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Abstract: Urinary tract infections (UTIs) are one of the most common bacterial diseases
both in communities and in hospitalized patients, and at the same, time they are one
of the most common indications for the use of antibiotics. UTI guidelines are generally
available nationally or internationally, but they do not address all aspects of UTI treat-
ment for different patient cohorts, age, gender, or comorbidities. The aim of the study
was to point out the importance of stratified cumulative antibiograms at the level of indi-
vidual health care facilities and the significant differences between epidemiological data,
not only at the national level, but also at the local level. Our study analyses data from
383 patients with UTIs from a hospital department, General University Hospital (GUH),
and 272 patients from an outpatient medical facility, Urocentrum (UC). This analysis fo-
cuses on the most common UTI causative agent, Escherichia coli, its representation as the
causative agent of UTI in patients with complicated acute cystitis (N30), and its representa-
tion in complicated acute cystitis in patients with prostate cancer (C61). In addition to the
frequency of occurrence, a sub-analysis of the incidence of resistance of E. coli to commonly
used antibiotics by age, gender, diagnosis, and medical facility was performed. Results: The
most common causative agent of UTI was E. coli. In patients with N30, it was 70% in GUH
and 54% in UC, but in oncological patients with UTI, it was only 39% and 35%, respectively.
In patients with UTI in C61, there was a significant difference in susceptibility of E. coli
between individual health care facilities. Lower resistance was found in UC opposite to
GUH isolates in ampicillin, with 29.8% vs. 65%, p = 0.001; amoxicillin/clavulanic acid, with
8.5% vs. 30%, p = 0.01; with 2.1% vs. 17.5% in pivmecillinam, p = 0.01; with 10.6% vs. 37.5%
in co-trimoxazole, p = 0.003; and ciprofloxacin, with 10.6% vs. 30%, p = 0.04. The study
shows significant differences in the sensitivity of urinary E. coli isolates in patients in
relation to age, gender, medical devices, and the presence of comorbidities.

Keywords: urinary tract infections; stratified cumulative antibiograms; resistance;
Escherichia coli; antibiotics+
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1. Introduction
Urinary tract infection (UTI) is one of the most common bacterial diseases occurring

in all age groups [1]. UTI affects both sexes but is more common in women. It is reported
that 50–60% of women will experience at least one episode of UTI during their lifetime [2].
Worldwide, the incidence of UTIs is estimated at 150 million cases per year. According to
data collected from the US National Ambulatory Medical Care Survey and the National
Hospital Ambulatory Medical Care Survey, UTIs( led to approximately seven million
doctor’s office visits and one million emergency room visits, resulting in one hundred
thousand hospitalizations. UTI consultations account for 6% of all medical visits, which
accounts for approximately seven million visits per year in the US [3,4].

The majority of UTIs (95%) are of bacterial origin, and Escherichia coli accounts for up
to 90% of findings, depending on clinical conditions. UTIs can also be induced by other
Gram-negative rods or Gram-positive cocci, but to a much lesser extent [5]. From a clinical
point of view, it is important to divide UTIs into uncomplicated and complicated. Uncom-
plicated urinary tract infection is understood to be a UTI in non-gravid, premenopausal
women without serious comorbidities and without structural or functional abnormalities
of the urogenital tract. Complicated UTIs arise in individuals predisposed to infection
by anatomical or functional urinary tract abnormalities, the presence of a foreign body
(e.g., permanent urinary catheter, lithiasis and others), reduced immunity, or concomitant
comorbidities. Since microbiological urine testing in patients with uncomplicated lower
urinary tract infections is not routinely recommended and required, treatment of these
infections is often initiated empirically according to national guidelines, where available.
Depending on the type, UTIs are commonly treated with antibiotics such as trimethoprim
and sulfamethoxazole, β-lactams, fluoroquinolones, nitrofurantoin and phosphomycin.
These antibiotics are preferred because of their broad spectrums of efficacy, good tolera-
bility, and beneficial pharmacokinetic properties [6]. However, this approach often leads
to an inappropriate choice of antibiotic, and thus contributes to an increase in bacterial
resistance, including to multidrug-resistant (MDR) strains of bacterial pathogens. At the
same time, the occurrence of bacteria resistant to oral forms of antibiotics is increasing,
which significantly complicates therapeutic options for the treatment of uncomplicated
UTIs in outpatient modes [7]. Global antibiotic resistance of pathogenic bacteria is increas-
ing every day. However, the resistance differs at the individual level, both locally and
internationally [8–10]. Properly administered antibiotics to treat urinary tract infections
shorten hospital stays, improve patient outcomes, and reduce health care costs [11].

