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Abstract

UTI is one of the most common types of bacterial infections in children worldwide, which has made it a leading cause of
morbidity among children and an increase in medical costs. The variability of uropathogen profiles is determined by
demographic factors, especially age and sex, and knowledge of these trends is crucial to effective antimicrobial
stewardship and enhancing the precision of empirical treatment regimens. However, there is still a knowledge gap in
terms of the modern, demographically stratified information about the etiology of UTI in children. Proper evaluation of
these trends is imperative in making evidence-based decisions on protocols, antimicrobial therapy and interventions
on population health. In an effort to aid the formulation of evidence based clinical guidelines, this study was carried out
to longitudinal three-year analysis to help determine the relationship between the distribution of bacterial and fungal
uropathogens in pediatric UTIs and age and sex.
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1. Introduction

1.1. Etiology of Urinary Tract Infections

UTI pathogenesis in children and females is mostly a consequence of the colonization and rapid multiplication of
potential pathogenic bacteria in the urinary tract. Escherichia coli is the most common etiological agent of UTI and a
microorganism, which is usually a part of the gastrointestinal tract and turns into a pathogen when translocated to the
urinary system. Besides E. coli studies have also found out that Klebsiella, Proteus and Enterococcus are also important
bacterial factors that lead to the development of UTIs [1].

1.2. Pathogenesis in Women

The increased vulnerability of the female population to UTI is mainly explained by certain anatomical and physiological
arrangement of the genitourinary tract. The relative shortness of the female urethra and the proximity to the perianal
area allow the retrograde passage of commensal enteric bacteria into the urinarytract. Sexual activity is also a risk factor
as bacteria may enter into the urethra in a mechanical way [2].

1.3. Pathogenesis in Children

In clinical practice, an important correlation is noticed between the structural malformations of the urinary tract
underlying and the occurrence of pediatric UTIs. Vesicoureteral reflux (VUR) is a medical disorder characterized by the
retrograde flow of urine in bladder to uterus and kidneys. This mechanism can facilitate the transmission of pathogen
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by reversing the direction of urine flow, thus allowing bacteria in the lower urinary tract to move quickly to the upper
urinary tract, increasing the probability of acute pyelonephritis and chronic renal injury. When it comes to pediatric
care, a number of behavioral and physiological factors are considered to play a crucial role in the development of UTIs
through the facilitation of bacterial colonization and the impairment of bladder functions [3].

Although bacterial pathogens are the main causes of UTI, the clinical literature does not exclude that fungal and viral
organisms may sometimes be the etiological agents, but in much less number than the cases of bacterial etiology. A
variety of host-related factors, such as impaired immune response, indwelling catheters, anatomical abnormality, and
metabolic or endocrine system-wide conditions such as diabetes mellitus are significantly increased in the development
of UTI in both female and pediatric cohorts [4].

Proper identification of the causative agent is critical towards the effective therapy interventions and reduced cases of
recurrent UTUs. The prophylactic measures of UTIs are multifaceted, with a focus on holistic patient education about
hygiene, correction of underlying anatomical anomalies, and judicious and evidence-based use of antimicrobial
therapies [5].

1.3.1. Bacterial Pathogens

The bacterial pathogens most frequently identified in UTIs among women and children comprise [6]:

e Escherichia coli: The majority of simple UTIs are caused by this gram-negative bacillus, which is the most
common uropathogen.

e Staphylococcus aureus: Staphylococcus aureus is a prominent opportunistic organism that can cause both
short-term and long-term infections, such as UTIs. The accessory gene regulator (Agr), an essential quorum-
sensing (QS) system, and the ureABCEFGD gene cluster, which collectively regulate urease production and
augment bacterial virulence, largely facilitate the pathogenicity of S. aureus [7].

e Candida albicans: Species of the genus Candida have been shown to be a major cause of urinary tract infections
(UTIs). Invasive Candida infections are a growing problem in clinical practice because they are linked to high
death rates and high healthcare costs [8].

