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ABSTRACT

Background: Drug-resistance surveillance (DRS) data provide key information for building 
an effective treatment regimen in patients with multidrug-resistant tuberculosis (MDR-TB). 
This study was conducted to investigate the patterns and trends of additional drug resistance 
in MDR-TB patients in South Korea.
Methods: Phenotypic drug susceptibility test (DST) results of MDR-TB patients collected 
from seven hospitals in South Korea from 2010 to 2019 were retrospectively analyzed.
Results: In total, 633 patients with MDR-TB were included in the analysis. Of all patients, 361 
(57.0%) were new patients. All patients had additional resistance to a median of three anti-
TB drugs. The resistance rates of any fluoroquinolone (FQ), linezolid, and cycloserine were 
26.2%, 0.0%, and 6.3%, respectively. The proportions of new patients and resistance rates 
of most anti-TB drugs did not decrease during the study period. The number of additional 
resistant drugs was significantly higher in FQ-resistant MDR-TB than in FQ-susceptible 
MDR-TB (median of 9.0 vs. 2.0). Among 26 patients with results of minimum inhibitory 
concentrations for bedaquiline (BDQ) and delamanid (DLM), one (3.8%) and three (11.5%) 
patients were considered resistant to BDQ and DLM with interim critical concentrations, 
respectively. Based on the DST results, 72.4% and 24.8% of patients were eligible for the 
World Health Organization's longer and shorter MDR-TB treatment regimen, respectively.
Conclusion: The proportions of new patients and rates of additional drug resistance in 
patients with MDR-TB were high and remain stable in South Korea. A nationwide analysis of 
DRS data is required to provide effective treatment for MDR-TB patients in South Korea.

Keywords: Multidrug-resistant; Resistance; South Korea; Tuberculosis

J Korean Med Sci. 2021 Jul 5;36(26):e174
https://doi.org/10.3346/jkms.2021.36.e174
eISSN 1598-6357·pISSN 1011-8934

Original Article

Received: Mar 5, 2021
Accepted: Jun 2, 2021

Address for Correspondence: 
Jeongha Mok, MD
Department of Internal Medicine, Pusan 
National University Hospital, Pusan National 
University School of Medicine, 179 Gudeok-ro, 
Seo-gu, Busan 49241, Republic of Korea.
E-mail: mokgamokga@gmail.com

*Taehoon Lee and Seung Jun Lee contributed 
equally to this work.

© 2021 The Korean Academy of Medical 
Sciences.
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Taehoon Lee 
https://orcid.org/0000-0002-9224-0866
Seung Jun Lee 
https://orcid.org/0000-0002-1849-5086
Doosoo Jeon 
https://orcid.org/0000-0002-8206-9487
Ho Young Lee 
https://orcid.org/0000-0001-7976-3753
Hyo-Jung Kim 
https://orcid.org/0000-0002-8867-7483
Bo Hyoung Kang 
https://orcid.org/0000-0001-5809-8360
Jeongha Mok 
https://orcid.org/0000-0001-7406-1373

Taehoon Lee ,1* Seung Jun Lee ,2* Doosoo Jeon ,3 Ho Young Lee ,4 
Hyo-Jung Kim ,5 Bo Hyoung Kang ,6 and Jeongha Mok  7,8

1 Department of Internal Medicine, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, 
Korea

2 Department of Internal Medicine, Gyeongsang National University Hospital, Gyeongsang National 
University College of Medicine, Jinju, Korea

3 Department of Internal Medicine, Pusan National University Yangsan Hospital, Pusan National University 
School of Medicine, Yangsan, Korea

4 Division of Pulmonary, Allergy and Critical Care Medicine, Department of Internal Medicine, Busan Paik 
Hospital, Inje University College of Medicine, Busan, Korea

5 Division of Pulmonary, Department of Internal Medicine, Inje University Haeundae Paik Hospital, Busan, 
Korea

6Department of Internal Medicine, Dong-A University Hospital, Busan, Korea
7 Department of Internal Medicine, Pusan National University Hospital, Pusan National University School of 
Medicine, Busan, Korea

8Biomedical Research Institute, Pusan National University Hospital, Busan, Korea

Additional Drug Resistance in Patients 
with Multidrug-resistant Tuberculosis 
in Korea: a Multicenter Study from 
2010 to 2019

Respiratory Diseases

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-9224-0866
https://orcid.org/0000-0002-9224-0866
https://orcid.org/0000-0002-1849-5086
https://orcid.org/0000-0002-1849-5086
https://orcid.org/0000-0002-8206-9487
https://orcid.org/0000-0002-8206-9487
https://orcid.org/0000-0001-7976-3753
https://orcid.org/0000-0001-7976-3753
https://orcid.org/0000-0002-8867-7483
https://orcid.org/0000-0002-8867-7483
https://orcid.org/0000-0001-5809-8360
https://orcid.org/0000-0001-5809-8360
https://orcid.org/0000-0001-7406-1373
https://orcid.org/0000-0001-7406-1373
https://orcid.org/0000-0002-9224-0866
https://orcid.org/0000-0002-1849-5086
https://orcid.org/0000-0002-8206-9487
https://orcid.org/0000-0001-7976-3753
https://orcid.org/0000-0002-8867-7483
https://orcid.org/0000-0001-5809-8360
https://orcid.org/0000-0001-7406-1373
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2021.36.e174&domain=pdf&date_stamp=2021-06-07


Disclosure
The authors have no potential conflicts of 
interest to disclose.

Author Contributions
Conceptualization: Jeon D, Mok J. Data 
curation: Lee T, Lee SJ, Jeon D, Lee HY, Kim 
HJ, Kang BH, Mok J. Formal analysis: Lee T, 
Lee SJ, Mok J. Methodology: Mok J. Writing 
- original draft: Lee T, Lee SJ, Mok J. Writing - 
review & editing: Lee T, Lee SJ, Jeon D, Lee HY, 
Kim HJ, Kang BH, Mok J.

