ORIGINAL ARTICLE

Crossmark Pediatrics

click for updates

TKMS

http://dx.doi.org/10.3346/jkms.2015.30.5.617 « J Korean Med Sci 2015, 30: 617-624

Prevalence of Antibiotic Use for Pediatric Acute Upper
Respiratory Tract Infections in Korea

Sun Mi Shin,"™ Ju-Young Shin,™
Mi Hee Kim," Shin Haeng Lee,’
Sohyun Choi,' and Byung-Joo Park'?

'Korea Institute of Drug Safety and Risk
Management (KIDS), Seoul; 2Department of
Preventive Medicine, College of Medicine, Seoul
National University, Seoul, Korea

*Sun Mi Shin and Ju-Young Shin contributed
equally to this work.

Received: 29 July 2014
Accepted: 28 January 2015

Address for Correspondence:

Byung-Joo Park, MD

Korea Institute of Drug Safety and Risk Management, Boryung
Bldg, 136 Changgyeonggung-ro, Jongno-gu, Seoul 110-750,
Korea

Tel: +82.2-2172-6710, Fax: +82.2-2172-6701

E-mail: bjpark@drugsafe.orkr

Funding: This study was supported by the Korea Ministry of
Food and Drug Safety (MFDS) (No. 14172-174).

This study was conducted to estimate the prevalence of antimicrobial prescribing for acute
upper respiratory tract infections (URI) among pediatric outpatients and to identify the
national patterns of its use from 2009 to 2011 in Korea. Using National Patients Sample
database from 2009 to 2011, we estimated the frequency of antibiotics prescribing for URI
in pediatric outpatients with diagnoses of acute nasopharyngitis (common cold), acute
sinusitis, acute pharyngitis, acute tonsillitis, acute laryngitis/tracheitis, acute obstructive
laryngitis/epiglottitis, and acute upper respiratory infections of multiple and unspecified
sites. The proportions of each antibiotic class were calculated by year and absolute and
relative differences were estimated. Also, we investigated daily amount of prescribed
antibiotics per defined population according to the type of medical care institution,
physician specialty, and geographic region. The overall antibiotic prescribing proportion
was 58.7% and its annual proportion slightly decreased (55.4% in 2011 vs. 60.5% in
2009; adjusted odds ratio, 0.82; 95% confidence interval, 0.82-0.83). Variations by the
type of medical care institution were observed. Tertiary hospitals (45.0%) were less likely to
prescribe antibiotics than primary care clinics (59.4%), hospitals (59.0%), and general
hospitals (61.2%); they showed different tendencies in choosing antibiotics. Variations by
physician specialty and region were also observed. Prevalence of antimicrobial prescribing
for pediatric URI is still considered higher than that of western countries and varies by the
type of medical care institution, physician specialty, and geographic region.
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INTRODUCTION

Antimicrobials are one of the most commonly prescribed ther-
apeutic agents in pediatric population worldwide (1-3). Antibi-
otic overuse increases health care costs substantially without
providing much of therapeutic benefits in most patients. Recent
studies have associated antibiotic exposure with a multitude of
negative health-related consequences including long-term re-
duction in microbiota diversity, increased risk of atopic diseas-
es, and even inflammatory bowel diseases (1, 4-6). More im-
portantly, it has been a major public health problem and the
most important factor in the emergence of antibiotic resistance
(7, 8). Especially, even for conditions in which antibiotic use
might be justified, concerns about overuse of broad-spectrum
antibiotics such as amoxicillin/clavulanate, second- and third-
generation cephalosporins, macrolides, quinolones have been
expressed previously in many papers (9-12).

To reduce overzealous prescribing habits and inappropriate
use of antibiotics, public health campaigns and initiatives have
been promoted. As awareness of the potential adverse events
associated with overuse of antibiotics increased, general de-
cline of antibiotic-prescribing rates have been observed recent-
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ly in many countries (13-15). Nevertheless, a substantial num-
ber of antibiotic prescriptions are still written for clinical condi-
tions that does not require the use of antibiotics. Such clinical
conditions include common colds, acute upper respiratory
tract infections, and bronchitis, and they account for a large
proportion of the unnecessary antibiotic use. These conditions
have a predominantly viral etiology and antibiotic treatment
has not been shown to have a major clinical impact (16, 17).
Particularly in pediatric patients, it has been estimated that 50%
of all antimicrobial prescriptions are unnecessary (13, 18).

