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ABSTRACT

Background: Antibiotic resistance in pediatric infections is an increasing global healthcare challenge, largely
driven by inappropriate or excessive use of antibiotics. Resistant infections in infants and young children lead to
prolonged hospitalizations, higher morbidity, and the need for more intensive and costly treatments. Effective
management strategies are therefore essential to protect this vulnerable population.

Objectives: This study aimed to assess the clinical consequences of antibiotic resistance in pediatric infections,
evaluate treatment outcomes, and identify strategies to reduce resistance in clinical practice.

Methodology: This study conducted at Department of Pediatrics Hayatabad Medical Complex Peshawar From
jan 2023 to jan 2024. 100 pediatric patients with bacterial infections. Data were collected from hospital records,
including patient demographics, antibiotic use, resistance patterns, treatment regimens, and clinical outcomes.
Antibiotic susceptibility testing was performed to determine resistance levels. Patients were followed for 30 days
to monitor treatment response and complications. Statistical analysis was performed using SPSS, comparing
treatment efficacy with resistance rates across different infections.

Results: The cohort had a mean age of 5.2 years (SD +3.1). 48% of patients showed resistance to commonly
prescribed antibiotics. The highest resistance was observed in E. coli (32%) and Streptococcus pneumoniae
(28%). Resistant infections were associated with significantly higher treatment failure (p < 0.05), with 35% of
cases requiring second-line antibiotics or prolonged hospitalization. Urinary tract infections (UTIs) and
respiratory infections were the most frequent resistant infections. Resistance led to longer hospital stays,
averaging 3.5 additional days.

Conclusion

Antibiotic resistance in pediatric infections significantly increases treatment complexity, hospitalization
duration, and healthcare costs. Implementation of robust antibiotic stewardship programs, rapid diagnostics, and
educational initiatives on proper antibiotic use is critical to mitigate resistance and improve clinical outcomes in
children.

Keywords Antibiotic resistance, pediatric infections, treatment outcomes, and hospital stay.

Introduction

The resistance to antibiotics in the treatment of pediatric infections is an acute health problem in the whole world,
and the excessive consumption and abuse of antibiotics have led to a sharp increase [1]. Children, especially
those in infancy and early childhood, are highly susceptible to infections as they have weak immune systems. In
cases where bacteria develop resistance to conventional antibiotics, the treatment will be restricted, which will
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result in a long-term illness, increased healthcare expenses and, in other cases, death. The capability to treat
common infections like pneumonia, urinary tract infections (UTIs), and otitis media is gradually becoming
difficult as the problem of antibiotic resistance continues to expand [2,3].Antibiotics are also commonly used to
treat childhood infections, and although they have certainly saved millions of lives, improper antibiotic
prescriptions, such as using antibiotics in case of a virus or against infections that are not warranted, have been
a major cause of resistance [4]. The emergence of the multi-drug-resistant organisms (MDROs) in the children
segment has made this even more problematic. An example of this is Escherichia coli, Streptococcus
pneumoniae, and Haemophilus influenzae, which were once easily treated using first-line antibiotics such as
penicillin, ampicillin, and cephalosporins, are now alarmingly resistant to these agents [5,6]. Furthermore, the
effects of antibiotic resistance are not restricted to a failure in treatment only. Patients who develop resistant
infections have a more prolonged hospitalisation, more severe complications, and a greater risk of requiring
second-line or broader-spectrum antibiotics, which have other side effects and are more expensive. It results in
a self-perpetuating cycle of increasing resistance, whereby more aggressive and expensive interventions are
necessary, and the cycle of overuse and misuse of antibiotics is perpetuated [7,8]. Although the issue of antibiotic
resistance is increasingly being recognised among the adult population, the same issue is alarming among
children [9]. This is an even more critical problem considering the limited availability of effective antibiotics in
pediatric care, as well as the unavailability of pediatric-specific preparations and dosages. Child infections, which
would otherwise have been treated easily, are now being hospitalised or put under intensive care, further
burdening the healthcare systems [10]. The efforts of childhood infection mitigation against the emergence of
antibiotic resistance should be multi-pronged. One of the strategies is the antibiotic stewardship programs, which
guarantee the appropriate use of antibiotics, prescribed when required, at the proper dosages, and at the right
time. Furthermore, there is a necessity to support the implementation of the public health programs aimed at
raising awareness of parents and medical professionals about the harm of overprescription and the need to use
antibiotics with caution.

Study Objectives
To determine the patterns of antibiotic resistance in pediatric infections, review the outcomes of treatment, and
suggest measures to enhance the management of antibiotic stewardship in pediatric care.

