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Abstract 
Introduction: Children are at a higher risk of antibiotic overprescribing, while limited surveillance is evident in primary care settings. This 
study aims to examine patterns of infections and associated antibiotic use in children attending Primary Health Centers (PHCs), including an 
explanatory analysis of antibiotics for non-pneumonia acute respiratory infections (ARIs), pneumonia, and diarrhea. 
Methodology: An observational study used records of all children ≤ 5 years of age prescribed antibiotics from January 2019 to December 2020 
in selected PHCs in Surabaya and Banjarmasin, Indonesia. Data on children’s characteristics, diagnoses, and antibiotics prescribed, were 
collected from patient records. The explanatory analysis was based on national guidelines. A descriptive analysis was used to summarize the 
data. 
Results: A total of 1053 and 1463 children’s records with antibiotics were located at Surabaya and Banjarmasin PHCs, respectively. ARIs were 
the most common indications for antibiotic prescribing in both settings, either non-pneumonia ARIs (60.6% versus 33.8%, respectively) or 
pneumonia (20.2% versus 25.2%, respectively). High conformity with guidelines were evident for antibiotics used for pneumonia (i.e., 
amoxicillin/cotrimoxazole/erythromycin – 89.3%) or specified upper ARIs (e.g., amoxicillin for pharyngitis – 73.9%), and for diarrhea (i.e., 
cotrimoxazole – 73.1%). However, some information, such as diagnoses, were not recorded or were unspecific, hence limiting assessment. 
Conclusions: This study provided insights into prescribing antibiotics among children in Indonesia. Lack of specific guidelines for children 
and inadequate documentation for antibiotic prescribing warrants improvement. Larger prospective studies should assess appropriate 
prescribing at the national level to optimize the use of antibiotics. 
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Introduction 

Antibiotics can be a lifesaving treatment for 
bacterial infections and are among the most commonly 
prescribed drugs globally [1]. In younger children, 
individual exposures to antibiotics are frequently high, 
especially in low-middle income countries (LMICs) 
[2], including Indonesia. A small study in Indonesian 
rural communities (n = 334) reported that 33% of 
children had received antibiotics within the last 30 days 
(about 4 courses per child per year) [3]. This figure was 
similar to the rate of antibiotic courses prescribed for 
children less than 2 years (4.9 courses per child per 
year) in a cohort study conducted in eight LMICs across 
Asia, Africa and Latin America [4]. 

Excessive use of antibiotics can cause more adverse 
events, drug toxicity and detrimental effects on the gut 
microbiota and enteric immune system [4]. At both the 

individual and population levels, antibiotic overuse 
drives the development and transmission of 
antimicrobial resistance (AMR), which is one of the 
leading causes of death in the world [15]. To tackle the 
global issue of AMR, the World Health Organisation 
(WHO) initiated a "Global Action Plan on 
Antimicrobial Resistance" in May 2015 [6], which was 
followed by The Indonesian Government issuing 
regulations establishing a ‘National Action Plan for 
Controlling AMR 2020-2024’ [7]. This action has 
focused on pre- and post-marketing surveillance, which 
included, but not limited to, increasing public 
awareness as well as monitoring and optimizing the use 
of antibiotics in health facilities [7]. 

International studies have reported high levels of 
antibiotic prescribing in primary health facilities [8]. A 
previous study in rural communities in Indonesia (n = 
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203) reported that 49.3% children under 5 years of age 
received antibiotics, with 98% originating from primary 
health facilities [3]. It has been suggested that 
antibiotics are often prescribed for mild illnesses in 
children, where little evidence exists of any benefits 
from antibiotics [2,4,9]. While children are at a higher 
risk of antibiotic overprescribing, a considerable 
investment in surveillance of antibiotic use patterns 
among neonates and children would be of importance 
[10]. 

