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Abstract

Background: Nosocomial urinary tract infections is a real public health problem due to their impact on mor-
bidity, mortality, and healthcare costs. There are few studies that have examined their characteristics, especial-
ly in an intensive care setting. We are attempting to study their characteristics in two tertiary military hospitals
in Morocco.

Methods: This is a retrospective study conducted over 34 months in the intensive care unit (ICU) of the Mou-
lay Imail Military hospital in Meknes (MIMH) and the 5" CMC in Errachidia.

Results: We identified 122 cases of nosocomial urinary tract infection (NUN), with 90 cases in the first hospi-
tal and 32 in the second, with an incidence of 7.15% and 12.26%, respectively.

Conclusion: This work highlights the complexity and heterogeneity of NUI in intensive care; the risk factors
found in our study were urinary catheterization and local practices, both in terms of prevention and antibiotic
therapy. Controlling these infections therefore requires a tailored approach, combining rigorous reinforcement
of urinary catheter prevention bundles and rational antibiotic therapy programs adapted to the specific micro-

bial ecology of each institution.
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Introduction

Nosocomial urinary tract infections (NUI) are one of the
most common complications in hospitals, particularly in
intensive care units. They are a major public health prob-
lem due to their frequency, with urinary tract infections
being among the most common bacterial infections, af-
fecting approximately 150 million people each year [1, 2].
According to the Technical Committee on Nosocomial
Infections (CTIN) and reiterated by the French-Language
Society for Infectious Pathology (SPILF), an infection is
considered nosocomial if it occurs during or following
hospitalization and was neither present nor incubating at
the start of treatment. A minimum period of 48 hours after
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admission is commonly accepted to define the nosocomial
nature of an infection.

NUI account for 40% of all nosocomial infections and
occur in 80% of cases among patients with indwelling uri-
nary catheters (IUC) [3]. In Morocco, the epidemiological
situation of nosocomial urinary tract infections is par-
ticularly concerning. A retrospective study conducted in
the Nephrology Department of CHU Hassan II in Fez re-
vealed an incidence of 16.9% of nosocomial urinary tract
infections, with an average hospital stay of 14.1 days [4].
In this study, 80% of nosocomial urinary tract infections
were complicated, reflecting the severity of the problem in
Moroccan hospitals.

Our work is a retrospective study conducted over 34
months from February 2022 to December 2024 in the An-
esthesia and Intensive Care Unit (ICU) of Moulay Ismail
Military Hospital in Meknes (HMMI) and the 5" Medical-
Surgical Center in Errachidia (5" CMC), involving 122
cases (90 and 32 cases respectively) of nosocomial uri-
nary tract infections during hospitalization. The objective
of our study is to evaluate the incidence of NUI in inten-
sive care, analyze the clinical profile, identify risk factors,
determine the main pathogens involved, and assess thera-
peutic approaches to improve management of urinary tract
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infections in ICU settings.

Materials and methods

This study is a retrospective analysis of the records of
122 cases of nosocomial urinary tract infection during
hospitalization in the intensive care units of two military
hospitals, HOPITAL MILITAIRE MOULAY ISMAIL in
MEKNES (HMMI) and the 5" Medical-Surgical Center
IN ERRACHIDIA (5" CMC), during the period over 34
months from February 2022 to December 2024. We have
created an operating sheet that covers the various param-
eters required for our study.

Inclusion criteria

All patients hospitalized in the intensive care unit of
HMMI and 5™ CMC, whose hospitalization exceeds 48
hours.

Exclusion criteria: Patients hospitalized for <48 hours.
Sampling: The selection was made consecutively and non-
probabilistically.

Data collection tool

A standardized data collection form (Figure S1) was spe-
cifically designed for this study to ensure comprehensive
and systematic data extraction. The operating sheet in-
cluded the following variables:

1. Demographic data: Patient identification number (ano-
nymized) - Age (in years) - Gender (Male/Female) - Date
of admission to ICU - Date of discharge from ICU.

2. Clinical parameters: Date of infection onset, Clinical
signs and symptoms at diagnosis (Fever (temperature >
38°C) - Turbid urine - Hematuria - Dysuria - Suprapubic

Table 1. Summary of NUTI characteristics at HMMI and 5" CMC.

pain - Asymptomatic bacteriuria).

