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Abstract

Background

Antibiotic treatment for dengue is likely considerable and potentially avoidable but has not
been well characterized. This study aimed to assess antibiotic prescribing for confirmed
dengue cases in outpatient and inpatient settings and to identify associated patient, physi-
cian and contextual factors.

Methods

57,301 adult dengue cases reported in Taiwan between 2008-2015 were analyzed. We
assessed both outpatient and inpatient claims data of dengue patients from a week before
to a week after their dengue infections were confirmed under Taiwan’s National Health
Insurance program. A multivariable logistic regression with generalized estimating equa-
tions was used to estimate the probability of antibiotic prescribing in dengue patients.

Results

Overall, 24.6% of dengue patients were prescribed an antibiotic during the 14 day-assess-
ment period. Antibiotics were prescribed in 6.1% and 30.1% of outpatient visits and inpatient
admissions, respectively. Antibiotic prescriptions were reduced by ~50% in epidemic years.
Among inpatients, advanced age, females, and major comorbidities were risk factors for
receipt of an antibiotic; antibiotics were used in 26.0% of inpatients after dengue was diag-
nosed. Significant differences in antibiotic prescribing practices were observed among phy-
sicians in outpatient settings but not in inpatient settings.

Conclusions

In addition to patient and physician demographic characteristics, contextual factors such as
care setting and during epidemics significantly influenced prescription of antibiotics. Charac-
terization of prescribing patterns should help direct programs to curb antibiotic prescribing.
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Author summary

Antimicrobial resistance is a growing global public health threat. The non-specific clinical
manifestations of dengue overlap with signs and symptoms of other febrile illnesses com-
mon to tropical and subtropical zones making differential diagnosis between dengue and
bacterial infections difficult, hence, leading to potentially unnecessary antibiotic prescrib-
ing. However, our understanding of factors underlying antibiotic prescribing for dengue
is rather limited. Taiwan has experienced periodic dengue outbreaks and has a compre-
hensive national health insurance database including reliable infectious diseases surveil-
lance and prescribing records. The findings in Taiwan show that other than commonly
known patient characteristics, provider and contextual factors play a significant role. Phy-
sician’s age and practice setting were significant factors influencing the decision to pre-
scribe antibiotics, particularly in outpatient visits. The likelihood of prescribing an
antibiotic to dengue patients was reduced by more than 50% in medical visits occurring
after the dengue infection was confirmed. Understanding patient, provider and contextual
factors in antibiotics prescription for dengue infections can provide insights for improved
antibiotic stewardship and unnecessary antibiotic treatment for dengue.

Introduction

Growing antimicrobial resistance is recognized as an urgent threat to global health. Among
other drivers, such as their promiscuous use in animal husbandry, widespread misuse and
overuse of antibiotics in healthcare is a major contributor to the emergence of resistant patho-
gens [1]. While antibiotics may be prescribed inappropriately for conditions that are likely to
have a viral etiology, they also may be used in early intervention of febrile illnesses when the
pre-test probability of a bacterial infection argues for empirical therapy. The non-specific clini-
cal manifestations of dengue (DENV) overlap with signs and symptoms of other febrile ill-
nesses common to tropical and subtropical zones, such as leptospirosis, for which
antimicrobial therapy is therapeutic [2-7]. At the point of clinical presentation, differentiating
dengue from bacterial infections that should be treated with antibiotics may be difficult but
also is contextual, depending on the local epidemiology of the respective pathogens [8]. For
example, within Thailand, the likelihood of encountering dengue versus leptospirosis differs
geographically and pre-test strategies for empirical use of antibiotics in respective locations
have been modeled [7,9].

Point-of-care dengue diagnostic assays are not available universally and their performance
also depends on the local epidemiology of dengue and other flaviviral infections that can pro-
duce cross-reactions. As over half of the global population in at least 120 countries, some four
billion people, is at risk for dengue, that antibiotic consumption is likely to be considerable [6].

Compared to a large body of literature describing inappropriate antibiotic prescribing for
acute viral respiratory illnesses such as colds, upper respiratory tract infections and bronchitis
[9-21], there is a limited understanding of factors underlying antibiotic prescribing for den-
gue. A few relevant studies have investigated antibiotic use more generally, among acute febrile
patients, in dengue endemic regions. Unlike previous reports comprising case series over lim-
ited intervals [22,23], this study exploited Taiwan’s national linked databases that covers 99.9%
of the population and examined all nationally reported cases over an eight-year period. Like
many Asian countries, Taiwan experiences periodic dengue outbreaks and has a high antibi-
otic prescribing rate [24]. Taiwan’s comprehensive national insurance data and infectious
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diseases surveillance and reporting system offer a unique opportunity to assess antibiotic pre-
scribing patterns for dengue and associated factors. We analyzed not only patient characteris-
tics, but also physician and contextual characteristics such as in outpatient and inpatient
settings, before and after dengue diagnosis and, taking advantage of the periodicity of dengue
outbreaks in Taiwan, during an interval of heavy epidemic transmission compared to a quies-
cent pre-epidemic interval [25]. Furthermore, we also describe the frequency of use for specific
antibiotics prescribed during the assessment period.

Methods
Ethics statements

This study was reviewed and approved by the Institutional Review Board of National Yang
Ming Chiao Tung University (NO. YM109083E).

Data sources

Since the study was done using administrative datasets without identifiable personal informa-
tion, individual informed consent was waived. Linked data were obtained from the Notifiable
Disease Dataset of Confirmed Cases (NDDCC), operated by the Taiwan Centers for Disease
Control (CDC), and the National Health Insurance Research Database (NHIRD) in Taiwan.
The Communicable Disease Control Act requires clinicians to report every individual who is
infected by or suspected of a notifiable communicable disease, including dengue, to the
NDDCGC, providing the most accurate source of confirmed dengue cases. The NDDCC was
then linked to the NHIRD to obtain medical care utilization information on confirmed cases,
including diagnoses, type of medication prescribed, patient and physician characteristics. All
these databases are available for research purposes and managed by the Health and Welfare
Data Center (HWDC) and linked using encrypted identification numbers of individual
patients, physicians, and hospitals. All the analyses were conducted onsite at the HWDC. The
validity and quality of the NHIRD have been assessed repeatedly and found to be satisfactory
and well-suited for research purposes [26,27].

Study design and study population

This was a population-based pooled cross-sectional study. The study population included all
confirmed dengue cases in persons 18 years and older during the study period, 2008-2015
(60,587 patients). The dengue cases in our sample were defined as dengue cases confirmed by
the Taiwan CDC and recorded in the NDDCC dataset. In Taiwan, any suspected dengue case
is required to be reported to the Taiwan CDC and his/her specimen also must be sent to Tai-
wan CDC for confirmation through Taiwan’s official infectious disease surveillance system.
The cases confirmed by Taiwan CDC are recorded in the NDDCC dataset. Multiple dengue
records of the same individual within 3 months were considered the same dengue case and
only the initial report was analyzed. Each dengue case was assessed for his/her utilization of
outpatient care, inpatient services, and antibiotics prescribed during a 14-day assessment
period (from a week before to a week after the index date). The index date was defined as the
individual’s date of confirmed dengue diagnosis recorded in Taiwan CDC’s database. Due to
heterogeneity in disease progression, frequency of comorbidities, and factors influencing med-
ical care utilization patterns between adults and children/adolescents, we did not include pedi-
atric populations in our study. People with incomplete information on important
characteristics or without any medical visit during the assessment period were excluded (3,286
patients). The final study population included 57,301 dengue cases.
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Variables

Our main dependent variable was the presence or absence of at least one antibiotic prescrip-
tion for each confirmed dengue case during the 14-day assessment period. Medical utilization
patterns included antibiotics prescribed, outpatient visits, and hospitalization events. The
medical utilization patterns included any antibiotic prescribed, any outpatient visit incurred,
and any hospitalization incurred. All three types of medical service utilization were assessed
during the 14-day assessment period. Any antibiotics prescribed, outpatient visit, or hospitali-
zation occurring during the 14-day period, 7 days before confirmation, 7 days after confirma-
tion were assessed. The frequency of specific antibiotics prescribed was calculated. Antibiotics
prescribed in medical visits involving a concomitant bacterial infection diagnosis for which
antibiotic treatment may be indicated were excluded for analyses [28]. Concomitant bacterial
infection was defined as a bacterial infection diagnosis which was recorded in the same claim
as dengue diagnosis. We adopted Clinical Classification System, a diagnosis and procedure
categorization scheme developed by the Agency for Healthcare Research and Quality, to iden-
tify concomitant bacterial infection. We did not restrict the main analyses only to medical vis-
its with a dengue diagnosis because National Health Insurance (NHI) claims for outpatient
visits only allow three diagnoses for each visit. According to our data, only 8.1% and 59.2% of
the visits shortly before and after dengue was confirmed contained a dengue diagnosis, respec-
tively. Furthermore, we used the Anatomical Therapeutic Chemical (ATC) classification sys-
tem to identify the type of antibiotics prescribed (ATC code J01). Topical antibiotics were
excluded from the analyses.

