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Abstract: Although antibiotics are most frequently prescribed for respiratory tract infections, effective
interventions for their proper use by physicians have not been fully established. We assessed the
impact of educational films on the rates of antibiotic prescriptions for respiratory tract infections using
fictitious scenarios. In this nationwide web-based survey prospective study, a total of 1100 physicians
were included. The physicians were required to view educational short films and determine the
need for prescribing antibiotics in 10 fictitious scenarios involving adults diagnosed with different
acute respiratory tract infectious diseases. The antibiotic prescription rates for each scenario were
compared before and after viewing the educational short film. The rates of antibiotic prescription
significantly decreased after viewing the educational film, especially in cases with a narrowly defined
common cold (from 51% to 15%), mild pharyngolaryngitis (from 71% to 25%), and acute bronchitis
without chronic respiratory underlying diseases (from 63% to 23%). Alternatively, a slight decrease in
rates was observed in cases with moderate or severe rhinosinusitis (from 94% to 79%), moderate or
severe acute pharyngitis (from 88% to 69%), and acute bronchitis with chronic lung disease (from
70% to 58%), for which antibiotics are recommended. Educational short films may encourage the
proper use of antibiotics for respiratory tract infections; however, the possibility of undertreatment in
patients requiring antibiotics must be considered.
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1. Introduction

Antimicrobial resistance (AMR) is a growing public health threat worldwide. The
World Health Organization adopted a global action plan for AMR in 2015 to optimize
antibiotic use because inadequate regulations can increase the injudicious intake of an-
tibiotics [1]. Notably, the isolation rates of antibiotic-resistant bacteria and the extent of
antibiotic usage are positively correlated [2,3].

According to antibiotic prescription data linked to diagnosis in Japan, more than 60%
of antibiotics were used for acute respiratory tract infection (RTI) [4]. Similarly, antibiotics
were prescribed most frequently for acute respiratory conditions (41–44%) in the ambulatory
care setting in the USA [5,6]. In another study using primary care data in the UK, 46%
of antibiotics were prescribed for acute respiratory conditions [7]. These studies revealed
that viral RTI was the most frequent infection associated with antibiotic prescription. A
systematic review analyzing the reasons for antibiotic prescriptions for RTIs indicated that
high fever, white lesions of the laryngopharynx, purulent sputum, and the patient’s desire
were major factors related to the prescription of antibiotics [8]. However, these symptoms
and findings are not critical for diagnosing bacterial infections.

The rate of improper antibiotic prescriptions may decrease if physicians are provided
with accurate information via appropriate educational materials. The impact of educational
interventions on antibiotic prescription has been assessed in different sites, and most stud-
ies indicate room for improvement in antibiotic prescription behaviors [9,10]. However,
no interventional study with universal health insurance coverage has been conducted in
Japan. This study aimed to assess the effects of an educational film on the intention to pre-
scribe antibiotics and determine the factors susceptible or insusceptible to the educational
intervention using fictional cases.

2. Results
2.1. Backgrounds of the Participants

A total of 1100 physicians (660 generalists, 220 pulmonologists, and 220 otorhinolaryn-
gologists) with a median career length of >20 years for each expertise participated in this
study. Pulmonologists tended to be more aware of the indications for antibiotic use for
RTIs based on the Japanese Association of Infectious Diseases (JAID) recommendations;
additionally, they attended the training sessions for infectious diseases more frequently and
comprised a greater number of certified infectious disease specialists than generalists and
otorhinolaryngologists. Generalists and otorhinolaryngologists were more commonly in
charge of clinic or hospital management and examined children on a daily basis (Table 1).

Table 1. Physicians’ backgrounds.

� Generalists Pulmonologists Otolaryngologists

Number 660 220 220
Female 71 (11) 23 (10) 28 (13)

Years of career as a physician, year 27 (19–33) 20 (13–27) 25 (15–33)
Awareness of the recommendation 346 (52) 147 (67) 119 (54)

Number of attendances in training sessions per year, and
number 2 (1–5) 3 (2–5) 2 (1–3)

Certified infectious disease specialist 54 (8) 43 (20) 6 (3)
Involvement in management 310 (50) 64 (29) 97 (44)

Examining children on a daily basis 369 (56) 72 (33) 213 (97)

n (%) or median (IQR).

