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ABSTRACT

Background: This study aimed to define the most common bacterial
isolates of urinary tract infections and the differences in antibiotic
resistance before and during the coronavirus pandemic.

Methods: The study included 213 patients with a diagnosis of
urinary tract infection treated at the Clinic for Infectious Diseases in
Mostar in a two-year period, 2019 and 2021. We analyzed the
incidence of urinary infections and uropathogens, as well as
antibiotic resistance.

Main findings: This study included a total of 213 patients, with a
greater number of female patients, an average age of 66 and over,
and the most frequent clinical diagnosis being acute cystitis. The
most common bacterial isolates were E. coli, K. pneumoniae, and
Enterococcus spp. We showed a decrease in the incidence of E. coli in
2019 and an increase in K. pneumoniae in 2021. Antibiogram results
revealed a rise in antibiotic resistance in 2021 for all bacterial isolates
except for K. pneumoniae.

Principal conclusion: The frequency of urinary tract infections was
highest in older women, with the most frequent diagnosis being
acute cystitis. The most common bacterial pathogens in urinary tract
infections are E. coli, K. pneumoniae, and Enterococcus spp.,
representing the main cause. In general, there has been an increase
in the antibiotic resistance of uropathogens.
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INTRODUCTION

Antimicrobial resistance has been a significant
problem in medicine for several years due to the
increasing number of resistant bacteria that
cause various infections in the human body,
especially urinary tract infections (1). Insight
into the patterns of antimicrobial resistance
enables more rational and accurate empiric
prescribing of antibiotics in the treatment of
urinary tract infections according to various
guidelines for treatment (1). The most common
uropathogens are from the Enterobacteriaceae
family, especially Escherichia coli of different
sensitivities (2, 3). Multiple resistant
Enterobacteriaceae are present mainly in
immunocompromised patients in hospital
conditions and are connected with urinary
catheters (CAUTI) and invasive procedures, as
well as overuse of antibiotics. Due to all these
factors, there is a significant increase in
morbidity and mortality as well as higher costs
due to prolonged medical treatment. Therefore,
antimicrobial resistance monitoring in hospitals
is crucial to provide adequate empirical
therapy, which varies in different hospital
environments.

According to the ECO+SENS study analyzing
the antibiotic susceptibility of Escherichia coli in
several European countries, the uropathogenic
Escherichia coli continues to show a high
resistance to ampicillin (28%),
sulfamethoxazole  (24.8%),
(16.7%), and trimethoprim/sulfamethoxazole
(16.1%), while the resistance of E. coli to
cefadroxil (as a representative of oral

trimethoprim

cephalosporins), nitrofurantoin, fosfomycin
trometamol, gentamicin, cefotaxime, and
ceftazidime is less than 2%. An increase in
resistance to fluoroquinolones and
trimethoprim/sulfamethoxazole has been
observed (4). Similar results with a significant
rise in resistance for Klebsiella pneumoniae and
Pseudomonas aeruginosa are also reported by
Polish authors (5). Non-European studies
emphasize the dominance of these pathogens,
with 37.7% Escherichia coli, 11.4% Klebsiella
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pneumoniae, and 9.1% Staphylococcus aureus
demonstrating a resistance of over 70% to
cefuroxime, trimethoprim/sulfamethoxazole,
and beta-lactams, while the lowest resistance
was observed for amikacin and carbapenems (6,
7).

The antimicrobial resistance pattern in Bosnia
and Herzegovina and neighboring countries is
similar to that worldwide. According to the
data from the Clinical Center in Tuzla, the most
common bacterial isolate is Escherichia coli
(73.5%), followed by Kilebsiella spp. (8.5%),
Proteus mirabilis (5.5%), and Pseudomonas
aeruginosa (4%), with a high resistance to
ampicillin, amoxicillin, and
trimethoprim/sulfamethoxazole, and good
sensitivity to carbapenems (8). Similar results in
Serbia show an average resistance for E. coli
under 20% for the three antibiotics amikacin,
meropenem, and imipenem. Because of the
high resistance of uropathogens, empirical
therapy with trimethoprim/sulfamethoxazole,
gentamicin, ciprofloxacin, and cephalosporins
is not recommended (9). Croatian authors
reported an increase in carbapenem resistance
for Pseudomonas aeruginosa up to 20% and for
Acinetobacter baumannii up to 87 %, representing
the biggest challenge in the application of
antimicrobial therapy in Croatia (10). One of the
problems in  monitoring  antimicrobial
resistance in our country is the lack of national
guidelines for the treatment of hospital
pathogens. The aim of this study is to define the
antimicrobial resistance of uropathogens and
highlight the rise in multidrug-resistant
uropathogens  during the  coronavirus
pandemic as a consequence of antibiotic
overuse, compared to the period before it.