1.3.2. Risk Factors and Predisposing Conditions

There are many host and environmental factors that make people more likely to get UTIs [9]:

Female sex: a shorter urethra makes it easier for infections to spread.

Sexual activity: the mechanical transmission of bacteria during sexual activity raises the chance of a UTL
Urinary catheterization: the catheter allows microbes to enter and build biofilms.

Immunocompromise: disorders like diabetes, HIV/AIDS, or chemotherapy make you more likely to get sick.
Age-related factors: age-specific physiological and behavioral factors play a significant role in the susceptibility
to UTIs because they interfere with the normal functioning of the body in clearing pathogens.

1.4. Epidemiology of Urinary Tract Infections

UTIs are a health issue of worldwide concern, and the morbidity rates are especially high in the female and children
cohorts. Epidemiological data continuously show that there is a remarkable difference between the lifetime prevalence
and frequency of UTIs, and clinical evidence shows that women are affected more than other demographic groups [10].

1.4.1. Female Population

This vast disparity between the UTI rates in the sexes may be largely attributed to certain anatomical and physiological
peculiarities of female genitourinary system. Predisposition of the female urinary tract has greatly been attributed to
some anatomical factors that lower body natural resistance to the invasion of bacteria. The epidemiological data indicate
that the prevalence of symptomatic UTIs among adult women is high during their lifetime, and more than half of adult
women report experiencing at least one of the UTI. In addition, there is a recurring tendency of infection amongst a
large number of them and that implies that the vulnerability is not a single episode but chronic [11].

1.4.2. Pediatric Population

Urinary tract infections are often diagnosed in pediatric medicine and clinical evidence shows that the rate of incidence
is significantly higher in children younger than 24 months. The rate of occurrence of such conditions depends on several
factors such as the age of a patient, his/her biological sex and the existence of pre-existing urological disorders. The
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presence of a UTI in a baby or a very young child is normally a red flag that can be employed to show the presence of
structural abnormalities in the urinary tract and their presence demands a thorough clinical investigation [12].

1.5. Age-Specific Clinical Features
The signs of this disorder depend much on the age of the patient:

1.5.1. Infants and Young children (02 years)

UTIs typically show non-specific or vague symptoms in infants, thus are difficult to detect. Clinical indicators may
include irritability, poor feeding, lethargy, fever, vomiting, diarrhea, respiratory distress, or altered levels of
consciousness. when an infant develops meningitis, clinical signs may include a bulging fontanelle, persistent or
excessive crying, and difficulties with swallowing [13].

1.5.2. Older children and adolescents

For children in this demographic, the clinical presentation of a UTI tends to mirror adult symptoms, frequently involving
fever, upper respiratory distress, sore throat, headaches, exhaustion, muscle aches, and various digestive complaints.
In the meanwhile, symptoms that are particular to the illness, such as lymphadenopathy in cases of streptococcal
pharyngitis or a rash connected to scarlet fever, may be present [14].

1.5.3. Adults

Fever, respiratory symptoms, pharyngitis, headache, exhaustion, myalgia, and gastrointestinal problems are common
signs of urinary tract infections in adult patients. Otherwise, adults may also include joint problems, nasal pain, chest
pain, and shortness of breath [15].

2. Methods

Positive urine cultures obtained between 2021 and 2023 were the subject of a retrospective observational investigation.
Patients were categorised into age groups (0-3, 3-6, 7-10, and 11-15 years) and by sex (Male versus Female). Gram-
positive, gram-negative, and fungal pathogens were discovered and classified from bacterial isolates. We used
descriptive statistics to summarise categorical variables, and we showed the results as percentages and frequencies
[16].

3. Results and Discussion

During the three-year study period, 440 positive urine cultures were evaluated. Of these, 335 were from female patients
and 105 were from male patients. This gave an overall female-to-male ratio of 3.2:1. This study presents an analysis of
bacterial pathogens identified from positive urine cultures collected between 2021 and 2023 (Tables 1 to 3). Figures 1
and 2 indicate that the data give a full picture of how uropathogens are spread by age and sex.

