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Introduction: Antimicrobials are among the most commonly misused medications, leading to antimicrobial resistance, and therefore
demand more attention. There are limited studies documenting “antimicrobial use-related problems” in developing countries,
especially in pediatric patients.

Objectives: This study aimed to evaluate the prevalence of antimicrobial use-related problems and risk factors among hospitalized
pediatric patients.

Materials and Methods: A hospital-based prospective observational study was conducted in Ayder comprehensive specialized
hospital (ACSH) in the Tigray region, Ethiopia. The participants of the study were pediatric patients aged <15 years who were
admitted with a diagnosis of infectious disease between September 2019 and November 2019.

Results: A total of 232 pediatric patients were included in the study. Of these, 59.5% of the patients were male and the mean age (SD)
of the patients was 5.8 (5.2) years. Of the 232 patients surveyed, a total of 177 antimicrobial use-related problems were identified. One
or more antimicrobial use-related problems have occurred in more than half of the patients (53.9%). The commonest antimicrobial use
problems were unnecessary antimicrobial therapy (22.8%) followed by need additional antimicrobial therapy (16.4%). In
a multivariate logistic regression model, patients with comorbidities (Adjusted odds ratio (AOR): 1.84, 95% confidence interval
(CI): 1.04-3.27) and hospital stays exceeding one week (AOR=1.88, 95% CI: 1.08-3.26) were predictors of antimicrobial use-related
problems.

Conclusion: Antimicrobial use-related problems were found in a significant proportion of pediatric patients. Addressing these issues
necessitates collaborative efforts, emphasizing targeted education, strengthened antimicrobial stewardship, ensuring responsible
antimicrobial use and enhancing pediatric care.
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Introduction
Antimicrobial drugs are the most prescribed and widely used drugs, responsible for some of the significant advances in
the history of medical therapy.' Despite the substantial benefits of antimicrobials, these drugs are among the commonly
misused drugs.”> Studies have reported that majority of drug-related problems in hospitals are caused by antimicrobial
drugs.*® This is of particular concern in pediatric patients where high proportions of antimicrobials are prescribed
inappropriately.®

The occurrence of any antimicrobial use-related problems can potentially lead to increased antimicrobial resistance,
morbidity, prolonged hospital stays, and increased healthcare costs.” ® Common antimicrobial use-related problems
include delayed initiation of effective therapies, unnecessary use of antimicrobials, prescribing broad-spectrum anti-
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biotics unnecessarily, exceeding recommended treatment duration, and dosing errors.”
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The World Health Organization has identified AMR as one of the ten greatest threats to global health. Its implications
are dire, making currently treatable infections potentially untreatable and leading to increased morbidity and mortality.'"
Developing countries are particularly vulnerable due to limited resources and the potential for ineffective existing
antibiotics further accelerating resistance patterns. '

Failing to address antimicrobial use-related problems, many antimicrobials will be out of use due to the increasing
emergence of antimicrobial-resistance. This can lead to uncontrolled infections, especially in developing countries where
access to alternative medicines is limited.'> With the global increase in antimicrobial resistance, investigating antimi-
crobial use in hospitals is very important to understand the current situation and formulate policies to promote the
appropriate and proper use of antibiotics.

Hospital antimicrobial stewardship programs are responsible for ensuring that all antimicrobials are utilized appro-
priately and safely to improve patient outcomes, prevent adverse drug reactions, and prevent antimicrobial resistance."'*
However, such program is not implemented in most developing countries including Ethiopia. There are limited studies
documenting antimicrobial use-related problems in developing countries, especially in pediatric patients.

This study focuses on various antimicrobial use-related problems encompassing unnecessary use of antimicrobials,
the need for additional antimicrobials, use of incorrect dosing, ineffective therapy, non-compliance, and adverse drug
reactions related to antimicrobials. The primary objective of this study is to assess the prevalence of antimicrobial use-
related problems in a pediatric ward of a tertiary hospital in Tigray, Ethiopia. As a secondary objective, we attempted to
determine the predictors of antimicrobial use-related problems.

