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Global incidence of TB in 2019

TB related mortality

Per 10,0000 cases

• In 2017, 1.7 million TB deaths were reported
• Almost infected cases can be cured , but still high mortality rate 
• Innate reactivation rather than re-infection in developing countries 
• The most common opportunistic infection in individuals with HIV worldwide



Projected acceleration in the decline of global TB incidence rates 
to target levels is important
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Latent TB Infection

A Koul et al. Nature 469, 483-490 (2011) doi:10.1038/nature09657
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LTBI is a state of persistent immune response to 
stimulation by MTB antigens without evidence of 
clinically manifested active, including radiography



Campbell JR et al. Plos Med 2019

Key for TB Elimination: Treat active TB and LTBI simultaneously
Identify the risk population is essential !

Risk factor for active TB disease Odds

Close contacts of TB >20

HIV/AIDS 9.9

Receiving biological agents 7.9

Old TB 5.2

Diabetes mellitus 3.1

Smoker 2.69

End-Stage Renal Disease 2.4

Silicosis 1.7

Gastrectomy 1.4

Low body weight 1.6

US CDC. http://www.cdc.gov/tb/topic/basics/risk.htm
Dye C. Annu Rev Public Health 2013;34:271-86.



Priority group receiving LTBI diagnosis/treatment by WHO 
• First priority:  

• HIV patients, 
• All-aged close contact group
• Receiving TNF-a treatment patients, 
• Hemodialysis patients
• Prepare organ/Hematological transplantation patients, 
• Silicolsis pateints

• Second priority: less evidence, but benefit > harms 
• Nursing home/ Hospital workers, 
• Immigrants from high TB endemic area, 
• Nomad, 
• Prism, 
• Drug abuser …etc

• Third priority: lack of evidences, depends on country resourses
• DM 
• Alcoholism group 
• Underweight population 

Diagnostic Tools for LTBI Tuberculin Skin Test 

.

Purified protein derivative (PPD) 
is a poorly defined, complex 
mixture of antigens. 
Tests based upon PPD are 
Relatively unspecific since 
many of its proteins are found 
In different mycobacterial species

• Post injection 48 – 72 hrs

• For HIV, malignancy, organ transplantation, 
under immunosuppresent

• Induration 5 mm: Positive 

• For health populations 
• Induration 10 mm: Positive 

• Disadvantage:
• False negative in immunosuppressant 

patients
• Individual skill depends 
• False positive in NTM infection 



Diagnostic Tools for LTBI - IGRA-Interferon Gamma Release Assay

• Advantage 
• Less false positive in NTM patients 
• Easy test, only one blood test 
• Quantitative 

• Use in > 2year-old  population 

Evolution of IGRA test 

• Advantage of 4th generation QFT-plus
• Higher sensitivity, same specificity 
• Higher positive rates in HIV/AIDS, immunocompromise
• Potential to minimize indeterminate rate 
• More flexible workflow 



Latent Tuberculosis Infection – Taiwan Experience

Tasillo A. JAMA Int Med 2017;177: 1755-64.

LTBI

(Incremental cost-effectiveness ratio, ICER)



LTBI prevalence using IGRA and TST in dialysis patients 

Journal of the Formosan Medical Association (2021) 120, 1350e1360

LTBI prevalence in DM patients
• The prevalence of LTBI in DM patients is more than twice than non-DM 

group 
• United states:  11.6% vs 4.6%
• Taiwan: 21.1% vs. 9.7%

• Meta-analysis 13 observational studies, 38263  DM participants
• Odds ratio for LTBI was 1.18 (95% CI: 1.06-1.30)
• No correct HbA1c 

• The prevalence of LTBI increased with DM severity 
• A cross-sectional study in Atlanta refugee hospital, 

the prevalence of LTBI 
25.9% in non-DM (median HbA1c: 5.4%)
39.1% in pre-DM (median HbA1c: 5.8%)
43.4% in DM (median HbA1c: 7.2%) Clin Infect Dis. 2017 Mar 15; 64(6): 719–727

Int J Tuberc Lung Dis. 2016 Jan; 20(1): 71–78.

