
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Introduction

infected about 500 million people and caused over six

In late 2019, a cluster of pneumonia cases of unknown
origin was reported in Wuhan, Hubei Province, China
(1,2). It was caused by SARS-CoV-2, a coronavirus, which
led to the disease known as COVID-19. The virus quickly
spread worldwide, resulting in a pandemic (3). The virus
primarily spreads through respiratory aerosols, which
has caused most people and healthcare workers to wear
personal protective equipment, especially face masks
(4). The average incubation period is approximately 6.4
days (5), with common symptoms such as fever, cough,
shortness of breath, muscle pain, and fatigue (5-7). It

million deaths by the end of March 2022. The pandemic
was so severe that the World Health Organization
declared it a Public Health Emergency of International
Concern on January 30, 2020. In severe cases of
COVID-19, viral pneumonia can occur, which may
develop into a condition similar to bacterial sepsis called
a “cytokine storm,” linked to multiple organ failure and
higher inflammatory biomarkers (8). Bacterial infections
associated with COVID-19 or other viral infections fall
into two categories. Coinfections develop due to weakened
immune systems, increased nasopharyngeal colonization,
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and damage to the respiratory tract mucosa, occurring
simultaneously or shortly after COVID-19 or other viral
symptoms. Superinfections, often healthcare-associated
infections, show clinical signs and diagnostic features
similar to other healthcare-associated infections and
typically affect patients with severe COVID-19 who have
undergone invasive procedures during hospitalization
(9). Considering the existence of coinfections (10) and
superinfections (11), studies have shown that patients
with viral infections who are coinfected with other
microorganisms face a higher mortality rate linked to
respiratory viral infections (12). Bacterial co-infection
occurs alongside viral infections, such as SARS, Middle
East respiratory syndrome, influenza, and respiratory
syncytial virus.

In patients with influenza, the estimated coinfection
rate with bacteria ranges from 2% to 65%. The most
common species responsible for these coinfections are
Staphylococcus aureus and S. pneumoniae, occurring
in 35% and 28% of cases, respectively. (8,13). In SARS,
bacterial and/or fungal coinfection rates ranged from 1%
to 43%, with S. pneumoniae and Staphylococcus spp. being
the most commonly reported upon admission. Different
studies report varying rates of bacterial coinfection among
COVID-19 patients. Coagulase-negative Staphylococcus
spp. and Enterococcus spp. are the most frequently
detected bacterial infections in the bloodstream of
COVID-19 patients. Additionally, methicillin-resistant
S. aureus, Pseudomonas aeruginosa, Enterobacter spp.,
and Klebsiella spp. are prevalent pathogens isolated from
individuals with ventilator-associated pneumonia in
COVID-19 cases. Conversely, the typical sites of infection
in community-acquired bacterial infections linked to
COVID-19 include the urinary tract, with Escherichia coli
and K. pneumoniae being prevalent (8), the respiratory
tract (S. pneumoniae, Haemophilus influenzae, and S.
aureus) (14), and skin and soft tissues (8). According
to a report, the most common bacterial coinfections in
COVID-19 patients are caused by the Enterobacter spp.,
followed by S. aureus. Among intensive care unit (ICU)
patients, 37% experienced urinary coinfections, primarily
caused by E. coli. Additionally, it has been reported that
ICU patients who received at least one antibiotic during
acute hospitalization developed secondary bacterial
infections that required further antibiotic treatment (15).

Although  treating COVID-19  patients  with
antimicrobial medications has proven to be ineffective,
there are several reasons why antimicrobials are still
prescribed; patients may exhibit symptoms that resemble
bacterial or other virus-caused pneumonias, and there
could be suspected or confirmed coinfections; moreover,
protocols and existing healthcare frameworks might
recommend the use of antimicrobials (16).

The estimated incubation period of COVID-19 is
approximately 5.68 days. ICU admission lasts around 9.84
days, while recovery takes about 18.55 days. Death occurs
within roughly 15.93 days. The pooled case fatality rate

among confirmed COVID-19 patients is estimated to be
0.02 (17).

