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Tuberculosis

Global Burden of TB

 Estimated 10.4 million in 2016

• 140 / 100,000 population

• 6.3 million new cases reported

• 3.6 million bacteriologically confirmed

 Estimated RR/ MDR TB : 600,000 new cases

• Estimated 4.1% (2.8-5.3) of new cases, 19%
(9.8-27) of previously treated cases

• 153,119 RR/MDR cases were notified (26%)

TB burden in Korea

 39,245 cases notified in 2016

• 76.8 /100,000 population

• 30,892 new cases

 852 MDR-TB new cases notified

 59 XDR-TB new cases notified

 Percentage of TB cases with MDR/RR-TB: 
2016 survey (WHO report )

• New cases : 3.4 % (3.1-3.7)

• Previously treated : 11% (9.4-12)

WHO TB report 2017 결핵 환자 신고 연보 2016



WHO TB report 2017

39 %
Insufficient 
Diagnosis

TB detection
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detection 



Xpert MTB/RIF vs Xpert MTB/RIF Ultra

• For better TB detection
• 1) inclusion of two new PCR assays that targets tow different multi-copy genes, 

IS6110, IS1081

• 2) conversion of the rpoB and IS6110 assays into fully nested PCRs

• 3) use of a larger PCR tube (25 -> 50ul PCR tube)

• To improve the accuracy of rifampicin resistance detection
• Incorporates melting temperature-based analysis instead of real-time PCR

Mbio 2017;8:e00812
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• Prospective, multicenter, diagnostic accuracy study

• Investigational assay : Xpert MTB/RIF Ultra (Xpert Ultra)
• To improve sensitivity, two different multicopy amplification targets (IS6110 and 

IS1081), uses improved assay chemistry and cartilage design

• Population 
• Adult, pulmonary TB
• Multinational (South Africa, Uganda, Kenya, India, China, Georgia, Belarus, and Brazil)
• Case detection group, multidrug-resistant risk group

• Primary outcome
• To estimate and compare sensitivity of Xpert Ultra with that of Xpert for detection of 

smear-negative TB and RR
• To estimate and compare  Xpert Ultra and Xpert specificities for detection of RR

Lancet Infect Dis 2018;18:76



2001 participants enrolled

1753 participants in the analysis

462 culture-positive
70% smear +
30% smear -

2 smear result missing

977 culture-negative

1439 in case detection group

215 culture-positive
80% smear +
20% smear -

99 culture-negative

314 in MDR risk group 

Lancet Infect Dis 2018;18:76



Tuberculosis detection
Detection of Rifampicin 
resistance

Sensitivity 
all culture +

Sensitivity 
smear -

Sensitivity 
HIV+

Specificity Sensitivity Specificity

Xpert 83 % 46% 77% 98% 95% 98%

(79-86) (37-55) (68-84) (97-99) (91-98) (95-99)

Xpert Ultra 88% 63% 90% 96% 95% 98%

(85-91) (54-71) (83-95) (94-97) (91-98) (97-99)

Difference
(Ultra-Xpert)

5.4% 17% 13% -2.7% -0.6% 0.3%

3.3-8.0 10-24 6.4-21 -3.9 - -1.7 -3.2 – 1.6 -0.7-1.5

Non-inferiority 
margin

Not 
predefined

-7%
Not 
predefined

Not 
predefined

-3% -3%

Xpert MTB/RIF vs Xpert MTB/RIF Ultra

Lancet Infect Dis 2018;18:76
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• The current WHO recommendations for the use of Xpert MTB/RIF also 

apply to the use of Ultra as the initial diagnostic test for all adults and 

children with signs and symptoms of TB and in the testing of selected 

extrapulmonary specimens (CSF, lymph nodes and tissue specimens).

WHO 2017 Technical meeting 



Rapid molecular test_line probe assay

MTB DR assay MTB DRsl assay



MTBDRsl assay in RR/MDR TB detection

Sensitivity Specificity 

FQ
Direct (sputum) 0.86 (0.75-0.93) 0.99 (0.97-0.99)

Indirect (culture) 0.86 (0.79-0.90) 0.99 (0.97-0.99)

SLID
Direct (sputum) 0.87 (0.38-0.99) 0.99 (0.94-1.00)

Indirect (culture) 0.77 (0.63-0.86) 0.99 (0.97-1.00)

XDR
Direct (sputum) 0.69 (0.39-0.89) 0.99 (0.95-0.99)

Indirect (culture) 0.69 (0.39-0.89) 0.99 (0.95-0.99)

WHO Policy Guidance 2016



WHO policy recommendation

1) For patients with confirmed rifampicin-resistant TB or MDR-TB, SL-
LPA may be used as the initial test, instead of phenotypic culture-based 
DST, to detect resistance to fluoroquinolones
• (Conditional recommendation; moderate certainty in the evidence for test accuracy for direct testing of sputum specimens; low

certainty in the evidence for test accuracy for indirect testing of Mycobacterium tuberculosis cultures).

