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Abstract

Background: Urinary tract infections (UTIs) are among the most common bacterial infectious
diseases encountered in clinical practice and account for significant morbidity and high medical
costs. Escherichia coli is the most predominant pathogen causing 80-90% of community-
acquired UTIs and 30-50% of nosocomial-acquired UTIs.

Objectives: the aim of this study is to evaluate the presence of FE.coli in the Urinary tract
infection (UTIs) in different age and sex patients in the area of the study.

Methods: The present study was conducted at Sabratha hospital during the period of October -
December 2025. The samples were collected from UTIs patients (n= 629) (384) females and
(245) males, who were registered in this research and the urine samples were taken aseptically
for microbial culture. Patients were divided into 18 age groups.

Results: A total of patients (n= 629): (384) females and (245) males of urine were cultured on
CLED agar, equal or more than 105 CFU/ml of a single potential pathogen was interpreted as
positive. Out of these samples (236): (138) females and (98) males gave positive growth on
CLED agar. On the other hand, total percentage of prevalence in female samples recorded
(35.93%) while the highest percentage of infection from the total positive samples recorded in
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(0-5) age group (19.56%). In male samples the total percentage of prevalence recorded (40.0%)
while the highest percentage of infection from the total positive samples recorded in (0-5) age
group (37.75%).

Conclusion :This study showed a significant prevalence of urinary tract infections among the
examined patients using CLED agar. Although more samples were collected from females, the
proportion of positive cases was slightly higher in males. The highest infection rates were
observed in children aged 0-5 years in both genders. These findings suggest increased
susceptibility to infection in early childhood. Routine urine culture is essential for accurate
diagnosis of UT]Is. Early detection helps in effective treatment and prevention of complications.
Findings: The data revealed a predominance of the traditional production system, with 42.5%
of respondents indicating that theoretical education is the prevailing model. Multiple regression
analysis identified funding adequacy (f =0.31, p <0.001), academic staff efficiency (f = 0.27,
p < 0.001), and infrastructure quality (B = 0.22, p = 0.002) as the three strongest predictors of
perceived institutional productivity, collectively explaining 41.3% of the variance (R? = 0.413,
F(5,432) =57.42, p <0.001). A strong consensus favored curriculum reform (75.3%, 95% CI:
[71.3%, 79.4%]) and the adoption of a dual education model (75.3%) as primary development
strategies.

Originality/Value: This paper presents an empirical classification of educational production
systems in Libya, contributing to the limited body of research on higher education productivity
in conflict-affected Arab states. We propose a measurable development model built on three
pillars—institutional governance reform, effective industrial partnership development, and the
establishment of a sustainable financing system—operationalized through Key Performance
Indicators (KPIs) and phased implementation timelines.

Keywords: UTI- E. coli — age groups.
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Introduction:
Urinary tract infections (UTIs) are among the most frequently occurring bacterial infections. It
is estimated that symptomatic UTIs lead to approximately 7 million outpatient clinic visits, 1
million emergency department visits, and 100,000 hospital admissions each year (Schappert,
1999). UTIs are also the leading cause of hospital-acquired infections, representing up to 35%
of all nosocomial infections. Additionally, they rank as the second most common cause of
bacteremia among hospitalized patients (Stamm, 2002; Weinstein e al., 1990). In the United
States, the annual healthcare costs associated with community-acquired UTIs alone are
estimated to reach about $1.6 billion (Foxman, 2002).

A urinary tract infection (UTI) is defined as the active multiplication of microorganisms
within the urinary tract (Akter et al., 2016). UTIs are considered one of the most significant
and widespread infectious diseases affecting people worldwide (Burhan, 2017). Due to their
potential complications, they can affect several vulnerable organs of the urinary system,
including the bladder, ureters, and urethra (Ullah and Almugadam, 2018).

UTIs occur approximately 14 times more frequently in women than in men, largely
because women have a shorter urethra located closer to the anus. As a result, up to 40% of
women experience at least one UTI during their lifetime, and many suffer from recurrent
infections. In contrast, UTIs are less common in men because the prostate gland produces
bactericidal substances and contains zinc (Zn), both of which play an important role in
inhibiting and killing microorganisms such as Escherichia coli (Faraji et al., 2012).

