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Antimicrobial resistance trends during COVID-19 in
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Urinary tract infections (UTTs) in male patients represent a distinct and underexplored clinical entity. The COVID-19
pandemic has further influenced infection patterns and antimicrobial use, potentially accelerating resistance trends.
This study aimed to evaluate the prevalence of uropathogens and their resistance patterns in a large cohort of Ro-
manian men during the full pandemic. A retrospective descriptive study was conducted at a tertiary academic urol-
ogy center in Bucharest, Romania, including male patients evaluated during the COVID-19 pandemic (September
2021-February 2022). Male patients with positive urine cultures (=10° CFU/mL) and a single identified pathogen
were included, while duplicate and polymicrobial samples were excluded. 733 male patients were included, with
Gram-negative predominating (78.99%) over Gram-positive (21.01%). E. coli (32,74%) and Klebsiella (27.15%) were
the most frequent isolates. UTIs were markedly more prevalent in patients >55 years. Gram-negative uropathogens
showed high resistance to commonly used antibiotics, particularly Amoxicillin-Clavulanic acid (43.98%) and Levo-
floxacin (39.16%). E. coli demonstrated elevated resistance to Levofloxacin (36.52%) and Amoxicillin-Clavulanic acid
(35.78%), while Klebsiella exhibited the most concerning profile, exceeding 50% resistance to Amoxicillin-Clavulanic
acid (57.29%) and Nitrofurantoin (56.96%), with additional carbapenem resistance (Imipenem 13.59%, Meropenem
12.9%). Gram-positive isolates displayed relatively stable resistance patterns, with Enferococcus showing high resistance
to Levofloxacin (56.7%) and lower resistance to Penicillin (19.67%). The male population showed higher resistance
rates to several antibiotics, possibly due to the more complicated nature of their infections. These data highlight the
need for tailored therapeutic approaches based on gender-specific resistance patterns.
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INTRODUCTION

Urinary tract infections (UTTs) pose a significant public health
concern, carrying substantial socio-economic ramifications that
impact a considerable portion of the population. The high
prevalence of this pathology is impacting a global population
of more than 150 million individuals every year [1]. Recent
studies estimate that there are over 10 million outpatient visits
in the United States and around 2 million emergency room
visits yearly [2,3].

The issue of antimicrobial resistance poses a significant
and escalating global barrier to providing medical treatment.
Consequently, there has been a notable escalation in expenses

related to patient care, a surge in the duration of hospital
admissions, and a corresponding rise in mortality rates. Research
has revealed that the most common infections encountered in
clinical settings demonstrate notable resistance to traditional
antibiotic therapies. Furthermore, reports indicate that numerous
organisms exhibit multidrug resistance [3].

Due to the higher rate of incidence in comparison to males,
the vast majority of research on urinary infections has been
conducted in female patients. Because of this, guidelines on
UTIs accept studies on female patients as reference, even
though there are significant anatomical differences between
the genitourinary systems of men and women. These are the
primary causes of morbidity that affect people of all ages and
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involve both sexes. People of both sexes can be affected. These
infections are characterized by a high multiplication of a range
of pathogens along the urinary system, which results in an
inflammatory condition that leads to malfunction of the kidneys
or other components of the urinary apparatus. Additionally,
these infections are associated with a higher risk of developing
urinary tract cancer [4,5].

UTTs have a greater impact on women due to their increased
susceptibility over the course of their lives. However, as men age,
they experience certain anatomical and functional changes that
impact the process of proper voiding [6]. These changes mostly
contribute to the heightened susceptibility to infection among
the senior population. The incidence of more complex infections
tends to be higher in elderly males due to prostate enlargement,
which contributes to bladder obstruction, urine stasis, and the
manifestation of the disease. Men with urinary tract anomalies
are susceptible to recurrent infections caused by highly
aggressive microorganisms. The presence of resistant bacteria
that poor treatments cannot eliminate can also contribute to the
development of these infections. Several obstructive pathologies,
such as benign prostatic hyperplasia, urethral stricture, and
bladder neck obstruction are the primary etiological factors
associated with urinary tract infections in males [7].

UTIs can be categorized into two main types: healthcare-
associated urinary tract infections (HAUTTs) and community-
associated UTIs (CAUTIs). Catheter-associated urinary tract
infection (CAUTI) is frequently observed in female patients with
certain risk factors, including advanced age, a previous history of
UTI, sexual activity, and diabetes mellitus. On the other hand,
healthcare-associated urinary tract infection (HAUTTI) is closely
associated with medical treatments that occur within a hospital
setting. In this context, indwelling urinary catheters are regarded
as the primary risk factor [8].

The most prevalent uropathogens associated with urinary
tract infections (U'T1s) are Escherichia coli (E. colt), which accounts
for approximately 33% of cases, as well as Enterococcus faecalis,
Klebsiella pneumoniae, and Proteus mirabilis. The specific frequencies
of these pathogens may vary depending on the type of UTI,
whether it is community-acquired (CAUTI) or healthcare-
associated (HAUTT) [9].

The incidence of antibiotic resistance in both catheter-
associated urinary tract infections and hospital-acquired urinary
tract infections are highly dependent on the geographical
location [8]. The high occurrence of bacterial causation in UTTs
leads to a significant utilization of broad-spectrum antibiotics,
resulting in elevated levels of uropathogens that are resistant to
these medications [10]. The increased prevalence of multidrug
resistance (MDR) in UTIs can be attributed to the widespread
use of empirical antibiotics and the transmission of antibiotic-
resistant genes and other resistance determinants carried by
mobile genetic elements. This has resulted in the challenging task
of treating UTIs, even at the community level [11].

Antibiotics were one of the most important discoveries in
modern medicine, and they have been used to treat a wide
range of infections with clear benefits. Resistant uropathogenic
bacteria are becoming more common because of overuse
and abuse, which is also a very serious threat to public health.
The European Association of Urology (EAU) guidelines say
that all antibiotics should be used carefully, and they suggest
that Antibiotic Stewardship be a key part of everyday clinical
practice. It also suggests changing the antibiotic use rules based
on the rates of resistance and sensitivity found in each area. This
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will help slow down the rise in resistance and make antibiotics
more effective [12].

In a recent report, the European Centre for Disease Prevention
and Control identified Romania, as one of the European
Union nations with the lowest rates of resistance to antibiotic
agents. However, it is noteworthy that Romania also has one
of the highest consumption rates [13,14]. The aforementioned
observation should be regarded as a cautionary indication for
the medical community to advance their research in order to
enhance the conscientiousness of drug administration.

