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The Rate of Drug-Resistant Tuberculosis in Korean Children and 
Adolescents Since 2007

The incidence of drug-resistant tuberculosis (DR-TB) in pediatric populations is a critical 
indicator of national TB management and treatment strategies. Limited data exist 
regarding the rate of pediatric DR-TB. In this study, we aimed to analyze the status of DR-
TB in Korean children from 2007 to 2013. We analyzed specimens submitted to the Korean 
Institute of Tuberculosis using Mycobacterium tuberculosis culture and drug susceptibility 
tests (DSTs) from January 2007 through December 2013. Specimens from patients ≤ 19 
years of age were included. Among the 2,690 cases, 297 cases were excluded because of 
insufficient data, leaving 2,393 cases for the final analysis. In total, resistance to one or 
more TB drugs was 13.5%. The resistance rates of each of the drugs were as follows: 
isoniazid (INH) 10.2%, rifampin (RFP) 5.1%, ethambutol (EMB) 3.7%, and pyrazinamide 
(PZA) 3.1%. The resistance rate of multidrug-resistant TB (MDR-TB) was 4.2%, and that of 
extensively drug-resistant TB (XDR-TB) was 0.8%. The overall drug resistance rate 
demonstrated significant increase throughout the study period (P < 0.001) but showed no 
significant difference compared to previous study from 1999 to 2007. The drug resistance 
rate of PZA in ≤ 15 years of age group was significantly greater than that of > 15 years 
(P < 0.001). The drug resistance rate has increased throughout the study period.
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INTRODUCTION

Among the global burden of infectious disease, tuberculosis 
(TB) is one of the leading causes of mortality. In 2011, the global 
incidence of TB was estimated to be 125 cases per 100,000 pop-
ulation. Of the incident cases, 630,000 (5.3%) were estimated to 
be of multidrug-resistant TB (MDR-TB) (1). The global incidence 
of TB has decreased slowly since 2004 perhaps owing, in part, 
to the efforts of the World Health Organization (WHO) through 
its Stop TB Strategy (2). Although considerable efforts in several 
countries have led to a gradual decrease in overall incidence, 
reports suggest that the incidence of drug-resistant TB (DR-TB) 
is increasing (3-5). In Korea, the incidence of TB has been de-
creasing, however, 36,089 new TB patients (71.4 cases per 100,000) 
were discovered in 2013, with 1,501 patients ≤ 19 years of age 
(4.1%) (6).
 In Korea, DR-TB has decreased remarkably during the last 
decades as a result of successful initiatives by the National Tu-
berculosis Control Programme (NTP), which was launched in 
1962 (7). Despite the global effort; however, TB is still a threat 
and is of clinical concern throughout the world, including Ko-
rea, due to the emergence of MDR-TB and extensively drug-re-
sistant TB (XDR-TB) (7,8). MDR-TB is defined as TB resistant to 
2 key, first-line TB drugs, isoniazid (INH), and rifampin (RFP) 

