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INTRODUCTION 

Antibiotic resistance has become a serious 
threat to public health worldwide. The World 
Health Organization (WHO) states that it is one of 
the top global threats that requires immediate 
attention1,2. Antimicrobial resistance (AMR) not 
only threatens the effectiveness of treatment but 
also worsens the health burden, with projections 
reaching 10 million deaths per year by 2050 if not 
controlled3,4.  

Inappropriate use of antibiotics, including 
selecting the type, dose, and duration of 
administration, is the leading cause of increasing 

resistance in pathogenic bacteria that cause 
serious infections, including pneumonia5–7. 
Pneumonia itself is the most common respiratory 
tract infection and is a significant cause of 
morbidity and mortality in the world8–10. Globally, 
pneumonia causes more than 2.5 million deaths 
each year, with young children and the elderly 
being the most vulnerable populations3,4. Thus, 
pneumonia is the primary focus in controlling the 
rational use of antibiotics. 

Indonesia, especially at the health center 
level, the main gateway for primary health care 
services, has special challenges in handling 
pneumonia cases. Based on data from the 
Ministry of Health of the Republic of Indonesia, 
pneumonia is among the five most common 
diseases. The number of visits continues to 
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 Abstract 

Pneumonia is one of the respiratory infections that is still a 
public health problem and requires appropriate antibiotic 
therapy. However, irrational use of antibiotics has the 
potential to increase resistance and worsen patient clinical 
outcomes. This study aims to analyze antibiotic use in 
outpatient pneumonia patients at the X Blitar Health Center 
using the Defined Daily Dose (DDD) and Gyssens methods. 
This study employed a cross-sectional approach, utilizing 
secondary data from 109 medical records and prescriptions for 
pneumonia patients (ICD-10 codes J12-J18) from February 
2024 to May 2025. Quantitative analysis was conducted using 
the DDD/1,000 patients per day method, while qualitative 
analysis of prescriptions was performed using the Gyssens 
method. The results showed that Amoxicillin (J01CA04) was 
the most widely used antibiotic, namely 232.42 DDD/1,000 
patients per day, followed by Cefadroxil (87.04 DDD/1,000 
patients per day), Ciprofoxacin (18.35 DDD/1,000 patients per 
day), and Azithromycin (15.29 DDD/1,000 patients per day). 
Gyssens’ analysis revealed that most prescriptions fell into 
category IIA (33.94%), category IVA (29.36%), and category V 
(27.52%). Inaccurate dosage and suboptimal antibiotic 
selection were the leading causes of irrational antibiotic use. 
Additionally, 30 pneumonia patients were identified who did 
not receive antibiotics despite having clinical indications for 
them. The results of this study emphasize the need for 
rationalization training in therapy, prescription audits, and 
strengthening the implementation of clinical guidelines in 

i   f iliti  

 

 

 

 
   
   
   

   

 
              

          
   

 

http://creativecommons.org/licenses/by-sa/4.0
mailto:fauna@staff.ubaya.ac.id
http://journal.umpalangkaraya.ac.id/
http://umpalangkaraya.ac.id/
http://umpalangkaraya.ac.id/
http://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.33084/bjop.vxix.xxx


 

 

increase every year11,12. Health centers often face 
limitations related to diagnostic facilities, 
variations in the competence of health workers, 
and high service time pressure13,14. These 
conditions have the potential to increase 
suboptimal antibiotic prescriptions both in terms 
of choosing the wrong type of antibiotic, 
inappropriate dosage, and inadequate duration of 
therapy15,16. In addition, the monitoring and 
evaluation system for antibiotic use has not been 
appropriately standardized. The lack of an audit 
and feedback system makes it challenging to 
supervise prescribing practices, ultimately 
contributing to increased resistance and wasteful 
health costs. Therefore, stricter and more 
measurable guidelines are urgently needed to 
manage pneumonia cases at the primary care 
level17.  

Literature review shows that research 
evaluating antibiotic use in pneumonia in 
Indonesian health centers is still limited. Most 
studies focus on inpatient services or secondary 
hospitals, and the evaluation methods used are 
generally not comprehensive18,19. The use of 
internationally standardized antibiotic evaluation 
methods, such as the Gyssens method to assess 
the quality of antibiotic use and the Defined Daily 
Dose (DDD) method to measure the amount of 
antibiotic consumption, is rarely applied 
comprehensively, especially at the primary care 
level20,21.  

The Gyssens method is an effective 
qualitative method for evaluating the quality of 
antibiotic use based on the criteria of indication, 
drug selection, dosage, administration interval, 
and duration of therapy3,22. Meanwhile, 
quantitative methods such as the Defined Daily 
Dose (DDD) developed by the WHO 
Collaborating Centre for Drug Statistics 
Methodology provide standard units of 
measurement for comparing antibiotic 
consumption between health facilities and over 
time23. Combining the two provides a 
comprehensive mapping of antibiotic use volume 
and quality. 