This study was conducted to assess national prevalence of
pediatric antibiotic prescriptions for acute upper respiratory
tract infections in ambulatory settings in Korea.

MATERIALS AND METHODS

Data source

We analyzed National Patients Sample (NPS) database by the
Korea Health Insurance Review & Assessment Service (HIRA)
from January 1, 2009 to December 31, 2011. The National Health
Insurance (NHI) program, which was first introduced in Korea
in 1977, is a publicly funded and managed program that has
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been expanded to cover the entire Korean population by 1989
(19). HIRA receives NHI claims from healthcare providers and
collects information on patient demographics, symptoms, pro-
cedures, diagnoses, and prescribed medications for approxi-
mately entire 50 million Koreans. HIRA-NPS data, a nationally
representative sample of whole beneficiaries, was constructed
using a gender- and age-stratified random sampling from whole
Korean population. No significant difference in the gender dis-
tribution, age distribution or average prevalence in specific drug
use was found in a validation study (20). Also, a validation study
compared the diagnosis derived from the HIRA database with
the actual diagnosis in the patient medical records. The overall
positive predictive value of the diagnoses was 83.4% (21). The
resulting probability sample consisted of 3,416,578 individuals
between 2009 and 2011.

HIRA-NPS data contains anonymized codes representing
each individual together with information on patients (age, gen-
der, diagnoses), medical institutions (type of institution, region),
physician specialties, medical procedures, and prescribed drugs.
All diagnoses are recorded using International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM).
Information on prescribed drugs included generic name, pre-
scription date, dosage, duration, and route of administration.
All researchers who wish to use the HIRA-NPS and its data sub-
sets are required to sign a written agreement declaring that they
have no intention of attempting to obtain information that could
potentially violate the privacy protection for patients or care
providers.

Study population and diagnostic categories

The eligible study population included all children younger than
18 yr old who visited ambulatory care settings with diagnoses of
acute upper respiratory tract infections (URI) during 2009-2011.
The URI visits included those patients with diagnoses of acute
nasopharyngitis (common cold), acute sinusitis, acute pharyn-
gitis, acute tonsillitis, acute laryngitis/tracheitis, acute obstruc-
tive laryngitis/epiglottitis and acute upper respiratory infections
of multiple and unspecified sites (ICD-10 codes J00, J01, J02,
J03, J04, J05, and J06). These diagnoses are classified into two
groups including URISs for which antibiotics are often indicated
(acute sinusitis, acute pharyngitis, acute tonsillitis) and URIs for
which antibiotics are rarely indicated (common cold, acute lar-
yngitis/tracheitis, acute obstructive laryngitis/epiglottitis, and
acute upper respiratory infections of multiple and unspecified
sites). Infants and toddlers who were younger than 24 months
old were excluded from the study population due to possible
uncertainty in patient administrative data.

Study drugs
Using the World Health Organization (WHO) Anatomical Ther-
apeutic Chemical (ATC) Classification, the study drugs are lim-
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ited to medicines that follow the definition of ATC class J01, which
are antibiotics for systemic use. Antivirals, antifungals, and topi-
cal antibiotics (e.g., ophthalmic solutions, topical ointments)
were excluded from the study drug list. After these exclusions,
128 antibiotic drugs were included in the study. Antibiotics were
grouped into 26 classes including first-line penicillins, extended
spectrum penicillins, beta lactamase sensitive penicillins, beta
lactamase resistant penicillins, first- to fourth-generation ceph-
alosporins, macrolides, lincosamides, streptogramins, strepto-
mycins, ketolides, monobactams, carbapenems, fluoroquino-
lones, aminoglycosides, sulfonamides, tetracyclines, glycopep-
tides, fosfomycins, glycylcyclines, phenicols, oxazolidiones, poly-
myxins, and steroid antibacterials (22) (Appendix).

