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A Tale of Two Outbreaks

San Francisco, 1990-1991
• Residential facility for people with HIV/AIDS
• Two residents admitted with TB under treatment in Fall 1990
• Third resident hospitalized and diagnosed with active TB in 12/90
• Four additional residents diagnosed with TB from 1/91 to 3/91
• Outbreak investigation begun in 3/91:

– Five additional residents found to have active TB
– 11/13 remaining residents received INH preventive therapy





Meanwhile, in Baltimore

Winter 1991
• 22-bed subacute care unit for patients with AIDS
• Patient A admitted after 5-day hospitalization for CAP
• Gregarious and helpful, socialized with all 21 other residents and assisted 

dietary services with delivering trays
• 18 days after admission, referring hospital called and said TB cultures from 

CAP admission were positive
• Patient A transferred back to referring hospital (subsequently died of TB)
• All 21 other patients had chest x-ray performed
• Patient B with diffuse infiltrates, hospitalized and diagnosed with active TB
• Patients C-V put on INH preventive therapy
• No additional cases of TB diagnosed
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TB Declared a Global Health Emergency, April 23, 1993



Estimated number 
of cases

Estimated number 
of deaths

1.25 million
(1.1-1.4 million)

10.8 million
(10.1-11.7million)

All forms of TB

MDR/RR TB

HIV-associated TB 658,800 (6.1%) 161,000 
(25% HIV+/13% total)

Source: WHO Global Tuberculosis Report 2024

The Global Burden of TB -2023

400,000 (4.2%)
(360,000-440,000)

? ~200,000 
(only 175,000 treated)



WHO. Global TB Report, 2024.



Deaths due to TB, HIV, and TB/HIV

WHO. Global TB Report, 2024.
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Chaisson, Frick, Nahid. IJTLD 2022



Global Strategies for TB Control Through the Years - 1990s 

• DOTS and World Health Assembly Targets:
– By 2005, at least 70% of smear-positive TB 

cases will be detected and 85% cured
– Use sputum smears (~50% sensitivity)
– Passive case-finding
– Other components: governmental commitment, 

registry of cases, supervision of initial therapy

Kochi, Tubercle 1991



Strange as it may seem, the earliest eradication programs began 
with an evangelistic fervor, an incomplete knowledge of the 
disease’s ecology, unrealistic expectations, less than optimal 
technology, and with field experience that was minimal and 
uncritically evaluated.



Limitations of DOTS Strategy and 70/85 Benchmarks

• Fundamental misunderstanding 
of TB epidemiology

• Ignored seedbeds of TB
• Used passive case finding
• Relied on smear for diagnosis
• Assumed smear-negative TB is 

non-infectious
• Ignored HIV/TB
• Ignored MDR-TB
• Spurned research

“A major area which has been neglected in most public health programs, with disastrous consequences, is 
research.” DA Henderson

Population Dynamics of Tuberculosis



• TB incidence rising rapidly in countries with high HIV prevalence
• “Good” DOTS programs failing to contain TB
• TB control strategies need to be rethought in setting of HIV epidemic
• Novel approaches urgently needed

– Active or mass case-finding
– TB preventive therapy
– Integration of TB/HIV services
– Infection control



Setting Goals for Disease Control Strategies

1. Specific—the goals should be stated with specific numerical expectations;

2. Measurable—they must be measured without undue effort;

3. Adaptable and adjusted to need—the goals should be regularly reviewed for 
relevance and, as necessary, altered to address unforeseen circumstances;

4. Reasonable—staff who use these yard sticks should perceive them as being 
achievable within reason.

5. Time limited—without a reference point in time, the goal is meaningless.

6. Epidemiologically-based to have impact.

D.A. Henderson, The challenge of eradication: lessons from past eradication campaigns. IJTLD 1998; 2(9):S4–S8



Targets for TB Control Through the Years

• 2000s – Millennium Development Goals

• Target 6C. Have halted by 2015 and begun to reverse the 
incidence of malaria and other major diseases

• WHO Strategy: At least 70% of smear-positive TB cases 
will be detected and 85% cured



Vision: 
A world free of TB 
Zero TB deaths, 
Zero TB disease, and 
Zero TB suffering

Goal:    
End the Global TB 
epidemic

Vision, goal, targets, milestones



UN High-Level Meeting, September 26, 2018
General Assembly Declaration Commitments

• End the TB epidemic globally by 2030
• Treat 40 million people with TB from 2018-2022, including:

• 3.5 million children
• 1.5 million people with MDR-TB (including 115,000 children)

• Provide TB preventive therapy to 30 million people by 2022, including:
• 4 million children <5
• 20 million household contacts
• 6 million PLHIV

• Increase global investments in TB prevention and care to $13 billion/year 
by 2022