INTRODUCTION

Multidrug-resistant tuberculosis (MDR-TB) remains a major public health concern. An 
estimated 465,000 incident cases of MDR- or rifampicin-resistant (RR)-TB were recorded 
globally in 2019 and their burden remains stable.1 Treatment outcomes of MDR/RR-TB are 
still suboptimal; only 57% of MDR/RR-TB patients successfully completed treatment in 2017.1 
Treating patients with MDR-TB is challenging due to the less effective and more toxic anti-TB 
drugs, long duration of therapy, and suboptimal patient adherence.2

Drug susceptibility test (DST) results of MDR-TB patients provide key information for 
choosing and designing the treatment regimen. Inappropriate regimens not only amplify 
drug resistance and reduce treatment success of patients, but also increase the risk of 
transmission of pathogens in the community.3,4 However, in the absence of individual DST 
results, recent representative anti-TB drug-resistance surveillance (DRS) data in a province 
or country are important to guide selection of the regimen.5 Also, as the proportion of MDR/
RR-TB patients starting treatment with limited information about the resistance of molecular 
DST (e.g., Xpert MTB/RIF assay or line probe assay) increases, DRS data are becoming more 
important for selecting an empirical regimen before full DST results are obtained.

Several nationwide South Korean anti-TB DRSs have been employed for TB patients in the 
public sector between 1994 and 2004.6 Additionally, several hospitals and laboratories 
from the private sector have reported phenotypic DST results of TB patients.7-9 Although 
previous studies have helped clarify the status and trends of MDR-TB in South Korea, detailed 
information on additional drug resistance in patients with MDR-TB is lacking.

The authors of a previous study reported the patterns and trends of additional drug resistance 
in patients with MDR-TB in South Korea using phenotypic DST results collected from seven 
hospitals from 2010 to 2014.10 Since then, many changes have been made in the diagnosis 
and treatment of MDR-TB in South Korea: universal use of molecular DSTs, the introduction 
and increased use of new and re-purposed anti-TB drugs such as bedaquiline (BDQ), 
delamanid (DLM), linezolid (LZD) and clofazimine (CFZ), and changes in the MDR-TB 
treatment guidelines. These changes may have affected the status of drug resistance in MDR-
TB patients. Therefore, the present study was conducted to update the patterns and trends of 
additional drug resistance in patients with MDR-TB in South Korea after 2014.

METHODS

Study design and data collection
This retrospective study was conducted at seven university-affiliated tertiary care hospitals 
in Busan, Ulsan, and Gyeongsangnam-do Provinces of South Korea. The hospitals that 
participated in this study were the same as in a previous study.10 Patients who were diagnosed 
with MDR-TB based on the phenotypic DST results between January 2010 and December 
2019 were included in the study. Patients with unknown previous TB treatment histories 
and previously treated patients with unknown regimens or outcomes of their most recent 
courses of TB treatment were excluded. Duplicate inter-hospital patients were also excluded 
by checking each patient's initials and birth date. If a patient had more than one DST result, 
the earlier result was used. If a patient had DST results from both pulmonary and extra-
pulmonary specimens, results from the pulmonary specimen were selected. Age, sex, history 
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of TB treatment, type of specimen, date of specimen collection, and results of the phenotypic 
DST were collected from the medical records.

DST
Six hospitals sent Mycobacterium tuberculosis isolates for the phenotypic DST to the Korean 
Institute of Tuberculosis, which is a supranational reference TB laboratory, and one hospital 
sent isolates to the Green Cross Laboratory, a commercial reference laboratory. The workflow 
used and the references of the critical concentrations did not differ between the laboratories.

The DST was performed using the absolute concentration method and Lowenstein-
Jensen medium. The drugs and their critical concentrations for resistance were as follows: 
isoniazid (INH), 0.2 and 1.0 μg/mL; rifampin (RIF), 40 μg/mL; ethambutol (EMB), 2.0 
μg/mL; rifabutin, 20 μg/mL; ofloxacin (OFX), 2.0 μg/mL; levofloxacin (LFX), 2.0 μg/mL; 
moxifloxacin (MFX), 2.0 μg/mL; streptomycin (SM), 10 μg/mL; amikacin (AMK), 40 μg/mL; 
kanamycin (KM), 40 μg/mL; capreomycin (CM), 40 μg/mL; prothionamide (PTO), 40 μg/
mL; cycloserine (CS), 30 μg/mL; p-aminosalicylic acid (PAS), 1.0 μg/mL; and LZD, 2.0 μg/mL. 
Pyrazinamide (PZA) susceptibility was determined using the pyrazinamidase test. Critical 
concentrations for resistance of AMK, KM, OFX, and MFX were changed during the study 
periods as follows: AMK and KM, 30 μg/mL in January 2014; OFX, 4.0 μg/mL in January 2016; 
and MFX, 1.0 μg/mL in August 2018. Tests for higher concentrations of INH (1.0 μg/mL as the 
critical concentration) and LZD have been available since late 2016.

Minimum inhibitory concentrations (MICs) for BDQ and DLM were measured using 7H9 
broth medium and the serial two-fold dilution method. The ranges of the concentrations 
prepared for BDQ and DLM were 0.03125–4.0 mg/L, and 0.00625–0.8 mg/L, respectively. 
Tests for the MICs of BDQ and DLM have been available since mid-2018.

Definitions
MDR-TB was defined as TB that was resistant to at least INH and RIF. Patients were classified 
based on a history of TB treatment as follows: new patients, have never been treated for TB 
or have taken anti-TB drugs for < 1 month; previously treated patients, received 1 month or 
more of anti-TB drugs in the past.11 Previously treated patients were further classified by the 
outcomes of their most recent treatment course, such as relapse, treatment after failure, and 
treatment after loss to follow-up.11 The first-line anti-TB drugs were INH, RIF, EMB, and PZA. 
SM was considered the first-line drug if it was used to treat drug-susceptible TB; otherwise, it 
was regarded as a second-line drug. Drug use was defined as the use of an anti-TB drug for 1 
month or more in the past.