3. Urinary catheterization data: Presence of urinary cath-
eter (Yes/No) - Date of catheter insertion - Date of cath-
eter removal - Duration of catheterization (in days) - Type
of catheter (closed system/open system) - Indication for
catheterization.

4. Previous antibiotic therapy: Antibiotic agents used prior
to NUI diagnosis - Duration of antibiotic therapy - Indica-
tion for antibiotic use.

5. Microbiological data: Date of urine sample collection -
Type of sample (catheter specimen/midstream clean catch)
- Urine culture results: - Isolated microorganism(s) -
Colony count (CFU/mL) - Gram staining results - Antibi-
otic susceptibility testing results - Presence of multidrug-
resistant organisms.

6. Treatment and outcomes: Empirical antibiotic therapy
initiated - Definitive antibiotic therapy based on culture
results - Duration of treatment - Clinical response (im-
provement/no improvement) - Complications (septic
shock, acute kidney injury) - Length of hospital stay (in
days) - Outcome (discharge/death).

7. Prevention measures Compliance with hand hygiene
protocols - Aseptic technique during catheter insertion -
Daily catheter necessity assessment.

This comprehensive operating sheet was piloted on 10
medical records to ensure clarity, completeness, and feasi-
bility before full-scale data collection commenced.

Data collection and analysis

Data were collected from the hospital’s patient medical
records using a data collection form (Figure S2). Data
analysis was performed using Excel software. For micro-
biological data, chi-square tests were performed to assess
statistical significance of differences in pathogen distribu-

Elements studied HMMI 5" CMC Statistical significance
. . . . -Number of cases 90 32 _
Nosocomial urinary tract infection (NUI) _Incidence 715% 12.26% P =0.004
-Men 70% 72%
Gender distribution -Women 30% 28% P=0.83
-Sex ratio (M/F) 2.55 2.33
. L -Patients with NUI 18.79 17.87 P=0.62
Length of hospital stay (median in days) —_p o without NUI 10.95 7.49 P=0.001"
Prevalence of urinary catheterization -Patients surveyed (%) 75% 68.75% p=048
Y -Average survey duration (days) 13.5 10.95 P=0.17
Time to onset of infection (average in days) 8.56 9.65 P=0.31
- Isolated fever 45% 37.5%
. - Fever + Turbid urine 30% 28.12% -~
Symptoms (Percentage distribution) - Fever + hematuria 10% 937% P=0.45
- Asymptomatic 5% 3.12%
Previous antibiotic thera - General 74.5% 68.75% P=0352
Py - Amoxicillin + clavulanic acid 45% 36% P=036
-Gram-negative bacilli (GNB) 60% 100%
Isolated germs on CBEU (%) - Fungi 25% 0%
- Gram-positive cocci 15% 0%

Note: 'Statistically significant (P < 0.05).
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Table 2. Microbiological distribution of isolated pathogens.

Isolated pathogen HMMI (n =90) 5" CMC (n=32) P-value
Gram-negative bacilli (GNB) 54 (60%) 32 (100%) P<0.001"
-Escherichia coli 29 (32.2%) 16 (50%) P=0.07
-Klebsiella pneumoniae 15 (16.7%) 10 (31.25%) P=0.08
-Pseudomonas aeruginosa 7 (7.8%) 4 (12.5%) P=0.42
-Proteus mirabilis 3(3.3%) 2 (6.25%) P=0.42
Fungi 23 (25.6%) 0 (0%) P=0.001"
-Candida albicans 18 (20%) 0 (0%) P=0.005"
-Candida non-albicans 5(5.6%) 0 (0%) P=0.18
Gram-positive cocci (GPC) 13 (14.4%) 0 (0%) P<0.02
-Enterococcus spp. 9 (10%) 0 (0%) P=0.06
-Staphylococcus spp. 4 (4.4%) 0 (0%) P=0.29

Note: "Statistically significant (P < 0.05), “Highly statistically significant (P < 0.001).

tion between the two hospitals. Fisher’s exact test was
used when expected cell counts were less than 5. A P-value
< 0.05 was considered statistically significant. Relative
risk (RR) with 95% confidence intervals (CI) was calcu-
lated for risk factors associated with NUI.