Analysis

In this study, the analyses of frequencies and proportions of an-
tibiotic prescriptions were spell-based using every outpatient
visit as the unit. We first analyzed the frequency of antibiotic
prescriptions in pediatrics with URI by calculating the propor-
tions of antibiotic prescriptions for each year. The denominator
used in this calculation was total prescriptions in pediatric pa-
tients with URI and the numerator was prescriptions contain-
ing one or more antibiotic drugs. In order to see the antibiotic
prescribing pattern according to diagnosis, proportions of anti-
biotic prescriptions were calculated by dividing the number of
antibiotic prescriptions by all prescriptions written for each di-
agnosis: acute nasopharyngitis (common cold), acute sinusitis,
acute pharyngitis, acute tonsillitis, acute laryngitis/tracheitis,
acute obstructive laryngitis/epiglottitis, acute upper respiratory
infections of multiple and unspecified sites. Percentage of anti-
biotic prescriptions within each diagnostic category was also
estimated. Prescriptions with both diagnosis codes which anti-
biotics were often indicated and rarely indicated were classified
as those written for diagnoses which antibiotics were often in-
dicated.

We also calculated the frequencies and proportions of antibi-
otic prescriptions by antibiotic groups. The proportions of each
drug group comprising antibiotic prescriptions were presented
according to the year. The difference between proportions in
2009 and 2011 for each drug group was calculated. Absolute
difference and relative difference were estimated in propor-
tions of antibiotic groups, and the 95% confidence intervals (CI)
were calculated.

To investigate the status of antibiotic use in pediatric patients
with URI in detail, we performed a comprehensive analysis ac-
cording to the type of medical care institution, physician spe-
cialty and geographic region.

Antibiotic prescribing proportions for pediatric outpatients
in each prescribed circumstances were calculated. Along with
prescription proportions, daily amount of prescribed antibiot-
ics was estimated using Defined Daily Dose (DDD) and express-
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ed in DDDs per 1,000 pediatric outpatients per day. In this anal-
ysis, every beneficiary was the unit. Referring to the index from
WHO ATC/DDD classification, DDD was assigned to each anti-
biotic drug. DDD values of some drugs which are not listed by
WHO were determined on the basis of literature articles and
drug labels (23). DDDs are the sum of total amount of drug pre-
scribed (single dose x frequency x days prescribed) divided by
the specific DDD for that drug. DDDs/1,000 persons/day was
calculated using the following equation: DDDs x (1,000 persons/
the number of outpatients for each type of medical care institu-
tion, physician specialty, and geographic region) x (1/365 days).
To adjust variations in age distributions across regions, the di-
rect method of age-standardization was applied to the estima-
tion of antibiotic prescribing proportions and daily amount of
antibiotic consumption.

Also, we performed multiple logistic regression to identify
demographic and clinical factors associated with antibiotic pre-
scribing. The factors considered were year (2009, 2010, and 2011),
gender (male and female), patient age (2-6, 7-12, and 13-17 yr),
region (metropolitan, city, and rural), type of medical care insti-
tution (tertiary hospital, general hospital, hospital, and primary
care clinic), physician specialty (pediatrics, otorhinolaryngolo-

Table 1. General characteristics of the pediatric outpatients with diagnoses URI in Korea

gy, internal medicine and family medicine), and diagnosis (an-
tibiotics indicated and not indicated). All statistical analyses
were performed using the SAS statistical application program
(Release 9.3, SAS Institute Inc., Cary, NC, USA).

Ethics statement

The research protocol was approved by the institutional review
board of Korea Institute of Drug Safety and Risk Management
(IRB No. 2013-5). Informed consent was waived by the board.

