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Introduction

Pneumonia remains as a major health threat,
especially in developing countries. Globally, the disease
infects about 450 million people per year. It contributes
to 7% of the total global deaths every year [1]. In
Indonesia year 2010, pneumonia was included into the
top ten diseases with high hospital admission with the
proportion of cases of 53.95% for male and 46.05% for
female with crude fatality rate of 7.6%. Based on 2018
Riskesdas data, the national prevalence of pneumonia
in Indonesia by healthcare workers increased to 2.0%

Abstract

AIM: This study analyzed the impact of pharmacy intervention on appropriateness of antibiotics use in the treatment
of inpatients with pneumonia admitted to Universitas Sumatera Utara (USU) Hospital, Medan, Indonesia.

METHODS: This cohort study analyzed appropriateness of antibiotic use in the treatment of in-patients with
pneumonia without interventions or baseline group (n = 33) admitted to USU Hospital year 2018 and 3-month period
admission with pharmacy intervention (n = 42) year 2019. Characteristics of the patients and antibiotics provided
to both groups were descriptively analyzed. The appropriateness of antibiotics use in both groups was analyzed
based on their medical conditions, culture and sensitivity tests, and trustable literatures, and then categorized
applying Gyssens method regarding dose, intervals, routes, length of provision, effectivity, and costs. The significant
difference in inappropriate use of antibiotics between groups with and without interventions was analyzed applying
unpaired t-test (p < 0.05 was considered statistically significant).

RESULTS: Most of the pneumonia patients in both groups were male. Mean age of the patients (years) in group:
without intervention, 60.20 + 15.48; with intervention, 60.48 + 14.76. The three most widely provided antibiotics were
ceftriaxone, meropenem, and ciprofloxacin. Incidence of inappropriate use of antibiotics per patient in group: without
intervention, 0.66; with intervention, 0.33. The inappropriate use of antibiotics reduced significantly in group with
intervention, p = 0.049.

CONCLUSIONS: Pharmacy intervention is crucial to reduce the inappropriate use of antibiotics in the treatment of
pneumonia.

as “atypical” because pneumonia caused by these
organisms might have slightly different symptoms,
appear different on a chest X-ray, or respond to
different antibiotics than the typical bacteria that cause
pneumonia [4]. Critically ill patients admitted to intensive
care unit frequently suffer from bacterial pneumonia
transmitted through mechanical ventilation [5].
A multicenter study found that most (80.9%) of the
patients with community-acquired pneumonia (CAP)
were infected with influenza [6]. Other study conducted
on 515 children aged younger than 5 years with acute
lower respiratory infections also confirmed that 78.1%
of them experienced viral infection [7].

from 1.8% in 2013. The prevalence of pneumonia in the

Province of Sumatera Utara has increased from 1.1%

in 2013 to 2.3% in 2018 [2].

Pneumonia is an infection of the pulmonary
parenchyma caused by various pathogens such as
bacteria, fungi, viruses, and parasites that cause
inflammation in the lung tissue [3]. The bacterial
usually caused by
Streptococcus pneumoniae. Other possible infecting
bacteria in pneumonia comprise Chlamydia pneumonia,
Mycoplasma pneumoniae, Chlamydia psittaci, and
Legionella pneumophila. These bacteria are known

pneumonia is

The main complications associated with
pneumonia are bacteremia, pleural effusion, and
lung abscess. The severity of pneumonia varies and
is associated with many determinants including the
infecting bacteria as well as age and the patients’
clinical conditions. In addition, pneumonia also tends to
be more serious in people with heart disease, diabetes

infecti f . . . .
niection 0 mellitus, and chronic obstructive disease [8].

Duetothese complicated conditions experienced
by the pneumonia patients, they have to receive
multiple drug therapy and may result in drug-related
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problems. One of the unwanted problems is irrational/
inappropriate provision of antibiotics which can further
directly cause bacterial resistance. The high incidence
of pneumonia requires high provision of antibiotics [9].
Thus, inappropriate use of antibiotics remains as a
serious global health challenge. A study found that the
appropriate level of antibiotic use without pharmacy
intervention was only 55% which improved to 74%
with pharmacy interventions [10]. A study indicated that
30-80% of antibiotic provision were notbased on accurate
indication, which canfurtherincrease bacterial resistance,
treatment costs, morbidity, and mortality [11], [12]. Many
other pharmacy intervention studies on the usage of
wide range of antibiotics and varied purposes in the
treatment of pneumonia patients have been undertaken
elsewhere [10], [13], [14], [15]. Furthermore, efforts
to avoid inappropriate use of antibiotics in all areas of
the world are important to maximize clinical outcomes,
minimize side effects, avoid toxicity, reduce treatment
costs, and most importantly to reduce the global
emergence of bacterial resistance [16].