• Increase global investment in TB research to $2 billion/year
• Close $1.3 billion funding gap

http://www.un.org/en/ga/73/resolutions.shtml



Progress towards the 2018 HLM 
Treatment Targets

WHO. Status Update, September 2023



WHO. Status Update, September 2023

Progress towards the 2018 HLM 
Prevention Targets



WHO. Global TB Report, 2022



Another High-Level Meeting – September 20, 2023



High (and low)lights of
2023 UN HLM

"Right to science”

TRIPS flexibilities

US $22 billion per year for 

implementation

US $5 billion per year for research

Treat 45 million by 2027

Preventive treatment for 45 
million by 2027

Lack of measurable, time-bound 
commitments

No accountability mechanisms

Weakened language on R&D 
investment -- "up to"

No commitment regarding access 
to the outputs of publicly funded 
research



End TB and UNHLM targets: Aspirations or delusions?
Salvador Dali, Tilting at Windmills



Global ART Scale-Up – A Delusion Realized

UNAIDS 2018

Number of people living with HIV accessing antiretroviral therapy, global, 2000–2017 and 2020 target
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Number of people living with HIV on antiretroviral therapy Target



Although epidemic control remains a crucial goal in
HIV response, the findings from recent trials argue for
increased scepticism about the current policy goal of
achieving epidemic control by 2030. Goals are useful for
mobilising stakeholders, but…  we are not on track to
reach current targets of epidemic control.



Modeled approaches to reaching TB elimination

Dye, et al., Ann Rev Publ Health 2013



A Platform for Controlling Global Tuberculosis:
Tools and Implementation

• FIND the TB that is there
– Improved diagnostic technologies, including POC, essential
– Better case-finding strategies in facilities and community

• TREAT the TB that is found
– Improved treatment outcomes for all forms of TB
– Shorter duration of treatment
– New drugs and treatment strategies still urgently needed

• PREVENT the TB that hasn’t occurred yet
– New preventive therapies (e.g, long-acting injectables)
– Infection (transmission) control through social network tracing
– New vaccines 
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SMART4TB – USAID-funded Consortium to Advance END-TB Goals 

Diagnostics Therapeutics Operational Research

Interrupting Transmission Vaccine Preparedness Capacity Strengthening

Policy Translation



Gaps in TB Diagnosis

WHO. Global TB Report, 2022.



• Adults dying at home, no 
specific diagnosis

• (18% excluded, known to 
have TB)

• Consent from family
• Bilateral axillary lung biopsy
• Modified BAL
• 32% with TB at death



Verbal Autopsy Study of PWHIV Dying in India, 1/2019 – 3/2020

Slide courtesy of Sunil Solomon, MBBS, PhD

• 49% had a history of TB
• Male:Female = 1



New Tools for Diagnosing TB

Xpert MTB/RIF Ultra
BD Max

Abbott LAM

Omni Xpert Platform

Truenat
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Swab-based TB assay on fully-integrated, POC molecular platform

Co-Diagnostics, Co-Dx PCR Pro

Minute Molecular Diagnostics, DASH

Boditech Med, IsoAmplarSherlock Biosciences, Veros

Molbio Diagnostics, Truenat



     
Screening for tuberculosis with Xpert MTB/RIF versus fluorescent 

microscopy among people newly diagnosed with HIV 
in rural Malawi: A cluster-randomized trial

Lucky G. Ngwira, McEwen Khundi, Grace L. Barnes, Austin Nkhoma, Michael Murowa, Silvia Cohn, Larry Moulton, Richard E. Chaisson, Elizabeth L. 
Corbett, David W. Dowdy





Cluster-randomized Trial of Xpert vs. LED Fluorescent 
Microscopy as Point of Care Test in HIV Clinics

Rate ratio for all-cause mortality at 1 year

0.83 (0.65, 1.06)

0.86 (0.47, 1.58)

0.73 (0.48, 1.11)

0.49 (0.28, 0.87)

1.19 (0.79, 1.78)

1.07 (0.55, 2.07)

0.46 (0.25, 0.84)

Ngwira et al., CID 2018

Favors Xpert Favors Microscopy



Universal vs. Symptom-based TB Screening of Pregnant Women with 
HIV– A Cluster-randomized Trial in South Africa

Baseline Characteristics by Arm
Universal 
Clinics (8)

N=941

Symptom 
Clinics (8)
N=1,100

Age 30.2 yrs 29.5 yrs
Gestational 
age

24.6 wks 24.4 wks

TB Symptoms 17.3% 22.1%
Prior TB 9.8% 7.8%
On ART 99.5% 98.6%
CD4 count 426 

cells/mm3
451 cells/mm3

Hb 11.4 g/dl 10.8 g/dl

Yield of TB diagnoses by Arm

Study Arm TB Cases
n/N

Cluster-adjusted 
MTb Yield (95%CI)