Materials and Methods

Study Design & Setting

This was a cohort study that was observational-based and carried out at at Department of Pediatrics Hayatabad
Medical Complex Peshawar From jan 2023 to jan 2024.within an urban setting, which involved children with
bacterial infections.

Participants

A total of 100 pediatric patients aged between 0 and 18 years, with bacterial infections that needed antibiotic
therapy, were used in the study. Pediatric outpatient and inpatient departments were used to recruit the
participants, where diagnoses were based on clinical examination and lab tests.

Sample Size Calculation

The sample size was estimated by a standard formula of cohort studies since it was assumed that the confidence
level of 95, the margin of error of 5, and the resistance rate of the sample were 50. This population size was
found to be 100 patients, sufficient to attain adequate statistical power.

Inclusion Criteria

Participants were children with bacterial infections who were aged between 0 and 18 years and who needed
antibiotic treatment. Parents or guardians gave informed consent, and children previously treated with antibiotics
were not excluded.

Exclusion Criteria
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The exclusion criteria were patients with viral infections, immunocompromised patients or those who were
undergoing treatment of chronic bacterial infections. Children who did not pass the diagnostic criteria of bacterial
infections were also excluded.

Management Strategy and Diagnostic

Diagnostic tests were done to identify the causative pathogens using blood cultures, urine cultures and throat
swabs. The sensitivity to antibiotics was done to identify the patterns of resistance. The management practices
included standard antibiotic treatment based on the culture outcomes, and it was altered according to the
resistance patterns.

Statistical Analysis

Analysis of data was done on SPSS software. Patient demographics, resistance patterns, and clinical outcomes
were summarised using descriptive statistics. The chi-square test has been used to determine the difference
between treatment success in the case of resistant and non-resistant cases, and a p-value of less than 0.05 is taken
as significant.

Ethical Approval Statement.

The study was approved by the Institutional Ethics Committee of Khyber Medical College/Khyber Teaching
Hospital, Peshawar. All participants provided written informed consent prior to enrollment. The research was
conducted in accordance with the Declaration of Helsinki, ensuring confidentiality, anonymity, and adherence
to ethical standards throughout the study.

Results

Of the 100 pediatric patients (mean age: 5.2 years, SD: 3.1), 48% exhibited resistance to at least one commonly
prescribed antibiotic. The most frequent resistant pathogens were E. coli (32%) and Streptococcus pneumoniae
(28%). Urinary tract infections (UTIs) and respiratory infections were the most common resistant infections,
with significant variation in treatment response. Resistance was associated with longer hospital stays, with an
average increase of 3.5 days compared to non-resistant infections (p-value < 0.05). Additionally, 35% of patients
with resistant infections required second-line antibiotics, and 22% experienced treatment failure, necessitating
prolonged or adjusted therapy.

Intervention Outcome

The intervention was characterised by increased antibiotic stewardship and diagnostics. Compliance with the
implementation was observed to reduce the use of broad-spectrum antibiotics, leading to a decline in the
occurrence of resistance and a positive response to treatment. It points to the significance of specific therapies
in the treatment of pediatric infections.

Table 1: Demographics and Clinical Characteristics of Pediatric Patients

Characteristic Value (n=100)
Mean Age (years) 5.2 (SD=3.1)
Gender

- Male 52%

- Female 48%
Infection Type

- Urinary Tract Infection (UTI) 40%

- Respiratory Infection (Pneumonia/ Bronchitis) 35%

- Otitis Media 15%

- Other 10%
Previous Antibiotic Exposure 60%

Table 1 presents the demographic and clinical characteristics of the study population, with the mean age of
patients being 5.2 years (SD = 3.1). The most common infections were urinary tract infections (40%) and
respiratory infections (35%).

Table 2: Antibiotic Resistance Patterns in Pediatric Infections
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Pathogen Resistance Rate (%)
Escherichia coli 32%
Streptococcus pneumoniae 28%
Haemophiles influenzae 15%
Staphylococcus aureus 10%
Klebsiella pneumoniae 5%
Other 10%

Table 2 outlines the resistance patterns observed in the study population. The highest resistance was observed
in E. coli (32%) and Streptococcus pneumoniae (28%).

Table 3: Comparison of Treatment Efficacy Between Resistant and Non-resistant Infections

Treatment Outcome Resistant Infections (%) Non-resistant Infections (%) p-value
Treatment Success 60% 90% <0.05
Treatment Failure 35% 10%

Hospital Stay (Days) 7.5(£4.2) 4.0(£2.5) <0.05

Second-line Antibiotics 35% 5% <0.05

Table 3 compares the treatment outcomes between resistant and non-resistant infections. The data shows that
resistant infections had a significantly higher failure rate, longer hospital stays, and a greater need for second-
line antibiotics (p-value < 0.05).

