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Abstract: Bronchopneumonia is a respiratory tract infection affecting the bronchi
and lungs and remains one of the leading causes of mortality among children
worldwide. Antibiotics are the mainstay of therapy; however, their high utilization
necessitates evaluation to ensure rational use. At K. R. M. T. Wongsonegoro Hospital,
Semarang, bronchopneumonia was the leading infectious disease among pediatric
patients in 2023, highlighting the need for a comprehensive assessment of antibiotic
prescribing practices. This study aimed to determine the profile of antibiotic use and
evaluate both qualitative and quantitative appropriateness of antibiotic therapy
among pediatric inpatients with bronchopneumonia. A descriptive, retrospective,
cross-sectional study was conducted involving 281 pediatric inpatients aged 0–18
years hospitalized with bronchopneumonia throughout 2023. Qualitative antibiotic
appropriateness was evaluated using the Gyssens method, while quantitative
utilization was analyzed via the Defined Daily Dose (DDD)/100 inpatient-days system.
Ceftriaxone was the predominant therapy, both as monotherapy and in combination
with azithromycin. Qualitative analysis revealed notable irrationalities, characterized
primarily by incorrect dosing intervals and inappropriate dosages, alongside
truncated treatment durations. Quantitatively, ceftriaxone exhibited the highest
consumption rate, dominating the Drug Utilization 90% (DU90%) segment. These
findings reveal suboptimal antibiotic utilization patterns, underscoring an urgent
need for institutional prescription audits and targeted educational interventions to
mitigate the risk of localized antimicrobial resistance.

Introduction
Bronchopneumonia is a term used to describe
inflammation that occurs in the walls of the bronchioles
and surrounding lung tissue. Bronchopneumonia is also
known as lobular pneumonia, because inflammation
occurs in the lung parenchyma that is permanent in the
bronchioles and surrounding alveoli (1).
Bronchopneumonia is caused by bacterial, viral, or fungal
infections in the bronchioles and surrounding lung tissue
(2).

Pneumonia is the leading cause of death among
children compared to other infectious diseases, with more
than 700,000 children under the age of five dying each
year—or about 2,000 deaths per day. Of these,
approximately 190,000 occur among newborns. Most of
these deaths are actually preventable. Globally, the
incidence of pneumonia exceeds 1,400 cases per 100,000

children, equivalent to 1 case for every 71 children per
year. The highest incidence rates are found in South Asia,
at approximately 2,500 cases per 100,000 children,
followed by West and Central Africa with approximately
1,620 cases per 100,000 children (3). Pneumonia can occur
in all age groups, but the highest number of deaths occur
in infants and children, because the body's immune
response system is weakened and not yet fully developed
(4). According to a report by the Indonesian Ministry of
Health in 2020, bronchopneumonia is including diseases
commonly found in infants and children, with a very high
number of cases, reaching 808,694 deaths in children
under the age of 5 (5).

In 2020, pneumonia was among the top 10 causes of
hospital admission across various regions in Indonesia.
Pneumonia also accounts for a high mortality rate
worldwide, ranking as the 8  leading cause of death in
the United States and is associated with high healthcare
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costs. These high costs are also linked to the prolonged
use of antibiotics even when patients have low risk and
few comorbidities, so the rational use of antibiotics in
pneumonia requires further attention (6).

In 2022, the national coverage of pneumonia in
toddlers was 38.8%. Central Java Province still ranks 9th
with the highest number of pneumonia cases in Indonesia,
with a prevalence of 43.5% of the population. Based on
data from the Semarang City Health Office in 2022,
pneumonia continues to experience a 5% increase in the

number of infant and child deaths from 2017 to 2022 (7).
Based on the results of a pre-survey on
bronchopneumonia at the K.R.M.T Wongsonegoro General
Hospital in Semarang City, it was found that this disease is
most commonly found in children. It ranks first as a
pediatric infectious disease.

