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Abstract: Urinary tract infections (UTIs) remain a common and serious health challenge among
pediatric populations, particularly in low- and middle-income countries. The emergence of extended-
spectrum beta-lactamase (ESBL)-producing uropathogens significantly complicates treatment,
increases the risk of complications, and burdens already fragile healthcare systems. This review
provides a comprehensive analysis of the epidemiology, molecular mechanisms, clinical impact, and
treatment challenges associated with ESBL-producing Enterobacteriaceae in pediatric UTIs, with a
focused lens on Nigeria and the broader Sub-Saharan African region. We examine the predominance
of Escherichia coli and Klebsiella pneumoniae as key ESBL producers, highlight the molecular
dominance of CTX-M-15 and co-existing resistance determinants, and discuss the role of clonal
expansion and horizontal gene transfer in the spread of resistance. Regional surveillance data reveal
alarming ESBL prevalence rates of 40-75%, with multidrug resistance further narrowing treatment
options. The implications are profound—ranging from delayed treatment and increased
hospitalization to long-term renal complications in children. Despite the availability of phenotypic
and molecular diagnostics, challenges persist due to limited access, infrastructural gaps, and under-
resourced healthcare systems. This review underscores the urgent need for improved antimicrobial
stewardship, investment in rapid diagnostics, and the establishment of pediatric-specific treatment
guidelines. Addressing the burden of ESBL-producing uropathogens in Nigerian children is critical
not only for safeguarding individual patient outcomes but also for mitigating the regional and global
spread of antimicrobial resistance.
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1. INTRODUCTION
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Urinary tract infections (UTIs) represent a prevalent bacterial infection in children. The clinical
manifestations can often be non-specific, particularly in younger populations, which underscores the
necessity of considering this diagnosis in all children and teenagers.

Urinary Tract Infection (UTI)
Symptoms in Children
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Figure 1. Infographic showing UTI symptoms in children across age groups (infants, toddlers, school-age).

In practical terms, UTIs in children can be challenging to identify. In developed nations,
approximately 7% of febrile, pre-continent infants and children seeking medical attention are
diagnosed with a UTI (1), with even higher rates reported in developing countries (2).

Consequently, they frequently emerge as a potential diagnosis among the numerous cases of
unexplained fever that clinicians encounter in general practice, emergency departments, and hospital
environments. Prompt and precise diagnosis of UTIs is crucial, as misdiagnosis, overlooked cases,
and delays in treatment can lead to adverse outcomes. Infants, particularly neonates, represent the
demographic most susceptible to acute complications associated with urinary tract infections (UTIs).
This population also exhibits the least specific clinical manifestations of UTIs, making the collection
of urine samples for diagnostic evaluation particularly challenging. While the majority of children
diagnosed with UTIs experience complete recovery, there exists a risk of serious short-term
complications such as urosepsis and meningitis, as well as long-term issues including renal scarring,
impairment, hypertension, and chronic kidney disease, particularly when caused by antimicrobial-
resistant pathogens (3, 4). Although these severe outcomes occur in a relatively small percentage of
cases, the high incidence of UTIs in pediatric populations results in a notable absolute frequency of
these complications.

Globally, UTIs account for 5-14% of pediatric outpatient visits and a considerable proportion of
hospital admissions in children under five years of age (1). A growing body of evidence has identified
Gram-negative uropathogens, particularly Escherichia coli and Klebsiella pneumoniae, as the
predominant etiologic agents in both community-acquired and hospital-acquired pediatric UTIs (5,
6). These organisms frequently harbour resistance determinants, notably extended-spectrum beta-
lactamases (ESBLs), which compromise the efficacy of standard therapeutic regimens (7, 8).

ESBLs are enzymes that hydrolyse penicillins, third-generation cephalosporins, and aztreonam,
rendering these antibiotics ineffective. Their production is often associated with multidrug resistance
(MDR), plasmid-mediated gene transfer, and the co-existence of other resistance mechanisms, such
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as carbapenemases and aminoglycoside-modifying enzymes. The CTX-M family of ESBLs,
particularly CTX-M-15, has become globally dominant, replacing the earlier TEM and SHYV types in
clinical isolates. In pediatric settings, the implications of ESBL production are profound, as treatment
options become limited and more toxic or expensive alternatives, such as carbapenems, must be used
).