The current retrospective study aims to report the
frequency of COVID-19 patients, including their
demographics, symptoms, and bacterial coinfections,
documented in Salmas, Northwest Iran.

Materials and Methods

Study Time and Region

This retrospective study analyzed recordings of patients
suspected of having COVID-19 who were referred to
Khatam Al-Anbiya hospital in Salmas, West Azerbaijan,
northwest Iran, from December 2019 to February 2024.

Study Population and Analyses

The study included recordings of 3,733 patients, consisting
of 2,030 (54.4%) females and 1,703 (45.6%) males.
All available data were analyzed using SPSS software
(IBM SPSS Statistics for Windows, Version 23.0. IBM
Corporation, Armonk, NY), including COVID-19 test
results, underlying medical conditions, demographics,
symptoms, mortality, and prescribed medications.

Diagnosis of Coronavirus Disease 19

Nasal and/or throat swab samples were used for diagnosing
COVID-19 by RNA extraction (ROJE, Iran) and real-time
polymerase chain reaction (Pishtaz Teb, Iran) Kkits.

Urine Culture

First morning midstream urine samples and catheterized
urine samples were taken from patients in the wards and
the ICU, respectively.

Results

The recordings of 3,733 patients, including 2,030 (54.4%)
females and 1,703 (45.6%) males, were analyzed. Clinical
samples collected from COVID-19 patients included
throat swabs (139, 3.7%), nasal swabs (11, 0.3%), and
combined nasal and throat swabs (3,583, 96%). The mean
age (standard deviation) of the studied population was
51.77 £26.37264 (SD), with females at 52.36 + 25.90972 and
males at 51.06£26.90478 years. The number of patients
was 34 (0.9%), 1014 (27.2%), 1634 (43.8%), 538 (14.4%),
296 (7.9%), and 217 (5.8%) in 2019, 2020, 2021, 2022,
2023, and 2024, respectively. The minimum age was less
than 1 year, while the maximum age was 97. Of the 3,733
patients, 2,172 (58.2%) tested positive for COVID-19,
while 1,561 (41.8%) tested negative. COVID-19 was
positive in 1,210 females (59.6%) and 962 males (56.5%),
the details of which are provided in Table 1.

COVID-19 positivity among patients without fever
at reception was significantly higher (63.1%) compared
to those with fever (45.3%), with an odds ratio of 2.066
(P<0.001). The highest rate of COVID-19 was observed
in 2021 (72%), followed by 2020 (68.1%), 2022 (38.3%),
2019 (35.3%), 2023 (18.9%), and 2024 (13.8%), with the
difference being statistically significant (P<0.001). The

122 | Avicenna ] Clin Microbiol Infect. 2025;12(3)



highest positive rate was found in nasal and throat swabs
(58.3%), followed by throat swabs (50.4%) and nasal
swabs (27.3%), respectively (P<0.001, Table 1, Figure 1).

The prevalence of COVID-19 was significantly
higher in patients with dyspnea (77.9%), hemoptysis
(70.6%), hypertension (63.2%), and diabetes mellitus
(63.1%) compared to those without immunodeficiency
(35.9%), chronic heart disease (50.6%), chronic lung
disease (50.2%), chronic neurological disease (45.6%),
seizures (45.6%), and non-pregnant women. The highest
COVID-19 positivity was observed in the 40-60 age
group (73.7%), followed by the 20-40 (66.7%), 60-80
(62.1%),>80 (54.9%), and<20 (21.0%) age groups.
Among deceased patients, 65% were COVID-19 positive,

Prevalence of COVID-19 and urinary bacterial co-infections

while among discharged patients, 57.5% were COVID-19
positive, indicating a significant difference (P=0.002).
Other variables, such as chronic kidney disease (52.0%),
chronic liver disease (41.7%), underlying diseases, such as
malignancies (44.1%), and other medical histories (58.6%),
demonstrated no significant difference in COVID-19
positivity (Table 2). Among COVID-19 positive patients,
328 (15.1%) died, while 1,832 (84.34%) were discharged
(twenty patients were referred to other hospitals).

