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抗藥性結核的分類

1. 單一抗藥結核 (Mono-resistant TB)：對一種抗結核
藥抗藥。

2. 多種抗藥結核 (Poly-resistant TB)：對兩種或兩種以
上抗結核藥抗藥，但非同時對isoniazid 及rifampin 抗
藥。

3. 多重抗藥結核（Multidrug-resistant TB, MDR-TB）
：至少對 isoniazid 及 rifampin 抗藥。
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Dean AS et al. PLoS Med 2020

The global prevalence of Hr-TB was 7.4% (95% CI:6.5%-8.4%) among new TB patients.
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The global prevalence of Hr-TB was 11.4% (95% CI:9.4%-11.4%) among previously treated TB patients.
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A.N. Unissa et al. / Infection, Genetics and Evolution 45 (2016) 474–492

Bactericidal

Act on actively dividing MTB

Inhibit Mycolic Acid- Cell 
Wall- Acid Fastness

Mechanism of Isoniazid
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A.N. Unissa et al. / Infection, Genetics and Evolution 45 (2016) 474–492

Major mechanisms for 
Resistance
• Loss of the katG-encoded 

catalase peroxidase
• Overexpression or 

alterations in the INH 
target InhA

• Loss of NADH 
dehydrogenase II activity 
(ndh)

• Alterations and 
overexpression of KasA
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Low-level and High-Level-Isoniazid Resistance

•High Level Resistance 
>0.4 μg/mL (liquid media), >1.0 μg/mL (solid 
media)

•Low Level Resistance
0.1-0.4 μg/mL (liquid media), 0.2-1.0 (solid 
media)

Riviere E et al. Clin Microbiol Infect 2020
Technical manual for drug susceptibility  testing of medicines  used in the treatment of tuberculosis WHO 20188



Technical manual for drug susceptibility  testing of medicines  used in the treatment of tuberculosis WHO 2018
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Genotypic-Phenotypic Association-Not So 
Clear

Presence of a variant in the katG gene is a good marker of high-level INH resistance only if located in codon 315

Riviere E et al. Clin Microbiol Infect 2020
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Genotypes Association with Level of 
Resistance

•Genes Associated with High-Level Resistance
katG Gene, kasA Gene

•Genes Associated with low-Level Resistance
inhA (mabA) Promoter, inhA Gene Coding Sequence, ndh Gene
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Taiwan Isoniazid Resistance Genotypes Xiao YX et al. Sci Rep 2023 12



Metabolism Affects the Area 
Under Curve of INH for INH-
Resistant TB

For Example:
Low level Resistance:
17% time of effective 
concentration in fast acetylator
60% time in slow acetylator

Nagel S et al. Current Drug Metabolism 2017
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Clinical Impact of Hr-TB
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Three Key Literatures (Meta-Analysis) to Be 
Reviewed
• Menzies D et al. PLoS Med. 2009
Standardized Treatment of Active Tuberculosis in Patients with Previous Treatment and/or with Mono-resistance to Isoniazid: A Systematic 
Review and Meta-analysis

• Gegia M et al. Lancet Infect Dis. 2017 
Treatment of isoniazid-resistant tuberculosis with first-line drugs: a systematic review and meta-analysis

• Fregonese F et al. Lancet Respir Med. 2018
Comparison of different treatments for isoniazid-resistant tuberculosis: an individual patient data meta-analysis
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Literature Searched between 1948-2008

Menzies D et al. PLoS Med. 2009

1
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A single 8-mo ‘‘retreatment’’ regimen (8 mo of isoniazid, rifampin, ethambutol, with pyrazinamide added for the first 3 mo, 
and streptomycin added for the first 2 mo—2SHRZE/1HRZE/5HRE) 

Menzies D et al. PLoS Med. 200917



Insights and Conclusions

• From pooled analysis of 33 trials in 1,907 patients with mono-resistance to 
isoniazid, lower failure, relapse, and acquired drug resistance rates were 
associated with longer duration of rifampin, use of streptomycin, daily therapy 
initially, and treatment with a greater number of effective drugs

• There are few published studies to support use of the current standardized 
retreatment regimen. 