Results

Our work is a descriptive and retrospective study conduct-
ed over the period from February 1, 2022, to December
1, 2024, for a total duration of 34 months. It focused on
122 cases of nosocomial urinary tract infections (NUTIs)
recorded in the intensive care units of the Moulay Ismail
Military Hospital in Meknes (HMMI) and the 5" Medical-
Surgical Center in Errachidia (5" CMC).

Our descriptive retrospective study covered 34 months
(from February 1, 2022 to December 1, 2024), including
122 cases of nosocomial urinary tract infections (NUTIs)
in the ICUs of HMMI and the 5" CMC.

The data analysis identified the distribution of gram-neg-
ative bacilli isolated from the CBEU (Cytobacteriological

Examination of Urine) and their respective frequencies in
both hospitals (Table 1).

Microbiological profile

The data analysis identified significant differences in the
distribution of microorganisms isolated from urine cul-
tures between the two hospitals (Table 2, Figure 1). The
microbiological profile revealed highly significant dif-
ferences between the two centers (x> = 34.7, P < 0.001).
HMMI demonstrated a polymorphic microbial ecol-
ogy with GNB predominance (60%), followed by fungi
(25.6%) and GPC (14.4%). In contrast, 5" CMC showed
100% GNB exclusivity, with complete absence of fungi
and GPC. Among GNB at HMMI, Escherichia coli was
the most common isolate (32.2%), followed by Klebsiella
pneumoniae (16.7%). At 5" CMC, E. coli represented
50% of all isolates and K. pneumoniae 31.25%, together
accounting for over 80% of all infections (RR = 2.1, 95%
CI: 1.4-3.2, P < 0.001). The prevalence of fungal infec-
tions at HMMI (25.6%) was significantly associated with
prior broad-spectrum antibiotic use (RR = 3.8, 95% CI:
2.1-6.9, P < 0.001). Among the 23 fungal isolates, Can-
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dida albicans predominated (78.3%).

Discussion

Our work is a retrospective study covering the period
from February 1, 2022, to December 1, 2024, focusing on
122 cases of nosocomial urinary tract infections (NUI) in
the ICU of the Moulay Ismail Military Hospital in Me-
knes (HMMI) and the 5" CMC in Errachidia. The aim of
this study was to highlight distinct epidemiological and
microbiological profiles, emphasizing the major influence
of local practices on the occurrence of these infections.
The overall prevalence rate of 7.15% at HMMI falls
within the lower range of data reported by international
surveillance networks for intensive care units, which typi-
cally vary between 5% and 15% [5, 6]. In contrast, the
rate of 12.26% observed at the 5" CMC is significantly
higher (P = 0.004) and resembles the most concerning
figures in the literature, signaling a potentially more acute
public health issue in this facility [7, 8]. These findings
are consistent with the landmark EPIC study conducted
across 17 European countries, which reported nosocomial
infection rates varying significantly between centers and
countries [9].

This disparity between centers is all the more significant
given that it contrasts with data on urinary catheteriza-
tion, the main risk factor for UTI [10, 11]. Although the
percentage of patients catheterized and the average dura-
tion of catheterization are slightly higher in HMMI (75%
and 13.5 days) compared to 5" CMC (68.75% and 10.95
days), the incidence of NUIs is conversely lower. This
paradox suggests, as previous studies have pointed out,
that simply quantifying catheterization is insufficient and
that the quality of practices, strict aseptic technique during
insertion, daily maintenance, and, above all, a policy of
early removal play a key role [12].

An audit of practices at the 5" CMC therefore appears to
be a priority in order to identify vulnerabilities in the care
chain. The impact of these infections on morbidity is also
dramatically confirmed by the lengthening of hospital
stays, which is almost doubled for patients with NUIs in
both centers (from 10.95 to 18.79 days in Meknes; P <
0.001), a result that perfectly aligns with numerous stud-
ies quantifying the added financial burden, measured in
hospital-days, caused by healthcare-associated infections
[13].