Primary Health Centres (PHCs, Puskesmas) are 
technical units of the regional health offices at the 
district (kecamatan) level [11]. In 2019, a ratio of 1.4 
PHCs per district was reported [12], thus PHCs are 
considered as frontline primary care providers in 
Indonesia. To evaluate quality use of medications in 
PHCs, the Ministry of Health established quality 
indicators according to WHO, which included the use 
of antibiotics in non-pneumonia acute respiratory 
infections (ARIs) and non-specific diarrhea [13]; the 
evaluation, however, was conducted using general 
patients and not all PHCs were analyzed or provided a 
complete data set [13]. Studies involving children in 
PHCs have generally been small and limited when 
evaluating the use of antibiotics for specific illnesses, 
such as pneumonia, ARIs, or diarrhea [14-16]. Hence, 
this study aimed to describe patterns of illnesses as well 
as antibiotic use in children (≤5 years of age) attending 
Indonesian PHCs. This was followed with an 
explanatory analysis evaluating the choice of antibiotics 
for common illnesses in children, including non-
pneumonia ARIs, pneumonia, and diarrhea. Diarrhea 
and ARIs are common illnesses among children in 
Indonesia [3], where pneumonia and diarrhea have been 
reported as the leading causes of death in children under 
five years of age [17]. 

Methodology 
This study obtained permission from Regional 

Health Office (number 072/17297/436.7.2/2022), and 
was approved by the Research Ethics Committee at 
Universitas Surabaya (number 89/KE/VI/2022). 

 
Study setting and design 

An observational study was conducted in May-July 
2022 in Surabaya and Banjarmasin, Indonesia. 
Surabaya is the capital city of East Java Province 
(western part of Indonesia) with a very high Human 
Development Index - HDI (82.31 in 2021); while 
Banjarmasin is the capital city of South Kalimantan 
(central part of Indonesia) with a lower HDI (77.97 in 
2022) [18,19]. Surabaya covers 31 districts, and has 63 
PHCs with a ratio of 0.22 per 1,000 population [20]. 
Two districts (RK and SU) were selected by the 
regional health office staff to include a range of 
socioeconomic levels; all PHCs in the districts were 
included, i.e., two PHCs in RK District and three PHCs 
in SU District. Banjarmasin is divided into five districts 
with a total of 26 PHCs [19]. Two districts (NB and CB) 
were selected by the regional health office staff to 
include a range of socioeconomic levels; all five PHCs 
in CB District were included, and only two of four 
PHCs in NB District were involved due to limitations 
in their records system. All children ≤ 5 years of age 
prescribed antibiotics from January 2019 to December 
2020 in the selected PHCs were included. The children 
were identified based on antibiotic prescriptions 
received at the pharmacy unit in the PHCs; their records 
were then retrieved to obtain data on the characteristics, 
diagnosis, and antibiotic therapy. 

 

Table 1. Antibiotics recommended by the national guidelines. 
Indication Guidance of Clinical Practice for General Practitioners in 

Primary Care Settings  
Integrated Management of Childhood Illnesses 

Pneumonia First-line (ambulatory settings): amoxicillin oral or co-
trimoxazole oral 

First line: amoxicillin oral - if not responded: erythromycin 

Non-pneumonia ARIs   
A. Upper ARIs When recommended (bacterial aetiology suspected): N/A 
-Pharyngitis  amoxicillin  
-Laryngitis penicillins  
-Tonsilitis amoxicillin or erythromycin  
-Rhinitis amoxicillin or erythromycin or cefadroxil*  
-Sinusitis amoxicillin or co-trimoxazole or erythromycin  
B. Influenza No antibiotics  
 
Diarrhea 

 
When recommended [diarrhea with blood (mainly caused by 
shigellosis) or suspect cholera] - Dysentery (shigellosis): 
ciprofloxacin (caution in children) or azithromycin* or 
cefixime*; Cholera: ciprofloxacin (caution in children) or co-
trimoxazole 

 
When recommended [diarrhea with blood (dysentery) or 
suspect cholera] - Dysentery (shigellosis): first-line: co-
trimoxazole, second line: cefixime*; Cholera: first-line: 
tetracycline, second-line: co-trimoxazole 

*the agents were not included in the 2019 National Formulary for primary care settings. 
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Data analysis 
Data were analyzed using IBM SPSS version 25. 