• Randomized trials of treatment of persons with isoniazid mono-resistance and/or 
a history of previous TB treatment are urgently needed.
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結核病診治指引(第三版) 2008年6月 19



Updated a previous systematic review of treatment outcomes 
associated with use of first-line drugs in patients with tuberculosis 
resistant to isoniazid but not rifampicin

Updated Review Period 2008-2015

Gegia M et al. Lancet Infect Dis. 2017 
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15% Treatment failure or relapse in Hr-TB and 4% in DS-TB

3.6% acquired drug resistance in Hr-TB and 0.6% in DS-TB
Gegia M et al. Lancet Infect Dis. 2017 
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WHO’s standard initial treatment regimen for previously untreated patients and consists of
2 months of isoniazid, rifampicin, pyrazinamide, and ethambutol, followed by 4 months of isoniazid and rifampicin.

Gegia M et al. Lancet Infect Dis. 2017 

Different Regimens for Hr-TB- WHO Standard Initial Treatment 
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WHO-Retreatment is the standard WHO-recommended regimen for previously treated people and consists of 2 
months of streptomycin, isoniazid, rifampicin, pyrazinamide, and ethambutol, followed by 1 month of isoniazid, 
rifampicin, pyrazinamide, and ethambutol, followed by 5 months of isoniazid, rifampicin, and ethambutol.

Gegia M et al. Lancet Infect Dis. 2017 

Different Regimens for Hr-TB- WHO Retreatment
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Different Regimens for Hr-TB- 6-9 mo RZE

Gegia M et al. Lancet Infect Dis. 2017 
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Gegia M et al. Lancet Infect Dis. 2017 
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Gegia M et al. Lancet Infect Dis. 2017 
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Fregonese F et al. Lancet Respir Med. 2018
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Individual Patient Data Meta-Analysis

• Individual patient data were requested for 57 cohort studies and 17 
randomised trials including 8089 patients with INH-R tuberculosis

• 33 datasets with 6424 patients, of which 3923 patients in 23 studies 
received regimens related to the study objectives

Three Important Clinical Questions
1. REZ≥ 6 months vs REZ 6 months
2. Addition of FQ 
3. Use of Streptomycin

Fregonese F et al. Lancet Respir Med. 201828



Compared with a daily regimen of 6 months of (H)REZ (REZ with or without
isoniazid), extending the duration to 8–9 months had similar outcomes

Fregonese F et al. Lancet Respir Med. 201829



Addition of a fluoroquinolone to 6 months or more of (H)REZ was associated
with significantly greater treatment success (aOR 2.8, 95% CI 1.1–7.3), but no significant 
effect on mortality (aOR 0.7, 0.4–1.1) or acquired rifampicin resistance (aOR 0.1, 0.0–1.2).

Fregonese F et al. Lancet Respir Med. 201830



Compared with 6 months or more of (H)REZ, the standardised retreatment regimen (2 
months of streptomycin, 3 months of pyrazinamide, and 8 months of isoniazid, rifampicin, 
and ethambutol) was associated with significantly worse treatment success (aOR 0.4, 0.2–
0.7)

Fregonese F et al. Lancet Respir Med. 201831



• Hr-TB, January 2004 to October 2011, recruited in 4 hospitals in 
Taiwan

• 395 patients with culture-confirmed Hr-TB (high level resistance/low-
level resistance:174 (45.9%)/221 (54.1%)

• Treatment success, n=328 (83%)/unfavorable outcomes, n=67 (17%))

• Culture conversion at 2nd month (73.7%)

Chien JY et al. Clin Microbiol Infect 201532



Chien JY et al. Clin Microbiol Infect 2015
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Hr-TB in Chang Gung Memorial Hospital During 2006 and 2007
INH low-level resistance (n=44) and INH high-level resistance (n=90)