Unfortunately, there has not been much 
research integrating these two methods in 
evaluating antibiotic use in pneumonia cases in 
primary health care facilities in Indonesia. 

Research by Syam, R.A & Karuniawati, H (2024) 
shows that a combination of the Gyssens method 
and DDD/1,000 patients per day can provide a 
more comprehensive evaluation of rational 
antibiotic use programs21. Specific data on the 
characteristics of rational antibiotic use. Specific 
data on the characteristics of antibiotic use in 
pneumonia in Indonesian health centers are also 
still minimal, even though this information is 
essential for developing targeted intervention 
strategies24.  

With limited data on antibiotic use in 
pneumonia at the health center level, this study 
was designed to analyze antibiotic use in 
pneumonia patients at the health center using a 
combination of the Gyssens and DDD methods. 
The Gyssens method was used to analyze the 
quality of antibiotic use based on indication, drug 
selection, dosage, administration interval, and 
duration of therapy. Meanwhile, the DDD/1,000 
patients per day method will be used to measure 
and compare the quantity of antibiotic 
consumption in a standardized manner. 
Integrating these two methods is expected to 
provide a comprehensive picture of antibiotic use 
patterns, identify areas that need improvement, 
and provide evidence-based recommendations for 
optimizing antibiotic use in pneumonia cases at 
the health center. The results of this study can be 
the basis for developing an antimicrobial 
stewardship program based on the conditions of 
primary health care in Indonesia. 
 
MATERIALS AND METHODS 

Materials 
This study employed a cross-sectional 

design, combining both quantitative and 
qualitative approaches, to analyze antibiotic use 
among pneumonia patients at community health 
centers. Ethical approval was obtained from the 
Institutional Ethics Committee of the University 
of Surabaya under number 650/KE/VII/2025. 

The research was conducted at Community 
Health Center X, located in the Blitar area, from 
July to August 2025. Data were collected from the 
medical records of patients diagnosed with 
pneumonia (ICD-10 codes J12–J18) covering the 
period from February 2024 to May 2025. The site 



 

 

was selected purposively because Community 
Health Center X maintains complete and well-
documented medical records. 

This study’s population was all patients 
with respiratory tract infections treated at the 
Community  Health Center X. The study sample 
was patients diagnosed with pneumonia (ICD-10 
J12-J18), with inclusion criteria being complete 
medical records and exclusion criteria being 
referred without prior treatment. The sampling 
technique used was total sampling for all cases 
that met the inclusion and exclusion criteria.  

The research material, secondary data 
obtained from the medical records of pneumonia 
patients, includes patient demographic data, 
complete diagnosis, antibiotic type, dose, 
administration frequency, and therapy duration. 
Data were collected using a simple data collection 
sheet to calculate DDD/1,000 patients per day 
and the Gyssens test.  

 
Methods 

Two methods were used in this study: the 
WHO Defined Daily Dose (DDD) method as a 
quantitative approach and the Gyssens method as 
a qualitative analysis tool based on prescription 
accuracy. DDD is useful for comparing antibiotic 
consumption levels between populations, while 
Gyssens allows classification based on clinical 
parameters, including indications, doses, 
duration, and effectiveness. 

WHO Collaborating Centre for Drug 
Statistics Methodology (2022) and Gyssens et al. 
(1992) have stated that the combination of the two 
methods can provide a comprehensive picture of 
the volume and quality of antibiotic use23,25. 

Analysis of the quantity of antibiotic use 
using the DDD method established by WHO was 
carried out using the formula:   

 
𝐷𝐷𝐷
1000

𝑝𝑎𝑡𝑖𝑒𝑛𝑡𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 =  
𝑇𝑜𝑡𝑎𝑙 𝑑𝑟𝑢𝑔 (𝑔𝑟𝑎𝑚)𝑥 1.000

𝐷𝐷𝐷 𝑊𝐻𝑂 (𝑔𝑟𝑎𝑚)𝑥 𝑇𝑜𝑡𝑎𝑙 𝑃𝑎𝑡𝑖𝑒𝑛𝑡
 

 
Description: Total drug = amount of antibiotic use 
for 1 month (grams); WHO DDD is a standard 
that refers to the ATC/DDD guidelines; The 
number 1,000 indicates 1,000 outpatients; Total 
patients is the total number of patients with 
pneumonia served by health center X. 

Analysis of the quality of antibiotic use was 
conducted using the Gyssens method which 
classifies antibiotic use into several categories 
including category 0 (appropriate use); category I 
(improper use of time); category IIA 
(inappropriate use of dose); category IIB 
(improper use of interval); category IIC (improper 
use of route); category IIIA (use of antibiotics for 
too long); category IIIB (use of antibiotics for too 
short); category IVA (other antibiotics are more 
effective); category IVB (other antibiotics are 
safer); category IVC (other antibiotics are 
cheaper); category IVD (there are other antibiotics 
with a narrower spectrum); category V (no 
indication); category VI (incomplete data). 
 