Methods and Participants

Study Setting and Period

The study was conducted at Ayder Comprehensive Specialized Hospital in Mekelle City, Tigray Region, Ethiopia. The
hospital offers a wide range of services, including pediatrics, internal medicine, surgery, and maternity care, providing
both inpatient services, including pediatric and adult intensive care units, and outpatient services. Ayder comprehensive
specialized hospital, a 500-bed facility, is one of the tertiary hospitals in the nation and serves as a teaching hospital and
a referral center for approximately 10 million people in northern Ethiopia.'> The data were collected from September 01,
2019, to November 30, 2019.

Study Design and Participants

A hospital-based prospective observational study design was conducted to assess antimicrobial use-related problems. All
patients who were admitted to the pediatric wards of ACSH during the study period were included in the study, provided
they were diagnosed with infectious disease. Criteria for selecting the subjects were as follows: patients admitted to the
non-ICU unit of pediatric wards, patients with a length of hospital stay of more than 24 hours, and patients aged <15
years (ie this age group is a cutoff for pediatric patient at the hospital). Patients or caregivers who refused to participate
and patients who were readmitted during the study period were excluded.

Sample Size Determination and Sampling Technique
The sample size was calculated using a single proportion sample size estimating formula.
(z1-ap2)’P(1 = P)  (1.96)%0.5(1 —0.5)

n= = — 384
d? 0.052

Where, n = sample size, Z = confidence interval (1.96), p = the expected prevalence of antimicrobial use-related
problems with a proportion of 50% (p=0.5) was considered (due to the absence of similar study in the study area in
this population group), and d = Margin of error to be tolerated (0.05).

Correction formula was used since the source population was <10,000 (a total of 471 patients were expected to be
admitted during the study period considering previous year data). Correction formulas were employed with the following
formula:
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NF =n/(1 +n/N)=384/(1 + 384/471)= 211 where n = minimum sample size (384), N = total number of simple
size (471), NF = minimum final sample size (211). By adding 10% (211x0.1 = 21) of the sample size to compensate non-
respondents, the total sample size required was 232. Subjects were recruited using consecutive sampling technique.

Data Collection Procedure and Instrument
We developed a data abstraction tool to collect all the necessary information. The data abstraction tool consists of three
parts including i) socio-demographic characteristics (sex, age, weight, residence), ii) Patients’ clinical information
(relevant medical and medication histories, physical examination, laboratory results, diagnosis, co-morbidities, length
of hospitalization), iii) Patients’ medication information (history of antimicrobial use, current antimicrobial medica-
tions, other medications, number of current medications, patient adherence). These data were collected through
a review of the patient medical chart and interview. Some supplementary information was obtained through discussion
with the physician. All included patients were followed for the duration of hospital stay and the data were collected
during this period.

Two trained pharmacists were involved in the data collection. A senior clinical pharmacist supervised the data
collection. The data collection tools were pre-tested on 20 patients and little amendments were made. The data from the
pretest, however, were not part of the study results.

Outcome Measures and ldentification of Antimicrobial Use-Related Problems
The primary outcome was to determine the prevalence of antimicrobial use-related problems occurring in pediatric
patients with a diagnosis of infectious disease. The secondary outcomes were to identify the factors affecting anti-
microbial use-related problems.

We evaluated the appropriateness of antimicrobial therapy using guidelines followed by a consensus review with
a panel of experts including pediatricians and clinical pharmacy specialists. The guidelines used were the Infectious
Diseases Society of America (IDSA) guidelines,'® World health organization’s (WHO) pediatric guideline,'” and the
Ethiopian standard treatment guideline.'® In some scenarios, the appropriate antimicrobial regimens were prescribed
based on the individual patient clinical assessment and evaluations of appropriateness of antimicrobial therapy were not
applicable using the guidelines. In such cases, the decision was made based on the panel consensus.

Definition of Terms and Variables

Antimicrobial use-related problem was defined as any undesirable event or circumstance involving antimicrobial therapy
that actually or potentially interferes with the patient’s optimum outcome of health care.'"® Different methods of
classifying drug-related problems have been published.?’ In the present study, Cipolle’s drug-related problems classifica-
tion was used.'® Cipolle’s classification categorizes drug-related problems by seven main domains: needs for additional
drug therapy, unnecessary drug therapy, dosage too low, ineffective drug, dosage too high, adverse drug reaction, and
patient non-compliance.

The definition of drug-related problems was based on Cipolle’s classification'® as follows:

Needs Additional Antimicrobial Therapy Was Considered if
¢ No antimicrobials were prescribed when there is a valid indication for therapy or
e Preventive antimicrobial is needed to reduce the risk of developing new infection or
e An infectious disease requires a combination of antimicrobials to achieve synergism or additional coverage.