Bronchopneumonia is treated with antibiotics. The
high use of antibiotics has led to various conflicts, posing
a

Figure 1. Gyssens flowchart.
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risk that affects health issues related to bacterial resistance
to antibiotics. The cause of antibiotic resistance is the
inappropriate use of antibiotics. Antibiotic resistance can
lead to treatment failure, resulting in unsuccessful patient
recovery and increased mortality (8). Based on previous
research (9) on the Evaluation of Rationality in Clinical
Outcomes of Antibiotic Use and Patterns of Bacterial
Resistance to Antibiotics in Children with Pneumonia, the
antibiotics with the highest resistance are ampicillin at
65%, ampicillin sulbactam at 66.67%, and ceftriaxone at
40.74%.

Evaluation of antibiotic use is one of the measures to
prevent bacterial resistance to antibiotics. The rationality
of antibiotic administration can be evaluated qualitatively
and quantitatively. Quantitative evaluation uses the
ATC/DDD method, while qualitative evaluation is based on
predetermined drug criteria. Thus, to determine the quality
of antibiotic use, an evaluation is carried out using the
Gyssens method (10). Health workers have a big
responsibility in preventing antibiotic resistance, so it's
important to improve people's knowledge and awareness
about the proper use of antibiotics (11). The results of a
systematic review of 48 articles evaluating antibiotic use in
hospitalized pneumonia patients indicate that the
quantitative analysis of the results shows  that ceftriaxone
and meropenem antibiotics were the top choices, with
values of 1547.735 DDD/100 bed days and 3011.2
DDD/1000 patient days, respectively. Evaluation of the
quality of antibiotic use showed the highest level irrational
in category (IVa) at 67.6% (12).

The study was conducted to determine the qualitative
and quantitative evaluation results of antibiotic use in
pediatric patients with bronchopneumonia admitted to
K.R.M.T Wongsonegoro Regional General Hospital in 2023.
While broad epidemiological data emphasizes the global
and national burden of pediatric pneumonia, local
management strategies often suffer from a paucity of
empirical data regarding actual prescribing behavior in
clinical practice. Prior studies frequently separate
quantitative consumption from qualitative clinical
appropriateness. By simultaneously deploying the
ATC/DDD method and the Gyssens framework in a primary
regional hospital, this study addresses an essential
research gap, providing the granular insights required to
design actionable, setting-specific antibiotic stewardship
interventions where clinical susceptibility data is limited

Methodology

Study Design and Location
The study was conducted using a descriptive research
design with a cross-sectional approach. Data collection
was performed retrospectively. The data collected were
medical records of pediatric patients with
bronchopneumonia from January to December 2023 at
K.M.R.T Wongsoneoro Regional General Hospital.

  The tools used in this study were data collection
sheets designed according to the researchers' needs to
conduct qualitative antibiotic evaluation using the Gyssens
method and quantitative evaluation using the ATC/DDD
and DU90 methods. In addition, the Gyssens flowchart
(Figure 1) was used for qualitative evaluation, while the
2023 Guideline for ATC classification and DDD assignment
and the WHO website

https://atcddd.fhi.no/atc_ddd_index/   were used for
quantitative evaluation. Ministry of Health Regulation No.
28 of 2021 on Guidelines for Antibiotic Use was also used
as a guide in evaluating antibiotic use in patients with
bronchopneumonia by examining the type of antibiotic,
dose, interval, route, duration, and safety of the antibiotics
administered to patients (13). The material used in the
study was the medical records of pediatric
bronchopneumonia patients who were hospitalized at
K.R.M.T Wongsonegoro Hospital from January to
December 2023.

Population & Sample
The study population initially comprised 948 patients, from
which a final sample size of 281 patients was selected
based on specific eligibility criteria. The inclusion criteria
required subjects to be pediatric inpatients aged 0–18
years diagnosed with bronchopneumonia who received
antibiotic therapy between January and December 2023,
underwent empirical or definitive antibiotic treatment for a
maximum duration of 14 days, and possessed complete
and clear medical records. Conversely, patients were
excluded from the study if they discontinued treatment
voluntarily, died during their hospital stay, were referred to
other healthcare facilities, or presented with concurrent
infectious diseases.