RESULTS

During the study period, total 1,267,999 prescriptions were
identified in 194,570 pediatric outpatients with diagnoses URI
(Table 1). The overall antibiotic prescribing proportion was
58.7% during the study period. The annual proportion of anti-
biotic prescribing slightly decreased (55.4% in 2011 vs. 60.5% in
2009; adjusted odds ratio, 0.82; 95% CI, 0.82-0.83) (Tables 2, 3).
The most commonly prescribed antibiotic class was extended
spectrum penicillins which accounted for 49.0% of antibiotic
prescriptions. Second generation cephalosporins, macrolides
and first-line penicillins were also frequently prescribed (20.3%,

Parameters No. of patients (%) No. of prescriptions (%)
Total 194,570 (100.0) 1,267,999 (100.0)
Year
2009 68,864 (35.4) 435,605 (34.4)
2010 65,505 (33.7) 435,792 (34.4)
2011 60,201 (30.9) 396,602 (31.3)
Gender
Male 100,094 (51.4) 653,547 (51.5)
Female 94,476 (48.6) 614,452 (48.5)
Age (yr), Mean £ SD 96 £ 45 72 +43
2-6 56,769 (29.2) 677,774 (53.5)
7-12 77,151 (39.7) 393,491 (31.0)
13-17 60,650 (31.2) 196,734 (15.5)
Medical care institution
Tertiary hospital 2,979 (1.5 4,393 (0.3
General hospital 14,096 (7.2) 24,539 (1.9)
Hospital 17,492 (9.0) 37,705 (3.0)
Primary care clinic 186,452 (95.8) 1,183,391 (93.3)
Physician specialty
Pediatrics 121,687 (62.5) 774,039 (61.0)
Otorhinolaryngology 56,901 (29.2) 238,716 (18.8)
Internal medicine 67,974 (34.9) 200,594 (15.8)
Family medicine 10,540 (5.4) 31,712 (2.5)
General surgery 4,034 (2.1) 9,952 (0.8)
Emergency medicine 5,536 (2.8) 6,392 (0.5)
Diagnosis*
Acute sinusitis (JO1) 77,330 (39.7) 358,502 (28.3)
Acute tonsillitis (JO3) 104,698 (53.8) 342,928 (27.0)
Acute upper respiratory infections of multiple and unspecified sites (J06) 79,230 (40.7) 250,577 (19.8)
Acute pharyngitis (J02) 71,733 (36.9) 210,604 (16.6)
Acute laryngitis and tracheitis (J04) 52,410 (26.9) 185,147 (14.6)
Acute nasopharyngitis (common cold) (JOO) 59,323 (30.5) 171,262 (13.5)
Acute obstructive laryngitis (croup) and epiglottitis (JO5) 3,136 (1.6) 7,291 (0.6)

*Patients may have more than one diagnosis during the study period. Each diagnosis was defined with ICD-10 code.
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Table 2. The proportion of antibiotics prescription classified by antibiotic groups for pediatric outpatients with URI in Korea

No. of antibiotic prescriptions (%)

Difference from 2009 to 2011

Antibiotic classification

Absolute difference, % Relative difference, %

2009 2010 2011 (95% C) (95% C)
Total prescriptions with URI 435,605 435,792 396,602

Antibiotics prescription (Proportion of antibiotic 263,635 (60.5) 260,424 (59.8) 219,696 (55.4) -5.1(-5.310-4.9) -8.5(-8.510-8.4)
prescription)

Diagnosis (Proportion of antibiotic prescription)

Antibiotics indicated* (Acute sinusitis [J01], Acute 201,828 (68.9) 197,742 (68.4) 163,179 (64.2) -4.7 (-4.9 10 -4.4) -6.8 (-6.8 t0 -6.7)
pharyngitis [J02], Acute tonsillitis [JO3])

Antibiotics not indicated® 61,807 (43.3) 62,682 (42.8) 56,517 (39.7) =317 (~4{0}-3:3) -8.5(-8.6 t0 -8.4)
Acute nasopharyngitis (common cold) (JOO) 9,337 (17.2) 9,329 (16.0) 9,335 (15.9) -1.3(-1.71t0-0.8) -714(-7.7t0-7.2)
Acute laryngitis and tracheitis (JO4)/Acute 26,270 (61.5) 27,181 (60.6) 25,237 (61.5) 0.0 (-0.6t0 0.7) 0.0 (0.0t0 0.0)

obstructive laryngitis (croup) and epiglottitis (JO5)
Acute upper respiratory infections of multiple and 26,200 (30.5) 26,172 (30.5) 21,945 (27.8) -2.7(-3110-2.2) -8.7 (-8.910 -8.5)
unspecified sites (JO6)
Class of antibiotics (proportion®)

