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/ Abstract \

Urinary tract infections (UTls) are among the most common bacterial infections worldwide and represent a significant public health concern
due to their high prevalence, recurrence, and increasing antimicrobial resistance. The distribution of uropathogens and their resistance patterns
varies geographically, highlighting the importance of local epidemiological data to guide empirical therapy. This study aimed to characterize the
bacterial profile of UTIs and assess antimicrobial susceptibility patterns in the Béni Mellal region of Morocco. An analytical study was conducted
on 800 urine samples collected from outpatients and hospitalized patients at the Regional Hospital Center of Béni Mellal. Only samples with
significant bacteriuria (210° CFU/mL) were included. Bacterial identification was performed using standard microbiological techniques, including
Gram staining and the API 20E system. Antimicrobial susceptibility testing was carried out using the disk diffusion method in accordance with
EUCAST/CLSI guidelines. Statistical analysis was performed using SPSS software, with a significance threshold set at p < 0.05. Out of 800
urine samples analyzed, 116 were positive for urinary tract infection, corresponding to a prevalence of 14.5%. A female predominance was
observed (60.3% vs 39.7% in males), and the majority of cases occurred in elderly patients (63.8%), followed by adults (27.6%) and children
(8.6%). Microbiological analysis revealed a clear predominance of Escherichia coli (74.14%), followed by Klebsiella pneumoniae (20.07%),
while other pathogens such as Proteus mirabilis, Pseudomonas spp., and Staphylococcus spp. were less frequently isolated. Stratified analysis
showed a significant association between E. coli infection and female sex (p = 0.034), as well as advanced age (p = 0.0012). Similarly, K.
pneumoniae was significantly more prevalent among elderly patients (p < 0.0001). In addition, E. coli was more frequently isolated in outpatients
compared to hospitalized patients (67.44% vs 32.57%; p = 0.030). Antimicrobial susceptibility testing revealed high resistance rates to commonly
prescribed antibiotics, particularly amoxicillin (66%), ticarcillin (72%), and nalidixic acid (43%), along with notable resistance to ciprofloxacin and
trimethoprim—sulfamethoxazole. In contrast, higher susceptibility rates were observed for mecillinam (82%), piperacillin—tazobactam (80%), and
third-generation cephalosporins such as cefotaxime and cefoxitin (approximately 75%). This study confirms the predominance of Escherichia
coliin UTls and reveals alarming levels of antimicrobial resistance among uropathogens in the Béni Mellal region. These findings underscore the
urgent need for continuous local surveillance and the rational use of antibiotics to optimize empirical treatment strategies and limit the spread of
resistant strains.
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INTRODUCTION

Urinary tract infections (UTIs) represent one of the most
common bacterial infections globally and pose a major public
health challenge due to their high prevalence, associated
morbidity, and economic impact. These infections can affect
various components of the urinary system, including the
urethra, bladder, and kidneys, and are associated with clinical
manifestations such as dysuria, increased urinary frequency,
flank pain, and fever. Without appropriate treatment, UTIs
may progress to severe complications, including renal
damage, systemic infections, and recurrent episodes[1-3, 4-5].
From an etiological standpoint, UTIs are primarily caused by
bacteria, most commonly enterobacteria originating from
the intestinal microbiota. Among these, Escherichia coli is the
predominant pathogen, followed by Klebsiella pneumoniae,
Proteus mirabilis, Enterococcus faecalis, and Staphylococcus
saprophyticus. However, the distribution of uropathogens
varies depending on patient demographics, clinical context,
and geographic region [1-2, 4-6, 7].

The increasing prevalence of antimicrobial resistance among
uropathogens has become a major concern worldwide.
This phenomenon is largely driven by empirical antibiotic
use and misuse, particularly when microbiological data are
unavailable. The emergence of multidrug-resistant organisms,
especially extended-spectrum [(-lactamase (ESBL)-producing
strains, significantly complicates treatment and increases the
risk of poor clinical outcomes [1-4, 7-8].

Moreover, regional differences in microbial ecology and
resistance patterns emphasize the importance of local
epidemiological surveillance to guide appropriate empirical
therapy [3-4, 9]. In developing countries, including Morocco,
this challenge is further compounded by factors such as self-
medication, unregulated antibiotic access, and variability in
prescribing practices. Despite these concerns, data remain
limited in certain regions, including Béni Mellal.