The mean age of COVID-19 positive patients was
56.0244+21.11860, significantly higher than that of
negative patients, who averaged 45.8411+31.35024
(P<0.001). The mean age of COVID-19 positive patients
who died was 68.8415+15.88662, also significantly

Table 1. COVID-19 Positivity Among Variables at the Reception of the Studied Population

COVID-19
Variable Positive (% in Rows) Negative (% in Rows) Total P Value OR
(% in Columns (% in Columns)
Female 1,210 (59.6%) 820 (40.4%) 2,030 1.135
Gender 0.054
Male 962 (56.5%) 741 (43.5%) 1,703 1
Yes 470 (45.3%) 567 (54.7%) 1,037 1
Fever (above 38") <0.001
No 1,702 (63.1%) 994 (36.9%) 2,696 2.066
2019 12 (35.3%) 22 (64.7%) 34
2020 691 (68.1%) 323 (31.9%) 1,014
2021 1,177 (72%) 457 (28.0%) 1,634
Registration date <0.001 -
2022 206 (38.3%) 332 (61.7%) 538
2023 56 (18.9%) 240 (81.1%) 296
2024 30 (13.8%) 187 (86.2%) 217
Throat swab 70 (50.4%) 69 (49.6%) 139
Sample type Nasal swab 3(27.3%) 8 (72.7%) 11 0.022 -
Nasal and throat swab 2,016 (58.3%) 1,444 (41.7%) 3,460

Note. OR: Odds ratio.
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Figure 1. The Trend of COVID-19 and the Death Rate of the Studied Patients During the Pandemic and Post-Pandemic Years
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higher than the 53.7380+21.08683 of those who survived in males (17.3%), patients who had no fever (16%) upon
and were discharged (P<0.001), the data of which are admission, patients with diabetes mellitus (19.5%), those
presented in Table 3. older than 80 (34.8%), and patients admitted in 2019

The death rate from COVID-19 was significantly higher (33.3%). Moreover, it was noticeably higher in patients

Table 2. COVID-19 Positivity Rates Related to the Signs and Risk Factors of the studied Population

COVID-19
Variable Total P OR
Positive (%) Negative (%)