Universal Testing 34/941 3.6%   (1.2-6.0)
Symptom Testing 4/1100 0.36% (0.0-1.1)

P = 0.01

Martinson, et al. IAS 2017



Targeted Universal Test for TB (TUTT)
Martinson, et al. PLoS Medicine, 2023, 20(5): e1004237

Cluster-randomized trial in 62 South African primary care clinics
Universal testing of ‘high-risk’ patients attending intervention clinics
 Primary analysis: TB diagnoses in control clinics decreased over time, 

intervention clinics had a 17% increase in TB diagnoses, interaction IRR 
1.17 (95% CI 1.14, 1.19, p < 0.001).

  Yield of Targeted Testing (% with TB)
• Overall  8.1%
• HIV+   7.2%
• Close contact 9.6%
• Prior TB (2 yrs) 16.3%



Impacts of new short-course regimens for DS- and DR- TB
Faster cure for patients    Faster cure for patients
Decreased costs of supervision   Improved clinical outcomes 
Increased capacity for treatment  Fewer side effects/AEs
Higher drug costs     Decreased costs of supervision 
       Increased capacity for treatment
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PK sub studies for RPT & MFX dose confirmation/optimization
and drug-drug interaction between RPT and DTG in CLHIV

Randomization 
(1:1)

8w HRZ(E) + 8-16w HR
(per severity disease & local SOC)

Shortened RegiMen for Drug-susceptIbLE TB in Children (SMILE-TB)

Open-label, Randomized, Controlled, Treatment-shortening Noninferiority Trial

Children < 10 
years with 

presumed DS-TB

H – Isoniazid
R – Rifampicin
Z – Pyrazinamide
E – Ethambutol

Follow up 12 months post randomization

H – Isoniazid
P – Rifapentine
Z – Pyrazinamide
M – Moxifloxacin

8w HPZMN=860

RHZ & RH 
dispersible FDC

Standalone  
dispersible 

tablets

Early DSMB assessment by risk strata
Nicole Salazar-
Austin
Johns Hopkins 
U i it
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Randomization of 
regimens (1:1:1)

Eligible 
persons 

with
FQ-S

RR-TB
(N=690)

PRISM-TB
‘Preferred’ WHO Control (26-39w)

17w

13w

Control

Intervention

BPaLM

Stratification Duration

BPaLM

Easier-to-
treat TB

Harder-to-
treat TB

26w

All participants 
followed up to 
18 months post-
randomization

Assuming 
approximately 
75% easier-to-
treat TB, 
25% harder-to-
treat TBB – Bedaquiline

Pa – Pretomanid
L – Linezolid
M – Moxifloxacin



Prevention of TB: Underappreciated and Poorly Implemented

‘In most situations, something that is prevented is a 
nonevent… As a consequence, the benefits of prevention 
are more likely to appeal to our intellect than to our 
emotions.’

George W. Comstock. JAMA 1986.215:2729



WHO. Global TB Report, 2024

How Are We Doing with Global Targets?



What are our tools for TB prevention?

Treatment Action Group. AN ACTIVIST’S GUIDE TO Rifapentine TB PREVENTIVE TREATMENT: 3HP AND 1HP. April 2024

4R



Benefit of Short-course TPT

TBTC Study 26, unpublished



Barriers to short-course TPT

• Price/cost to patients
• Lack of generic manufacturing
• Regimen choice
• Drug-drug interactions
• Drug-resistant TB

• Clinician reluctance to prescribe TPT
• Implementation challenges



Promoting uptake of TB preventive therapy with 3HP

>1 million additional courses of 3HP catalyzed



ULTRA CURTO – 1 V 3 HP IN BRAZIL
STUDY DESIGN

500 HIV-uninfected individuals ≥15 years old and no evidence of active TB who:
Have tuberculin skin test (TST) reactivity ≥ 10 mm and/or a positive Interferon Gamma 
Release Assay (IGRA), AND

• Are a contact of confirmed pulmonary TB case within past 90 days, or
• Have a documented conversion of TST or IGRA within 2 years

STUDY REGIMENS All treatment self-administered.

Arm A Arm B

Rifapentine 600 mg once daily for 4 weeks 900 mg weekly for 12 weeks

Isoniazid 300 mg once daily for 4 weeks 900 mg weekly for 12 weeks

Durovni, et al. World Conf Lung Health, Bali, 2024



STUDY OUTCOMES / PRIMARY OUTCOMES

worldlunghealth.org@UNIONCONFERENCE               #UNIONCONF   

Treatment success: Successful completion of TPT with >90% adherence documented by self-
report, pill count, and pharmacologic monitoring.