The pediatric population is especially vulnerable to the consequences of antimicrobial resistance
due to age-related immunological immaturity, higher rates of congenital anomalies, and limited
pharmacologic options for young children. In low- and middle-income countries (LMICs), where
laboratory diagnostics and antimicrobial stewardship infrastructures are often underdeveloped,
ESBL-producing organisms frequently go undetected, leading to inappropriate empirical therapy
and increased morbidity. Nigeria exemplifies this situation, with recent studies indicating a high
prevalence of ESBL-producing uropathogens among children, including the widespread presence of
blaCTX-M and blaTEM genes.

This review provides a comprehensive synthesis of the global and regional burden of ESBL-
producing uropathogens in pediatric populations, with a particular emphasis on Nigeria and Sub-
Saharan Africa. It explores the molecular biology of ESBL production, clinical and epidemiological
trends, diagnostic challenges, and treatment implications. Finally, the review highlights the critical
role of antimicrobial stewardship in addressing this escalating public health threat and offers
actionable recommendations for clinicians, microbiologists, and policymakers.

2. METHODOLOGY

This literature review was conducted using a systematic and comprehensive search strategy to
ensure broad coverage and scholarly rigour. The approach aimed to identify peer-reviewed studies
and grey literature relevant to the prevalence, molecular characteristics, clinical impact, and
antimicrobial resistance patterns of extended-spectrum beta-lactamase (ESBL)-producing
uropathogens in pediatric populations.

2.1. Databases Searched

The electronic databases searched included:
PubMed/MEDLINE
Scopus
Web of Science
Google Scholar
World Health Organisation (WHO) Global Antimicrobial Resistance Surveillance System
(GLASS)
e EMBASE
e  African Journals Online (AJOL)
In addition, grey literature such as national surveillance reports, WHO policy documents, and
data from the Nigeria Centre for Disease Control (NCDC) were reviewed to complement published
sources and ensure regional context.

2.2. Search Terms and Strategy

A combination of Medical Subject Headings (MeSH) and free-text keywords were used,
including: "Extended-Spectrum Beta-Lactamase” OR "ESBL"; "Pediatric” OR "Children" OR "Child
Health"; "Urinary Tract Infections” OR "UTI"; "Antimicrobial Resistance” OR "AMR"; "CTX-M" OR
"TEM" OR "SHV"; "Nigeria" OR "Sub-Saharan Africa".

Boolean operators (AND, OR) were applied to refine searches. Searches were limited to articles
published in English between January 2000 and April 2025.

2.3. Inclusion and Exclusion Criteria

Inclusion Criteria:
e  Studies published in peer-reviewed journals or validated surveillance sources.
e  Articles focusing on pediatric populations (0-18 years).
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e  Reports addressing ESBL-producing organisms in urinary tract infections.

e Studies that discussed molecular biology, epidemiology, clinical impact, diagnostics, or
treatment implications.
Exclusion Criteria:

e  Articles not in English.

e  Studies not involving pediatric subjects.

e  Case reports and opinion pieces without primary data.

e  Studies focused solely on adult or animal models.

2.4. Selection and Review Process

The initial search yielded approximately 480 articles. After removal of duplicates, 410 articles
were screened by title and abstract. Full texts of 135 potentially eligible studies were retrieved and
assessed against the inclusion criteria. Ultimately, 92 articles were included in the final review.

The literature was reviewed thematically under the following categories: global and regional
prevalence, molecular ESBL gene profiles, risk factors and clinical implications, diagnostics, and
antimicrobial stewardship. The findings were critically analysed to provide a coherent narrative
aligned with the objectives of this review. Citation management software (Zotero) was used to
organise references and ensure accuracy in citation formatting.

3. GLOBAL EPIDEMIOLOGY OF ESBL-PRODUCING UROPATHOGENS

The rise of antibiotic resistance presents a significant global challenge across various infections,
including urinary tract infections (11). There is a growing recognition of the resistance exhibited by
prevalent uropathogens, particularly Escherichia coli, to the first-line empiric antibiotics
recommended for treatment (9, 12).

The fundamental factor contributing to the rise in antibiotic resistance is the acquisition of
advanced characteristics of beta-lactamase enzymes. Certain gram-negative uropathogens can
inactivate beta-lactam antibiotics, including penicillin and first-generation cephalosporins, owing to
their natural beta-lactamase enzymes. Furthermore, some of these pathogens have adapted to exhibit
multidrug resistance, allowing them to hydrolyse and neutralise extended-spectrum cephalosporins
and carbapenem antibiotics (13). These organisms are categorised as producers of ESBL.