Extended spectrum penicillins 128,867 (48.9) 127,443 (48.9) 107,962 (49.1) .3(0.0t00.5) 5(0.51t00.5)

Second generation cephalosporins 55,566 (21.1) 53,995 (20.7) 41,354 (18.8) »2 3(-251t0-2.0) —10 7(-10.81t0-10.5)

Macrolides 38,423 (14.6) 40,602 (15.6) 37,144 (16.9) 3(211t025) 16.0 (15.8 10 16.3)

First-line penicillins 23,920 (9.1) 24,274 (9.3) 22,036 (10.0) .0(0.8t01.1) 10.5(10.3t010.8)

Third generation cephalosporins 11,163 4.2) 13,090 (5.0) 13,091 (6.0) 7(161t01.8) 40.7 (39.7 t0 41.8)

First generation cephalosporins 9,928 (3.8) 8,931 (3.4) 6,585 (3.0) -0 8(-091t0-0.7) -20.4 (-21.110-19.8)

Lincosamides 3,470 (1.3) 2,920 (1.1) 1,700 (0.8) -0.5(-0.6 t0 -0.5) -41.2 (-43.7 t0 -38.9)

Aminoglycosides 3,420 (1.3) 2,816 (1.1) 1,785 (0.8) —O 5(-0.5t0-0.4) -37.4(-39.6 t0 -35.3)

Sulfonamides 2,491 (0.9) 2,663 (1.0) 2,348 (1.1) 101102 13.1 (12410 13.9)

Fluoroquinolones 1,864 (0.7) 18 (0.0) 5(0.0) —0 7(-0.7t0-0.7) -99.7 (-239.8 to -41.4)

Others 302 (0.1) 216 (0.1) 216 (0.1) .0(0.0t00.0) -14.2 (-16.91t0-11.9)

*Diagnosis for which antibiotics are often indicated include acute sinusitis (JO1), acute pharyngitis (J02), and acute tonsillitis (JO3); "Diagnosis for which antibiotics are rarely
indicated include acute nasopharyngitis (common cold) (JO0), acute laryngitis and tracheitis (JO4), acute obstructive laryngitis (croup) and epiglottitis (JO5), and acute upper re-

spiratory infections of multiple and unspecified sites (JOB); *Proportion of each class of antibiotics in total antibiotics prescriptions with URI.

Table 3. Multiple logistic regression model of factors associated with antibiotic pre-
scribing

% Receiving  Antibiotics prescribing,

e B T 2 antibiotics  adjusted OR (95% Cl)
Year 2009 60.5 1.00
2010 59.8 1.01 (1.00-1.02)
2011 55.4 0.82 (0.82-0.83)
Gender Male 59.7 1.00
Female 57.8 0.93(0.92-0.94)
Age (yr) 2-6 60.1 1.00
7-12 57.5 0.85(0.85-0.86)
13-17 56.9 0.83(0.82-0.84)
Medical care ~ Primary care clinic 45.0 1.00
institution Hospital 59.0 1.28 (1.25-1.30)
General hospital 61.2 1.12 (1.09-1.15)
Tertiary hospital 59.4 0.72 (0.68-0.77)
Physician Pediatrics 56.7 1.00
specialty Otorhinolaryngology 69.0 1.90 (1.88-1.92)
Internal medicine 541 1.09 (1.07-1.10)
Family medicine 57.5 1.04 (1.02-1.06)
Diagnosis Antibiotics indicated* 67.3 1.00
Antibiotics not indicated" 41.9 0.34 (0.33-0.34)
Region Metropolitan 61.2 1.00
City 57.4 1.19(1.18-1.20)
Rural 59.6 112 (1.11-1.13)

*Diagnosis for which antibiotics are often indicated include acute sinusitis (J01), acute
pharyngitis (J02), and acute tonsillitis (JO3); 'Diagnosis for which antibiotics are rare-
ly indicated include acute nasopharyngitis (common cold) (JOO), acute laryngitis and
tracheitis (JO4), acute obstructive laryngitis (croup) and epiglottitis (JO5), and acute
upper respiratory infections of multiple and unspecified sites (J06).
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15.6%, and 9.4%, respectively). The proportion of extended
spectrum penicillin prescriptions remained stable during study
period, whereas second generation cephalosporin, first genera-
tion cephalosporin, lincosamide, aminoglycoside, and fluoro-
quinolone decreased (Table 2). The proportions of prescription
in which first-line penicilins, macrolide, third generation ceph-
alosporin, and sulfonamides were used increased by 10.5%,
16.0%, 40.7%, and 13.1%, respectively.