3.1.1. Bacterial Pathogens in Urine Cultures (2021-2023)
Table 1 Bacterial Pathogens in Positive Urine Cultures by Age and Sex (2021)

Pathogen Pathogen 0-3 yrs|3-6 yrs|7-10 yrs|11-15 yrs | Total
Type (F/M) (F/M) (F/M) (F/M) (F/M)
Gram-negative |E. coli 15/2 10/ 4 9/3 4/2 38/9
Pseudomonas 1/0 2/1 2/1 3/1 8/3
Gram-positive |Staphylococcus 10/3 11/1 8/2 5/3 34/9
hemolytic
Staphylococcus aureus |4 /3 6/2 2/1 3/1 15/7
Fungal Candida albicans 3/1 2/0 1/1 2/2 8/4
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Table 2 Bacterial Pathogens in Positive Urine Cultures by Age and Sex (2022)

Pathogen Type Pathogen 0-3 yrs | 3-6 yrs | 7-10  yrs | 11-15 yrs | Total
(F/M) (F/M) (F/M) (F/M) (F/M)
Gram-negative E. coli 13/3 12 /5 10/2 1/1 36 /11
Pseudomonas 2/1 1/0 5/2 1/3 9/6
Gram-positive Staphylococcus 12 /4 6/2 5/2 2/1 25/9
hemolytic
Staphylococcus 3/1 4/1 3/3 10/2 20/7
aureus
Fungal Candida albicans 3/2 1/1 2/0 4/1 10/ 4

Table 3 Bacterial Pathogens in Positive Urine Cultures by Age and Sex (2023)

Pathogen Pathogen 0-3 yrs | 3-6 yrs | 7-10 yrs | 11-15 yrs | Total
Type (F/M) (F/M) (F/M) (F/M) (F/M)
Gram- E. coli 12 /4 14 /4 10/1 8/2 44 /11
negative Pseudomonas 2/0 0/1 4/1 1/2 7/4
Gram-positive | Staphylococcus 10/2 8/2 4/1 10/2 23/7

hemolytic

Staphylococcus aureus | 2 /0 6/2 4/2 12 /4 44 /8
Fungal Candida albicans 4/2 2/1 2/1 6/2 14 /6

Notes:

F = Female, M = Male
Age groups: 0-3 yrs, 3-6 yrs, 7-10 yrs, 11-15 yrs
Total = cumulative number of isolates per year
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Figure 1 Distribution by Age Group
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Figure 2 Distribution by Sex

During the three-year study period, Escherichia coli was consistently identified as the predominant uropathogen,
representing approximately 34-36% of all isolates each year (totaling 118 isolates). It was prevalent among women
and small children particularly those aged 0-6. The distribution of E. coli per year remained relatively constant, with 47
isolatesin 2021 (38 female and 9 males), 36 isolates in 2022 (36 female and 11 male), and 55 isolates in 2023 (44 female
and 11 male).

Staphylococcus haemolyticus and Staphylococcus aureus accounted about 2530 percent of the cases and so gram-positive
bacteria were the second common group to be found. S. aureus bore a strong age distribution with the highest
prevalence rate increasing with age and peaking in the 1115 age group which presented 26 cases during the study
period.

The proportion of infections by Pseudomonas species was low (approximately 4.5% or 20 cases in total) and
demonstrated a very consistent age distribution and year of study. It has shown an upward trend with time with an
increase in cases of fungal uropathogens since 2021 (8 cases) to 2022 (10 cases) and 2023 (14 cases) with Candida
albicans as a leading cause of fungal infections in pediatric urinary tract infection.

A sex-based analysis showed that women of all ages and with all types of infections had UTIs more often than men. The
difference was most clear with E. coli, where over 78% of infections were in women.

Recent epidemiological studies, including those by Zhan et al. and Shi et al. have identified Escherichia coli as the most
common cause of UTIs across both gender and age groups. The same results were found by Faine et al. and Zagaglia et
al. who also found out that uropathogenic E. coli is the most prevalent cause of the urinary tract infection [17-20].