2.2. Rates of Antibiotic Prescription before Viewing the Educational Film

Antibiotics are not recommended for cases 1, 2, 4, 6, 8, and 9. However, the antibiotic
prescription rates in case 1 (narrow-defined common cold), 4 (mild acute pharyngitis), and
6 (acute bronchitis without chronic lung disease) were >50%, whereas those in case 2 (mild
acute rhinosinusitis), 8 (narrow-defined common cold in child), and 9 (narrow-defined
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common cold in child) were relatively low (Figure 1). The top five reasons for antibiotic pre-
scription are summarized in Table S1. Redness of the pharynx, patient’s desire, fever in case
1 (narrow-defined common cold), white lesion of the laryngopharynx in case 4 (mild acute
pharyngitis), and purulent sputum in case 6 (acute bronchitis without chronic lung disease)
were the major reasons for antibiotic prescription. Otorhinolaryngologists, physicians
participating in clinical or hospital management, and those who examined children every
day were significantly associated with the improper use of antibiotics in case 1; likewise,
otorhinolaryngologists were significantly associated with the improper use of antibiotics in
case 4 (Figure 2). The detailed odds ratios are documented in Supplementary Table S2.

Figure 1. The rates of antibiotics prescription before and after viewing the educational film. p values
were <0.001 in all cases.

Antibiotics are recommended for cases 3, 5, 7, and 10, and approximately 70% to 90%
of the physicians intended to prescribe antibiotics. As shown in Figure 2, generalists in
case 3 (moderate or severe acute rhinosinusitis); certified infectious diseases specialists in
case 5 (moderate or severe acute pharyngitis); and otorhinolaryngologists, as well as being
aware of the recommendations for the proper use of antibiotics for RTIs by the JAID, in
case 7 (acute bronchitis with chronic lung disease) were associated with refraining from
prescribing antibiotics even for cases requiring antibiotics.

2.3. Effects of the Educational Film on the Proper Use of Antibiotics

After viewing the educational film, antibiotic prescription was significantly reduced
in all cases (p-value < 0.001 in all scenarios). In particular, extreme reductions were signif-
icantly found in cases 1, 2, 4, 6, 8, and 9, which do not require antibiotic treatment. The
reduction rates were 56% (from 51% to 15%) in case 1, 16% (from 27% to 11%) in case 2, 46%
(from 71% to 25%) in case 4, 40% (from 63% to 23%) in case 6, 12% (from 23% to 11%) in
case 8, and 13% (from 26% to 12%) in case 9. Reductions were also seen in cases 3 (15%;
from 94% to 79%), 5 (19%; from 88% to 69%), 7 (12%; from 70% to 58%), and 10 (15%; from
69% to 54%), which required antibiotic treatment.

The positive effects of the educational film on the proper use of antibiotics, change
from an antibiotic prescription to a no-antibiotics prescription or vice versa in cases not
requiring (cases 1, 2, 4, 6, 8, and 9) or requiring antibiotic treatment (cases 3, 5, 7, and 10),
were more commonly observed among otorhinolaryngologists and physicians participating
in clinical or hospital management in cases 1, 4, and 7 (Figure 3). The detailed odds ratios
are documented in Table S3. The post hoc power (1-beta error probability) analysis with
an alpha error probability of 0.05 and a total sample size of 1100 showed values of 1.00,
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1.00, 0.98, 1.00, 1.00, 1.00, 0.99, 1.00, 1.00, and 1.00 in cases 1, 2, 3, 4, 5, 6, 7, 8, 9, and
10, respectively.