The associations between demographic and clinical variables
and antibiotic prescribing are shown in Table 3. The use of anti-
biotics was relatively low in patients aged 7 yr or older when com-
pared to younger patients. Also, less antibiotic prescribing pro-
portion was shown in diagnoses without indications for antibi-
otics (41.9% vs. 67.3%; adjusted odds ratio, 0.34; 95% CI, 0.33-0.34).

Also, antibiotic prescribing proportions for each diagnosis
were much higher in diagnosis with indications (67.3%) com-
pared to those without indications (41.9%) (Table 3). In terms
of the change in prescribing proportion for each diagnosis, an-
tibiotic prescribing decreased more in diagnoses without indi-
cations for antibiotics (8.5% vs. 6.8%) (Table 2). Antibiotic pre-
scribing was decreased by 8.7% and 7.4% for acute upper respi-
ratory infections of multiple and unspecified sites (J06) and
acute nasopharyngitis (J00) respectively. Such reduced use of
antibiotics in conditions without indications may be inferred as

http://dx.doi.org/10.3346/jkms.2015.30.5.617
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an evidence of improved prescribing practice.

The antibiotic prescribing was related to the types of medical
care institutions. Tertiary hospitals were less likely to prescribe
antibiotics than primary and secondary hospitals (adjusted
odds ratio, 0.72; 95% CI, 0.68-0.77) (Table 3). Extended spec-
trum penicillin was the most commonly prescribed antibiotic
regardless of type of medical care institutions. However, the pro-
portions of second and third generation cephalosporin showed
substantial differences depending on the type of medical care
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Fig. 3. Antibiotic use in pediatrics with URI according to geographic regions in Korea.
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institutions. Also, greater consumption of antibiotics was ob-
served in smaller and lower-level medical care institutions (Fig. 1).

Among physician specialties, the highest proportion of anti-
biotic prescribing was shown in otorhinolaryngology (69.0%,
adjusted odds ratio, 1.90; 95% CI, 1.88-1.92). However, the pro-
portions of each antibiotic class prescribed were similar regard-
less of physician specialties (Fig. 2). Geographic variations were
found across regions in Korea (Fig. 3). Metropolitan regions tend
to have a relatively lower proportion of antibiotic prescribing,
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ranging from 53.4% in Seoul to 57.2% in Incheon, compared to
the overall average proportion of 58.7%. For city and rural regions,
adjusted odds ratios were 1.19 and 1.12, respectively (Table 3).

DISCUSSION

This is a descriptive study to provide current prevalence of anti-
biotic-prescribing for pediatric outpatients with URI in Korea.
In this study, frequent prescribing of antibiotics for URI during
ambulatory pediatric visits was observed, which occurred in
more than half of the prescriptions written. However, the annu-
al proportion of antibiotic prescribing in pediatric outpatients
with URI decreased during three years of study period (55.4%
in 2011 vs. 60.5% in 2009; adjusted OR, 0.82). Its reduction is
consistent with the global trends of decreasing antibiotic use in
ambulatory settings, as previous studies had reported (13-15).
Such decline might have resulted from increased attention to
antimicrobial resistance in the media and continuous efforts by
many organizations to promote appropriate use of antimicrobi-
als, including public disclosure of antibiotic prescribing rates in
medical care institution that was initiated by the Ministry of
Health and Welfare. Another favorable finding was that antibi-
otics were less prescribed (adjusted OR, 0.34) and more de-
creased in diagnoses without indications for antibiotics (8.5%
vs. 6.8%) than in those with indications for antibiotics. Such re-
duced use of antibiotics may be inferred as an evidence of im-
proved prescribing practice.