(4), is a growing public-health concern, and critically threatens 
the TB control. Without these 2 potent drugs, TB treatment be-
comes difficult as use of more toxic and expensive second-line 
anti-TB drugs is necessary. These second-line drugs have lon-
ger treatment periods, are less potent, and are less tolerated com-
pared to first-line drugs (9,10). Improper management of MDR-
TB will result in further drug resistance, which, in turn, will make 
the disease more difficult to cure, including in countries with 
highly developed health care systems. In Korea, MDR-TB is in-
creasing and greater awareness about the disease and its treat-
ment is therefore necessary (11). Data about drug resistance is 
important as it may be difficult for health care providers to choose 
proper drug combinations for DR-TB (12). Therefore, in some 
countries, all culture-positive, isolated TB patients undergo a 
drug susceptibility test (DST) (13). In Korea, the most recent TB 
treatment guideline by the Korean Centers for Disease Control 
and Prevention recommends DST to all new and retreated, cul-
ture-positive, isolated TB patients. If patients remain culture-
positive after 3 months or results indicate clinically suspicious 
treatment failure, DST should be repeated (14). Before guide-
line amendment in 2011, DST was inconsistently performed 
between hospitals and health care providers; thus, it is challeng-
ing to compare drug resistance seasonally or regionally in a con-
sistent manner (15).
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 In pediatric population, the younger the patient, the more 
likely TB will spread and cause extrapulmonary disease, which 
increases morbidity and mortality rates when disseminated dis-
ease is not promptly diagnosed and properly treated (16). In 
addition, it is difficult to confirm a definitive diagnosis since 
Mycobacterium tuberculosis is rarely isolated in specimen so is 
rarely bacteriologically positive by culture in pediatric popula-
tion (17) and tends to show nonspecific signs and symptoms. 
According to Nelson and Wells (18), the proportion of pediatric 
TB worldwide ranged from 2.7% to 20.0% and appears to be in-
creasing in many parts of the world. In Korea, adolescent TB is 
not uncommon; thus, the age distribution is different compared 
to low burden countries (19).
 Country-wide surveillance of anti-TB drug resistance may 
provide an evaluative measure of NTP activity and also indicate 
suitable drug regimens. Pediatric TB, particularly in patients 
less than 5 years of age acts as a marker of recent TB transmis-
sion from adults in a community (20,21). Although drug resis-
tance surveillance is essential for planning TB control (22), data 
on global trends of drug-resistant pediatric TB are scarce. There-
fore, DR-TB surveillance in pediatric population is critical for 
controlling DR-TB (20,21). We analyzed the prevalence of drug-
resistance among M. tuberculosis isolates from children ≤ 19 
years of age following a previous study from 1999 to 2007 (19). 

MATERIALS AND METHODS

Patient population
We collected data using specimens sent to the Korean Institute 
of Tuberculosis (KIT), a WHO-designated Supranational Refer-
ence Laboratory, from January 2007 through December 2013 
for M. tuberculosis culture and DST. Specimens from patients 
≤ 19 years of age are included. Previous treatment histories were 
not recorded in the registry. The data collected included the res-
ident registration number of patients. If data regarding resident 
registration number, age or DST results were missing or insuffi-
cient, the specimen was excluded. If multiple isolates were ob-
tained from the same patient, only the first isolate was analyzed.

Laboratory methods
Clinical specimens were cultured on a 3% Ogawa medium. All 
M. tuberculosis isolates were tested for drug susceptibility, which 
was determined by the absolute concentration method describ-
ed by Canetti et al. (23), using a Lowenstein-Jenson medium 
(24). The drugs and their critical concentrations for resistance 
were as follows: INH 0.2 µg/mL, RFP 40 µg/mL, streptomycin 
(SM) 10 µg/mL, ethambutol (EMB) 1.5 µg/mL, kanamycin (KM) 
40 µg/mL, cycloserine (CS) 30 µg/mL, para-aminosalicylic acid 
(PAS) 2.0 µg/mL, ofloxacin (OFX) 2.5 µg/mL, prothionamide 40 
µg/mL, moxifloxacin (MFX) 2.0 µg/mL, amikacin (AMK) 30 µg/ 
mL, and capreomycin (CPM) 40 µg/mL. Pyrazinamide (PZA) 

susceptibility was determined by a pyrazinamidase test (25).
 XDR-TB is defined as TB that is resistant to any fluoroquino-
lone; and is resistant to at least one of the 3 injectable second-line 
drugs (AMK, CPM, and KM), in addition to MDR-TB (3). Only 
the first results were selected for analysis in cases where several 
DSTs were completed for the same person.

Statistical analysis
SPSS for Windows 18.0 (IBM Corp., Chicago, IL, USA) was used 
to analyze the data. A χ2 test was used to compare data from a 
previous study, and a linear by linear association χ2 test was used 
to analyze yearly data trends. A P value < 0.05 was considered 
to indicate statistical significance.

Ethics statement
The study protocol was approved by the Institutional Review 
Board of Eulji General Hospital, Eulji University (No. EMCIRB 
17-16). Since the present study was conducted retrospectively 
and private data were used anonymously, informed consent 
was exempted by the board.