PARTICIPANTS AND METHODS

Participants

This research is structured as a retrospective
cross-sectional study that includes all patients
treated for urinary tract infection at the Clinic
for Infectious Diseases of the Mostar University
Clinical Hospital during 2019 and 2021.
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The main inclusion criteria for the participants
were the presence of a bacterial pathogen in the
first urine culture with an antibiotic
susceptibility test and a diagnosis of urinary
tract infection. The study included patients
who, in addition to the two aforementioned
criteria, had complete medical documentation.

Methods

The data were collected from the medical charts
at the Clinic for Infectious Diseases of the
Mostar University Clinical Hospital. The
following parameters were considered from the
patients” medical history: demographic (age
and sex), diagnosis of urinary infection (cystitis,
pyelonephritis, or urosepsis), and the first urine
culture with an antibiotic susceptibility test.
MacConkey agar (package: 500 g, product code:
DM141D), manufactured by Mast Group Ltd.,
was used for the isolation of bacterial pathogens
from urine. The antibiotic susceptibility testing
was performed by utilizing the disk diffusion
method according to Kirby-Bauer on Mueller-
Hinton agar plates. Disks for selected
antibiotics were utilized (Mast Group Ltd) to
test the antibiotic resistance, which required:

1. Mueller-Hinton agar (packaging: 500 g,
product code: DM170D, manufacturer: Mast
Group Ltd.) used for cultivation of the bacterial
pathogen that we were observing.

2. Antibiotic tablets - MASTDISCS AST
(packaging: 5x50 tablets of the appropriate
antibiotic, manufacturer: Mast Group Ltd.).

Statistical analysis

The IBM SPSS Statistics v.26 statistical software
package was used. The results were expressed
as numbers and percentages. The Chi-square
test for independent samples and Fisher’s exact
test were utilized for the data analysis. The
limits of statistical significance were set at p
<0.05. P-values that could not be expressed to
three decimal places were expressed as p<0.001.
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RESULTS

In the overall sample of the participants (213),
there were significantly more female (69.01%)
than male ones (30.99%), while the gender
structure between the samples in 2019 and
2021 was statistically insignificant (Table 1).

Table 1. The structure of participants by gender, age, and
diagnosis in 2019 and 2021 (Fisher’s exact test)

Year

2019 2021 v p

n % n %
Gender 0.640 0.424
F 99 712 48 649
M 40 28.8 26 35.1
Age 3.764 0.447*
18-30 5 36 1 14
3145 11 79 3 4.1
46-55 7 50 1 14
56-65 14 101 9 122
66+ 102 73.4 60 81.1
Diagnosis 3.017 0.221
Acute cystitis 58 41.7 40 54.1
Acute 16 15 6 8.1
pyelonephritis
Urosepsis 65 46.8 28 378
Causative 24205 <0.001%
agents
Escherichia coli 61 439 12 16.2
Klebsiella 23 165 29 392
pneumoniae
Proteus 15 108 7 95
mirabilis
Enterococcus —— »¢ 187 14 189
spp-
Pseudgmonas 7 50 5 68
aeruginosa
Acinetobacter 3 20 4 54
Spp.
Morganella 2 14 1 14
morganii

Serratia spp. 2 14 2 27
*Fisher’s exact test

¥2=175.169; df=T; p<0.001
Serratia spp.

Morganella morganii
Acinetobacter spp.