Statistical analysis
Data are presented as medians with interquartile ranges (IQRs) for continuous variables, 
and as numbers with percentages for categorical variables. Continuous variables were 
compared using the Mann-Whitney U test or Kruskal-Wallis test, and categorical variables 
were compared using the Pearson's χ2 test or Fisher's exact test. The χ2 test for trends was 
performed to evaluate annual trends in drug resistance and the proportion of patients eligible 
for the treatment regimen. All tests were two-tailed, and a P value < 0.05 was considered 
significant. Statistical analysis was performed using SPSS Statistics, version 22.0 software 
(SPSS Inc., Chicago, IL, USA).
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Ethics statement
The study protocol was reviewed and approved by the Institutional Review Board of Pusan 
National University Hospital (approval No. H-2005-009-090). The need for informed consent 
was waived given the observational retrospective nature of the study. Our study had no effect 
on the diagnosis or treatment of patients. Patient information was anonymized and de-
identified before analysis.

RESULTS

Patient characteristics
After the criteria defined above were applied, a total of 10,557 culture-confirmed TB patients 
were screened during the study period. Of them, 633 (6.0%) had MDR-TB and were included 
in the final analysis. Table 1 lists the baseline characteristics of all MDR-TB patients. Their 
median age was 50.0 years (IQR, 36.0–63.0) and 64.6% were male. None of the patients 
had a human immunodeficiency virus infection. The age groups of 40–49 and 50–59 years 
accounted for the largest proportion of patients. With regard to TB treatment history, 57.0% 
of all patients were new patients. The proportion of new patients among total patients did 
not change during the study period. Among 272 previously treated patients, 212 (77.9%) 
had been treated with first-line anti-TB drugs, and 60 (22.1%) with second-line anti-TB 
drugs. There were significant differences in the proportions of outcomes of the most recent 
treatment course between the patients previously treated with first-line drugs and those 
previously treated with second-line drugs (P < 0.001): relapse (84.9% vs. 36.7%); treatment 
after failure (6.6% vs. 33.3%); and treatment after loss to follow-up (8.5% vs. 30.0%).

Pattern and trend of additional drug resistance
Table 2 lists the rates of additional drug resistance among all MDR-TB patients. All patients 
had additional resistance to a median of three drugs (IQR, 2.0–7.0) (excluding INH, RIF, 
a higher concentration of INH, and LZD). The resistance rates of the drugs in groups A 
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Table 1. Baseline characteristics of patients with multidrug-resistant tuberculosis
Characteristics Values (n = 633)
Male, sex 409 (64.6)
Age, yr 50.0 (36.0–63.0)
Age group, yr

0–9 1 (0.2)
10–19 14 (2.2)
20–29 80 (12.6)
30–39 94 (14.8)
40–49 117 (18.5)
50–59 130 (20.5)
60–69 94 (14.8)
70–79 72 (11.4)
≥ 80 31 (4.9)

Specimen for drug susceptibility test
Pulmonary 612 (96.7)
Extra-pulmonary 21 (3.3)

Treatment history for tuberculosis
New patient 361 (57.0)
Previously treated patient 272 (43.0)

Relapse 202 (31.9)
Treatment after failure 34 (5.4)
Treatment after loss to follow-up 36 (5.7)

Continuous variables are presented as medians (interquartile ranges) and categorical variables as numbers (%).



and B according to the World Health Organization (WHO) guidelines were as follows12: 
any fluoroquinolone ([FQ]; OFX, LFX, or MFX; 26.2%), LZD (0.0%), and CS (6.3%). The 
resistance rates for drugs in group C were: EMB (63.3%), PZA (41.4%), SM (34.6%), PAS 
(26.9%), PTO (16.9%), and AMK (14.5%). Seventy-two patients (11.4%) had extensively 
drug-resistant (XDR)-TB (based on a previous definition: TB resistant to any FQ and at least 
one of three second-line injectable drugs [CM, KM, or AMK], in addition to MDR). The 
resistance rates of PZA, FQ, KM, and PTO were higher in previously treated patients than in 
new patients. During the 10-year study period, the resistance rate of PZA tended to increase, 
whereas that of PAS tended to decrease. However, no significant changes in the trends in 
resistance were observed to any of the other drugs (Table 3).

Table 4 compares additional drug resistance rates between FQ-susceptible and FQ-resistant 
MDR-TB. All drugs except SM, a higher concentration of INH, and LZD had higher rates of 
resistance in patients with FQ-resistant MDR-TB. The number of additional resistant drugs 
(excluding INH, RIF, a higher concentration of INH, and LZD) was significantly higher in FQ-
resistant MDR-TB than in FQ-susceptible MDR-TB (median of 9.0 vs. 2.0).

MICs of BDQ and DLM
Twenty-six patients had MIC results for BDQ and DLM. Fig. 1 presents the overall MIC 
distribution of the patients. When an interim critical concentration of 0.25 mg/L was applied 
for BDQ resistance,13,14 one patient (3.8%) was resistant to BDQ. When the interim critical 
concentration of 0.016 mg/L was applied for DLM resistance,13 three patients (11.5%) were 
resistant to DLM; the results remained unchanged if 0.06 or 0.2 mg/L was applied as the 
critical concentration of DLM resistance.15,16 One BDQ-resistant patient had a history of 
treatment failure with a BDQ- and CFZ-containing regimen. Among the three patients 
resistant to DLM, one had never been treated for TB in the past, and the remaining two 
patients had histories of TB treatments with first-line anti-TB drugs only.
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Table 2. Drug resistance rates based on the treatment history of patients with multidrug-resistant tuberculosis
Drugs Resistance Pa value P for trenda