1HP: having taken at least 25 doses of medication within 8 weeks
3HP: having taken at least 11 doses of medication within 16 weeks

*Interim safety analysis after 25 participants in both arms have completed 4 weeks of treatment to ensure 
that 1HP is safe and well tolerated by HIV-negative participants, as compared with 3HP.

Targeted safety events:  Defined as Grade >2 (DAIDS) hypersensitivity syndrome, rash, 
tolerability*: peripheral neuropathy, hepatotoxicity, nausea and vomiting, and drug-related fever, 
or discontinuation of medication for any side effect.



ANALYTIC APPROACH

worldlunghealth.org@UNIONCONFERENCE               #UNIONCONF   

≥ 25 doses INH or RPT 
detected

Yes Yes Yes
≥ 25 doses

Failure

No

No

≥ 11 doses INH or RPT 
detected

Yes Yes Yes≥ 11 doses

Success

No

No

No

No

Self-Report Pill Count Drug Monitoring

1HP

3HP



RESULTS

worldlunghealth.org@UNIONCONFERENCE               #UNIONCONF   

≥ 25 doses INH or RPT 
detected

Yes Yes Yes
≥ 25 doses

Failure

No

No

≥ 11 doses INH or RPT 
detected

Yes Yes Yes≥ 11 doses

Success

No

No

No

No

Self-Report Pill Count Drug Monitoring

1HP

3HP

229
(92%)

227
(91.2%)

223
(89.6%)

434
(86.8%)

251 211
(84.1%)

229
(91.2%)

222
(88.4%)

249



worldlunghealth.org@UNIONCONFERENCE               #UNIONCONF   

Outcomes 1HP (n=249) 3HP (n=251) P value

Primary Outcome #1: Successful completion 223 (89.6%) 211 (84.1%) 0.07
Primary Outcome #2: Targeted AE or discontinuation for AE (Grade 
2+) 40 (16.1%) 26 (10.4%) 0.06

Targeted AE (Grade 2+) 36 (14.5%) 23 (9.2%) 0.07
Targeted AE without discontinuation 22 15
Targeted AE with discontinuation 14 8

Discontinued treatment due to AE (Grade 2+) 18 (7.2%) 11 (4.4%) 0.17
Grade 3+ targeted AE 9 (3.6%) 7 (2.8%) 0.72

* Targeted safety events: Defined as Grade >2 hypersensitivity syndrome, rash, peripheral 
neuropathy, hepatotoxicity, nausea and vomiting, and drug-related fever

RESULTS



ULTRA CURTO COSTS BY INTERVENTION 

Doses
Medication 

Cost 
No. Clinic 

Visits 
Total Clinic 

Costs 

Total 
Patient 
Costs

Estimated Total 
Cost 

6H 
(literature) 180 $3.54 6 $203.22 $88.92 $295.68

3HP 12 $12.91 4 $135.48 $17.80 $166.19

1HP 28 $19.54 2 $67.74 $11.47 $98.75

1HP vs 3HP 1HP vs 6H 3HP vs 6H
Cost ($) $-13,323.09 $-88,896.77 $-75,573.68
DALY -3.75 -119.02 -115.28
ICER 
($ per DALY averted)  $3,556.89 $746.89 $655.58

Baille, Salazar-Austin, Dowdy, preliminary data



Impact and cost-effectiveness of short-course TB preventive treatment for household 
contacts and people with HIV in 29 high-incidence countries: a modeling analysis

Ryckman, et al., Lancet Global Health, 2023;11:e1205-e1216.



3HP and 1HP in Priority Populations (PHIV)

• DOLPHIN – 3HP and DTG safe and 
effective in PHIV with suppressed VL

• DOLPHIN TOO – 3HP safe and 
effective in PHIV starting DTG

DOLPHIN Trials

Viral load < 40 copies/mL at 
Baseline and Week 9 in all 60 
participants

Dooley et al., Lancet HIV 2020

Weld et al., Lancet HIV, in press



3HP and 1HP in Priority Populations (PHIV)

• DOLPHIN-KIDS – 3HP in Children HIV on DTG
• First PK milestone passed, recruitment continues with daily DTG

• DOLPHIN-MOMS – 1HP and 3HP in pregnant WHIV on TLD
• First PK cohort analysis completed, study continues

• DOLPHIN 1 to 3 Study – 1HP vs 3HP in PHIV and HHCs
• PHIV arms fully enrolled, HHC continue to recruit

DOLPHIN Trials

Salazar-Austin, Union 2024

Mathad, LaCourse, et al., in progress

Churchyard, Chaisson et al. in progress



Analysis Levo event 
rate

Placebo event 
rate

HR (95% CI)