In light of these problems, this study aimed
to analyze the impact of pharmacy intervention on the
appropriateness of antibiotics provision in the treatment
of inpatients with pneumonia admitted to Universitas
Sumatera Utara (USU) hospital, Medan, Indonesia.

Methods

This cohort study compared the
appropriateness of antibiotic provision between group
of pneumonia patients without pharmacy intervention
(usual care) and those with intervention admitted to
USU Hospital, Medan Indonesia, periods of 2018
and July up to September 2019. The inclusion criteria
were pneumonia patients age =18 years old, received
antibiotics, did not suffer from human immunodeficiency
virus and tuberculosis. A self-designed questionnaire
was developed to assessed the required data including
age of the patients, gender, medical and medication
histories, antibiotics utilization, organ functions, white
blood celllevel, and otherrelated data. Ethical clearance
of this study (No 1868/VI/SP/2019) was obtained from
the Health Research Ethical Committee, School of
Nursing, USU, Indonesia. Inform consent was filled
out by each of the patients in the intervention group
before conducting the study. The primary concern in
determining the number of samples is that the samples
should be represent the population. A study indicated
that appropriate levels of antibiotic use in group with and
without interventions were 74% and 55%, respectively
[6]. The minimum required sample size of each group,
using electronic sample size calculator for the cohort
study, was 67 at confidence level (1-a) of 95%, with 80%

power (1- as type Il error), proportion of appropriate
levels of drugs resolved without and with pharmacy
intervention are 0.55 and 0.65 as a guess value
(middle value of 55% and 74%), respectively, of the
cohort study [17]. Baseline data were recruited from the
patients’ medical records year 2018 (n = 33), while, the
prospective data were recruited from 3-month patients’
admission year 2019 (n = 42) with the involvement
of pharmacy intervention. The important findings
regarding appropriateness of antibiotics use obtained
by pharmacists in the group without intervention were
distributed and explained to other healthcare providers
during intervention period. Characteristics of the
patients and antibiotics utilization in groups with usual
care and intervention were descriptively analyzed.
The appropriateness of antibiotics use in both groups
was analyzed considering the medical conditions
(comorbidities and organs’ function) and medication
histories of the patients as well as local culture and
sensitivity tests (CST). The results were classified
using the Gyssens method and categorized into
proper and improper (dose, intervals, routes, too long
provision, too short provision, less effective, and more
costly) and other trustable literatures [18], [19], [20].
The significant difference between groups with and
without interventions in terms of inappropriate provision
of antibiotics was analyzed applying unpaired t-test (p
< 0.05 was considered significant). All analyses were
performed using the program of SPSS version 17.

Results

The minimum sample size required for
each group was 67. For the usual care, there were
132 patients admitted to the hospital during 2018, of
which only 33 patients met the inclusion criteria. Thus,
only these patients could be used as sample in the
group without intervention. Only 42 pneumonia patients
met the inclusion criteria for the intervention group
during 3-month period admission year 2019. Therefore,
these patients were used as group with intervention.

Characteristics of the patients

Characteristics of the patients with pneumonia
with and without interventions can be seen in Table 1.
In group without intervention, 51.5% of the patients
were male and 48.5% of them were female. As much
as 61.9% were male and 38.1% were female in the
intervention group. Statistical analysis indicated that
there was no significant difference between male and
female in both groups. Numerically, pneumonia was
more prevalent in male compared to female.
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Table 1: Characteristics of the pneumonia patients with and
without interventions

Characteristics Without intervention Intervention p
n=233 (%) n=42 (%)
Gender
Male 17 51.5 26 61.9
Female 16 48.5 16 38.9
p 0.862 0.123
Age (years)
18-27 0 0 1 2.38
28-36 1 3.03 3 7.14
37-46 6 18.2 4 9.52
47-55 4 121 2 4.76
56-65 7 212 15 35.71
>65 15 455 17 40.48
Mean age (years) 60.52 + 15.48 60.48 + 14.76 0.991
Number of patients with LOS:
<7 days 24 7222 29 61.90
>7 days 10 27.28 13 38.10
Mean LOS (days) 6.78 +2.43 6.54 +3.29 0.727

LOS: Length of stay.