RESULTS

A total of 2,690 M. tuberculosis isolates collected over a span of 
seven years were tested for drug susceptibility. Among the 2,690 
cases, 297 (11%) were excluded because data were insufficient 
to analyze. For the final analysis, 2,393 cases (89%) were used. 
Insufficient data included inaccurate age and inaccurate DST 
results. Among the 2,393 cases included in the final study, year-
ly distribution was n = 703 in 2007, n = 553 in 2008, n = 383 in 
2009, n = 159 in 2010, n = 202 in 2011, n = 204 in 2012, and n =  
189 in 2013 (Table 1). The male to female sex ratio was 1.51:1. 
Age distribution is shown in Fig. 1. There were 260 (10.9%) cas-
es in the ≤ 15 years of age group, and 2,133 (89.1%) cases were 
in the > 15 years of age group. The median age was 17.2 years.
 The drug resistance patterns for each of the anti-TB drugs are 
summarized in Table 1. Among the 2,393 cases in this study, re-
sistance to one or more drugs was 323 (13.5%), and resistances 
to each drug were as follows: INH, n = 244 (10.2%); RFP, n = 122 
(5.1%); EMB, n = 88 (3.7%); PZA, n = 75 (3.1%); MDR-TB, n = 101 
(4.2%); and XDR-TB, n = 19 (0.8%). In 2007, the prevalence of 
any resistance to one or more drugs was 10.4%. In 2012, that prev-
alence increased in a statistically significant manner to 22.1% 
(P < 0.001). The prevalence, however, decreased thereafter. Drug 
resistance to INH, RFP, EMB, PZA, SM, CS, and MFX also sig-
nificantly increased over time (P < 0.05). The prevalence of INH 
resistance peaked in 2010 and then decreased thereafter. In ad-
dition, the prevalence of RFP resistance peaked in 2011. Unfor-
tunately, the prevalence of MDR-TB also significantly increased 
from 2.1% in 2007 to 4.2% in 2013, with a peak prevalence of 10.4% 
in 2011. The prevalence of XDR-TB has increased significantly 
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(P < 0.05) as well, with a peak prevalence of 3.5% in 2011 (Table 1).
 Fig. 2 shows the resistance patterns of INH, and MDR-TB from 
a previous study from 1999 to 2013. According to Fig. 2, the re-
sistance rate of INH decreased from 1999 to 2007, increased from 
2007 to 2013 showing very high prevalence rates from 2010 to 
2012. MDR-TB and XDR-TB also demonstrated similar patterns. 
Data of 2007 in the previous study were conducted from Janu-
ary to August 2007. The data of 2007 shown in Fig. 2, however, 
are from this study conducted from January to December 2007.
 Adolescent TB accounts for a significant portion of pediatric 
TB. We divided the data into 2 groups (≤ 15 years of age and > 15 
years of age). The results of this data analysis are summarized 
in Table 2. The resistance rate for any drug was 22.3% (58/260) 
for the ≤ 15 years of age group and 12.4% (265/2,133) for the 

> 15 years of age group. The resistance rate was significantly high-
er in the ≤ 15 years of age group. The resistance rate of INH was 
12.7% in the ≤ 15 years of age group, and was 9.9% in the > 15 
years of age group. Moreover, the resistance rate of RFP was 6.2% 
in ≤ 15 years of age group, and was 5.0% in > 15 years of age 
group. INH and RFP, the main drugs for TB treatment, both dem-
onstrated higher resistance rates in the ≤ 15 years of age group, 
but lacked a statistically significant difference between the 2 age 
groups. The resistance rate of PZA and CS was significantly high-
er in the ≤ 15 years of age group. Other drugs showed a lack of 
between groups differences. MDR-TB rate was 5.8% (15/260) in 

Fig. 1. Age distribution of total drug susceptibility tested cases. Red line divides cas-
es by age 15 or less and over age 15.

Dr
ug

 s
us

ce
pt

ib
ili

ty
 te

st
 c

as
es

Age

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

800

700

600

500

400

300

200

100

0

10.9% 
(Total of n = 260)

89.1% 
(Total of n = 2,133) 

Table 1. Trend of anti-TB drug susceptibility, 2007–2013

Parameters
 Year

P for Trend*
2007 2008 2009 2010 2011 2012 2013 Total

Total tested 703 (100.0) 553 (100.0) 383 (100.0) 159 (100.0) 202 (100.0) 204 (100.0) 189 (100.0) 2,393 (100.0)
   All susceptible 630 (89.6) 488 (88.2) 339 (88.5) 129 (81.1) 163 (80.7) 159 (77.9) 162 (85.7) 2,070 (86.5)
   Any resistance 73 (10.4) 65 (11.8) 44 (11.5) 30 (18.9) 39 (19.3) 45 (22.1) 27 (14.3) 323 (13.5) < 0.001
Resistance to

