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▪ First line imaging
▫ Chest x-ray
▫ Lung ultrasound 

▪ CXR CAD
▪ Advanced imaging

▫ CT, MRI, PET
▫ Bronchoscopy, EBUS

Focus on CXR and CXR CAD 
& use in the clinical trial 

context

Overview



CHEST X-RAY: context

▪ Most widely used  and available global imaging 
modality for TB

▪ Recognised limitations
▫ 2D representation of 3D space
▫ Sensitivity and specificity are suboptimal
▫ Lack of standard terminology and definitions
▫ Intra- and inter-reader variability 

▪ Accessible, available and useful tool within clinical 
trials globally



▪ Traditional role with new applications:

▫ CXR as a diagnostic tool in symptomatic children

▫ CXR as a screening tool in children with TB exposure and/or 
TB infection

▫ CXR for disease severity stratification

▫ (CXR for treatment response monitoring)

CHEST X-RAY: context



CXR on paediatric TB trials

Enrolment Outcome
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CXR as a diagnostic tool

CXR as a screening tool

CXR for disease severity stratification



CXR on paediatric TB trials

Diagnostic studies, TB Rx trials

• Screen ‘in’ active TB disease

TB prevention trial

• Screen ‘out’ active TB disease

CXR as a diagnostic tool

CXR as a screening tool

CXR for disease severity stratification

TB Rx shortening trials

• Screen ‘out’ severe TB disease
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Entry points End points
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SHINE

SMILE 4: SMART4TB



CXR on paediatric TB trials

Diagnostic studies, TB Rx trials

• Screen ‘in’ active TB disease

Diagnostic studies, TB Rx trials

• ‘Treatment response marker’ 

TB prevention trial

• Screen ‘out’ active TB disease

TB Rx shortening trials

• Screen ‘out’ severe TB disease

TB prevention trials, vaccine trials, 

TB Rx shortening trials

• Incident TB

Enrolment Outcome

Entry points End points

IMPAACT P1108, 

2005, 2034

A5300/P2003

(Phoenix)

SHINE

SMILE 4: SMART4TB

CXR as a diagnostic tool

CXR as a screening tool

CXR for disease severity stratification



Utility of CXR on paediatric TB trials

▪ Real-time interpretation by on-site clinicians

▫ Eligibility

▫ Investigating end-points

▫ Clinical care (treatment response, alternative diagnoses)



Utility of CXR on paediatric TB trials

▪ Real-time interpretation

▫ Eligibility

▫ Investigating end-points

▫ Clinical care

▪ Retrospective interpretation

▫ Characterizing trial cohort

▫ Classifying end-points

▫ Analysis   



▪ Treatment Decision 
Algorithms include 
CXR features in the 
scoring step

CHEST X-RAY: diagnostic tool





CHEST X-RAY: screening tool



CHEST X-RAY: disease severity stratification

▪ Treatment shortening

• In children and adolescents between 3 months and 16 years of age 
with non-severe TB (without suspicion or evidence of MDR/RR-TB), 
a 4-month treatment regimen (2HRZ(E)/2HR) should be used.

   

NEW: Strong recommendation, moderate certainty of evidence

▪ Relevance for treatment shortening trials



▪ Definition of non-severe pulmonary TB 
based largely on CXR findings



Non-severe Severe



Lessons from SHINE

▪ On-site clinicians interpreted CXRs from all 1204 children enrolled  in 
real time 

▪ 1174 (98%) available for expert review

Table. Inter-reader agreement (2 expert readers):

Palmer, in progress 



More nuanced approach to CXR classification
Normal vs 

abnormal?

TB vs not 

TB?

Severe vs 

not severe?

TB prevention trial

• Screen ‘out’ active TB disease
Diagnostic studies, TB Rx trials

• Screen ‘in’ active TB disease

TB Rx shortening trials

• Screen ‘out’ severe TB disease



AI: CXR computer aided detection “CAD”

▪ Potential benefits

▫ Eliminates inter-reader variability

▫ Access to ‘expert’ read when a human expert is not available

▫ Immediate result

▫ Can choose your CAD threshold 

▫ Particularly useful for clinical trials?



▪ CAD recommended for use for screening and triage in persons >15 
years, WHO 2021

AI: CXR computer aided detection “CAD”



▪ Not yet recommended by WHO

▪ Few CAD software solutions are 
marketed for children

▫ None for children <2 years

▪ No data published on diagnostic 
performance in children

CAD for paediatric TB

http://www.ai4hlth.org/



CAD for paediatric TB

▪ Specific challenges in paediatrics

▫ Access to CXR image datasets

▫ Appropriate reference standards

▫ Diverse radiological disease spectrum
Photographs taken with written informed consent, 
Desmomd Tutu TB Centre



CAD for paediatric TB

▪ Re-trained ‘adult’ CAD4TB v7 
algorithm with 445 paediatric 
CXRs

▫ AUC increased from 0.58 (0.46-
0.72) to 0.72 (0.62-0.85, p=0.0016) 
after fine-tuning

▫ Reference standard: human expert 
read



▪ CAPTURE: Catalyzing Artificial intelligence for Paediatric 
Tuberculosis Research

▪ Stellenbosch University, UCSF and FIND

▪ Aims:

▫ Develop a cloud-based CXR repository of images from children with 
presumptive TB

▫ Assess the performance of current CAD models for TB detection in 
children

▫ Develop a CAD algorithm that can analyse CXRs for paediatric 
pulmonary TB

Capture consortium



worldlunghealth.org

▪ Partners across 21 
countries

▪ CXRs from South America, 
Sub-Saharan Africa and 
South and Southeast Asia

▪ ≈8 000/10 000 CXRs 

▫ ≈ 48% TB

▫ ≈ 12% confirmed TB

▫ Median age: 3 years Invitation to collaborate

Capture consortium



▪ Imaging remains important for clinical care and research in paediatric TB:

▫ Diagnosis: identify key radiological features

▫ Screening: normal vs abnormal

▫ Disease severity classification

▪ CAD: software with acceptable performance in children in the next year?

▫ ?potential use in clinical trials

▪ LUS and advanced imaging  not addressed

Conclusions and future directions
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CHEST X-RAY: interpretation resources
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