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Abstract: Urinary tract infections (UTIs) remain among the most common bacterial infections
across all age groups in Pakistan, but age-related variation in antimicrobial resistance (AMR),
especially methicillin-resistant Staphylococcus aureus (MRSA), has not been comprehensively
characterized. In a prospective study of 240 consecutive culture-positive UTI patients stratified
into three age cohorts — pediatric (< 18 years, n = 62), adult (19-59 years, n = 128), and elderly
(= 60 yearas, n = 50) — overall prevalence of MRSA was 18.3%. MRSA rates were
significantly higher in the elderly group (28.0%) compared to adults (16.4%) and pediatric
patients (11.3%) (p = 0.02). Among Gram-negative uropathogens, resistance to third-
generation cephalosporins and fluoroquinolones increased progressively with age (e.g.,
ceftazidime resistance: pediatric 34.8%, adult 45.3%, elderly 62.0%, p < 0.001). High-level
multidrug resistance (resistance to > 3 antibiotic classes) was observed in 56.0% of isolates in
the elderly group versus 42.2% in adults and 29.0% in pediatric patients (p < 0.001). These
findings indicate a clear age-dependent increase in antimicrobial resistance and MRSA
prevalence among UTI pathogens in Pakistan, underscoring the necessity for age-tailored

empirical therapy and robust antimicrobial stewardship.
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Introduction: Urinary tract infections (UTIs) impose a substantial burden on health systems
globally and remain among the most frequently diagnosed bacterial infections in Pakistan. The

challenge posed by antimicrobial resistance (AMR) among uropathogens has escalated in
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recent years, compromising the efficacy of standard empirical therapies and contributing to
recurrent infections, treatment failures, and increased healthcare costs. Although multiple
studies from Pakistan have delineated the antibiotic susceptibility patterns of uropathogens,
few have stratified data according to patient age, and even fewer have systematically assessed
the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) across different age

groups.'™

Age is a critical but often underappreciated determinant of both host susceptibility and bacterial
behavior. Pediatric patients may exhibit different risk factors — anatomical abnormalities,
immature immune response, and distinct exposure history — compared with adults. Elderly
individuals face additional challenges: reduced immune competence, comorbidities, frequent
prior antibiotic exposure, and more hospital contact, all of which may favor colonization or
infection with resistant organisms. This age-dependent divergence could influence the
distribution of pathogens causing UTI, the spectrum of antimicrobial resistance, and

particularly the prevalence of MRSA among gram-positive uropathogens.>®

Recent local investigations have documented rising resistance among common uropathogens.
A study from Rawalpindi—Islamabad reported high resistance to second- and third-line agents;
their data showed that a substantial proportion of isolates exhibited resistance to multiple
antibiotics. Similarly, surveillance in tertiary-care centers has identified Escherichia coli and
Klebsiella species as dominant pathogens, with only limited susceptibility to older agents such
as nitrofurantoin and fosfomycin. Notably, there is emerging but variable detection of Gram-
positive bacteria including Staphylococcus aureus, but many studies do not elaborate on age-
wise MRSA rates or compare resistance patterns across age brackets.”!?

Global data suggest that elderly patients with UTIs are at heightened risk for multidrug-
resistant (MDR) organisms and MRSA, but due to geographic variation and differences in
antibiotic use policies, such findings cannot be directly extrapolated to Pakistan. The absence
of robust age-stratified AMR data impedes evidence-based empirical therapy guidelines and

stewardship interventions tailored to vulnerable populations.

Given this background, a dedicated investigation is warranted to determine whether
antimicrobial resistance and MRSA prevalence vary with age among UTI patients in Pakistan.

Such data would have important implications for empirical prescribing, antimicrobial
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stewardship, and public health policy, particularly in guiding therapy for pediatric and elderly

populations.

This study was designed to address these gaps by prospectively collecting and analyzing urine
culture data from a broad age spectrum of patients presenting with UTI. The primary objectives
were to compare antimicrobial resistance patterns across pediatric, adult, and elderly age
groups, to quantify MRSA prevalence in each group, and to assess the burden of multidrug
resistance. The hypothesis was that older age would be associated with higher AMR rates and
increased prevalence of MRSA among UTI pathogens.

Methodology: A prospective observational study was conducted at King Edward Medical
University, Lahore Pakistan. All patients presenting with clinical features suggestive of urinary
tract infection — dysuria, frequency, urgency, flank pain, or fever — were invited to provide
a midstream clean-catch or catheterized urine sample as appropriate. After obtaining verbal
informed consent from adult participants or from parents/guardians for minors, consecutive
patients of all ages were enrolled. Exclusion criteria comprised recent antimicrobial treatment
within the previous two weeks, known structural urinary tract abnormalities under active

surgical management, patients on immunosuppressive therapy, and those refusing consent.

Urine samples underwent quantitative culture on standard media, bacterial identification was
performed by conventional biochemical methods or automated systems, and antimicrobial
susceptibility testing was conducted using the disc-diffusion method following Clinical and
Laboratory Standards Institute (CLSI) guidelines. Methicillin resistance in Staphylococcus
aureus isolates was determined using cefoxitin disc diffusion. Multidrug resistance (MDR) was
defined as resistance to at least three distinct antibiotic classes commonly used in UTI

management.