Pseudomonas aeruginosa

Pathogens

Enterococcus spp
Proteus mirabilis
Klebsiella pneumcniae

Escherichia coli

Image 1. The structure of the sample according to causes
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Image 2. Antimicrobial resistance profile of Escherichia coli in
2019 and 2021 at the Clinic for Infectious Diseases
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Image 3. Antimicrobial resistance profile of Klebsiella
pneumoniae in 2019 and 2021 at the Clinic for Infectious Diseases

X?=6.952; df=6; p=0.325
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Image 4. Antimicrobial resistance profile of Enterococcus spp. in
2019 and 2021 at the Clinic for Infectious Diseases
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Image 5. Antimicrobial resistance profile of Proteus mirabilis in
2019 and 2021 at the Clinic for Infectious Diseases
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X2=60.058; df=7; p<0.001
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Image 6. Antimicrobial resistance profile of Pseudomonas
aeruginosa in 2019 and 2021 at the Clinic for Infectious Diseases

X2=5.917; df=10; p=0.768

m2019 m2021

1000 10000 100 10000 1000 10000 10A00 10000

&
&

o e N ¢
NSRS & &
2 (,

«" & @ Q N
O N O
& \S:\(‘,\ & /\*\ e &

Image 7. Antimicrobial resistance profile of Acinetobacter spp.
in 2019 and 2021 at the Clinic for Infectious Diseases

Significantly more participants were 66 years
and older (X2=422.423; df=1; p<0.001). The most
common diagnosis was acute cystitis with
46.01%, followed by urosepsis with 43.66%, and
acute pyelonephritis with only 10.33%
(X3=50.901; df=2; p<0.001). Among the total
sample of participants (213), the most common
causative pathogen of urinary tract infections
was E. coli, which was statistically significant
(Image 1).

In 2019, the most common causative pathogen
of urinary tract infections was E. coli (43.09%),
while in 2021 Klebsiella pneumoniae (39.2%) was
statistically significant (Table 1.).

There was no statistically significant difference
in the resistance of E. coli in the two observed
periods, but there was an increased resistance
to antibiotics during the coronavirus pandemic
in 2021. The highest resistance of Escherichia coli
during 2019 and 2021 was to the antibiotic
trimethoprim/sulfamethoxazole, and the
greatest resistance was shown by ciprofloxacin
in 2021 (Image 2).

The highest resistance of E. coli during 2019 and
2021 was to trimethoprim. The resistance of
Klebsiella pneumoniae increased in both periods.
During the coronavirus pandemic, an increased
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resistance to nitrofurantoin was noticeable.
Unexpectedly, there was lower resistance to
meropenem and ceftazidime (Image 3).

The antimicrobial resistance of Enterococcus
spp- in the two different periods was not
statistically significant, although the increase in
resistance to all antibiotics during the pandemic
year, especially to gentamicin and
ciprofloxacin, was significant (Image 4).

There was no statistically significant difference
in the antimicrobial resistance of Proteus
mirabilis between the two periods. Notably,
during the pandemic year, there was a decrease
in the antimicrobial resistance of Proteus
mirabilis to all antibiotics (Image 5).

During the same year, Pseudomonas aeruginosa
showed  statistically  significant  higher
resistance to meropenem, ceftazidime, and
piperacillin/tazobactam, but resistance to
ciprofloxacin and amikacin was lower (Image
6).

There was no statistically significant difference
in Acinetobacter spp. resistance between the two
periods. The results show the high resistance of
Acinetobacter spp. to antibiotics, but good
sensitivity to colistin (Image 7).

DISCUSSION

The results of this research, in accordance with
the literature and similar studies worldwide,
confirm that urinary tract infections are more
common in females, particularly among those
over 66 years of age (5, 7, 11). The degree of
antimicrobial resistance rises with the higher
age of the participant (12).

In our research, the most common causative
pathogen of wurinary tract infections is
Escherichia  coli  followed by  Klebsiella
pneumoniae, which is similar to the results
worldwide (2, 6-8). There was an increase in
UTls caused by Klebsiella pneumoniae during the
pandemic period and a significant decrease of
those due to Escherichia coli, which can be
explained by overuse and irrational antibiotic
use during the coronavirus pandemic. Similar
results by other authors highlight a significant
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rise in the incidence of Klebsiella pneumoniae
over the last few years in Bosnia and
Herzegovina (13).