The worldwide distribution of extended-spectrum beta-lactamase (ESBL)-producing
uropathogens is characterised by regional variability, influenced by differences in antibiotic use,
infection control practices, healthcare infrastructure, and surveillance capabilities. Over the past two
decades, ESBL-producing Enterobacteriaceae have transitioned from isolated hospital outbreaks to
widespread community-acquired infections, with pediatric populations increasingly affected (14).

The guidelines established in the United States advocate for the selection of antibiotics based on
local sensitivity patterns, with the recommendation to modify these choices once the sensitivity
profiles of the isolated uropathogens are determined. However, it is recognised that relying on local
sensitivity data for the initial selection of antimicrobial agents can pose challenges due to the potential
unavailability of relevant information. Notably, there is a growing incidence of urinary tract
infections (UTIs) exhibiting resistance to these antibiotics in Australia, the UK, and the USA (9, 15).
While extended-spectrum beta-lactamase (ESBL) organisms were predominantly identified in
hospital environments, there is now an observable increase in ESBL UTI cases within community
settings (14).

The rise of ESBLs poses a major public health issue, especially among children and teenagers,
where urinary tract infections (UTIs) are becoming common. The increasing prevalence of ESBL-
producing uropathogens in children highlights the urgent need for a thorough investigation into
these resistant strains' distribution and genetic characteristics. For instance, research by Parajuli et
al. (16) showed that 32.6% of isolates from children harboured ESBL genes, with E. coli and K.
pneumoniae identified as the predominant uropathogens. This observation is corroborated by
another study indicating that 30.5% of isolated E. coli strains were ESBL producers, with the TEM
gene being the most frequently detected (49%), followed by SHV (44%) and CTX-M (28%). In a
broader context, Ferreira et al. (17) reported that all 25 isolates examined in their research were ESBL
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producers, with 100% carrying the blaKPC and blaTEM genes. Additionally, Reuland et al. (18) noted
that among 1,695 samples, 8.6% were classified as ESBL-E, predominantly consisting of E. coli (91%),
with the CTX-M group identified as the most prevalent ESBL genes. These studies collectively
emphasise the widespread presence of ESBL genes, posing a considerable threat to uropathogens in
UTIs in children and teenagers.

In Europe, surveillance data from the European Centre for Disease Prevention and Control
(ECDC) reveal rising rates of ESBL-producing Escherichia coli among pediatric UTI cases,
particularly in southern and eastern Europe (19). In Italy and Spain, the prevalence of ESBL producers
among pediatric isolates ranges between 20% and 40% (20).

In Asia, the burden is even greater. Studies from India, Pakistan, and China have reported ESBL
prevalence rates exceeding 60% among pediatric uropathogens, with CTX-M-15 emerging as the
dominant genotype. This is compounded by widespread over-the-counter antibiotic use, limited
regulation, and inadequate antimicrobial stewardship (21).

Sub-Saharan Africa presents a particularly alarming picture due to the convergence of poor
sanitation, high infectious disease burden, and weak laboratory diagnostic networks. Data from
Nigeria, Kenya and Burkina Faso indicate ESBL prevalence rates of 40-70% in pediatric UTIs (22, 23,
24). A recent study in Lagos showed that over 75% of Gram-negative uropathogens harboured at
least one ESBL gene, underscoring the magnitude of the problem (5).

In the Americas, while the prevalence of ESBL producers is lower in North America due to
stronger regulatory frameworks, outbreaks of multidrug-resistant Klebsiella pneumoniae in neonatal
intensive care units (NICUs) highlight the vulnerability of hospitalised infants (25). In Latin America,
countries such as Brazil and Argentina report prevalence rates of 30-50% among pediatric UTI
pathogens (26, 27).

Global data also demonstrate a trend toward the spread of community-onset ESBL infections in
children, challenging the historical notion that such infections were confined to hospitals (28). The
mobility of resistance genes via plasmids, coupled with global travel and agricultural antibiotic use,
facilitates cross-border dissemination (29, 30).

These findings point to a clear need for global coordination in surveillance, improved
antimicrobial stewardship in pediatric care, and equitable access to diagnostic tools and effective
antimicrobials. In the sections that follow, we delve deeper into the molecular mechanisms
underpinning ESBL production and their clinical consequences in pediatric populations.

4. REGIONAL FOCUS: NIGERIA AND SUB-SAHARAN AFRICA

Sub-Saharan Africa, particularly Nigeria, faces a disproportionate burden of antimicrobial
resistance (AMR) due to systemic healthcare challenges, high infectious disease prevalence, and the
widespread availability of over-the-counter antibiotics (31, 32). The region's pediatric population is
especially vulnerable, and emerging evidence suggests that ESBL-producing uropathogens are
alarmingly prevalent among children with UTIs (33).