Several studies identifying trends of antimicrobial prescrib-
ing have shown that antibiotic use for URI in children has sub-
stantially decreased and its prescribing rate was stabilized down
to approximately 10% in the United States (13, 24). The majority
of the antibiotic studies analyzed the antibiotic use in adults or
in general pediatric patients not specific to URI. According to
Finkelstein et al. (25) overall antibiotic rates for children under
18 yr old decreased continually from 1996 to 2000 with greater
% reduction in children younger than 6 yr old. In our study, the
annual percentage of antibiotic prescriptions has also slightly
decreased. However, it is still considered higher than that of
Western countries.

We also found that more antibiotic prescriptions were given
in primary care clinics and secondary hospitals than in tertiary
hospitals. A patient first seen in primary care clinic may be re-
ferred to a higher level of care facility when special expertise
and equipment are required for the condition. Considering that
primary care clinics are initially visited for most generalized
health issues, huge antibiotic prescribing in primary care sug-
gests excessive prescribing without mandatory indications.
Also, proportions of each antibiotic class showed differences
depending on the type of medical care institutions. Third gen-
eration cephalosporin was more frequently prescribed in ter-
tiary care hospitals when compared to secondary and primary
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care clinics. Third generation cephalosporins have further in-
creased activity against Gram-negative organisms, but it is not
generally recommended as a first-line treatment due to decreas-
ing susceptibility. When a patient first seen in primary care clin-
ic was referred to a higher level of care facility, physicians may
review patients’ medication history and consider another anti-
biotic class. Therefore, such different antimicrobial properties
may influence the pattern of antibiotics use according to the
type of medical care institutions.

Significant increases in the proportions of third generation
cephalosporins and macrolides raise concerns about overuse
of particular antibiotics. Several studies have reported that fre-
quent utilization of third generation cephalosporin is a risk fac-
tor for occurrence and spread of extended spectrum beta-lacta-
mase (ESBL)-producing bacterial pathogens, and extensive use
is considered to be an independent risk factor (9, 26). Macrolide
spectrum is slightly wider than that of penicillin and it is used to
treat infections caused by atypical pathogens such as Mycoplas-
ma pneumoniae. The epidemic of Mycoplasma pneumoniae in
2007 that occurs periodically every three or four years may be
responsible for the macrolide increase (27). However, macro-
lides are not generally recommended for URI caused by M. pneu-
moniae, and the efficacy of macrolides for Mycoplasma is still
controversial (28). Also, studies have documented that coun-
tries with a high consumption of macrolides have experienced
arapid increase in macrolide resistance in the common patho-
gens of respiratory tract infections such as Streptococcus pneu-
moniae, and currently its resistance is becoming a globally grow-
ing concern (12, 29). Therefore, continuous monitoring of its
prescribing patterns and a further research on its resistance seem
to be necessary.

No antibiotic in Korea is approved as an over-the-counter
(OTC) medication and all antibiotics are covered by the HIRA.
Additionally, Korean patients pay a fee-for-service for all servic-
es including drugs; therefore, misclassification of antibiotics in
general does not occur. Our study included a sample claims
data which was abstracted from the whole Korean population.
The data was constructed using a gender and age-stratified ran-
dom sampling, which guarantees the representativeness, and it
was validated that there was no significant differences in gen-
der distribution, age distribution, or average prevalence in spe-
cific drug use.

Despite our findings, the study has certain limitations. First,
even though HIRA-NPS data has large sample and high gener-
alizability, the suitability of administrative claims data to identi-
fy certain disease in research is not well established. Due to limi-
tations in the level of clinical details encoded by coding system
and the required codes in reporting insurance claims, the accu-
racy of diagnostic codes for URI needs to be investigated. Sec-
ond, the outpatients with diagnoses URI included in our study
might have more than one diagnosis besides URI at the same
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time. In those cases, antibiotics could be prescribed not only for
URI but also for other purposes. Therefore, the relation between
antimicrobial use and a specific disease should be interpreted
carefully. Another limitation of this study is that the study peri-
od of three years may be too short to make our conclusion de-
finitive. Further analyses with long-term databases are needed
to explore trends of antibiotic use over time and to identify the
factors which drive inappropriate antimicrobial use decisions.