One potential strategy to address the growing issue of antibiotic
resistance is the customization of antibiotic usage policies based
on the specific rates of resistance and sensitivity seen in the
local population. This approach has the potential to not only
slow down the progression of resistance, but also enhance the
effectiveness of empirically prescribed antibiotics [12]. Limited
recent data on local resistance patterns in the Romanian territory
are available for the moment [3,15-17].

Most studies investigating the prevalence and antimicrobial
resistance reflect data obtained from the female population.
According to the guidelines in force, the treatment indications
are made based on the data obtained from the female sex.
Considering that both the associated pathology and the age
at which these infections develop among the male population
differ, it is expected that the prevalence and resistance data of
uropathogens will also show changes. It is also very likely that
there are differences in terms of the loco-regional space and
the investigated periods. In Romania, there are very few studies
that aim to evaluate this topic. This article aims to evaluate the
prevalence of uropathogens and resistance rates to the common
antibiotics used in current practice on a significant group of male
patients registered in Bucharest, at “Prof. Dr. Th. Burghele”
Clinical Hospital, one of the largest urology centers in Romania.

MATERIAL AND METHODS

Study design and population

The present research is a descriptive retrospective study including
patients from a highly representative urology center and also
an academic institution in Bucharest, Romania: “Prof. Dr. Th.
Burghele” Clinical Hospital (BCH). The obtained data covered a
6-month period, from September 1, 2021, to February 28, 2022,
during the full COVID-19 pandemic, and included only male
patients.

Tollowing the analysis of 16,317 cases carried out in the
mentioned period, 3,789 cases with positive urinalysis were
identified. Of these, 733 samples were identified as positive
samples in male patients. Cases with the same urine culture
results at two different analyses were excluded.

In all cases, the designated patients were hospitalized or
received outpatient care. Therefore, a more detailed medical
history of the non-hospitalized group could not be gathered. In
addition, recurrences or infections diagnosed for the first time
cannot be identified. Each patients’ age and gender were also
considered in the research.

Inclusion and exclusion criteria

Among the inclusion criteria, we identified a positive urine test
with the presence of at least 105 CFU/mL, a single microbial
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agent identified on culture, age of at least 18 years, and male
gender. Patients with bacteriuria lower than 105 CFU/mL,
female patients, patients with multiple bacteria identified on
culture, and cases in which the same urine test results were
identified in the same patient at two different evaluations were
excluded from the present study.

Antibiotic policy

The European guidelines [12], revised annually, were mostly
used to determine the prudent policy for the use of antibiotics
in treating patients with UTIs. The patients were administered
the minimal therapeutic regimen in accordance with the
specified guidelines for various disorders, whenever feasible,
based on the results of urine samples. The variation in infection
sites and the degree of severity necessitate specific approaches
to antibiotic administration. Based on the current European
recommendations, it is uncommon for males to be diagnosed
with cystitis, and it is regarded as a complicated urinary tract
infection.

Sample collection, bacterial isolation, and antibiotic
test

Urine samples were incubated for 24 hours after being inoculated
with a sterile disposable loop on standard inoculation plates.
Urine samples obtained from a sterile container were used to
culture the microorganisms on Columbia sheep agar and lactose
agar. In additional instances, Staphylococcus spp. was cultivated
on Chapman medium. Significant microbial growth, colony
morphology (e.g, color, size, and texture), and characteristics
were observed on a culture medium. Bacterial concentrations
greater than 10° CFU/mL of no more than two microorganism
species were deemed significant. The bacteria were identified
using colony morphology, Gram stain, and numerous standard
biochemical assays (lactose fermentation, catalase, oxidase,
indole, methyl red, etc.). The zones of antibiotic inhibition were
interpreted in accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines for Antimicrobial
Susceptibility Testing (AST), which was conducted using the
Kirby—Bauer disk diffusion technique [18]. Previous publications
have discussed bacterial culture, identification, and antibiotic
susceptibility assays that have been implemented [3,15,19].

Statistical analysis

The obtained data were indexed on an Excel file using Microsoft
Excel (version 2016, Microsoft Corporation, Redmond, WA,
United States). The descriptive statistical analysis was made using
Python 3.8.9 (Python Software Foundation) version for macOS
using the libraries jupyterlab 3.2.4 and pandas 1.3.4.

RESULTS

The present study documented 733 positive urine tests among
male patients, which were separated from the beginning into
Gram-negative (579 cases; 78.99%) and Gram-positive (154
cases; 21.01%; Table 1). Among the Gram-negative group, E. coli
was the most prevalent in 41.45% of the cases, closely followed by
Klebsiella spp. in 34.36%. Enteroccocus spp. was, as it was expected,
the most isolated bacteria among the Gram-positive group, but

only encountered 17.6% in the overall analyzed population.

An additional important aspect of the current investigation
would involve examining the frequency of bacteria detected
within different age cohorts. According to the data presented in
Table 2, a significant percentage of male patients diagnosed with
urinary tract infections were older than 55 years, irrespective
of the specific uropathogen under investigation. The graph
illustrates a gradual rise in the prevalence of UTIs caused by
E. coli and Klebsiella spp. until the age of 55. However, after this
threshold, there is a sharp increase, with over 80% of analyzed
patients diagnosed with UTIs.

The primary objective of this study was to assess the prevalence
of antibiotic resistance among uropathogens in male patients
across different classes of antibiotics. Consequently, the resistance
rates of the bacteria under investigation were then categorized
into the primary groups of Gram-negative and Gram-positive
bacteria (Tables 3 and 4).

In the case of E. coli, the highest rates of resistance in a
significant number of patients were observed for Levofloxacin
(36.52%) and Amoxicillin-Clavulanic acid (35.78%). They were
followed by Aztreonam (12.44%) and Ceftazidime (10.0%).
Preserved resistance rates were observed in Fosfomycin,
Nitrofurantoin, and Carbapenems. In the case of the second
most common Gram-negative bacterium, Klebsiella spp. showed

Table 1. Bacterial prevalence

Bacteria n %.
Gram-negative E. coli 240 3274
Klebsiella spp. 199 2715
Proteus spp. 96 13.1
Pseudomonas spp. 44 6.0
Gram-positive Enterococcus spp. 129 17.6
Staphylococcus spp. 25 3.41
Total 733 100

Table 2. Bacterial prevalence according to age distribution

Bacteria <40 years 41-55 years >55 years

n %. n % n %.
Gram-negative 17 293 57 9.84 505 87.21
E. coli 6 2.4 25 10.42 209 87.08
Klebsiella spp. 2 1.01 24 1206 173 86.93
Proteus spp. 9 9.38 6 6.25 81 84.38
Pseudomonas 0 0 2 4.55 42 95.45
spp.
Gram-positive 0 0 9 5.84 145 94.15
Enterococcus 0 0 6 4.65 123 95.35
spp.
Staphylococcus 0 0 3 12 22 88
spp.
Total 17 2.31 66 9 650 88.67
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Table 3. Gram-negative susceptibility and resistance patterns