Patient characteristics included patient’s age, sex, socioeconomic status (SES), comorbidity
status, and year of confirmed dengue diagnosis. Patient’s age was classified into three groups:
18-45, 45-65, and above 65 years. SES was defined by the individual’s insurable wages and
types. Patients were classified into those with and without regular well-defined monthly wage
and the former were then categorized into two groups: monthly wage above or below NTD
$30,000 (approximately, $1,000 USD). Comorbidity status was defined by presence of major
comorbidities such as cancer, chronic kidney diseases, and others [29]. We also classified year
of diagnosis into epidemic dengue (2014 and 2015) and nonepidemic periods.

Physician characteristics included age, sex, specialty, and patient volume. Physician’s age
was classified into three groups: under 40, 40-60, and above 60 years. Specialty was classified
into five categories: family medicine, internal medicine, emergency, otolaryngology (ENT),
and others. Patient volume was calculated separately for outpatient visits and inpatient admis-
sions. Patient volume was defined as the average monthly number of ambulatory care visits or
inpatient admissions one year before the index date. Both ambulatory and inpatient volumes
were then categorized into tertiles as low, medium, and high. Characteristics of physician’s
practice setting included ownership (public vs. private), accreditation level and urbanization of
practice (urban vs. rural). We classified medical facilities into three levels: medical centers,
regional and district hospitals, and clinics according to Taiwan’s medical facility accreditation
regulation and process. Medical centers are the tertiary care hospitals which has met the high-
est quality of care standard under the current accreditation regulation.

Statistical analyses

Descriptive statistics were computed to describe the characteristics of dengue patients. Pre-
scribing patterns in outpatient and inpatient settings were analyzed separately. Since a dengue
diagnostic test result could have influenced the antibiotic prescribing decision, we analyzed
antibiotic prescribing in dengue patients before and after their dengue infection was con-
firmed. Due to the hierarchical nature of the data, cluster effects are likely; generalized
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estimating equation (GEE) was applied to control the probable clustering effects of visits
within each physician. Robust estimators were applied for standard errors in all analyses. Sen-
sitivity analyses were conducted: (1) instead of analyzing medical visits without a concomitant
bacterial diagnosis, we tried different inclusion criteria (i.e. all visits including those with a
concomitant bacterial diagnosis; visits with dengue diagnosis, but without a concomitant bac-
terial diagnosis); (2) a shorter assessment period (6-day period from 3 days before to 3 days
after the index date). The results of these sensitivity analyses remained robust. All analyses
were conducted using SAS 9.4.

Results

Of the 57,301 confirmed adult dengue cases during the study period (2008-2015), 89.4% of
cases occurred during the 2014-2015 epidemic (Table 1). 21.5% of dengue cases were > 65
years old. Only 7.0% of dengue cases had underlying major comorbid illnesses. 91.6% had
fever and 33.7% were hospitalized, of whom 5.4% were admitted to ICUs. In the absence of a
documented concomitant bacterial infection, 24.6% received at least one antibiotic during the
14-day assessment period. The average lengths of hospital stay for patients who received anti-
biotics and who did not receive antibiotics were 8.1 and 6.3 days, respectively (Table A in S1
Text). Table 2 presents distributions of the total and sub-samples at visit-level, and proportions
of visits with antibiotic prescriptions by patient and physician characteristics. Cases resulted in
a total of 189,510 ambulatory care visits and 18,629 admissions within the 14-day assessment
period.

Antibiotic prescribing in outpatient settings

Antibiotics were prescribed in 6.1% of outpatient visits during the 14-day assessment period
(Table 2). The proportion of visits with antibiotic prescriptions varied slightly across most
patient characteristics (5.7%-6.7%). The exception was a relatively larger difference between
epidemic (5.8%) and nonepidemic periods (9.3%). In contrast, among physician characteris-
tics, antibiotic prescribing varied considerably by physician’s age, gender, specialty and owner-
ship of practice setting. For outpatient cases, antibiotics were prescribed more often in the
week prior to the confirmed date of dengue infection (9.3%) than in the week after the diagno-
sis was confirmed (4.1%). Similar prescribing patterns across patient and physician character-
istics were observed during the pre- and post- dengue confirmation week.

After adjusting for other characteristics and clustering effects, prescribing patterns were rel-
atively consistent for total visits, pre-confirmation visits and post-confirmation visits
(Table 3). Significant associations with receipt of antibiotics during the 14 day assessment
period were found for patient’s age, gender, and comorbidity status: patients 45-64 years old
were significantly less likely to be prescribed antibiotics than patients <45 years (odds ratio
[OR]: 0.89; 95% CI: 0.85-0.93); female patients (OR: 1.14; 95% CI: 1.10-1.18) and patients
with a major comorbidity (OR: 1.15; 95% CI: 1.07-1.24) were significantly more likely to be
prescribed antibiotics than their counterparts. As described above, the likelihood of antibiotic
prescribing was significantly lower during epidemic compared to the non-epidemic years (OR:
0.67; 95% CI: 0.61-0.72).

After adjusting for patient characteristics, antibiotic prescribing in the outpatient setting
varied significantly among physicians. Antibiotic prescribing increased with physician age.
Compared to family medical physicians, Otolaryngology (OR: 3.54; 95% CI: 2.94-4.25), emer-
gency (OR: 3.15; 95% CI: 2.61-3.80) and other specialists (OR: 1.24; 95% CI: 1.06-1.44) were
significantly more likely to order antibiotics. Among practice settings, physicians in public
hospitals were 20% less likely to prescribe antibiotics (95% CI: 0.71-0.91) than in private
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Table 1. Patient characteristics and medical utilization patterns among 57,301 confirmed adult dengue patients,
Taiwan, 2008-2015.

Patients with dengue (N = 57,301)
N (%)

Epidemic period

No 6,079 (10.6)

Yes 51,222 (89.4)
Patient characteristics
Age,y

18-45 22,866 (39.9)

45-64 22,092 (38.6)

>65 12,343 (21.5)
Sex

Male 28,040 (48.9)

Female 29,261 (51.1)
SES

< $30,000 NTD 21,871 (38.2)

> $30,000 NTD 19,391 (33.8)

Others 16,039 (28.0)
Major comorbidities

No 53,310 (93.0)

Yes 3,991 (7.0)
Fever

No 4,839 (8.4)

Yes 52,462 (91.6)
Medical utilization
Any antibiotics prescribed

No 43,190 (75.4)

Yes 14,111 (24.6)
Outpatient utilization

No 1,263 (2.2)

Yes 56,038 (97.8)
Outpatient utilization before confirmation

No 17,501 (30.5)

Yes 39,800 (69.5)
Outpatient utilization after confirmation

No 9,189 (16.0)

Yes 48,112 (84.0)
Hospitalization

No 38,003 (66.3)

Yes 19,298 (33.7)
Hospitalization before confirmation

No 54,121 (94.5)

Yes 3,180 (5.5)
Hospitalization after confirmation

No 41,059 (71.7)

Yes 16,242 (28.3)
ICU utilization

No 1,041 (5.4)

Yes 18,257 (94.6)

$30 NTD £ $1 US dollar.
Abbreviation: SES, socioeconomic status; ICU, intensive care unit.

https://doi.org/10.1371/journal.pntd.0010198.t001
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Table 2. Outpatient antibiotic use for confirmed dengue by patient and physician characteristics, in pre- and post- dengue diagnosis visits, Taiwan, 2008-2015.