Overall: IPD 
meta-analysis

8/1474 
(0.54%)

21/1483 
(1.42%)

0.40 [0.17-0.90]

V-QUIN std 
analysis

3/1023 
(0.29%)

9/1018 
(0.88%)

0.34 [0.09-1.25]

TB-CHAMP std 
analysis

5/451 
(1.11%)

12/465 
(2.58%)

0.44 [0.15-1.26]



1,695 Index Cases and 3,885/3,834 (101%) Contacts enrolled



Clinician Reluctance to Prescribe TPT
TEKO Study

• Cluster-randomized trial of IGRA linked to 
CD4/VL testing in PHIV in 14 clinics in South 
Africa 

• South African guidelines recommend TPT for all 
PHIV with no evidence of active TB

• Intervention: 516/1,284 (45.5%) received TPT 
prescription 

• Control: 271/948 (30.2%) received TPT 
prescription

• Majority in both arms not prescribed TPT 
despite guidelines

Proportion receiving TPT

Jarrett, et al., Clin Infect Dis. 2024;79:751

30.2% 
TPT

45.5% 
TPT



Potential Game-Changers

• Pan-TB short-course preventive therapy

• Long-acting injectables/implants

• Vaccines



Efficacy of BDQ in a paucibacillary mouse model of TPT
Lung bacterial counts after 1 month of treatment

Zhang et al. AJRCCM 2011;184:732
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Oral BDQ x 1 month has efficacy similar to 1HP and superior to LFX, Pa
2-drug combinations of BDQ with LFX, Pa, sutezolid were no better than BDQ alone 

Lung bacterial counts after 1 month of treatment 

Lanoix et al. AAC 2014; 58:2316
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Courtesy of Eric Nuermberger



Clinical simulation of oral BDQ for TPT from translational model

R. Savic et al, OA44-449-15 and OA44-450-15, Bali 2024

Translational model incorporating BDQ and M2 metabolite PK-PD predicts oral BDQ 
200 mg x 4 weeks to be at least as effective as 3HP 

Courtesy of Eric Nuermberger and Rada Savic
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BREACH-TB

Bedaquiline Roll-out Evidence in Contacts and 
People Living with HIV to prevent TB

 
(BREACH-TB)

An open-label, randomized, controlled, Phase 3 clinical trial of bedaquiline for prevention of TB 
disease in PLHIV and contacts of drug-susceptible and rifampin-resistant TB

Eric 
Nuermberger

Sonya 
Krishnan
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BREACH-TB: Study Overview

Contacts 
of DR-TB

PHIV & 
Contacts of 

DS-TB

BDQ 4 
weeks

BDQ 4 
weeks

Levofloxacin 
26 weeks

1HP, 3HP

• Phase 3, open-label, multicenter, randomized, 
controlled trial

• 2 primary indications:
• Adults & children close contacts of RR-TB
• PHIV and Adults & Children close contacts 

of DS-TB
• Non-inferiority design comparing efficacy & 

safety of BDQ vs. Comparator
• Followed up to 96 weeks post-randomization 

– Primary endpoint 72 weeks



Efficacy of LAI bedaquiline in a mouse model of TPT

Kaushik et al. Antimicrob Agents Chemother 2019; pii: AAC.00007-19
Kaushik et al, Am J Respir Crit Care Med 2022

Plasma concentrations of BDQ and M2 
metabolite after single IM injection to mice
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Phase 1 trial of LAI bedaquiline (initiated July, 2024)

Vivian Cox, LEAP-TB Workshop, Baltimore, April 2024 

• Single ascending dose (SAD) study 
o PK, safety, & tolerability of IM dosing in 32 

healthy volunteers
o Lower-dose PK assessed before proceeding 

with the ascending dosing strategy
o Planned interim analysis at Group C 

enrollment to inform next steps



TBAJ-876, a next-generation diarylquinoline

Superior potency vs. BDQ
(1) superior efficacy in vitro and in murine TB models
(2) superior potency against BDQ-resistant Rv0678 variant 

Improved safety vs. BDQ
(1) reduced cardiovascular liability (eg, hERG inhibition)
(2) larger pre-clinical safety margin
(3) ΔQTc no different from placebo in Phase I MAD study

BDQ TBAJ-876

MIC v. Mtb H37Rv (µg/ml) 0.03 0.006

MIC v. Rv0678 variant (µg/ml) 0.25 0.025

hERG IC50 (µM) 0.37 >30

28-Day Rat NOAEL (mg/kg/day) 6 40

Safety Margin Rat (Male) 0.2 15
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C. Cooper et al, World Microbe Forum 2021
A. Lombardi et al, AAC 2024
D. Almeida et al, AAC 2021

Potency and safety parameters

In vivo potency of TBAJ-876 (S) vs. BDQ (B)

Drug alone Drug w/ PaL
 

Phase 2b NC-009 trial is underway to 
evaluate oral TBAJ-876 with PaL to treat 

TB disease

Courtesy of Eric Nuermberger



EC50

• Single IM doses ≥125 mg/kg produced sustained plasma 
exposures above EC50 for 6 weeks.