4.1. Prevalence and Clinical Trends in Nigeria

Recent studies conducted in urban and semi-urban centres in Nigeria have consistently reported
high prevalence rates of ESBL-producing E. coli and K. pneumoniae in pediatric urine isolates. In a
molecular surveillance study in Lagos, 165 urine samples were collected from children aged 0-18
years presenting with UTI symptoms. Of these, 75.5% of Gram-negative isolates were confirmed to
harbour ESBL genes, predominantly blaCTX-M-1 and blaTEM (34). Similar findings have been
reported in Abuja, Port Harcourt, and Enugu, pointing to a nationwide trend of increasing ESBL
incidence in pediatric uropathogens (35, 36).

4.2. Molecular Profiles and Resistance Patterns

The molecular landscape of ESBL-producing organisms in Nigeria mirrors global trends, with
CTX-M-15 emerging as the most dominant variant (37). Plasmid profiling reveals that blaCTX-M-1 is
frequently co-located with resistance determinants for fluoroquinolones and aminoglycosides,
contributing to multidrug resistance. Resistance to commonly prescribed antibiotics such as
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cefotaxime, ceftriaxone, and gentamicin exceeds 70%, leaving carbapenems, fosfomycin, and
nitrofurantoin as the only reliable options in many clinical settings. However, these agents are often
unavailable or unaffordable in Nigeria's public healthcare institutions (38).

4.3. Contributing Factors to the ESBL Burden

Multiple systemic and behavioural factors contribute to the high prevalence of ESBLs in Nigeria.

These include:

e Inadequate diagnostic infrastructure, resulting in reliance on empirical therapy (39).

e  Poor regulation of antibiotic sales, leading to widespread self-medication and overuse (40).

e Lack of pediatric-specific antimicrobial stewardship programs, particularly in primary and
secondary care settings (41).

e  Suboptimal infection control practices in both outpatient clinics and hospital wards (42).

e  High patient-to-clinician ratios reduce the feasibility of individualised care (43).

4.4. Surveillance and Research Gaps

There is a notable paucity of large-scale surveillance data on antimicrobial resistance in Nigerian
pediatric populations. Most available studies are institution-specific and conducted over limited
timeframes (34). Molecular diagnostics are rarely utilised in routine clinical settings and are mostly
confined to academic research (44). This lack of reliable and representative data significantly hampers
the development of evidence-based treatment guidelines and policy interventions.

4.5. Regional Comparisons

Compared to neighbouring countries like Ghana and Cameroon, Nigeria appears to have a
higher burden of ESBL-producing pediatric uropathogens. A 2020 study in Ghana reported an ESBL
prevalence of 48% in pediatric UTIs—substantially lower than the >70% reported across multiple
Nigerian centres (45). While differences in study methodologies may limit direct comparisons, the
collective regional data highlight Sub-Saharan Africa as a critical ESBL hotspot, warranting urgent
regional coordination on surveillance and intervention.

This regional focus underscores the urgent need for context-specific data and targeted
interventions. In the next sections, we will explore how these patterns affect clinical management and
diagnostic approaches in pediatric care.

5. MOLECULAR BIOLOGY OF ESBLS IN PEDIATRIC UTIS

The molecular underpinnings of extended-spectrum beta-lactamase (ESBL) production in
uropathogenic bacteria are complex and multifactorial, involving both chromosomal mutations and
the horizontal acquisition of resistance genes. Among pediatric populations, where empirical
treatment is common and diagnostic delays are frequent, understanding the molecular biology of
ESBLs is essential for tailoring effective treatment and containment strategies (46, 47).

ESBLs are primarily encoded by genes located on mobile genetic elements such as plasmids,
integrons, and transposons, which facilitate their horizontal transfer among bacterial populations
(48). The most clinically significant ESBLs belong to three main families: TEM (Temoniera), SHV
(sulfhydryl-variable), and CTX-M (cefotaximase). Of these, CTX-M enzymes have emerged as the
most prevalent globally, particularly in pediatric isolates of E. coli and K. pneumoniae (49, 50).
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How ESBL Enzymes Break Down Beta-Latambiotics
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Figure 2. Mechanism of ESBL-mediated resistance. In non-ESBL-producing bacteria, beta-lactam antibiotics bind
to penicillin-binding proteins (PBPs), inhibiting cell wall synthesis.