Descriptive analysis summarized the data. This was 
followed with an explanatory analysis evaluating the 
antibiotics prescribed for non-pneumonia ARIs, 
pneumonia, and diarrhea; being the most common 
illnesses among children in Indonesia [3]. While formal 
or specific prescribing guidelines for children in PHCs 
are not available, the antibiotic prescribing was 
compared to those recommended by Guidance of 
Clinical Practice for General Practitioners in Primary 
Care Settings and/or Integrated Management of 
Childhood Illnesses (Manajemen Terpadu Balita Sakit, 
MTBS) (Table 1) [21-23]. MTBS is an integrated 
approach where different sectors – healthcare 
professionals, health system, and family/community – 
work together to manage childhood illnesses [22]. The 
recommended antibiotics would also be checked for 
their compatibility with 2019 National Formulary, 
which is a list of medications that should be provided 
and used in Indonesian health facilities under national 
health coverage (Jaminan Kesehatan Nasional, JKN) 
[23]. The proportions of children prescribed the 
recommended antibiotics were then calculated.  

 
Results 

A total of 1053 and 1463 records of children (≤ 5 
years) prescribed antibiotics were identified in the 
selected PHCs in Surabaya and Banjarmasin, 
respectively. Table 2 shows a summary of the 
children’s characteristics. Most children were between 
1 to 2 years in Surabaya PHCs, and 2 to 3 years in 
Banjarmasin PHCs (38.6% and 37.3%, respectively). 
The proportions of males were slightly higher than 
females in both regions. Children’s bodyweights in 

Banjarmasin PHCs were generally lower than those in 
Surabaya PHCs for all age groups. 

The majority of children prescribed antibiotics in 
Surabaya and Banjarmasin PHCs had diagnoses of non-
pneumonia ARIs (60.6% versus 33.8%, respectively) or 
pneumonia (20.2% versus 25.2%, respectively); of 
those with non-pneumonia ARIs, the majority were not 
recorded with a specific diagnosis (560 and 284 cases, 
respectively) (Table 3). Furthermore, a small proportion 
of children prescribed antibiotics had a diagnosis of 
diarrhea in both Surabaya PHCs and Banjarmasin PHCs 
(6.4% and 3.6%, respectively). In addition, of those 
prescribed antibiotics, tuberculosis and skin infection 
cases were reported to be higher in Banjarmasin 
compared to those in Surabaya. It should be noted that 
12.2% of children in Banjarmasin PHCs had no 
information of their diagnoses. 

The most frequently prescribed antibiotics for 
children in Surabaya and Banjarmasin PHCs were 
amoxicillin (70.5% versus 48.8%, respectively) and co-
trimoxazole (22.3% versus 23.0%, respectively). 
Cefadroxil was prescribed for 14.9% of children in 
Banjarmasin PHCs, but none in Surabaya PHCs. 
Details on antibiotics prescribed in children at these 
PHCs are reported in Table 4.  

The explanatory analysis findings can be seen in 
Table 5. The analysis was limited to antibiotics 
prescribed for non-pneumonia ARIs, pneumonia, and 
diarrhea (n = 1811); while most cases of non-
pneumonia ARIs were not specified (560 cases for 
Surabaya PHCs, and 284 cases for Banjarmasin PHCs), 
an appropriate prescribing analysis was performed only 
for 967 cases or antibiotic prescriptions. Overall, the 
choice of antibiotics conformed to the national 
guidelines (808/967; 83.6%). In terms of pneumonia 

Table 2. Characteristics of children prescribed antibiotics in Primary Health Centers (PHCs). 

Characteristics 
PHC Surabaya Region PHC Banjarmasin Region 

PHCs RK District 
N = 434, n (%) 

PHCs SU District 
N = 619, n (%) 

Total 
N = 1053, N (%) 

PHCs NB District 
N = 719, n (%) 

PHCs CB District 
N = 744, n (%) 

Total 
N = 1463, N (%) 