• All dose levels had superior bactericidal activity compared to 1HP 
and 4 weeks of oral BDQ (500 mg/kg total dose).

• 23 of 25 mice receiving doses ≥125 mg/kg had no recoverable CFU 
at Week 12 post-dose. 

• These data provide POC for a highly efficacious pan-TPT regimen 
comprised of a single IM dose of a TBAJ-876 LAI formulation. 

Superior efficacy of TBAJ-876 LAI in mouse model of TPT

Hobson et al, CROI 2024, Poster 00881

Dose-ranging bactericidal activity of LAI TBAJ-876

Median plasma conc. after IM injection
Dose (mg/kg)

25g needle
API loading = 80 wt%
API conc = 300 mg/ml

Oral BDQx4w

62.5 mpk

125 mpk
250 mpk

LA 876 x1

Courtesy of Eric Nuermberger



Efficacy of Rifapentine-LAI in mouse TPT model

• RPT-LAI exhibited dose-dependent bactericidal activity 

• A trend towards superior efficacy with divided dosing was observed (x4 > x2 > x1)

• The 4-dose schedule for 187.5 mg/kg and the 1- or 2-dose schedules for 375 mg/kg 
achieved an Emax similar to 1HP

Total dose: 375 mg/kgTotal dose: 187.5 mg/kgTotal dose: 93.75 mg/kg

Courtesy of Eric Nuermberger            Pertinez et al, CROI 2024, abstract 880



• Survey of 28,000 Tibetan refugees in India

• TB Prevalence: 346/100,000
• Prevalence in schoolchildren: 391/100,000
• 5% MDR TB





TB Drug Resistance Survey in the Tibetan Community in India
Overall Results

Streptomicin Isoniazid Rifampicin Ethambutol
Sensitive 202 190 212 222
Resistant 58 70 48 38
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Salvo et al., . Int J Tuberc Lung Dis 2014;18:655-62.



Tibetan TB Control Programme

• Standardized diagnostic criteria
• Routine susceptibility testing
• WHO-approved treatment regimens
• Community-based DOT
• Contact evaluation and treatment

Outcomes
• >90% treatment success
• ~50% reduction in MDR-TB

Kunchok Dorjee, MBBS, MPH, PhD



Zero TB Kids: Comprehensive mobile community-based screening and 
treatment program for active and latent TB that brings TB care to doorsteps of 
the schools and monasteries



Active Case Finding & 
Treatment

Reduction in Adult TB 
cases under National 

Program

Elimination in 
Children

LTBI Screening and 
Preventive Therapy

Community Mobilization

Zero TB Kids Framework for TB Control and 
Elimination in Children



Community Mobilization



“Unlike many…diseases, TB is 
curable so it must be 
eliminated.… We should 
never let down our guard in 
the goal to eliminate TB.” 
- His Holiness The 14th Dalai 
Lama







Transformative technologies for Zero TB Kids 

GeneXpert system at 
school

Electronic Adherence 
Monitor Device 
(https://www.wisepill.com
/evrimed)

Zero TB Facebook, 
Twitter, and Instagram 
pages

Zero TB Kids WhatsApp 
Hotline for communication

https://www.wisepill.com/evrimed/


Latent TB Infection screening in kids Preparing TB Preventive Therapy medicine boxes separately for 
each child. 



Year-wise Prevalence of Active TB in Schoolchildren

Year Student 
population

TB Disease Prevalence

2017 5013 42 838/100,000
2018 5015 22 439/100,000
2019 4995 7 139/100,000

Year Students 
screened

Latent TBI Prevalence

2017 4860 913 19%
2018 827 124 15%
2019 3608 383 11%

Year-wise Prevalence of Latent TBI in Schoolchildren



2022 Follow-up 
Prevalence Survey with 
additional technologies

Near point-of-care Quantiferon testing

Portable digital CXR 
with Computer-
Assisted Diagnosis



Zero TB Kids 2022-3 Results

Population No. 
Screened

Active 
TB

TB Prevalence TB 
Infection

Given TPT

Students 3093 4 129/100,000 433 (13%) 397 (91%)
Teachers/
Staff

140 0 0 61 (44%) 38 (62%)

Kunchok Dorjee, unpublished



Seven Years of Zero TB in Kids - Impact

DIVISION OF INFECTIOUS DISEASES



‘For the first time, …the TB epidemic curve is bent for this vulnerable refugee 
children population, setting the community on a path to TB elimination, and 
presenting a model for communities nationally and globally.’