Unnecessary Drug Therapy Was Considered if
e There is no valid indication for antimicrobial therapy or
e More than one antimicrobial is used while one drug can cover the possible pathogen or
¢ The condition is better treated with nondrug or non-antimicrobial therapy.
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Dosage Too Low Was Considered if
e The antimicrobial dose is too low to produce the desired outcome or
e The dosage interval is too infrequent or
e A drug interaction reduces the amount of active drug available or
e The duration of antimicrobial therapy is too short.

Ineffective Drug Therapy Was Considered if
e The antimicrobial is not the most effective one for the infection or
e The antimicrobial drug is not effective for the infectious disease or
e The infection is resistant to the drug product being used or
e The route of antimicrobial administration is inappropriate.

Dosage Too High Was Considered if
e The antimicrobial dose is too high for the patient or
e The dosing frequency is too short or
e The duration of antimicrobial therapy is too long or
e Drug interaction causes a toxic reaction to the antimicrobial drug.

ADR is Considered if

e The antimicrobial drug causes an undesirable reaction that is not dose-related or
e A safer antimicrobial is needed because of patient risk factors or

e Drug interaction causes an undesirable reaction that is not dose-related or

e The antimicrobial causes an allergic reaction or

e The antimicrobial drug is contraindicated because of patient risk factors.

Noncompliance Was Considered if
e The patient/caregiver does not understand the instructions or
e The patient prefers not to take the medication or
e The patient/caregiver/nurse forgets to take/administer the medication or
e The antimicrobial is too expensive or not available.

Hospital Stay

The time gap spent in the hospital from the time of admission until time of discharge.

Comorbidity

It is the diagnosis of any medical condition other than infectious diseases.

Data Analysis

The data were entered into Epi data management (version 4.2.0) and analysed using STATA version 14.1 (STATA Corp,

TX, USA). Data were summarized as the mean + standard deviation and for continuous variables, and frequency (%) for

categorical variables. Regression analysis was used to predict the factors associated with the occurrence of antimicrobial

use-related problems. Values were considered significant at a p-value of <0.05 (0=0.05).
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Results

Socio-Demographic Characteristics

A total of 232 pediatric patients were included in this study. Of these, 59.5% of the patients were male and the mean age
(SD) of the patients was 5.8 (5.2) years. The majority of the study participants (64.7%) had no history of previous
admission to healthcare. More than half (57.8%) of the patient received health care for free [Table 1].

Disease and Treatment-Related Characteristics of Pediatric Inpatients

The most frequently observed type of infection was pneumonia reported in 42.2% of the cases. More than one-third
(39.2%) of the patients have one or more comorbidity. Nearly half (47.8%) of the patients had used antimicrobials during
the previous three months. Most of the patients (90.9%) received >2 drugs. The most commonly prescribed antimicro-
bials were ceftriaxone 161(69.4%), ampicillin 71(30.6%), and metronidazole 57(24.6%), respectively [Table 2].

Prevalence of Antimicrobial Use-Related Problems

Of the 232 patients surveyed, a total of 177 antimicrobial use-related problems were identified. One or more antimicrobial
use-related problems have occurred in more than half of the patients (53.9%). The commonest antimicrobial use problems
were unnecessary antimicrobial therapy (22.8%) followed by the need for additional antimicrobial therapy (16.4%)
[Table 3]. Some examples of the types and description of antimicrobial use-related problems are provided in Table 4.

Factors Associated with Antimicrobial Use-Related Problems

We conducted a univariate logistic regression analysis to determine the association of each independent variable with the
outcome. Subsequently, variables with a P-value <0.25 were entered into the multivariate logistic regression analysis to assess
the predictors of antimicrobial use-related problems. The full model containing all the covariates was statistically significant
(/> =17.23, df =5, p-value=0.004). Multicollinearity test was conducted to determine any correlation between the independent
variables and no collinearity (variance inflation factor <3 for all the variables) was observed among the variables.