Antibiotic E.coli Klebsiella spp. Pseudomonas spp. Proteus spp.
Tested
R S R S R S R S
n %. n % n %. n % n %. n % n %. n %
Amoxicillin- 78 35.7 14 64.2 n 57.2 82 427 7 875 1 12.5 28 314 61 68.5
Clavulanic 8 0 2 0 9 1 6 4
acid
Ampicillin 0 0.0 1 100. 3 42.8 4 571 0 (] 0 0
(o] 6 4
Aztreonam 28 124 19 875 77 40.7 n 59.2 19 46.3 22 53.6 10 10.9 81 89.0
4 7 6 4 2 6 4 6 9 1
Trimethoprim- 9 473 10 52.6 n 50.0 n 500 O (] 4 66.6 2 333
Sulfamethoxa 7 3 7 3
zole
Ceftazidime 23 10.0 20 90.0 74 38.9 n 61.0 15 35.7 27 64.2 n 1.8 82 88.1
7 5 6 5 1 9 3 7
Fosfomycin 3 1.44 20 98.5 2 20.0 8 80.0 0 0.0 3 100. O 0.0 7 100.
5 6 (0] (]
Imipenem 1 0.43 23 99.5 25 13.5 15 86.4 21 50.0 21 50.0 n n.7z 83 88.3
3 7 9 9 1
Levofloxacin 84 36.5 14 63.4 76 40.0 n 60.0 20 51.2 19 48.7 35 38.8 55 61.1
2 6 8 4 8 2 9 1
Linezolid 1 50.0 1 50.0 (0] 0.0 4 100. O (0] 0 (]
(0]
Meropenem 1 0.46 21 99.5 24 129 16 871 21 47.7 23 52.2 3 319 91 96.8
8 4 2 3 7 1
Nitrofurantoin 10 6.45 14 93.5 45 56.9 34 43.0 1 100. O 0.0 3 250 9 75.0
5 5 6 4 6]
Penicillin (6] 0.0 4 100. (0] 0.0 4 100. O (0] 0 0.0 3 100.
(6} (0] (0]
Vancomycin (6] 0.0 4 100. (o] 0.0 4 100. O (0] 0 0.0 3 100.
0 0 (0]

R, Resistance; S, Susceptibility; n, Number; %, Percentage

even more alarming rates with the studied antibiotics. Thus,
the resistance rate exceeded 50% in the case of Amoxicillin-
Clavulanic acid (57.29%) and Nitrofurantoin (56.96%). More
than 40% of patients with this bacterium showed resistance to
Ampicillin (42.86%), Aztreonam (40.74%), and Levofloxacin
(40.0%). Ceftazidime (38.95%) was also very close to those
already discussed. For carbapenems, the numbers also did not
look very promising. Imipenem (13.59%) and Meropenem
(12.9%) already exceeded the 10% resistance rate.

Yor Proteus spp. the highest resistance rate revealed in the
present study was detected for Levofloxacin (38.89%), followed
by Amoxicillin-Clavulanic acid (31.46%). Over 10% pattern was
registered for Ceftazidime (11.83%), Imipenem (11.7%), and
Aztreonam (10.99%).

Pseudomonas spp., with the lowest prevalence among Gram-
negative bacteria, exhibited alarmingly high resistance rates
to Levofloxacin (51.28%), Imipenem (50.0%), Meropenem
(47.73%), Aztreonam (46.34%), and Ceftazidime (35.71%).

For Gram-positive bacteria, significant results in terms of

JOURNAL of MEDICINE and LIFE. VOL: 19 ISSUE: 3 MARCH 2026

the number of analyzed patients were observed in the case of
Enterococcus spp.

Important results regarding the antibiotic susceptibility pattern
were reflected by resistance to Levofloxacin (56.7%) and Penicillin
(19.67%). Preserved rates were observed in the case of Ampicillin
(6.67%) and Vancomycin (0%). Fosfomycin (3.6%) also revealed
good prospects in terms of resistance. For Carbapenems, we
considered the number of the included cases to be small to make
a valid presumption.

This study included in the analysis the overall rates established
for all age groups established for both the Gram-negative and
Gram-positive bacteria groups.

In the case of Gram-negative uropathogens, increased
resistance patterns of over 30% were observed in the case
of Amoxicillin-Clavulanic acid (43.98%), and Levofloxacin
(39.16%). Aztreonam (24.54%), Nitrofurantoin (23.89%), and
Ceftazidime (22.16%) have been recorded with resistance rates
between 20% and 30%. An important aspect in the case of this
group of bacteria can be observed in the case of Imipenem
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Table 4. Gram-positive susceptibility and resistance patterns

Antibiotics Tested Enterococcus spp. Staphylococcus spp.
R S R S

n % n %. n %. n %
Amoxicillin- 5 83.33 1 16.67 0 0
Clavulanic acid
Ampicillin 8 6.67 12 93.33 0 0.0 1 100.0
Aztreonam 2 66.67 1 33.33 0 0
Trimethoprim- 0 0.0 3 100.0 8 33.33 16 66.67
Sulfamethoxazole
Ceftazidime 2 66.67 1 33.33 0 0
Fosfomycin 4 3.6 107 96.4 0 0.0 1 100.0
Imipenem 1 33.33 2 66.67 0 0
Levofloxacin 55 56.7 42 433 9 52.94 8 47.06
Linezolid 1 0.9 110 99.1 1 4.0 24 96.0
Meropenem 0 0.0 3 100.0 0 0
Nitrofurantoin 2 1.72 14 98.28 2 10.53 17 89.47
Penicillin 24 19.67 98 80.33 13 68.42 6 31.58
Vancomycin 0 0.0 125 100.0 0 0.0 1 100.0

R, Resistance; S, Susceptibility; n, Number; %, Percentage

Table 5. Overall Gram-negative and Gram-positive antibiotic susceptibility and resistance patterns