The study was conducted with a preparatory stage
that included an observational study on the use of
antibiotics in pediatric patients with bronchopneumonia,
which showed a significant number. Next, data on
antibiotic use was collected from medical records. The
data was then analyzed univariately, namely with
descriptive analysis to determine the pattern of antibiotic
use and patient characteristics, which were presented in
Table 1 and Table 2. Qualitative analysis used the Gyssens
flowchart and was then grouped according to category.
The Gyssens qualitative assessment was conducted
independently by trained clinical pharmacists utilizing a
standardized data extraction form to minimize subjectivity.
To ensure internal consistency, a random sample of 10% of
the medical records underwent a secondary, independent
cross-check by a senior clinical pharmacist; any
discrepancies in category assignment were resolved by
consensus. While a formal, multi-center external validation
process was outside the scope of this retrospective review,
this rigorous internal audit protocol preserved data
accuracy. Quantitative analysis used ATC/DDD.  This study
has been approved by the Medical/Health Research
Bioethics Commission of the Faculty of Medicine,
UNISSULA, with No. 469/XI/2024/KomisiBioetik.

Results and Discussion
The study was conducted on 281 medical records of
pediatric bronchopneumonia patients who were
hospitalized at K.M.R.T Wongsonegoro General Hospital
from January to December 2023 and met the inclusion and
exclusion criteria of the study. The demographic
characteristics of the patients, consisting of gender and
age, are presented in Table 1. The results showed that
there were more male patients (152 patients, 54.09%) than
female patients. Male patients have a higher risk of
developing bronchopneumonia because their respiratory
tract is narrower than that of female patients. In addition,
they also play outdoors more often than female patients (
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15).
Patients aged 2 - 5 years accounted for the highest

number compared to other age groups. This age group is
more susceptible to bronchopneumonia because they
have lower immunity compared to those aged over 5 years
(17). This is supported by data from the 2023 Central Java
Provincial Health Profile, which shows that cases of
pneumonia among children under 5 increased by
approximately 3.63% compared to the previous year,
totaling 134,708 cases. In fact, pneumonia is the leading
cause of death among children under 5 in Central Java
Province, accounting for 26.76% of all deaths(18). At this
age, a person's immune system is not yet optimal and the
humoral immune response in increasing antibody levels is
still limited. The relatively narrow respiratory tract is also
one of the causes of a higher risk of children being
susceptible to infectious diseases, especially those
transmitted through the air (19).

Based on the study, data was obtained on the use of
antibiotics in patients, both those given singly and in

combination which were presented in Table 2. The most
widely used single antibiotic was ceftriaxone, which was
used in 187 patients (61.11%), while the most widely used
combination was ceftriaxone + azithromycin in 25 patients
(8.17%).   Previous research conducted in the inpatient
ward of Ciamis Regional General Hospital showed that
single-dose ceftriaxone was prescribed in 88.03% of cases.
This antibiotic has a broad spectrum of both gram-positive
and gram-negative bacteria (20). Ceftriaxone is also used
as an empirical antibiotic for infants and children who are
hospitalized and have not received complete
immunizations, so it can be used as a treatment option for
pediatric patients who cannot receive penicillin (21).

Combination therapy is also given to some patients,
with the aim of enhancing the effectiveness of antibiotics
in specific infections (synergistic effect) and slowing down
and minimizing the occurrence of infection. Combination
therapy can be used as empirical therapy in severe
infections or when it is possible that the infection is caused
by more than one bacterium. The selection of combination

Table 1. Sample characteristics.