2) For patients with confirmed rifampicin-resistant TB or MDR-TB, SL-
LPA may be used as the initial test, instead of phenotypic culture-based 
DST, to detect resistance to the second-line injectable drugs
• (Conditional recommendation; low certainty in the evidence for test accuracy for direct testing of sputum specimens; very low

certainty in the evidence for test accuracy for indirect testing of Mycobacterium tuberculosis cultures).

WHO Policy Guidance 2016



Performance of the GenoType MTBDRsl assay for the 
detection second-line anti-TB drug resistance

Sensitivity Specificity Accuracy K value

Sputum (n=23) 

Any FQs 85.7 (42.1-99.6) 81.3 (54.4-96.0) 82.6 (61.2-95.0) 0.620 (0.289-0.950)

Any SLIDs 100 (19.4-100) 95 (75.1-99.9) 95.7 (78.1-99.9) 0.832 (0.515-1.149)

Culture (n=84)

Any FQs 88 (68.8-97.5) 98.3 (90.9-100) 95.2 (88.3-98.7) 0.883 (0.772-0.995)

Any SLIDs 86.7 (59.5-98.3) 100 (92.3-100) 97.6 (91.7-99.7) 0.914 (0.798-1.031)

Total (n=107)

Any FQs 87.5 (71.0-96.5) 94.7 (86.9-98.5) 92.5 (85.8-96.7) 0.822 (0.703-0.940)

Any SLIDs 88.9 (65.3-98.6) 98.9 (93.9-100) 97.2 (92.0-99.4) 0.898 (0.784-1.012)

J Infect Chemother 2017;23:820



Xpert MTB/RIF and INH/FQ/SLID

• Blinded, multicenter, prospective diagnostic accuracy study. 

• Investigational assay
• Automated, cartilage-based molecular assay for the detection of resistanc to FQ, 

AG, INH
• INH (KatG, inhA), FQ (gyrA, gyrB), KM/AMK (rrs,eis promoter regions)

• Population
• China, South Korea
• Case-detection group
• Drug-resistance – risk group

• Primary outcome
• To determine the sensitivity and specificity of the investigational assay for the 

detection of MTB with resistance to isoniazid, moxifloxacin, ofloxacin, amikacin, 
kanamycin

• Reference standard : phenotypic DST (liquid), DNA sequencing of the genes katG, 
gyrA, gyrB, rrs, eis and inhA promoter

N Eng J Med 2017;377:1043



405 enrolled

304 had an investigational 
DST assay result

303 valid investigational assay
INH resistance result

303 valid investigational assay
FQ resistance result

298 valid investigational assay
KAN/AMK resistance result

303  
phenotypic 
DST for INH 

(0.1 and 
0.4ug/ml)

303
katG and 

inhA
promoter 

sequencing

301 
phenotypic 
DST for MXF 

(0.5 and 
2.0ug/ml)

2
Inconclusive 

DST

1 
indeterminate 

KatG assay

1 
indeterminate 

gyrA assay

6 
indeterminate 

rrs assay

303 
phenotypic 
DST for OFX 
(2.0ug/ml)

303 
gyrA and 

gyrB
sequencing

298 
phenotypic 
DST for KAN 
(2.5ug/ml)

AMK 
(1.0ug/ml)

298 
rrs (AMK, KAN)
eis promoter 
(KAN only) 
sequencing



Sensitivity and Specificity of the Investigational Assay, 
with Phenotypic Drug-Susceptibility Testing

Drug Sensitivity Specificity

No. / total No. % (95% CI) No. / total No. % (95% CI)

Isoniazid 150 / 180 83.3 (77.1-88.5) 122/123 99.2 (95.6–100.0)

Ofloxacin 84 / 95 88.4 (80.2–94.1) 201/208 96.6 (93.2–98.6)

Moxifloxacin
(0.5ug/ml)

78 / 89 87.6 (79.0–93.7) 200/212 94.3 (90.3–97.0)

Moxifloxacin
(2.0ug/ml)

51 / 53 96.2 (87.0–99.5) 210/250 84.0 (78.9–88.3)