Microbiological analysis is the most salient aspect of our
work, revealing a statistically significant ecological diver-
gence between the two sites (P < 0.001). In Meknes, the
profile is “polymorphic,” characteristic of an ICU subject
to strong antibiotic selection pressure. The predominance
of gram-negative bacilli (GNB) at 60%, led by Esch-
erichia coli (32.5%), is a classic result [14]. However, the
high proportion of yeasts (25.6%) and gram-positive cocci
(GPC, 14.4%) is particularly instructive and statistically
significant compared to 5" CMC (P < 0.001 and P = 0.02,
respectively).

The high incidence of yeast infections is directly correlat-

ed with previous exposure to broad-spectrum antibiotics
(P < 0.001), a well-documented phenomenon [15]. Our
study shows that 74.4% of patients had received antibiotic
therapy prior to the NUI, with amoxicillin-clavulanic acid
being the most commonly prescribed (45%). The latter is
known to select fungal flora, which probably explains this
result. The latter is known to select fungal flora, which
probably explains this result. Osawa et al. reported that
97.1% of ICU patients with candiduria had received an-
tibiotics, with cefazolin and meropenem being the most
commonly used agents [16]. The significant presence of
Enterococci (10%) and staphylococci (4.4%) completes
this picture of a complex microbial ecology, shaped by
the intensive use of antibiotics. The emergence of these
gram-positive cocci in the ICU setting has been strongly
associated with the widespread use of broad-spectrum
antibiotics, particularly third-generation cephalosporins
and carbapenems, which exert selective pressure favoring
resistant enterococcal and staphylococcal strains [17, 18].
In contrast, 5" CMC’s profile is “monolithic” and atypi-
cal, with 100% GNB exclusivity (P < 0.001 compared to
HMMI). The total absence of GPC and yeasts is rarely
reported in modern intensive care literature. Two main hy-
potheses must be considered. The first, methodological in
nature, would be a laboratory bias: do culture techniques
favor the detection of GNB at the expense of other germs,
or are the latter systematically considered contaminants?
A verification of microbiological protocols is therefore es-
sential to validate this result. The second hypothesis, epi-
demiological in nature, posits the existence of a unique lo-
cal bacterial ecology, where endemic circulation of GNB
strains (E. coli and Klebsiella pneumoniae alone account
for 81.25% of isolates; P < 0.001) and a specific antibiotic
therapy policy exert a selection pressure that spares only
these entities.

At the same time, the very high proportion of patients
who received antibiotic therapy prior to diagnosis of NUI
(nearly 70-75% in both centers) is a major cause for con-
cern. It reflects intense selection pressure, which drives
the emergence of resistance and colonization by opportu-
nistic pathogens. These observations strongly support the
implementation or reinforcement of antibiotic stewardship
programs, focused on the reassessment of probabilistic
treatments and therapeutic de-escalation [19].

However, this study has several limitations inherent to
its retrospective design, including the risk of missing or
incomplete data and the inability to establish a formal
causal relationship between risk factors and infection oc-
currence. The absence of comprehensive antimicrobial
resistance data limited a more detailed evaluation of pre-
scribing practices and the formulation of robust empirical
treatment recommendations. In addition, not all potential
confounding variables influencing infection rates could
be controlled, and a degree of selection bias may have oc-
curred due to reliance on medical record documentation.
Finally, the conduct of the study exclusively in military
hospitals may restrict the generalizability of the findings
to civilian healthcare settings. Nevertheless, despite these
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limitations, the statistically significant results provide
valuable insights into the epidemiology and microbiologi-
cal characteristics of nosocomial urinary tract infections
in Moroccan intensive care units.

Prevention measures and recommendations

» Avoid unnecessary catheterization: Do not treat bladder
catheterization as a trivial procedure for the convenience
of nursing staff or even the patient.

* Remove any urinary catheter as soon as it is no longer
strictly necessary, taking into account the relationship be-
tween the risk of infection and the duration of catheteriza-
tion.

» Raise awareness among healthcare staff about hospital
hygiene and the risk of hand-borne transmission of TUN:
Ongoing training, written protocols, and compliance with
aseptic measures when inserting and maintaining urinary
catheters.