Wang TY et al. PLoS One 2014
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Level of resistance was not associated with outcome Wang TY et al. PLoS One 201435



Treatment of Hr-TB
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WHO treatment guidelines for Hr-TB

• In patients with confirmed rifampicin-susceptible 
and isoniazid-resistant tuberculosis, treatment 
with rifampicin, ethambutol, pyrazinamide and 
levofloxacin is recommended for a duration of 6 
months 

[Conditional recommendation, very low certainty 
in the estimates of effects] 

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis37



WHO treatment guidelines for Hr-TB

• In patients with confirmed rifampicin-susceptible 
and isoniazid-resistant tuberculosis, it is not 
recommended to add streptomycin or other 
injectable agents to the treatment regimen 
[Conditional recommendation, very low
certainty in the estimates of effects] 

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis38



Scenario One

•Hr-TB is confirmed before TB treatment is 
started

Treatment with the (H)REZ-Lfx is started immediately. 

Strongly presumed Hr-TB (e.g. close contacts of Hr-TB cases with active TB) -> Start (H)REZ-Lfx
and wait for drug susceptibility test->INH sensitive-> complete 2HRZE/4HR regimen

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis39



Scenario Two

•Hr-TB is confirmed after the start of treatment 
with 2HREZ/4HR regimen 

Who had undiagnosed isoniazid resistance at the start or who 
developed isoniazid resistance later while on first-line regimen 
treatment 

Rapid molecular testing for rifampicin resistance must be done (or 
repeated)

Exclude rifampicin resistance, start (H)REZ-Lfx

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis40



Important Considerations

• Ahead of starting the (H)REZ-Lfx, it is essential that 
resistance to rifampicin be excluded

• Preferably, resistance to fluoroquinolones, and if possible to 
pyrazinamide, is similarly be excluded prior to treatment

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis41



Contraindications to (H)REZ-Lfx Regimen 

• In cases where resistance to rifampicin cannot be excluded

• Known or suspected resistance to levofloxacin

• Known intolerance to fluoroquinolones

• Known or suspected risk for prolonged QTc interval

• Pregnancy or during breastfeeding (not an absolute 
contraindication). 

In Hr-TB cases in whom a FQ cannot be used, the patient may 
still be treated with 6(H)REZ. 

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis42



Special Considerations

• Where possible, isoniazid resistance testing should also 
include information on the specific mutations associated 
with resistance to isoniazid (katG or inhA)

• In addition, knowledge about overall host acetylator status 
at country or regional level will be useful

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis43



Special Considerations

• In vitro evidence seems to suggest that when specific inhA
mutations are detected (and in the absence of any katG
mutations), increasing the dose of isoniazid is likely to be 
effective; thus, additional isoniazid to a maximum dose of up 
to 15mg/kg per day could be considered. 

• In the case of katG mutations, which more commonly confer 
higher-level resistance, the use of isoniazid even at higher-
dose is less likely to be effective 

WHO treatment guidelines for isoniazid-resistant tuberculosis: Supplement to the WHO treatment guidelines for drug-resistant tuberculosis44



結核診治指引第七版-第十二章

• WHO建議在臺灣不一定適用

• 因為大多數病人在治療前沒有DST 結果。通常是在治療1-2 個月後，才知道INH 抗藥。

• 治療1-2 個月後，如果治療反應不佳，不能忽視已產生rifampicin 抗藥(acquired rifampicin 
resistance)變成MDR-TB 的可能性，再加上fluoroquinolone 有進一步導致fluoroquinolone抗藥
的風險，而fluoroquinolone 是治療MDR-TB 的重要藥物，fluoroquinolone 抗藥的MDR-TB 非
常難治療。

• 因此為保護fluoroquinolone，使用fluoroquinolone 前必須經過專家評估，確保不產生
fluoroquinolone 抗藥。
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結核診治指引第七版-第十二章