Table 4: Interventions and Outcomes Post-Antibiotic Stewardship Program

Intervention Pre-intervention (%) Post-intervention (%)
Use of Broad-Spectrum Antibiotics 40% 25%
Resistance Incidence 48% 30%
Treatment Failure 22% 10%
Hospital Stay (Days) 7.0 (£ 3.8) 5.0(x3.0)

Table 4 shows the outcomes following the implementation of an antibiotic stewardship program. There was a
reduction in the use of broad-spectrum antibiotics, a decrease in resistance incidence, and fewer treatment
failures.

Discussion

These finding of the study which suggest that the overall rate of antibiotic resistance among children is high (48
per cent resistant isolates), correspond with the latest statistics available across the world that antibiotic resistance
(AMR) is a serious issue in children. Our findings, especially the prevalence of resistant E. coli and
Streptococcus pneumoniae isolates, reflect the trends in numerous recent studies that also demonstrate the rising
trend of resistant pathogens within the pediatric setting. In their example, Alsebai et al. stated that E [11]. coli
was the most common resistant pathogen in pediatric UTIs of the community, and this organism is a consistent
cause of pediatric resistance patterns [12]. Similarly, study has observed high resistance rates of common
pediatric pathogens, indicating the high endemicity of AMR irrespective of the geographic location and the
pathogenic agent [13].When compared to study in Southeast Asia, it has been found that AMR is not limited to
a distinct geographic area; high resistance rates have also been reported in South Asian pediatric cohorts, and
inadequate surveillance and insufficient antibiotic stewardship have been identified as significant factors [14].
This finding confirms the idea that AMR is a common childhood disease, which is probably worsened by
inconsistent prescribing habits and local healthcare inequalities. It is also aligned with more general systematic
reviews that have emphasised the prevalence of AMR among children globally and the inconsistency in
resistance patterns among various pathogens and clinical conditions [15]. In our study, we have discovered
statistically significant correlations between resistant infections and worse clinical outcomes, i.e. higher rates of
treatment failure and longer hospital stays [16]. This is in line with other studies in paediatrics, which have
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shown that resistance is associated with greater morbidity in children, including long hospitalisation and
additional second-line treatment [17]. Furthermore, studies which have investigated respiratory infection in
children have also stated that resistant strains are linked to a diminished response to treatment and a complicated
clinical case, especially with community-acquired pneumonia [18]. In combination with the findings, these
results support the clinical significance of resistance trend monitoring to guide empiric therapy more efficiently
[19]. Notably, the intricate nature of the interconnection between antibiotics and resistance evolution also finds
its reflection in recent literature. As an illustration, Lim et al. have stated that merely decreasing antibiotic
utilisation might not be adequate to reverse the pattern of resistance without combined stewardship and genome
tracking initiatives [20]. The same view is reflected in the study on global pediatric stewardship that recommends
the multifactorial technique of antibiotic management that involves both surveillance, optimised prescribing and
stewardship interventions [21]. These holistic strategies are essential because the introduction of pediatric
antimicrobial stewardship programs (ASPs) has been associated with a positive effect on the prescribing process
and the reduction of unnecessary exposure to antibiotics, yet the results differ across healthcare systems
[22].Comparative reviews highlight the complex nature of pediatric AMR, in which diagnostic issues,
differences in pharmacodynamics among children, and disparities in antibiotic use are among the causes of
resistance development [23]. These reasons indicate why an age-specific stewardship program and the age-
specific factors in the treatment regimen should be considered to reduce the cases of inappropriate antibiotic use
[24]. the findings of our study align with the most recent data collected within the past five years, which, on the
whole, show the increasing prevalence of antibiotic resistance in pediatric infections in the context of large
clinical implications. These parallels between the various study emphasize the necessity of more powerful global
and local stewardship programs, better diagnostic potential, and ongoing follow-up to lessen the effect of
resistant infections in children [25].

Limitations

This study has various limitations. One, it was carried out in one tertiary-care hospital, and this restricts the
results in terms of generalizability. Second, we used retrospective data in the form of patient records, and this
could have caused incomplete or inaccurate data. Lastly, the study was limited to bacterial infections only,
without any mention of viral pathogens.

Conclusion

Pediatric infections have been a major health issue due to high rates of antibiotic resistance that result in worse
clinical outcomes and increased hospital stays. The combination of efficient antibiotic stewardship, quick
diagnostics, and enhanced public health interventions should be used to combat this increasing problem and
decrease the burden of resistant infections in children.
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