New (n = 361) First-line drugs (n = 212) Second-line drugs (n = 60) Total (n = 633)
RFB 250 (69.3) 150 (70.8) 48 (80.0) 448 (70.8) 0.238 0.146
EMB 236 (65.4) 128 (60.4) 37 (61.7) 401 (63.3) 0.468 0.301
PZA 134 (37.1) 90 (42.5) 38 (63.3) 262 (41.4) 0.001 0.001
OFX 72 (19.9) 51 (24.1) 39 (65.0) 162 (25.6) < 0.001 < 0.001
LFX 69 (19.1) 46 (21.7) 37 (61.7) 152 (24.0) < 0.001 < 0.001
MFX 54 (15.0) 39 (18.4) 35 (58.3) 128 (20.2) < 0.001 < 0.001
SM 138 (38.2) 62 (29.2) 19 (31.7) 219 (34.6) 0.082 0.061
AMK 48 (13.3) 30 (14.2) 14 (23.3) 92 (14.5) 0.122 0.097
KM 52 (14.4) 38 (17.9) 22 (36.7) 112 (17.7) < 0.001 < 0.001
CM 44 (12.2) 28 (13.2) 12 (20.0) 84 (13.3) 0.256 0.160
PTO 47 (13.0) 36 (17.0) 24 (40.0) 107 (16.9) < 0.001 < 0.001
CS 17 (4.7) 16 (7.5) 7 (11.7) 40 (6.3) 0.081 0.026
PAS 94 (26.0) 55 (25.9) 21 (35.0) 170 (26.9) 0.327 0.289
INHhigh b,c 79/103 (76.7) 36/58 (62.1) 10/12 (83.3) 125/173 (72.3) 0.093 0.377
LZDc 0/65 (0.0) 0/48 (0.0) 0/5 (0.0) 0/118 (0.0) NA NA
FQr-MDR-TBd 75 (20.8) 51 (24.1) 40 (66.7) 166 (26.2) < 0.001 < 0.001
No. of resistant drugse 2.0 (2.0–5.0) 2.5 (2.0–6.0) 7.0 (3.5–10.0) 3.0 (2.0–7.0) < 0.001
Continuous variables are presented as medians (interquartile ranges) and categorical variables as numbers (%).
RFB = rifabutin, EMB = ethambutol, PZA = pyrazinamide, OFX = ofloxacin, LFX = levofloxacin, MFX = moxifloxacin, SM = streptomycin, AMK = amikacin, KM = 
kanamycin, CM = capreomycin, PTO = prothionamide, CS = cycloserine, PAS = p-aminosalicylic acid, INH = isoniazid, LZD = linezolid, FQr = fluoroquinolone-
resistant, MDR = multidrug-resistant, TB = tuberculosis, NA = not applicable.
aComparison of new patients, patients previously treated with first-line drugs and patients previously treated with second-line drugs; bHigher concentration 
of isoniazid (critical concentration of 1.0 μg/mL); cNumber of resistant patients/total tested patients (%); dMultidrug-resistant tuberculosis resistant to any 
fluoroquinolone (ofloxacin, levofloxacin or moxifloxacin); eExcluding isoniazid, rifampin, a higher concentration of isoniazid, and linezolid.



Eligibility for the treatment regimen
Of all patients, 458 (72.4%) were susceptible to all FQs and CS. Assuming that these patients 
were also susceptible to BDQ, LZD, and CFZ, they would be eligible for WHO's longer 
treatment regimen without drug modification.12 In total, 447 patients (70.6%) were eligible 
for the WHO's shorter all-oral BDQ-containing regimen after applying the inclusion criteria 
of “MDR-TB patients who have not been exposed to treatment with second-line drugs for 
more than 1 month, and in whom resistance to FQs has been excluded.”12 However, if the 
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Table 3. Trends in the rate of additional drug resistance in patients with multidrug-resistant tuberculosis
Drugs Resistance, No. (%) of patients P for 

trend2010 (n = 86) 2011 (n = 99) 2012 (n = 66) 2013 (n = 74) 2014 (n = 53) 2015 (n = 53) 2016 (n = 63) 2017 (n = 52) 2018 (n = 48) 2019 (n = 39)
New 50 (58.1) 54 (54.5) 41 (62.1) 41 (55.4) 30 (56.6) 27 (50.9) 36 (57.1) 28 (53.8) 33 (68.8) 21 (53.8) 0.859
Previously 
treated

36 (41.9) 45 (45.5) 25 (37.9) 33 (44.6) 23 (43.4) 26 (49.1) 27 (42.9) 24 (46.2) 15 (31.3) 18 (46.2)