Antibiotics Gram-negative Gram-positive Total
Tested
R S R S R S

n % n % n % n % n % n %
Amoxicillin- 223 43.98 284 56.02 5 83.33 1 16.67 228 44.44 285 55.56
Clavulanic ac.
Ampicillin 3 37.5 5 62.5 8 6.61 13 93.39 n 8.53 n8 91.47
Aztreonam 134 24.54 412 75.46 2 66.67 1 33.33 136 24.77 413 75.23
Trimethoprim- 24 51.06 23 48.94 8 29.63 19 70.37 32 43.24 42 56.76
Sulfamethoxazole
Ceftazidime 123 22.16 432 77.84 2 66.67 1 33.33 125 22.4 433 77.6
Fosfomycin 5 219 223 97.81 4 3.57 108 96.43 9 2.65 331 97.35
Imipenem 58 10.47 496 89.53 1 33.33 2 66.67 59 10.59 498 89.41
Levofloxacin 215 39.16 334 60.84 64 56.14 50 43.86 279 42.08 384 57.92
Linezolid 1 16.67 5 83.33 2 1.47 134 98.53 3 21 139 97.89
Meropenem 49 9.02 494 90.98 0 0.0 3 100.0 49 8.97 497 91.03
Nitrofurantoin 59 23.89 188 7611 4 2.96 131 97.04 63 16.49 319 83.51
Penicillin 0 0.0 n 100.0 37 26.24 104 73.76 37 24.34 15 75.66
Vancomycin 0 0.0 n 100.0 0 0.0 126 100.0 (0] 0.0 137 100.0

R, Resistance; S, Susceptibility; n, Number; %, Percentage
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Table 6. Antibiotic susceptibility and resistance patterns according to age distribution

Antibiotics < 40 years 41-55 years
Tested
R S R S
n %. n %. n % n
Amoxicillin- 6 375 10 625 26 50.0 26
Clavulanic ac.
Ampicillin 0 0 4 444 5
4
Aztreonam (0] 0.0 15 100. 8 14.2 48
0 9
Trimethoprim- 0 0 4 100. O
Sulfamethoxa 0
zole
Ceftazidime 0 0.0 17 100. 12 214 44
0 3
Fosfomycin 0 0.0 8 100. O 0.0 30
(0]
Imipenem 0 0.0 17 100. 5 8.77 52
(o]
Levofloxacin 4 26.6 n 733 15 241 47
7 3 9
Linezolid 0 0 0 0.0 8
Meropenem 0 0.0 17 100. 5 9.26 49
(0]
Nitrofurantoin 1 20.0 4 80.0 7 25.0 21
Penicillin 0 0 4 444 5
4
Vancomycin 0 (0] 0 00 6
R, Resistance; S, Susceptibility; n, Number; %, Percentage
(10.47%) and Meropenem (9.02%), where the resistance

was around 10%. Encouraging sensitivity was established for
Fosfomycin (97.81%), which might prove its utility for male
patients in intravenous administration.

The other studied group in the overall analysis, the Gram-
positive, revealed increased resistance for Levofloxacin (56.14%)
and Penicillin (26.24%) (Table 5). Preserved sensitivity to active
antibiotics was observed for Ampicillin (93.39%) and Vancomycin
(0.0%). Fosfomycin (96.43%) also showed a preserved sensibility
in this case.

An overall analysis for all the studied classes was done for
different age groups. In the case of people younger than 40 years
old, a lower rate of resistance to the tested antimicrobials could be
observed, but the group includes a reduced number of patients.
The pattern of evolution of resistance increases following the
evolution in age of the male population, as can be seen in Table
6. Patients aged between 41 and 55 years showed lower resistance
to the types of antibiotics studied than older patients. Analyzing
two of the antibiotics that presented alarming rates in the group
of Gram-negative bacteria, Levofloxacin and Amoxicillin-
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>55 years Total
R S R S
%. n %. n %. n %. n %.
50.0 19 44.0 24 55.9 22 44.4 28 55.5
6 4 9 6 8 4 5 6
555 7 5.83 n 941 n 8.53 n 91.4
6 3 7 7
85.7 12 26.7 35 73.2 13 24.7 41 75.2
1 8 8 0 2 6 7 3 3
0.0 28 40.0 42 60.0 32 43.2 42 56.7
0 4 6
785 n 233 37 76.7 12 224 43 77.6
7 2 5 3
100. 9 2.98 29 970 9 2.65 33 97.3
0 3 2 1 5
91.2 54 11 42 888 59 10.5 49 89.4
3 8 9 2 9 8 1
75.8 26 443 32 55.6 27 42.0 38 579
1 0 7 6 3 9 8 4 2
100. 3 2.24 13 977 3 21 13 97.8
0 1 6 9 9
90.7 44 9.26 43 90.7 49 8.97 49 91.0
4 1 4 7 3
75.0 55 15.7 29 842 63 16.4 31 83.5
6 4 4 9 9 1
55.5 33 23.0 n 769 37 24.3 n 75.6
6 8 2 4 6
100. 0 0.0 13 100. O 0.0 13 100.
0 1 0 7 0

Clavulanic acid, the evolution among different ages, highlighted
the following. For Levofloxacin 26.67% in <40 years, 24.19%
between 41-55 years, and 44.37% over 55 years old. The overall
result for this antibiotic maintained over 40%.

In the case of Amoxicillin-Clavulanic ac., the evolution
pattern revealed 37.5% in less than 40 years, 50% between 41-
55, and 44.04% over 55 years old. The same as in Levofloxacin,
the overall result exceeded 40%.

Other antibiotics also showed an increased resistance trend of
evolution between the 41-55 years old and over 55 years old.

For instance, Aztreonam revealed a 14.29% resistance rate
between 41-55, compared to 26.78% over 55 years.

In contrast to these already discussed, Ceftazidime, Imipenem,
and Meropenem showed a linear evolution between 41-55 years
and over 55 years. Although Ceftazidime expressed over 20%
resistance in both 41-55 and over 55 groups, its evolution trend
did not seem to suffer modification regarding increasing age.
Imipenem and Meropenem evolution were also stable at around
10% in the studied age groups.

Two antibiotics showed a regression in their resistance

© 2026 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



JOURNAL of MEDICINE =nd LIFE

evolution regarding age: Nitrofurantoin from 25.0% to 15.76%
and Penicillin from 44.44% to 23.08%, but in the case of
Penicillin, the 41-55 years old included a very small number of
patients.

According to this observational and descriptive analysis,
Fosfomycin was the only antibiotic tested that registered an
encouraging sensibility pattern among all ages, from 0.0% to
a maximum of 2.98%. Vancomycin also registered the same
values, but it was only evaluated for Gram-positive cases.

A very good resistance profile was observed for Linezolid
(2.24%), but, unfortunately, a significant number of cases were
only registered in the over-55-year-old group.

DISCUSSION

The increasing prevalence of antibiotic resistance among
uropathogens is a significant public health concern, which has
gathered heightened attention in recent times. This issue is
widely recognized as one of the foremost risk factors impacting
the safety and well-being of the global population. The escalating
utilization of antibiotics on a global scale by healthcare systems,
the routine use of initial-line antibiotics for uncomplicated
urinary tract infections, and the unrestricted availability of
these drug classes in numerous developing nations has resulted
in a significant surge in resistance rates to the most prevalent
antibiotic classes in recent years [20].