The mean ages in group with and without
interventions were 60.48 + 14.76 years and 60.52
+15.48 years, respectively. There was no significant
difference in terms of age between group with and
without interventions, p = 0.991. Most (45.5%) of the
pneumonia patients in the group without intervention
were above 65 years old. The same result was
also found that most (40.48%) of the patients in the
group with the intervention were at the age of above
65 years.

As demonstrated in Table 1, most of the
pneumonia patients with and without interventions
were hospitalized in less than 7 days. Mean length of
stay (LOS) of the pneumonia patients in groups with
and without interventions were 6.54 + 3.29 days and
6.78 = 2.43 days, respectively. There was no significant
difference in terms of LOS between groups with and
without interventions, p = 0.727.

Antibiotics utilization during
hospitalization

The antibiotics provided to the pneumonia
patients are shown in Figure 1. The number of units of
each antibiotic provided to group without intervention
in decreasing order was ceftriaxone, meropenem,
ciprofloxacin, gentamycin, azithromycin, moxifloxacin,
levofloxacin, and metronidazole. The most widely
provided antibiotic in group without intervention was
ceftriaxone (276 units provided to 24 patients) with
average of 11.5 units during their hospitalization (mean
LOS of 6.78 + 2.43 days) and the least frequently
provided antibiotic was metronidazole. The provision
of antibiotics in group with intervention in decreasing
order was ceftriaxone, meropenem, ciprofloxacin,
gentamycin, azithromycin, levofloxacin, metronidazole,
vancomycin, and cefixime. The most widely provided
antibiotics in group with intervention was also
ceftriaxone (397 units provided to 36 pneumonia
patients) with average about 11.0 units during their
hospitalization (mean LOS of 6.54 + 3.29 days) and the
least frequently provided antibiotic was cefixime given
only to one patient.

The study found that 23 (69.70%) of the
patients without intervention received monotherapy
and only 10 (30.30%) of them received combination
therapy. In the intervention group, 17 (40.48%) of the
patients received monotherapy and 25 (59.52%) of
them received combination therapy.
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Figure 1: Antibiotics utilization in pneumonia patients with and without
interventions

Appropriateness of antibiotic provision

The results of the detailed analysis of the
inappropriate selection of antibiotics provided to the
pneumonia patients with and without interventions
including reasons for inappropriateness and
consequences as well as recommendations are listed
in Tables 2 and 3, respectively. In this study, only seven
out of 13 categories of Gyssens were detected in the
treatment of patients with pneumonia. These categories
comprised appropriate use of antibiotics, inappropriate
dose, inappropriate dosing interval, too long duration
of treatment, too short duration of treatment, the use
of not effective antibiotics, and the use of toxic and
expensive antibiotics.

As shown in Table 2, as many as 22
incidences of inappropriate use of antibiotics were
experienced by 16 (48.49%) of the 33 patients in
group without intervention. This means that one
patient could experience more than one incidence.
The occurrences of inappropriate use of antibiotics
in this group in decreasing order were the use of
more expensive antibiotics (moxifloxacin) provided
to six patients, followed by the use of less effective
antibiotics (levofloxacin, ciprofloxacin, and
ceftriaxone) evidenced from CST tests given to
five patients, the inappropriate dose of levofloxacin
received by four patients who were also had chronic
kidney disease (CKD), too short duration of antibiotics
treatment provided to four patients, too long duration
of antibiotics treatment provided to two patients, and
inappropriate dosing interval of antibiotics provided to
one patient.