Dorjee, et al., PLoS Med 18(1):e1003502. https://doi.org/10.1371/journal.pmed.1003502



Achieving TB Control: Aspirations, Delusions, and Reality

“Remember that if a man seeks 
the impossible, the possible may 
be justly denied him; a poet said it 
better…

‘if the impossible I demand, 
for me the possible is banned.’” 

Miguel de Cervantes, “Don Quixote”

Pablo Picasso, Ciencia y caridad
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Increasing age is not associated with an increased risk of 
reactivation of latent TB 

Comstock, Frost Revisited: The modern epidemiology of tuberculosis. Am J Epidemiol, 1975

The risk of reactivation declines over 
time, but the higher prevalence of 
people with TB infection in older age 
groups contributes to higher case 
rates.



TB Case Rates by Age Group, 
United States, 1993–2019

Ca
se

s p
er

 1
00

,0
00

 p
er

so
ns

YearCDC, 2020


Chart1

		1993		1993		1993		1993		1993		1993

		1994		1994		1994		1994		1994		1994

		1995		1995		1995		1995		1995		1995

		1996		1996		1996		1996		1996		1996

		1997		1997		1997		1997		1997		1997

		1998		1998		1998		1998		1998		1998

		1999		1999		1999		1999		1999		1999

		2000		2000		2000		2000		2000		2000

		2001		2001		2001		2001		2001		2001

		2002		2002		2002		2002		2002		2002

		2003		2003		2003		2003		2003		2003

		2004		2004		2004		2004		2004		2004

		2005		2005		2005		2005		2005		2005

		2006		2006		2006		2006		2006		2006

		2007		2007		2007		2007		2007		2007

		2008		2008		2008		2008		2008		2008

		2009		2009		2009		2009		2009		2009

		2010		2010		2010		2010		2010		2010

		2011		2011		2011		2011		2011		2011

		2012		2012		2012		2012		2012		2012

		2013		2013		2013		2013		2013		2013

		2014		2014		2014		2014		2014		2014

		2015		2015		2015		2015		2015		2015

		2016		2016		2016		2016		2016		2016

		2017		2017		2017		2017		2017		2017

		2018		2018		2018		2018		2018		2018

		2019		2019		2019		2019		2019		2019



5–14 years

0–4 years

15–24 years

25–44 years

45–64 years

≥65 years

5.1540452113

1.7482791426

5.0358514739

11.6085934774

12.4989215242

17.7333321306

5.050733732

1.7721430272

5.0701835733

10.9051313261

12.0397654231

16.681463687

4.5770646363

1.6917333503

4.6924755215

9.8456373363

11.4107730295

15.8450600014

3.9913947602

1.5243237062

4.5201459204

9.0455096418

10.3741498973

14.948239512

3.8430830448

1.3307249066

4.5722838634

8.237172363

9.5216955956

13.640322795

3.3597944353

1.120741174

4.1428939468

7.6103857318

8.6546158566

12.7292993368

3.1780988655

1.1039307785

4.018689075

7.3246075235

8.2106462584

11.6357761756

2.8365402489

1.0218593227

4.1053879995

6.5620581702

7.424548328

10.0229349845

2.8137314447

0.9379850914

3.9712962565

6.6384082566

7.0009157632

9.3340120091

2.8616733007

0.9432623331

3.6691512377

6.2983467316

6.271785007

8.8451711348

2.7918923446

0.8870216163

3.8005401164

6.0840786819

6.2241297801

8.3483139654

2.7747053013

0.9861518585

3.8237716158

5.9470187324

5.9110258239

7.764481483

2.3798286925

0.9285337841

3.6281248374

5.7234901788

5.6414364519

7.6617066211

2.4173871726

0.7910724443

3.5757762539

5.6752878605

5.3698486944

7.1682066786

2.3203859771

0.764381725

3.6643183122

5.2321125471

5.2408009184

6.8022515162

2.4369636676

0.7111875486

3.3255367204

5.1492744068

4.9963424179

6.4315446272

1.990662361

0.5974086713

2.9304495323

4.725636192

4.2567404744

5.7466369114

1.8029785304

0.6583465641

2.7127632213

4.4311266769

4.1727248835

5.4449029187

1.7392943822

0.5506112077

2.3460850129

4.0738903747