Yes 1,064 (58.6) 752 (41.4) 1,816 1.033
Medical history 0.624

No 1,108 (57.8) 809 (42.2) 1,917 1

Yes 81(77.9) 23 (22.1) 104 1
Dyspnea <0.001

No 2,088 (57.7) 1,532 (42.3) 3,620 0.38

Yes 422 (70.6) 176 (29.4) 598 1.893
Hemoptysis <0.001

No 1,747 (55.9) 1,379 (44.1) 3,126 1

Yes 660 (63.2) 384 (36.8) 1,044 1.338
Hypertension HX <0.001

No 1,512 (56.2) 1,177 (43.8) 2,689 1

Yes 28 (35.9) 50 (64.1) 78 0.395
Immunodeficiency disease HX <0.001

No 2,144 (58.7) 1,511 (41.3) 3,655 1

Yes 209 (50.6) 204 (49.4) 413 0.708
Chronic heart disease HX <0.001

No 1,963 (59.1) 1,357 (40.9) 3,320 1

Yes 15 (44.1) 19 (55.9) 34 0.564
Malignancy HX 0.095

No 2,157 (58.3) 1,542 (41.7) 3,699 1

Yes 107 (50.2) 106 (49.8) 213 0.711
Chronic lung disease HX 0.015

No 2,065 (58.7) 1,455 (41.3) 3,520 1

Yes 36 (45.6) 43 (54.4) 79 0.595
Chronic neurological disease HX 0.022

No 2,136 (58.5) 1,518 (41.5) 3,654 1

Yes 36 (45.6) 43 (54.4) 79 0.595
Seizures HX 0.022

No 2,136 (58.5) 1,518 (41.5) 3,654 1

Yes 413 (63.1) 242 (36.9) 655 1.28
Diabetes mellitus HX 0.005

No 1,759 (57.1) 1,319 (42.9) 3,078 1

Yes 5(41.7) 7 (58.3) 12 0.512
Chronic liver disease HX 0.245

No 2,167 (58.2) 1,554 (41.8) 3,721 1

Yes 34 (46.6) 39(53.4) 73 0.621
Pregnancy HX 0.042

No 2,138 (58.4) 1,522 (41.6) 3,660 1

Yes 39 (52.0) 36 (48.0) 75 0.775
Chronic kidney disease HX 0.273

No 2,133 (58.3) 1,525 (41.7) 3,658 1

Expired 328 (65.0) 177 (35.0) 505 1.37
Outcomes 0.002

Discharged 1,832 (57.5) 1,354 (42.5) 3,186 1

<20 121 (21.0) 456 (79.0) 577

20-40 339 (66.7) 169 (33.3) 508
Age group 40-60 658 (73.7) 235(26.3) 893 <0.001 -

60-80 776 (62.1) 473 (37.9) 1,249

>80 278 (54.9) 228 (45.1) 506

Note. OR: Odds ratio; HX: History.

Table 3. Mean Age in COVID-19 Positive and Negative Patients, and Among Expired and Discharged COVID-19 Positive Patients

COVID-19 N Mean Standard Deviation  Standard Error Mean Mean Rank P Value
Positive 2,172 56.0244 21.11860 0.45314 1975.30

Age <0.001
Negative 1,561 45.8411 31.35024 0.79349 1716.31
Expired 328 68.8415 15.88662 0.87719 1477.48

Age (COVID-19 positive) <0.001
Discharged 1,832 53.7380 21.08683 0.49266 1009.42
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without dyspnea (15.5%), patients with hypertension
(20.8%), those with chronic lung disease (29.9%), and
patients with chronic kidney disease (35.9%) (Table 4,
Figure 1).

Based on the results (Table 5), the most common
complication of COVID-19 was bilateral infiltration with
ground-glass opacification (98.1%), followed by bilateral
infiltration (1.4%), secondary bacterial pneumonia

(0.3%), primary viral pneumonia (0.1%), and bronchitis
(0.05%).

Among hospitalized suspected COVID-19 patients,
urine cultures were requested for some individuals.
The results revealed that E. coli (68.75%) was the most
common isolate, followed by Klebsiella spp. (12.5%),
coagulase-negative staphylococci spp. (10%), Enterobacter
spp. (3.75%), nonhemolytic streptococci spp. (2.5%), P.

Table 4. P values Estimated for Various Risk Factors and Demographic Variables in COVID-19 Positive Cases Among Expired and Discharged Patients

Outcomes (COVID-19 Positive Cases)

Variable Total P Value OR
Expired (%) Discharged (%)
Female 162 (13.5) 1,040 (86.5) 1,202 0.743
Gender 0.013
Male 166 (17.3) 792 (82.7) 958 1
Negative or not requested 323 (15.3) 1,794 (84.7) 2,117 1.368
Urine bacterial culture 0.511
Positive 5(11.6) 38 (88.4) 43 1
Yes 57 (12.2) 411 (87.8) 468 0.727
Fever above 38 degrees 0.041
No 271 (16.0) 1,421 (84.0) 1,692 1
Yes 80 (19.5) 330 (80.5) 410 1.468
Diabetes mellitus HX 0.007
No 248 (14.2) 1,502 (85.8) 1,750 1
<20 1(0.8) 118 (99.2) 119
20-40 20 (5.9 318 (94.1) 338
Age groups 40-60 58 (8.8) 598 (91.2) 656 <0.001 -
60-80 153 (19.8) 618 (80.2) 771
>80 96 (34.8) 180 (65.2) 276
2019 4(33.3) 8 (66.7) 12
2020 120 (17.4) 571 (82.6) 691
2021 176 (15.0) 995 (85.0) 1,171
Registration date 0.007 -
2022 25(12.3) 1,78 (87.7) 203
2023 3(5.6) 51 (94.4) 54
2024 0(0.0) 29 (100.0) 29
Positive 5(6.2) 76 (93.8) 81 0.358
Dyspnea 0.022
Negative 322 (15.5) 1,754 (84.5) 2,076 1
Yes 137 (20.8) 521(79.2) 658 1.805
Hypertension HX <0.001
No 191 (12.7) 1,311 (87.3) 1,502 1
Yes 32(29.9) 75 (70.1) 107 2.533
Chronic lung disease HX <0.001
No 296 (14.4) 1,757 (85.6) 2,053 1
Yes 14 (35.9) 25 (64.1) 39 3.223
Chronic kidney disease HX <0.001
No 314 (14.8) 1,807 (85.2) 2,121 1
Note. OR: Odds ratio; HX: History.
Table 5. Cross Tabulation of COVID-19 and Lung Complications in the Studied Patients
COVID-19
Complication Total (%) P Value
Positive (%) Negative (%)
Bilateral infiltration 30 (1.44) 19 (1.45) 49 (1.44)
Bilateral infiltration and ground-glass opacification 2,042 (98.12) 1,282 (97.86) 3,324 (98)
Secondary bacterial pneumonia 6(0.28) 2 (0.15) 8(0.23)
Primary viral pneumonia 2 (0.096) 0(0.0) 2 (0.058) 0.163
Bronchitis 1(0.048) 3(0.22) 4(0.11)
Cardiac arrest 0(0.0) 2(0.15) 2 (0.058)
Hemorrhage 0(0.0) 1(0.076) 1(0.029)
Total 2,081 (100) 1,310 (100) 3,391 (100)
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Table 6. Bacterial Species Isolated From the Urine Culture of Patients Suspected of COVID-19 at the Physician’s Request