Total

Pre-dengue confirmation

Post- dengue confirmation

Antibiotics use Antibiotics use Antibiotics use
N (%) % N (%) % P N (%) % P

Total visits 189,510 6.1% 75,172 9.3% 114,338 4.1%

Epidemic period <.01 <.01
No 19,186 (10.1) 9.3% 11,087 (14.7) 11.3% 8,099 (7.1) 6.5%

Yes 170,324 (89.9) 5.8% 64,085 (85.3) 8.9% 106,239 (92.9) 3.9%

Patient characteristics

Age,y <.01 <.01
18-45 72,612 (38.3) 6.7% 27,996 (37.2) 10.6% 44,616 (39.0) 4.3%

45-64 75,768 (40.0) 5.7% 29,546 (39.3) 8.7% 46,222 (40.4) 3.7%
>65 41,130 (21.7) 5.9% 17,630 (23.5) 8.0% 23,500 (20.6) 4.4%

Sex .02 <.01
Male 90,401 (47.7) 5.7% 35,237 (46.9) 9.0% 55,164 (48.2) 3.6%

Female 99,109 (52.3) 6.5% 39,935 (53.1) 9.5% 59,174 (51.8) 4.4%

SES .01 0.87
< $30,000 NTD 72,579 (38.3) 6.3% 28,780 (38.3) 9.7% 43,799 (38.3) 4.1%
> $30,000 NTD 64,934 (34.3) 6.0% 25,508 (33.9) 8.9% 39,426 (34.5) 4.0%

Others 51,997 (27.4) 6.1% 20,884 (27.8) 9.1% 31,113 (27.2) 8.2%

Major comorbidity .08 <.01
No 176,466 (93.1) 6.1% 69,702 (92.7) 9.3% 106,764 (93.4) 4.0%

Yes 13,044 (6.9) 6.5% 5,470 (7.3) 8.6% 7,574 (6.6) 5.0%

Physician characteristics

Physician age, Y .25 <.01
<40 50,369 (26.6) 5.1% 13,556 (18.0) 9.4% 36,813 (32.2) 3.5%

40-59 108,827 (57.4) 6.2% 45,207 (60.1) 9.1% 63,620 (55.6) 4.1%
>60 30,314 (16.0) 7.7% 16,409 (21.8) 9.6% 13,905 (12.2) 5.6%

Physician sex <.01 <.01
Male 167,187 (88.2) 6.4% 68,746 (91.5) 9.5% 98,441 (86.1) 4.3%

Female 22,323 (11.8) 3.8% 6,426 (8.5) 6.7% 15,897 (13.9) 2.6%

Physician specialty <.01 <.01
Family medicine 38,969 (20.6) 3.8% 16,185 (21.5) 6.1% 22,784 (19.9) 2.1%

Internal medicine 62,606 (33.0) 3.3% 20,806 (27.7) 5.6% 41,800 (36.6) 2.2%
Otolaryngology 21,511 (11.4) 15.5% 12,870 (17.1) 18.4% 8,641 (7.6) 11.2%
Emergency 35,567 (18.8) 8.3% 9,238 (12.3) 15.0% 26,329 (23.0) 6.0%
Others 30,857 (16.3) 5.8% 16,073 (21.4) 6.6% 14,784 (12.9) 4.9%

Average monthly volume <.01 <.01
Low 62,536 (33.0) 5.6% 13,688 (18.2) 11.9% 48,848 (42.7) 3.9%

Medium 62,540 (33.0) 5.9% 27,475 (36.5) 8.6% 35,065 (30.7) 3.8%
High 64,434 (34.0) 6.8% 34,009 (45.2) 8.8% 30,425 (26.6) 4.6%

Ownership of practice setting .03 <.01
Private 149,954 (79.1) 6.7% 68,272 (90.8) 9.4% 81,682 (71.4) 4.5%

Public 39,556 (20.9) 4.0% 6,900 (9.2) 8.6% 32,656 (28.6) 3.0%

Accreditation level of practice setting <.01 <.01
Medical center 34,402 (18.2) 5.2% 6,935 (9.2) 9.8% 27,467 (24.0) 4.0%
Regional/District hospital 60,735 (32.0) 4.8% 14,972 (19.9) 10.0% 45,763 (40.0) 3.0%

Clinics 94,373 (49.8) 7.4% 53,265 (70.9) 9.0% 41,108 (36.0) 5.2%
Urbanization of practice .05 .02
(Continued)
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Table 2. (Continued)

Total Pre-dengue confirmation Post- dengue confirmation
Antibiotics use Antibiotics use Antibiotics use
N (%) % N (%) % P N (%) % P
Urban 158,982 (83.9) 6.0% 59,423 (79.0) 9.4% 99,559 (87.1) 4.0%
Non-urban 30,528 (16.1) 6.7% 15,749 (21.0) 8.9% 14,779 (12.9) 4.4%

$30 NTD £ $1 US dollar.

Abbreviation: SES, socioeconomic status; P, P-value.

https://doi.org/10.1371/journal.pntd.0010198.t002

Table 3. Patient and physician characteristics associated with antibiotic prescribing for dengue patients in outpatient settings, Taiwan, 2008-2015.

Total Pre-dengue confirmation Post-dengue confirmation
OR (95%CI) AOR (95% CI) OR (95%CI) AOR (95% CI) OR (95%CI) AOR (95% CI)

Epidemic period
No Ref ref ref ref ref ref
Yes 0.70 (0.64-0.76) 0.67 (0.61-0.72) 0.84 (0.77-0.93) 0.82 (0.74-0.89) 0.65 (0.57-0.73) 0.59 (0.53-0.67)
Patient characteristics
Age,y

18-45 Ref ref ref ref ref ref

45-64 0.89 (0.86-0.93) 0.89 (0.85-0.93) 0.87 (0.82-0.92) 0.89 (0.84-0.93) 0.90 (0.85-0.95) 0.88 (0.83-0.94)

>65 0.97 (0.90-1.03) 0.99 (0.93-1.06) 0.87 (0.80-0.94) 0.90 (0.84-0.97) 1.03 (0.93-1.13) 1.05 (0.95-1.16)
Sex

Male Ref ref ref ref ref ref

Female 1.13 (1.08-1.17) 1.14 (1.10-1.18) 1.06 (1.01-1.12) 1.08 (1.02-1.13) 1.21 (1.14-1.28) 123 (1.16-1.31)
SES

< $30,000 NTD

Ref

ref

ref

ref

ref

ref

> $30,000 NTD

0.95 (0.91-0.99)

0.98 (0.94-1.02)

0.94 (0.89-1.00)

0.97 (0.92-1.03)

0.97 (0.91-1.03)

0.99 (0.93-1.06)

Others

0.99 (0.95-1.03)

1.01 (0.97-1.06)

0.97 (0.92-1.03)

1.01 (0.95-1.07)

1.00 (0.94-1.07)

1.02 (0.95-1.09)

Major comorbidity
No Ref ref ref ref ref ref
Yes 1.11 (1.03-1.19) 1.15 (1.07-1.24) 0.98 (0.89-1.08) 1.03 (0.94-1.13) 1.22 (1.10-1.36) 1.27 (1.13-1.42)

Physician characteristics

Physician age, Y

<40

Ref

ref

ref

ref

ref

ref

40-59 0.96 (0.86-1.07) 1.06 (0.95-1.18) 0.89 (0.79-1.00) 1.07 (0.94-1.21) 1.05 (0.91-1.20) 1.09 (0.95-1.25)

>60 1.23 (1.08-1.41) 1.57 (1.36-1.82) 1.03 (0.88-1.19) 1.45 (1.24-1.70) 1.53 (1.27-1.84) 1.83 (1.50-2.24)
Physician sex

Male Ref ref ref ref ref ref

Female 0.71 (0.61-0.82) 0.87 (0.75-1.01) 0.78 (0.66-0.92) 0.90 (0.75-1.07) 0.70 (0.58-0.84) 0.88 (0.73-1.05)
Physician specialty

Family medicine

Ref

ref

ref

ref

ref

ref

Internal medicine

0.83 (0.71-0.96)

0.94 (0.81-1.11)

0.94 (0.79-1.12)

1.00 (0.83-1.20)

0.92 (0.76-1.11

1.00 (0.82-1.22)

( )
Otolaryngology 3.38 (2.84-4.03) 3.54 (2.94-4.25) 3.01 (2.50-3.61) 3.25 (2.68-3.93) 4.12 (3.26-5.20) 4.25(3.33-5.41)
Emergency 2.20 (1.90-2.54) 3.15 (2.61-3.80) 2.62(2.19-3.13) 2.99 (2.37-3.77) 2.41 (2.00-2.89) 3.32 (2.66-4.14)
Others 1.11 (0.95-1.29) 1.24 (1.06-1.44) 1.00 (0.85-1.18) 1.11 (0.94-1.32) 1.55 (1.26-1.89) 1.56 (1.28-1.92)

Average monthly volume

Low

Ref

ref

ref

ref

ref

ref

(Continued)
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Table 3. (Continued)

Medium
High
Ownership of practice setting
Private
Public

Accreditation level of practice setting

Medical center
Regional/District hospital
Clinics

Urbanization of practice
Urban

Non-urban

OR (95%CI)
1.05 (0.95-1.16)
1.10 (0.98-1.24)