RESULTS AND DISCUSSION 

Table I shows the distribution of 
pneumonia patient characteristics based on age 
group and gender. The toddler age group (12-59 
months) was the most dominant group, at 37.78%, 
followed by adults (20-59 years) at 25.69% and 
older people (> 60 years) at 13.76%. These results 
indicate that pneumonia is still the primary 
infectious disease that attacks vulnerable age 
groups, especially young children and the elderly, 
who have immature immune systems or have 
experienced decreased immune function. This 
finding is supported by the WHO report (2023) 
and research by Troeger et al. (2018), which states 
that pneumonia is the leading cause of death in 
toddlers and infectious complications in the 
elderly in developing countries3,25.  

Physiologically, the immune system of 
toddlers (<5 years) is not fully developed, so they 
have a lower ability to fight respiratory tract 
infections such as pneumonia. In addition, 
children have smaller airway diameters than 
adults, which causes increased airflow resistance 
and makes it easier for mucus to block when an 
infection occurs26. This condition is exacerbated 
by malnutrition, exposure to indoor air pollution, 
and lack of exclusive breastfeeding. Studies by 
Shalini et al. (2024) and Al-Khubayasi et al. (2023) 
showed that most cases of pneumonia in toddlers 
were associated with a lack of good nutritional 
status, low immunization status, and crowded 
living environments27,28.  



 

 

The dominance of male patients (55.05%) 
shown in Table I also aligns with a study in South 
Africa by Guma et al. (2022), which noted a higher 
prevalence of pneumonia in males than females29. 
Biologically, this can be explained by hormonal 
differences that affect the immune system. 
Estrogen hormones in women are known to 
protect against infection by increasing B cell 
activation and antibody production, while 
testosterone tends to decrease cellular immune 
responses. In addition, boys have a higher 
tendency towards exploratory behavior, which 
increases exposure to infectious agents26,30.  

In addition to biological factors, behavioral 
differences also contribute to the high incidence of 
pneumonia in male anal. Boys tend to have higher 
physical activity, often play outdoors, and are less 
supervised than girls, which can increase the 
possibility of exposure to infectious agents from 
the environment25. 

The diagnosis of pneumonia in these 
patients was dominated by J12.9 viral pneumonia 
unspecified (32.11%), J16 pneumonia due to other 
infectious organisms not elsewhere classified 
(25.69%), and pneumonia unspecified (20.18%), as 

seen in Table I. The high number of nonspecific 
diagnoses reflects the limitations in supporting 
examinations at health centers. This is supported 
by a multicenter study in 12 primary clinics 
conducted by Rodriques-Contreras et al. (2022), 
which found that point-of-care lung ultrasound 
(POCUS) had a sensitivity of 87.8% but a 
specificity of only 58.5% compared to X-ray31. In 
addition, a meta-review conducted by Htun et al. 
(2019) in adults showed that symptoms such as 
temperature ≥ 38 oC and respiratory rate ≥ 20 
times per minute had a moderately favorable 
likelihood ratio (LR + 3.2 – 3.5), but were clinically 
insufficient for diagnosis without imaging or 
biomarker confirmation32. These studies indicate 
that clinical diagnosis alone is no less accurate.  

Limitations in diagnostic tests cause health 
workers to use non-specific ICD-10 codes. 
Etiological identification is essential for 
determining the need for antibiotics, especially to 
differentiate viral and bacterial pneumonia. WHO 
(2023) also emphasized that over-diagnosing 
bacterial pneumonia in viral cases contributes to 
irrational antibiotic use33. 

 
Table I. Distribution of Patient Characteristics 

Characteristics Frequency (n = 109) Percentage (%) 
Age         
  Baby   (0 - 11 months) 8 7,34 
  Toddler (12 - 59 months) 39 35,78 
  Child (5 - 9 years) 26 23,85 
  Teenager (10 - 19 years) 5 4,59 
  Mature (20 - 59 years) 21 19,27 
  Elderly (≥ 60 years) 10 9,17 
Gender       
  Female 49 44,95 
  Male   60 55,05 
Diagnosis         
  J12 Viral pneumonia 3 2,75 
    J12.2 Parainfluenza virus pneumonia 1 0,92 
    J12.9 Viral pneumonia, unspecified 35 32,11 
  J13 Pneumonia due to Streptococcus pneumoniae 1 0,92 
  J15 Bacterial pneumonia, not elsewhere classified 0 0,00 
    15.8 Other bacterial pneumonia 2 1,83 
    15.9 Bacterial pneumonia, unspecified 1 0,92 
  J16 Pneumonia due to other infectious organisms, not elsewhere classified 28 25,69 
  J18 Pneumonia, organism unspecified 16 14,68 
    18.9 Pneumonia, unspecified 22 20,18 

 
 



 

 

Amoxicillin was the most widely used 
antibiotic in the treatment of pneumonia in this 
study, with a consumption value of 232.42 
DDD/1,000 patients per day (Table II). The figure 
shows that Amoxicillin contributed 65.82% of the 
total antibiotic consumption, according to WHO 
recommendations and national guidelines as the 
first line of treatment for community-acquired 
pneumonia. This is in line with the study of 
Limato et al. (2022), which stated that amoxicillin 
is the most widely used antibiotic for the 
treatment of outpatient pneumonia, and is 
reinforced by the study of Pitasari et al. (2025) at 
the Khomba Jayapura Health Center, which also 

showed the dominance of amoxicillin use in the 
treatment of pneumonia34,35.  