To maintain the effectiveness of existing antibiotics and the related possibility of
effective treatment, active cooperation between clinicians and microbiologists in monitoring
and predicting the occurrence of resistance is essential. Systematic surveillance makes it
possible to monitor long-term trends in the development of resistance and to evaluate the
impact of intervention measures aimed at reducing the occurrence and spread of resistant
bacteria [12]. In 2015, the World Health Organization prepared a global action plan,
where antimicrobial resistance surveillance is mentioned as a cornerstone of antimicrobial
resistance control [13].

Adequate and rational antibiotic therapy therefore requires the following [14]:

(1) Sensitive and specific laboratory diagnostics to confirm the infectious etiology of the
condition (biomarkers of infection);

(2) Timely and correctly performed microbiological examination for early identification
of the causative agent (or molecular diagnosis of the pathogen);

(3) Appropriate empirical antibiotic treatment (broad-spectrum antibiotics and/or
their combination, early administration, adequate dosing, proportional duration
of administration);
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(4) The identification of patient risk factors associated with a higher incidence of infections
caused by MDR strains.

For these reasons, other factors, including the local level of resistance of the most
isolated causative agents, are increasingly included in empirical antimicrobial therapy,
which should lead to the most effective treatment initiated.

Antibiotic stewardship should be seen as a strategy within everyday activities. The
word strategy comes from the Greek word “strategos”, which means a general but unified
set of maneuvers leading to the destruction of the enemy. The key word here is general,
rather than specific, because only the fulfilment of the strategy is a specific activity, which
is carried out at the local, not national, level [15].

A cumulative antibiogram can be defined as an overview of the incidence of resistance
to individual antibiotics in bacteria isolated from the patient’s biological material [16].
The usefulness of cumulative antibiograms depends primarily on robust input data (i.e.,
standardized testing of bacterial susceptibility to antibiotics) as well as transparency and
consistent production of antibiograms across different microbiology laboratories [17]. Reli-
able cumulative antibiograms can significantly help, both in preventing incorrect antibiotic
selection, and in reducing the excessive use of broad-spectrum antibiotics at a time when
the results of microbiological examination and antibiotic sensitivity determination are not
yet available for a particular patient [18].

Data stratification is important for defining antimicrobial stewardship (AMS) prob-
lems. If the laboratory is conducting multi-subject examinations with different patient
compositions, it is necessary to analyze, at least, data obtained from patients in different
age groups and with different diagnoses. Furthermore, it is suitable and important for
the purposes of AMS to process isolates of one species of bacteria from various clinically
valid materials for individual facilities or clinics, because it is possible to detect possible
epidemiological connections between the spread of one strain across the clinic during an
invasive examination procedure, such as endoscopy [19,20].

2. Materials and Methods
2.1. Study Design and Setting, Inclusion Criteria

A prospective cohort study of midstream urine samples from patients with suspected
lower urinary tract infection between January and October 2024 was carried out. The study
included patients with clinical signs of lower UTI over the age of 18. The patients were from
two different types of medical facilities, the Urocentrum (UC) centre of comprehensive
uro-oncological care, an outpatient clinic focused on diagnosis and treatment of urologi-
cal, oncological and uro-oncological diseases, and from the Urology Clinic of the General
University Hospital (GUH) in Prague, which also provides comprehensive health care,
including oncology with the possibility of hospitalization. The causative agent was identi-
fied in all samples (MALDI-TOF, Bruker Daltonik, Bremen, Germany) and susceptibility
to selected antibiotics was determined according to EUCAST. A disc diffusion method
was routinely performed, with an interpretation of the result as “sensitive/resistant”. The
results were recorded in the Janiga Laboratory Information System (LIS). For subsequent
analysis and creation of cumulative antibiograms, the data were extracted from LIS into Ex-
cel files. The data included information on the causative agent of the infection, antibiogram,
information on age (years), gender, diagnosis, and medical facility.