Ref
0.63 (0.56-0.71)

ref
0.99 (0.87-1.13)
1.32 (1.17-1.49)

ref
1.16 (1.03-1.30)

Total

AOR (95% CI)
1.00 (0.89-1.12)
0.86 (0.75-1.00)

ref
0.80 (0.71-0.91)

ref
1.03 (0.92-1.16)
1.38 (1.20-1.59)

ref
1.10 (0.97-1.25)

Pre-dengue confirmation

OR (95%CI)
0.80 (0.71-0.89)
0.81 (0.71-0.92)

ref
0.87 (0.75-1.00)

ref
0.98 (0.84-1.14)
0.98 (0.86-1.13)

ref
1.07 (0.94-1.22)

AOR (95% CI)
0.88 (0.78-1.01)
0.80 (0.68-0.94)

ref
0.91 (0.79-1.05)

ref
1.07 (0.92-1.23)
1.21 (1.02-1.44)

ref
1.06 (0.93-1.21)

Post-dengue confirmation

OR (95%CI)
1.16 (1.01-1.32)
1.19 (1.01-1.40)

ref
0.62 (0.54-0.71)

ref
0.90 (0.77-1.05)
133 (1.14-1.54)

ref
1.10 (0.96-1.27)

AOR (95% CI)
1.04 (0.89-1.22)
0.84 (0.69-1.02)

ref
0.82 (0.70-0.95)

ref
0.95 (0.82-1.10)
1.28 (1.07-1.54)

ref
1.08 (0.92-1.25)

$30 NTD £ $1 US dollar.

Abbreviation: SES, socioeconomic status.

https://doi.org/10.1371/journal.pntd.0010198.t003

settings; at a facility level, antibiotics were most likely to be prescribed in clinics (OR: 1.38;
95% CI: 1.20-1.59) compared to all levels of hospitals.

The most commonly prescribed antibiotics for dengue outpatients were mainly cephalospo-
rins (i.e. cefalexin, cefradine, cefazolin, cefadroxil, cefuroxime; 49.9%-55.4%) and tetracyclines
(doxycycline; 4.8%-6.3%; Table 4).

Antibiotic prescribing in inpatient setting
Overall, 30.1% of inpatients without a concomitant bacterial infection were prescribed an anti-
biotic (Table 5). Proportions of inpatient admissions with antibiotic prescriptions varied
remarkably across patient characteristics. Inpatients 65 years or older (40.4%), female inpa-
tients (32.6%), and inpatients with major comorbidity (42.4%) received antibiotic prescrip-
tions more frequently than their counterparts. Hospitalized patients in the epidemic years
received antibiotic prescriptions less frequently (29.2%) than those in the nonepidemic period
(35.4%).

In contrast, physician characteristics did not vary except for physician age: 32.6% ordered
by younger physicians (< 40 years) compared to 21.8% by older physicians (60 years or
above). Patients who were hospitalized after dengue was confirmed (26.0%) received antibiotic

Table 4. The top 5 antibiotics used in adult dengue patients.

Outpatient Setting

Pre-dengue confirmation

Inpatient Setting

Post-dengue confirmation Pre-dengue confirmation Post-dengue confirmation

No. Antibiotics % Antibiotics % Antibiotics % Antibiotics %

1 cefalexin 29.9 cefalexin 27.9 cefazolin 38.1 cefazolin 34.3

2 cefradine 14.2 cefradine 14.5 ceftriaxone 16.2 cefuroxime 13.8

3 clindamycin 7.9 cefazolin 7.3 levofloxacin 15.2 ceftriaxone 13.7

4 cefadroxil 5.8 doxycycline 6.3 doxycycline 15.0 levofloxacin 11.9

5 doxycycline 4.8 cefuroxime 5.7 cefuroxime 10.9 doxycycline 8.9
https://doi.org/10.1371/journal.pntd.0010198.t004
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Table 5. Inpatient antibiotic use for confirmed dengue by patient and physician characteristics, in pre- and post- dengue diagnosis periods, Taiwan, 2008-2015.

Total

Pre-dengue confirmation

Post- dengue confirmation

Antibiotics use

Antibiotics use

Antibiotics use

N (%) % N (%) % P N (%) % P

Total admissions 18,629 30.1% 2,900 52.3% 15,729 26.0%

Epidemic period .50 .30
No 2,703 (14.5) 35.4% 885 (53.1) 53.1% 1,854 (11.6) 26.8%

Yes 15,926 (85.5) 29.2% 2,015 (52.0) 52.0% 14,194 (88.4) 25.9%

Patient characteristics

Age,y <.01 <.01
18-45 5,418 (29.1) 23.2% 826 (46.2) 46.2% 4,661 (29.0) 19.0%

45-64 6,581 (35.3) 25.3% 998 (46.2) 46.2% 5,684 (35.4) 21.6%
>65 6,630 (35.6) 40.4% 1,076 (62.6) 62.6% 5,703 (35.5) 36.1%

Sex <.01 <.01
Male 8,845 (47.5) 27.3% 1,379 (48.0) 48.0% 7,630 (47.5) 23.4%

Female 9,784 (52.5) 32.6% 1,521 (56.2) 56.2% 8,418 (52.5) 28.3%

SES .04 <.01
< $30,000 NTD 6,395 (34.3) 28.3% 993 (52.1) 52.1% 5,499 (34.3) 24.0%
> $30,000 NTD 6,218 (33.4) 28.4% 885 (48.8) 48.8% 5,427 (33.8) 25.1%

Others 6,016 (32.3) 33.6% 1,022 (55.6) 55.6% 5,122 (31.9) 29.1%

Major comorbidity <.01 <.01
No 16,903 (90.7) 28.8% 2,567 (50.5) 50.5% 14,594 (90.9) 24.9%

Yes 1,726 (9.3) 42.4% 333 (66.1) 66.1% 1,454 (9.1) 36.7%

Physician characteristics

Physician age, Y .60 <.01
<40 7,243 (38.9) 32.6% 1,144 (51.8) 51.8% 6,099 (29.0) 29.0%

40-59 10,813 (58.0) 28.8% 1,675 (52.8) 52.8% 9,138 (24.4) 24.4%
>60 573 (3.1) 21.8% 81 (48.1) 48.1% 492 (17.5) 17.5%

Physician sex .67 .68
Male 16,251 (87.2) 29.9% 2,486 (52.4) 52.4% 13,765 (25.8) 25.8%

Female 2,378 (12.8) 31.2% 414 (51.7) 51.7% 1,964 (26.8) 26.8%

Average monthly volume <.01 <.01
Low 6,369 (34.2) 33.0% 950 (57.7) 57.7% 5,419 (28.7) 28.7%

Medium 5,995 (32.2) 25.9% 1,078 (47.6) 47.6% 4,917 (21.1) 21.1%
High 6,265 (33.6) 31.1% 872 (52.3) 52.3% 5,393 (27.7) 27.7%

Ownership of practice setting .06 <.01
Private 10,849 (58.2) 28.8% 1,944 (50.8) 50.8% 8,905 (24.0) 24.0%

Public 7,780 (41.8) 31.9% 956 (55.4) 55.4% 6,824 (28.6) 28.6%

Accreditation level of practice setting 74 <.01
Medical center 5,803 (31.2) 32.4% 877 (54.0) 54.0% 4,926 (28.6) 28.6%
Regional/District hospital 12,826 (68.8) 29.0% 2,023 (51.6) 51.6% 10,803 (24.8) 24.8%

Clinics

Urbanization of practice .05 <.01
Urban 16,032 (86.1) 30.3% 2,238 (53.4) 53.4% 13,794 (26.5) 26.5%

Non-urban 2,597 (13.9) 29.0% 662 (48.8) 48.8% 1,935 (22.2) 22.2%

$30 NTD £ $1 US dollar.

Abbreviation: SES, socioeconomic status; P, P-value.

https://doi.org/10.1371/journal.pntd.0010198.t005
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prescriptions less frequently than those hospitalized before confirmation (52.3%). Specific
antibiotics ordered for patients hospitalized before and after the confirmation of dengue were
similar.