Figure 2. Odds ratios for improper use of antibiotics by physicians’ backgrounds before intervention.
Improper use was defined as antibiotic and no-antibiotic prescriptions for cases not requiring (cases 1,
2, 4, 6, 8, and 9) and requiring antibiotic treatment (cases 3, 5, 7, and 10).
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Figure 3. The positive effects of the educational film on the proper use of antibiotics by physicians’
backgrounds. A positive effect was defined as a change from an antibiotic prescription to a no-
antibiotic prescription or vice versa in cases not requiring (cases 1, 2, 4, 6, 8, and 9) or requiring (cases
3, 5, 7, and 10) antibiotic treatment.



Antibiotics 2024, 13, 724 6 of 11

3. Discussion

This study demonstrated the effects of educational intervention on the proper use of
antibiotics for RTIs. The effects were more dramatically observed in conditions such as nar-
rowly defined common cold, mild acute pharyngitis, and acute bronchitis without chronic
lung disease in adults. In contrast, the rate of antibiotic prescriptions decreased slightly
but significantly, even in cases that should be treated with antibiotics. The effects observed
in this study must be discussed based on individual scenarios because the interventional
effects varied depending on the physician’s background in the present study.

Case 1 is diagnosed as a narrowly defined common cold in an adult, and antibiotic
treatment is not recommended. Otorhinolaryngologists, physicians involved in clinical
or hospital management, and physicians who examined children daily were associated
with antibiotic prescriptions. Based on the positive effect (i.e., change from an antibiotic
prescription to a no-antibiotic prescription) of the educational film on physicians with
these backgrounds, a lack of knowledge might be the primary reason for the improper
prescription of antibiotics in these cases. Generalists were reported to prescribe several
antibiotics for outpatients with any disease in the USA [11], possibly due to the lack of
opportunities for patient follow-up [8]. In contrast, generalists working on RTIs in Japan
appeared to have adequate knowledge about antibiotic use, especially in the case of a
narrowly defined common cold.

Case 2 is diagnosed as mild acute rhinosinusitis in an adult, and antibiotics are not
recommended. The antibiotic prescription rate was relatively low (27%) compared to
other scenarios, but a significant reduction in antibiotic prescriptions was observed after
viewing the educational film. Conversely, case 3 is diagnosed as moderate or severe acute
rhinosinusitis, which requires antibiotic treatment. The prescription rate was high (94%)
before the intervention. Although the educational films encouraged the prescription of
antibiotics in this case, the rate of antibiotic prescription was slightly reduced after watching
the movie. Generalists were associated with the improper use of antibiotics (refraining from
antibiotics prescription in this case). Generalists might be less likely to prescribe antibiotics
even for severe cases in Japan [8], and educational intervention, especially for generalists,
should improve the treatment quality.

Case 4 is diagnosed as mild acute pharyngitis, which does not require antibiotic
treatment. Nevertheless, the antibiotic prescription rate was high (71%) before viewing the
film and decreased (25%) after the intervention. Otorhinolaryngologists are more likely to
prescribe antibiotics improperly than generalists and pulmonologists, mainly due to the
presence of a white lesion on the laryngopharynx. This feature does not directly indicate a
bacterial infection and may frequently be observed in viral infections [12]. Alternatively,
case 5 is diagnosed with moderate or severe acute pharyngitis requiring antibiotic treatment.
Similar to moderate or severe rhinosinusitis (case 3), the antibiotic prescription rate was
high (88%) initially but significantly decreased (69%) after viewing the film. Notably,
certified infectious disease experts did not prescribe antibiotics for case 5, indicating that
experts also need to be regularly educated with proper educational materials.

Cases 6 and 7 represented acute bronchitis without and with chronic lung disease,
respectively. The indications for the antibiotic treatment for acute bronchitis should be
determined depending on the presence of chronic pulmonary diseases [13]. The antibiotic
prescription rate was high (63%) in acute bronchitis without chronic lung disease and
with purulent sputum but dramatically reduced (23%) after the intervention. In contrast,
physicians who answered “yes” to “aware of the recommendation for RTI created by
the JAID” did not prescribe antibiotics for case 7 (acute bronchitis with chronic lung
disease). This result may reflect the fact that some physicians do not correctly learn from
the recommendations provided by official associations.