The aim of the study was to analyze and compare culture findings and antibiograms
based on primary diagnosis (lower UTI) in patients with complicated acute cystitis (cAC)
and in patients with cAC in the field of pre-existing prostate carcinoma (N30 and C61 by
International Classification of Diseases, 10th Revision diagnosis codes), according to the
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patient’s age and type of medical facility, focusing on the most isolated causative agent
of E. coli.

Given that the patients showed symptoms of cAC, where urine culture is the standard
of care, Ethics Committee approval was not required. For the purposes of the study, the
data were completely anonymized.

2.2. Statistics

Where relevant, patient’s data were stratified according to age, gender, diagnosis
and health care facility. Values are expressed as the number of cases and percentages
from a group. The chi-square test was utilized to compare differences between diagnosis
groups and/or age categories for particular substances. p < 0.05 was considered statistically
significant. Statistical analyses were performed with MedCalc® Statistical Software, version
23.0.2 (MedCalc Software Ltd., Ostend, Belgium; https://www.medcalc.org; accessed on
13 November 2024).

3. Results
3.1. Patient’s Population and Culture Findings

In the monitored period from January to October 2024, 383 patients from the Depart-
ment of Urology of GUH were examined, of which 313 patients were diagnosed with N30,
and 70 patients with C61, and 272 patients from the UC, of which 134 were diagnosed with
N30, and 138 with C61.

The most common causative agent was E. coli, but the frequency of occurrence was
much higher in patients with cAC; 261 (70%) isolates were found in GUH, and 69 (54%)
isolates were found in UC, compared to 40 (39%) and 47 (35%), respectively, in patients
with prostate cancer (Table 1). At the same time, the detection of other Gram-negative
rods from the Enterobacterales family (Proteus sp., Klebsiella sp., Morganella and others) was
higher in the cohort of oncology patients; in patients from the UC, they even outnumbered
the incidence of E. coli, with 44% vs. 35% (Table 2).

Table 1. Characteristics of patients with E. coli infection.

GUH UC

N30 C61 N30 C61

Number of patients 261 40 69 47

gender
Male 67 40 4 47

Female 194 0 65 0

Age, median years (IQR) 48 (30–71) 78 (71–87.7) 66 (54.5–76) 77 (74–80)
Abbreviations: GUH—General University Hospital; UC—Urocentrum; N30—patients with complicated acute
cystitis; C61—patients complicated acute cystitis and prostate cancer.

Table 2. Representation of culture findings according to diagnosis and health facility.

C61 N30

GUH (%) UC (%) GUH (%) UC (%)

E. coli 39 35 70 54
Enterococci 18 18 6 24

other Enterobacterales 28 44 19 14
Nonfermenting rods 12 3 2 0

other G+ cocci 0 0 3 6
Candida sp. 3 0 0 2

Abbreviations: GUH—General University Hospital; UC—Urocentrum; N30—patients with complicated acute
cystitis; C61—patients complicated acute cystitis and prostate cancer.

https://www.medcalc.org
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3.2. Sub-Analysis of Antibiotic Susceptibility in Escherichia coli Isolates According to Diagnosis
for the Same Medical Facility

A sub-analysis of the resistance profile of E. coli isolates related to the diagnosis showed
significant differences between isolates from patients with N30 and those with C61 (Fig-
ure 1). E. coli isolates from patients with C61 were significantly more resistant to penicillins,
including potentiated ones, in GUH patients (ampicillin, amoxicillin/c. clavulanic), co-
trimoxazole and fluoroquinolones than E. coli isolates from patients with N30; 41% vs. 65%
(p = 0.005), 17% vs. 30% (p = 0.04); 23% vs. 38% (p = 0.045); and 12% vs. 30% (p = 0.003),
respectively. The opposite trend was recorded in patients from the UC, where E. coli
isolates fromN30 were more resistant, albeit not statistically significantly, to penicillins,
including potentiated ones, in GUH patients (ampicillin, amoxicillin/c. clavulanic), with
co-trimoxazole and fluoroquinolones, than E. coli isolates from patients with C61, at
41% vs. 30% (p = 0.27), 22% vs. 9% (p = 0.07), 26% vs. 11% (p = 0.06), and 13% vs. 11%
(p = 0.87), respectively. The difference is alarming and clinically significant in potentiated
aminopenicillin and co-trimoxazole, where resistance is 2 to 2.5 times higher in N30 than
in C61.
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Figure 1. Antibiotic susceptibility of Escherichia coli isolates according to diagnosis for the same medi-
cal facility. Abbreviations: GUH—General University Hospital; UC—Urocentrum; AMP—ampicillin;
AMC—amoxicillin/clavulanic acid; CRX—cefuroxime; PIV—pivmecillinam; COT—Co-trimoxazole;
CIP—ciprofloxacin; FUR—nitrofurantoin; FOS—phosphomycin; N30—patients with complicated
acute cystitis; C61—patients complicated acute cystitis and prostate cancer. * p < 0.05, ** p < 0.01.