Escherichia coli is a major cause of urinary tract infections (UTIs) worldwide. Therefore,
understanding the distribution and prevalence of UTIs is essential for improving infection
control measures. In one study, 70 patients of different ages and both sexes who were diagnosed
with UTIs were examined. The isolated bacteria were identified using conventional
biochemical tests, and antimicrobial susceptibility testing was carried out on Mueller—Hinton
agar using the Kirby—Bauer disk diffusion method. The findings showed that the prevalence of
UTTIs was higher in females (68%) compared to males (32%). The highest prevalence rate was
observed among individuals aged 21-40 years (30%), followed by those over 80 years old
(7%). In terms of antibiotic sensitivity, E. coli isolates from males aged 61-80 years (9 patients)
showed the highest susceptibility to antibiotics such as TZP, FOS, F, IMP, AK, and SCF,
followed by females aged 1-20 years (9 patients) (Rahman ez al., 2019).

Although E. coli is commonly found in large numbers as part of the normal gut microbiota
in adults, the diversity of its strains within the intestinal reservoir has only been investigated in
limited populations, excluding many patients with bacteremia (Apperloo-Renkema et al.,
1990). Studying the gut microbiota in bacteremic patients is challenging because these
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individuals are often critically ill, and stool samples are not routinely collected or clinically
indicated. While routinely collected specimens could potentially serve as accessible samples,
most patients with suspected bacteremia receive empirical antimicrobial therapy within one
hour of hospital admission, in accordance with international sepsis guidelines. Consequently,
enteric samples are often exposed to antibiotics and may also be stored under refrigeration for
extended periods before reaching diagnostic laboratories, which can influence the composition
of the microbiota (Hibbing et al., 2010).

Enteric samples obtained from patients with Escherichia coli bacteremia showed a median
of one RAPD pattern (range 1-4), whereas patients without E. coli bacteremia demonstrated a
median of two patterns (range 1-5). Importantly, in large-scale clinical investigations, the
observed diversity of E. coli among hospitalized individuals was not influenced by the type of
sample collected (rectal swab versus stool), nor by increasing the number of tested colonies
from 10 to 20. Overall, hospitalized patients exhibited relatively limited enteric E. coli
diversity, which was further reduced in those with E. coli bacteremia. This decreased diversity
suggests that, during bloodstream infection, dominant strains may outcompete other lineages
within the gut microbiota (Mosavie et al., 2019).

In another study, E. coli was identified as the most common pathogen responsible for
UTTIs, accounting for 93.55% of isolates in pediatric patients, 60.24% in adults, and 45.83% in
elderly individuals. High resistance rates were observed to ampicicillin (82.76%, 58%, and
63.64%) and co-trimoxazole (51.72%, 42%, and 59.09%) among E. coli isolates from pediatric,
adult, and elderly groups, respectively (Alanazi et al., 2018).

The majority of UTIs are caused by E. coli bacteria, followed by Proteus spp.,
Staphylococcus saprophyticus, Klebsiella spp. and other Enterobacteriaceae (Kahlmeter,
2000). However, among bacteria causing UTIs, E. coli is considered as the most predominant
cause of both community and nosocomial UTIs. Antibiotics commonly recommended for
treatment of UTIs include co-trimoxazole, ciprofloxacin and ampicillin (Foxman .2010).
However, there is global increase in antibiotic resistance among urinary tract pathogens,
including resistance pattern observed in Saudi Arabia (Al Yousef, ez al 2016), which limit
treatment options.

Elkhouly et al., (2025) concluded that, Escherichia coli was the most common pathogen
affecting both male and female patients, with the highest infection rate of 22.43% occurring in
individuals aged 11 to 20 years. Among the antibiotics tested, imipenem, a broad-spectrum
beta-lactam, showed the strongest overall effectiveness, impacting 71 bacterial cultures in total.
E. coli demonstrated the greatest susceptibility to imipenem, with a rate of 56.3% (40 cultures).
Gentamicin also showed considerable activity, affecting 38 cultures, while erythromycin was
the least effective antibiotic against the bacterial strains evaluated in this study.

A significant gap in knowledge exists due to the lack of large-scale studies and
comprehensive surveys on urinary tract infections (UTIs) in Libya. Current research is limited
in scope and often focuses on small or localized populations, which restricts the understanding
of UTI prevalence, pathogen distribution, and antibiotic resistance patterns across the country.
This shortage of broad, systematic data hampers the development of effective infection control
strategies and evidence-based treatment guidelines tailored to the Libyan population.
Therefore, there is a critical need for extensive, nationwide studies to provide a clearer picture
of UTI epidemiology and improve patient outcomes.
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Materials and Methods

Study area.