Kanamycin 35 / 49 71.4 (56.7–83.4) 245/249 98.4 (96.0–99.6)

Amikacin 29 / 41 70.7 (54.5–83.9) 256/257 99.6 (97.9–100.0)

N Eng J Med 2017;377:1043



Phase III drug- resistant TB trial
• Stage 1 of the STREAM trial
• Otsuka 213 delamanid trial



STREAM stage 1 Otsuka 213 Delamanid trial

Randomized, non-inferiority trial
Randomized, placebo-controlled, double-blind, 
placebo-controlled superiority trial

9mo shorter regimen vs conventional regimen OBR+ delamanid vs OBR

Favorable outcome at 132wks after 
randomization

Time to sputum culture conversion over 6 
months

Sites Sites 

Ethiopia (2), South Africa (3), Vietnam, Mongolia
Estonia, Latvia, Lithuania, Moldova, Peru, the 
Philippines, and South Africa

424 patients enrolled 511patients enrolled 

282 in 9mo shorter regimen vs 142 in control 341 in delamanid vs 170 in control

Enrollment closed : June 2015 327 eligible for the efficacy analysis

Results expected : 2018

Phase III trial in MDR TB



STREAM 1
9 months

Study arm (N )
Conventional 
Control (N )

Favorable 78.1% (164) 80.6% (87)

Unfavorable 21.9% (46) 19.4% (21)

Deaths in people with HIV 18% 7%

C213* Delamanid Study arm 
(n=341)

Control (N=170)

Treatment success, 30mo 77.1% 77.6%

All cause mortality 5.3% 4.7%

Culture conversion, 6mo 87.6% 86.1%

The delamanid arm achieved culture conversion on average 6 to 13 days earlier (p=0.056)

FQ resistance 7.1%, XDR 
4.4%

FQ resistance 4.0%, XDR 
2.0%



• Objective
• To improve the consistency of serial QuantiFERON-TB testing algorithms and provide a 

data-driven definition of conversion

• Population
• Healthy adolescents cohort recruited at the South African Tuberculosis Vaccine Initiative 

(SATVI) in South Africa

Am J Respir Crit Care Med 2017;196:638



QFT class
TB 
cases

n Observation years
Incidence 
(cases/100PY)

IRR 95% CI

Stringent non-
converters

2 648 1,289.79 0.16 (0.02-0.56) reference reference

Stringent persistent 
positives

19 989 1,953.07 0.97 (0.59-1.52) 6.27 1.51-55.55

Stringent converters 14 485 874.3 1.60 (0.88-2.69) 10.33 2.37-93.62

“Uncertain” converters 3 310 453.3 0.66 (0.14-1.95) 4.27 0.49-51.10

Am J Respir Crit Care Med 2017;196:638



Clin Infec Dis 2017;65:1077 Antimicrob Agents Chemother 2017;61:e01206

Meta-analyses of the Effect of Chemotherapy on
Pulmonary Mycobacterium abscessus
19 studies,  508 patients Maa. 204 patients Mam

Treatment Outcomes of Mycobacterium avium
Complex
Lung Disease: A Systematic Review and Meta-analysis
16 studies, 1462 patients



Am J Respir Crit Care Med 2017;195:814



• Randomized, double-blind phase II study, North America

• Blind phase
• Study arm : Liposomal amikacin inhalation 590mg qd + multidrug regimen for 

84days (12w)

• Control arm : placebo inhalation + multidrug regimen for 84days (12w)

• Open-label phase
• liposomal amikacin inhalation for additional 84 days for both group

• Primary outcome
• change from baseline to Day 84 on a semi-quantitative mycobacterial growth scale

• Subjects
• NTM lung disease :MAC or M.abscessus

• Received ongoing ATS/IDSA guidelines–based multidrug treatment for at least 6mo

• Persistently positive cultures

Am J Respir Crit Care Med 2017;195:814



LAI (n = 44) Placebo (n = 45)

Age, mean (SD) 58.0 (16.61) 59.1 (15.20)

Female sex 38 (86.4) 40 (88.9)

BMI,mean (SD) 21.76 (2.705) 22.10 (3.941)

Mycobacterium avium
complex

29 (65.9) 28 (62.2)

Mycobacterium abscessus 15 (34.1) 17 (37.8)

CF 8 (18.2) 9 (20.0)

Mycobacterial load, n (%)
Culture negative
Growth in liquid medium 
1–49 colonies
1+
2+
3+
4+

3 (6.8)
3 (6.8)
17 (38.6)
2(4.5)
2 (4.5)
3 (6.8)
14 (31.8)