INH 58 (8.3) 48 (8.7) 32 (8.4) 26 (16.4) 32 (15.8) 29 (14.2) 19 (10.1) 244 (10.2) 0.002
RFP 18 (2.6) 25 (4.5) 20 (5.2) 11 (6.9) 22 (10.9) 13 (6.4) 13 (6.9) 122 (5.1) < 0.001
PZA 18 (2.6) 13 (2.4) 13 (3.4) 6 (3.8) 11 (5.4) 11 (5.4) 3 (1.6) 75 (3.1) 0.137
SM 18 (2.6) 13 (2.4) 14 (3.7) 4 (2.5) 9 (4.5) 15 (7.4) 9 (4.8) 82 (3.4) 0.002
EMB 18 (2.6) 13 (2.4) 13 (3.4) 9 (5.7) 17 (8.4) 12 (5.9) 6 (3.2) 88 (3.7) 0.002
PAS 10 (1.4) 4 (0.7) 5 (1.3) 4 (2.5) 11 (5.4) 7 (3.4) 2 (1.1) 43 (1.8) 0.013
KM 6 (0.9) 7 (1.3) 3 (0.8) 1 (0.6) 7 (3.5) 4 (2.0) 2 (1.1) 30 (1.3) 0.125
CPM 2 (0.3) 6 (1.1) 2 (0.5) 1 (0.6) 6 (3.0) 3 (1.5) 0 (0.0) 20 (0.8) 0.161
CS 1 (0.1) 4 (0.7) 4 (1.0) 1 (0.6) 7 (3.5) 4 (2.0) 0 (0.0) 21 (0.9) 0.018
OFX 9 (1.3) 9 (1.6) 10 (2.6) 4 (2.5) 11 (5.4) 5 (2.5) 3 (1.6) 51 (2.1) 0.055
MXF 6 (0.9) 4 (0.7) 7 (1.8) 4 (2.5) 10 (5.0) 5 (2.5) 3 (1.6) 39 (1.6) 0.003
AMK - 5 (0.9) 3 (0.8) 1 (0.6) 7 (3.5) 2 (1.0) 1 (0.5) 19 (1.1) 0.556
MDR 15 (2.1) 19 (3.4) 14 (3.7) 10 (6.3) 21 (10.4) 13 (6.4) 9 (4.8) 101 (4.2) < 0.001
XDR 2 (0.3) 2 (0.4) 4 (1.0) 0 (0.0) 7 (3.5) 3 (1.5) 1 (0.5) 19 (0.8) 0.013

Values are presented as number (number/total number × 100%).
TB = tuberculosis, INH = isoniazid, RFP = rifampin, PZA = pyrazinamide, SM = streptomycin, EMB = ethambutol, PAS = para-aminosalicylic acid, KM = kanamycin, CPM = capreo-
mycin, CS = cycloserine, OFX = ofloxacin, MXF = moxifloxacin, AMK = amikacin, MDR = multidrug-resistant, XDR = extensively drug-resistant. 
*P value < 0.05. 

Fig. 2. Trend of drug resistant rate of TB throughout 1999–2013. The yellow line shows 
the trend of INH resistance and the blue line shows the trend of MDR. 
TB = tuberculosis, INH = isoniazid, MDR = multidrug-resistant.
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Table 2. Anti-TB drug susceptibility of Mycobacterium tuberculosis by age

Parameters
Age group, yr

P value*
1–15 16–19 Total

Total tested 260 (100.0) 2,133 (100.0) 2,393 (100.0)
   All susceptible 202 (77.7) 1,868 (87.6) 2,070 (86.5)
   Any resistance 58 (22.3) 265 (12.4) 323 (13.5) < 0.001
Resistance to