Cases 8 and 9 are diagnosed as narrowly defined common colds in children. The
prescription rates were relatively low compared to the corresponding cases in adults. In
2018, the Ministry of Health, Labour and Welfare in Japan introduced an additional fee for
physicians who did not prescribe antibiotics for viral infections, which may have affected
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the low antibiotic prescription rates in these two cases. Case 10 is diagnosed as acute
pharyngitis caused by Group A streptococcus. The generalists refrained from antibiotic
prescription for this case, similar to case 3 (moderate or severe rhinosinusitis in an adult),
and the educational film did not successfully affect their decision. Thus, more effective
approaches, other than viewing films, are needed to educate generalists who treat children
on a daily basis.

Overall, viewing the educational films dramatically reduced the prescription of an-
tibiotics in cases that do not require antibiotic treatment. Surprisingly, it slightly but
significantly decreased the rate of antibiotic prescriptions in cases requiring antibiotic treat-
ment. Presumably, the participants knew the concept of this survey and felt pressured to
select the option of “treatment without antibiotics” for all cases. Although the educational
intervention may reduce the improper use of antibiotics, it could lead to undertreatment
for cases requiring antibiotics.

The strength of this study is the large-scale experimental research conducted using
educational short films. However, it has several limitations. First, we set fictional scenarios
and used questionnaires; the effects of the intervention might differ in the real world.
For example, in cases with rhinosinusitis, the duration of symptoms was set as 3 (case 2)
and 10 days (case 3) to avoid the gray zone of 5–10 days for the indication of antibiotic
treatment. This study did not clarify the prescription behavior in such gray scenarios.
Second, the health insurance system and medical access vary depending on the area or
country. Japan has universal health coverage, and physicians may be prone to prescribing
antibiotics depending on the patient’s request [14]. Finally, in this study, the physicians were
required to respond to the questions immediately after viewing the film. Thus, the long-
term impacts remain uncertain. Some studies conducted in other countries showed that
long-term intervention could sustain the improved prescription behaviors [10]. Additional
studies using sustainable approaches to maintain the effects are warranted.

In conclusion, the educational film beneficially impacted the intention to prescribe
antibiotics, especially for the narrow-defined common cold, mild acute pharyngitis, and
acute bronchitis without chronic lung disease. Otorhinolaryngologists, physicians involved
in clinical or hospital management, and physicians who examine children daily benefit
more from the intervention. Educational interventions using short films must be exploited
to promote proper antibiotic prescriptions for RTIs among physicians.

4. Methods
4.1. Study Design and Participants

This prospective web-based interventional study employed an online network plat-
form (PLAMED Inc., Tokyo, Japan), which is used to conduct various surveys on medical
care for its members who work as physicians. A total of 660 generalists (including 330 work-
ing in clinics), 220 pulmonologists (including 39 working in clinics), and 220 otorhinolaryn-
gologists (including 93 working in clinics), who were registered in the online network
platform in advance, were targeted in this study. Information about the physicians’ back-
grounds that could affect prescription behaviors—such as their career length, certified
infection expertise status, and hospital management involvement—were collected. The
sample size was determined based on the research fund because this was an exploratory sur-
vey targeting physicians with different expertise. A post hoc power analysis was conducted
for each scenario.

This study was performed as part of a campaign for the proper use of antibiotics for
RTIs in Japan and was conducted by the JAID. The committee consisted of four types of
specialists—three otorhinolaryngologists (TH, MI, and MH), two pediatricians (TO and
NI), two pulmonologists (KK and YS), and three infectious disease experts (NK, KK, and
KY). This study was approved by the Institutional Ethics Committee of the Oita University
Faculty of Medicine (approved no. 2509, 31 March 2023). Informed consent was obtained
from all participants on the web screen before answering the questionnaires. All aspects of
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the study complied with the Declaration of Helsinki. This survey was financially supported
by an Independent Medical Education Grant from Pfizer Japan Inc. (Tokyo, Japan)

4.2. Fictional Scenarios

The physicians were asked to determine whether antibiotics were indicated for the fol-
lowing fictitious scenarios and provide reasons for their decision. The reasons were selected
from multiple choices (overlap allowed). Detailed information about the questionnaire is
available in Table S4. The educational short film automatically and immediately started
after completing the questionnaires; the participants had to answer the same questions for
the same scenarios shortly after viewing the short film.