Lower use of Azithromycin and 
Ciprofloxacin suggests a reduction in broad-
spectrum antibiotics, which aligns with 
antimicrobial stewardship policies. Stewardship 
programmes in primary care in Tameside and 
Glossop also reduced the use of broad-spectrum 
antibiotics by 10.6% over the period 2019–202036. 
Similarly, a policy evaluation in England also 
showed a 24% reduction in fluoroquinolones, 
including ciprofloxacin, following a national 
intervention37.  

 
 

Table II. Results of Analysis of Antibiotic Use Based on DDD 

No ATC Code Generic Name Total Grams/DDD 
DDD/1.000 patient per 

day 
Percentage Total Patients 

1 J01CA04 Amoxicillin 25,33 232,42 65,82 109 
2 J01DB05 Cefadroxil 9,49 87,04 24,65   
3 J01MA02 Ciprofoxacin 2,00 18,35 5,20   
4 J01FA10 Azitromicin 1,67 15,29 4,33   

Total     38,49 353,10 100,00   

 
A similar survey conducted by Kurniawati 

et al. (2021) showed that dosage errors were 
dominant in prescribing antibiotics for ARI in 
primary care facilities18. A study in Bangladesh 
also reported that 56.8% of pediatric prescriptions 
contained inappropriate antibiotic doses, either 
overdose or underdose38. As many as 29.36% of 
prescriptions were in the VIA category (Table III), 
where the antibiotic chosen was not the most 
effective option. This indicates a lack of clinical 
information updates in primary care physician 
practices. Similar conditions were also seen in 
hospitals, where in antibiotic selection, 50% of 
patients received antibiotics that were not 
according to guidelines39. 

In Gyssens’ analysis, there were 30 cases 
(27.52%) that fell into category V, where the 
patient was diagnosed with pneumonia, but was 
not given antibiotics at all, even though clinically 
there were indications that they required 
antibiotic therapy. This indicates the potential for 
under-prescribing, where antibiotics should have 
been given but were not. Some possible causes 
include health workers assessing that the 

pneumonia suffered was mild or caused by a 
virus (although the diagnosis did not state that a 
virus caused the pneumonia), lack of clarity in 
clinical classification and no support for 
laboratory or radiological examinations that 
caused doubt in making therapeutic decisions, 
errors in administrative factors (errors when 
choosing a diagnosis without intention)16. 

This phenomenon differs from the general 
trend in primary care, which more often shows 
overprescribing. Studies by Mangione-Smith et al. 
(2015) and Shapiro et al. (2024) state that in some 
situations, such errors can also occur in the form 
of not providing therapy even though there is a 
strong indication to offer it40,41. This may indicate 
the prescriber’s caution in giving antibiotics to 
prevent resistance, but it is not accompanied by 
strengthening the correct diagnosis, which can 
hurt patient recovery. Therefore, it is essential to 
enhance the clinical decision-making support 
system and ensure that guidelines are easily 
accessible and that socialized care is socialized 
when new guidelines exist. 

 
 



 

 

 
 
 
 

Table III. Results of Gyssens’ Analysis 
Gyssens’s Criterion Frequency (n = 109) Percentage (%) 

Category 0 (correct) 7 6,42 
Category I (not on time) 0 0,00 
Category IIA (not on dose) 37 33,94 
Category IIB (not on interval) 0 0,00 
Category IIC (not on route) 0 0,00 
Category IIIA (used too long) 0 0,00 
Category IIIB (too short a time) 0 0,00 
Category IVA (used when too short) 32 29,36 
Category IVB (other safer antibiotics) 0 0,00 
Category IVC (other cheaper antibiotics) 0 0,00 
Category IVD (other narrow-spectrum antibiotics) 3 2,75 
Category V (no indication) 30 27,52 
Category VI (incomplete data) 0 0,00 
Total   109 100 

