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How to Eliminate TB?
-Eliminate the reservoir-

Latent tuberculosis
(2,000,000,000 worldwide)

Uninfected
(5,000,000,000 worldwide)

Reactivation TB
(7,000,000 worldwide/year) Rapid TB

(3,000,000 worldwide/year)

Tuberculosis preventive Tx.

Vaccination
Case finding & Tx.

Controlling the seedbeds of tuberculosis: diagnosis and treatment of tuberculosis infection. Lancet 2015; 386: 2344–53
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Dye C. Annu Rev Public Health 2013;34:271-86.
13

One active TB case infect 
10 - 15 individuals in a year

10% life-time risk 
progression into TB disease

2 billion people 
are infected with TB

14
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Small PM, et al. N Engl J Med 2001; 345: 189-200 16



Pai M, et al., Nat Rev Dis Primers, 2016. 2: p. 16076.
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Pai M, et al., Nat Rev Dis Primers, 2016. 2: p. 16076.
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Latent TB Infection
- Definition -

“A state of persistent immune response to 
stimulation by Mycobacterium tuberculosis 
antigens with no evidence of clinically 
manifested active TB.”

Latent tuberculosis infection - Updated and consolidated guidelines for programmatic management (WHO 2018)
19

Latent TB Infection 
– Testing Method –

• PPD - Based Test • IGRAs (ELISPOT)

Moon HW, et al. Ann Clin Lab Sci 2013 Spring;43(2): 221-9 
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Latent TB Infection 
– Testing Method –

• PPD - Based Test • IGRAs (ELISA)

Moon HW, et al. Ann Clin Lab Sci 2013 Spring;43(2): 221-9 
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954 close contacts

142 QFT-positive/
TST-positive

Chemoprophylaxis 
RIF and/or INH

No active TB

51 QFT-positive
(49 TST-positive) 

Mean follow-up >3.5 yr

Not treated

17 
developed 
active TB

343 TST 
negative

5 QFT-positive
TST-negative

Not treated

2 developed 
active TB

413 TST 
positive

Not treated Not treated

No active TB No active TB

198 QFT-positive 756 QFT-negative

Diel R. AJRCCM 2011;183:88-95.

QFT
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Latent TB Infection 
– Testing Prognostication –

TST IGRAs
Progression to active TB

PPV1 1.5% (1.2%-2.7%) 2.7% (2.3%-3.2%)

2.4% (1.9%-2.9%)[High Risk] 6.8% (5.6%-8.3%)[High Risk]

NPV1 99.4% (99.2% - 99.5%) 99.7% (99.5%-99.8%)

Risk Ratio2 2.58 (1.72-3.88) 4.94 (1.79-13.65)

Incidence 
Rate Ratio2 2.07 (1.38-3.11) 2.40 (1.26-4.60)

1 Diel R., et el. Chest 2012 142(1) 63-75
2 Guidelines on the Management of Latent Tuberculosis Infection (WHO 2015)

LTBI + TB Dz.

Positive & Negative predict value
Risk Ratio & Incidence rate ratio
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Latent TB Infection 
– Testing Prognostication –

TST IGRAs
Progression to active TB
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Incidence 
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2 Guidelines on the Management of Latent Tuberculosis Infection (WHO 2015) 25
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Latent TB Infection 
– Priority for treatment–
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Jing-Wen Ai, et al. Emerging Microbes and Infections (2016) 5, e10
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Latent TB Infection 
– Priority for treatment–
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Latent TB Infection 
– Priority for treatment –

Reichler MR et al. J Infect Dis 2018 Aug 14; 218:1000
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Recommended drugs

Guidelines on the Management of Latent Tuberculosis Infection (WHO 2018) 32
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<5Y 5-12Y 13-17Y

No. TB No. Incidence No. TB No. Incidence No. TB No. Incidence

2550 1 35 6703 8 75 2395 5 125

804 5 600 1812 17 332 1257 14 1118

RR: 0.06 (<0.01 ~ 0.34)
94% protection

RR: 0.22 (0.06 ~ 0.74)
78% protection

RR: 0.11 (0.02 ~ 0.34)
89% protection

9 INH
2008/4 ~ 2013/9

2015/8/31

MOHW104-CDC-C-315-000203
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<13Y 13-29Y ≥30Y

No. TB Incidence No. TB Incidence No. TB Incidence

9338 21 63 4773 17 123 3471 26 113

3059 43 420 3093 60 1130 5922 107 404

9 INH

≥30Y
RR: 0.27 (0.08 ~ 0.64)

73% protection

13-29Y
RR: 0.10 (0.03 ~ 0.22)

90% protection

2008/4 ~ 2013/9
2015/8/31

MOHW104-CDC-C-315-000203
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0

2 0

4 0

6 0

8 0

1 0 0

2 0 3 /3 7 0

7 5 9 /1 6 7 4

2 4 1 4 /3 1 1 8

Halsey, N.A., et al., Lancet, 1998. 351(9105): p. 786-92.
Horsburgh, C.R., Jr., et al.,Chest, 2010. 137(2): p. 401-9. 
LoBue, P.A. , et al., Am J Respir Crit Care Med, 2003. 168(4): p. 443-7.
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2473

3227

4175

3263

700
Risk of INH-

induced 
hepatitis

Kopanoff DE, et al. Am Rev Respir Dis 1978;117:991-1001.