• 選項一

每天服用RMP，EMB，PZA，±INH 6 個月。如果一開始開立標準的
四種藥物處方，卻得到藥敏結果顯示INH 抗藥時，如果以微生物、
臨床及影像學評估，病人反應良好，痰陰轉，則產rifampicin 抗藥
的風險及治療失敗的風險低，且對INH、RMP、EMB、PZA耐受良好，
可以考慮RMP，EMB，PZA，± INH 6 個月。當病人對INH 沒有不良
反應，可以繼續使用INH。

*專家建議可以考慮將INH 劑量增加 (體重>50 公斤600mg，體重
≦50kg 400mg)。當病人對INH 有不良反應，可以停用INH。
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結核診治指引第七版-第十二章

•選項二

每天服用RMP ， EMB ， PZA ， ±INH ，加上一種近代的
fluoroquinolone (FQ)( 如moxifloxacin, levofloxacin) ，和一種針劑
(amikacin/kanamycin)。Amikacin/kanamycin 使用至痰陰轉即可考慮
停用，RMP，EMB，PZA，FQ ±INH 繼續治療至6-9 個月。
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結核診治指引第七版-第十二章

•選項三

個人化治療方案。病人如果無法耐受INH、RMP、EMB、PZA 中的
某些藥物時，宜慎重調整處方，以病人可以耐受的4 種藥組成個人
化治療方案。請謹慎使用FQ，務必將因使用FQ 而導致FQ抗藥性的
可能性降到趨近於零。FQ需經過專家評估方可使用。
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FQ+ 6 months of daily rifampin, ethambutol, and pyrazinamide 
improves treatment success rates

In patients in whom toxicity from pyrazinamide is anticipated or 
experienced, or in patients with active TB with lower burden of 
disease (i.e., noncavitary), may consider shortening the duration of 
pyrazinamide when FQ is included in the regimen 

Nahid P et al. Am J Respir Crit Care Med 201949



Comparison Between Different Guidelines

臺灣結核診治指引 WHO ATS/IDSA/CDC/ERS

一般建議 RMP，EMB，PZA，
±INH  for 6 months

RMP，EMB，PZA+ 
Levofloxacin for 6 
months

RMP，EMB，PZA，
Levofloxacin for 6 
months

特別考量點 保護Fluoroquinolone，
不建議單獨加上FQ，
若要使用FQ，則要
加針劑
Amikacin/Kanamycin
保護

個人資料統合分析
顯示加上
Levofloxacin對預後
有幫助。

可在特定情形下縮
短PZA使用的時間。
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WHO consolidated guidelines on tuberculosis Module 3 2020

Linear Probe Assays 
for Isoniazid 
Resistance Detection
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WHO consolidated guidelines on tuberculosis Module 3 2020
Nathavitharana R et al. Eur Respir J 2017

LPAs are not recommended for the direct testing of sputum smear-negative specimens.
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Xpert MTB/XDR 

• Individuals presenting with pulmonary tuberculosis symptoms and at 

least one risk factor for drug resistance in four sites in India, Moldova, 
and South Africa between 2019 and 2020

• Xpert MTB/XDR assay was used as a reflex test to detect resistance to 
isoniazid, fluoroquinolones, ethionamide, amikacin, kanamycin, and 
capreomycin in adults with positive results for Mycobacterium 
tuberculosis complex on Xpert MTB/RIF or Ultra (Cepheid).

Penn-Nicholson Adam et al. Lancet Infect Dis 2022  53



Penn-Nicholson Adam et al. Lancet Infect Dis 2022  54



Take Home Message

• Isoniazid mono-resistance is the most prevalent drug-resistant TB

• Isoniazid resistance is associated with worse treatment outcome and 
higher risk for acquired drug resistance 

• Before adding levofloxacin to regimen, always exclude additional drug 
resistance (particularly levofloxacin/rifampicin)

• Novel rapid molecular testing may provide more timely diagnosis of 
isoniazid resistance 
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Thanks for Your Attention!
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