Table | Socio-Demographic Characteristics of Pediatric
Inpatients in Ayder Comprehensive Specialized Hospital
from September 2019 Up to November 2019

Socio-Demographic Data | Category Frequency (%)

Gender Male 138 (59.5)
Female 94 (40.5)
Age <5 year 136 (58.6)

6—10 year 39 (16.8)

I1-15 year | 57 (24.6)

Mean + SD 5.8+5.2

Residence Rural 156 (67.2)
Urban 76 (32.8)
Referral status Referred 181 (78)

New patient | 51 (22)

Cost of health care covered | Self-payment | 98 (42.2)

Free 134 (57.8)
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Table 2 Disease and Treatment-Related Characteristics of Pediatric Inpatients in
Ayder Comprehensive Specialized Hospital from September 2019 Up to
November 2019

Variables Categories Frequency %
History of hospitalizations No 148 (63.8)
Yes 84 (36.2)
Type of infections Pneumonia 98 (42.2)
Sepsis 36 (15.5)
Meningitis 22 (9.5)
SAM 16 (6.9)
Surgical site infections 9 (3,9
Skin/soft tissue infections | 8 (3,4)
Urinary tract infections 6 (2.6)
Others 37 (15.9)
Comorbidities Yes 91 (39.2)
No 141 (60.8)
Antimicrobial use in the past 3 months Yes 111 (47.8)
No 90 (38.8)
Unknown 31 (134)
Indications for antimicrobial therapy Therapeutic 157 (67.7)
Prophylactic 75 (32.3)
Number of antimicrobial drugs <2 21 (9.1)
2 211 (90.9)
Hospital stays in days < | week 126 (54.3)
> | week 106 (45.7)
Most frequently used antimicrobial drugs | Ceftriaxone 161 (69.4)
Ampicillin 71 (30.6)
Metronidazole 57 (24.6)
Gentamicin 47 (20.3)
Vancomycin 34 (14.7)
Ceftazidime 20 (8.6)
Amoxicillin 14 (6)
Azithromycin 13 (5.6)
Ciprofloxacin 10 (4.3)
Anti-TB 6 (2.6)
HAART 522)
(Continued)
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Table 2 (Continued).

Variables Categories Frequency %
Meropenem 4(1.7)
Cotrimoxazole 4(1.7)
Others 7(3)

Abbreviations: Anti-TB, anti-tuberculosis; HAART, Highly active antiretroviral treatment.

Table 3 Prevalence and Types of Antimicrobial Use Problems Identified in Ayder
Comprehensive Specialized Hospital from September 2019 Up to November 2019

Variables Frequency (%)

Presence of antimicrobial use-related problems

Yes 125 (53.9)

No 107 (46.1)

Number of antimicrobial use-related problems

One 79 (34.1)
Two 43 (18.5)
Three 4(1.7)
Total number of antimicrobial use-related problems (average per patient) 177 (0.76)

Type of antimicrobial use-related problems

Unnecessary use of antimicrobials 53 (22.8)
Needs additional antimicrobials 38 (16.4)
Dosage too low 35 (15.1)
Dosage too high 24 (10.3)
Ineffective antimicrobial therapy 20 (8.6)
Non compliance 6(2.6)
Adverse drug reaction 1(0.4)

The multivariate logistic regression analysis revealed that patients with comorbidities were more likely to have
antimicrobial use-related problems (Adjusted odds ratio (AOR): 1.84, 95% confidence interval (CI): 1.04-3.27).
Similarly, patients with a length of stay >1 week were more likely to have antimicrobial use-related problems (AOR =
1.88, 95% CI: 1.08-3.26) [Table 5].

Discussion

In resource-limited settings, antimicrobials are highly prescribed in children with evidence suggesting both overuse and
underuse in different settings.”! Studying antimicrobial drug-related problems in pediatric patients is essential for
designing rational antimicrobial use programs. We found that at least one type of antimicrobial use-related problem in
54.3% of pediatric patients. In accordance with our study, comparable results were reported in different countries,
including Turkey (46.7%)** and Spain (51.9%).>> On the other hand, our result is higher than the results reported in
China (21%)** and lower than those reported in Ghana (86.6%)> and Ethiopia (74.3%).2° The difference in the
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Table 4 Examples of Antimicrobial Use-Related Problems Among Pediatric Patients Admitted in Ayder Comprehensive Specialized
Hospital from September 2019 Up to November 2019

Antimicrobial Use Related Problems Classification | Description

A patient in the age range of 3-5 years was admitted to Non The medication was not available in this governmental hospital
pediatric ward with the diagnosis of bacterial meningitis and compliance and the patient’s caregiver could not afford to buy it from
prescribed with ceftriaxone and vancomycin. However, a private pharmacy.

vancomycin was not administered to the patient.