Ten fictional scenarios were set to cover seven RTIs in adults (narrowly defined
common cold, mild acute rhinosinusitis, severe acute rhinosinusitis, mild acute pharyngo-
laryngitis, severe acute pharyngolaryngitis, acute bronchitis without chronic respiratory
diseases, and acute bronchitis with chronic respiratory diseases) and three RTIs in children
(narrowly defined common cold in a 2-year-old child, narrowly defined common cold
in a 10-year-old child, and bacterial pharyngolaryngitis in a 5-year-old child; Table 2).
A systematic review of the reasons for prescribing antibiotics for RTIs showed that the
patients’ desire substantially affected their behavior [8]. Therefore, the patients in these
scenarios were conditioned to want to be treated with antibiotics. The clinical presentations
of each case are as follows:

Table 2. Fictitious scenarios to determine the intention to prescribe antibiotics.

Adult/Child Diagnosis Antibiotics

1 Adult Narrow-defined common cold Not recommended
2 Adult Mild acute rhinosinusitis Not recommended
3 Adult Moderate or severe acute rhinosinusitis Recommended
4 Adult Mild acute pharyngitis Not recommended
5 Adult Moderate or severe acute pharyngitis Recommended
6 Adult Acute bronchitis without chronic lung disease Not recommended
7 Adult Acute bronchitis with chronic lung disease Recommended
8 Child Narrow-defined common cold Not recommended
9 Child Narrow-defined common cold Not recommended
10 Child Acute pharyngitis caused by Group A Streptococcus Recommended

Case 1. A male in his 50s visited the hospital with nasal discharge, a sore throat, a
cough, and a fever (38 ◦C), which had been persistent for 3 days. Redness of the pharynx
was observed, and the patient wanted to be treated with antibiotics.

Case 2. A male in his 50s presented with yellow nasal discharge and a fever (38 ◦C),
which had been persistent for 3 days. He did not complain of a sore throat or a cough but
wanted an antibiotic prescription.

Case 3. A male in his 50s presented with yellow nasal discharge and a fever (38 ◦C),
which had been persistent for 10 days. He complained of severe facial pain without a sore
throat and a cough and desired antibiotic treatment.

Case 4. A male in his 50s visited the hospital with a persistent sore throat, a cough,
and a fever (37 ◦C), which had persisted for the past 5 days. He did not complain of nasal
discharge. A white lesion was observed in the laryngopharynx, but the anterior cervical
lymph nodes were not swollen. He desires antibiotic treatment.

Case 5. A male in his 50s visited the hospital with a persistent sore throat, loss of
appetite, and a fever (37 ◦C), which had persisted for the past 5 days. He did not complain
of nasal discharge or a cough. A white lesion was seen in the laryngopharynx, and the
anterior cervical lymph nodes were swollen. He desired antibiotic treatment.

Case 6. A male in his 50s with no history of smoking visited the hospital with a cough,
persistent purulent sputum, and a fever (37 ◦C), which had persisted for the past 5 days.
He did not complain of nasal discharge or a sore throat. Abnormal lung involvement was
not observed on the chest X-ray. He desired antibiotic treatment.
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Case 7. A male in his 50s with a history of heavy smoking visited the hospital with
a cough, persistent purulent sputum, and a fever (37 ◦C), which had persisted for the
past 5 days. He did not complain of nasal discharge or a sore throat. Abnormal lung
involvement was not observed on the chest X-ray. He expressed a desire for antibiotic
treatment.

Case 8. A 2-year-old preschool child visited the hospital with nasal discharge, a persis-
tent cough, which had been present for the past 3 days, and a fever (38 ◦C), which had been
persistent for one day. The accompanying parents expressed a desire for antibiotic therapy.