Characteristic Number of patients Percentages

Gender
Male 152 54.09%

Female 129 45.91%
Total 281 100%
Age

Newborn (0–28 days) 2 0.71%
Infant (>28 days – 12 months) 108 38.08%
Toddler (>12 – 23 months) 0 0.00%

Preschool child (2–5 years) 118 41.99%
School age child (6–11 years) 45 16.01%
Adolescents (12–18 years) 9 3.20%
Total 281 100%

Table 2. Distribution of use antibiotics.

Type Antibiotic Total Persentages

Single Ceftriaxone 187 61.11%
Cefotaxime 39 12.75%
Azithromycin 10 3.27%

Amoxicillin 2 0.65%
Combination Ceftriaxone  +  Azithromycin 25 8.17%

Cefotaxime  + Gentamicin 15 4.90%
Ceftriaxone + Gentamicin 15 4.90%

Cefotaxime +  Azithromycin 8 2.61%
Ceftriaxone  +  Amoxicilin 2 0.65%
Ceftriaxone +  Cefotaxime 1 0.33%

Cefotaxime  + Gentamicin + Azithromycin 1 0.33%
Ceftriaxone + Meropenem + Amikacin 1 0.33%

Total 306 100%
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therapy can be based on the way antibiotics work on
different targets, which can enhance or interfere with the
overall activity of antibiotics. Combination therapy is most
commonly used in pediatric bronchopneumonia at K.R.M.T
Wongsonegoro General Hospital, namely ceftriaxone +
azithromycin with a percentage of 10.32%. In line with
research in eastern Ethiopia, the combination of
ceftriaxone + azithromycin is most commonly used in the
treatment of pneumonia, with a percentage of 46.5% (22).
Ceftriaxone shows broader activity against gram-negative
bacteria compared to generations I and II, and the
addition of azithromycin (macrolide class) improves
coverage of atypical pathogens compared to β-lactam
monotherapy. The combination of ceftriaxone and
azithromycin works in two different ways, producing a
synergistic effect for the treatment of pneumonia.
Ceftriaxone works by inhibiting cell wall synthesis, while
azithromycin inhibits bacterial protein synthesis. In
addition, azithromycin has an immunomodulatory effect,
which can reduce the inflammatory effects of antibacterial
activity (23). The use of a combination of beta-lactam
antibiotics and macrolides is one of the options for
empirical treatment regimens in pediatric pneumonia
when monotherapy is insufficiently effective(24).

Quantitative Antibiotic Evaluation
Quantitative evaluation of antibiotic use can be performed
using the ATC/DDD method in accordance with WHO
recommendations. The purpose of this evaluation is to
measure the amount of antibiotics used at the prescribed
daily dose (DDD/100 patient days) based on criteria
established by the WHO (14).   The antibiotics used in the
research sample included 8 antibiotics and were classified
under the ATC code, consisting of ceftriaxone, cefotaxime,
azithromycin, gentamicin, amoxicillin, meropenem, and
amikacin. The ATC code in the table was used to classify
antibiotics based on the DDD value in grams (g).

The results showed that the total DDD value in
pediatric patients with bronchopneumonia at K.R.M.T
Wongsonegoro Hospital from January to December 2023
was 51.48 DDD/100 patient days (Table 3). Ceftriaxone
was the most frequently administered antibiotic,

accounting for 815.15 g, whereas amoxicillin oral had
lowest usage, at 3.6 g. From a clinical perspective,
interpreting a DDD value of 40.83 within a pediatric
population requires careful nuance. Since the WHO
assigns a standard adult dose of 2 grams as the
benchmark DDD for ceftriaxone, and pediatric doses are
weight-dependent and significantly lower, this elevated
metric underscores an intense, concentrated exposure to
broad-spectrum agents within the ward. This pattern
suggests an institutional over-reliance on third-generation
cephalosporins for empirical treatment. While national
guidelines recommend narrow-spectrum beta-lactams like
amoxicillin as first-line empiric choices for uncomplicated
pneumonia, the widespread selection of ceftriaxone
appears to be driven by dosing convenience (once-daily
administration) and an empirical strategy to cover
potential resistance. However, this practice creates an
escalating loop of selective pressure, contributing directly
to the 40.74% ceftriaxone resistance rates reported in
regional literature, and highlights a critical target for
antimicrobial stewardship programs to enforce de-
escalation protocols.