The present study aims to characterize the bacterial profile
of UTls and analyze antimicrobial susceptibility patterns in
the Béni Mellal region. We hypothesize that Escherichia coli
is the predominant pathogen, alongside a diverse microbial
spectrum, with high levels of antimicrobial
including multidrug-resistant phenotypes. The findings are
expected to contribute to improved empirical treatment
strategies and support rational antibiotic use at the local level.

resistance,

PATIENTS AND METHODS

Patients

This was an analytical study conducted on 800 urine samples
collected from both outpatients and hospitalized patients
who underwent a urine cytobacteriological examination
(ECBU). Demographic data, including patients’ age and sex,

were retrieved from the laboratory information system. The
study was carried out in the bacteriology laboratory of the
Regional Hospital Center of Beni Mellal and encompassed all
ECBU tests performed during the study period.

The primary objective was to assess the prevalence of
bacterial urinary tract infections and to determine the
antibiotic susceptibility profiles of the isolated pathogens.
The study population included all patients who underwent
an ECBU during this period. Only samples demonstrating
significant bacterial growth were included in the analysis.
Polymicrobial samples, considered to be contaminated, as
well as incomplete records, were excluded.

Methods

Sample Collection and Bacterial Isolation

Urine samples were collected aseptically, primarily using
the midstream clean-catch method, in accordance with
standard recommendations.
transported to the laboratory and processed without delay

to ensure result reliability. Cytobacteriological examination

Specimens were promptly

included macroscopic and microscopic analyses (leukocytes,
erythrocytes, and bacteria), as well as bacterial culture.
Samples were inoculated onto appropriate media: CLED
(Cystine Lactose Electrolyte Deficient), a non-selective
medium supporting the growth of both Gram-positive and
Gram-negative bacteria, and EMB (Eosin Methylene Blue), a
selective and differential medium for Gram-negative bacteria.
Cultures were incubated at 37 °C for 18 to 24 hours, in
accordance with ECAST (2017) recommendations.

Bacterial Identification

Samples with bacterial counts =105 CFU/mL were considered
positive. Isolated colonies were characterized based on
morphology and Gram staining: Gram-positive bacteria
appeared purple, whereas Gram-negative bacteria appeared
pink. Identification of non-fastidious Gram-negative bacilli
was performed using the API 20E system, which consists of 20
microtubes containing dehydrated substrates for assessing
carbohydrate fermentation and enzymatic activities such as
[-galactosidase and urease. The microtubes were inoculated
with a bacterial suspension, incubated at 37 °C for 24
hours, and interpreted using the manufacturer's reference
table or the APIWEB software. Differentiation between
Streptococcus and Staphylococcus species was achieved using
the catalase test: bubble formation upon contact with 3%
indicates Staphylococcus.
Staphylococcus strains (S. aureus) were further confirmed by
positive DNase and coagulase tests.

hydrogen peroxide Pathogenic

Antimicrobial Susceptibility Testing

The antimicrobial susceptibility of bacterial isolates was
assessed using the disk diffusion method on Mueller-Hinton
agar, in accordance with current EUCAST/CLSI guidelines.
Antibiotic-impregnated disks at standardized concentrations
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were applied to the agar surface using a dispenser, allowed
to diffuse for 3 minutes at room temperature, and then
incubated at 37 °C for 24 hours.

The antibiotics tested covered several classes, including
amoxicillin, ticarcillin, amoxicillin/clavulanic acid (Augmentin),
ciprofloxacin,  trimethoprim-sulfamethoxazole  (Bactrim),
mecillinam,  piperacillin/tazobactam, cefotaxime,
cefoxitin. Inhibition zones were interpreted according to

and

ECAST (2017) guidelines to classify isolates as susceptible (S),
intermediate (1), or resistant (R).

Statistical Analysis

Data analysis was performed using SPSS and Excel software.
Qualitative variables were expressed as frequencies and
percentages. The chi square test (x? was used to assess
the association between the type of isolated bacterium and
the variables age, sex, and patient status (Ambulatory vs
hospitalized). The threshold for statistical significance was set
at p <0.05.

Figure 1. Demographic Characteristics of Patients.

RESULTS

Demographic Characteristics of Patients

Among the 800 patients included in this study, 116 cases
of urinary tract infection confirmed by a positive urine
cytobacteriological (ECBU) identified,
corresponding to a prevalence of 14.5% (Figure 1, A). A
female predominance was observed among these cases,
with 70 women (60.3%) compared to 46 men (39.7%) (Figure
1, B). Analysis of the age distribution revealed a marked
predominance of elderly patients, who accounted for 63.8% of
cases (n = 74), followed by adults (27.6%, n = 32) and children
(8.6%, n = 10) (Figure 1, C). These findings highlight a higher
frequency of urinary tract infections among the elderly, as
well as a female predominance within this population.