Pathogens 2025, 14, 141 6 of 12

3.3. Sub-Analysis of Antibiotic Susceptibility in Escherichia coli Isolates by Medical Facility for the
Same Diagnosis

When comparing the results of susceptibility testing of urinary tract isolates from
patients with N30 between two different medical facilities, the results are comparable,
except in the case of pivmecillinam, where resistance from patients from the outpatient
UC is 4% and from GUH is 11% (p = 0.05) (Figure 2). However, the resistance profile is
completely different in E. coli isolates from patients with C61 UTIs between the two different
medical facilities. Isolates from UC were significantly more susceptible to ampicillin,
amoxicillin/c. clavulanic, pivmecilinam, co-trimoxazole and fluorinated quinolones than
isolates from GUH, with 31% vs. 65% (p = 0.001), 9% vs. 30% (p = 0.01), 2% vs. 18%
(p = 0.001), 11% vs. 38% (p = 0.003) and 11% vs. 30% (p = 0.049), respectively. The level of
resistance in GUH is at least twice as high, up to nine times in the case of pivmecilinam,
which is alarming.
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Figure 2. Antibiotic susceptibility of Escherichia coli isolates by medical facility for the same diagnosis.
Abbreviations: GUH—General University Hospital; UC—Urocentrum; AMP—ampicillin; AMC—
amoxicillin/clavulanic acid; CRX—cefuroxime; PIV—pivmecillinam; COT—Co-trimoxazole; CIP—
ciprofloxacin; FUR—nitrofurantoin; FOS—phosphomycin; N30—patients with complicated acute cys-
titis; C61—patients complicated acute cystitis and prostate cancer. * p < 0.05, ** p < 0.01, *** p < 0.001.

3.4. Age-Specific Sub-Analysis of Antibiotic Susceptibility in Escherichia coli Isolates

The sub-analysis of E. coli isolates showed differences not only when comparing
diagnoses and types of health care facilities, but also between age categories (Figure 3). For
the age sub-analysis, we selected E. coli isolates from patients with N30 due to sufficient
data. Isolates from both men (66 strains) and women (196 strains) were evaluated from
GUH, and only isolates from women (66 strains) were evaluated from UC, because there
were not enough men for analysis. The levels of resistance in isolates from patients younger
and older than 60 years of age were evaluated. E. coli isolates from women over 60 years
of age compared to isolates from the age category of under 60 years of age from both
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health care facilities had a higher level of resistance in all monitored antibiotics except
co-trimoxazole and phosphomycin. In isolates from men, higher levels of resistance were
reported for potentiated aminopenicillin, cefuroxime, pivmecillinam, nitrofurantoin, and
phosphomycin. On the other hand, co-trimoxazole had a 2-fold lower resistance in the
age category over 60 years, at 33% vs. 16% (Figure 3). E. coli isolates from GUH showed
a consistently higher frequency of broad-spectrum beta-lactamase-producing strains in
the age category over 60 years, with 4% vs. 7% in men and 5% vs. 10% in women. In UC
isolates, the incidence of broad-spectrum beta-lactamase producers was the same in both
age categories, namely 5%.
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Figure 3. Comparison of Escherichia coli isolates’ resistances in N30 by gender, age, and health care fa-
cility. Abbreviations: AMP—ampicillin; AMC—amoxicillin/clavulanic acid; CRX—cefuroxime;
PIV—pivmecillinam; COT—Co-trimoxazole; CIP—ciprofloxacin; FUR—nitrofurantoin; FOS—
phosphomycin; ESLB—extended spectrum of betalactamases; F—female; M—male; GUH—General
University Hospital; UC—Urocentrum.

