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LTBI Treatment Options for Children < 2 y/o

• Rifampin daily for 4 months (120 doses)

• Isoniazid daily for 6-9 months (180-270 doses)

• Everybody else can have INH/rifapentine weekly (12 doses)



Risk for active TB by Age

WHO Latent tuberculosis infection - Updated and consolidated guidelines for programmatic management



Risk of Progression to TB Disease by Age

Age @ primary infection

• Birth - 12months

• 1-2 years

  Risk of Disease 
Disease  50%
Pulmonary Dis  30-40%
Miliary or TBM  10-20%

Disease  20-25%
Pulmonary Dis    75%
Miliary or TBM  2-5% 

 

Marais BJ. Int J Tuberc Lung Dis 2004;8:392-402



The Announcement



Enrollment

Cohort Age Number Enrolled 
(Targeted)

1 ≥ 4 to ≤ 12 years old 18 (12)

2 ≥ 24 months to < 4 years old 12 (12)

3 ≥ 12 to < 24 months old 18 (18)

4 0 to < 12 months old 18 (18)

Total 66

Union 2024 Bali – Louvina van der Laan



Union 2024 Bali – Louvina van der Laan



11Module 1: Tuberculosis preventive treatment

2022

different 
weight bands 

Operational handbook (2) 
Drug dosage for TPT according to body weight band





Points to Consider

• This study was done with dispersible tablets ….that we can’t get

• Crushing rifapentine tablets still offers good bioavailability

• Achieving the appropriate dose without liquid formulations is likely to be 
complicated in the smallest children

• Coming soon:  
• Smile-TB looking at 8 weeks of HPMZ for children < 10 years old
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A Quick Look at How AI Can Help Address 
the TB Epidemic

A Birdseye view

Disclaimer:
I am the very least qualified person to do this!



How can AI Help ?
• Diagnosis of TB Disease

• Screening
• Triage (Assessing next steps in symptomatic patient)

• Radiographic diagnosis of Drug Resistance
• Prediction of treatment outcomes
• Identifying new compounds for treatment of MTB
• Identifying host directed therapies
• Basic education of patients and families
• Discussion of challenges patients face with TB treatment 

Ling et al, Frontiers in Medicine,  July 2022



Ling et al; Frontiers in Medicine Review July 2022



Can I Trust AI?

• Modeling shows accuracy of physicians’ interpretations was 
highest when accompanied by accurate, interpretable AI 
tools.      Jabbour; JAMA, 2023;330

• Physicians need to be able to find and use correct tool 

• After analysis of AI based CAD (computer aided detection) in 2021, 
WHO issued conditional recommendation that CAD solutions may 
be used in place of human readers for both TB screening and triage.                              
Int J TB Lung Dis  2023 The Union                                            



Can I Trust AI?

• Several CAD programs are commercially available and have accuracy of 
near 90% with sensitivity close to 90% and specificity of ~70% compared 
to + Xpert and/or culture

• Shown to preform on par with radiologists

• Thresholds vary with population characteristics and need to be set by each 
program and adjusted for populations

• Not validated in kids; cannot process a lateral CXR

• Accuracy in non-TB abnormalities needs to be evaluated

Int J Tuberc Lung Dis 2023 The Union



CAD of TB from CXR in TB prevalence survey in South Africa: 
validation and modelled impacts of commercially available AI 
software    Qin et al Lancet Digital Health 2024

• Evaluated 12 CAD products against +Xpert  and/or culture for MTB in a high HIV 
and high TB burden setting
• Evaluated against WHO target product profile sensitivity of 90% and specificity 70%
• First evaluated each across all thresholds; found that closest to 90% sensitivity and then 

checked its specificity against 70% target.

• Results
• 5 had overall performance (AUC – measure of accuracy) > 0.86 
• For the same criteria there were differences in threshold scores across different CAD 

products
• Several performed worse with prior TB RX and in older persons
• Different products needed different thresholds



CAD of TB from CXR in TB prevalence survey in South Africa: 
evaluation and modelled impacts of commercially available AI 
software    Qin et al Lancet Digital Health 2024

• Threshold adjustments helped meet programmatic targets 
in different sub-populations

• Different thresholds were needed for same criterion from 
different products.
• Refutes the notion that a universally recommend threshold could be 

appropriate
• Implementers such as national TB programs should develop own 

• None of the 12 CAD evaluated were included in prior WHO 
guidance list; some were updated models.
• But no guarantee performance was the same

Refutes the notion that a universally recommend threshold could 
be appropriate
Implementers such as national TB programs should develop own 



Can I Trust AI?