The present study was conducted at Sabratha central hospital during the period of October -
December 2025.

Sampling.

The samples were collected from UTIs patients (n= 629) (384) females and (245) males, who
were registered in this research and the urine samples were taken aseptically for microbial
culture. The sterile containers were properly labelled with the name, age and sex of the patients.
The samples were transported to the laboratory and processed within 1-2 hours of collection.
If a delay was expected, samples were stored at 4 °C to prevent bacterial overgrowth.
Inoculation and Culturing

A calibrated sterile loop (0.001 mL) was used to inoculate the urine sample onto Cysteine
Lactose Electrolyte Deficient (CLED) agar. The inoculation was performed using the streak
plate method to allow for the isolation of discrete colonies. The inoculated plates were
incubated aerobically at 37 °C for 1824 hours in an inverted position.

Colony Count and Interpretation

After incubation, colonies were counted to estimate bacterial load. A colony count of >10°
colony-forming units (CFU)/mL of a single organism was considered significant and indicative
of urinary tract infection. Plates showing growth of more than one type of organism were
recorded as mixed culture and excluded from further analysis.

Culturing.

20ul of the specimen is inoculated through an incinerated wire loop on CLED-agar. The
inoculation was performed through the streaking method inside a flow hood. After inoculation
incubates the plates for 24 hours at 37°c in an inverted position. After 24 hours of incubation,
if more than one type of organism was isolated, results were recorded as "mixed culture," and
are excluded from this study. Equal to 105 CFU/ml of a single potential microorganism is
interpreted as positive.

Gram staining

A gram stain was performed to confirm and identify the pathogen and bacteria were searches
in pus cells in urine. While, the Gram-negative rods were identified by gram staining, and such
type of culture was then inoculated by streaking to MacConkey agar for subculturing.
MacConkey agar is used to isolate and differentiate the Gram-negative enteric bacilli (Croxen
et al, 2013).

Results and discussion
A total of patients (n= 629): (384) females and (245) males of urine were cultured on CLED
agar, equal or more than 105 CFU/ml of a single potential pathogen was interpreted as positive.
Out of these samples (236): (138) females and (98) males gave positive growth on CLED agar.
Based on the provided data table (1), (total sample = 384), the overall UTI prevalence is
35.93% (138 positive cases). The highest age-specific prevalence rates were observed in the
66—70 years group (66.66%), followed by 46—50 years (55.55%) and 3640 years (47.22%).
Moderate prevalence was noted in the 16-20 years and 61-65 years groups (40% each). In
contrast, the lowest prevalence was recorded in the 71-75 years group (0%). In terms of
contribution to total positive cases, the 0—5 years group accounted for the largest proportion
(19.56%), followed by 6-10 years (16.66%) and 36—40 years (12.31%). Overall, UTIs were
distributed across all age groups, with higher proportional burden in early childhood and
middle-aged adults, while the highest infection rates within groups were more prominent
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among older adults. Rahman e al 2019 reported that, in age group 1- 20 the prevalence rate
of UTI was less in males which is 02% and in females, it was high i.e., 17%, and total of which
is 19% which was 11% less than the age groups of 21-40 which are 30%. Our results are in
agreement with their results if we collected the patients in one group. Oure results also are in
agreement with those of (Flores-Mireles ef al ,2015) who concluded that, the pathogenesis of
the UTI typically starts with contamination of the per urethral space by uropathogens residing
in the gut, followed by colonization of the urethra and ascending migration to the bladder.
Moreover, UTIs are predominantly caused by uropathogenic Escherichia coli (UPEC), which
is responsible for over 80% of community-acquired infections, while healthcare-related
infections are associated with Staphylococcus, Klebsiella, Enterobacter, Proteus, and

Enterococcus (Foxman, 2012).

Table 1: Prevalence rate of (UTIs) due to E. coli percentage wise in females.