COVID-19
Bacterial Species Total (%)
Positive (%) Negative (%)

Escherichia coli 32 (74.41) 23 (62.16) 55 (68.75)

Klebsiella spp. 4(9.30) 6(16.21) 10 (12.5)

Coagulase-negative staphylococci spp. 3(6.97) 5(13.51) 8(10)
Urine culture Enterobacter spp. 2 (4.65) 1(2.70) 3 (3.75)

Nonhemolytic streptococci spp. 1(2.32) 1(2.70) 2(2.5)

Pseudomonas aeruginosa 1(2.32) 0 (0.0) 1(1.25)

Streptococcus beta hemolytic spp. 0(0.0) 1(2.70) 1(1.25)
Total 43 (100) 37 (100) 80 (100.0)

aeruginosa (1.25%), and Streptococcus beta-hemolytic
spp. (1.25%).

Discussion

The recent pandemic caused by the SARS-CoV-2 virus
has been one of the largest challenges for humanity
in modern times and has overwhelmed the healthcare
systems of almost all countries (16). The recordings of
3,733 patients suspected of having COVID-19 who were
hospitalized at Khatam Al-Anbiya hospital in Salmas,
Northwest Iran, were analyzed in the present study. Out
of the 3,733 patients, 2,172 (58.2%) tested positive for
COVID-19, while 1,561 (41.8%) tested negative. Among
the COVID-19 positive patients, 328 (15.1%) passed
away. The highest prevalence of COVID-19 was observed
in 2021 (72%), while the lowest prevalence occurred in
2024 (13.8%) (Table 1). The highest mortality rate among
COVID-19 positive patients was in 2019 (33.3%), with a
decreasing trend afterward (Figure 1). The highest rate of
COVID-19 was found in the age group of 40-60 years, but
the highest mortality occurred in patients older than 80.
Dyspnea was the most common symptom reported among
COVID-19 patients compared to other symptoms. E. coli
(74.41%) was the most frequently isolated bacterium from
the urine cultures of COVID-19 patients.

The most widespread clinical features of COVID-19 in
children were reported as fever (51%) and cough (41%).
Typical imaging findings included normal images (41%)
and ground-glass opacity (36%), while vomiting was
observed in 33% of cases. Pediatric patients generally
experience milder COVID-19 with uncommon clinical
manifestations (18). Similarly, in adults, a systematic
review reported that the major symptoms of COVID-19
were fever (83%) and cough (65.2%). Additionally,
hypertension (18.5%) and cardiovascular disease (14.9%)
were the most common comorbidities. Bilateral ground-
glass opacities (66%) were identified as the most prevalent
imaging finding. The pooled mortality rate was estimated
at 6.6%, with males experiencing significantly higher
mortality than females (OR 3.4) (19). Contrary to the
results of the mentioned systematic review, in this study,
21.6% and 19.4% of hospitalized COVID-19 patients had
a fever above 38 C and hemoptysis, respectively, which
are considerably lower. According to the records from