Jabbour; JAMA 2023; 330 

NEJM AI 2024



Maybe AI Can be Trusted and Can Help

GPT4

Correctly diagnosed 57% of cases
Outperforming 99.8% of humans



AI assisted human 
interactions
Tested Chatbot with ethically 
fraught role-play dialogues

As I read through the dialogue 
I, like the author, believe that 
the Chatbot likely performed 
as well as I would have; maybe 
better!

And computers have unlimited 
time!!!



Use of AI in TB Education and Counselling
• Accepted/Pending publication

• Testing of the accuracy and effectiveness of AI chatbot configured  to 
draw information from international and local TB guidelines and was 
tasked to provide education response
• Tested on  39 FAQ 

• These were appraised by team of 91 global experts by modified Delphi consensus

• Findings:
• Overall able to answer questions in all domains (epidemiology, presentation, 

prevention of TB, diagnosis and treatment) and cited source
• Unable to distinguish LTBI from disease
• Out of date on definition of MDR TB
• Helpful but not able to replace a healthcare provider for patient’s unique 

circumstances. 



Challenges – Data Paucity Cycle
• Physician trust in AI
• Success in other areas relied on access to large and 

comprehensive and high-quality datasets. 
• We consider the principal issue currently hindering replication of 

the previous achievements of AI-based medicine in TB, being a 
“data paucity cycle” - a profound lack of data, particularly for 
validation purposes, 
• leads to unsuccessful efforts to develop translatable tools
• resulting in a lack of evidence to convince further investment
•  ultimately leading back to data paucity

Breathe Viewpoint  2024,  McClean et al 



PZA 

New Understanding and….
Could One Size Fit All?
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• Known facts:
• WHO and US guidelines suggest dosing PZA at 20-30 mg/kg daily (max 2000 mg)
• Some PK/PD studies suggest higher doses might achieve increased efficacy
• Increasing the PZA dose raises concerns about increasing toxicity

• Authors sought to determine PZA dosing strategies to optimize benefit/minimize risk

• Took advantage of TBTC Study 31 that compared standard 6 month RIPE (HRZE) regimen 
to HEPZ (substituting rifapentine for rifampin) and HMPZ (replacing rifapentine for rifampin 
and moxifloxacin for EMB)

American Journal of Respiratory and Critical Care Medicine Volume 210 Number 11 | December 1 2024



Analysis: How and Whom?

• ≥12 y/o (ages 13-81),  weights 40-122 kg, 71% men

• Standard daily PZA dosing:
• 40 to <55 kg 1000 mg
• 55 to 75 kg 1500 mg
• >75 kg  2000 mg

• Plasma specimens collected and analyzed by HPLC

• Measured peak concentration (Cmax) and total drug exposure over time (AUC)

• Measured primary efficacy as time to unfavorable outcome over 12 months
• Measured primary safety as any grade 3 or higher adverse treatment while on 

treatment



Findings

• Overall, 39 of 2255 participants (2%) experienced hepatotoxicity

• Covariate (age, race, sex) effect on PZA PK profile
• Higher doses (1500 mg daily [80%] and 2000 mg daily [70%]) had lower bioavailability 

compared to 1000 mg daily
• Women had 16.3% higher bioavailability
• Individuals identifying as Asian absorbed PZA faster than those identifying as Black
• PZA was absorbed 51.9% faster on an empty stomach (though exposure was not affected)

• PZA Efficacy and Safety
• Decreasing PZA lead to lower Ct by Xpert
• In advanced age, PZA was associated with unfavorable outcomes with 6 month regimen 

while in the 4 month regimen, rifapentine exposure was the most important influence on 
unfavorable outcomes 

• As PZA AUC increased, risk of grade 3 or higher adverse events increased



The authors estimated the 
therapeutic window based on the 
AUC needed to achieve: 
• 95% durable cure at 12 months 

and 
• <18% probability of grade 3 or 

higher adverse events



PZA Weight-Banded Dosing vs. Flat Dosing

6 month regimen

4 month regimen



Questions to Consider

• Bioavailability decreases as the dose increases.  
• Does clearance increase with dose increase?
• Does absorption decrease after a certain dose?