3.5. Sub-Analysis of the Incidence of Susceptible and Multidrug-Resistant Strains of Escherichia
coli by Age, Diagnosis, Gender, and Health Care Facility

In individual patient cohorts, we analyzed the incidence of E. coli strains with different
resistance phenotypes, ranging from completely susceptible to all antibiotics, through
resistance to one, two, or more antibiotics, and including the occurrence of MDR strains,
according to the definition [21].

There was a striking difference in patients diagnosed with C61 between the two
centres, where the detection of fully sensitive isolates was only 27.5% in GUH and 68.1%
in UC (Figure 4). A total of 65% of strains in GUH were resistant to aminopenicillins
compared to 30% in UC, detection of MDR strains was 15% and 12.8%, respectively. In
women diagnosed with N30, the proportion of fully sensitive strains was more than 50% in
both health care facilities and age groups; however, in GUH, the incidence of MDR strains
in the age category over 60 years was only 9%, compared to UC, where it was 16.7%; in
those under 60 years old, it was only 7.7% versus 17.4%, i.e., more than double the incidence
of MDR strains in an outpatient facility.
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nosis, gender, and health care facility. Abbreviations: GUH—General University Hospital; UC—
Urocentrum; N30—patients with complicated acute cystitis; C61—patients complicated acute cystitis
and prostate cancer, F—female; M—male; R.Phen—resistance phenotype; 0R—fully susceptible strain;
1R—resistant to one antibiotic; 2R–7R—number of resistant antibiotics.

Fortunately, no isolate met the criteria of DTR (difficult to treat) [22]. All isolates were
susceptible to carbapenems and amikacin, but these are only available in parenteral form,
and, therefore, they are not applicable in the management of lower UTIs in the outpatient
regimen in the Czech Republic.

4. Discussion
The implementation of cumulative antibiograms in clinical decision-making tools—

such as guidelines and local information systems—is crucial for improving the accuracy of
antibiotic prescribing practises, and it is one of the factors contributing to the reduction
of overuse and/or inappropriate use of antibiotics in the treatment of the most common
bacterial infections [23]. The most common cause of UTIs in children and adults, both in
the community and in hospitals, is E. coli [24]. This fact might lead to assumptions that
antibiotic therapy of UTIs, especially the uncomplicated ones, is relatively easy.

In our cohort, E. coli was the dominant causative agent in patients with N30 in GUH
(70%), but in the UC, E. coli accounted only for 54% of cases. Among prostate cancer
patients, the frequency of E. coli was markedly lower, at 39% in GUH and at 35% in UC.
This is a clinically significant difference in the etiology of lower UTIs in relation to diagnosis
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compared to what has been seen in other published data [25,26]. Due to the high proportion
of other bacteria in the etiology of UTIs in patients with comorbidities, this aspect should
be included in the decision-making process for the choice of initial antibiotic. Based on the
clinical condition of the patient, it is hard to identify both the causative agent and whether
the causative agent is sensitive to antibiotics. The severity of the symptoms is determined
by virulence factors, not antibiotic resistance [27].

The growing resistance of E. coli strains isolated from patients with UTIs is alarming.
The resistance levels to commonly prescribed antibiotics are gradually narrowing treatment
options for lower UTIs and patients often need to be hospitalized for parenteral antibiotic
administration [28]. In the Czech Republic, there are national guidelines for the treatment of
UTIs in adult patients [29], but all national guidelines are based on national epidemiological
data [30]. However, this may not always reflect the situation at different health care facility
levels as these guidelines do not consider other factors such as the patient’s age and possible
comorbidities, or the type of health care facility presiding.