5.1. The TEM and SHV Families

Historically, the TEM and SHV beta-lactamases were the first identified ESBLs, originally found
in E. coli and K. pneumoniae, respectively. TEM-1 and SHV-1 are the progenitors of these families
and do not possess extended-spectrum activity. However, point mutations in these genes have
resulted in derivatives such as TEM-3 and SHV-2, which can hydrolyse third-generation
cephalosporins (51, 52). Although still relevant, these variants are now overshadowed by CTX-M
types in many regions.

5.2. The CTX-M Family

CTX-M enzymes are now the dominant ESBLs in both adult and pediatric populations. These
enzymes are subdivided into five main groups based on amino acid sequence similarity: CTX-M-1,
CTX-M-2, CTX-M-8, CTX-M-9, and CTX-M-25. CTX-M-15, a member of the CTX-M-1 group, has been
particularly successful in spreading globally (53; 54). Its prevalence in pediatric uropathogens is
attributed to its localisation on conjugative plasmids that often carry other resistance determinants,
such as qnr (quinolone resistance) and aac(6')-Ib (aminoglycoside resistance) (55).

5.3. Genetic Context and Co-Resistance

ESBL genes are frequently co-located with other antimicrobial resistance genes, contributing to
multidrug resistance (MDR) phenotypes. This genetic linkage means that the use of one antibiotic
class can co-select for resistance to others, exacerbating the resistance crisis (56). In pediatric UTlIs, co-
resistance to fluoroquinolones, aminoglycosides, and trimethoprim-sulfamethoxazole is common
among ESBL-producing strains (57).

5.4. Clonal Expansion and Horizontal Gene Transfer

Certain clones, such as E. coli ST131 and K. pneumoniae ST258, are known for acquiring and
disseminating ESBL genes. ST131, in particular, has been identified in pediatric isolates worldwide
and is strongly associated with CTX-M-15 production (58; 59). Clonal expansion of such high-risk
clones further entrenches resistance within both hospital and community settings.
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5.5. Implications for Molecular Surveillance

Molecular characterisation of ESBL genes is crucial for understanding the dynamics of resistance
and tailoring stewardship efforts. PCR, sequencing, and more recently, whole genome sequencing
(WGS), provide insights into the genetic diversity and evolution of ESBL-producing pathogens (60).
However, the adoption of these techniques in many LMICs, including Nigeria, remains limited due
to cost and technical capacity constraints (44, 61).

Understanding the molecular basis of ESBL production provides a foundation for designing
effective diagnostic, therapeutic, and surveillance strategies. In pediatric populations, where rapid
and accurate identification of resistance determinants can significantly impact outcomes, the role of
molecular tools is indispensable and increasingly urgent.

6. CLINICAL IMPACT AND RISK FACTORS IN PEDIATRIC POPULATIONS

The clinical consequences of UTIs caused by ESBL-producing organisms in children are
multifaceted, ranging from treatment failure and prolonged illness to severe complications such as
pyelonephritis, renal scarring, and recurrent infections (1). In neonates and infants, UTIs can rapidly
progress to urosepsis, particularly when empirical treatments are ineffective against resistant strains,
underscoring the urgent need for timely and accurate diagnosis and appropriate therapy (25, 62).

6.1. Disease Severity and Complications

Children infected with ESBL-producing uropathogens often experience longer durations of
fever, delayed clinical response, and increased hospitalisation rates compared to those with
susceptible strains (63). Ineffective empirical treatment—especially with third-generation
cephalosporins —may result in progression to upper urinary tract infection or bacteremia. Recurrent
infections have been linked to renal parenchymal damage and long-term sequelae such as
hypertension and chronic kidney disease (64).

6.2. Recurrent UTIs and Healthcare Burden

Recurrent UTIs are a common issue among pediatric patients previously infected with ESBL-
producing bacteria. These episodes often lead to increased outpatient visits, repeat hospital
admissions, and extended antibiotic therapy (65). Children with structural anomalies or
immunodeficiencies face elevated risks for recurrence and complications (66).

6.3. Risk Factors for ESBL Colonization and Infection

Multiple risk factors are associated with colonization and infection by ESBL-producing
organisms:
e  Prior antibiotic exposure, particularly to cephalosporins and fluoroquinolones (67).
e  Hospitalisation, catheterisation, and recent medical procedures (68).
e  Congenital urinary anomalies (e.g., vesicoureteral reflux) (69).
e Poor hygiene and inadequate sanitation (70).
e  Household or community-level transmission (71).