UTIs exhibit a greater prevalence in the female population as
compared to males, with an overall occurrence rate exceeding
80% 1in females. Furthermore, the likelihood of recurrence is
higher in women. Research indicates that nearly 30% of women
who have experienced a UTI will encounter another episode
within 6 months following the initial occurrence. Additionally,
approximately 48% of recurrent UTIs will manifest within one
year [21].

Considering that most of the data in the literature are based
on studies influenced by the prevalence and bacterial resistance
observed in the female sex, all the treatment recommendations
suggested by the current guidelines are based on this information
[12].

Considering that the pathological factors correlated with the
presence of urinary infections in the male sex, and that their
prevalence is different from that found in the female sex, it is
useful to know the most accurate data in order to be able to
approach the most suitable therapeutic behavior.

Bacterial prevalence and its evolution regarding age

The current study highlights E. coli as the most widespread
bacterium among the male population studied. The second most
prevalent bacteria were Klebsiella spp., followed by Enterococcus
spp. The overall prevalence for E. coli (32.74%), although lower
than in other studies performed among women, reflects this.
Compared to the women, the reported data reveal over 60%
prevalence for this uropathogen in several studies from Europe:
France [22], Switzerland [23], and Portugal [24]. Also, increased
values for E. coli prevalence were reported outside Europe in
countries like Morocco [25], Pakistan [26], South Korea [27],
and North America [28]. Compared to all worldwide data, this
study reflects the almost half percentage prevalence of E. coli
in the male population. On the other hand, when compared to
similar studies including male patients, the present results are

similar to those reported by studies from the Netherlands [29].

In the case of the second most common bacteria found in the
population analyzed by this study, Klebsiella spp. (27.15%), the
prevalence data demonstrate a much higher percentage than
the data reported for women. A recent study from Hungary [30]
revealed a 13.4% prevalence for Klebsiella spp. Also, other data
from Turkey [31] present a prevalence of 11.2% for this analyzed
uropathogen in the female population. This difference between
sexes may be caused by different pathologies, which may require
instrumentation (for example, urethral catheterization for acute
urinary retention). For Enterococcus spp., there were no established
correlations with recent data found in the literature because the
reported prevalence varies a lot in several studies from 2.8% in
Pakistan [32] to 21.3 in Nepal [33].

The present study reveals preserved data for bacterial
prevalence evolution when compared to the results obtained
on the Romanian male population in a multicentric study that
analyzed patients from 1 September 2018 to 31 January 2019
[15]. These data may vary across the European continent as
several countries, like Norway and Italy, reported different results
[34,35].

The prevalence of asymptomatic bacteriuria is low in young
male patients, but it significantly rises to 10% in men aged 60
years and older, and up to 40% among patients residing in
long-term care institutions. The occurrence of UTIs in men
is significantly influenced by the process of aging, as we have
discovered a clear and direct correlation with advancing age [36].
In the present study, the UTI prevalence surpasses 80% after 55
years old. Compared to the opposite sex, urinary tract infections
appear to have a different distribution pattern, considering
that most studies show a uniform distribution during a lifetime
[37]. The previous study that the same team conducted on the
Romanian male population also revealed an increased incidence
in the elderly [15].

Resistance pattern in Gram-negative

The primary objective of this study was to evaluate the prevalence
and rates of antibiotic resistance among uropathogens in male
patients across different classes of antibiotics and to observe
certain patterns in order to implement targeted measures.

This study highlighted the overall results with alarming
values of resistance rate for Amoxicillin-Clavulanic acid and
Levofloxacin in Gram-negative bacteria. These aspects are
mostly reflected by all the actual research for both sexes [38].

The data from this study support the current evolution trend
of E. coli resistance to Levofloxacin and Amoxicillin-Clavulanic
acid of over 30%, similar to data evaluated for female sex, which
already underlined the necessity of introducing some measures
in administering empirical treatment because of Levofloxacin
resistance [39]. Similar results revealed by studies conducted in
Spain were also obtained in male cases in 2019 [40]. Research
data indicate that the resistance of . coli to Levofloxacin is part
of a broader trend observed across various regions, driven by
factors like the overuse and misuse of antibiotics [41,42]. This
has led to a growing body of evidence suggesting that empirical
treatment protocols need urgent evaluation to combat the rising
tide of antimicrobial resistance [43]. The issue is particularly
pressing given that Levofloxacin has been a cornerstone in
treating UTTs, where often E. coli is the primary pathogen [44].

In light of these findings, experts advocate for more stringent
antibiotic stewardship programs, which include better diagnostics
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to ensure appropriate use of antibiotics, as well as ongoing
surveillance of resistance patterns to guide treatment decisions
[45]. Additionally, there is a call for the development of new
antibiotics and alternative therapies to address the gap left by the
declining efficacy of existing drugs [46].

The growing prevalence of antibiotic resistance in E. coli
underscores the importance of implementing targeted measures
to optimize antibiotic use and mitigate treatment failures [47].

As resistance to Levofloxacin becomes more pronounced,
clinicians must consider local resistance patterns to ensure
effective management of infections and safeguard patient
outcomes.

The second most prevalent bacteria analyzed, Rlebsiella spp.,
showed over 50% resistance to Amoxicillin-Clavulanic acid
and Nitrofurantoin. Ampicillin, Levofloxacin, and Ceftazidime
also presented over 30% resistance rates. Results from the male
population in 2020 showed 65% resistance rate for Amoxicillin-
Clavulanic acid, but a lower rate for Nitrofurantoin of 23%, with
an important 45% rate for Levofloxacin [48]. A study that aimed
to assess antibiotic resistance in the female population before and
after the COVID-19 pandemic showed an increase in resistance
for quinolones in these patients from 16.87% to 35.51% [49].
Also, other studies that evaluated female populations showed that
Klebsiella spp. was the second most common Gram-negative UTIs
[49,50]. Interestingly enough, we observed an alarmingly high
rate of resistance to Carbapenems, over 10%. Other studies that
evaluated carbapenem resistance in female populations showed
lower rates, less than 5% [50].

For Proteus spp. the highest resistance rate revealed in the present
study was detected for Levofloxacin, almost 40%, followed by
Amoxicillin-Clavulanic acid, over 30%. Other studies showed
a lower resistance rate, of 24% for Levofloxacin, also in the
male population [48]. Resistance around 10% was registered for
Ceftazidime and Imipenem. Results are similar to previous data
in the female population observed over a period of time [50], in
the same locoregional situation. The same resistance pattern in
different populations but from the same region is an interesting
observation that needs further analysis to determine common
factors that can explain a possible association. At the same time,
another study that evaluated resistance patterns in males also
showed a 15% [48].