examination were
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Analysis of the distribution of isolated uropathogens by age group among the included patients

The analysis of the distribution of uropathogens isolated from 116 patients with positive urine cultures, stratified by age
groups, revealed a clear predominance of Escherichia coli (74.14%), followed by Klebsiella pneumoniae (20.07%). Furthermore,
a significant overrepresentation of these two bacterial species was observed among elderly patients (Escherichia coli: 60.46%,
p = 0.0012; Klebsiella pneumoniae: 66.7%, p < 0.0001) (Table 1). These findings highlight the critical role of advanced age as
a major risk factor for the occurrence of urinary tract infections, particularly those involving opportunistic and potentially

multidrug-resistant pathogens.In addition, these results suggest an increased susceptibility of older populations to atypical

uropathogens compared to the enterobacteria classically implicated. This heightened vulnerability may be explained by

mechanisms such as immunosenescence, as well as the high prevalence of comorbidities in this age group.
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Table 1. The distribution of isolated uropathogens by age group.

Isolated urinary Total Age group, N (%)

tract r?a(';zt)ogens, (N=116) Children Adults ﬂgﬁ; P value
Escherichia coli gaaey  CUM 3% eoae 00012
Klebsiella pneumoniae (2::)7} 01(04.16)  07(29.16) 16 (66.67) 5 goo1
Staphylococcus o c?é 6 00 (00.00) 00 (00.00) 01 (100.0) 1
Proteus mirabilis (0235 & 00 (00.00) 00 (00.00) 03 (100.0) L
Pseudomonas 02 00 (00.00) 00 (00.00) 02 (100.0) 1

(01.72)

Analysis of the distribution of isolated urinary pathogens by sex of the included patients

The gender-stratified analysis of uropathogen distribution among the 116 included patients revealed that Escherichia coli
was the most prevalent isolate (74.14%), followed by Klebsiella pneumoniae (20.07%). Notably, E. coli was significantly more
common in women than in men respectively (62.79% vs 37.21%, p = 0.034), while no significant gender differences were
observed for Klebsiella pneumoniae (58.33 % vs 41.67%, p = 0.78) or the less frequent isolates, including Staphylococcus
(0.86%), Proteus mirabilis (2.58%), and Pseudomonas (1.72%) (Table 2). These findings underscore the female predominance
of E. coliin urinary tract infections, consistent with anatomical and physiological predispositions, whereas other uropathogens
did not demonstrate a statistically significant gender bias.

Table 2. The distribution of isolated urinary pathogens by sex.

Isolated urinary Total Gender, N (%)

tract ’?t}'l;z)ogens, (N=116) Men Women P value
Escherichia coli (7:'5;4) (3;221) (62,5_4.,9) 0.034
Klebsiella pneumoniae (202:)7) (411.27) (5;‘_‘33) 0.78
Staphylococcus (och). 18 6) (1c?01.0) (08.%0) 1
Proteus mirabilis (02_358) (62_27) (3:;)_133) 1
Pseudomonas (0?_32) (58%30) (5(?.2)0) 1

Analysis of the distribution of isolated uropathogens by patient type (ambulatory vs hospitalized) among the included
patients

The distribution of uropathogens isolated from outpatients and hospitalized patients is presented in Table 3. A significantly
higher proportion of Escherichia coli isolates was observed among outpatients (67.44%; n = 58) compared to hospitalized
patients (32.57%; n = 28) (p = 0.030). In contrast, Klebsiella pneumoniae was more frequently isolated from outpatients
(58.33%; n = 14) than from hospitalized patients (41.67%; n = 10); however, this difference was not statistically significant (p =
0.78) (Table 3).

Table 3. The distribution of isolated uropathogens by patient type (ambulatory vs hospitalized).

Isolated urinary Total Patient type , N (%) p
tract pathogens,  (N=116) Ambulatorial Hospitalized qe
n (%) patients patients
. . 86 58 28 0.030
Escherichia coli (74.14) (67.44) (32.57)
Klebsiella pneumoniae (25‘67) (5;.433) (4112,7) 078
o1 00 o1
Staphylococcus (00.86) (00.00) (100.0) 1
s 03 03 00
Proteus mirabilis (02.58) (100.0) (00.00) 1
02 02 00
Pseudomonas (01.72) (100.0) (00.00) !
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Profile of antibiotic resistance of urinary pathogens isolated in this study
The overall analysis of antibiotic susceptibility profiles, illustrated in Figure 2, highlights a concerning prevalence of antibiotic

resistance among the main uropathogens isolated. High resistance is observed against unprotected penicillins, particularly

amoxicillin and ticarcillin, as well as against some commonly prescribed agents such as ciprofloxacin and trimethoprim-

sulfamethoxazole. In contrast, the best antibacterial activities are associated with mecillinam, the piperacillin-tazobactam

combination, and third generation and related cephalosporins (cefotaxime, cefoxitin) (Figure 2).