INH 33 (12.7) 211 (9.9) 244 (10.2) 0.194
RFP 16 (6.2) 106 (5.0) 122 (5.1) 0.503
PZA 25 (9.6) 50 (2.3) 75 (3.1) < 0.001
SM 10 (3.8) 72 (3.4) 82 (3.4) 0.831
EMB 9 (3.5) 79 (3.7) 88 (3.7) 0.983
PAS 4 (1.5) 39 (1.8) 43 (1.8) 0.932
KM 3 (1.2) 27 (1.3) 30 (1.3) 0.878
CPM 3 (1.2) 17 (0.8) 20 (0.8) 0.814
CS 9 (3.5) 12 (0.6) 21 (0.9) < 0.001
OFX 5 (1.9) 46 (2.2) 51 (2.1) 0.985
MXF 4 (1.5) 35 (1.6) 39 (1.6) 0.902
AMK 2 (0.8) 17 (0.8) 19 (0.8) 0.962
MDR 15 (5.8) 86 (4.0) 101 (4.2) 0.249
XDR 3 (1.2) 16 (0.8) 19 (0.8) 0.747

Values are presented as number (number/total number × 100%).
TB = tuberculosis, INH = isoniazid, RFP = rifampin, PZA = pyrazinamide, SM = strepto-
mycin, EMB = ethambutol PAS = para-aminosalicylic acid, KM = kanamycin, CPM =  
capreomycin, CS = cycloserine, OFX = ofloxacin, MXF = moxifloxacin, AMK = ami-
kacin, MDR = multidrug-resistant, XDR = extensively drug-resistant.
*P value < 0.05.

Table 3. Trend of anti-TB drug susceptibility from 2007 to 2013 divided by age

Parameters by age  
   group, yr

Year
P for trend*

2007 2008 2009 2010 2011 2012 2013 Total

1–5
Total 5 (100.0) 7 (100.0) 7 (100.0) 6 (100.0) 9 (100.0) 11 (100.0) 1 (100.0) 46 (100.0)
All susceptible 2 (40.0) 3 (42.9) 5 (71.4) 2 (33.3) 2 (22.2) 5 (45.5) 0 (0.0) 19 (41.3)
Any resistance 3 (60.0) 4 (57.1) 2 (28.6) 4 (66.7) 7 (77.8) 6 (54.5) 1 (100.0) 27 (58.7) 0.482
INH resistance 1 (20.0) 0 (0.0) 0 (0.0) 2 (33.3) 3 (33.3) 1 (9.1) 0 (0.0) 7 (15.2) 0.594
MDR 0 (0.0) 0 (0.0) 0 (0.0) 2 (33.3) 3 (33.3) 0 (0.0) 0 (0.0) 5 (10.9) 0.387

6–10
Total 4 (100.0) 5 (100.0) 1 (100.0) 1 (100.0) 0 (100.0) 1 (100.0) 3 (100.0) 15 (100.0)
All susceptible 3 (75.0) 3 (60.0) 1 (100.0) 1 (100.0) 0 (100.0) 1 (100.0) 3 (100.0) 12 (80.0)
Any resistance 1 (25.0) 2 (40.0) 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) 0 (0.0) 3 (20.0) 0.210
INH resistance 1 (25.0) 2 (40.0) 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) 0 (0.0) 3 (20.0) 0.210
MDR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) Not available

11–15
Total 46 (100.0) 44 (100.0) 23 (100.0) 18 (100.0) 34 (100.0) 19 (100.0) 21 (100.0) 205 (100.0)
All susceptible 41 (89.1) 38 (86.4) 22 (95.7) 16 (88.9) 29 (85.3) 13 (68.4) 18 (85.7) 177 (86.3)
Any resistance 5 (10.9) 6 (13.6) 1 (4.3) 2 (11.1) 5 (14.7) 6 (31.6) 3 (14.3) 28 (13.7) 0.176
INH resistance 5 (10.9) 6 (13.6) 1 (4.3) 1 (5.6) 4 (11.8) 4 (21.1) 2 (9.5) 23 (11.2) 0.762
MDR 3 (6.5) 4 (9.1) 0 (0.0) 0 (0.0) 1 (2.9) 1 (5.3) 1 (4.8) 10 (4.9) 0.387