Jarsiah et al. [21] found that women were more likely to have a positive culture as opposed to males as per the results
of this study, which showed that women have a higher likelihood of getting infected with urinary tract infection
compared to men. In the experiment conducted by Ramezanzadeh et al. [22], the germs were mostly obtained by female
samples.

The prevalence of UTIs in women in this study is also in line with the previous studies and is often explained by
morphological and physiological factors, including a shorter urethra, the closeness of the urethral orifice to the anus
and vagina, and hormonal changes during pregnancy and menopause. These could exacerbate the sensitivity that has
been reported with age [23].

The age-specific increase in the prevalence of pathogens, especially the increase in the prevalence of Escherichia coli
infections in younger individuals, is evidence of the necessity of age-specific diagnostic and treatment strategies.
Knowledge of these demographic patterns is crucial to enhancing preventive measures, antibiotic stewardship and
treatment in the UTIs [24].
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4., Conclusion

The current investigation established that Escherichia coli is the primary etiological agent of pediatric urinary tract
infections, with a markedly elevated infection rate in females compared to males. Different age groups had different
distributions of pathogens, E. coli was more common in younger children, whereas Staphylococcus aureus was more
common in older ones. These findings emphasized the necessity of ongoing epidemiological surveillance to facilitate
precise diagnosis, suitable empirical treatment, and efficient antibiotic stewardship.

Compliance with ethical standards

Disclosure of conflict of interest

The author declare that they have no conflict of interest.

References

[1]

[2]
[3]

[4]

[10]

[11]

[12]

[13]

[14]

[15]

Tekin M., Konca C., Celik V., Almis H., Kahramaner Z., Erdemir A, et al. The association between vitamin D levels
and urinary tract infection in children. Horm. Res. Paediatr. 2015;83(3):198-203.

Larcombe J. Urinary tract infection in children: Recurrent infections. BM] Clin Evid 2015; 2015: 0306.

Nacaroglu H.T., Demircin G., Biilbiil M., Erdogan 0., Akyiiz S.G., Caltik A. The association between urinary tract
infection and idiopathic hypercalciuria in children. Ren. Fail. 2013;35(3):327-332.

Becknell B., Schober M., Korbel L., Spencer ].D. The diagnosis, evaluation and treatment of acute and recurrent
pediatric urinary tract infections. Expert Rev. Anti Infect. Ther. 2015;13(1):81-90.

Drekonja DM, Johnson JR. Urinary tract infections. Prim Care 2008; 35(2): 345-67.

Morello W, La Scola C, Alberici I, Montini G. Acute pyelonephritis in children. Pediatr Nephrol 2016; 31(8): 1253-
65.

Subramaniyan Y, Mujeeburahiman M, Khan A, Rekha PD. Overexpression of Agr quorum sensing system in
uropathogenic Staphylococcus aureus in response to simulated urinary metabolic conditions enhancing growth
and virulence. Medical Microbiology and Immunology. 2025 Dec;214(1):35.

Cao X, Liu ], Sun T, Duan F, Song N, Liu Z, Song L, Yang X, Zhang W, Wang Y. Species Distribution, Drug Resistance,
and Risk Determinants of Candida UTIs: A Five-Year Retrospective Study in Beijing. Infection and Drug
Resistance. 2025 Dec 31:5917-26.

Bell LE, Mattoo TK. Update on childhood urinary tract infection and vesicoureteral reflux. Semin Nephrol 2009;
29(4): 349-59.

Salari N, Ghasemi H, Mohammadi M, et al. Global epidemiology of urinary tract infections: A systematic review
and meta-analysis. ] Health Popul Nutr. 2025;44:35. https://doi.org/10.1186/s41043-025-00950-y

Foxman B. State-of-the-Art Review: Recurrent Uncomplicated Urinary Tract Infections in Women. Clin Infect Dis.
2025;80(3):e31 e42. https://doi.org/10.1093 /cid/ciae653.