• Since PZA is always administered with other drugs that cause 
hepatotoxicity, will we ever understand PZA’s role in 
hepatotoxicity?

• What role do PZA metabolites play in these findings?

• Are we over dosing our patients?  Does one size actually fit 
all……?
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WHO Classification: 
Drug Resistant TB

January 2021
• Rifampin Resistant (RR)/MDR (INH 

and rifampin resistant)
• Grouped together

• Pre-XDR-TB: TB caused by M. 
tuberculosis strains that fulfill the 
definition of MDR/RR-TB and are also 
resistant to any fluoroquinolone

• XDR-TB: TB caused by M. tuberculosis 
strains that fulfill the definition of 
MDR/RR-TB and that are also resistant 
to any fluoroquinolone and at least 
one additional Group A drug. 

Group A Drugs
Levofloxacin/Moxifloxacin

Bedaquiline
Linezolid



Fluoroquinolone Resistance

• Associated with poorer outcomes
• WHO Global tuberculosis report 2024

• Globally in 2023, 19% estimated proportion of MDR/RR TB cases with pre-XDR 
TB (resistance to any FQN tested)

• Some areas with very high rates
• Mumbai ~36% of MDR/RR TB has resistance to fluoroquinolones

• Dreyer et al, Genome Medicine 2022

• England – 1.4% overall, 23.9% MDR TB
• survey of 16,000 unselected isolates  Ferran et al,  CID March 2025

• United States – 16 of 88 (18%) MDR TB cases were pre-XDR (FQN or Inject)
• Reported TB in U.S. 2022 CDC



Bedaquiline Resistance
• First described in 2015
• Detection challenging; access to DST limited, genotype unpredictable
• Association with poor Treatment Outcomes
• South African Study (2015-2019); baseline BDQ R = 3.8% 

•     Ismail et al, Lancet Infect Dis 2022

• Resistance to CFZ significantly associated with BDQ in South Africa 

• German WHO Supranational Ref Cent (6/2018-3/2019), BDQ R - 5.6%
• 4 pt took BDQ or CFZ prior to BDQ resistance  (200 isolates from 124 patients)
• Patients treated in hospital; resistance likely due to lack of protection of BDQ by other drugs   

Andres et al, Am J Resp and CC Med June 2020

• Several U.S. cases noted



Pooled Prevalence of BDQ Resistant TB
Systematic Review Baseline and Acquired During Treatment     Eur Resp J, April 2023 

2.8% 2.2%



Baseline and Treatment-emergent resistance associated variants (RAVs) and 
associated minimum inhibitory concentrations (MICs)          Eur Resp J, April 2023 

Solid black line = intermediate or resistant MIC, dashed = susceptible MIC, dotted RAVs with either 
susceptible, intermediate or resistant MICs



11% cured 
39% failed
39% died

Treatment 
failure 121

Overall  vs  BDQ Resistance %
Linezolid                30     37 
FQN 90     93
Clofazamine         25     44

July 2024



Bedaquiline resistance
Now What?

Current Treatment Options
BPaLM
BPaL

BPaMZ  -  not advised due to liver toxicity



end TB  (9 month regimens)

Non-inferior 
to SOC

Superior

9mo D-C-Lzd-Lfx-Z may give an option other than older individualized regimen when isolate is 
resistant to or patient is intolerant to Bedaquiline – 

Higher failure & acquired 
drug resistance

WHO now 
recommends 

#1-3 and if BDQ 
resistance #4



MDR-END  9 D-Lfx-Lzd-Z   No BDQ or Pretomanid (Korea)

Non – inferior to SOC but 
longer regimen with IA
Had a better outcome  

75% versus 70.6% 



The Better Project
Best Practices for Clinical 
Management of TB with 
Expanded Resistance 
1st Edition December 2024

Back to Buidling Individualized Regimens
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