After adjusting for other characteristics and clustering effects, prescribing patterns were rel-
atively consistent for all inpatient admissions (Table 6). Likelihood of receiving an antibiotic
increased with advancing age: >65 years old (OR: 1.88; 95% CI: 1.71-2.07), 45-64 years old
(OR: 1.12;95% CI: 1.05-1.20), compared to younger inpatients. Females (OR: 1.24; 95% CI:
1.18-1.31), and patients with a major comorbidity (OR: 1.38; 95% CI: 1.25-1.53) were signifi-
cantly more likely to receive an antibiotic. Antibiotics were ordered less frequently in epidemic
years (OR: 0.72; 95% CI: 0.62-0.84) than in the nonepidemic period. In terms of physician
characteristics, physicians with a larger inpatient volume (OR: 0.73; 95% CI: 0.60-0.90) and
those practicing in regional/district hospitals (OR: 0.56; 95% CI: 0.48-0.66) were significantly
less likely to prescribe antibiotics to dengue inpatients than their counterparts. Cephalosporins
(i.e. cefazolin, ceftriaxone, cefuroxime; 61.8%-65.2%), tetracyclines (i.e. doxycycline; 8.9%-
15.0%), quinolones (i.e. levofloxacin; 11.9%-15.2%) were the most commonly prescribed anti-
biotics, accounting for more than 80% of all dengue inpatient courses. The classes of antibiotic
prescribed before and after dengue diagnosis were similar.

Discussion

This population-based study of antibiotic prescribing patterns for dengue in Taiwan between
2008-2015 found several associations of interest. Significantly, more than 1 in 4 dengue patients
received at least one antibiotic prescription during the 14-day assessment period (i.e. from 7
days before to 7 days after dengue was confirmed). The proportion was significantly lower for
both inpatients and outpatients in the two epidemic years than in nonepidemic years, indicating
the underestimation of dengue in physicians’ pre-test assessments. Antibiotics were prescribed
more frequently in inpatient (30.1%) than in ambulatory care settings (6.1%) with usage higher
for older patients, females and patients with underlying conditions. In examining physician
characteristics associated with antibiotic prescription, older physician age and private practice
were significant factors influencing the decision to prescribe antibiotics in outpatient visits. The
likelihood of prescribing an antibiotic to dengue patients was reduced by more than 50% in med-
ical visits occurring after the dengue infection was confirmed.

Antibiotic prescribing for dengue in outpatient visits (6.1%) was not as widespread as that
observed for common viral respiratory illnesses such as acute bronchitis in Taiwan [13,30,31],
a fraction that also should be viewed in the context that dengue was listed as a diagnosis in
only 8.7% of visits before the diagnosis was confirmed. The frequent use of antibiotics among
hospitalized dengue patients is a potential concern: while antibiotics were ordered in 52.3% of
patients before dengue was confirmed, that fraction dropped to only 26.0% after the diagnosis
was confirmed. In this database analysis, we are unable to ascertain why antibiotics were con-
tinued or ordered after dengue was diagnosed but the observation suggests the need for further
investigation. Our estimates may not be compared directly to the findings in other studies that
described antibiotic prescribing or usage in acute febrile illness (AFI) patients, rather than spe-
cifically in confirmed dengue patients.

Consistent with previous findings [9,32], our study also showed significantly lower antibiotic
prescribing for dengue during outbreak compared to baseline years. Physicians likely internalized
the higher likelihood of dengue as the cause of febrile illnesses during this period, as the course of
the outbreak and amplified dengue control and preventive efforts were well publicized. The dis-
tinction between epidemic and other seasons is sharper in Taiwan than in countries where den-
gue is endemic so this impact on clinical diagnosis and practice may not be generalizable.
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Table 6. Patient and physician characteristics associated with antibiotic prescribing for dengue patients in inpatient setting, Taiwan, 2008-2015.

Total Pre-dengue confirmation Post- dengue confirmation
OR (95%CI) AOR (95% CI) OR (95%CI) AOR (95% CI) OR (95%CI) AOR (95% CI)

Epidemic period

No ref ref ref ref ref ref

Yes 0.80 (0.69-0.91) 0.72 (0.62-0.84) 1.00 (0.82-1.21) 0.90 (0.75-1.09) 0.96 (0.82-1.12) 0.88 (0.74-1.04)
Patient characteristics
Age,y

18-45 ref ref ref ref ref ref

45-64 1.15 (1.08-1.22) 1.12 (1.05-1.20) 1.01 (0.85-1.19) 0.98 (0.82-1.17) 1.17 (1.09-1.27) 1.14 (1.05-1.24)

>65 1.93 (1.76-2.12) 1.88 (1.71-2.07) 1.77 (1.44-2.19) 1.76 (1.43-2.18) 2.00 (1.80-2.23) 1.90 (1.71-2.12)
Sex

Male ref ref ref ref ref ref

Female 1.25(1.19-1.32) 1.24 (1.18-1.31) 1.38 (1.20-1.58) 1.38 (1.19-1.60) 1.26 (1.18-1.33) 1.25(1.18-1.33)
SES

< $30,000 NTD

ref

ref

ref

ref

ref

ref

> $30,000 NTD

0.98 (0.92-1.04)

0.94 (0.88-1.00)

0.89 (0.75-1.05)

0.85 (0.72-1.00)

1.02 (0.95-1.09)

0.97 (0.90-1.04)

Others 1.18 (1.11-1.25) 1.02 (0.96-1.08) 1.06 (0.91-1.23) 0.91 (0.78-1.06) 1.21 (1.13-1.29) 1.04 (0.97-1.12)
Major comorbidity

No ref ref ref ref ref ref

Yes 1.53 (1.40-1.69) 1.38 (1.25-1.53) 1.57 (1.24-1.98) 1.48 (1.17-1.88) 1.51 (1.36-1.68) 1.33(1.19-1.48)

Physician characteristics

Physician age, Y

<40 ref ref ref ref ref ref

40-59 0.98 (0.87-1.10) 1.01 (0.89-1.14) 1.16 (0.93-1.45) 1.23 (0.98-1.55) 0.99 (0.86-1.13) 0.96 (0.83-1.11)

>60 0.71 (0.50-1.03) 0.74 (0.52-1.06) 0.97 (0.53-1.77) 1.00 (0.53-1.88) 0.67 (0.42-1.06) 0.67 (0.43-1.05)
Physician sex

Male ref ref ref ref ref ref

Female 0.92 (0.76-1.11) 0.90 (0.73-1.10) 0.97 (0.73-1.28) 0.99 (0.74-1.32) 0.95 (0.77-1.16) 0.91 (0.73-1.14)

Average monthly volume

Low ref ref ref ref ref ref

Medium 0.88 (0.78-1.00) 0.90 (0.77-1.06) 0.73 (0.60-0.89) 0.73 (0.60-0.90) 0.85 (0.73-0.98) 0.88 (0.75-1.04)

High 0.95 (0.81-1.11) 1.02 (0.86-1.20) 0.93 (0.72-1.18) 0.93 (0.73-1.19) 0.91 (0.76-1.08) 0.97 (0.80-1.16)
Ownership of practice setting

Private ref ref ref ref ref ref

Public 0.94 (0.81-1.08) 0.95 (0.83-1.09) 0.99 (0.80-1.24) 0.99 (0.78-1.26) 1.00 (0.84-1.18) 0.98 (0.85-1.14)

Accreditation level of practice setti

ng

Medical center

ref

ref

ref

ref

ref

ref

Regional/District hospital

0.64 (0.56-0.73)

0.65 (0.56-0.75)

0.97 (0.78-1.21)

1.03 (0.80-1.31)

0.54 (0.47-0.63)

0.56 (0.48-0.66)

Urbanization of practice

Urban

ref

ref

ref

ref

ref

ref

Non-urban

0.96 (0.75-1.23)

1.23 (0.98-1.55)

1.02 (0.77-1.37)

1.12 (0.81-1.55)

0.80 (0.65-0.98)

1.12 (0.90-1.40)

$30 NTD £ $1 US dollar.

Abbreviation: SES, socioeconomic status; P, P-value.

https://doi.org/10.1371/journal.pntd.0010198.t006

Diagnostic uncertainty is a principal driver of physician decision-making in prescribing
antibiotics [33]. For dengue, previous studies showed that a positive dengue test result can sig-
nificantly reduce antibiotic prescribing for AFI patients, a trend was reflected in our analysis
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of both outpatients and inpatients [34]. The recommended approach for laboratory confirma-
tion of infection necessitates testing an acute sample for viral RNA followed by testing serum
days later to demonstrate the development of specific IgM, because the window for viremia
may have been missed at the first visit [35]. Until improved rapid diagnostic assays are devel-
oped and made accessible to developing and low-income countries where dengue is transmit-
ted in an endemic pattern, antibiotics will continue to be used unnecessarily to varying
degrees [22,23,36,37]. The finding suggests that facilitating development and distribution of
more timely and sensitive dengue diagnostic tools could reduce unnecessary antibiotic use for
suspect dengue cases.