Shaikh N, Morone NE, Bost JE, Farrell MH. Prevalence of urinary tract infection in childhood: A meta-analysis.
Pediatrics. 2024;153(1):e2023056789. https://doi.org/10.1542 /peds.2023-056789

National Institute for Health and Care Excellence (NICE). Urinary tract infection (UTI) in children: clinical
features. Primary Care Notebook. Updated 2025. Available from:
https://primarycarenotebook.com/pages/infectious-disease/urinary-tract-infection-uti-in-children/clinical-
features

Shaikh N, Morone NE, Bost JE, Farrell MH. Prevalence and clinical presentation of urinary tract infections in
children and adolescents: A meta-analysis. Pediatrics. 2024;153(1):e2023056789.
https://doi.org/10.1542 /peds.2023-056789

Flores-Mireles AL, Walker JN, Caparon M, Hultgren §J. Urinary tract infections: Epidemiology, mechanisms of
infection, and treatment options. Nat Rev Microbiol. 2023;21:653-671. https://doi.org/10.1038/s41579-023-
00860-2.

58



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

International Journal of Science and Research Archive, 2026, 19(03), 053-059

Zhan ZS, Shi ], Zheng ZS, Zhu XX, Chen ], Zhou XY, Zhang SY. Epidemiological insights into seasonal, sex specific
and age related distribution of bacterial pathogens in urinary tract infections. Experimental and Therapeutic
Medicine. 2024 Feb 14;27(4):140.

Zhan ZS, Shi ], Zheng ZS, Zhu XX, Chen ], Zhou XY, Zhang SY. Epidemiological insights into seasonal, sex specific
and age related distribution of bacterial pathogens in urinary tract infections. Experimental and Therapeutic
Medicine. 2024 Feb 14;27(4):140.}

Shi ], Zhan ZS, Zheng ZS, Zhu XX, Zhou XY, Zhang SY. Correlation of procalcitonin and c-reactive protein levels
with pathogen distribution and infection localization in urinary tract infections. Scientific Reports. 2023 Oct
11;13(1):17164.

Faine BA, Rech MA, Vakkalanka P, Gross A, Brown C, Harding S], Slocum G, Zimmerman D, Zepeski A, Rewitzer S,
Howington GT. High prevalence of fluoroquinolone-resistant UTI among US emergency department patients
diagnosed with urinary tract infection, 2018-2020. Academic Emergency Medicine. 2022 Sep;29(9):1096-105.

Zagaglia C, Ammendolia MG, Maurizi L, Nicoletti M, Longhi C. Urinary tract infections caused by uropathogenic
Escherichia coli strains—new strategies for an old pathogen. Microorganisms. 2022 Jul 14;10(7):1425.

Jarsiah P, Alizadeh A, Mehdizadeh E, Ataee R, Khanalipour N. Evaluation of antibiotic resistance model of
Escherichia coli in urine culture samples at Kian hospital lab in Tehran, 2011-2012. Journal of Mazandaran
University of Medical Sciences. 2014 Apr 10;24(111):78-83.

Ramazanzadeh R, Moradi G, Zandi S, Mohammadi S, Rouhi S, Pourzare M, Mohammadi B. A survey of
contamination rate and antibiotic resistant of Gram-negative bacteria isolated from patients in various wards of
Toohid and Besat Hospitals of Sanandaj city during 2013-2014 years.

Elser H, Rowland ST, Tartof SY, Parks RM, Bruxvoort K, Morello-Frosch R, Robinson SC, Pressman AR, Wei RX,
Casey JA. Ambient temperature and risk of urinary tract infection in California: A time-stratified case-crossover
study using electronic health records. Environment international. 2022 Jul 1;165:107303.}

Ala-Jaakkola R, Laitila A, Ouwehand AC, Lehtoranta L. Role of D-mannose in urinary tract infections-a narrative
review. Nutrition journal. 2022 Mar 22;21(1):18.

59