RFB 56 (65.1) 71 (71.7) 48 (72.7) 51 (68.9) 38 (71.7) 42 (79.2) 36 (57.1) 39 (75.0) 39 (81.3) 28 (71.8) 0.333
EMB 54 (62.8) 67 (67.7) 37 (56.1) 48 (64.9) 35 (66.0) 28 (52.8) 48 (76.2) 29 (55.8) 33 (68.8) 22 (56.4) 0.843
PZA 29 (33.7) 38 (38.4) 14 (21.2) 34 (45.9) 20 (37.7) 26 (49.1) 27 (42.9) 31 (59.6) 26 (54.2) 17 (43.6) 0.001
OFX 22 (25.6) 25 (25.3) 15 (22.7) 25 (33.8) 9 (17.0) 18 (34.0) 18 (28.6) 15 (28.8) 10 (20.8) 5 (12.8) 0.480
LFX 20 (23.3) 22 (22.2) 14 (21.2) 23 (31.1) 9 (17.0) 16 (30.2) 19 (30.2) 14 (26.9) 10 (20.8) 5 (12.8) 0.845
MFX 17 (19.8) 19 (19.2) 11 (16.7) 20 (27.0) 9 (17.0) 12 (22.6) 13 (20.6) 12 (23.1) 10 (20.8) 5 (12.8) 0.924
SM 24 (27.9) 27 (27.3) 21 (31.8) 27 (36.5) 23 (43.4) 21 (39.6) 28 (44.4) 18 (34.6) 21 (43.8) 9 (23.1) 0.092
AMK 17 (19.8) 9 (9.1) 7 (10.6) 16 (21.6) 7 (13.2) 6 (11.3) 9 (14.3) 9 (17.3) 4 (8.3) 8 (20.5) 0.995
KM 18 (20.9) 16 (16.2) 7 (10.6) 19 (25.7) 8 (15.1) 7 (13.2) 13 (20.6) 12 (23.1) 4 (8.3) 8 (20.5) 0.829
CM 18 (20.9) 10 (10.1) 4 (6.1) 16 (21.6) 5 (9.4) 6 (11.3) 9 (14.3) 7 (13.5) 3 (6.3) 6 (15.4) 0.355
PTO 18 (20.9) 20 (20.2) 7 (10.6) 15 (20.3) 6 (11.3) 12 (22.6) 10 (15.9) 9 (17.3) 8 (16.7) 2 (5.1) 0.147
CS 9 (10.5) 10 (10.1) 2 (3.0) 3 (4.1) 3 (5.7) 2 (3.8) 5 (7.9) 4 (7.7) 1 (2.1) 1 (2.6) 0.065
PAS 27 (31.4) 42 (42.4) 15 (22.7) 25 (33.8) 10 (18.9) 11 (20.8) 11 (17.5) 17 (32.7) 8 (16.7) 4 (10.3) < 0.001
FQr-MDR-TBa 22 (25.6) 28 (28.3) 15 (22.7) 25 (33.8) 9 (17.0) 18 (34.0) 19 (30.2) 15 (28.8) 10 (20.8) 5 (12.8) 0.369
RFB = rifabutin, EMB = ethambutol, PZA = pyrazinamide, OFX = ofloxacin, LFX = levofloxacin, MFX = moxifloxacin, SM = streptomycin, AMK = amikacin, KM = 
kanamycin, CM = capreomycin, PTO = prothionamide, CS = cycloserine, PAS = p-aminosalicylic acid, FQr = fluoroquinolone-resistant, MDR = multidrug-resistant, 
TB = tuberculosis.
aMultidrug-resistant tuberculosis resistant to any fluoroquinolone (ofloxacin, levofloxacin, or moxifloxacin).

Table 4. Comparison of resistance patterns between patients with fluoroquinolone-susceptible and resistant multidrug-resistant tuberculosis
Drugs Resistance Pc value

FQs-MDR-TBa (n = 467) FQr-MDR-TBb (n = 166) Total (n = 633)
RFB 312 (66.8) 136 (81.9) 448 (70.8) < 0.001
EMB 264 (56.5) 137 (82.5) 401 (63.3) < 0.001
PZA 139 (29.8) 123 (74.1) 262 (41.4) < 0.001
OFX 0 (0.0) 162 (97.6) 162 (25.6) < 0.001
LFX 0 (0.0) 152 (91.6) 152 (24.0) < 0.001
MFX 0 (0.0) 128 (77.1) 128 (20.2) < 0.001
SM 162 (34.7) 57 (34.3) 219 (34.6) 0.935
AMK 39 (8.4) 53 (31.9) 92 (14.5) < 0.001
KM 43 (9.2) 69 (41.6) 112 (17.7) < 0.001
CM 35 (7.5) 49 (29.5) 84 (13.3) < 0.001
PTO 30 (6.4) 77 (46.4) 107 (16.9) < 0.001
CS 9 (1.9) 31 (18.7) 40 (6.3) < 0.001
PAS 78 (16.7) 92 (55.4) 170 (26.9) < 0.001
INHhigh d,e 96/133 (72.2) 29/40 (72.5) 125/173 (72.3) 0.968
LZDe 0/92 (0.0) 0/26 (0.0) 0/118 (0.0) NA
No. of resistant drugsf 2.0 (1.0–3.0) 9.0 (7.0–11.0) 3.0 (2.0–7.0) < 0.001
Continuous variables are presented as medians (interquartile ranges) and categorical variables as numbers (%).
RFB = rifabutin, EMB = ethambutol, PZA = pyrazinamide, OFX = ofloxacin, LFX = levofloxacin, MFX = moxifloxacin, SM = streptomycin, AMK = amikacin, KM = 
kanamycin, CM = capreomycin, PTO = prothionamide, CS = cycloserine, PAS = p-aminosalicylic acid, INH = isoniazid, LZD = linezolid, FQs = fluoroquinolone-
susceptible, FQr = fluoroquinolone-resistant, MDR = multidrug-resistant, TB = tuberculosis, NA = not applicable.
aMultidrug-resistant tuberculosis susceptible to all fluoroquinolones (ofloxacin, levofloxacin, and moxifloxacin); bMultidrug-resistant tuberculosis resistant 
to any fluoroquinolone (ofloxacin, levofloxacin or moxifloxacin); cComparison of patients with fluoroquinolone susceptible and resistant multidrug-resistant 
tuberculosis; dHigher concentration of isoniazid (critical concentration of 1.0 μg/mL); eNumber of resistant patients/total tested patients (%); fExcluding 
isoniazid, rifampin, a higher concentration of isoniazid, and linezolid.



strict inclusion criteria, “MDR-TB patients without resistance to a medicine in the shorter 
regimen” were applied,12 only 157 patients (24.8%) were fully susceptible to all FQs, PTO, 
EMB, and PZA, and thus were eligible for the shorter regimen (even if all patients were 
assumed to be susceptible to both BDQ and CFZ). Fig. 2 presents the annual trends in the 
proportion of patients eligible for the longer and shorter (with strict inclusion criteria) 
regimens, respectively. The proportion did not change during the study period.