% prevalence

total

positive

negative

Age Range Negative positive Total o el OLEO M e Gl
group prevalence

0-5 62 27 89 30.33 19.56
610 38 23 61 37.7 16.66
11-15 12 6 18 33.33 4.34
16 — 20 6 4 10 40 2.89
21 -25 30 14 44 31.81 10.14
26 - 30 24 14 38 36.84 10.14
31-35 19 5 24 20.83 3.62
36 -40 19 17 36 4722 12.31
41 -45 11 4 15 26.66 2.89
46 - 50 4 5 9 55.55 3.62
5155 7 3 10 30 2.17
56 — 60 7 4 11 36.36 2.89
61-65 3 2 5 40 1.44
66 - 70 3 6 9 66.66 4.34

71 -175 1 0 1 0 0
76 — 80 0 1 0 100 0.72
81 -85 0 2 0 100 1.44
86 -90 0 1 0 100 0.72

Total 246 138 384 35.93
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Figure (1): percentage of female prevalence, total number of persons , negative and positive.
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Data presented in able (2) cleared that (total sample = 245), the overall prevalence of UTI is
40% (98 positive cases). The highest age-specific prevalence rates were observed in the 81—
85, 8690, 91-95, and 96100 years groups (100% each), followed by 71-75 years (75%) and
16-20 years (66.66%). Moderate prevalence was noted in the 51-55 years group (57.14%) and
0-5 years group (49.33%). The lowest prevalence was recorded in the 4145 years group (0%).
Regarding contribution to the total positive cases, the 0—5 years group accounted for the largest
proportion (37.75%), followed by 610 years (7.14%) and 7680 years (6.12%). Overall, while
the highest proportional burden of UTI was seen in early childhood, the highest infection rates
within age groups were more evident among elderly patients. Rahman et al 2019 reported that,
in the age group 21-40 the prevalence rate of UTI in males was 02% which was less than the
female's prevalence rate which was 28%. In this age group, the prevalence rate of urinary tract
infection was high from the female isolates of the entire age groups. This finding is in
agreement with our results. In the age groups (41-45), (46-50), (51-55) and (56-60) the
prevalence with E. coli bacteremia ranged between (2.17-2.89%). Data obtained by Rahman
et al 2019 showed high prevalence in the same age groups in comparison with our results with
11% urinary tract infection in females and 08% in males.

In the age group of 61-80, the males have 17% of urinary tract infection and females have
08% Of urinary tract infection, which was 09% high from females of this age group. The age
group Above 80 have a prevalence rate of 07%, which was less as compared to the entire age
groups (Rahman et al 201).

Table 2: Prevalence rate of UTI due to E. coli percentage wise in males

Age Negative | positive | Total % for each %/ rom the total
Range group prevalence
0-5 38 37 75 49.33 37.75
610 32 7 39 17.94 7.14
11-15 6 3 9 33.33 3.06
16 — 20 1 2 3 66.66 2.04
21 -25 9 3 12 25.00 3.06
26 — 30 7 2 9 22.22 2.04
31-35 6 4 10 40.0 4.08
36 —40 15 5 20 25.00 5.10
41 —45 10 0 10 0.00 0
46 -50 5 4 9 44.44 4.08
51-55 5 2 7 57.14 2.04
56 — 60 4 2 6 33.33 2.04
61- 65 3 2 5 40.00 2.04
66 - 70 3 2 5 40.00 2.04
71-175 1 3 4 75.00 3.06
76 — 80 2 6 6 33.33 6.12
81 -85 0 4 4 100 4.08
86 — 90 0 4 4 100 4.08
91-95 0 4 4 100 4.08
96 — 100 0 2 2 100 2.04
Total 147 98 245 40.00
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Figure (2): percentage of male prevalence, total number of persons , negative and positive.

Fig (3) shows the percentage of total UTI prevalence broken down by age groups for females
and males. Among females, the highest percentage of total UTI cases is concentrated in the
youngest age group (0-5 years), with a steady low percentage across most adult age groups
before a sharp increase in the older age groups (especially 91-100). In contrast, males have
relatively low percentages across most age groups but show a significant spike in the oldest
age group (96100 years). Female UTI prevalence is generally higher in early childhood and
then again increases in elderly age groups. Male UTI prevalence remains low and stable until
old age, where it sharply rises. This suggests that UTIs are more common in young girls and
elderly women, while in males, UTIs mostly affect the very elderly population.
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Figure (3): percentage of male and female prevalence for all age groups.

Figure (4) illustration visually represents a urinary tract infection (UTI). It shows the key
organs involved in the urinary tract—the kidneys, ureters, bladder, and urethra—highlighting
how bacteria (depicted as colorful rod-shaped and spherical microbes) invade and multiply
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within the urinary system, leading to infection. This image effectively conveys how UTIs occur
when harmful microorganisms colonize parts of the urinary tract.

Figure (4) Most E.coli-caused UTIs occur in the lower urinary tract (the bladder and urethra),
though in worse cases bacteria can travel up to the kidneys. Shutterstock
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