Clinical Infectious Diseases, ciab209, https://doi.org/10.1093/cid/ciab209



• For poorly DM controlled patients (HbA1c >9.0% )
• Multicenter cohort study in Taiwan 26.7% IGRA (+) in 978 patients 

with HbA1c >9.0% in previous 1 year 
• Risk factors associated IGRA (+)

Clinical Infectious Diseases, ciab209, https://doi.org/10.1093/cid/ciab209

Cascade care of diagnosis and treatment LTBI:
systemic review and meta-analysis 

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

• Meat-analysis 
• 58 studies, 
• 70 distinct cohorts 
• 748,572 people

• Participants lost in each step
• Only 30% initiate LTBI tx
• Only 18% complete LTBI tx



Treatment Regimens for Latent TB Infection 

Safety profile in non-HIV population is still lacking

9H

4R

3HR

3HP

1HP
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Prevent Tuberculosis Trial : during 2001-2008, enrolled 
8,053 latent TB cases, >12 y/o 

• 9H : isoniazid 5 mg/kg x 270 days  
• 3HP: rifapentine 15 mg/kg & isoniazid 15 mg/kg 
• Modified intent-to-treat & per-protocol analysis : 

3HP efficacy is non-inferior to 9H 
• Completion rate: 3HP > 9H (82% vs. 69%)
• Discontinue due to adverse effect rate : 

3HP > 9H 7.9% vs. 3.7% p = 0.009
• 3HP ADR : SDR, flu-like syndrome  
• 9H ADR : hepatitis

• 3HP was used for > 2 year-old LTBI cases in Taiwan 
since 2019

Sterling TR. NEJM 2011;365:2155-66.



SDRs in Prevent Tuberculosis Trial

• Systemic drug reaction accounts for the 
high termination rate of 3HP

• Flu-like syndrome 
- Presence of fever, chills, weakness, 
fatigue or muscle pain, aches, 
syncope, heart rate >100, 
palpitations, flushing, dizziness, or 
sweats

• Shock, Urticarial, Conjunctivitis, 
Bronchospasm…etc

• SDR occurred in 2% of total  population
• 3HP: 3.5% vs 9H: 0.4% (p<0.01)

• Median dose prior to event dose: 3rd

• Median time from drug intake to event:
4 hrs (1.0-8.0)

• Median time to resolution: 24 hrs (12-48)
Clin Infect Dis. 2015 Aug 15; 61(4): 527–535.

• Multicetere, randomize controlled study 
• 6 Hospitals 
• Study Period: 2014 – 2018
• Primary endpoints: Completion rate
• Secondary endpoints: 

• Active TB within subsequent 2 years

3HP vs. 9H: A pilot study in Taiwan (2014)

ClinicalTrials.gov: NCT02208427

Sun HY. Tuberculosis 2018;111:121-6.

Variables 3HP (n=132) 9H (n=131)

Age, mean ± SD, years 31.7 ± 15.0 32.0 ± 16.4

Men, n (%) 81 (61.4) 71 (54.2)

BMI, mean ± SD 23.3 ± 4.0 22.8 ± 4.1

Current smoking, n (%) 13 (9.8) 16 (12.2)

Household contact, n (%) 66 (50.0) 60 (45.8)



Conclusions on 3HP vs. 9H in Asian Population

3HP had ….. 

1. Higher completion rate: 89.4% vs. 77.9%

2. Less hepatotoxicity: 1.5% vs. 5.4% 

3. More Gr.2 non-hepatitis ADR: 12.9% vs. 3.8%

4. More flu-like symptoms: 40.9% vs. 16.8%

5. Sometimes systemic drug reaction: 3.8%

6. Usually transient and Gr. 1: 69.1%

7. 3HP related SDRs occured more in age ≥ 35, female

Sun HY. Tuberculosis 2018;111:121-6.