Pseudomonas spp. had the lowest prevalence among the Gram-
negative bacteria, but with the highest resistance rate for most
of the antibiotics evaluated, numbers somewhat expected for
Levofloxacin, but rates of roughly 50% for carbapenems also.
Slightly lower rates were observed for Ceftazidime. Our results
for Pseudomonas spp. seem to follow the same rates of prevalence
and resistance in other populations over different periods of time
[50]. During the COVID-19 pandemic, a significant increase in
resistance was observed for Pseudomonas, from 30% to over 70%
[49], while maintaining the same low prevalence.

Resistance pattern in Gram-positive

The most common Gram-positive bacteria was Enterococcus
spp., as evident in many other studies [50,49]. The resistance
rate to Levofloxacin is higher than in previous studies, in the
male population [48] or the female population [49], from the
same region, but also higher than the 30% rate in a study from
Hungary [51]. The resistance rates for Penicillin were similar
to other published rates [49], in female populations, but when
compared to a similar study that also evaluated male patients, we
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found lower rates (26,24% compared to 33.52-66%) [50].

A regression of resistance was observed in the case of
Nitrofurantoin and Penicillin, results that are different from the
3-year evaluation of a female population that showed similar
rates for Penicillin and an upward trend for Nitrofurantoin [50].
Still, the Nitrofurantoin resistance rates are low, this antibiotic
showing high sensitivity, results that are similar to most of the
data from the literature [52], making this antibiotic an option in
certain cases.

The evaluation of resistance evolution pre and post Covid
pandemic showed significant increases to most of the antibiotics
evaluated, no regression being observed [49]. At the same time,
the trend of resistance evaluated from 2018 to 2022, showed also a
decrease in resistance rates for carbapenems and Ceftazidime [50].

Fosfomycin was the only antibiotic with encouraging sensitivity,
and Vancomycin showed similar values for Gram-positive cases,
results that are similar to previously published data, also on the
male population, with high sensitivity for these two antibiotics,
over 87%, almost 94% in the case of Fosfomycin [48].

The highest sensitivity rate was observed for Linezolid, results
that are similar to existing data [48]. High sensitivity to Linezolid
1s evident in other studies also [53].

The values regarding Staphylococcus spp. were similar to
previous published data, with Penicillin having a resistance rate
over 60% [48]. At the same time, the Levofloxacin rate found
was higher (59% versus 36%) [48]. Taking into consideration
that the assessed populations are similar, other factors might be
accountable [54].

Comparison

Our study supports the trend that male patients had severe
antibiotic resistance to several antibiotics compared to females.
At the same time, the comparison between men and women
regarding antibiotic resistance show distinct patterns and
variations in most of the studies in the literature.

Women show higher susceptibility to infections but lower
resistance rates to some antibiotics. FEscherichia coli, the most
frequent pathogen in women, presented 35.98% resistance to
levofloxacin and 28.62% to amoxicillin-clavulanic acid. These
rates were slightly lower than those in male patients, respectively.
Klebsiella spp. showed similar trends, with higher resistance rates
in men compared to women across several antibiotics, notably
Levofloxacin [15], but also a higher resistance to Amoxicillin-
Clavulanic acid [55]. Resistance to Levofloxacin in Escherichia
coli also displayed a male-dominated resistance pattern, with
36.52 % in men versus 28.62% in women.

These numbers illustrate that men generally have higher
resistance rates than women across multiple antibiotics, especially

for E. coli and Klebsiella spp.

CONCLUSION

Opverall, the male population shows consistently high resistance
rates to several antibiotics, possibly due to the more complicated
nature of their infections. This difference highlights the need
for tailored therapeutic approaches based on gender-specific
resistance patterns.

Conflict of interest
The authors declare that they have no conflict of interest.

227

© 2026 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



JOURNAL of MEDICINE =nd LIFE

Ethical approval

The study was conducted in accordance with the principles of
the Declaration of Helsinki and was approved by The Ethics
Committee of “Prof. Dr. Th. Burghele” Clinical Hospital nr.
2/21.01.2019.

Consent to participate
Informed consent was obtained from all individual participants
included in the study.

Authorship

RIP contributed to study design, data analysis, manuscript
preparation; RCP contributed to data analysis, review, editing;
CM contributed to manuscript preparation, review, statistical
analysis; AP contributed to study design, data curation, review;
OSA contributed to data collection, writing, editing; LO
contributed to manuscript preparation, review, editing; JV
contributed to study design, review, editing, supervision.

REFERENCES

1. Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections:
epidemiology, mechanisms of infection and treatment options. Nat Rev Microbiol.
2015 May;13(5):269-84. doi: 10.1038/nrmicro3432

2. Schappert SM, Rechtsteiner EA. Ambulatory medical care utilization estimates for
2007. Vital Health Stat 13. 2011 Apr;(169):1-38.

3. Petca RC, Negoita S, Mares C, Petca A, Popescu RI, Chibelean CB. Heterogeneity of
Antibiotics Multidrug-Resistance Profile of Uropathogens in Romanian Population.
Antibiotics (Basel). 2021 May 2;10(5):523. doi: 10.3390/antibiotics10050523

4. Omoregie R, Erebor JO, Ahonkhai I, Isibor JO, Ogefere HO. Observed changes
in the prevalence of uropathogens in Benin City, Nigeria. N Z J Med Lab Sci.
2008;62:29-33.

5. Millan Y, Hernandez E, Millan B, Araque M. Distribution of phylogenetic groups
and virulence factors in CTX-M-15 beta-lactamase-producing uropathogenic
Escherichia coli strains isolated from patients in the community of Merida, Venezuela.
Rev Argent Microbiol. 2014;46:175-181.

6. Foxman B. Epidemiology of urinary tract infections: incidence, morbidity, and
economic costs. Am J Med. 2002 Jul 8;113 Suppl 1A:5S-13S. doi: 10.1016/50002-
9343(02)01054-9

7. BlixHS,Reed], St MO. Large variation in antibacterial use among Norwegian nursing
homes. Scand J Infect Dis. 2007;39(6-7):536-41. doi: 10.1080/00365540601113701

8. Tandogdu Z, Wagenlehner FM. Global epidemiology of urinary tract infections.
Curr Opin Infect Dis. 2016 Feb;29(1):73-9. doi: 10.1097/QC0.0000000000000228

9. Miotla P, Romanek-Piva K, Bogusiewicz M, Markut-Miotla E, Adamiak A,
Wrébel A, e al. Antimicrobial Resistance Patterns in Women with Positive Urine
Culture: Does Menopausal Status Make a Significant Difference? Biomed Res Int.
2017;2017:4192908. doi: 10.1155/2017/4192908

10.  Stamm WE, Norrby SR. Urinary tract infections: disease panorama and challenges. ]
Infect Dis. 2001 Mar 1;183 Suppl 1:S1-4. doi: 10.1086/318850 :S1—4