Figure 2. Profiles of sensitivity and resistance to antibiotics.

mS mRl mR
86 87
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29 31
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0 > 3 6
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Abbreviation: TIC: Ticarcillin, AMC: Amoxicillin-clavulanic acid, NA: Nalidixic acid, TZP: Piperacillin-tazobactam, CTX: Cefotaxim,
FOX: Cefoxitin , SXT: Trimethoprim-sulfamethoxazole, CIP: Ciprofloxacin, AML: Amoxicillin, MEL: Mecillinam, S:Susceptible,

RI: intermediate resistance, R: resistance.

In Escherichia coli, the predominant pathogen, quantitative
data confirm a high level of resistance to ticarcillin (72 %),
amoxicillin (66 %), and nalidixic acid (43 %), as shown by
the distribution of phenotypes in Figure 3. Intermediate
resistance is also observed for amoxicillin-clavulanic acid
trimethoprim-sulfamethoxazole. In contrast, high
susceptibility is maintained for mecillinam (82 %) and
piperacillin-tazobactam (80 %), as well as for cephalosporins
(cefotaxime and cefoxitin, 75 %), suggesting their therapeutic
relevance in this setting (Figure 3).

The profile of Klebsiella spp. appears similar but with increased
variability, marked by notable resistance to classical beta
lactams and relatively preserved efficacy of cephalosporins
and mecillinam. This heterogeneity may reflect the diversity of
resistance mechanisms, including the production of extended
spectrum beta lactamases (Figure 3).

For Proteus mirabilis, the results indicate full susceptibility
to piperacillin-tazobactam-based combinations and to

and

cephalosporins (cefotaxime, cefoxitin), while substantial
ticarcillin, nalidixic acid,
ciprofloxacin, and trimethoprim-sulfamethoxazole. However,
interpretation of these results should be cautious due to the
limited sample size, as suggested by the narrow spread of
values in Figure 3.

Finally, Pseudomonas species stand out by a marked multidrug

resistance is observed for

resistant profile, with almost no susceptibility to most
tested antibiotics, except for a marginal response to a few
agents. This phenotype, clearly illustrated in Figure 3 by the
predominance of bars corresponding to resistance, highlights
the major therapeutic challenge posed by this opportunistic
pathogen. Overall, these findings underscore a concerning
evolution of bacterial resistance in urinary tract infections,
justifying the need for tailored therapeutic strategies based
on local susceptibility data and the reinforcement of policies
promoting the appropriate use of antibiotics.
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Figure 3. Profiles of sensitivity and antibiotic resistance based on isolated urinary pathogens.
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Abbreviation: TIC: Ticarcillin, AMC: Amoxicillin-clavulanic acid, NA: Nalidixic acid, TZP: Piperacillin-tazobactam, CTX: Cefotaxim,
FOX: Cefoxitin, SXT: Trimethoprim-sulfamethoxazole, CIP: Ciprofloxacin, AML: Amoxicillin, MEL: Mecillinam, S:Susceptible,

RI: intermediate resistance, R: resistance.
DISCUSSION

Urinary tract infections (UTIs) remain a major public health
concern due to their high incidence, potential morbidity, and
the alarming rise in antimicrobial resistance. In our series
of 800 urine cytobacteriological examinations (UCBE), the
prevalence of confirmed infections was 14.5%. This rate falls
within the range reported in Morocco and North Africa, where
prevalence typically varies between 15% and 17% depending
on study populations and recruitment criteria [10]. Beyond
this consistency, our study provides updated data in a context
where recent local information on microbiological profiles
and resistance patterns remains limited, thereby enhancing
its epidemiological relevance.

From an etiological perspective, our findings confirm the clear
predominance of Escherichiacoli(74.14%), followed by Klebsiella
pneumoniae (20.07%), while other pathogens remain marginal
(Table 1). This distribution is consistent with international data
identifying E. coli as the leading uropathogen and Klebsiella
as the second most frequent agent [11]. However, the
relatively high proportion of Klebsiella observed in our series,
particularly in certain subgroups, may reflect a gradual shift
toward more complex microbiological profiles, potentially
driven by healthcare exposure and antibiotic use [12].
Age-stratified analysis revealed a higher concentration of
cases among elderly patients, with an overrepresentation
of E. coli and Klebsiella pneumoniae (Table 2). This finding
aligns with the recognized role of aging as a major risk factor,
associated with immunosenescence, multimorbidity, and
functional urinary disorders [12]. It may also reflect contextual

factors specific to our setting, including increased antibiotic
exposure and more frequent healthcare utilization, which can
promote the selection of opportunistic enterobacteria.