DISCUSSION

In the present study, additional drug resistance of MDR-TB patients was not only high for 
companion drugs but also for FQ, a core second-line anti-TB drug. The resistance rate did 
not exhibit a decreasing trend for most anti-TB drugs during the study period. More than half 
of all MDR-TB patients were classified as new patients, and this proportion did not decrease 
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Fig. 1. Overall distribution of minimum inhibitory concentrations in 26 patients with multidrug-resistant tuberculosis. (A) Bedaquiline. (B) Delamanid. 
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over time. These findings are not different from those of a previous study,10 suggesting that 
inappropriate treatment and management of MDR-TB patients is not improving in South Korea.

Because injectables are no longer considered the core drugs to treat MDR-TB, the 
classification of MDR-TB was simplified to FQ-susceptible or FQ-resistant MDR-TB (the latter 
is so-called pre-XDR-TB).17 In other words, FQ has increased in importance as a core drug for 
treating MDR-TB. In our study, the proportion of FQ-resistant MDR-TB among all patients 
was 26.2%, which is comparable with the global estimate of 20.1%.1 Furthermore, the 
proportion did not decrease during the study period. FQ-resistance in MDR-TB patients may 
be due to the widespread uncontrolled use of FQs in the community because FQs are widely 
used for various infectious diseases.18 Also, suboptimal TB treatment with an FQ-containing 
regimen and inappropriate patient management may generate and amplify FQ resistance in 
MDR-TB patients at the individual level.19

The treatment outcomes of patients with FQ-resistant MDR-TB are poor.20,21 One of the main 
reasons for this is the difficulty building an effective treatment regimen due to the high rate 
of resistance to other drugs. In our study, patients with FQ-resistant MDR-TB had additional 
resistances to a median of nine drugs. To improve the treatment outcomes of patients with 
FQ-resistant MDR-TB, it is important to provide an effective empirical treatment regimen 
based on DRS data and the patient's treatment history until full DST results are obtained. 
Rapid detection of FQ resistance is also essential for a positive outcome in MDR-TB patients. 
However, a rapid molecular DST for FQ resistance (e.g., line probe assay for second-line 
drugs; GenoType MTBDRsl) is not yet widely available in South Korea. The universal use of 
this rapid test in routine practice is urgently needed. The recently developed Xpert MTB/XDR 
assay may be promising.

In our study, 72.4% of patients were eligible for the WHO's longer MDR-TB treatment 
regimen.12 However, this percentage may have been overestimated because only FQ and 
CS resistance was considered for eligibility. Although resistance to BDQ, LZD, and CFZ 
was expected to be low as these drugs have not been widely used to treat MDR-TB in South 
Korea, resistance can occur in the absence of antimicrobial exposure.22 Although standard 
critical concentrations have not been established, several studies have reported the primary 
resistances of BDQ, DLM, and CFZ with interim critical concentrations.22-25 In our study, 
among the 26 patients with MIC results for BDQ and DLM, one and three patients were 
considered to have resistance to BDQ and DLM, respectively. None of the three DLM-
resistant patients had previously been treated with a DLM-containing regimen. These results 
may be due to true primary resistance, but they may also be due to incomplete DST methods 
or critical concentrations. Reliable and reproducible DST methods should be established, 
particularly for new and repurposed anti-TB drugs that are now defined as core drugs. The 
wide use of these drugs without the support of accurate DST methods will inevitably increase 
resistance rates.

The WHO recently updated the guidelines for a shorter MDR-TB treatment regimen in which 
injectables are replaced with BDQ.12 In our study, only 24.8% of patients were eligible for the 
shorter regimen with strict inclusion criteria. The most common reason for exclusion was 
resistance to PZA or EMB. However, recent studies have suggested that initial resistance to 
companion drugs in the shorter regimen (e.g., PZA, EMB, or PTO) has no or minimal effect 
on treatment outcomes of MDR-TB patients if their isolates are susceptible to core drugs.26,27 
Also, the phenotypic DST for several drugs, such as EMB and PTO, may not be reliable and 
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reproducible.12 Further investigations are needed to clarify these issues. Until clear evidence 
of inclusion for the shorter regimen is established, an individualized longer regimen based 
on DST results is a reasonable choice in the South Korean context.

Primary drug resistance is an indicator of the effectiveness of a TB control program. It reflects 
suboptimal treatment and management of TB patients and the spread of the pathogen under 
inappropriate infection control. In our study, more than half of all MDR-TB patients were 
classified as new patients, and this proportion did not decrease over time. In addition to 
providing an effective treatment regimen for MDR-TB patients, a comprehensive TB control 
program that encompasses diagnosis, prevention, patient management, and infection control 
measures is needed to reduce the transmission of and victims of this difficult-to-treat pathogen.

Our study had several limitations. First, our results were based on regional data derived 
from seven private hospitals and may not represent the general South Korean population. 
However, according to the 2019 nationwide notification data, 15.3% of all TB cases in South 
Korea were reported in our province, and 96.9% of all TB cases were reported from private 
sectors.28 Second, all hospitals that participated in the study were university-affiliated tertiary 
care hospitals, so referral or selection bias may have been involved. However, the majority 
of MDR-TB patients in South Korea are transferred to and treated at tertiary care hospitals. 
Third, critical concentrations for several drugs changed during the study period, and tests 
for LZD and higher concentrations of INH could not be performed during the entire study 
period, which may limit the interpretation of the results.

In conclusion, the proportion of new patients and rates of additional drug resistance in MDR-
TB patients in South Korea were high and did not decrease during a 10-year period. Effective 
treatment for MDR-TB patients in South Korea will require the widespread use of a rapid 
molecular DST for FQ and the introduction of reliable DST methods for core second-line anti-
TB drugs, as well as analyses of nationwide DRS data collected using standardized methods.