6.4. Vulnerable Subgroups

Premature infants, immunocompromised children (e.g., HIV or cancer patients), and those on
long-term antibiotic prophylaxis are more likely to harbour multidrug-resistant bacteria (72).
Additionally, limited pharmacologic options for these subgroups complicate treatment and increase
the risk of poor outcomes.

6.5. Psychological and Social Impact

Recurrent infections, hospitalisation, and the need for IV therapy can be emotionally distressing
for both children and caregivers. The economic burden from prolonged illness, diagnostic testing,
and missed workdays further strains low-income families (9).
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7. DIAGNOSTIC APPROACHES: CURRENT PRACTICES AND MOLECULAR
ADVANCES

Accurate and timely diagnosis of ESBL-producing UTIs in children is critical for guiding therapy
and avoiding complications. However, in resource-constrained environments like Nigeria,
challenges such as infrastructure deficits, delayed cultural results, and reliance on empirical therapy
persist (36).

7.1. Traditional Diagnostic Methods

Standard UTI diagnosis includes urinalysis, urine culture, and AST (antimicrobial susceptibility
testing). Urinalysis provides a quick screening, but urine culture is the definitive method for
identifying the causative pathogen and its susceptibility profile (73). ESBL production is detected
using phenotypic methods like double-disk synergy tests (DDST) and combination disk methods
(CDM) (74). These methods rely on demonstrating synergy between cephalosporins and clavulanic
acid.

7.2. Limitations of Phenotypic Testing

Phenotypic tests, although accessible, can take 48-72 hours, delaying treatment. They may miss
low-level resistance or misclassify isolates with overlapping resistance mechanisms, such as AmpC
[-lactamase producers (75).

7.3. Molecular Diagnostics

Polymerase Chain Reaction (PCR) enables rapid and specific detection of ESBL genes such as
blaCTX-M, blaSHV, and blaTEM (48). Multiplex PCR allows simultaneous detection of multiple
genes, improving diagnostic efficiency (76). Loop-mediated isothermal amplification (LAMP) is
emerging as a practical option in LMICs due to its low cost and simplicity (77).

7.4. Advanced Genomic Tools

Whole Genome Sequencing (WGS) enables comprehensive surveillance by mapping resistance
genes, virulence factors, and clonal relationships (60). Despite its diagnostic power, WGS remains
largely limited to research settings in LMICs due to cost and technical capacity barriers (44).

7.5. Diagnostic Challenges in Pediatric Populations

Urine sample collection in children is complicated by contamination with bag samples or
discomfort with catheterization. Accurate collection methods such as suprapubic aspiration are rarely
used due to invasiveness (1). Misleading or delayed results contribute to empirical treatment failures.

7.6. The Role of Rapid Point-of-Care Testing (POCT)

POCT platforms integrating PCR or isothermal amplification could offer real-time detection of
resistance genes. These tools are especially useful in pediatric settings but are still in early deployment
stages in most LMICs (78).

7.7. Recommendations for Diagnostic Improvement

To improve diagnostics and treatment of pediatric UTIs, especially in high-burden settings like
Nigeria, the following are recommended:
e  Strengthening laboratory infrastructure and personnel training.
e Incorporating PCR-based diagnostics in tertiary hospitals.
e  Developing cost-effective POCT for pediatric care.
e  Encouraging public-private partnerships to scale diagnostic tools.

A combination of improved phenotypic methods and expanded access to molecular diagnostics
is essential for accurate detection of ESBL-producing organisms in pediatric UTIs. Such integration
will improve treatment outcomes and enhance antimicrobial stewardship.
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8. ANTIMICROBIAL RESISTANCE PATTERNS AND TREATMENT
IMPLICATIONS

Understanding the antimicrobial resistance (AMR) profiles of ESBL-producing uropathogens in
pediatric patients is essential for guiding empiric therapy and shaping public health responses. The
presence of ESBL genes not only renders many beta-lactam antibiotics ineffective but is often
associated with multidrug resistance (MDR) to other critical antibiotic classes such as
fluoroquinolones, aminoglycosides, and trimethoprim-sulfamethoxazole (25, 75, 79).

8.1. Resistance to Beta-Lactam Antibiotics

The hallmark of ESBL-producing pathogens is their resistance to penicillins, third-generation
cephalosporins, and monobactams like aztreonam. Clinical studies in Sub-Saharan Africa, including
Nigeria, show resistance rates exceeding 80% to cefotaxime, ceftriaxone, and ceftazidime in pediatric
UTl isolates (22, 36). These resistance levels result in frequent empirical treatment failures, especially
in settings lacking microbiological diagnostics.