788

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Nasution et al. Pharm Intervent Reduc Inappr Antibiot Use in Pneumonia Patients

Table 2: Description of inappropriate antibiotics provision in
group without intervention

Category Provided Number of Reasons for Recommendation
Antibiotics cases inappropriateness/
consequence
There are Moxifloxacin 6 Levofloxacin Levofloxacin should be
other cheaper demonstrated the drug of choice for
antibiotics good inhibitory the patients
effect to the

infecting bacteria
and cheaper
The patient was

There are other Levofloxacin; Vancomycin showed

more effective  continue infected with good inhibition activity.
antibiotics provided Micrococcus Thus, this should be
(bacterial species and the drug of choice for
resistance Streptococcus the patient
occurred) alfa hemolyticus.
CST proved
that the bacteria
were resistant to
levofloxacin
Levofloxacin; 1 This patient was Amikacin demonstrated
continue infected with good inhibition activity.
provided Acinetobacter It should be the drug of
baumannii (ESBL) choice for the patient
carbapenemase
also resistant
levofloxacin
Ciprofloxacin; 1 The patient was CST indicated that the
continue infected with bacteria was sensitive
provided Micrococcus to levofloxacin, thus
species resistant to this should be chosen
ciprofloxacin for the patient
Levofloxacin; 1 The patient was The bacteria
continue infected with was sensitive to
provided Staphylococcus meropenem. This
epidermidis antibiotic should be
coagulase- provided
negative resistant
to levofloxacin
Ceftriaxone; 1 The patient was The pathogen
continue infected with was sensitive
provided Pseudomonas to levofloxacin.
aeruginosa Ceftriaxone should
carbapenemase be replaced with
resistant to levofloxacin
ceftriaxone
Inappropriate  Levofloxacin 4 Too high dose. These patients should
use 500 mg/day Two patients receive loading
were diagnosed dose 500 mg, then
as CKD Stage 3, maintenance dose 250
one patient Stage mg/day
4, one patient
Stage 5. Due to
decrease in kidney
function
Too short Levofloxacin 1 Too short Provision of
provision 750 mg/day provision may levofloxacin 750 mg/
for 3 days cause bacterial day for 7-14 days
resistance
Ceftriaxone 1 1 Same as above 1 9/12 h for 4-14 days
g/ 12 h for 2
days
Moxifloxacin 1 Same as above 400 mg/day for 7-14
400 mg/day days
1for 5 days
Moxifloxacin 1 Same as above
400 mg/day
for 4 days
Azithromycin 1 Excessive Azithromycin should be
500 mg/day provision of provided 500 mg/day
for 6 days azithromycin for 3 days or 500 mg
Azithromycin 1 once, then 250 mg/day
500 mg/day for 4 days
for 7 days
Inappropriate  Cefadroxil 1 Too high dose. Interval should be
dosing interval 500 mg/12 h The patient also increased to 500
suffered from CKD mg/24 h
Total 22

CST: Culture and sensitivity tests, CKD: Chronic kidney disease.

However, in the group with intervention, as
listed in Table 3, only 14 incidences of inappropriate
use of antibiotics experienced by 14 (33.33%) of the
42 patients. The incidences (in decreasing order)

comprised the use of less effective antibiotics provided
to six patients, inappropriate dose of antibiotics received
by four pneumonia patients with CKD, inappropriate
dosing intervals of meropenem provided to three
patients, and too short provision of ceftriaxone received
by one patient.

Table 3: Description of inappropriate antibiotics use in group
with intervention

Category Provided No of Reasons for Recommendation
cases inappropriateness/
consequence
There are Meropenem 1 Meropenem less effective Vancomycin
other more than vancomycin
effective Ceftriaxone 1 Ceftriaxone less effective Meropenem
antibiotics than meropenem

Levofloxacin less
effective than vancomycin
Ceftriaxone less effective Vancomycin
than vancomycin

Ceftriaxone less effective Vancomycin
than vancomycin

Ceftriaxone less effective Levofloxacin
than levofloxacin

Levofloxacin 1 Vancomycin
Ceftriaxone 1

Ceftriaxone 1

Ceftriaxone 1

Inappropriate  Gentamycin 1 Patient had CKD; the Dose of gentamycin
dose of 240 mg/day provided dose was too should be reduced to
antibiotics high 106 mg/day
Levofloxacin 1 Patient was on CKD Loading dose, 500 mg;
500 mg/24 h Stage 5, dose of maintenance dose,
levofloxacin was too high 250 mg once daily
Meropenem 1 1 0.25-0.5g/24 h
g/12h
Levofloxacin 1 CKD patient with CICr 500 mg initially, then
500 mg/24 h 5.13 ml/min 250 mg once daily
Inappropriate  Meropenem 1 1 CKD patient (CICr 33.28 1 g/ 12 hours
dosing g/8h ml/min)
interval Meropenem 1 1 Haemodialysis patient 0.25-0.5g/24 h
g/12h
Meropenem 1 1 CKD patient with CICr 0.25-0.59g/24 h
g/12h 7.72 ml/min
Too short Ceftriaxone 1 Too short provision 19/ 12 h for 4-14 days
provision 19/ 12 h for 3 may cause bacterial
days resistance
Total 14

CKD: Chronic kidney disease.