3.9664984037

5.4099133942

1.30656363

0.5493853023

2.3182708821

3.7656128462

3.7558594305

5.0776294185

1.4862048701

0.4561090506

2.2232482202

3.5567014277

3.555438604

4.8757037253

1.3234469664

0.4735230095

2.1854557239

3.3643479063

3.5492077855

4.7533402073

1.2250177954

0.4771045092

2.139444709

3.3832174422

3.605552594

4.7911083074

1.1243987039

0.3970230288

2.1507168546

3.3207646285

3.3818160181

4.5811079782

1.1412212535

0.4917577027

1.9635153351

3.2050687377

3.2720183023

4.5198938775

0.9360944984

0.4579009518

2.036258605

3.1431552054

3.2159154282

4.4930870714

1.0982452952

0.3707844944

1.9912147605

2.9817533703

3.19837975

4.4803511352



Sheet1

		year		0–4 years		5–14 years		15–24 years		25–44 years		45–64 years		≥65 years

		1993		5.2		1.7		5.0		11.6		12.5		17.7

		1994		5.1		1.8		5.1		10.9		12.0		16.7

		1995		4.6		1.7		4.7		9.8		11.4		15.8

		1996		4.0		1.5		4.5		9.0		10.4		14.9

		1997		3.8		1.3		4.6		8.2		9.5		13.6

		1998		3.4		1.1		4.1		7.6		8.7		12.7

		1999		3.2		1.1		4.0		7.3		8.2		11.6

		2000		2.8		1.0		4.1		6.6		7.4		10.0

		2001		2.8		0.9		4.0		6.6		7.0		9.3

		2002		2.9		0.9		3.7		6.3		6.3		8.8

		2003		2.8		0.9		3.8		6.1		6.2		8.3

		2004		2.8		1.0		3.8		5.9		5.9		7.8

		2005		2.4		0.9		3.6		5.7		5.6		7.7

		2006		2.4		0.8		3.6		5.7		5.4		7.2

		2007		2.3		0.8		3.7		5.2		5.2		6.8

		2008		2.4		0.7		3.3		5.1		5.0		6.4

		2009		2.0		0.6		2.9		4.7		4.3		5.7

		2010		1.8		0.7		2.7		4.4		4.2		5.4

		2011		1.7		0.6		2.3		4.1		4.0		5.4

		2012		1.3		0.5		2.3		3.8		3.8		5.1

		2013		1.5		0.5		2.2		3.6		3.6		4.9

		2014		1.3		0.5		2.2		3.4		3.5		4.8

		2015		1.2		0.5		2.1		3.4		3.6		4.8

		2016		1.1		0.4		2.2		3.3		3.4		4.6

		2017		1.1		0.5		2.0		3.2		3.3		4.5

		2018		0.9		0.5		2.0		3.1		3.2		4.5

		2019		1.1		0.4		2.0		3.0		3.2		4.5







Percentage of TB Cases Among Non-U.S.–born Persons 
by Years Since Initial Arrival in the United States at 

Diagnosis, 2019 (N=6,364)

Pe
rc

en
ta

ge
 o

f T
B 

ca
se

s

Years in the United StatesCDC, 2020


Chart1

		<1

		1–4

		5–9

		10–19

		≥20

		Unknown/
Missing



Column1

14%

17%

11%

17%

30%

12%

0.135

0.167

0.11

0.173

0.299

0.117



Sheet1

		Sales		Column1

		<1		14%

		1–4		17%

		5–9		11%

		10–19		17%

		≥20		30%

		Unknown/
Missing		12%







How can we identify 
immunoreactive people 
who are most likely to 
progress to TB disease?



• 2976 adolescents with neonatal BCG vaccination screened 
• 48% IGRA-positive and ineligible
• 990 randomized to H4:IC31, BCG, or placebo
• No difference in initial IGRA conversion (13-16%)
• ‘Sustained’ IGRA conversion:

• H4:IC31 8.1%
• BCG 6.7%
• Placebo 11.6%

• BCG revaccination efficacy for sustained conversion = 45%

N Engl J Med 2018;379:138-49.



Potential Impact of BCG Revaccination in Adolescents

• Population prevalence of TST/IGRA+ in adolescents ~50%
• Population = 100,000
• 10% of LTBI+ develop TB in follow up   50,000 X .1 = 5,000

• 11% of placebo recipients become infected 
• 10% develop TB in follow up    5,500 X .1= 550

• 7% of BCG revaxed become infected
• 10% develop TB in follow up    3,500 X .1 = 350

• Total TB burden with no vaccine (placebo) = 5,550
• Total TB burden with BCG revaccination     =  5,350
• Impact of BCG revaccination   = 5,550/5,350 ~ 3%
• Caveats: 

• Revax may protect in people who convert, but 100% efficacy unlikely
• TB rates in IGRA+ people may be lower since some period of risk has 

passed



Comstock, Clin Infect Dis, 2000;suppl

Can TB Vaccines Cause Harm?
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