A patient in the age range of 13—15 years was admitted to the | Unnecessary Betalactam-betalactamase inhibitors including amoxycillin/
pediatric ward with the diagnosis of diabetes mellitus type | use of clavulanic acid have excellent anaerobic coverage when used
and periodontal abscess. The patient was prescribed with antimicrobials alone for the oral flora’s. Hence, metronidazole should not be
Amoxycillin/clavulanic acid and metronidazole for the infection added for the purpose of anaerobic coverage

in addition to the insulin therapy.

A known patient with human immune deficiency virus in the Needs Management of meningitis in immune-compromised patients
age range of 6-9 years was admitted to the hospital with additional including HIV patients requires empiric coverage of listeria
a diagnosis of bacterial meningitis. The patient was prescribed | antimicrobials monocytogenes with ampicillin or other active agents.

with vancomycin and ceftriaxone for empiric therapy of

meningitis.

A neonate in the age range of 8-28 days with a normal birth | Dosage too The dosage interval for ampicillin is too infrequent. In neonates
weight was admitted to the ward with the diagnosis of late low in this age range with normal body weight ampicillin is

onset sepsis and prescribed ampicillin 50 mg/kg BID (two times recommended in a dose of 50 mg/kg/dose IV QID. Its action is
daily) and gentamicin 5mg/kg daily. time dependent.

A child in the age range of 10—13 years was admitted with the | Dosage too In this patient the duration of antimicrobial prophylaxis is too
diagnosis of acute appendicitis. The patient was started on high long. Therapeutic antimicrobials should only be continued if
ceftriaxone and metronidazole for surgical prophylaxis there is perforated or gangrenous appendicitis.

preoperatively. Appendectomy was performed for non-
perforated appendicitis and the antimicrobials were continued

for 5 days.

A patient in the age range of 7—10 years was admitted with dog | Ineffective In the empiric management of animal bite, first-generation
bite and a falling down accident (have fracture on the right antimicrobial cephalosporins should be avoided as these agents have poor
hand). The patient was prescribed with cephalexin for the therapy activity against Pasteurella multocida (common pathogen in
management of animal bite. animal bite). The preferred drug is amoxycillin/clavulanate.

A patient in the age range of 2—4 years and a weight of 12.6 kg | Adverse drug The antimicrobial drug causes an undesirable reaction that is

was admitted with a diagnosis of tuberculosis, severe reaction not dose-related: The patient developed drug induced hepatitis
pneumonia and severe acute malnutrition. The patient was due to the anti-tuberculosis medications. After discontinuation
prescribed with 2 tab RHZ (rifampicin, isoniazid, and of the anti-tuberculosis medications the patients liver function
pyrazinamide) + 2 tab E (ethambutol), Ceftriaxone 446 mg iv test and symptoms were started to normalize.

bid, and pyridoxine. After one month of follow-up the patient
was evaluated to have drug induced hepatitis.

prevalence of antimicrobial use-related problems observed in different countries may be due to variations in classifica-
tions of antimicrobial use-related problems, populations, level of healthcare facilities, study settings, and the availability
of trained prescribers.

In the present study, we found that the most frequently identified antimicrobial use-related problems were unneces-
sary antimicrobial therapy (22.8%) and the need for additional antimicrobial (16.4%). Similar to our study, unnecessary
drug treatment (32.8%) and the need for additional drug treatment (28.1%) were the most prevalent antimicrobial use-
related problems in a study in south west Ethiopia.?’ Unnecessary antimicrobial was prescribed for 17% of patients in
southwest Ethiopia, which is comparable with our finding.”
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Table 5 Multivariable Logistic Regression Analysis of Predictors of Antimicrobial Use-Related Problems at Ayder
Comprehensive Specialized Hospital from September 2019-November 2019