Results of the inappropriateness of antibiotics
provided to pneumonia patients with and without
interventions grouped by Gyssens category described
in Tables 2 and 3 are summarized in Table 4.

Table 4: Summary of Inappropriate antibiotics provided to
pneumonia patients without intervention (n = 33) and with
intervention (n = 42) based on Gyssens category

Category Number of incidences p
without Intervention Intervention

There are other cheaper antibiotics 6 0 0.043
There are other more effective antibiotics 5 6

Inappropriate dose 4 4

Too short provision 4 1

Too long provision 2 0

Inappropriate dosing interval 1 3

Total incidence 22 14
Incidence per patient 22/33=0.66 14/42 = 0.33

As shown in Table 4, incidences of
inappropriate use of antibiotics per patients decreased
from 0.66 in group without intervention to 0.33 in group
with pharmacy interventions. Overall, un-pared t-test
conducted in this study proved that inappropriate use
of antibiotics decreased significantly in group with
pharmacy intervention (n = 42) compared to those in
group without intervention (n = 33), p = 0.043. The study
proved that pharmacy intervention plays an important
role to reduce the inappropriate use of antibiotics in the
treatment of patients with pneumonia.
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Discussion

In this study, the incidence of pneumonia was
not significant different between male and female.
However, according to Henig, pneumonia was more
common in male due to their habit of smoking in which
it is the main independent risk factor for the occurrence
of pneumonia in adults [21]. Patients with older age
seemed to be more prone to have pneumonia since
aging can lead to loss of elasticity and a decrease
in lung function. In addition, decrease in the immune
response and comorbid conditions may also have
impacts on the prognosis of pneumonia. People with
decrease in organ function and immune responses
accompanied with aging are more prone to have
infection [22]. Mean hospital LOS of each group
was about 7 days. In general, patients infected by a
bacterium require hospitalization for about 7 to 10 days.
Yet, it depends on the concomitant diseases, the
development of complications, and the clinical severity
of the disease [23]. The study found that most (69.70%)
of the patients in group without intervention received
monotherapy, while, in the intervention group, less than
half (40.48%) of the patients received monotherapy.
The need for combination therapy largely depends the
disease severity [24].

With regards to antibiotics utilization, the
patients in both groups were provided a wide range of
antibiotics depends on their clinical states, results of
the previous 6-month CST, and the available procured
antibiotics. Initially, antibiotics were empirically provided
to the patients concurrently with collection of sputum
required to undertake CST. Empirical therapy is usually
withheld until CST results are obtained. If there is an
improvement in the clinical condition of the patients,
the empirical therapy will be usually continued for 7
to 14 days, but it based on the clinical severity of the
disease. If there is no improvement, then replacement
of the antibiotics is done according to CST.

Patterns of antibiotic utilization  were
associated with the infecting pathogens, severity of the
infections, medical conditions of the patients mainly
kidney functions, pattern of the antibiotic resistance,
body weight, age, medication history of the patients,
and costs [25], [26]. Ceftriaxone was the most widely
provided to the pneumonia patients in both groups. The
frequent provision of ceftriaxone in both groups was
probably because it is the most active cephalosporin
against strains resistant to penicillin pneumococcus.
In addition, it has longer half-life compared to those of
other cephalosporins groups. Thus, it can be given 1
to 2 times with dose of 1 to 2 g daily. This long dosing
interval could also improve the patients’ compliance to
their treatment [27].

The continuous antibiotic resistance remains
a serious worldwide public health issue. Antibiotic
resistance leads to increase morbidity, the patients’

frequency of admission and their LOS as well as
treatment costs and even mortality [28]. Inappropriate
use of antibiotics in the treatment of pneumonia
accelerates antibiotic resistance. The main drivers
of the resistance are too short or too long a period of
provision, too low or too high dose as well as under-use
and over-use of antibiotics. These conditions causing
antibiotics to treat pneumonia become less effective.
Thus, efforts to fight antibiotic resistance and to improve
their use in the treatment of many infections, including
pneumonia, are continuously being done all over the
world [29].