Age       
0-12 months 45 (10.4) 53 (8.6) 98 (9.3) 28 (3.9) 53 (7.1) 81 (5.5) 
> 12-24 months 113 (26.0) 142 (22.9) 255 (24.2) 251 (34.9) 295 (39.6) 546 (37.3) 
> 24-36 months 150 (34.6) 256 (41.4) 406 (38.6) 172 (23.9) 186 (25.0) 358 (24.5) 
> 36-48 months 108 (24.9) 158 (25.5) 266 (25.3) 146 (20.3) 138 (18.5) 284 (19.4) 
49-60 months 18 (4.1) 10 (1.6) 28 (2.7) 122 (17.0) 73 (9.8) 195 (13.3) 
Gender       
Male 251 (57.8) 335 (54.1) 586 (55.7) 368 (51.2) 443 (59.5)a 811 (55.4)a 
Female 183 (42.2) 284 (45.9) 467 (44.3) 348 (48.4) 300 (40.3) 651 (44.5) 
Body weight (Mean ± SD, 
kg)       

0-12 months 10.4 ± 1.46 11.2 ± 1.21 10.9 ± 1.38 8.2 ± 1.15b 8.5 ± 1.36 8.3 ± 1.16 
> 12-24 months 13.1 ± 1.98 13.5 ± 1.70 13.3 ± 1.84 9.2 ± 1.88b 9.5 ± 1.56 9.2 ± 1.85 
> 24-36 months 14.9 ± 2.06 15.2 ± 2.06 15.1 ± 2.06 11.5 ± 2.17b 11.9 ± 2.34 11.5 ± 2.19 
> 36-48 months 18.2 ± 2.31 18.7 ± 2.41 18.5 ± 2.38 13.1 ± 2.37b 13.3 ± 4.04 13.4 ± 2.81 
49-60 months 20.2 ± 2.9 24.2 ± 1.14 21.7 ± 3.11 15.6 ± 2.71b 15.1 ± 0.74 15.0 ± 2.61 
PHC: Primary Health Centre; kg: kilogram; SD: standard deviation; RK, SU, NB, CB: codes for the district; a1 missing data; bno weight data available from 
one PHC in NB District (N = 581). 
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cases with antibiotic prescriptions (n = 580), 89.3% 
were in concordance with the guidelines; while the  
  

Table 3. Distribution of diagnoses for which antibiotics were prescribed for children in Public Health Centers (PHCs). 

Disease name 

PHC Surabaya Region PHC Banjarmasin Region 
PHC RK 
District 

N = 434, n (%)b 

PHCs SU 
District 

N = 619, n (%)b 

Total 
N = 1053, 

N (%)b 

PHC NB 
District 

N = 719, n (%)b 

PHCs CB 
District 

N = 744, n (%)b 

Total 
N = 1463, 

N (%)b 
Specific infectious and parasitic diseases 
Tuberculosis - - - 42 (5.8) 8 (1.1) 50 (3.4) 
Intestinal infectious diseases (e.g., typhoid, 
dysentery) 11 (2.5) 11 (1.8) 22 (2.1) 19 (2.6) 20 (2.7) 39 (2.7) 

Viral infections (e.g., HFMD, varicella, 
measles) - - - 15 (2.1) 8 (1.1) 23 (1.6) 

Others (e.g., scabies) - - - 8 (1.1) 5 (0.7) 13 (0.9) 
Diseases of skin and subcutaneous tissue 
Infections of the skin and subcutaneous tissue 
(e.g., abscess, furuncle and carbuncle) 10 (2.3) 3 (0.5) 13 (1.2) 33 (4.6) 31 (4.2) 64 (4.4) 

Dermatitis 31 (7.1) 23 (3.7) 54 (5.1) 51 (7.1) 18 (2.4) 69 (4.7) 
Others (e.g., miliaria) - - - 3 (0.4) 9 (1.2) 12 (0.8) 
Diseases of respiratory system       
Non-pneumonia ARIs:       
A. Non-pneumonia ARIs (unspecified) 229 (52.8) 331 (53.5) 560 (53.2) 21 (2.9) 263 (35.5) 284 (19.4) 
B. Upper ARIs       
- Pharyngitis 23 (5.3) 55 (8.9) 78 (7.4) 33 (4.6) 111 (14.9) 144 (9.8) 
- Tonsilitis - - - 8 (1.1) 14 (1.9) 22 (1.5) 
- Laryngitis - - - - 6 (0.8) 6 (0.4) 
- Rhinitis - - - 13 (1.8) 4 (0.5) 17 (1.2) 
- Sinusitis - - - 1 (0.4) - 1 (0.1) 
C. Influenza - - - 12 (1.7) 9 (1.2) 21 (1.4) 
Pneumonia 78 (18.0) 133 (21.9) 211 (20.0) 248 (34.5) 121 (16.3) 369 (25.2) 
Chronic respiratory diseases (e.g., asthma, 
bronchitis) - - - 2 (0.3) 5 (0.7) 7 (0.4) 