Extend 3HP use in all-aged and high-risk population: Taiwan-1
• A multicenter prospective observational study 

• SARs: ADRs ≥ Grade 2, not including hepatotoxicity
• No difference of risk of SARs between age ≥60 years and <60 years. Age ≥60 years had higher discontinuation  

J.-Y. Feng et al. / International Journal of Infectious Diseases 96 (2020) 550–557



Independent clinical factors associated SARs

J.-Y. Feng et al. / International Journal of Infectious Diseases 96 (2020) 550–557

Extend 3HP use in all-aged and high-risk population: Taiwan-2

• A Prospective, multicenter Study
• IGRA positive and receive ≥1 3HP dose under DOT

• Close contact to pulmonary TB 
• High risk population 

• Long term care facility residents/workers 
• Poorly diabetic controlled patients 

• Age stratified: 
• younger group (≤35 years), 
• middle-aged group (35-65 years), 
• elderly group  (≥65 years, 23.1%) 

• Programmatic ADR follow-up and management 
• Endpoint: Treatment completion rate and risk of SDR

in different age groups

Clinical Infectious Diseases, ciaa1741



Course and outcome on 3HP treatment in age groups 

• Overall completion rate: 83.1%
• The young-age group had highest completion rate, the elder-age group had the lowest  
• SDR accounts for the highest permanent discontinuation rate in middle-age group 
• Uncontrolled hypertension accounts for >50% of discontinuation rate among elders 

Clinical Infectious Diseases, ciaa1741

Details of 3HP related drug adverse reactions 

Clinical Infectious Diseases, ciaa1741

• Middle-age group had higher SDR rate, particularly flu-like symptoms than other two age groups
• Elders had higher uncontrolled hypertension rate, 
• 86.3% can complete 3HP after temporarily modification of anti-HTN drugs 



• Compare to elder group, middle-age was significantly associated with increased SDR risk during 3HP 
even in most clinical settings 

• The risk of SDR was not different between the elderly and younger groups

Clinical Infectious Diseases, ciaa1741

• Prospective, multicenter study. April 2018 to June 2020
• Taichung Veterans General Hospital 
• Kaohsiung Maniple Ta-Tung Hospital 

• 200 cases
• Age ≥ 45 years 
• ≥1 time HbA1c ≥9.0% within recent 1 year 

• LTBI screening performed by endocrinologist 
• Pay-for-Performance project
• QFT screening 
• Refer to Chest OPD if QFT-positivity 

• LTBI treatment evaluated by pulmonologist  
• Evaluation 
• LTBI regimen 3HP or 9H:  decision sharing strategy 

• Benefit  
• ADR inform and educate 

• DOTs 

3HP is accessible in poorly DM patients under 
Endocrinist-Pulmonologist-Public multidiscipline corporation

Clinical Infectious Diseases, ciab209, https://doi.org/10.1093/cid/ciab209



Safety Profile 

• 3HP group had higher proportion of flu-like symptoms and GI symptoms 
• 9H group had higher proportion of skin rash 

Clinical Infectious Diseases, ciab209, https://doi.org/10.1093/cid/ciab209

The completion rate is independent from regimen

Clinical Infectious Diseases, ciab209, https://doi.org/10.1093/cid/ciab209



Health Insurance Database Research in Taiwan

• 3HP 13,427 3HP LTBI

• : 3HP

•
•

•

Unpublished Data

Outcome of 3HP Tx in different Taiwan cohorts

 LTBI contacts 
(n=101) 

LTBI contacts 
(n=132) 

LTBI contacts 
≥50Y (n=2348) 

RA with LTBI 
(n=21) 

Hemodialysis 
with LTBI (n=26) 

Study design  Cohort study Randomized 
Cohort study Registry database Cohort study Cohort study 

Reference 
Huang YW. 
Medicine 

2016;95:34 

Sun HY. 
Tuberculosis 
2018;111:121 

Chan PC. ERJ 
2019;53:1802396 

Chen YM. ARD 
2018;77:1688 

Lin SY. JMII 
2019;52:158 

Male 43.6% 61.4% 48.1% 6 (29%) 18 (69%) 

Age 34.9 31.7 ± 15.0 87.5%(age <75) 62.1 ± 14.9 63.8 ± 12.2 

Tx completed 97.0% 89.4% 83.9% 90% 65% 

Permanent stop      

  Any AE 3.0% 9.1% 12.0% 10% 35% 

  Hepatotoxicity 0% 1.5% 0.8% 0 (0%) 0 (0%) 

 
2020 3HP 3HR 4R 

3HR 4R LTBI 



Cost-effectiveness of 3HP compared with other standard treatment 
regimens : A decision analysis study

J Antimicrob Chemother 2019; 74: 218–227

Follow-up 20 years

Cost-effectiveness plane for each of the seven simulated strategies

J Antimicrob Chemother 2019; 74: 218–227



Cost-effectiveness analysis of 3HP vs. 9H 
in a Canadian arctic setting

Pease C, et al. BMJ Open 2021;11:e047514.