the studied hospital, 49% of the hospitalized COVID-19
patients had one or more medical histories, with the most
common comorbidities being hypertension (30.4%),
followed by diabetes mellitus (19%), cardiovascular
diseases (9.6%), and chronic lung disease (4.9%). The
most common imaging finding was bilateral infiltration
with ground-glass opacification in 98.2%. The overall
mortality rate was 15.18% in hospitalized patients, which
has continuously decreased since the highest in 2019. The
highest recorded rates of COVID-19 cases and deaths
occurred in the United States, India, Brazil, Russia, the
United Kingdom, France, Italy, Spain, Turkey, Germany,
Colombia, Argentina, Mexico, Poland, South Africa, Iran,
Ukraine, Peru, Indonesia, and the Netherlands (5).

Bacterial infections associated with COVID-19
primarily occur in the community-acquired bacterial
infections reported in the urinary tract (notably E. coli
and K. pneumoniae) and the respiratory tract (including
S. pneumoniae, Haemophilus influenzae, and S. aureus), as
well as in the skin and soft tissues. Conversely, secondary
bacterial infections can develop in bloodstream infections
(mainly coagulase-negative Staphylococcus spp. and
Enterococcus spp.) and ventilator-associated pneumonia
(frequently caused by P. aeruginosa, methicillin-resistant
S. aureus, Enterobacter spp., and Klebsiella spp.) (8).
Similarly, in our study, E. coli and Klebsiella spp. were
the most prevalent species of secondary bacterial
infection isolated from the urine cultures of patients
with COVID-19. However, other species were also
isolated, including coagulase-negative staphylococci
spp., Enterobacter spp., P. aeruginosa, and non-hemolytic
streptococci spp.

The causes of coinfections and superinfections differ
depending on the clinical situation (9). Coinfections in
people with COVID-19 were examined in a 2020 meta-
analysis. The report identified Mycoplasma pneumoniae
as the main agent, while S. pneumoniae was notably
absent (20), indicating potential selection or sample bias.
Additionally, the study showed an overrepresentation
of P. aeruginosa as a leading cause of community-
acquired infections. This organism, often associated with
healthcare-related infections, appeared more frequently
than traditional community-acquired infection agents,
such as S. pneumoniae and H. influenzae. This discrepancy
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likely suggests selection bias, difficulties in distinguishing
between community-acquired and healthcare-acquired
infections, or diagnostic practices, such as bronchoscopy
in more critically ill patients (9).

Amerion et al examined the connection between
COVID-19 outcomes and urine test results and found
that features such as urine appearance, bacteria, casts,
crystals, blood, protein, red and white blood cells, yeast
cells, colony count, and positive bacterial growth in
urine culture were strongly linked to mortality and ICU
admission. They concluded that changes in urinary
parameters in COVID-19 patients are related to disease
outcomes. Therefore, careful monitoring of these urinary
markers is recommended for early detection of potential
complications (21). In the present study, there was no
such relationship; this may be because not all patients
received a urine test.

Limitations of the Study

Despite a large study population, the retrospective nature
of the study introduces some limitations that may affect
our findings. One issue was the urine culture data, which
were not requested for all patients, and only positive cases
were recorded, so statistical analysis could not explore
potential relationships.

Conclusion

Based on the findings, the COVID-19 mortality rate over
five years was 15.1%, indicating a decreasing trend, with
the highest in 2019 and the lowest in 2024. The most
significant risk factors for COVID-19-related death
included older age, chronic kidney and lung diseases,
diabetes mellitus, and male gender. Bacterial isolates from
the urine of COVID-19 patients included E. coli, Klebsiella
spp., coagulase-negative staphylococci spp., P. aeruginosa,
Enterobacter spp., and non-hemolytic STREPTOCOCCI
spp. Further research can explore respiratory viral
infections and urinary bacterial coinfections to determine
whether a relationship exists.
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