Diseases of eye, ear or oral cavity       
Diseases of eye       
- conjunctivitis 11 (2.5) 5 (0.8) 16 (1.5) 21 (2.9) 26 (3.5) 47 (3.2) 
- others (e.g., hordeolum) - - - 14 (1.9) 9 (1.2) 23 (1.6) 
Diseases of the ear (e.g., otitis) - - - 8 (1.1) 7 (0.9) 15 (1.0) 
Diseases of oral cavity (e.g., gingivitis) 14 (3.2) 13 (2.1) 27 (2.6) 6 (0.8) 3 (0.4) 9 (0.6) 
Diseases of genitourinary system       
Urinary tract infection 1 (0.2) - 1 (0.1) - 3 (0.4) 3 (0.2) 
Symptoms, signs or abnormal clinical/laboratory findings 
Fever - - - 9 (1.3) 16 (2.2) 25 (1.7) 
Diarrhea 25 (5.8) 42 (6.8) 67 (6.4) 31 (4.3) 21 (2.8) 52 (3.6) 
Allergy 4 (0.9) 5 (0.8) 9 (0.9) - - - 
Cough 2 (0.5) 2 (0.3) 4 (0.4) - 20 (2.7) 20 (1.4) 
Not availablea    142 (19.7) 37 (5.0) 179 (12.2) 
PHC: Primary Health Centre; ARIs: acute respiratory infections; HFMD; hand, foot, and mouth disease; RK, SU, NB, CB: codes for the district; ano information 
about the diagnosis; bn=number of cases/diagnoses where an antibiotic was prescribed (note: one child might have more than one diagnoses or antibiotic). 
 
 
Table 4. Antibiotics prescribed for children in Primary Health Centers (PHCs). 

Prescribed antibiotic 
PHC Surabaya Region PHC Banjarmasin Region 

PHC RK District 
N = 434, n (%)a 

PHCs SU District 
N = 619, n (%)a 

Total 
N = 1053, N (%)a 

PHC NB District 
N = 719, n (%)a 

PHC CB District 
N = 744, n (%)a 

Total 
N = 1463, N (%)a 

Oral antibiotic       
Amoxicillin 319 (73.5) 423 (68.3) 742 (70.5) 345 (48.0) 372 (50.0) 717 (49.0) 
Azithromycin 1 (0.2) - 1 (0.1) - 1 (0.1) 1 (0.1) 
Erythromycin 12 (2.8) 20 (3.2) 32 (2.9) 1 (0.1) 7 (0.9) 8 (0.5) 
Cefadroxil - - - 101 (14.0) 117 (15.7) 218 (14.9) 
Cefixime - 11 (1.8) 11 (1.0) 18 (2.5) 109 (13.6) 127 (8.6) 
Chloramphenicol 1 (0.2) - 1 (0.1) 6 (0.8) 13 (1.7) 19 (1.3) 
Cotrimoxazole 83 (19.1) 152 (24.6) 235 (22.3) 95 (13.2) 81 (10.9) 176 (12.0) 
Isoniazid - - - 42 (5.8) 6 (0.8) 48 (3.3) 
Metronidazole - - - - 1 (0.1) 1 (0.1) 
External antibiotic       
Bacitracin - - - 23 (3.2) 20 (2.7) 43 (2.9) 
Chloramphenicol 22 (5.1) 13 (2.1) 35 (3.3) 20 (2.8) 7 (0.9) 27 (1.8) 
Fusidic Acid - - 0 (0.0) 24 (3.3) - 24 (1.5) 
Gentamicin - - 0 (0.0) 42 (5.8) 60 (8.1) 102 (7.0) 
Oxytetracycline 17 (3.9) 14 (2.2) 31 (2.9) 50 (7.0) 6 (0.8) 56 (3.8) 
Neomycin/Polymyxin SO4 - - - - 1 (0.1) 1 (0.1) 
PHC: Primary Health Centre; RK: SU, NB, CB: codes for the district; an = number of cases/diagnoses where an antibiotic was prescribed (note: one child might 
have more than one diagnoses or antibiotic). 
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choice of antibiotics in Surabaya and Banjarmasin 
PHCs was amoxicillin [105/211 (49.7%) versus 
271/369 (73.4%), respectively] and co-trimoxazole 
[93/211 (44.1%) versus 36/369 (9.8%), respectively]. 
Low percentages of other antibiotics prescribed were 
not recommended, such as cefixime. Regarding 
specified non-pneumonia ARIs with antibiotic 
prescriptions (n = 268), 74.6% were according to the 
guidelines. The most common antibiotics for specified 
non-pneumonia ARIs included: amoxicillin for 
pharyngitis (75/78 cases in Surabaya PHCs and 86/144 
cases in Banjarmasin PHCs; 73.9%), amoxicillin for 