Sex distribution

confirmed the predominance of E.

coli consistent with known
anatomical and physiological mechanisms and supported

by the literature [13]. The absence of significant sex-related

infections among women,

differences for other pathogens suggests that sex-related
determinants mainly influence uncomplicated community-
acquired infections.

Analysis according to patient status showed a predominance
of E. coli in outpatient settings, indicating a substantial
contribution of community-acquired infections in our cohort
(Table 3). This trend is consistent with findings from other
African and Moroccan studies reporting a predominance
of community-associated enterobacteria in positive urine
cultures [10]. It may also be influenced by local prescribing
practices and relatively uncontrolled access to antibiotics,
contributing to selective pressure in the community.

The antimicrobial resistance profile represents the most
concerning aspect of our findings. The high resistance rates
of E. coli to amoxicillin, ticarcillin, and nalidixic acid, along with
notable resistance to ciprofloxacin and cotrimoxazole (Figure
3), reflect a loss of efficacy of antibiotics historically used as
first-line treatments [11, 14]. This situation may be partly
explained by the extensive and sometimes inappropriate
use of these agents, including
empirical treatment without microbiological confirmation, a

self-medication and

phenomenon widely described in middle-income countries.
In contrast, certain antibiotics such as mecillinam, piperacillin-
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tazobactam, and some cephalosporins retain satisfactory
activity (Figure 3). However, this observation should be
interpreted with caution in a context marked by the increasing
spread of extended-spectrum beta-lactamases (ESBLs) [11-
12, 15]. Klebsiella pneumoniae, in particular, is frequently
associated with higher resistance levels, especially in hospital
settings or in ESBL-producing strains, which is consistent with
the heterogeneity observed in our series [12, 15]. The lack of
molecularcharacterizationinour study represents asignificant
limitationinaccuratelyassessingtheseresistancemechanisms.
The profiles of Proteus mirabilis and Pseudomonas spp.
further illustrate the growing complexity of UTIs (Figure
3). While Proteus retains relative susceptibility to certain
antibiotic classes, significant resistance to commonly used
oral agents is already evident. Pseudomonas, on the other
hand, exhibits a frequently multidrug-resistant profile, posing
a major therapeutic challenge, particularly in vulnerable or
hospitalized patients [12].

Nevertheless, several limitations must be acknowledged.
The retrospective and monocentric design may limit the
generalizability of our findings. The lack of detailed clinical
data prevents precise identification of associated risk factors
and limits stratification according to infection severity
or complexity. Furthermore, the absence of molecular
analyses restricts the exploration of resistance mechanisms,
particularly the true prevalence and dissemination dynamics
of ESBL-producing strains.

In clinical practice, these findings have direct implications
for the management of UTIs in our setting. They highlight
the need to adapt empirical antibiotic therapy to local
resistance patterns [11, 16]. The empirical use of antibiotics
such as amoxicillin, ciprofloxacin, or cotrimoxazole appears
increasingly inappropriate without prior microbiological
documentation. Conversely, antibiotics that retain satisfactory
activity could be prioritized in updated local guidelines. These
results also emphasize the importance of strengthening
stewardship strategies
microbiological surveillance to curb the progression of

antimicrobial and continuous

antimicrobial resistance [16].

CONCLUSION

This study confirms that urinary tract infections in the Beni
Mellal region are predominantly caused by Escherichia
coli, followed by Klebsiella pneumoniae, with a clear
predominance among women and elderly patients. More
concerningly, antimicrobial susceptibility patterns reveal
a marked decline in the effectiveness of several agents
commonly used in empirical therapy, including amoxicillin,
ticarcillin, ciprofloxacin, and trimethoprim-sulfamethoxazole.
In contrast, mecillinam, piperacillin-tazobactam, and certain
cephalosporins have retained comparatively better in vitro

activity, suggesting that they may represent more appropriate
therapeutic options in this context, pending microbiological
confirmation.

Overall, thesefindings highlightthe urgentneed for continuous
local surveillance of uropathogens and their resistance
profiles, as well as the implementation of antimicrobial
stewardship strategies to promote rational prescribing and
limit the spread of multidrug-resistant organisms. Such
measures are essential to improve the quality of care for
patients with urinary tract infections and to preserve the
effectiveness of available antimicrobial agents.
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