16–19
Total 648 (100.0) 503 (100.0) 352 (100.0) 134 (100.0) 159 (100.0) 173 (100.0) 164 (100.0) 2,133 (100.0)
All susceptible 584 (90.1) 450 (89.5) 311 (88.4) 110 (82.1) 132 (83.0) 140 (80.9) 141 (86.0) 1,868 (87.6)
Any resistance 64 (9.9) 53 (10.5) 41 (11.6) 24 (17.9) 27 (17.0) 33 (19.1) 23 (14.0) 265 (12.4) < 0.001
INH resistance 51 (7.9) 40 (8.0) 31 (8.8) 23 (17.2) 25 (15.7) 24 (13.9) 17 (10.4) 211 (9.9) 0.001
MDR 12 (1.9) 15 (3.0) 14 (4.0) 8 (6.0) 17 (10.7) 12 (6.9) 8 (4.9) 86 (4.0) < 0.001

Values are presented as number (number/total number × 100%).
TB = tuberculosis, INH = isoniazid, MDR = multidrug-resistant. 
*P value < 0.05 was considered to indicate significance.

the ≤ 15 years of age group and 4.0% (86/2,133) in the > 15 years 
of age group, and showed no significant difference between the 
2 groups. Moreover, the XDR-TB rate was 1.2% (3/260) in the 
≤ 15 years of age group and 0.8% (16/2,133) in the > 15 years of 
age group, with no significant difference in the rate between the 
2 groups (Table 2).
 The data was subdivided into more age groups because the 
resistance rate in the younger age group (≤ 5 years of age) may 
reflect the current TB management status, and may be a marker 
of recent TB transmission from an adult in the community as 
mentioned above. The initial 2 age groups were divided into four 
subgroups, 1–5 years of age, 6–10 years of age, 11–15 years of 
age, and 16–19 years of age (Table 3). There were 46 (1.9%) cas-
es in the 1–5 years of age group, 15 (0.6%) were in the 6–10 years 
of age group, 199 (8.3%) were in the 11–15 years of age group. In 
summary, there were 260 (10.9%) cases in the ≤ 15 years of age 
group, and 2,133 (89.1%) in the > 15 years of age group (Fig. 1, 
Table 3).
 The total prevalence of any resistance to one or more drugs 
was 58.7% (27/46) in the 1–5 years of age group, 20.0% (3/15) in 
the 6–10 years of age group, 13.7% (28/205) in the 11–15 years 
of age group, and 12.4% (265/2,133) in the 16–19 years of age 
group. Resistance to one or more drugs during the 7 years study 
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period showed no significant difference in the 1–5 years of age 
group, 6–10 years of age group, and 11–15 years of age group but 
16–19 years of age group, however, showed a significant increase 
(P < 0.001) from 2007 to 2013.
 The prevalence of INH resistance was 15.2% (7/46) in the 1–5 
years of age group, 20% (3/15) in the 6–10 years of age group, 
11.2% (23/205) in the 11–15 years of age group, and 9.9% (211/ 
2,133) in the 16–19 years of age group. The INH resistance rate 
during the seven-year study period showed results similar to 
those of any resistance to one or more drugs.
 In addition, the prevalence rate of MDR was 10.9% (5/46) in 
the 1 to 5 years of age group, 0% (0/15) in the 6–10 years of age 
group, 4.9% (10/205) in the 11–15 years of age group, and 4.0% 
(86/2,133) in the 16–19 years of age group. The MDR rate during 
the 7-year study period also showed similar result compared to 
any resistance to one or more drugs (Table 3).
 The drug resistance rate was compared with the previous study 
(Table 4) (19). The drug resistance rate of the ≤ 15 years of age 
group showed no significant difference compared to the previ-
ous study. The total resistance rate did not demonstrate a signi-
ficant increase or decrease compared to the previous study. 