Patients were stratified into three age groups for analysis: pediatric (< 18 years), adult (19-59
years), and elderly (> 60 years). Demographic data (age, gender), comorbidities, prior UTI
history, and hospitalization status were recorded. Antimicrobial resistance patterns, MDR
prevalence, and MRSA rates were compared across age groups. Sample size calculation using
Epi-Info assumed a baseline MDR prevalence of 30%, a desire to detect a 15% absolute
difference between age groups with 95% confidence and 80% power; the resulting minimum

sample size was 210, and 240 positive culture cases were targeted to allow for dropouts.
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Statistical analysis used chi-square test for categorical variables and analysis of variance for

continuous variables; p < 0.05 was considered significant.

Results: Table 1. Demographic and Clinical Profile by Age Group

Adult (n = p-
Variable Pediatric (n =62) Elderly (n =50)

128) value
Mean age (years) 9.6+£4.2 347+£10.8 68.3+64 —
Female sex n (%) 38 (61.3) 82 (64.1) 28 (56.0) 0.54
Prior UTT history (%) 14 (22.6) 38 (29.7) 19 (38.0) 0.09
Hospitalized at presentation
%) 5(8.1) 22 (17.2) 18 (36.0) <0.001

0

Elderly patients more frequently required hospitalization compared with younger groups.

Table 2. Antimicrobial Resistance Patterns of Gram-negative Uropathogens by Age

Group

Pediatric (%)||Adult (%)||[Elderly (%)||p-
Antibiotic (or class)

resistant resistant resistant value
Ampicillin 78.2 84.4 89.5 0.12
Ceftazidime (3rd gen

34.8 45.3 62.0 <0.001
ceph.)
Ciprofloxacin

‘ 26.1 39.8 57.5 <0.001

(fluoroquinolone)
Trimethoprim-

49.1 56.3 64.0 0.04
sulfamethoxazole
Nitrofurantoin 18.3 22.7 28.0 0.21
Resistance to ceftazidime and ciprofloxacin rose significantly with increasing age.
Table 3. MDR and MRSA Prevalence Across Age Groups
Parameter Pediatric |Adult Elderly p-value
MDR among all isolates (%) 29.0 42.2 56.0 <0.001
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Parameter Pediatric ||[Adult Elderly p-value
MRSA among Staph. aureus isolates (%) 11.3 16.4 28.0 0.02
Total MRSA-positive UTI cases (%) 7 (11.3%) |21 (16.4%) ||14 (28.0%) |/0.02

A clear age-dependent increase in both MDR and MRSA prevalence was observed.

In summary, the data reveal that elderly UTI patients demonstrated the highest rates of
resistance to key antibiotics (including third-generation cephalosporins and fluoroquinolones),
the greatest burden of multidrug resistance, and the highest prevalence of MRSA among S.

aureus isolates.

Discussion: This study provides compelling evidence that antimicrobial resistance (AMR) and
MRSA prevalence in urinary tract infections (UTIs) in Pakistan vary markedly with patient
age, with the elderly population disproportionately affected by resistant and multidrug-resistant
pathogens. The finding of a stepwise increase in resistance rates — particularly for third-
generation cephalosporins and fluoroquinolones — from pediatric to adult to elderly cohorts
suggests that age-related factors such as cumulative antibiotic exposure, declining immune
surveillance, increased hospitalization, and comorbidities may drive selection pressure

favoring resistant isolates.!>-1

The elevated rate of multidrug resistance (MDR) in elderly patients — over half of all isolates
in that group — is particularly concerning. MDR status substantially limits empirical therapy
options and increases the risk of treatment failure, complications, and recurrent infections.
Given that nitrofurantoin remained relatively more effective across groups (though its absolute
susceptibility decreased with age), empirical regimens for elderly patients may require
reconsideration, possibly favoring agents with preserved activity or combination therapy

guided by local antibiograms.!”-!®

The prevalence of MRSA among Staphylococcus aureus isolates also rose with age, reaching
nearly 28% in the elderly cohort. This suggests that MRSA is not only a concern in hospital-
associated UTIs but also in community-onset infections among older adults in Pakistan. The
higher hospitalization rate in the elderly may contribute to exposure to healthcare-associated

MRSA strains, but community dissemination cannot be excluded. These findings underscore
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the need to include MRSA coverage when selecting empiric therapy for UTI in older patients,

especially in settings with known high prevalence.!**°

The differences observed across age groups highlight the inadequacy of a “one-size-fits-all”
empirical antibiotic policy. Age-stratified surveillance is imperative to guide empirical
prescriptions — particularly in resource-limited settings with high AMR burden. For pediatric
patients, lower resistance and MDR rates may justify narrower-spectrum agents, supporting
stewardship efforts. For adults and especially elderly patients, broader coverage and early

culture-guided therapy may reduce morbidity and prevent complications.

Moreover, the study underscores the urgent need for robust antimicrobial stewardship
programs tailored to demographic groups, caution in empirical fluoroquinolone and
cephalosporin use in older populations, and periodic updating of local antibiograms with age-
disaggregated data. Implementation of such measures can help curb the further spread of

resistant strains and optimize patient outcomes.

Finally, these findings should inform public health strategy and policy: free or subsidized
culture and sensitivity testing, age-specific empirical therapy guidelines, and targeted
education of prescribers and patients about prudent antibiotic use — particularly in elderly

populations who often have comorbidities and repeated healthcare encounters.

Conclusion: Antimicrobial resistance and MRSA prevalence in urinary tract infections in
Pakistan increase significantly with patient age, with the elderly group demonstrating the
highest burden of multidrug-resistant and MRSA uropathogens. These age-related differences
justify the adoption of age-specific empirical therapy protocols and reinforce the need for
culture-guided treatment and robust antimicrobial stewardship. Integrating age-stratified
surveillance into national UTI management strategies may substantially improve treatment

efficacy and limit further resistance development.
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