 
CONCLUSION 

This study shows that the use of antibiotics 
in outpatient pneumonia patients at Puskesmas X 
Blitar is dominated by Amoxicillin (232.42 
DDD/1,000 patients per day), followed by 
Cefadroxil, Ciprofloxacin, and Azithromycin. 
According to Gyssens’ analysis, most antibiotic 
use falls into category IIA (inappropriate dose) 
and IVA (less effective antibiotic selection). There 
were also cases where patients diagnosed with 
pneumonia were not given antibiotics (category 
V). These results indicate the need for increased 
compliance with antibiotic therapy guidelines and 
dose rationalization training. Further research is 
recommended to evaluate the effectiveness of 
audit and feedback-based interventions and 
diagnostic aids in primary care. 
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Abstract 

Pneumonia is one of the respiratory infections that is still a 
public health problem and requires appropriate antibiotic 
therapy. However, irrational use of antibiotics has the potential 
to increase resistance and wor en patient clinical outcomes. 
This study aims to analyze antibiotic use in outpatient 
pneumonia patients at the X Blitar Health Center using the 
Defined Daily Dose (ODD) and Gyssens methods. This study 
employed a cross-sectional approach, utilizing secondary data 
from 109 medical records and prescriptions for pneumonia 
patients (ICD-10 codes )12-)18) from February 2024 to May 
2025. Quantitative analysis was conducted using the 
DDD/1,000 patients per day method, while qualitative analysis 
of prescriptions was performed using the Gyssens method. The 
results showed that Amoxicillin Q01CA04) was the most 
widely used antibiotic, namely 232.42 DDD/1,000 patients per 
day, followed by Cefadroxil (87.04 DDD/1,000 patients per 
day), Ciprofoxacin (18.35 DDD/1,000 patients per day), and 
Azithromycin (15.29 DDD/1,000 patients per day). Gyssens' 
analysis revealed that most prescriptions fell into category nA 
(33.94%), category IVA (29.36%), and category V (27.52%). 
Inaccurate dosage and suboptimal antibiotic selection were the 
leading causes of irrational antibiotic use. Additionally, 30 
pneumonia patients were identified who did not receive 
antibiotics despite having clinical indications for them. The 
results o f this s tudy emphasize the n eed for rationalization 
training in therapy, prescription audits, and strengthening the 
implementation of clin ical guidelines in primary care facilities. 

resistance in pathogenic bacteria that cause serious 
infections, including pneumonias-7. Pneumonia 

itself is the most common respiratory tract 
infection and is a significant cause of morbidity 

Reaiv<d: Mon!ll'9 earmortality in the wor!d8-10 Globally, 
Antibiotic resistance has become a seriblJ41ted: Monfin~u.monia causes more than 2.5 million deaths 

threat to public health worldwide. The w!JI#jshed: M"'<<h:K•,.ear, with young children and the elderly 

Health Organization IWHO) states that it is one of being the most vulnerable populations'·' · Thus, 
h I b I 

~h~.J.hr T~'t-uthors, Publ~hed byi:ljnstitute (or Researcll and ~otn~~it_y ~vices j.Jruvet"!1itas Muha:n~?iye~ 
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only threatens the effectiveness of treatment but 

also worsens the health burden, with projections 
reaching 10 million deaths per year by 2050 if not 

controlled3·4. 

Inappropriate use of antibiotics, including 

selecting the type, dose, and duration of 

administration, is the leading cause of increasing 

Indonesia, especially at the health center 

level, the main gateway for primary health care 

services, has special challenges in handling 
pneumonia cases. Based on data from the Ministry 

of Health of the Republic of Indonesia, pneumonia 

is among the five most common diseases. The 

number of visits continues to increase every 
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yearii,I2. Health centers often face limitations 

related to diagnostic facilities, variations in the 

competence of health workers, and high service 
time pressure13•1" . These conditions have the 

potential to increase suboptimal antibiotic 
prescriptions both in terms of choosing the wrong 

type of antibiotic, inappropriate dosage, and 
inadequate duration of therapy15.16• In addition, the 

monitoring and evaluation system for antibiotic 
use has not been appropriately standardized. The 
lack of an audit and feedback system makes it 

challenging to supervise prescribing practices, 

ultimately contributing to increased resistance and 
wasteful health costs. Therefore, stricter and more 

measurable guidelines are urgently needed to 
manage pneumonia cases at the primary care 
leveJI7. 

Literature review shows that research 
evaluating antibiotic use in pneumonia in 

Indonesian health centers is still limited. Most 
s tudies focus on inpatient services or secondary 

hospitals, and the evaluation methods used are 
generally not comprehensive18-19. The use of 

internationally standardized antibiotic evaluation 

methods, such as the Gyssens method to assess the 
quality of antibiotic use and the Defined Daily 

Dose (ODD) method to measure the amount of 
antibiotic consumption, is rarely applied 

comprehensively, especially at the primary care 

level20•21. 
The Gyssens method is an effective 

qualita tive method for evaluating the quality of 

antibiotic use based on the criteria of indication, 

drug selection, dosage, administration interval, 

and dura tion of therapy3·22 Meanwhile, 
quantitative methods such as the Defined Daily 
Dose (ODD) developed by the WHO Collaborating 

Centre for Drug Statistics Me thodology provide 

s tandard units of measurement for comparing 
antibiotic consumption between health facilities 
and over time23. Combining the two provides a 

comprehensive mapping of antibiotic use volume 
and quality. 