• USPHS
• 13838 cases
• 1971/07 ~ 1972/11

37

(ATS) 13 56%, 68%
<13 (53%)

:0.56‰(16/28,353)

courtesy of Chan PC. MOHW103-CDC-C-315-000302
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(n=295) 30 3-5% , trend test: p<0.001
(n=187, )

<10 1‰ 20 1% 30 2-4%, trend test: p<0.001
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<13 LTBI2008

LTBI 1986

6 IGRA

/
LTBI 4R

2012
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2017

TB LTBI2018

<13 LTBI2008

LTBI 1986

6 IGRA

/
LTBI 4R
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TB LTBI2018

/
LTBI

2019
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9H (3HP) 4R

Isoniazid (INH) Isoniazid (INH) +
Rifapentine (RPT) Rifampin (RMP)

�

� RMP

INH RMP

270 (9 ) 12 (3 ) 120 (4 )

INH

2
INH RMP RMP

(DOPT)
41

4R versus 9H

Menzies D, et al. N Engl J Med. 2018 Aug 2;379(5):440-453.
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C o m p le t io n r a te
0

2 0

4 0

6 0

8 0

1 0 0
P < 0 .0 0 1

R
a
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)

An y AE G r a d e 3 -4 h e p a to to x ic ity
0

2

4

6

8 9 H (n = 2 8 0 9 )

4 R (n = 2 8 8 7 )

P < 0 .0 0 1 P < 0 .0 0 1

• 2009-2014, multicenter, open-label RCT
• Multination: Australia, Benin, Brazil, Canada, Ghana, Guinea, 

Indonesia, Saudi Arabia, and South Korea
• age ≥18 yr
• TST+ or IGRA+, increased risk of reactivation

42



4R versus 9H
Advantages Disadvantages

• Similar effectiveness 

• Shorter course

• Higher completion rate
(78.8% > 63.2%)

• Lower adverse events
(2.8% < 5.8%)

• Drug-drug interaction
(↑ P450 CYP3A )

• Active TB
→ leading to RIF-R

(more complicated than 
INH-R)

Menzies D, et al. N Engl J Med. 2018 Aug 2;379(5):440-453.
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9 H (n = 3 7 5 9 )
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0
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P < 0 .0 0 1

3HP versus 9H

Timothy R. Sterling, et al. N Engl J Med 2011;365:2155-66.

• 2001-2008, multicenter, open-label RCT
• Multination: Brazil, Canada, Spain, and the United States
• Age ≥2 yr
• Spectrum of “high-risk” predicates

H yp e r s e n s it iv ity

P < 0 .0 0 1

46



3HP versus 9H
Advantages Disadvantages

• Similar effectiveness 

• Shorter course
(only 12 doses!)

• Higher completion rate
(82.1% > 69%)

• Lower hepatotoxicity
(0.4% < 2.7%)

• Drug-drug interaction
(↑ P450 CYP3A4, 2C8/9)

• INH-R or RPT-R TB
→ partial treatment !

•Higher adverse events

Timothy R. Sterling, et al. N Engl J Med 2011;365:2155-66.
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Advantages Disadvantages

• Similar effectiveness 

• Shorter course
(only 12 doses!)

• Higher completion rate
(82.1% > 69%)

• Lower hepatotoxicity
(0.4% < 2.7%)

• Drug-drug interaction
(↑ P450 CYP3A4, 2C8/9)

• INH-R or RPT-R TB
→ partial treatment !

•Higher adverse events

Timothy R. Sterling, et al. N Engl J Med 2011;365:2155-66.