For the above reasons, a range of sub-analyses should be performed if enough different
isolates are tested to ensure the statistical validity of the resistance estimates of individual
subgroups, including stratification of isolates. The data we presented are unique not only
in the Czech Republic, but also in other countries. Most published data compare regional
differences, differences in age categories, gender-stratified data, or differences between
community-acquired infections and nosocomial infections [31,32]. But, sub-analyses of
data related to diagnosis, comorbidities, and presumed origin of infection are unique, and
shows significant differences between antibiotics in relation to both diagnosis and origin
of infection. Significant differences were observed between two health care facilities in
patients with comorbidities, being, in our case, those with prostate cancer. Not only clini-
cally significant, but also statistically significant differences were recorded for ampicillin,
amoxicillin/clavulanic acid, cotrimoxazole, and ciprofloxacin in GUH between N30 and
C61 patients who visit a health care facility more often for their primary diagnosis and
who are exposed to certain epidemiological pressures. These findings are consistent with
data from other studies where the level of resistance is higher in isolates from hospital
settings [31]. However, the same analysis of data from the UC showed an opposite trend,
where isolates from patients with prostate cancer showed clinically significantly lower
resistance than isolates from patients with N30 to the same antibiotics. When comparing
data from patients with the same comorbidity, but in different health care facilities, the
difference in resistance to basic antibiotics is even more alarming, yet not always significant.
For practical use, the use of statistical significance in the form of determining p value is
slightly misleading and is influenced by the number of test subjects. The difference in
the level of resistance expressed in percentage terms is more suitable for real practice and
shows clinically significant differences in resistance that need to be used in routine practice.

We believe that the lower resistance in C61 patients from the UC might be explained
by a lower antibiotic pressure in an outpatient facility. However, this does not explain
why isolates from C61 patients are less resistant than isolates from N30 patients in the
same outpatient facility. Hence, further investigation and more data are needed to validate
this observation.

Evaluation of the sensitivity of individual antibiotics is important for each individual
patient and for adjustment of the therapy used. If the antibiogram is not known at the
time of choosing the initial treatment, it is more appropriate to monitor the occurrence of
associated resistance, or to monitor the proportion of jointly sensitive antibiotics, especially
in patients with a more severe course of infections, where there is no time to wait for
the results of the culture examination and the confirmation of resistance [33–35]. In our
study, there was a striking difference in the incidence of fully sensitive isolates in patients



Pathogens 2025, 14, 141 10 of 12

with oncological diagnosis (prostate cancer), where fully sensitive isolates only made up
27.5% in GUH, and 68% in UC, while the proportion of MDR strains was comparable and
insignificant in both groups. On the other hand, the incidence of MDR isolates in women
diagnosed with N30 is lower in GUH irrespective of age, relative to in an outpatient facility.
Yet, the overall level of MDR isolates is higher compared to both national and international
data [30,36]. Unfortunately, the only available comparable data are not from the current
period, where a higher level of resistance in bacterial pathogens across disciplines or
diagnoses is generally observed after the COVID-19 era [37].

There are several factors involved in the emergence and development of bacterial
resistance to antibiotics, but the consumption of antibiotics plays an undeniable role [38,39].
A possible explanation for the enormous increase in the resistance of E. coli to protected
penicillins in our data might be due to an increase in the consumption of protected peni-
cillins in the Czech Republic, where, in 2008, the consumption was 3.7 defined daily doses
(DDD)/1000 inhabitants/day, and in 2018, was 5 DDD/1000 inhabitants/day. When
compared to some other European countries, the increase is up to five-fold; for exam-
ple, in Norway in 2018, the consumption of protected penicillins was only 0.1 DDD/
1000 inhabitants/day, and in Germany was 0.58 DDD/1000 inhabitants/day [40].

In this pilot study, we wanted to highlight the importance of stratified cumulative
antibiograms at the level of individual health care facilities. The main limitations of the
work include the lack of male patients diagnosed with N30 in an outpatient facility and
the impossibility of comparing this cohort with patients from GUH. However, the data
obtained are so serious and alarming that we will continue to collect and analyze the
possible causes of such diametrically opposed results between two health facilities in the
same city and to adjust the national guidelines for the treatment of urinary tract infections.

5. Conclusions
The most common causative agent in N30 was Escherichia coli. However, there was

a high proportion of other Enterobacterales in C61. This fact should be considered when
choosing an initial therapy, and laboratories should provide regular reports on the most
common causative agents and their resistance profiles. Regularly generated cumulative
antibiograms show trends in the development of bacterial resistance, which makes it
possible to define potential problems for antimicrobial stewardship. E. coli isolates from
patients with C61 were significantly more resistant to penicillins, including potentiated
ones, in GUH than E. coli isolates from patients with N30. Furthermore, we have shown
that resistance profiles of isolates from patients with the same diagnosis differed between
our two medical facilities, highlighting the importance of stratification and sub-analysis of
data according to defined parameters for the purposes of cumulative antibiograms.
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