DISCUSSION

In this study, we investigated changes in pediatric TB drug re-
sistance rates among specific age groups. In addition, we com-
pared drug resistance rates with a previous study. The total num-
ber of tested patients decreased throughout the duration of this 
study. During the study period (2007 to 2013), new TB notifica-
tion cases decreased as well. The number of new TB notification 
cases in the 0 to 19 years of age was n = 2,735 in 2007, n = 2,351 
in 2008, n = 2,518 in 2009, n = 2,430 in 2010, n = 2,432 in 2011, 
n = 1,850 in 2012, and n = 1,501 in 2013 (26). The total decrease 
in TB cases over this time period may have been a result of the 
decrease in total tested patients. There was no difference in the 

rate of DR-TB between the present and previous studies. The 
total rate of any DR-TB, however, increased throughout the pres-
ent study period (2007 to 2013). In particular, the MDR-TB and 
XDR-TB rates, as well as INH and RFP, increased significantly 
during the present 7-year study period. INH resistance was 4.1% 
in China and 6.9% globally, and MDR-TB was 4.6% in China, 
and 2.9% globally (27,28). In the recent study of overall DR-TB 
in Korea, the rate of any drug resistance was 19.4%, MDR-TB 
8.3%, and XDR-TB 3.2% overall (29). DR-TB, however, did not 
show a tendency to increase (29). There are limited epidemio-
logical reports on global pediatric DR-TB. In hospital-based pe-
diatric studies, 28.6% resistance to at least one of the four first-
line anti-TB drugs was recorded in China, 20.47% in India, and 
15.5% in South Africa (27). In the present study, resistance to 
any drug was 13.5%, INH resistance was 10.2%, MDR-TB was 
4.2%, and XDR-TB was 0.8% overall. Our data shows lower re-
sistance rates compared to the hospital-based data from China, 
India, and South Africa, but higher resistance rates compared 
to global statistics. Remarkably, although the rate of resistance 
to any drug was lower than that of China, the INH resistance rate 
was higher. As INH is a key TB treatment drug and may serve as 
an indicator of drug resistance (7), this result is alarming. In the 
present study, the overall resistance rate to any drug (13.5% vs. 
19.4%), MDR-TB (4.2% vs. 8.3%), and XDR-TB (0.8% vs. 3.2%) 
were lower than rates from study in adults (29), but showed a 
58.7% rate of resistance to any drug in the 0–5 years of age group 
in our study. Even allowing for the difficulty of isolating M. tu-
berculosis in younger age and selection bias of data collection 
due to selective DST, this is an alarming result for the status of 
TB management in Korea. The high drug resistance rate in youn-
ger age groups may reflect the total management status of TB 
throughout the country. In addition, children less than 5 years 
of age who are infected with TB are at higher risk of developing 
disseminated forms of TB, including military TB and TB men-
ingitis, which are frequently associated with greater morbidity 
and mortality. Moreover, DR-TB among children, including treat-
ment regimen choice, has been inadequately studied, and the 
cure rate of DR-TB is low (1,18). Therefore, DR-TB among chil-
dren is an important issue. More studies investigating risk fac-
tors of DR-TB among children, the causes increased resistance 
rate, and cause of higher resistance rates in younger age group 
are needed.
 The drug resistance rate of one or more drugs was significant-
ly higher in the ≤ 15 years of age group compared to the rate in 
> 15 years of age group. Among TB drugs, PZA exhibited a sig-
nificantly higher resistance rate in the younger age group. This 
result seems to be the main cause of the difference between the 
two groups (Table 2). PZA is an important component of first-
line TB treatment and is also important for treating MDR-TB. 
Little is known, however, about the global prevalence of PZA re-
sistance. Mutations in the pnaA gene are known to be the mech-

Table 4. Comparison of anti-TB drug susceptibility with previous survey ( ≤ 15 years 
of age)

Drugs
Previous survey Recent survey

P for trend*
1999–2007 2007–2013

Total 458 (100.0) 260 (100.0)
INH 75 (16.4) 33 (12.7) 0.223
RFP 44 (9.6) 16 (6.2) 0.143
PZA 28 (6.1) 25 (9.6) 0.115
SM 15 (3.3) 10 (3.8) 0.850
EMB 31 (6.8) 9 (3.5) 0.092
PAS 6 (1.3) 4 (1.5) 0.802
INH + RFP 40 (8.7) 15 (5.8) 0.197
≥ 1 drug 94 (20.5) 58 (22.3) 0.640