Unfortunately, there has not been much 

research integrating these two methods in 
evaluating antibiotic use in pneumonia cases in 
primary health care facilities in Indonesia. 

Research by Syam, R.A & Karuniawati, H (2024) 

shows that a combination of the Gyssens method 

and DDD/1,000 patients per day can provide a 

more comprehensive evaluation rot rational 

antibiotic use programs21. Specific ~ata on the 
haracteristics of rational antibiotic use. Specific 

data on the characteristics of antibiotic use in 
pneumonia in Indonesian health centers are also 

still minimal, even though this information is 

essential for developing targeted intervention 
strategies24. 

With limited data on antibiotic use in 
pneumonia at the health center level, this study 

was designed to analyze antibiotic use in 

pneumonia patients at the health center using a 
combination of the Gyssens and DOD methods. 

The Gyssens method was used to analyze the 
quality of antibiotic use based on indication, drug 

selection, dosage, admin istration interval, and 

duration of therapy. Meanwhile, the DDD/1,000 
patients per day method will be used to measure 

and compare the quan tity of antibiotic 
consumption in a standardized manner. 

Integrating these two methods is expected to 
provide a comprehensive picture of antibiotic use 

patterns, identify areas that need improvement, 

and provide evidence-based recommend ations for 
optimizing antibiotic use in pneumonia cases at the 

health center. The results of this study can be the 
basis for developing an antimicrobial stewardship 

program based on the conditions of primary health 

care in lndonesia. 

MATERIALS AND METHODS 

Materials 

This study employed a cross-sectional 
design, combining both quantitative and 

qualitative approaches, to analyze antibiotic use 

among pneumonia patients at community health 
centers. Ethical approval was obtained from the 
Institutional Ethics Committee of the University of 

Surabaya under number 650/KE/Vll/2025. 

The research was conducted at Community 
Health Center X, located in the Blitar area, from 

July to August 2025. Data were collected from the 
medical records of patients diagnosed with 
pneumonia (lCD-10 codes )12-)18) covering the 

period from February 2024 to May 2025. The site 

was selected purposively because Community 
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Health Center X maintains complete and well­

documented medical records. 

This study's population was all patients 
with respiratory tract infections treated at the 

Community Health Center X. The study sample 
was patients diagnosed with pneumonia (ICD-10 

)12-)18), with inclusion criteria being complete 

medical records and exclusion criteria being 
referred without prior treatment. The sampling 
technique used was total sampling for all cases that 
met the inclusion and exclusion criteria. 

The research material, secondary data 

obtained from the medical records of pneumonia 
patients, includes patient demographic data, 
complete diagnosis, antibiotic type, dose, 
administration frequency, and therapy duration. 

Data were collected using a simple data collection 

sheet to calculate DDD/1,000 patients per day and 
the Gyssens test. 

Methods 

Two methods were used in this study: the 
WHO Defined Daily Dose (DDD) method as a 

quantitative approach and the Gyssens method as 

a qualitative analysis tool based on prescription 
accuracy. DOD is useful for comparing antibiotic 

consumption levels between populations, while 
Gyssens allows classification based on clinical 
parameters, including indications, doses, duration, 

and effectiveness. 
WHO Collaborating Centre for Drug 

Statistics Methodology (2022) and Gyssens et al. 

(1992) have stated that the combination of the two 

methods can provide a comprehensive picture of 

the vo ume and quality of antibiotic use23,25. 

Analysis of the quantity of antibiotic use 
using the DDD method established by WHO was 

carried out using the formula: 

DOD . Total drug (gram)x 1.000 
t OOOpatlents per day= ODD WHO (gram)x Total Patient 

Description: Total drug= amount of antibiotic use 
for 1 month (grams); WHO DDD is a standard that 
refers to the ATCfDDD guidelines; The number 

1,000 indicates 1,000 outpatients; Total patients is 

the total number of patients with pneumonia 
served by health center X. 

Analysis of the quality of antibiotic use was 

conducted using the Gyssens method which 

classifies antibiotic use into several categories 
including category 0 (appropriate use); category I 

(improper use of time); category IIA (inappropriate 
use of dose); category liB (improper use of 

interval); category I~ (improper use of route); 

category Il iA (use of antibiotics for too long); 
category ITTB (use of antibiotics for too short); 
category IV A (other antibiotics are more effective); 
category IVB (other antibiotics are safer); category 

IVC (other antibiotics are cheaper); category IVD 

(there are other antibiotics with a narrower 
spectrum); category V (no indication); category VI 

(incomplete data). 