3HP versus 9H

48



49

R
a

te
(%

)

C o m p le t io n r a te
0

2 0

4 0

6 0

8 0

1 0 0
P = 0 .0 1 1

R
a

te
(%

)

An y AE ~ H e p a to to x ic ity F lu lik e
0

2 0

4 0

6 0 9 H (n = 1 3 1 )

3 H P (n = 1 3 2 )
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3HP vs. 9H Taiwan experience
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P = 0 .1 0 3

• 2014-20168, multicenter, open-label RCT
• Age ≥ 12 yr
• TST+ and AFB+ pulmonary TB contact
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Sun HY et al.Tuberculosis (Edinb). 2018 Jul;111:121-126.
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• PREVENT trial RMP 
• A broad definition of was used 

a) hypotension, urticaria, angioedema, acute bronchospasm, or conjunctivitis 
that occurred in relation to study drug; or 
b) > 4 of the following (one of which had to be > grade 2) that occurred in 
relation to study drug:

• weakness, fatigue, nausea, vomiting, headache, fever, aches, sweats, dizziness, shortness 
of breath, flushing, or chills.

Sterling, T.R., et al., N Engl J Med, 2011. 365(23): p. 2155-66.
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3HP versus 9H

Timothy R. Sterling, et al. N Engl J Med 2011;365:2155-66.

• 2001-2008, multicenter, open-label RCT
• Multination: Brazil, Canada, Spain, and the United States
• Age ≥2 yr
• Spectrum of “high-risk” predicates

H yp e r s e n s it iv ity

P < 0 .0 0 1
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Among persons receiving > 1 dose
During treatment or within 60 days of the last dose
Accounting for attribution to study drug

Toxicity 9H
N=3,759

3HP
N=4,040

P-value

Related to drug 206 (5.5) 332 (8.2) <0.001

Rash only 21 (0.6) 31 (0.8) 0.26

Possible HS 17 (0.5) 152 (3.8) <0.001

Other 65 (1.7) 131 (3.2) <0.001

Not related 410 (10.9) 226 (5.6) <0.001

HS: hypersensitivity reaction

9H

53

Sterling, T.R., et al., Clin Infect Dis, 2015. 61(4): p. 527-35.

Stennis, N.L., et al., Clin Infect Dis, 2016. 62(1): p. 53-9.

Systemic Drug Reaction

hypersensitivity RPT PREVENT 
Trial

PREVENT Trial NYC 

54



Systemic Drug Reaction in the PREVENT Tuberculosis 
Study 

• 138 (3.5%) 3HP (n=3893) systemic drug reaction (SDR)
• Symptoms occurred after a median of 3 doses, and 4 hours after the 

dose; median time to resolution was 24 hours.
• 4/3893 (0.1 %) admission
• 13/3893 (0.3%) severe reactions 

• 8: Grade 4 toxicity (including 1 syncope)
• 6: hypotensive
• 6: syncope (no admission, loss consciousness) 

• No death reported

Sterling, T.R., et al., Clin Infect Dis, 2015. 61(4): p. 527-35.
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3HP (n=138) 9H (n=15)
Cutaneous 23 (17%) 9 (60%)

Severe 3 1
nonsevere 20 8

Flu-like 87 (63%) 2 (13%)
Severe 6 0
nonsevere 81 2

Gastrointestinal 7 (5%) 1 (7%)
Severe 2 0
nonsevere 5 1

Respiratory 5 (4%) 0 (0%)
Severe 1 0
nonsevere 4 0

Not defined 16 (12%) 3 (20%)
Severe 1 0
nonsevere 15 3

3HP

Flu-like syndrome 
(2.2%), 

, 
0.15% 56
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ADRs Other than Hepatotoxicity

Taiwan
(2014/1 – 2016/5)

3HP
(N=132)

9H
(N=131)

Any 49.2% 25.2%
Flu-like symptoms 40.9% 16.8%
Fever 12.9% 0.8%
Headache 7.6% 0.8%
Vomiting 7.6% 0.8%
Hot flushes 6.1% 0.8%
Leading to termination
(Non-significant)

9.1% 5.3%

Sun HY et al.Tuberculosis (Edinb). 2018 Jul;111:121-126.
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ADRs Other than Hepatotoxicity
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/ <13
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1.
2. ≥5

3. <5 ≥5

1 X

3 (
8 ) LTBI

12

X
(LTBI /
LTBI )

X
( LTBI
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� RR/MDRTB 1 RR/MDRTB 1
2 ( 2 ) LTBI

� <5 TST LTBI 1 3 2 TST ≥5
IGRA LTBI

� ( )
LTBI

� LTBI 1 X
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5 TST
5 IGRA

- 9H
-

(3HP)
- INH RMP

4R

-

- 13
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Ineligible Patients
(

Pregnant and those
expecting to become 

pregnant during 
treatment

INH
RMP

Source case is INH or 
RMP resistant

2

< 2 years of age

coumadin, methadone, phenytoin

65

Cascade of LTBI Care

Alsdurf, H. Lancet Infect Dis 2016;16:1269-78.
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Targets by 2025

68WHO: The End TB Strategy 2015
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•

• IGRA TST ,

• 3HP 9H, , ,
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