Consistent with previous studies, patient’s age, gender and comorbidity status play signifi-
cant roles in prescribing decisions in both outpatient and inpatient care settings. As seen previ-
ously [38,39], females were significantly more likely to be prescribed an antibiotic. An
increased likelihood of antibiotic prescribing for older hospitalized patients and those with
other major comorbidities may reflect physician precautionary prescribing behaviors towards
patients with greater disease severity or risk for severe complications [9,34].

Significant prescribing variations were observed among ambulatory care physicians across
age and specialty, which may reflect differences in medical education and training of the
respective cohorts. The trend for greater frequency of antibiotic prescribing with older age
may be intuitive as attention to antimicrobial resistance in medical school education and resi-
dency training has been greater in recent decades. In addition to physician’s age and specialty,
accreditation level and ownership of physician’s practice setting independently contributed to
the decision. Physicians practicing in more technologically advanced hospitals were signifi-
cantly more cautious in prescribing antibiotics than their counterparts in local clinics, possibly
due to easier access to laboratory facilities, stronger demand for compliance to up-to-date
guidelines, stricter continuing education requirements and peer pressure [13,30,40]. Poorer
access to laboratory facilities may have driven more precautionary prescribing by clinic physi-
cians. Another plausible explanation may be weaker links between physician earnings and
sales of drugs in public or higher-level hospitals. Varying antibiotic prescribing practices in
outpatient settings, but not in inpatient care, suggests the need to tailor antibiotic stewardship
strategies [41-43].

Among the study limitations, as NHI claims data capture antibiotics prescribed under the
NHI program, out-of-pocket purchases by patients could not be included, leading to an under-
estimation of antibiotic use. Secondly, although we excluded visits with a concomitant bacte-
rial infection, as outpatient claims only allow up to 3 diagnoses, bacterial infection or other
conditions for which antibiotics may be indicated may not have been captured fully, leading to
an overestimation. Third, as we did not review individual medical records and due to data lim-
itation of the NHI claims data, we lacked more detailed clinical information to ascertain
appropriateness of and indications for antibiotic prescribing. Therefore, to be conservative, we
excluded all visits with bacterial infection from our main analysis and solely focused on
describing potentially unnecessary antibiotic prescribing among dengue cases. Future research
with more detailed clinical data may help in this regard. Fourth, confounding bias may have
been introduced as data on laboratory results, clinical presentation and symptoms, disease
severity, and physician-patient communication were lacking, impeding detailed investigations
into rationales behind physicians’ prescribing decisions. Finally, because the study was con-
ducted in a setting under a national health insurance program with easy access to providers
and prescription drugs, the results may not apply to countries with different levels of resources
or different health care systems.

In conclusion, this population-based study of antibiotic prescribing for dengue patients sys-
tematically investigated a wide array of patient, physician, contextual factors and identified
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potentially modifiable circumstances that could be targeted for improved antibiotic steward-
ship. In Taiwan, at least, a “one-size fits all” antibiotic stewardship approach may not be effec-
tive in reducing unnecessary antibiotic prescribing for dengue. The aggregate result also
provides a baseline for antibiotic use that hypothetically could be avoided when improvements
in vector control and, potentially, introduction of effective vaccines reduce or even eliminate
dengue transmission.

Supporting information

S1 Text. Supplementary tables. Table A in S1 Text. The average length of hospital stay among
patients who had been hospitalized (N = 19,298). Table B in S1 Text. Patient and physician
characteristics associated with antibiotic prescribing for dengue patients in outpatient settings,
Taiwan, 2008-2015. Table C in S1 Text. Patient and physician characteristics associated with
antibiotic prescribing for dengue patients in inpatient setting, Taiwan, 2008-2015.

(DOCX)

Author Contributions

Conceptualization: Chia-En Lien, Yiing-Jenq Chou, Theodore Tsai, Nicole Huang.
Data curation: Chia-En Lien, Yiing-Jenq Chou, Yi-Jung Shen, Nicole Huang.
Formal analysis: Chia-En Lien, Yiing-Jenq Chou, Yi-Jung Shen, Nicole Huang.
Funding acquisition: Theodore Tsai, Nicole Huang.

Investigation: Chia-En Lien, Yiing-Jenq Chou, Yi-Jung Shen, Nicole Huang.
Methodology: Chia-En Lien, Yiing-Jenq Chou, Yi-Jung Shen, Theodore Tsai, Nicole Huang.
Project administration: Chia-En Lien, Yi-Jung Shen, Nicole Huang.

Resources: Chia-En Lien, Theodore Tsai, Nicole Huang.

Software: Chia-En Lien, Yi-Jung Shen, Nicole Huang.

Supervision: Theodore Tsai, Nicole Huang.

Validation: Chia-En Lien, Yiing-Jenq Chou, Yi-Jung Shen, Nicole Huang.
Visualization: Chia-En Lien, Yi-Jung Shen, Theodore Tsai, Nicole Huang.
Writing - original draft: Chia-En Lien, Theodore Tsai, Nicole Huang.

Writing - review & editing: Chia-En Lien, Yiing-Jenq Chou, Yi-Jung Shen, Theodore Tsai,
Nicole Huang.

References

1. VanBoeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al. Global antibiotic con-
sumption 2000 to 2010: an analysis of national pharmaceutical sales data. Lancet Infect Dis. 2014; 14
(8):742-50. Epub 2014/07/16. https://doi.org/10.1016/S1473-3099(14)70780-7 PMID: 250224 35.

2. Adrizain R, Setiabudi D, Chairulfatah A. The inappropriate use of antibiotics in hospitalized dengue
virus-infected children with presumed concurrent bacterial infection in teaching and private hospitals in
Bandung, Indonesia. PLoS neglected tropical diseases. 2019; 13(6):e0007438. Epub 2019/06/22.
https://doi.org/10.1371/journal.pntd.0007438 PMID: 31226110; PubMed Central PMCID:
PMC6608981.

3. Kurauchi A, Struchiner CJ, Wilder-Smith A, Massad E. Modelling the effect of a dengue vaccine on
reducing the evolution of resistance against antibiotic due to misuse in dengue cases. Theoretical

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010198  February 28, 2022 14/17


http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0010198.s001
https://doi.org/10.1016/S1473-3099%2814%2970780-7
http://www.ncbi.nlm.nih.gov/pubmed/25022435
https://doi.org/10.1371/journal.pntd.0007438
http://www.ncbi.nlm.nih.gov/pubmed/31226110
https://doi.org/10.1371/journal.pntd.0010198

PLOS NEGLECTED TROPICAL DISEASES Factors influencing antibiotic prescribing for dengue patients in Taiwan

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

biology & medical modelling. 2020; 17(1):7. Epub 2020/05/15. https://doi.org/10.1186/s12976-020-
00125-8 PMID: 32404100; PubMed Central PMCID: PMC7218541.

Sandopa D, Nethi SK, Sreeram SC, Vijay NKG, Biradavolu V, Kakimani JV. Prescribing antibiotics to
pediatric dengue: increasing risk of bacterial resistance. Paediatrica Indonesiana. 2018; 58(1):53-8.

Aabenhus R, Siersma V, Hansen MP, Bjerrum L. Antibiotic prescribing in Danish general practice
2004-13. J Antimicrob Chemother. 2016; 71(8):2286-94. Epub 2016/04/24. https://doi.org/10.1093/
jac/dkw117 PMID: 27107098.

Murray NE, Quam MB, Wilder-Smith A. Epidemiology of dengue: past, present and future prospects.
Clin Epidemiol. 2013; 5:299-309. Epub 2013/08/31. https://doi.org/10.2147/CLEP.S34440 PMID:
23990732; PubMed Central PMCID: PMC3753061.

Tello-Cajiao ME, Osorio L. Impact of Dengue Rapid Diagnostic Tests on the Prescription of Antibiotics
and Anti-Inflammatory Drugs by Physicians in an Endemic Area in Colombia. Am J Trop Med Hyg.
2019; 101(83):696—704. Epub 2019/07/25. https://doi.org/10.4269/ajtmh.19-0222 PMID: 31333163;
PubMed Central PMCID: PMC6726934.

Fernandez-Carballo BL, Escadafal C, MacLean E, Kapasi AJ, Dittrich S. Distinguishing bacterial versus
non-bacterial causes of febrile illness—a systematic review of host biomarkers. Journal of Infection.
2021.

Hebert C, Beaumont J, Schwartz G, Robicsek A. The influence of context on antimicrobial prescribing
for febrile respiratory illness: a cohort study. Ann Intern Med. 2012; 157(3):160-9. Epub 2012/08/08.
https://doi.org/10.7326/0003-4819-157-3-201208070-00005 PMID: 22868833.