RESULTS AND DISCUSSION 

Table I shows the distribution of pneumonia 
patient characteristics based on age group and 

gender. The toddler age group (12-59 months) was 

the most dominant group, at 37.78%, followed by 
adults (20-59 years) at 25.69% and older people(> 

60 years) at 13.76%. These results indicate that 
pneumonia is still the primary infectious disease 

that attacks vulnerable age groups, especially 

young children and the elderly, who have 
immature immune systems or have experienced 
decreased immune function. This finding is 

supported by the WHO report (2023) and research 

by Troeger et a!. (2018), which states that 
pneumonia is the leading cause of death in 

toddlers and infectious complications in the 

elderly in developing countries'·" · 
Physiologically, the immune system of 

toddlers (<5 years) is not fully developed, so they 
have a lower ability to fight respiratory tract 
infections such as pneumonia. In addition, 

children have smaller airway diameters than 

adults, which causes increased airflow resistance 

and makes it easier for mucus to block when an 

infection occurs26. This condition is exacerbated by 
malnutrition, CXJX>Surc to indoor air pollution, and 

lack of exclusive breastfeeding. Studies by Shalini 

et al. (2024) and AI-Khubayasi et al. (2023) showed 

that most cases of pneumonia in toddlers were 
associated with a lack of good nutritional status, 

low immunization status, and crowded living 
environments27,28. 
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The dominance of male patients (55.05%) 

shown in Table I also aligns wi th a study in South 

Africa by Guma et al. (2022), which noted a higher 
prevalence of pneumonia in males than females29• 

Biologically, this can be explained by hormonal 
differences that affect the immune system. 

Estrogen hormones in women are known to 

protect against infection by increasing B cell 
activation and antibody production, while 
testosterone tends to decrease cellular immune 
responses. In addition, boys have a higher 

tendency towards exploratory behavior, which 

increases exposure to infectious agents26.30. 

In addition to biological factors, behavioral 

differences also contribute to the high incidence of 
pneumonia in male anal. Boys tend to have higher 

physical activity, often play outdoors, and are less 

supervised than girls, which can increase the 
possibility of exposure to infectious agents from 

the environment25. 

The diagnosis of pneumonia in these 
patients was dominated by )12.9 viral pneumonia 
unspecified (32.11% ), )16 pneumonia due to other 

infectious organisms not elsewhere classified 

(25.69%), and pneumonia unspecified (20.18%), as 

Table I. Distribution of Patient Characteristics 
Characterislics 

Age 

Baby (0 ·11 months) 

Toddler (12 ·59 months) 

Child (5 · 9years) 
Teenager (10 · 19 years) 

Mature (20 ·59 years) 

Elderly ~ 60 years) 

Gender 

Female 

Male 

Diagnosis 

)12 Viral pneumonia 

(nf.2 Parainfluenza virus pneumonia 

J12.9 Viral pneumonia, unspecified 

J13 Pneumonia due to Streptococcus pneumoniae 

J15 Bacterial pneumonia, not elsewhere classified 

15.8 Other OO.cterial pnewnonia 

15.9 Bacter ial pneumonia, un~pc<"ificd 

seen in Table I. The high number of nonspecific 

diagnoses reflects the limitations in supporting 

examinations at health centers. This is supported 
by a multicenter study in 12 primary clinics 

conducted by Rodriques-Contreras et al. (2022), 
which found that point-of-care lung ultrasound 

(POCUS) had a sensitivity of87.8% but a specificity 

of only 585% compared to X-ray31 . In addition, a 
meta-review conducted by Htun et al. (2019) in 
adults showed that symptoms such as temperature 
~ 38 oC and respiratory rate~ 20 times per minute 

had a moderately favorable likelihood ratio (LR + 

3.2 - 3.5), but were clinically insufficient for 
diagnosis without imaging or biomarker 

confirmation32. These studies indicate that clinical 
diagnosis alone is no less accurate. 

Limitations in diagnostic tests cause health 

workers to use non-specific ICD-10 codes. 
Etiological identification is essential for 

determining the need for antibiotics, especially to 
differentiate viral and bacterial pneumonia. WHO 

(2023) also emphasized that over-diagnosing 
bacterial pneumonia in viral cases contributes to 

irrational antibiotic use33. 

F~'I'"'""Y (n • 10!11 P..-contav !,_l ] 

7,34 

39 35,78 

26 23,85 

5 4,59 

21 19,27 

10 9,17 

49 44,95 

60 55,05 

2,75 

0,92 

35 32,11 

0,92 

0,00 

1,83 

1 0,92 

J16 Pneumonia due to other infectious organisms, not e lsewhere classified 28 25,69 

J18 Pnewnonia, organism unspecified 16 14,68 

18.9 Pneumonia, unspecified 22 20,18 
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Amoxicillin was the most widely used 
antibiotic in the treatment of pneumonia in this 

study, wi th a consumption value of 232.42 
DDD/1,000 patients per day (Table II). The figure 

shows that Amoxicillin contributed 65.82% of the 
total antibiotic consumption, according to WHO 

recommendations and national guidelines as the 
first line of treatment for community-acquired 
pneumonia. This is in line with the study of Limato 
et al. (2022), which stated that amoxicillin is the 
most widely used antibiotic for the treatment of 
outpatient pneumonia, and is reinforced by the 

s tudy of Pitasari et al. (2025) at the Khomba 
jayapura Health Center, which also showed the 

dominance of amoxicillin use in the treatment of 
pneumonia34.35. 