INH or RPT induced 3HP related SDR ? Still uncertain !
• Unpredictable systemic drug reaction occurred in 3.8%-10% of 3HP

N. Engl. J.Med. 2011, 365, 2155–2166
Tuberculosis 2018, 111, 121–126
Clin. Infect. Dis. 2015, 61, 527–535
WHO. Global Tuberculosis Report 2020

Precautions related to 3HP

• Groups not suitable for use 3HP
•
• INH RMP
• 2

• RMP RPT
coumadin methadone phenytoin… )

• RMP RPT CYP450
( )

• Proteases inhibitors RPT
• Efavirenz Raltegravir Dolutegravir

3HP RPT

J. Clin. Med. 2019, 8, 812



• A randomized, open-label, phase 3, noninferiority trial comparing 1HP and  9H in 
HIV patients 

• Primary end point: the first diagnosis of tuberculosis or death from tuberculosis 
or an unknown cause

• RESULTS
• 3000 patients were enrolled and followed for a median of 3.3 years. 
• 54% were women; the median CD4+ count was 470/mm3, 

half received antiretroviral therapy. 
• Primary endpoint: 2% TB occurred in 1HP and 9H group, respectively 
• SAE: 6% of in 1HP group and in 7% of in 9H (P = 0.07). 
• Treatment completion was significantly higher in the 1HP than in 9H group 

(97% vs. 90%, P<0.001)
• The safety and efficacy report of 1HP in non-HIV group is still lacking 

A new, shorter-course regimen (1HP) is coming   

N Engl J Med. 2019 March 14; 380(11): 1001–1011

Comparing Incidence Rate of SDR Under 3HP and 1HP Regimen 
for LTBI Tx: a Pragmatic Multicenter RCT

ClinicalTrials.gov: NCT04094012

**

*

*

**
Kaohsiung Medical University 
Chung-Ho Memorial Hospital

Kaohsiung Municipal Ta-Tung Hospital
Ministry of Health and Welfare Pingtung Hospital

National Taiwan University Hospital Taipei Municipal Wanfang Hospital

National Taiwan University Hospital 
Hsin-Chu Branch

Primary endpoints: 
○ Incidence rate of SDR
Secondary endpoints: 
1. ADRs: flu-like symptoms, 

Hepatotoxicity
2. treatment completion
3. plasma drug levels
4. risk factors of SDR

Number needed: 245 * 2
Study period: 2019 – 2022
First case in: 2019/9/24

Unpublish data 



Unpublish data 

ADR 
1HP (n=67) 

 
3HP  (n=54) 

P value 
Gr. 3 Gr. 2 Gr. 1 Total Gr. 3 Gr. 2 Gr. 1 Total 

SDR 1 8 0 9 (13%)  2 6 0 8 (15%) 0.828 
Cutaneous reactions 1 15 11 27 (40%)  0 5 5 10 (19%) 0.010 
  Itching 1 11 7 19 (28%)  0 3 4 7 (13%) 0.040 
  rash 0 10 5 15 (22%)  0 3 2 5 (9%) 0.053 
  urticaria 1 7 0 8 (12%)  0 1 0 1 (2%) 0.042 
Fever 0 9 1 10 (15%)  1 12 3 16 (30%) 0.050 
Flush 0 3 2 5 (7%)  0 1 6 7 (13%) 0.314 
Chills 0 4 1 5 (7%)  0 3 3 6 (11%) 0.537 
Vomiting 0 2 0 2 (3%)  0 3 9 12 (22%) 0.001 
Nausea 0 2 1 3 (4%)  0 3 13 16 (30%) <0.001 

 

The details of ADRS in 1HP group and 3HP group

• The SDR risk is similar between 1HP and 3HP groups 
• More cutaneous reactions was noted in 1HP group 
• 3HP group had more flu-like related symptoms 