Values are presented as number (number/total number × 100%).
TB = tuberculosis, INH = isoniazid, RFP = rifampin, PZA = pyrazinamide, SM = strepto-
mycin, EMB = ethambutol, PAS = para-aminosalicylic acid. 
*P value < 0.05 was considered to indicate significance.
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anism of resistance to PZA but the mechanism of action and 
resistance to PZA in M. tuberculosis are unclear (30). In a recent 
study, the prevalence of PZA resistance was 0%–9% in cases of 
drug-sensitive TB, and 31%–89% among MDR-TB isolates. The 
study found a significant increase in the prevalence of PZA-re-
sistant TB with increased resistance to other drugs (30,31). Fur-
ther studies studying the prevalence, cause, and relation between 
MDR-TB and PZA-resistant TB are warranted. Further prospec-
tive studies should also be conducted that include past treatment 
history.
 Previously treated TB cases are known to have higher rates of 
resistance to anti-TB drugs (29). Previously treated TB cases are 
also more common in the adult populations. According to Kim 
et al. (32), the rate of previously treated TB was the highest in 
the 80 to 89 years of age group. No patient was previously treat-
ed in the ≤ 19 years of age group. Our study, however, showed 
high resistance rate in pediatric TB without past treatment his-
tory. We conclude that this may be the cause of the higher over-
all resistance rate. If the DR-TB patients, who are difficult to cure, 
only went through DST, and drug-sensitive TB patients did not 
have DST, then the drug resistance rate may be inflated com-
pared to the actual rate. The TB drug resistance rate is a critical 
determinant of treatment success. Patients having DR-TB need 
longer treatments with more drugs, and tend to have subopti-
mal treatment outcomes, especially if diagnosed with MDR-TB 
or XDR-TB. The treatment success rate of DR-TB is only about 
50% globally (1). Moreover, DR-TB costs more to cure. Accord-
ing to Kang et al. (33), in Korea, DR-TB treatment costs are 7 to 
22 times that of managing drug-susceptible TB patients. In par-
ticular, the resistance rate of INH shown in our study may be 
considered when choosing specific treatments for cases of la-
tent TB where the status of drug resistance is unknown.
 When treating DR-TB, early diagnosis, treatment, and isola-
tion are critical factors in controlling TB on a national level. It 
takes about 8 weeks to obtain results, however, from the tradi-
tional DST method. Recently, genotypic DST has provided re-
sults within a few days, and is used widely due to its speed (29). 
Additionally, as mentioned above, the largest source of pediat-
ric infection of TB comes from adults. Adult TB status should be 
controlled thoroughly to reduce the pediatric TB drug resistance 
rate. Therefore, directly observed treatment, which is not cur-
rently implemented throughout Korea, should be introduced. 
Moreover, if the past medical history of patients and their family 
members can be provided with the specimen when they are 
being referred for M. tuberculosis culture and DST, patterns of 
DR-TB can be analyzed more precisely using the laboratory data.
 This study has several limitations. First, information about pre-
vious TB treatment history was lacking, so patient data could 
not be classified into new or previously-treated groups. As drug 
resistance rates were significantly higher in patients with a his-
tory of previous treatment (29), further study is required includ-

ing previous treatment history. Moreover, as the source of infec-
tion in younger TB patients is likely to be adults, the data regard-
ing the adult’s source of infection is important for analyzing pe-
diatric TB resistance rates. Second, the regional data was not 
analyzed in the present study and should be included in future 
studies. Third, before 2011, DST was conducted selectively by 
physicians, and not all specimens underwent the same process 
of analysis. Moreover, we only analyzed the positive culture spec-
imens. Considering that the culture-positive rate is low in chil-
dren (17) and DST was selectively performed before 2011, as 
mentioned above, the actual TB drug resistance rate may be low-
er than what was been shown in the present study.
 In conclusion, the TB drug resistance rate remains high in 
Korean children and increased significantly during the dura-
tion of the present study from 2007 to 2013. Although this study 
has limitations, the prevalence of resistance was 4.2% in MDR-
TB and 10.2% in INH-resistant TB. This means that DR-TB should 
be considered when treating pediatric TB patients even if they 
have not been previously treated. In addition, we recommend 
using an INH and RFP combination therapy for treating latent 
TB rather than INH alone. Future research should include ac-
curate surveillance of DR-TB status throughout the country, and 
past history of study participants. Furthermore, more precise 
diagnostic tools of DR-TB in children, effective vaccines, and new 
drugs that will effectively treat DR-TB should be developed. This 
will, however, require a significant amount of time and resources.
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