The results also show that the antibiotics used and
included in the 90% segment are ceftriaxone (PO),
ceftriaxone (PO), azithromycin (IV), and gentamicin (PO).
Meanwhile, the antibiotics used in the 10% segment are
amoxicillin and azithromycin (PO). Antibiotics included in
the 90% DU segment are the most frequently prescribed
antibiotics, while antibiotics included in the 10% DU
segment are rarely prescribed (25). In a study conducted
by Ceftriaxone consistently entered the 90% DU profile
during the 2013–2017 period. Its broad spectrum makes
this antibiotic useful as empirical therapy in various cases
of infection (26).

Several factors can affect antibiotic utilization,
including hospital policies on antibiotic use, patient clinical
conditions, and the prescribing physician’s preferences.
Rational antibiotic prescribing is generally reflected by
lower levels of use, while elevated Defined Daily Dose
(DDD) values may suggest irrational prescribing practices
(27). Based on the 2021 WHO AWaRe (Access, Watch,
Reserve) classification, ceftriaxone and azithromycin are

Table 3. ATC/DDD method for quantitative analysis antibiotic usage.

No ATC
Code

Antibiotic
Name Route DDD WHO standard

(gram) (WHO, 2023)

Amount of
antibiotic use 
(gram)

Total LOS
(days)

DDD/100
Hospitalization days

1. J01DD04 Ceftriaxone P 2 815.15 998 40.83
2. J01DD01 Cefotaxime 4 138.165 3.46

3. J01FA10 Azithromycin 0.5 11.625 2.32
4. J01GB03 Gentamicin 0.24 3.985 1.66
5. J01CA04 Amoxicillin 3 5.25 0.17

6. J01DH02 Meropenem 3 1.5 0.05
7. J01GB06 Amikacin 1 0.8 0.08
8. J01FA10 Azithromycin O 0.3 8.01 2.67

9. J01CA04 Amoxicillin 1.5 3.6 0.24
Total 51.48
Note: P = parenteral and O = oral.
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categorized as “Watch” antibiotics, meaning that these
antibiotics have a high potential to cause antimicrobial
resistance. Therefore, their use requires monitoring to
prevent excessive use (28).

Qualitative Antibiotic Evaluation
Qualitative evaluation was conducted using the Gyssens
method. Based on the results of the study, there were
several irrational uses in patients, as shown in Table 5. The
duration of antibiotic administration is categorized as too
short if it is given for a period shorter than the existing
treatment guidelines. The results of the study show that
there were 25 (8.9%) antibiotics received by patients with a
shorter duration, thus falling into category III b. The largest
group consisted of patients who received ceftriaxone for
only 1 day (9 patients) and 2 days (1 patient), followed by
those who received gentamicin for only 1 day (4 patients)
and 2 days (2 patients), azithromycin for only 1 day (5
patients), and cefotaxime for 1 day (4 patients).  Antibiotics
were received by patients in < 3 days, and this duration
did not comply with the guidelines, because clinical
monitoring, laboratory tests, and other supporting
examinations are evaluated at least every 3 days (13). The
use of antibiotics for a shorter duration than that specified
in the treatment guidelines can increase the risk of side
effects and bacterial resistance. This is in line with research
(29) that inappropriate administration of antibiotics can
increase unwanted side effects and make microorganisms
resistant to antibiotics.