REFERENCES

 1. World Health Organization. Global tuberculosis report 2020. https://apps.who.int/iris/bitstream/hand
le/10665/336069/9789240013131-eng.pdf. Updated 2020. Accessed March 6, 2021.

 2. Lange C, Abubakar I, Alffenaar JWC, Bothamley G, Caminero JA, Carvalho ACC, et al. Management of 
patients with multidrug-resistant/extensively drug-resistant tuberculosis in Europe: a TBNET consensus 
statement. Eur Respir J 2014;44(1):23-63. 
PUBMED | CROSSREF

 3. Dheda K, Gumbo T, Gandhi NR, Murray M, Theron G, Udwadia Z, et al. Global control of tuberculosis: 
from extensively drug-resistant to untreatable tuberculosis. Lancet Respir Med 2014;2(4):321-38. 
PUBMED | CROSSREF

 4. Yang C, Luo T, Shen X, Wu J, Gan M, Xu P, et al. Transmission of multidrug-resistant Mycobacterium 
tuberculosis in Shanghai, China: a retrospective observational study using whole-genome sequencing and 
epidemiological investigation. Lancet Infect Dis 2017;17(3):275-84. 
PUBMED | CROSSREF

 5. World Health Organization. WHO operational handbook on tuberculosis. Module 4: treatment - drug-
resistant tuberculosis treatment. https://www.who.int/publications/i/item/9789240006997. Updated 
2020. Accessed March 6, 2021.

 6. Bai GH, Park YK, Choi YW, Bai JI, Kim HJ, Chang CL, et al. Trend of anti-tuberculosis drug resistance in 
Korea, 1994–2004. Int J Tuberc Lung Dis 2007;11(5):571-6.
PUBMED

9/11https://jkms.org https://doi.org/10.3346/jkms.2021.36.e174

Additional Drug Resistance of MDR-TB

http://www.ncbi.nlm.nih.gov/pubmed/24659544
https://doi.org/10.1183/09031936.00188313
http://www.ncbi.nlm.nih.gov/pubmed/24717628
https://doi.org/10.1016/S2213-2600(14)70031-1
http://www.ncbi.nlm.nih.gov/pubmed/27919643
https://doi.org/10.1016/S1473-3099(16)30418-2
http://www.ncbi.nlm.nih.gov/pubmed/17439684


 7. Choi JC, Lim SY, Suh GY, Chung MP, Kim H, Kwon OJ, et al. Drug resistance rates of Mycobacterium 
tuberculosis at a private referral center in Korea. J Korean Med Sci 2007;22(4):677-81. 
PUBMED | CROSSREF

 8. Lee HY, Lee J, Lee YS, Kim MY, Lee HK, Lee YM, et al. Drug-resistance pattern of Mycobacterium tuberculosis 
strains from patients with pulmonary and extrapulmonary tuberculosis during 2006 to 2013 in a Korean 
tertiary medical center. Korean J Intern Med 2015;30(3):325-34. 
PUBMED | CROSSREF

 9. Kim SY, Kim HJ, Kim CK, Yoon HR, Bae HG, Lee SH, et al. The recent status of multidrug-and extensively 
drug-resistant tuberculosis in Korea. Tuberc Respir Dis (Seoul) 2010;68(3):146-54. 
CROSSREF

 10. Mok JH, Kang BH, Lee T, Lee HK, Jang HJ, Cho YJ, et al. Additional drug resistance patterns among 
multidrug-resistant tuberculosis patients in Korea: implications for regimen design. J Korean Med Sci 
2017;32(4):636-41. 
PUBMED | CROSSREF

 11. World Health Organization. Definitions and reporting framework for tuberculosis - 2013 revision. https://
apps.who.int/iris/bitstream/handle/10665/79199/9789241505345_eng.pdf ?sequence=1. Updated 2020. 
Accessed March 6, 2021.

 12. World Health Organization. WHO consolidated guidelines on tuberculosis. Module 4: treatment - drug-
resistant tuberculosis treatment. https://www.who.int/publications/i/item/9789240007048. Updated 
2020. Accessed March 6, 2021.

 13. World Health Organization. Technical report on critical concentrations for drug susceptibility testing of 
medicines used in the treatment of drug-resistant tuberculosis. https://www.who.int/publications/i/item/
WHO-CDS-TB-2018.5. Updated 2018. Accessed March 6, 2021.

 14. European Committee on Antimicrobial Susceptibility Testing. Rationale for EUCAST clinical breakpoints: 
bedaquiline (version 1.3). https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_
documents/190704_Bedaquiline_rational_document.pdf. Updated 2019. Accessed March 6, 2021.

 15. European Committee on Antimicrobial Susceptibility Testing. Rationale for EUCAST clinical breakpoints: 
delamanid (version 1.2). https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Rationale_
documents/190704_Delamanid_RationalDocument.pdf. Updated 2019. Accessed March 6, 2021.

 16. Stinson K, Kurepina N, Venter A, Fujiwara M, Kawasaki M, Timm J, et al. MIC of delamanid (OPC-67683) 
against Mycobacterium tuberculosis clinical isolates and a proposed critical concentration. Antimicrob Agents 
Chemother 2016;60(6):3316-22. 
PUBMED | CROSSREF

 17. World Health Organization. Meeting report of the WHO expert consultation on the definition of 
extensively drug-resistant tuberculosis, 27–29 October 2020. https://www.who.int/publications/i/item/
meeting-report-of-the-who-expert-consultation-on-the-definition-of-extensively-drug-resistant-
tuberculosis. Updated 2021. Accessed March 6, 2021.