tonsillitis (18/20 cases in Banjarmasin PHCs), 
amoxicillin for laryngitis (6/6 cases in Banjarmasin 
PHCs), amoxicillin and cefadroxil for rhinitis (5/18 and 
4/18 cases in Banjarmasin PHCs, respectively), and 
amoxicillin for sinusitis (1/1 case in Banjarmasin PHC). 
However, there were 21 cases of prescribed antibiotics 
for influenza in Banjarmasin PHCs, which were not 
according to the guideline recommendations. 

Low case numbers involved diarrhea being treated 
with antibiotics (n = 119); these were reported in both 
Surabaya and Banjarmasin PHCs (67 and 52 cases, 
respectively). Co-trimoxazole was the most common 

Table 5. Antibiotic prescribed for Acute Respiratory Infections (ARIs), Pneumonia and Diarrhea in Public Health Centers. 

Diagnoses Prescribed 
antibiotic 

PHC Surabaya Region PHC Banjarmasin Region  

PHC RK 
District (n) 

PHCs SU 
District (n) Total (N) PHC NB 

District (n) 
PHC CB 

District (n) Total (N) 
Conformity with 
the guideline*, 

Case/total case (%) 
Non-pneumonia ARIs:        
A. Non-
pneumonia ARIs 
(unspecified) 

Amoxicillin 184 257 441 15 96 111 N/A 
Cefixime - 51 51 5 84 89  
Cefadroxil - - - - 55 55  
Cotrimoxazole 39 12 51 1 23 24  
Erythromycin 6 11 17 - 1 1  
Chloramphenicol - - - - 4 4  

    N = 560   N = 284  
B. Upper ARIs         
Pharyngitis Amoxicillin* 22 53 75 8 81 89 164/222 (73.9) 

Cefadroxil - - - 8 16 24  
Cefixime - - - 1 3 4  
Cotrimoxazole 1 2 3 16 10 26  
Erythromycin - - - - 1 1  
   N = 78   N = 144  

Tonsillitis Amoxycillin* - - - 7 11 18 20/22 (90.9) 
Cefadroxil - - - 1 1 2  
Erythromycin* - - - - 2 2  
   N = 0   N = 22  

Laryngitis Amoxicillin* - - - - 6 6 6/6 (100) 
   N = 0   N = 6  

Rhinitis Amoxicillin* - - - 2 3 5 9/17 (52.9) 
Cefadroxil* - - - 3 1 4  
Cotrimoxazole - - - 8 - 8  
   N = 0   N = 17  

Sinusitis Amoxicillin* - - - 1 - 1 1/1 (100.0) 
    N = 0   N = 1  
    N = 78   N = 190  
C. Influenza Amoxicillin - - - 7 5 12 0/0 (0.0) 
 Cefadroxil - - - 3 1 4  
 Cotrimoxazole - - - 2 2 4  
 Chloramphenicol - - - - 1 1  
    N = 0   N = 21  
Pneumonia Amoxicillin* 48 57 105 172 99 271 518/580 (89.3) 