Antibiotic dosage inaccuracy occurs when the amount
administered does not fall within the recommended
dosage range, either in the form of an overdose or an

underdose. Administering antibiotics in doses that exceed
the recommended range can cause toxicity, while
administering antibiotics in doses lower than the minimum
level risks causing treatment failure (30). When
administering antibiotics to children, dose adjustments
must take into account body weight and age. In the results
of the evaluation of Table 5, it was found that 51 (18.15%)
patients received antibiotic with an inappropriate dose
thus falling into category II a. Dosing inaccuracies include
overdoses and underdoses. Inappropriate antibiotic
dosing can potentially reduce the success of therapy and
trigger antibiotic resistance. In addition, the body's
immune system can be weakened by inappropriate use,
and several side effects can arise from inappropriate
antibiotic administration (31).

Antibiotic use is categorized as inappropriate interval
if the time between antibiotic doses does not comply with
the recommended interval in the therapy guidelines,
whether given at too short or too long intervals
(Anggraini, 2021). The results of the evaluation in Table 5
of the studies included in category IIb were 74 (26.33%).
Incorrect dosing intervals occurred in patients receiving
ceftriaxone; according to antibiotic guidelines, the
recommended dosing interval is every 12 hours, but 57
patients received the antibiotic every 24 hours and 1
patient received it every 8 hours. Another antibiotic
administered at an incorrect interval was cefotaxime,
which should have been administered every 8 hours;
however, 15 patients received the antibiotic every 12
hours. Incorrect dosing intervals also occurred in 1 patient
who received gentamicin every 12 hours, whereas the
recommended interval is every 24 hours.The use of

Table 4. Antibiotic consumption patterns DU 90%.

No Antibiotic name Route DDD/100 Patient-days DU 90% (%) Segment

1 Ceftriaxone P 40.83 79.31 90%
2 Cefotaxime P 3.46 6.72

3 Azithromycin O 2.67 5.19
4 Azithromycin P 2.32 4.51
5 Gentamicin P 1.66 3.22

6 Amoxicillin O 0.24 0.47 10%
7 Amoxicillin P 0.33 0.16*
8 Amikacin P 0.08 -

9 Meropenem P 0.10 -
Total 51.48 100%
Note: P = parenteral and O = oral.

Table 5. Gyssens method for analysis of qualitative antibiotic usage.

Category Gyssens criteria Number Percentages

0 Rational 131 46.62%

III b Treatment duration too short 25 8.90%
II a Inappropriate dosage 51 18.15%
II b Inappropriate dosing interval 74 26.33%

Total 281 100%
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antibiotics at inappropriate intervals, when administration
times are inconsistent, can result in irregular increases in
blood drug levels. This condition prevents the
achievement of the steady state level required for
antibiotics to work optimally in killing microorganisms(10).

Limitations
A limitation of this study includes its retrospective, single-
center design, which may restrict the immediate
generalizability of the findings to other healthcare
facilities. Furthermore, while rigorous internal duplicate
reviews were executed by clinical pharmacists to assign
Gyssens classifications, a formal external multi-rater
validation process was not performed. Future prospective
multicenter initiatives should integrate external validation
frameworks to further strengthen antibiotic audit tools.

Conclusion                                                                                    
In conclusion, this study demonstrates a profound
institutional reliance on ceftriaxone for pediatric
bronchopneumonia, evidenced by its highest consumption
rate of 40.83 DDD/100 patient-days and its dominance
within the Drug Utilization 90% (DU90%) segment along
with cefotaxime and oral azithromycin. Qualitative
evaluation via the Gyssens method exposed critical gaps in
rational prescribing, driven largely by inappropriate dosing
intervals (26.33%) and incorrect dosages (18.15%). These
findings indicate that antibiotic deployment remains
suboptimal and poses a distinct risk for accelerating
localized antimicrobial resistance. To safeguard therapeutic
efficacy, the hospital must immediately transition from
descriptive monitoring to active antimicrobial stewardship.
This should include enforcing strict, weight-based
pediatric electronic prescribing alerts, implementing
mandatory 72-hour clinical de-escalation audits, and
providing ongoing clinician education aligned with
national therapeutic guidelines

Abbreviations
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Defined Daily Dose per 100; DU 90% = Drug Utilization
90%; WHO = World Health Organization; LOS = Length of
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