Variables Category | Antimicrobial Use-Related | COR (95% CI) | P- value | AOR (95% CI) P -value
Problems
Yes, (%) No, (%)
Sex Female 69 (55.2) 69 (64.5) | - |
Male 56 (44.8) 38 (35.50 1.47 (0.87-2.50) | 0.152 1.39 (0.81-2.45) 0.233
Comorbidities No 65 (52) 76 (71) [ |
Yes 60 (48) 31 (29) 2.26 (1.31-3.91) | 0.003 1.84 (1.04-3.27) | 0.036*
No. of antimicrobials <2 13 (61.9) 8 (38.1) | |
2 94 (44.5) 117 (55.5) 2.02 (0.81-5.08) | 0.134 1.36 (0.52-3.53) 0.536
History of hospitalization | No 73 (49.3) 75 (50.7) | |
Yes 34 (40.5) 50 (59.5) 1.43 (0.83-2.46) | 0.195 1.33 (0.75-2.34) 0.327
Hospital stays < | week | 68 (54) 58 (46) | |
> | week | 39 (36.8) 67 (63.2) 2.17 (1.28-3.68) | 0.004 1.88 (1.08-3.26) | 0.025*

Notes: *Statistical significance at p-value <0.05. The values in bold font represent variables that are significantly associated with the occurrence of antimicrobial use
related problems.
Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval.

The other main aim of this study was to identify predictors of antimicrobial use-related problems. Multivariate
analysis showed that patient length of hospital stay >1 week was significantly associated with the occurrence of
antimicrobial use-related problems. Consistent with the present study, a longer hospital stay was associated with
antimicrobial use-related problems in a study conducted in different settings.'®**2° This could be explained by the
fact that the longer patients stay in the hospital, the more likely patients are to contract new infections, such as health
care-associated infections. These infectious diseases require a new and complex antimicrobial therapy that further
contributed to the occurrence of antimicrobial use-related problems. Thus, patients will be exposed to additional
antimicrobial drugs and could increase the risk of drug interaction, adverse drug events, and non-compliance due to
unaffordable drugs and an increased number of drugs.

Our study identified that comorbidity was significantly associated with the occurrence of antimicrobial use-related
problems. This was also supported by the finding reported by Mechessa et al*® and Zed et al.*® The possible justification
for this finding is that complex patients often require different antibiotics for treatment of infections than non-complex
patients and only few guidelines are available for such patients. Patients with medical comorbidity often use multiple
drugs causing interactions (drug—drug, disease—disease, and drug-disease) that predispose patients to one or more
antimicrobial use-related problems.>'

These findings have important implications. The high rate of antimicrobial use-related problems found in the current
study underscores the importance of designing different strategies, including establishing an antimicrobial stewardship
program. Studies have reported that a high rate of antimicrobial use-related problems can be prevented by implementing
rational antimicrobial use programs and implementing disease-specific treatment guidelines.?! While the positive impact
of antimicrobial stewardship programs on reducing inappropriate prescribing, cost, and antimicrobial resistance is well-
documented,'? it is essential to acknowledge the challenges faced in their implementation. Similar to numerous low-
and middle-income countries, the implementation of antimicrobial stewardship in Ethiopia encounters challenges like
limited awareness among healthcare professionals and the public, absence of standardized guidelines, and insufficient
resources; addressing these issues requires comprehensive strategies involving education, policy development, improved
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access to diagnostic tools, and enhanced collaboration among stakeholders to ensure effective and sustainable anti-
microbial use.*

Finally, our study was not without limitations. The hospital lacks its own antibiogram, and information on micro-
biology and antimicrobial susceptibility results were largely unavailable for most patients. This absence of data makes it
challenging to assess the appropriateness of prescribing antimicrobials. Although identification of the predictors in the
present study might provide important clue based on the included variables, there are other factors related to the
healthcare system (eg healthcare providers characteristics) that are not considered. In addition, our study was conducted
in a single center in an inpatient setting. Thus, our results may not be generalizable to other hospitals and outpatient
settings.

We recommend a periodic multicenter study to assess the appropriateness of antimicrobial use, possibly including
drug resistance. Furthermore, healthcare providers and policymakers should use the finding of this and other similar
studies and implement strategies to improve the rational use of antimicrobial.

Conclusion

Antimicrobial use-related problems were found in a significant proportion of hospitalized pediatric patients. The
commonest antimicrobial use problems were unnecessary antimicrobial therapy followed by need additional antimicro-
bial therapy. Addressing these issues necessitates collaborative efforts, emphasizing targeted education, strengthened
antimicrobial stewardship, ensuring responsible antimicrobial use and enhancing pediatric care.
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