11. Linhares I, Raposo T, Rodrigues A, Almeida A. Incidence and diversity of
antimicrobial multidrug resistance profiles of uropathogenic bacteria. Biomed Res
Int. 2015;2015:354084. doi: 10.1155/2015/354084

12, Kranz J, Bartoleti R, Bruyere E Cai T, Geerlings S, Kéves B, ¢ al. European
Association of Urology Guidelines on Urological Infections: Summary of the 2024
Guidelines. FEur Urol. 2024 Jul;86(1):27-41. doi: 10.1016/j.eururo.2024.03.035

13. European Centre for Disease Prevention and Control. Antimicrobial resistance.
Available from: https://www.ecdc.europa.eu/en/antimicrobial-resistance

14. Aluculesei BC. Antibiotic resistance in Romania: An economic and medical
challenge. J Sci Res. 2017;3:1-8.

15. Chibelean CB, Petca RC, Mares C, Popescu RI, Eniké B, Mehedintu C, e/ al. A
Clinical Perspective on the Antimicrobial Resistance Spectrum of Uropathogens in
a Romanian Male Population. Microorganisms. 2020 Jun 5;8(6):848. doi: 10.3390/
microorganisms8060848

16.  Chita T, Timar B, Muntean D, Baditoiu L, Horhat F, Hogea E, e al. Urinary tract
infections in Romanian patients with diabetes: prevalence, etiology, and risk factors.
Ther Clin Risk Manag, 2016 Dec 16;13:1-7. doi: 10.2147/TCRM.S123226

17. Miftode IL, Nastase EV, Miftode RS, Miftode EG, Iancu LS, Lunca C, ¢t al. Insights
into multidrug-resistant K. pneumoniae urinary tract infections: From susceptibility to
mortality. Exp Ther Med. 2021 Oct;22(4):1086. doi: 10.3892/etm.2021.10520

18.  Clinical and Laboratory Standards Institute (CLSI). Performance standards for
antimicrobial susceptibility testing 31st ed. CLSI supplement M100. Wayne (PA):
Clinical and Laboratory Standards Institute; 2021.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

39.

40.

41.

42.

19. Petca RC, Mares C, Petca A, Negoita S, Popescu RI, Bot M, ¢/ al. Spectrum and
Antibiotic Resistance of Uropathogens in Romanian Females. Antibiotics (Basel).
2020 Aug 1;9(8):472. doi: 10.3390/antibiotics9080472

Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. P T 2015
Apr;40(4):277-83.

21. Salvatore S, Salvatore S, Cattoni E, Siesto G, Serati M, Sorice P, Torella M.
Urinary tract infections in women. Eur J Obstet Gynecol Reprod Biol. 2011
Jun;156(2):131-6. doi: 10.1016/j.¢jogrb.2011.01.028

Schito GC, Naber KG, Botto H, Palou ], Mazzei T, Gualco L, Marchese A. The
ARESC study: an international survey on the antimicrobial resistance of pathogens
involved in uncomplicated urinary tract infections. Int J Antimicrob Agents. 2009
Nov;34(5):407-13. doi: 10.1016/j jjantimicag,2009.04.012

Plate A, Kronenberg A, Risch M, Mueller Y, Di Gangi S, Rosemann T} ¢ al. Active
surveillance of antibiotic resistance patterns in urinary tract infections in primary
care in Switzerland. Infection. 2019 Dec;47(6):1027-1035. doi: 10.1007/515010-019-
01361-y

Silva A, Costa E, Freitas A, Almeida A. Revisiting the Frequency and Antimicrobial
Resistance Patterns of Bacteria Implicated in Community Urinary Tract Infections.
Antibiotics (Basel). 2022 Jun 3;11(6):768. doi: 10.3390/antibiotics11060768

El Bouamri MC, Arsalane L, Kamouni Y, Yahyaoui H, Bennouar N, Berraha
M, et al. Profil actuel de résistance aux antibiotiques des souches d’Escherichia coli
uropathogénes et conséquences thérapeutiques [Current antibiotic resistance profile
of uropathogenic Escherichia coli strains and therapeutic consequences|. Prog Urol.
2014 Dec;24(16):1058-62. French. doi: 10.1016/j.purol.2014.09.035

Ramrakhia S, Raja K, Dev K, Kumar A, Kumar V, Kumar B. Comparison of
Incidence of Urinary Tract Infection in Diabetic vs Non-Diabetic and Associated
Pathogens. Cureus. 2020 Sep 17;12(9):¢10500. doi: 10.7759/cureus. 10500

Kwon KT, Kim B, Ryu SY, Wie SH, Kim J, Jo HU, ¢/ al. Changes in Clinical
Characteristics of Community-Acquired Acute Pyelonephritis and Antimicrobial
Resistance of Uropathogenic Escherichia coli in South Korea in the Past Decade.
Antibiotics (Basel). 2020 Sep 18;9(9):617. doi: 10.3390/antibiotics9090617

Gupta K, Sahm DE Mayfield D, Stamm WE. Antimicrobial resistance among
uropathogens that cause community-acquired urinary tract infections in women: a
nationwide analysis. Clin Infect Dis. 2001 Jul 1;33(1):89-94. doi: 10.1086/320880
Koeijers JJ, Verbon A, Kessels AG, Bartelds A, Donkers G, Nys S, ¢/ al. Urinary tract
infection in male general practice patients: uropathogens and antibiotic susceptibility:
Urology. 2010 Aug;76(2):336-40. doi: 10.1016/j.urology:2010.02.052

Gajdéacs M, Batori Z, Abrok M, Lazar A, Buridn K. Characterization of Resistance
in Gram-Negative Urinary Isolates Using Existing and Novel Indicators of Clinical
Relevance: A 10-Year Data Analysis. Life (Basel). 2020 Feb 11;10(2):16. doi: 10.3390/
life10020016

Caskurlu H, Culpan M, Erol B, Turan I, Vahaboglu H, Caskurlu T. Changes in
Antimicrobial Resistance of Urinary Tract Infections in Adult Patients over a 5-Year
Period. Urol Int. 2020;104(3-4):287-292. doi: 10.1159/000504415

Muhammad A, Khan SN, Ali N, Rehman MU, Ali I. Prevalence and antibiotic
susceptibility pattern of uropathogens in outpatients at a tertiary care hospital. New
Microbes New Infect. 2020 Jun 13;36:100716. doi: 10.1016/j.nmni.2020.100716
Shrestha LB, Baral R, Khanal B. Comparative study of antimicrobial resistance and
biofilm formation among Gram-positive uropathogens isolated from community-
acquired urinary tract infections and catheter-associated urinary tract infections.
Infect Drug Resist. 2019 Apr 23;12:957-963. doi: 10.2147/IDR.S200988

Bonadio M, Meini M, Spitaleri P, Gigli C. Current microbiological and clinical
aspects of urinary tract infections. Eur Urol. 2001 Oct;40(4):439-44; discussion 445.
doi: 10.1159/000049813

Grude N, Tveten Y, Kristiansen BE. Urinary tract infections in Norway: bacterial
etiology and susceptibility. A retrospective study of clinical isolates. Clin Microbiol
Infect. 2001 Oct;7(10):543-7.