Unpublish data 



Maculopapular eruption, not very itching

52 year-old male, post 14th dose1HP   

Unpublish data 

Thank You 



LTBI Intervention in Taiwan : since 2014
2014IGRA/TST/9H for all aged contact

eDOT initiation   IGRA/3HP & 9H for all aged contact
LTBI program for high risk population
ex:  LTCF residents and workers, 

pDM, Prison, ESRD, HIV… 
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The possible mechanism related to 3HP-SDR – RPT 
• Immunologic basis: Rifampicin-antibody complexes may be associate 

with “flu-like” reaction 
• Circulating anti-rifampin antibodies (IgM): not detectable during 

daily administration, only when receiving intermittent dosing at high 
dose (> 900mg)

• Flu-like reaction coincided with peak concentration of rifampin 
(2-4 hrs) and level of antibody  fell during reaction 

• Daily administration of rifampin could produce immune tolerance 
• RCT of daily rifapentine followed by intermittent dosing, no 

reports of flu-like syndrome or hypersensitivity 

Poole. et al. BMJ 1971 
O’Mahony.et al. Clin Allergy. 1973 
Jindani.et al. NEJM. 2014

• A multicenter observational study 
• 377 close contacts aged >12 years 

receiving 3HP 
• February 2017 - October 2018. 
• Mean age was 45.7 years
• 208 participants (55.2%) were women, 
• 144 participants (38.2%) had 

comorbidities
• 184 (48.8%) developed ADRs

• Grade 1: 77.68% 
• Grade 2: 20.63%
• Grade 3: 1.42%, Flu accounts 80%

• CY2PE1 and NAT2 associated with ADRs 

Int J Environ Res Public Health. 2020 Jan; 17(1): 210.

INH Metabolic Enzyme Genetic Polymorphisms associated with ADRs 



INH maybe related to 3HP-SDR

• INH induced flu-like syndrome also reported 
• A prospective multicenter study in Taiwan

• Pharmacokinetics: C6 and C24 
• Single nucleotide polymorphisms of 

INH/RPT metabolizing enzyme: NAT2, 
AADAC, CYP2E1 

• Enrolled population: 
• Age � 12 years
• In close contact with TB patients 
• Diagnosed as LTBI under TST or QFT

Close contact in households or congregate settings 
referred to  participating hospitals from 

Sep 2016 to Aug 2018 (n=395)

72 Refused

Agreed SNP study
(n=180)

Agreed SNP study
(n=180)

SNP group
(n=177)

Agreed PK study
(n=129)

3 Refused treatment
14 incorrect time 

samplings

C6: 84 data in
52 cases

C24:144 data 
in 83 cases

J. Clin. Med. 2019, 8, 812

• 177 participants
• Age: 37.1�17.8 
• 6% had underlying comorbidity
• Completion rate: 90%
• SDR: 14 cases, 8%
• SDR occurred more in 

• older age (p=0.038) 
• inferior renal function (p=0.009)

• SDR associated with 
• NAT2 rs1041983(T): 

Slow acetylater
• CYP2E1 rs2070673 (A)

Single neucleotide polymorphism of NAT2 and CYP2E1 associated to SDRs 

Adjust with age, sex and estimated glomerular filtration rate    * p<0.005 

J. Clin. Med. 2019, 8, 812



• 129 participants 
• Age: 44.8�17.2 
• Completion rate: 83%
• SDR: 13 cases, 10.1%

• C24 INH level was significantly higher in SDR 
(0.25 [0.06–0.53] vs. 0.06 [0.05–0.15] g/mL, 
p = 0.024)

Generalized estimating equation (GEE) model: 

• C24  plasma INH level was associated with a 
higher risk of SDR development 
(OR [95% CI]: 1.61 [1.15–2.25], p = 0.006) 
but not RPT 

• C6:  no drug concentration correlated to SDR 

INH serum concentration associated with SDRs 

J. Clin. Med. 2019, 8, 812

• INH serum concentration rather than RPT  plays a role in the 
development of 3HP-related SDRs

• Population PK study is essential for further correlation 

• NAT2 SNP could be used for risk stratification among TB contacts 
receiving 3HP regimen

• Ethnic difference should be considered 
• External validation should be conducted 

J. Clin. Med. 2019, 8, 812