3 (6.7)
3 (6.7)
10 (22.2)
4 (8.9)
2 (4.4)
4 (8.9)
19 (42.2)

Cavitary disease 33 (75.0) 35 77.8)

Macrolide resistant 8 (18.0) 15 (33.3)

Amikacin mutation 
positive

2 (4.5) 6 (13.3)

LAI (n = 44) Placebo (n = 45)

Patients with TEAEs 41 (93.2) 40 (88.9)

Number of TAEs 240 140

Dysphonia 43.2% 8.9%

Bronchiectasis exacerbation 38.6% 20.0%

Cough 31.8% 13.3%

Oropharyngeal pain 20.5% 2.2%

wheezing 9.1% 2.2%

Serious TAE 8 (18.2) 4 (8.9)

Not serious TAE 33 (75.0) 36 (80.0)

Relationship to study drug

Related 32 (72.7) 17 (37.8)

Not related 9 (20.5) 23 (51.1)

Patients with audio-vestibular 
TEAEs

5 (11.4) 5 (11.1)

Patients with renal TEAEs 1 (2.3) 0

Patients with TEAEs leading to 
study drug discontinuation,

7 (15.9) 0

Baseline Demographics and Characteristics Treatment-Emergent Adverse Events during double-blind phase



Mean change from baseline on the semi-quantitative 
scale (SQS) for mycobacterial culture growth through 
the end of the open-label phase

Proportion of patients with negative sputum 
cultures for nontuberculous mycobacteria in
the double-blind phase

32 %

9 %

P=0.072



Antimicrob Agents Chemother 2017;61:e02052-16

Chest 2017;152:800



Observational cohort in CF and non-CF patients with pulmonary and 
extrapulmonary NTM infection , 2006-2014, US, multicenter

All patients 
(n=112)

Culture conversion 
(n=33)

Age, median (range), y 62 (11-83) 67 (13-82)

Female sex 83 (74%) 27 (82%)

CF 24 ( 11 (33%)

Pulmonary 99 (88%)

NTM species

MAC 41 (37%) 11 (33%)

Mycobacterium 
abscessus complex

54 (48%) 18 (55%)

2 NTM species 15 (17%) 4 (12%)

Unidentified 1 (1%)

First line treatment 25 (22%) 4 (12%)

Failed previous 
treatment

87 (78%) 29 (88%)

ADR All patients 
(n=112)

Skin discoloration 68 (61)

Dry skin 33 (29)

Sun hypersensitivity 18 (16)

Nausea 37 (33)

Diarrhea 28 (25)

Abdominal pain 25 (22)

Anorexia 21 (19)

Vomiting 18 (16)

Fatigue 34 (30)

Dizziness 22 (20)

Neuralgia 19 (17)

Discontinuation of clofazimine d/t ADR, 16 (14%)

Culture Conversion in pulmonary disease 
Tolerating Clofazimine for at Least 6 Months
N=74 , culture conversion = 33 (45%) 

Chest 2017;152:800



Clofazimine-containing regimen for the treatment of M.abscessus lung disease

Retrospective observational cohort study, 2013-2015, N=42, Korea, single center



Antimicrob Agents Chemother 2017;61:e02052-16

40 %

24 %

15 %

Discontinuation of clofazimine 18 (43%), after 24.4 w 
Dose reduction of clofazimine 5 ( 12%),after 26 w



Eur Respir J 2018;51:1800170



Outcome Definition 

Culture 
conversion

at least three consecutive negative mycobacterial cultures from respiratory samples, 
collected at least 4 weeks apart, during antimycobacterial treatment 

Microbiological 
cure

multiple consecutive negative but no positive cultures with the causative species from 
respiratory samples after culture conversion and until the end of antimycobacterial 
treatment

Clinical cure Patient-reported and/or objective improvement of symptoms during antimycobacterial 
treatment, sustained until at least the end of treatment, but no cultures available to prove 
culture conversion or microbiological cure

Treatment 
failure

The re-emergence of multiple positive cultures or persistence of positive cultures with the 
causative species from respiratory samples after ⩾ 12 months of antimycobacterial 
treatment, while the patient is still on treatment

Recurrence The re-emergence of at least two positive cultures with the causative species from 
respiratory samples after cessation of antimycobacterial treatment

Relapse The emergence of at least two positive cultures with the same strain of the causative 
species after the end of treatment

Reinfection The emergence of at least two positive cultures with a different strain of the causative 
species or a strain of a different species after the initiation of the treatment episode
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