Butler CC, Hood K, Verheij T, Little P, Melbye H, Nuttall J, et al. Variation in antibiotic prescribing and its
impact on recovery in patients with acute cough in primary care: prospective study in 13 countries. BMJ.
2009; 338:b2242. Epub 2009/06/25. https://doi.org/10.1136/bmj.b2242 PMID: 19549995; PubMed
Central PMCID: PMC3272656.

Gonzales R, Steiner JF, Sande MA. Antibiotic prescribing for adults with colds, upper respiratory tract
infections, and bronchitis by ambulatory care physicians. JAMA. 1997; 278(11):901-4. Epub 1997/09/
25. PMID: 9302241.

Havers FP, Hicks LA, Chung JR, Gaglani M, Murthy K, Zimmerman RK, et al. Outpatient Antibiotic Pre-
scribing for Acute Respiratory Infections During Influenza Seasons. JAMA Netw Open. 2018; 1(2):
€180243. Epub 2019/01/16. https://doi.org/10.1001/jamanetworkopen.2018.0243 PMID: 30646067;
PubMed Central PMCID: PMC6324415.

Huang N, Chou YJ, Chang HJ, Ho M, Morlock L. Antibiotic prescribing by ambulatory care physicians
for adults with nasopharyngitis, URIls, and acute bronchitis in Taiwan: a multi-level modeling approach.
Fam Pract. 2005; 22(2):160—7. Epub 2005/02/22. https://doi.org/10.1093/fampra/cmh734 PMID:
15722399.

Jones BE, Sauer B, Jones MM, Campo J, Damal K, He T, et al. Variation in Outpatient Antibiotic Pre-
scribing for Acute Respiratory Infections in the Veteran Population: A Cross-sectional Study. Ann Intern
Med. 2015; 163(2):73-80. Epub 2015/07/21. https://doi.org/10.7326/M14-1933 PMID: 26192562.

Kimura Y, Fukuda H, Hayakawa K, Ide S, Ota M, Saito S, et al. Longitudinal trends of and factors asso-
ciated with inappropriate antibiotic prescribing for non-bacterial acute respiratory tract infection in
Japan: A retrospective claims database study, 2012-2017. PLoS One. 2019; 14(10):e0223835. Epub
2019/10/17. https://doi.org/10.1371/journal.pone.0223835 PMID: 31618258; PubMed Central PMCID:
PMC6795458.

Lim DW, Htun HL, Ong LS, Guo H, Chow A. Systematic review of determinants influencing antibiotic
prescribing for uncomplicated acute respiratory tract infections in adult patients at the emergency
department. Infect Control Hosp Epidemiol. 2020:1-10. Epub 2020/10/30. https://doi.org/10.1017/ice.
2020.1245 PMID: 33118891.

Linder JA, Bates DW, Platt R. Antivirals and antibiotics for influenza in the United States, 1995-2002.
Pharmacoepidemiol Drug Saf. 2005; 14(8):531-6. Epub 2005/01/18. https://doi.org/10.1002/pds.1067
PMID: 15654722.

Martinez KA, Rood M, Jhangiani N, Boissy A, Rothberg MB. Antibiotic Prescribing for Respiratory Tract
Infections and Encounter Length: An Observational Study of Telemedicine. Ann Intern Med. 2019; 170
(4):275-7. Epub 2018/10/05. https://doi.org/10.7326/M18-2042 PMID: 30285078.

McKay R, Patrick DM, McGrail K, Law MR. Antibiotic prescribing for pediatric respiratory infections:
What explains a large variation among physicians? Can Fam Physician. 2019; 65(6):e278—e91. Epub
2019/06/14. PMID: 31189642; PubMed Central PMCID: PMC6738385.

Saito N, Takamura N, Retuerma GP, Frayco CH, Solano PS, Ubas CD, et al. Frequent Community Use
of Antibiotics among a Low-Economic Status Population in Manila, the Philippines: A Prospective
Assessment Using a Urine Antibiotic Bioassay. Am J Trop Med Hyg. 2018; 98(5):1512—-9. Epub 2018/

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010198  February 28, 2022 15/17


https://doi.org/10.1186/s12976-020-00125-8
https://doi.org/10.1186/s12976-020-00125-8
http://www.ncbi.nlm.nih.gov/pubmed/32404100
https://doi.org/10.1093/jac/dkw117
https://doi.org/10.1093/jac/dkw117
http://www.ncbi.nlm.nih.gov/pubmed/27107098
https://doi.org/10.2147/CLEP.S34440
http://www.ncbi.nlm.nih.gov/pubmed/23990732
https://doi.org/10.4269/ajtmh.19-0222
http://www.ncbi.nlm.nih.gov/pubmed/31333163
https://doi.org/10.7326/0003-4819-157-3-201208070-00005
http://www.ncbi.nlm.nih.gov/pubmed/22868833
https://doi.org/10.1136/bmj.b2242
http://www.ncbi.nlm.nih.gov/pubmed/19549995
http://www.ncbi.nlm.nih.gov/pubmed/9302241
https://doi.org/10.1001/jamanetworkopen.2018.0243
http://www.ncbi.nlm.nih.gov/pubmed/30646067
https://doi.org/10.1093/fampra/cmh734
http://www.ncbi.nlm.nih.gov/pubmed/15722399
https://doi.org/10.7326/M14-1933
http://www.ncbi.nlm.nih.gov/pubmed/26192562
https://doi.org/10.1371/journal.pone.0223835
http://www.ncbi.nlm.nih.gov/pubmed/31618258
https://doi.org/10.1017/ice.2020.1245
https://doi.org/10.1017/ice.2020.1245
http://www.ncbi.nlm.nih.gov/pubmed/33118891
https://doi.org/10.1002/pds.1067
http://www.ncbi.nlm.nih.gov/pubmed/15654722
https://doi.org/10.7326/M18-2042
http://www.ncbi.nlm.nih.gov/pubmed/30285078
http://www.ncbi.nlm.nih.gov/pubmed/31189642
https://doi.org/10.1371/journal.pntd.0010198

PLOS NEGLECTED TROPICAL DISEASES Factors influencing antibiotic prescribing for dengue patients in Taiwan

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

03/08. https://doi.org/10.4269/ajtmh.17-0564 PMID: 29512485; PubMed Central PMCID:
PMC5953362.

Silverman M, Povitz M, Sontrop JM, Li L, Richard L, Cejic S, et al. Antibiotic Prescribing for Nonbacterial
Acute Upper Respiratory Infections in Elderly Persons. Ann Intern Med. 2017; 166(11):765-74. Epub
2017/05/12. https://doi.org/10.7326/M16-1131 PMID: 28492914,

Reller ME, Bodinayake C, Nagahawatte A, Devasiri V, Kodikara-Arachichi W, Strouse JJ, et al. Unsus-
pected dengue and acute febrile illness in rural and semi-urban southern Sri Lanka. Emerg Infect Dis.
2012; 18(2):256—63. Epub 2012/02/07. https://doi.org/10.3201/eid1802.110962 PMID: 22304972;
PubMed Central PMCID: PMC3310451.

Kasper MR, Blair PJ, Touch S, Sokhal B, Yasuda CY, Williams M, et al. Infectious etiologies of acute
febrile illness among patients seeking health care in south-central Cambodia. The American journal of
tropical medicine and hygiene. 2012; 86(2):246-53. https://doi.org/10.4269/ajtmh.2012.11-0409 PMID:
22302857

Taiwan National Infectious Disease Statistics System for Dengue Virus Surveillance [Internet]. Center
for Disease Control, Taiwan. Available from: http://nidss.cdc.gov.tw/en/SingleDisease.aspx?dc=1&dt=
2&disease=061.

Wang WH, Chen HJ, Lin CY, Assavalapsakul W, Wang SF. Imported dengue fever and climatic varia-
tion are important determinants facilitating dengue epidemics in Southern Taiwan. J Infect. 2020; 80
(1):121-42. Epub 2019/08/21. https://doi.org/10.1016/}.jinf.2019.08.010 PMID: 31430483.

Hsieh CY, Su CC, Shao SC, Sung SF, Lin SJ, Kao Yang YH, et al. Taiwan’s National Health Insurance
Research Database: past and future. Clin Epidemiol. 2019; 11:349-58. Epub 2019/05/24. https://doi.
0rg/10.2147/CLEP.S196293 PMID: 31118821; PubMed Central PMCID: PMC6509937.

Hsing AW, loannidis JP. Nationwide Population Science: Lessons From the Taiwan National Health
Insurance Research Database. JAMA Intern Med. 2015; 175(9):1527-9. Epub 2015/07/21. https://doi.
org/10.1001/jamainternmed.2015.3540 PMID: 26192815.