Lower use of Azithromycin and 
Ciprofloxacin suggests a reduction in broad­
spectrum antibiotics, which aligns with 
antimicrobial stewardship policies. Stewardship 

programmes in primary care in Tameside and 
Glossop also reduced the use of broad-spectrum 
antibiotics by 10.6% over the period 2019-202(}'6. 
Similarly, a policy evaluation in England also 
showed a 24% reduction in fluoroquinolones, 
including ciprofloxacin, following a national 

intervention37. 

Table II. Results of Analysis of Antibiotic Use Based on DOD 

No ATCCode Generic Name Total Gram!f'DDD 

J01CA04 Amoxicillin 25,33 

)010805 Cefadroxil 9,49 

)01MA02 Ciprofoxacin 2,00 

J01FA10 Azitromicin 1,67 

Total 38,49 

A similar survey conducted by Kurniawati 
et al. (2021) showed that dosage errors were 

dominant in prescribing antibiotics for ARI in 

primary care facilities1s. A study in Bangladesh 
also reported that 56.8% of pediatric prescriptions 

contained inappropriate antibiotic doses, either 
overdose or underdose". As many as 29.36% of 

prescriptions were in the VIA category (Table Ill), 

where the antibiotic chosen was not the most 
effective option. This indicates a lack of clinical 
information updates in primary care physician 
practices. Similar conditions were also seen in 

hospitals, where in antibiotic selection, 50% of 
patients received antibiotics that were not 
according to guidelines39• 

In Gyssens' analysis, there were 30 cases 
(27.52%) that fell into category V, where the patient 

was diagnosed with pneumonia, but was not given 
antibiotics at all, even though clinically there were 
in rlirMion.::; thM thPy rP'lu irPrl t:tntihiotir th Prt:tpy. 

This indicates the potential for under-prescribing, 

where antibiotics should have been given but were 
not. Some possible causes include health workers 

DDD/1.000 patient per 
Percentage Total Patients 

day 
232,42 65,82 109 

87,04 24,65 

18,35 5,20 

15,29 4,33 

353,10 100,00 

assessing that the pneumonia suffered was mild or 
caused by a virus (although the diagnosis did not 

state that a virus caused the pneumonia), lack of 

clarity in clinical classification and no support for 
laboratory or radiological examinations that 
caused doubt in making therapeutic decisions, 
errors in administrative factors (errors when 
choosing a diagnosis without intention)16. 

This phenomenon differs from the general 
trend in primary care, which more often shows 
overprescribing. Studies by Mangione-Smith et al. 
(2015) and Shapiro et al. (2024) state that in some 

situations, such errors can also occur in the form of 
not providing therapy even though there is a 
strong ind ication to offer it'"'·"· This may indicate 

the prescriber's caution in giving antibiotics to 
prevent resistance, but it is not accompanied by 

strengthening the correct diagnosis, which can 
hurt patient recovery. Therefore, it is essential to 
Pnht:tnC'P thP rlinirt:tl cfpri.::;inn-mt:tkine .::;upport 

system and ensure that guidelines are easily 

accessible and that socialized care is socialized 
when new guidelines exist. 
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Table Ill. Results of Gyssens" Analysis 

Gyssens's Criterion 

Category 0 (correct) 

Category 'P (not on time) 

Category IIA (not on dose) 

Category liB (no t on interval) 

Category IIC (no t on route) 

Category IliA (used too long) 

Category II IB (too short a time) 

Category IV A (used when too short) 

Category IVB (other safer antibiotics) 

Category rvc (other cheaper antibiotics) 

Category fVD (other narrow-spectrum antibiotics) 

Category V (no indication) 

Category VI (incomplete data) 

Total 

CONCLUSION 

This study shows that the use of antibiotics 

in outpatient pneumonia patients at Puskesmas X 

Blitar is dominated by Amoxicillin (232.42 

DDD/1,000 patients per day), followed by 
Cefadroxil, Ciprofloxacin, and Azithromycin. 
According toGyssens' analysis, most antibiotic use 

falls into category liA (inappropriate dose) and 

IVA (less effective antibiotic selection). There were 
also cases w here patients diagnosed with 
pneumonia were not given antibiotics (category 

V). These results indicate the need for increased 
compliance with antibiotic therapy guidelines and 

dose rationalization training. Further research is 
recommended to evaluate the effectiveness of 
audit and feedback-based interventions and 
diagnostic aids in primary care. 
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