There is a consensus that antimicrobial use can lead to drug
resistance. The decline in antimicrobial prescribing proportions
for pediatric outpatients with URI was observed from 2009 to
2011. Despite the decrease in antimicrobial prescribing for chil-
dren, proportions of third generation cephalosporins and mac-
rolides were increasing. Currently, these antibiotic classes have
been issued warnings on increasing resistant bacteria. There-
fore, it is important to promote appropriate antibiotic selection,
so that can reduce the antimicrobial prescribing. As well as a
restrictive antibiotic policy, developing practical guidelines and
educational resources seem necessary to help physicians with
choosing appropriate antimicrobial therapy.
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Appendix 1. List of antibiotics by class

Antibiotic class Generic name
Penicillins
1 First-line penicilling Amoxicillin
2 Extended spectrum penicillins Ampicillin, ampicillin/sulbactam, pivampicillin, amoxicillin/potassium clavulanate, amoxicillin/pivoxyl sulbactam, amoxicillin/

sulbactam sodium, bacampicillin, pivmecillinam, mecillinam, piperacillin, piperacillin/sulbactam, piperacillin/tazobactam,
ticarcillin/potassium clavulanate, ciclacillin, sultamicillin

3 Beta lactamase sensitive penicillins Benzylpenicillin (Penicillin G)

4 Beta lactamase resistant penicillins Nafcillin

Cephalosporins
5 1st generation cephalosporins Cephalexin, cefalotin (cephalothin), cefazolin, cefadroxil, cefazedone ( = cephazedone), cefatrizine, cefapirin, cefradine
(= cephradine), cefroxadine, ceftezole
6 2nd generation cephalosporins Cefoxitin, cefuroxime, cefamandole, cefaclor, cefotetan, cefonicid, cefotiam, loracarbef, cefmetazole, cefprozil, ceforanide,
cefminox, cefbuperazone, flomoxef
7 3rd generation cephalosporins Cefotaxime, ceftazidime, cefsulodin, ceftriaxone, cefmenoxime, ceftizoxime, cefixime, cefodizime, cefetamet, cefpiramide,
cefoperazone, cefoperazone/sulbactam, cefpodoxime, ceftibuten, cefdinir, cefditoren, cefcapene, cefteram
8 4th generation cephalosporins Cefepime, cefpirome
Other B-lactams
9 Monobactams Aztreonam, carumonam
10 Carnapenems Meropenem. ertapenem. doripenem, imipenem, imipenem monohydrate/cilastatin sodium, panipenem/betamipron
MLSK
11 Macrolides Erythromycin, spiramycin, spiramycin/metronidazole, acetylspiramycin, midecamycin, roxithromycin, josamycin,
clarithromycin, azithromycin, kitasamycin, acetylkitasamycin
12 Lincosamides Clindamycin, lincomycin
13 Streptogramins Quinupristin/dalfopristin
14 Streptomycins Streptomycin
15  Ketolides Telithromycin
Quinolones
16  Fluoroquinolones Ofloxacin, ciprofloxacin, pefloxacin, enoxacin, norfloxacin, lomefloxacin, fleroxacin, sparfloxacin, levofloxacin, moxifloxacin,
gemifloxacin, gatifloxacin, tosufloxacin, balofloxacin
Others
17  Glycopeptides Vancomycin, teicoplanin
18  Fosfomycins Fosfomycin
19 Aminoglycosides Tobramycin, gentamicin, kanamycin, amikacin, netilmicin, sisomicin, ribostamycin, isepamicin, arbekacin, spectinomycin,
astromycin, micronomicin
20 Tetracyclines Doxycycline, oxytetracycline, tetracycline, minocycline
21 Glycylcyclines Tigecycline
22 Phenicols Chloramphenicol, thiamphenicol
23 Oxazolidiones Linezolid
24 Sulfonamides Sulfamethoxazole/trimethoprim, sulfadiazine, sulfadiazine/tetroxoprim
25 Polymyxins Colistin
26  Steroid antibacterials Fusidic acid
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