Healthcare Cost Utilization Project. Clinical classifications software (CCS) for ICD-9-CM: Healthcare
Cost Utilization Project; 2018 [18 May 2020]. Available from: https://www.hcup-us.ahrg.gov/
toolssoftware/ccs/ccs.jsp.

National Health Insurance Administration. Catastrophic llinesses Certification. National Health Insur-
ance Administration, Ministry of Health and Welfare, Taiwan, Contract No.: 20 Dec 2020.

Ho M, Hsiung CA, Yu HT, Chi CL, Yin HC, Chang HJ. Antimicrobial usage in ambulatory patients with
respiratory infections in Taiwan, 2001. J Formos Med Assoc. 2004; 103(2):96—103. Epub 2004/04/15.
PMID: 15083239.

Igbal U, Syed-Abdul S, Nguyen PA, Jian WS, Li YC. Physicians’ antibiotic prescribing behavior in Tai-
wan, 1998-2011. Clin Infect Dis. 2015; 60(9):1439—41. Epub 2015/01/22. https://doi.org/10.1093/cid/
civ038 PMID: 25605281.

Tun ZM, Moorthy M, Linster M, Su YC, Coker RJ, Ooi EE, et al. Patterns of medication use and factors
associated with antibiotic use among adult fever patients at Singapore primary care clinics. Antimicro-
bial resistance and infection control. 2016; 5:47. Epub 2016/12/03. https://doi.org/10.1186/s13756-016-
0146-z PMID: 27904748; PubMed Central PMCID: PMC5121943.

LinL, Sun R, Yao T, Zhou X, Harbarth S. Factors influencing inappropriate use of antibiotics in outpa-
tient and community settings in China: a mixed-methods systematic review. BMJ Glob Health. 2020; 5
(11). Epub 2020/11/14. https://doi.org/10.1136/bmjgh-2020-003599 PMID: 33184066; PubMed Central
PMCID: PMC7662435.

Robinson ML, Kadam D, Kagal A, Khadse S, Kinikar A, Valvi C, et al. Antibiotic Utilization and the Role
of Suspected and Diagnosed Mosquito-borne lliness Among Adults and Children With Acute Febrile Ill-
ness in Pune, India. Clin Infect Dis. 2018; 66(10):1602—9. Epub 2017/12/07. https://doi.org/10.1093/cid/
cix1059 PMID: 29211830; PubMed Central PMCID: PMC5930254.

Harris AM, & Centers for Disease Control and Prevention. Chapter 4: travel-related infectious diseases.
CDC Yellow Book. 2020.

Wilder-Smith A, Ooi E-E, Horstick O, Wills B. Dengue. The Lancet. 2019; 393(10169):350-63.

Luvira V, Silachamroon U, Piyaphanee W, Lawpoolsri S, Chierakul W, Leaungwutiwong P, et al. Etiolo-
gies of Acute Undifferentiated Febrile lliness in Bangkok, Thailand. Am J Trop Med Hyg. 2019; 100
(3):622—-9. Epub 2019/01/11. https://doi.org/10.4269/ajtmh.18-0407 PMID: 30628565; PubMed Central
PMCID: PMC6402898.

Schroder W, Sommer H, Gladstone BP, Foschi F, Hellman J, Evengard B, et al. Gender differences in
antibiotic prescribing in the community: a systematic review and meta-analysis. J Antimicrob Che-
mother. 2016; 71(7):1800-6. Epub 2016/04/05. https://doi.org/10.1093/jac/dkw054 PMID: 27040304.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010198  February 28, 2022 16/17


https://doi.org/10.4269/ajtmh.17-0564
http://www.ncbi.nlm.nih.gov/pubmed/29512485
https://doi.org/10.7326/M16-1131
http://www.ncbi.nlm.nih.gov/pubmed/28492914
https://doi.org/10.3201/eid1802.110962
http://www.ncbi.nlm.nih.gov/pubmed/22304972
https://doi.org/10.4269/ajtmh.2012.11-0409
http://www.ncbi.nlm.nih.gov/pubmed/22302857
http://nidss.cdc.gov.tw/en/SingleDisease.aspx?dc=1&dt=2&disease=061
http://nidss.cdc.gov.tw/en/SingleDisease.aspx?dc=1&dt=2&disease=061
https://doi.org/10.1016/j.jinf.2019.08.010
http://www.ncbi.nlm.nih.gov/pubmed/31430483
https://doi.org/10.2147/CLEP.S196293
https://doi.org/10.2147/CLEP.S196293
http://www.ncbi.nlm.nih.gov/pubmed/31118821
https://doi.org/10.1001/jamainternmed.2015.3540
https://doi.org/10.1001/jamainternmed.2015.3540
http://www.ncbi.nlm.nih.gov/pubmed/26192815
https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
https://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp
http://www.ncbi.nlm.nih.gov/pubmed/15083239
https://doi.org/10.1093/cid/civ038
https://doi.org/10.1093/cid/civ038
http://www.ncbi.nlm.nih.gov/pubmed/25605281
https://doi.org/10.1186/s13756-016-0146-z
https://doi.org/10.1186/s13756-016-0146-z
http://www.ncbi.nlm.nih.gov/pubmed/27904748
https://doi.org/10.1136/bmjgh-2020-003599
http://www.ncbi.nlm.nih.gov/pubmed/33184066
https://doi.org/10.1093/cid/cix1059
https://doi.org/10.1093/cid/cix1059
http://www.ncbi.nlm.nih.gov/pubmed/29211830
https://doi.org/10.4269/ajtmh.18-0407
http://www.ncbi.nlm.nih.gov/pubmed/30628565
https://doi.org/10.1093/jac/dkw054
http://www.ncbi.nlm.nih.gov/pubmed/27040304
https://doi.org/10.1371/journal.pntd.0010198

PLOS NEGLECTED TROPICAL DISEASES Factors influencing antibiotic prescribing for dengue patients in Taiwan

39.

40.

41.

42,

43.

Smith DRM, Dolk FCK, Smieszek T, Robotham JV, Pouwels KB. Understanding the gender gap in anti-
biotic prescribing: a cross-sectional analysis of English primary care. BMJ Open. 2018; 8(2):e020203.
Epub 2018/02/24. https://doi.org/10.1136/bmjopen-2017-020203 PMID: 29472269; PubMed Central
PMCID: PMC5855331.

Lee ML, Cho CY, Hsu CL, Chen CJ, Chang LY, Lee YS, et al. Recent trends in antibiotic prescriptions
for acute respiratory tract infections in pediatric ambulatory care in Taiwan, 2000-2009: A nationwide
population-based study. J Microbiol Immunol Infect. 2016; 49(4):554—60. Epub 2014/12/083. https://doi.
org/10.1016/j.jmii.2014.08.014 PMID: 25442862.

Jenkins TC, Tamma PD. Thinking beyond the “core” antibiotic stewardship interventions: Shifting the
onus for appropriate antibiotic use from stewardship teams to prescribing clinicians. Clinical Infectious
Diseases. 2021; 72(8):1457—62. https://doi.org/10.1093/cid/ciaa1003 PMID: 32667974

Lee TH, Lye DC, Chung DR, Thamlikitkul V, Lu M, Wong AT, et al. Antimicrobial stewardship capacity
and manpower needs in the Asia Pacific. J Glob Antimicrob Resist. 2021; 24:387-94. Epub 2021/02/07.
https://doi.org/10.1016/j.jgar.2021.01.013 PMID: 33548495.

Hersh AL, Fleming-Dutra KE. Vaccines and Outpatient Antibiotic Stewardship. Pediatrics. 2017; 140
(3). Epub 2017/08/16. https://doi.org/10.1542/peds.2017-1695 PMID: 28808072; PubMed Central
PMCID: PMC6364668.

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0010198  February 28, 2022 17/17


https://doi.org/10.1136/bmjopen-2017-020203
http://www.ncbi.nlm.nih.gov/pubmed/29472269
https://doi.org/10.1016/j.jmii.2014.08.014
https://doi.org/10.1016/j.jmii.2014.08.014
http://www.ncbi.nlm.nih.gov/pubmed/25442862
https://doi.org/10.1093/cid/ciaa1003
http://www.ncbi.nlm.nih.gov/pubmed/32667974
https://doi.org/10.1016/j.jgar.2021.01.013
http://www.ncbi.nlm.nih.gov/pubmed/33548495
https://doi.org/10.1542/peds.2017-1695
http://www.ncbi.nlm.nih.gov/pubmed/28808072
https://doi.org/10.1371/journal.pntd.0010198