Nicolle LE. Urinary tract infections in the eldery. Clin Geriatr Med. 2009
Aug;25(3):423-36. doi: 10.1016/j.cger.2009.04.005

Petca RC, Popescu RI, Mares C, Petca A, Mehedintu C, Sandu I, Maru N. Antibiotic
resistance profile of common uropathogens implicated in urinary tract infections in
Romania. Farmacia. 2019;67:994-1004.

Hrbacek J, Cermak P, Zachoval R. Current Antibiotic Resistance Trends of
Uropathogens in Central Europe: Survey from a Tertiary Hospital Urology
Department 2011-2019. Antibiotics (Basel). 2020 Sep 22;9(9):630. doi: 10.3390/
antibiotics9090630

Faine BA, Rech MA, Vakkalanka P, Gross A, Brown C, Harding SJ, ¢ al. High
prevalence of fluoroquinolone-resistant UTIT among US emergency department
patients diagnosed with urinary tract infection, 2018-2020. Acad Emerg Med. 2022
Sep;29(9):1096-1105. doi: 10.1111/acem. 14545

Smithson A, Ramos J, Nifio E, Culla A, Pertierra U, Friscia M, ¢t al. Characteristics
of febrile urinary tract infections in older male adults. BMC Geriatr. 2019 Nov
29;19(1):334. doi: 10.1186/512877-019-1360-3

Goossens H, Ferech M, Vander Stichele R, Elseviers M; ESAC Project Group.
Outpatient antibiotic use in Europe and association with resistance: a cross-national
database study. Lancet. 2005 Feb 12-18;365(9459):579-87. doi: 10.1016/50140-
6736(05)17907-0

El Hage R, Losasso C, Longo A, Petrin S, Ricci A, Mathieu E ¢ al. Whole-genome
characterisation of TEM-1 and CMY-2 -lactamase-producing Salmonella Kentucky
ST198 in Lebanese broiler chain. ] Glob Antimicrob Resist. 2020 Dec;23:408-416.
doi: 10.1016/j,jgar.2020.11.002

JOURNAL of MEDICINE and LIFE. VOL: 19 ISSUE: 3 MARCH 2026

© 2026 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.


https://www.ecdc.europa.eu/en/antimicrobial-resistance?utm_source=chatgpt.com

43.

46.

47.

48.

49.

JOURNAL of MEDICINE =nd LIFE

Mei H, Yang T, Wang J, Wang R, Cai Y. Efficacy and safety of tigecycline in
treatment of pneumonia caused by MDR Acinetobacter baumannii: a systematic
review and meta-analysis. ] Antimicrob Chemother. 2019 Dec 1;74(12):3423-3431.
doi: 10.1093/jac/dkz337

Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections:
epidemiology, mechanisms of infection and treatment options. Nat Rev Microbiol.
2015 May;13(5):269-284. doi:10.1038/nrmicro3432

Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, Scheld M, et
al. Bad bugs, no drugs: No ESKAPE! An update from the Infectious Diseases Society
of America. Clin Infect Dis. 2009 Jan 1;48(1):1-12. doi:10.1086/595011

Spellberg B, Gilbert DN. The future of antibiotics and resistance: a tribute to a
career of leadership by John Bartlett. Clin Infect Dis. 2014 Sep;59(Suppl 2):S71-S75.
doi:10.1093/cid/ciu392

Ku JH, Bruxvoort KJ, Salas SB, Varley CD, Casey JA, Raphael E, ¢ al. Multi-drug
resistance of Escherichia coli from outpatient uncomplicated urinary tract infections
ina large US. integrated health care organization. Open Forum Infect Dis.
2023;10(7):0fad287. doi:10.1093/ofid/ ofad287

Chibelean CB, Petca R-C, Mares C, Popescu R-I, Eniké B, Mehedintu C, ¢t al. A
clinical perspective on the antimicrobial resistance spectrum of uropathogens in a
Romanian male population. Microorganisms. 2020 Jun 5;8(6):848.

Mares C, Petca R-C, Petca A, Popescu R-I, Jinga V. Does the COVID pandemic
modify the antibiotic resistance of uropathogens in female patients? A new storm?
Antibiotics. 2022 Mar 10;11(3):376

50.

Sl

52.

53.

54.

55.

Petca R-C,, Mares C, Eniké B, Popescu R-1, Petca A. Antibiotic resistance trends of'
Escherichia coli isolated from urine cultures in female patients over a 5-year period in
a tertiary care hospital. Antibiotics. 2023 Jun 2;12(6):948.

Gajdécs M, Abrok M, Lazar A, Burian K. Increasing relevance of Gram-positive
coccl in urinary tract infections: a 10-year analysis of their prevalence and resistance
trends. Sci Rep. 2020 Oct 19;10(1):17658. doi: 10.1038/541598-020-74834-y

Khalil MA, Alorabi JA, Al-Otaibi LM, Ali SS, Elsilk SE. Antibiotic Resistance and
Biofilm Formation in Enterococcus spp. Isolated from Urinary Tract Infections.
Pathogens. 2022 Dec 25;12(1):34. doi: 10.3390/pathogens12010034

Ferede ZT, Tullu KD, Derese SG, Yeshanew AG. Prevalence and antimicrobial
susceptibility pattern of Enterococcus species isolated from different clinical samples
at Black Lion Specialized Teaching Hospital, Addis Ababa, Ethiopia. BMC Res
Notes. 2018 Nov 6;11(1):793. doi: 10.1186/513104-018-3898-0 5

Joya M, Aalemi AK, Baryali AT Prevalence and Antibiotic Susceptibility of the
Common Bacterial Uropathogen Among UTT Patients in French Medical Institute
for Children. Infect Drug Resist. 2022 Aug 6;15:4291-4297. doi: 10.2147/IDR.
S353818

Mares C, Petca RC, Popescu RI, Petca A, Geavlete BE Jinga V. Uropathogens’
antibiotic resistance evolution in a female population: a sequential multi-year

comparative analysis. Antibiotics (Basel). 2023;12(6):948.

JOURNAL of MEDICINE and LIFE. VOL: 19 ISSUE: 3 MARCH 2026

© 2026 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