Case 9. A 10-year-old child visited the hospital with nasal discharge and a persistent
cough, which had been present for 3 days, and a fever (38 ◦C), which had been persistent
for one day. The accompanying parents expressed a desire for antibiotic therapy.

Case 10. A 5-year-old child visited the hospital with a severe sore throat, a fever
(38 ◦C), and a stomach ache, which had persisted for one day. There was no nasal discharge
or cough. A white lesion was seen in the laryngopharynx, and the anterior cervical lymph
nodes were swollen. The accompanying parents expressed a desire for antibiotic therapy.

4.3. Educational Movie

The educational film was created by the committee members of the JAID. The dis-
ease concept, classification of severity, and indications for antibiotics for RTIs (including
narrowly defined common cold, acute rhinosinusitis, acute pharyngolaryngitis, and acute
bronchitis) were followed according to international guidelines [15–20]. These guidelines
do not routinely recommend blood tests with C-reactive protein or procalcitonin; they
focus on the disease severity rather than the pathogen-based treatment, except for Group A
streptococcal infections in laryngopharyngitis because point-of-care testing in the primary
care setting is assumed. Therefore, these details were not included in the scenarios and
educational films.

A summary of the educational movie was included after screening; if a patient had
mixed symptoms, including nasal, laryngopharyngeal, and lower respiratory tract symp-
toms, “narrowly defined common cold” would be diagnosed. Most causative pathogens
are viruses, and antibiotics are not required. If a patient predominantly complains of
nasal symptoms, “acute rhinosinusitis” would be diagnosed. Even in the case of acute
bacterial rhinosinusitis, mild cases may be resolved without antibiotics; only moderate or
severe acute bacterial rhinosinusitis require antibiotics. If a patient predominantly com-
plains of laryngopharyngeal symptoms, “acute laryngopharyngitis” would be diagnosed.
Most cases are caused by viruses; however, acute laryngopharyngitis caused by Group
A streptococcus indicates antibiotics. The Centor score is recommended for diagnosing
Group A streptococcal infections. Finally, if a patient predominantly complains of lower
respiratory tract symptoms such as a cough, “acute bronchitis” would be diagnosed. Most
cases of acute bronchitis are caused by viruses, and antibiotic treatment is not needed.
Bacterial bronchitis is suspected in patients with chronic respiratory diseases, and antibiotic
treatment may be considered.

The short film (4 min and 58 s) is available at https://www.youtube.com/watch?app=
desktop&v=yFsTKggL4IU (accessed on 17 November 2023) (English version) and https:
//www.youtube.com/watch?app=desktop&v=DPe4OJDFAyw (accessed on 17 Novem-
ber 2023) (Japanese version).

4.4. Statistical Analysis

Statistical analyses were performed using the Statistical Package for the Social Sciences
version 22 (IBM Japan, Tokyo, Japan). For the two-tailed analyses, 95% confidence intervals
were calculated. The rates of antibiotic prescriptions before and after viewing the film were
compared using the Chi-square test. Associations between the physician’s background and
the improper use of antibiotics or the positive effects of educational films were analyzed us-
ing binomial logistic regression. A p-value of < 0.05 was considered statistically significant.
A post hoc power analysis was conducted using G*Power 3.1.9.7 [21].

https://www.youtube.com/watch?app=desktop&v=yFsTKggL4IU
https://www.youtube.com/watch?app=desktop&v=yFsTKggL4IU
https://www.youtube.com/watch?app=desktop&v=DPe4OJDFAyw
https://www.youtube.com/watch?app=desktop&v=DPe4OJDFAyw
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/antibiotics13080724/s1, Table S1: The most common reasons
for the prescription of antibiotics. Table S2: Associations between the physician’s background and
improper use of antibiotics before viewing the educational film. Table S3: Associations between the
physician’s background and the positive effects of the educational film. Table S4: Questionnaire for
the 10 fictional cases before and after viewing the education film.
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