8.2. Cross-Resistance and Multidrug Resistance (MDR)

Most ESBL producers carry additional resistance mechanisms—such as efflux pumps and
aminoglycoside-modifying enzymes —resulting in MDR phenotypes (56).

8.3. Retained Susceptibility and Alternative Options

Despite the broad resistance, some agents retain efficacy. Nitrofurantoin and fosfomycin show
high susceptibility (>85%) in pediatric UTIs caused by ESBL producers (80, 81). These are especially
valuable for uncomplicated cystitis, though nitrofurantoin is not effective in pyelonephritis.
Carbapenems like meropenem remain the cornerstone for severe infections, though their use is
limited by cost, IV-only administration, and rising resistance (82). Piperacillin-tazobactam may still
be effective in some ESBL contexts, though its success is variable in high-inoculum infections (25).

8.4. Empirical Therapy Considerations

In the absence of rapid diagnostics, empirical treatment is often based on regional antibiograms.
In countries like Nigeria, where oral antibiotic resistance is rampant, empirical regimens should be
reconsidered. Pediatric patients with recent hospitalization, prior antibiotic exposure, or recurrent
UTIs are at higher risk for ESBL infections and may require broader-spectrum empiric therapy (63).

8.5. Treatment Challenges in LMICs

In low- and middle-income countries (LMICs), effective treatment is hindered by:
Limited access to effective antibiotics such as carbapenems and fosfomycin.

Lack of pediatric formulations for many antibiotics (70).

Financial barriers lead to incomplete treatments.

Poor adherence to protocols due to training gaps and lack of updated guidelines (32, 83).

8.6. Role of Pharmacovigilance and Resistance Monitoring

Addressing these challenges requires national AMR surveillance programs and integration of
ESBL detection in AST protocols. Routine pediatric antibiogram dissemination and participation in
global AMR initiatives will improve decision-making (43). Ongoing pharmacovigilance and updated
treatment guidelines can reduce inappropriate antibiotic use and help preserve remaining
therapeutic options (84).

9. PUBLIC HEALTH AND STEWARDSHIP IMPLICATIONS

The increasing prevalence of extended-spectrum beta-lactamase (ESBL)-producing
uropathogens in pediatric populations has profound public health consequences, particularly in
resource-limited settings (25). These organisms, often resistant to multiple classes of antibiotics,
compromise standard therapeutic regimens and threaten the effectiveness of empirical treatment
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protocols (43). The implications extend beyond individual patient care to broader systemic challenges
in infection control, healthcare resource allocation, and antimicrobial policy.

9.1. Strain on Health Systems

ESBL-related pediatric UTIs frequently result in prolonged illness, increased hospitalization
rates, and the need for more expensive second-line or intravenous antibiotics such as carbapenems
(81). This puts additional pressure on already strained healthcare infrastructures in low- and middle-
income countries (LMICs), where access to advanced diagnostics and newer antibiotics is limited
(85). In some settings, recurrent infections in children may also lead to long-term health consequences
such as renal scarring, chronic kidney disease, or hypertension, which require sustained follow-up
and specialist care (86).

9.2. Implications for Infection Control and Hospital Policy

Hospital-acquired infections with ESBL-producing organisms are increasingly reported in
neonatal and pediatric wards (87). The high transmissibility of ESBL genes, especially via plasmid-
mediated horizontal gene transfer, makes rigorous infection control protocols essential. However,
many facilities in LMICs lack adequate isolation measures, hand hygiene enforcement, or staff
training programs (43). Surveillance programs should be strengthened, with mandatory reporting of
ESBL infections and routine screening in high-risk wards.

9.3. Antibiotic Stewardship in Pediatric Care

The cornerstone of curbing resistance lies in rational antibiotic use (88). Pediatric antibiotic
stewardship programs (ASPs) should be implemented in both primary and tertiary healthcare
settings. These programs must include:
¢  Development and dissemination of pediatric-specific treatment guidelines.

e  Regular audit and feedback mechanisms for antibiotic prescriptions.

e Engagement of paediatricians, pharmacists, and microbiologists in multidisciplinary
stewardship teams.

e  Training programs for junior clinicians on the principles of prudent antibiotic use.

Pharmacovigilance is equally essential. Clinicians should be encouraged to use narrow-
spectrum agents guided by antibiogram data wherever possible. In resource-limited settings, access
to updated regional resistance profiles can greatly enhance the precision of empirical therapy (89).