 18. Devasia RA, Blackman A, Gebretsadik T, Griffin M, Shintani A, May C, et al. Fluoroquinolone resistance 
in Mycobacterium tuberculosis: the effect of duration and timing of fluoroquinolone exposure. Am J Respir Crit 
Care Med 2009;180(4):365-70. 
PUBMED | CROSSREF

 19. Huang TS, Kunin CM, Lee SSJ, Chen YS, Tu HZ, Liu YC. Trends in fluoroquinolone resistance of 
Mycobacterium tuberculosis complex in a Taiwanese medical centre: 1995–2003. J Antimicrob Chemother 
2005;56(6):1058-62. 
PUBMED | CROSSREF

 20. Falzon D, Gandhi N, Migliori GB, Sotgiu G, Cox HS, Holtz TH, et al. Resistance to fluoroquinolones and 
second-line injectable drugs: impact on multidrug-resistant TB outcomes. Eur Respir J 2013;42(1):156-68. 
PUBMED | CROSSREF

 21. Lee M, Han J, Kim YR, Kwak N, Kim JH, Park O, et al. Multidrug-resistant tuberculosis in South Korea: a 
retrospective analysis of national registry data in 2011–2015. Int J Tuberc Lung Dis 2019;23(7):850-7. 
PUBMED | CROSSREF

 22. Yang JS, Kim KJ, Choi H, Lee SH. Delamanid, bedaquiline, and linezolid minimum inhibitory 
concentration distributions and resistance-related gene mutations in multidrug-resistant and extensively 
drug-resistant tuberculosis in Korea. Ann Lab Med 2018;38(6):563-8. 
PUBMED | CROSSREF

 23. Xu J, Wang B, Hu M, Huo F, Guo S, Jing W, et al. Primary clofazimine and bedaquiline resistance 
among isolates from patients with multidrug-resistant tuberculosis. Antimicrob Agents Chemother 
2017;61(6):e00239-17. 
PUBMED | CROSSREF

10/11https://jkms.org https://doi.org/10.3346/jkms.2021.36.e174

Additional Drug Resistance of MDR-TB

http://www.ncbi.nlm.nih.gov/pubmed/17728509
https://doi.org/10.3346/jkms.2007.22.4.677
http://www.ncbi.nlm.nih.gov/pubmed/25995663
https://doi.org/10.3904/kjim.2015.30.3.325
https://doi.org/10.4046/trd.2010.68.3.146
http://www.ncbi.nlm.nih.gov/pubmed/28244290
https://doi.org/10.3346/jkms.2017.32.4.636
http://www.ncbi.nlm.nih.gov/pubmed/26976868
https://doi.org/10.1128/AAC.03014-15
http://www.ncbi.nlm.nih.gov/pubmed/19483111
https://doi.org/10.1164/rccm.200901-0146OC
http://www.ncbi.nlm.nih.gov/pubmed/16204341
https://doi.org/10.1093/jac/dki353
http://www.ncbi.nlm.nih.gov/pubmed/23100499
https://doi.org/10.1183/09031936.00134712
http://www.ncbi.nlm.nih.gov/pubmed/31439118
https://doi.org/10.5588/ijtld.18.0658
http://www.ncbi.nlm.nih.gov/pubmed/30027700
https://doi.org/10.3343/alm.2018.38.6.563
http://www.ncbi.nlm.nih.gov/pubmed/28320727
https://doi.org/10.1128/AAC.00239-17


 24. Villellas C, Coeck N, Meehan CJ, Lounis N, de Jong B, Rigouts L, et al. Unexpected high prevalence of 
resistance-associated Rv0678 variants in MDR-TB patients without documented prior use of clofazimine 
or bedaquiline. J Antimicrob Chemother 2017;72(3):684-90.
PUBMED

 25. Wen S, Jing W, Zhang T, Zong Z, Xue Y, Shang Y, et al. Comparison of in vitro activity of the 
nitroimidazoles delamanid and pretomanid against multidrug-resistant and extensively drug-resistant 
tuberculosis. Eur J Clin Microbiol Infect Dis 2019;38(7):1293-6. 
PUBMED | CROSSREF

 26. Trébucq A, Schwoebel V, Kashongwe Z, Bakayoko A, Kuaban C, Noeske J, et al. Treatment outcome 
with a short multidrug-resistant tuberculosis regimen in nine African countries. Int J Tuberc Lung Dis 
2018;22(1):17-25. 
PUBMED | CROSSREF

 27. Lempens P, Decroo T, Aung KJM, Hossain MA, Rigouts L, Meehan CJ, et al. Initial resistance to 
companion drugs should not be considered an exclusion criterion for the shorter multidrug-resistant 
tuberculosis treatment regimen. Int J Infect Dis 2020;100:357-65. 
PUBMED | CROSSREF

 28. Korea Centers for Disease Control and Prevention. Annual report on the notified tuberculosis 
patients in Korea 2019. http://www.kdca.go.kr/npt/biz/npp/portal/nppPblctDtaView.
do?pblctDtaSeAt=1&pblctDtaSn=2088. Updated 2020. Accessed March 6, 2021.

11/11https://jkms.org https://doi.org/10.3346/jkms.2021.36.e174

Additional Drug Resistance of MDR-TB

http://www.ncbi.nlm.nih.gov/pubmed/28031270
http://www.ncbi.nlm.nih.gov/pubmed/30953211
https://doi.org/10.1007/s10096-019-03551-w
http://www.ncbi.nlm.nih.gov/pubmed/29149917
https://doi.org/10.5588/ijtld.17.0498
http://www.ncbi.nlm.nih.gov/pubmed/32829049
https://doi.org/10.1016/j.ijid.2020.08.042

	Additional Drug Resistance in Patients with Multidrug-resistant Tuberculosis in Korea: a Multicenter Study from 2010 to 2019
	SUPPLEMENTARY MATERIAL
	Supplementary Table 1

	INTRODUCTION
	METHODS
	DST
	Definitions
	Statistical analysis
	Ethics statement

	RESULTS
	Pattern and trend of additional drug resistance
	MICs of BDQ and DLM
	Eligibility for the treatment regimen

	DISCUSSION
	REFERENCES