* Perform under strict conditions of asepsis and sterility.
Securely attach the catheter.

* Maintain a closed system: It is strictly forbidden to dis-
connect the urinary catheter from the drainage system.

* Use dual-flow catheters if bladder irrigation is essential.
* Establish continuous urinary drainage to prevent urinary
stasis.

* Collect urine samples in a strictly aseptic manner for cy-
tological and bacteriological examination (CBEU).

* Check that urine flow is regular to prevent any obstruc-
tion to urinary flow, which could lead to potential stasis.

Conclusions

Nosocomial urinary tract infections represent a real public
health problem due to their impact on morbidity, mortality,
and healthcare costs. In our retrospective descriptive study
in the ICU of two tertiary hospitals, 7.15% and 12.26% of
patients hospitalized in the two hospitals, respectively, had
developed a UTI. The main risk factors are bladder cath-
eterization, prior antibiotic therapy, and failure to comply
with aseptic techniques when caring for urinary catheters.
Urinary tract infections can be asymptomatic or progress
to severe forms, including septic shock, or promote the
emergence of multidrug-resistant organisms.

Prevention remains the best strategy to reduce their inci-
dence and associated complications. It relies on the ratio-
nalization of antibiotic use in both hospital and outpatient
settings, notably through raising awareness about the dan-
gers of self-medication, training healthcare staff, adhering
to catheterization guidelines, and implementing aseptic
measures
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Figure S1. Operating data sheet.

EXPLOITATION FORM

Patient Identity:

Date of hospitalization: ......./..../ ... IP.

Name and first NAMe: ..o

Sex: [ Female [ Male

N
=
5
-
=
2
=
=
<
=
<

(1141, K [ urban [ Rural
AQE [J <20 years [ 20-40 years [[] 40-60 years [] >60 years
Medical History:
Medical history: [ H1A [ Diabetes [ Renal insufficiency
HIV serology + O cancer O Pregnancy [ Asthma [ Tuberculosis
[ corD [ other: ..
Medication history: [ Prior ATB if yes:.......cccooooermununen. . Duration
antibiotic therapy before infection diagnosis: ............ O corticotherapy
[ immunosuppressants [ chemotherapy [ other: ............
Surgical history: O vYes [ No
Ifyes: [ Nephrostomy [ JJ stent [ Urinary lithiasis
[ Urinary incontinence [ Prostate pathology
[ Acute or chronic urinary retention [ other: ....
Toxic history: [ smoking [ Alcoholism [ prugs
Hospitalization history: [ Yes [ No If yes number: ..
Nutritional status: [ Obesity [ cachexia
Origin: [J Emergency [0 Medical service [ Surgical service
Reason for hospitalization O Medical .coo.ocooovvvieiniici
O surgical

Duration of stay in resuscitation

Delay of clinical signs onset / hospitalization ...........................

Frequent displacement outside the service: O Yes [ No
if yes number ...........

Procedures performed (duration and indication)

[ Bladder catheterization.............. [ Suprapubic catheter.................
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Figure S2. Data collection form. :

[ other F
Catheterization indication: . Catheterization duration m
CLINICAL SIGNS E

[ Fever [ General condition alteration O urinary urgency z
D Pollakiuria D Suprapubic pain D Hematuria ;
O cloudy urine [ urination bums O other .. z
Delay of appearance of symptoms found: ...... ,.<

CLINICAL EXAMINATION: [ conscious [ unconscious
D Stable hemadynamically D In shock state
GCs HR BP: /
RR: .. T i Diuresis
Samples:

E] Urinary strip if done

« Leukocyturia [ Positive [ Negative
* Nitrituria [ Positive [ Negative
[ ecsu
+ Bacteriuria count a -<we [ 10*and 1o 0 »w

» Leukocyturia count:

Isolated germ
[ Hemoglobin .. [ white biood cells ... O piatelets .
O cre O urea [ creatinine
D Sodium D Potassium ....... G Blood gas
[ other
Responsible germs:
[ E coli [ s aureus O e aeruginosa [ Acinetobacter
O enterococei [ s. coagulase negative [ proteus spp
O entercbacter spp [ «iebsiella spp O candida spp
D Other
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