Cefadroxil - - - 42 13 55  
Cefixime - - - 5 - 5  
Cotrimoxazole* 25 68 93 27 9 36  
Chloramphenicol - - - 2 - 2  
Erythromycin* 5 8 13 - - -  

    N = 211   N = 369  
Diarrhea Amoxicillin 8 10 18 1 8 9 87/119 (73.1) 

Cefadroxil - - - - 1 1  
Cefixime - - - - 3 3  
Cotrimoxazole* 16 32 48 30 9 39  
Erythromycin 1 - 1 - - -  

    N = 67   N = 52  
ARIs: Acute Respiratory Infections; *recommended by the national guidelines (Table 1); n: number of cases/diagnoses where an antibiotic was prescribed 
(note: one child might have more than one diagnoses or antibiotics. 
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antibiotic used, of which 87/119 (73.1%) of 
prescriptions were compliant with the guidelines when 
shigella dysentery or cholera were suspected (Table 5). 

 
Discussion 

This study has provided data on the prescribing of, 
and appropriate choice of antibiotics among children 
five years or younger, in Indonesian primary care 
settings. Most children prescribed antibiotics had 
diagnoses of ARIs – pneumonia and non-pneumonia – 
in both Surabaya and Banjarmasin PHCs in Indonesia. 
Globally, ARIs are very common and are the leading 
cause of death in young children. WHO reported that 
pneumonia was responsible for 740,180 deaths among 
children under five years in 2019, representing 14% of 
all deaths in this age group [24]. In parallel, the 
Indonesian health profile data in 2021 reported the 
prevalence of pneumonia was 3.55% in children under 
five years of age, and pneumonia accounted for 14.4% 
and 9.4% of the total deaths in children aged under 1 
year and 1-5 years, respectively [17].  

Most of the antibiotics prescribed for young 
children in this study were within the Access group 
(e.g., amoxicillin and co-trimoxazole) according to the 
2019 WHO AwaRe (Access, Watch, and Reserve) 
classification [25]; the Access group contains 
antibiotics with narrow-spectrum activity and a lower 
risk of AMR, classifying them as first-line treatments 
for most infections [26]. However, this study also 
indicated a lower percentage of antibiotics within the 
Watch group (e.g., cefixime and erythromycin) [25]. 
Watch antibiotics generally have a higher potential for 
AMR and are more often used in hospitalized patients 
[26], thus the use of such antibiotics in primary care 
settings as reported in this study warrants careful 
monitoring to avoid overuse. A review of the limited 
data available from Indonesian primary care settings 
reported a different profile of antibiotic prescribing 
with amoxicillin and cefadroxil (both Access), and 
ciprofloxacin (Watch) as the most prescribed antibiotics 
[27]; however, this data was obtained from the general 
population which might have different profiles of 
infections compared with children. Hence, this study 
has provided valuable insight on the use of antibiotics 
specifically for younger children.   

In terms of the appropriateness of prescribing, this 
study found that antibiotics used for pneumonia were 
mainly amoxicillin or co-trimoxazole, which 
conformed with the available guidelines [21,22]. In 
parallel, a prior study in a single PHC (n = 70 children) 
in Semarang, Central Java, Indonesia, reported that all 
children with pneumonia were treated either with 

amoxicillin or co-trimoxazole [28]. Pneumonia in 
children younger than 5 years is often related to 
bacterial pathogens, particularly Streptococcus 
pneumoniae (30% to 50%) and Haemophilus influenzae 
(10% to 30%) [29]. Hence, empirical treatment with 
antibiotics in countries with high case fatalities due to 
pneumonia, including Indonesia, has been 
recommended by the WHO [30].  