9.4. Role of Pharmacists and Community Engagement

Pharmacists play a pivotal role in antibiotic dispensing and caregiver education. Unfortunately,
in many LMICs, antibiotics are frequently sold without prescriptions (90). Community pharmacists
should be integrated into national stewardship frameworks and trained to educate caregivers about
the dangers of antibiotic misuse.

Public education campaigns targeting parents, schools, and community leaders are vital. These
should address:

e  When and why antibiotics are necessary (and when they are not).
e  Risks of self-medication and incomplete courses.
e  Recognition of early UTI symptoms and importance of clinical evaluation.

9.5. Policy and Regulatory Measures

Governments and health ministries must enact and enforce regulations that restrict over-the-
counter sales of antibiotics (43). Policy frameworks should also incentivize research and development
of pediatric formulations of essential antibiotics. National action plans on antimicrobial resistance
must prioritize:

e  Expansion of diagnostic laboratories capable of detecting ESBL-producing strains.
e Investment in electronic medical records and surveillance systems.
e Inclusion of pediatric resistance data in national AMR reports.
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9.6. International and Multisectoral Collaboration

Global health agencies, including the World Health Organization (WHO), must continue to
support LMICs in developing antimicrobial stewardship infrastructure. Cross-border surveillance
networks and international research collaborations can facilitate data sharing and harmonization of
guidelines (43).

Antimicrobial Stewardship

- 4

Effective
Treatment

Preventing
Resistance

Figure 3. Conceptual illustration of antimicrobial stewardship, highlighting the critical balance between effective
treatment of infections and the prevention of antibiotic resistance.

10. FUTURE DIRECTION AND RECOMMENDATIONS

Ultimately, addressing the spread of ESBL-producing uropathogens in children requires a
comprehensive and coordinated response. This includes strengthening clinical practices, enforcing
policy controls, empowering healthcare workers, and educating the public. Without urgent and
sustained intervention, the effectiveness of available antibiotics will continue to wane, putting
millions of children at risk of preventable complications from common infections.

10.1. Revision of Empirical Treatment Protocols

Based on the high resistance rates recently being observed, it is recommended that healthcare
practitioners consider the use of nitrofurantoin and cephalexin as first-line treatments for pediatric
UTls, as these have shown lower resistance levels in several studies. Regular updates to treatment
guidelines should be based on continuous surveillance of local antimicrobial resistance patterns.

10.2. Strengthening Antibiotic Stewardship Programs

There is a critical need to establish and enforce antibiotic stewardship programs to curb the
misuse of antibiotics in the community. This includes training healthcare providers on the judicious
use of antibiotics and promoting the adoption of guidelines that restrict the use of broad-spectrum
antibiotics. Antibiotic stewardship programs must be strengthened to prevent the overuse and
misuse of antibiotics, which contribute to the emergence of resistance. Strategies such as de-escalation
of therapy, shorter treatment durations, and the use of targeted antibiotics based on susceptibility
profiles are critical in reducing the selective pressure that drives resistance. Finally, the development
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of new antibiotics and alternative therapies, such as bacteriophage therapy and antimicrobial
peptides, should be prioritised to address the growing threat of multidrug-resistant pathogens.

10.3. Implementation of Routine Diagnostic Testing

Routine urine culture and sensitivity testing should be encouraged, especially in cases of
recurrent UTIs or treatment failures. This approach will enable more precise targeting of antibiotics,
thereby reducing the risk of resistance development.

10.4. Public Health Education Campaigns

Educational initiatives aimed at informing the public about the importance of completing
prescribed antibiotic courses and the risks associated with self-medication are essential. Increasing
awareness can help reduce the incidence of antimicrobial resistance in the community.

10.5. Enthanced Surveillance and Research

Continued surveillance of antimicrobial resistance patterns and the genetic mechanisms
underlying resistance is crucial. Future research should focus on expanding the molecular
characterisation of resistant pathogens to guide the development of novel therapeutic interventions.

11. CONCLUSIONS

The escalating prevalence of ESBL-producing uropathogens in pediatric populations
underscores a growing threat to global child health. The clinical challenges associated with diagnosis,
limited therapeutic options, and poor outcomes demand urgent action. Strengthening diagnostic
capacity, promoting rational antibiotic use, enforcing rigorous infection control measures, and
prioritising research on novel therapeutics are essential pillars to combat this evolving crisis. Global
collaboration is essential to advance these research agendas and safeguard pediatric health. A
coordinated One Health approach, integrating human, animal, and environmental health
perspectives, offers the most promising pathway to mitigate the spread of antimicrobial resistance
and protect vulnerable pediatric populations.
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