Escherichia coli shows a high resistance to
trimethoprim/sulfamethoxazole and
ciprofloxacin before the pandemic and a
significant rise in the resistance of E. coli to all
antibiotics during the pandemic year. Similar
results are provided by an 11-year-long Irish
survey in which the most common pathogen
was E. coli with an incidence increase from 50%
to 60%, and a significant rise in resistance to
ampicillin, trimethoprim, gentamicin,
ciprofloxacin, and cefuroxime (14). It is
concerning that before and during the
pandemic, Klebsiella pneumoniae demonstrated
high resistance (over 80%) to a great number of
antibiotics with the exception of carbapenems
and amikacin. No resistance to colistin was
recorded. This is not surprising considering
that Klebsiella pneumoniae causes a wide range of
infections including severe pneumonias,
urinary infections, sepsis, and liver abscesses.
In particular, it causes severe infections in
immunocompromised individuals, diabetics,
patients with carcinomas, and those with
alcohol use disorders. Klebsiella pneumoniae
strains have become more resistant to
antibiotics, making the infections caused by
these strains very difficult to treat, often with
poor outcomes (15).

Enterococcus spp. showed an increase in
resistance to gentamicin and ciprofloxacin
during the pandemic year which can be
explained by the rise in patients with
complicated urinary tract infections who also
have risk factors. The prevalence of multiple
resistant Enterococcus spp., especially E. faecium
and E. faecalis, which are resistant to
vancomycin, has been rising worldwide. This is
associated with increased morbidity, as well as
limited treatment options and higher health
care costs (16). Proteus mirabilis, which usually
causes complicated urinary tract infections, was
recorded in half of the cases in our participants
during the pandemic year. A significantly
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lower resistance rate was recorded for all
antibiotics, fewer than 40%, with particular
sensitivity to nitrofurantoin during both
periods. In a similar study that included two
periods, before and during the pandemic,
Brazilian authors recorded a rise in the
resistance of Proteus mirabilis during the
pandemic period (17). Acinetobacter baumannii is
a causative pathogen of nosocomial infections,
especially in intensive care units (ICUs). A high
rate of antimicrobial resistance was observed in
patients with a severe coronavirus infection
treated in the ICU due to bacterial
complications, multiple comorbidities,
prolonged hospitalizations, and immune
Acinetobacter spp.

demonstrated high resistance to all antibiotics

dysfunction (18).

in both observed periods, including over 75% to
carbapenems and ciprofloxacin with the
exception of colistin. The synergistic use of
colistin with the other antibiotics was the only
treatment option for these patients.
Pseudomonas aeruginosa is an opportunistic
pathogen in the hospital environment and a
causative agent of different infections. It can
cause hospital pneumonias due to mechanic
ventilation (ventilator-assisted pneumonia,
VAP), as well as urinary tract infections due to
urinary catheters in use with
immunocompromised patients. Therefore, a
high resistance to carbapenems, as well as a rate
of over 40% and 20% to
piperacillin/tazobactam  and  ceftazidime
during the pandemic year, does not surprise us.
Overuse of these antibiotics during the
pandemic with critically ill patients in the ICU
has led to an increase in multiple resistant
isolates of Pseudomonas spp.

This result is similar worldwide and indicates a
high rise in the resistance of Pseudomonas
aeruginosa to carbapenems and
piperacillin/tazobactam, which represents a
great problem in antibiotic use (19, 20).
Antimicrobial resistance to cefepime was not
recorded in our research, which ensures
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empirical treatment for immunocompromised
patients.

CONCLUSION

During the two observed periods, the most
common urinary tract infections involved
females aged 66 and older, with the most
common diagnosis being acute complicated
urinary tract infection.

The most common uropathogens were from the
Enterobacteriaceae family (E. coli), following
Klebsiella  pneumoniae,  Proteus  mirabilis,
Enterococcus, and Acinetobacter. All of these have
shown an increase in resistance to antibiotics
during the pandemic period, with Proteus
mirabilis as an exception.

Antimicrobial treatment is still inadequate and
irrational in clinical use, especially during the
coronavirus pandemic, with the consequence of
developing multiple resistance and higher costs
of treatment. Therefore, it is important to follow
guidelines for the treatment of UTIs with a
tendency towards the rational usage of
antibiotics, both locally and globally.

Our research found an increase in the
antimicrobial resistance of uropathogens, but
there are still possibilities for antimicrobial
treatment. These findings recommend the
proper selection of an effective empirical
therapy which can contribute to a better
treatment outcome and cheaper and shorter
treatments, as well as a decrease in resistance.
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