On the contrary, the use of antibiotics for non-
pneumonia ARIs warrants further consideration. Most 
cases of upper ARIs prescribed antibiotics in this study 
were not specified (844 cases out of 2516 children 
prescribed antibiotics; 33.5%). While most upper ARIs 
have a viral etiology [21,31], this 33.5% cases requires 
adequate justification for the presence of bacterial 
infections, or otherwise, these cases can be considered 
as overprescribing. Likewise, the use of antibiotics for 
some children with diagnoses of influenza in 
Banjarmasin PHCs warrants special attention. It was 
suggested that antibiotics have no role in influenza 
treatment, unless a secondary bacterial infection is 
confirmed [21,31]. In addition to non-pneumonia ARIs, 
this study reported low case numbers of diarrhea treated 
with antibiotics in both Surabaya and Banjarmasin 
PHCs (67 and 52 cases, respectively); while 70–90% of 
cases of diarrhea in children are caused by viruses [32], 
a specific diagnosis is required to justify the use of 
antibiotics in these cases. Based on the guidelines, 
antibiotics are only recommended for diarrhea 
specifically caused by bacterial pathogens (e.g.  
cholera, or dysentery) [21,22]. 

The potential risk of overprescribing or 
inappropriate antibiotic prescribing among children in 
outpatient settings has also been reported in previous 
international studies [33,34]. Overuse of antibiotics is a 
primary factor for AMR, which is responsible for less 
treatable infections. Over the last 20 years, there has 
been an alarming increase in the number of pathogenic 
bacteria that have developed resistance to common 
antibiotics, particularly in LMICs [35]. It was reported 
that AMR is associated with a substantial disease and 
economic burden in LMICs [36]. In addition, 
inappropriate antibiotic prescribing has been reported to 
cause negative impacts on human health. A cohort 
study of more than 2.8 million children indicated that 
inappropriate antibiotic prescriptions have been 
associated with increased risk of adverse drug events 
(e.g., Clostridioides difficile infection, severe allergic 
reaction) [33]. Potential longer-term risks of pediatric 
antibiotic exposure, such as increased risks of asthma 
and autoimmune disorders have also been reported [34]. 
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To address the problem of inappropriate use of 
antibiotics, previous evidence has shown that multiple 
interventions should be carried out and developed based 
on a careful assessment of the context-specific barriers 
and facilitators [27]. In Indonesia, the implementation 
of Antimicrobial Stewardship (AMS), an organizational 
or health system wide-approach to optimize the use of 
antibiotics, has mainly focused on the hospital setting 
and are typically in an early stage; challenges reported 
were lack of basic infrastructure, hospital antibiotic 
guidelines, AMS staff training and education, human 
resources (including infectious disease specialists), and 
information technology support [37,38]. While 
antibiotics are highly prescribed in primary care 
settings [3], the role of the primary care sector needs to 
be strengthened. This study has highlighted the 
importance for PHCs to develop specific guidelines for 
the use of antibiotics for children, and for clinicians to 
provide a specific diagnosis to enable antibiotic 
prescribing. It was reported that the use of electronic 
clinical pathways integrated with point of care tests to 
assist clinicians to detect a bacterial infection (such as 
C-reactive protein, hemoglobin) has the potential to 
reduce antibiotic use in children in LMICs [39,40]. This 
should be supported with an adequate surveillance 
system to monitor the use of antibiotics and AMR on a 
regular basis. Further, post-prescription review and 
feedback efforts on the use of antibiotics can be 
considered; previous evidence has shown their potential 
in reducing antibiotic consumption and duration [41]. 

Although the generalizability of the findings in this 
study might be limited, the two regions investigated,  
are major cities in Indonesia which cover a range of 
different socioeconomic areas. In addition, as a 
retrospective study, this study depended on data entered 
into a clinical database; hence, lack of information on 
patients records, such as diagnoses (either not available 
or not specific, e.g., only stated upper ARIs) and 
justification of the use of antibiotics (bacterial 
infections suspected or any special conditions, such as 
parents having difficulty returning as living far away 
from health facilities), has limited further assessment of 
the quality of antibiotic prescribing.  

 
Conclusions 

This is the first large study that has provided data 
on illnesses and the associated antibiotic prescribing 
among children in PHCs as frontline healthcare 
providers in Indonesia. Appropriate antibiotic usage in 
these facilities can be strengthened by the 
implementation of AMS and the development of 
specific guidelines (or clinical pathways) on the use of 

antibiotics in children. This should be supported with 
diagnostic tests in primary care settings to justify the 
presence of bacterial infections. Larger prospective 
studies are required to characterize antibiotic 
prescribing at the national level to assist the 
development of context-specific strategies to optimize 
the use of antibiotics and reduce AMR. 
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