The main findings of this present study were
few problems associated with the inappropriate use
of antibiotics. These included problems related to the
selection of too high doses of antibiotics provided
to six and five patients with CKD in groups with and
without interventions, respectively. These medical
conditions are important to consider in determining
dose of antibiotics to avoid from drug toxicity and fight
antibiotics resistance [30]. Other problems were related
to the length of treatments in which few antibiotics only
need shorter and others required longer durations.
These medical conditions required adjustment in the
selection of dose and frequency of administration. Few
cases were found where patients discharged from the
hospital with continue taking the prescribed empirical
therapy before CSTs were completed and interpreted.
Of course, in the future treatment all these findings
should be avoided to prevent and control the spread
of antibiotic resistance [28], [31]. Other inappropriate
uses of antibiotics were six and five effectivity problems
in group with and without interventions, respectively.
Other six cases were related to costs found only in group
without intervention. The most important finding of this
present study is that pharmacy intervention reduced
significantly the incidence of inappropriate use of
antibiotics in the treatment of patients with pneumonia.
Incidence of inappropriate use of antibiotics per patient
in group with the intervention was only 0.33 (50%) of
those in group without intervention. Thus, it is clear that
active role of pharmacists should be highlighted and
increased locally, regionally, and globally to reduce the
incidence of inappropriate use of antibiotics which can
further improve outcomes in the treatment of patients
with pneumonia and minimize antibiotics resistance.
The instrument developed by Gyssens is useful to
assess and to study the accuracy of the antibiotics
provision. This instrument has been widely used to
evaluate the appropriate use of antibiotics to treat a
wide range of infections in many countries [19].

Several similar studies on the appropriateness
of antibiotics use for the treatment of pneumonia have
been done by other researchers elsewhere. These
studies indicated a wide range of appropriateness
in antibiotic use for patients with pneumonia. A study
was undertaken by Herawati in St. Vincentius A
Paulo hospital Surabaya Indonesia indicated that
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the appropriate provision of antibiotics to pneumonia
patients was only 11.4% [32]. In 2019, other study
conducted by Ana Kusnul Faizah in a teaching hospital,
Surabaya Indonesia found that 6% of the patients
received less effective antibiotics, 6% of them were
provided antibiotics with too long duration, the other
2% were provided inaccurate doses of antibiotics [33].
In addition, a retrospective study on rational use of
antibiotics applying the Gyssens method indicated that
only 51.1% of the 71 pneumonia patients included in
the study were provided appropriate antibiotics [24].
This difference was thought to occur due to a wide
range of complicated clinical conditions experienced by
the patients and bacterial resistance to broad-spectrum
antibiotics due to uncontrolled use of them as well as
limited knowledge of the patients on the appropriate
use of antibiotics [34]. A prospective multicenter
observational study focused on the provision of 400 mg
moxifloxacin daily to 2733 patients with CAP for 10 days
proved that 93.2% of the patients were cured [35].

Appropriate use of antibiotics can be achieved
if all health care providers, including physicians,
pharmacists, nurses, and other related health
professionals work together as a team supported by
policymakers. Physicians must be aware of the common
infecting pathogens in the provision of empiric therapy
for pneumonia. In addition, they must always prescribe
the appropriate antibiotics to the right patients at the
appropriate dose and frequency for the right length of
provision and reduce unnecessary antibiotic use based
on clinical practice guidelines, patient clinical conditions,
and the most recent local bacterial resistance pattern
[28], [36]. Pharmacists should also enhance their roles
in implementing pharmaceutical care to identify and
resolve the inappropriate use of antibiotics which can
further reduce global antimicrobial resistance [33], [34].

This study was limited by the relatively small
sample size and pharmacy intervention session
related to the study timeline determined by the funding
group. This study was only a single-center research.
In this regard, the results and conclusions should be
interpreted with caution. In the future, multi-center
studies using more sample are required to support this
study.

Conclusions

This study found that pharmacy intervention
reduced significantly the inappropriate use of antibiotics
in the treatment of patients with pneumonia. In the
future, healthcare policymakers should consider the
results of this study to enhance the roles of pharmacists
and increase the appropriateness of management
of pneumonia patients and combat the antibiotic
resistance.
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