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One of the deadliest infectious diseases of our time!

Example: March 11, 2023 - worldwide
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 1 Billion TB deaths

Paulson T,  Nature 2013WHO, 2023

 ~770
COVID-19 

deaths/day

WHO (12.03.2023 ):COVID-19
6.87 Mio deaths globally



Urgent priority!

“Targeted active-case–finding initiatives (…) could help identify 

people with undiagnosed tuberculosis. This approach will require 

learning from Covid-19 testing experiences by bringing tuberculosis 

testing closer to where people live and work and engaging 

communities, private providers, and community-based health workers 

and civil-society organizations.”

Pai M et al N EngJ Med 2022
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Case detection strategies

Passive case finding
Routine diagnosis of symptomatic TB patients self-presenting to 
health services

Enhanced case finding
Health information or education to encourage health-seeking 
behaviours, with or without increasing access to diagnostic services

Active case finding (ACF)
Systematic screening using any test/procedure (case-finding in 
communities and health facilities)
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Short history of active case finding 

 Example for ACF: large scale mass radiography 
campaigns in industrialized countries between the 1930s 
and 1960s

 Paradigm shift: focus more on detection of symptomatic 
TB patients in the 1960s

 1974: WHO concerns about accuracy, logistics and personnel 
requirements for mass radiography: “indiscriminate TB case 
finding by mobile mass radiography should be abandoned”

 In the last 10 years, renaissance of active case finding; e.g. 
TB REACH / Stop TB Partnership, implementation of 
innovative case finding strategies at country level, including 
active case finding
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WHO - Systematic TB screening
Recommendations:

General population
− in areas with an estimated TB prevalence of 0.5% or higher

Subpopulations 
− with structural risk factors for TB

Such as urban poor communities, homeless communities, communities in remote or isolated areas, 
indigenous populations, migrants, refugees, internally displaced persons and other vulnerable or 
marginalized groups with limited access to health care

− PLHIV
− Household contacts of TB cases (including children and adolescents)
− Prisoners
− Miners
− People with risk factors and 100/100’000 TB prevalence
− People with untreated fibrotic lung lesions

WHO, 2021
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WHO - Systematic TB screening

 












WHO, 2021 (modified)
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Burke RM et al Lancet Public Health 2021

Systematic review (2013)
“Individual and community-level 

benefits from active screening for 

TB disease remain uncertain.

So far, the benefits of earlier 

diagnosis on patient out-comes and 

transmission have not been 

established.”

Systematic review (2021)

“Our main findings were that there is 

mixed evidence that active case-finding 

is effective at initially increasing 

tuberculosis detection when measured by 

case notification rates, and that active 

case-finding could reduce community 

prevalence of tuberculosis if delivered 

with sufficient intensity and 

coverage.”
Kranzer K et al IJTLD 2013

Systematic review (2021)

“Very limited data on the effect of 

TB screening on individual 

outcomes.”

What are the individual and community benefits of active case finding?

Telisinghe L et al EClinicalMedicine 2021



9Frascella et al CID 2021

Prevalence surveys
“Between 36.1% and 79.7% (median, 

50.4%) of prevalent bacteriologically 

confirmed TB was subclinical.”

Why do we need to pursue active case finding?
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Bayesian modelling
“Despite accounting for only 11 to 19% 

of prevalent disease, smear-positive 

subclinical TB accounted for 35 to 

51% of future transmission—a 

greater contribution than symptomatic 

or smear-negative TB.” 

Ryckman TS et al PNAS 2022

Why do we need to pursue active case finding?
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TB cases in the community

Subclinical Symptomatic 

Frascella et al. CID 2021
Naidoo et al. JID 2017
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“We propose that substantial progress towards ending 

tuberculosis in high-burden settings will require a focus on 
community-wide active case finding for tuberculosis 
with symptom-agnostic tests, followed by effective 
treatment to stop endemic transmission.“

Marks GB et al Lancet 2022
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• Ca Mau Province, Vietnam
• Screened for pulmonary TB, regardless of 

symptoms
• Annually for 3 years
• Intervention - All participants (43000!): eligible to 

be tested with Xpert MTB/RIF 
• Control - No active case finding

Intervention
TB cases;

TB prevalence
(Xpert pos)

Control
TB cases;

TB prevalence
(Xpert pos)

Year 1 169; 389/100000

Year 2 136; 308/100000

Year 3 78; 176/100000

Year 4 53; 126/100000 94; 226/100000

Reduction in prevalence Y1-Y4: 64%
(Xpert pos/Cult. pos)

Marks GB et al. NEJM 2019

Results

Xpert MTB/RIF actually 
done
in intervention arm

Year 1 23282
Year 2 22375
Year 3 19890
Year 4 18837

→ Cost-
effective?

84384 Xpert tests : 436 TB case

ACT3



Call: Diagnostic tools for poverty-related diseases 
Funder: EDCTP
Amount: Euro 3.19 m 
Period: 4 years & 1 Year NCE
Start: January 1,  2020

www.tbtriage.com

PartnersTB TRIAGE+ Project
Community-based tuberculosis triage testing 
after symptom screening in hard-to-reach 
African populations: CAD4TB versus C-
reactive protein

South Africa
Lesotho
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Triage testing can potentially improve 
active case finding in the community

Xpert

$ $$$current 
cough

or
weight loss 

or
night sweats

or
fever

Triage
‘rule-out’

50%  of infectious TB cases are asymptomatic

Target product profiles (TPPs)
for TB triage tests

Sens. >95% min: >90%
Spec. >80% min: >70%

Low costs (<2$), fast, simple, non-sputum
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Triage test candidates

C-reactive protein (CRP)
Marker for inflammation and infection

Quantitative point-of-care tests available

CAD4TB
Computer-aided detection of tuberculosis using 
digital chest radiographs

Deep Learning-Based Software
 abnormality score (between 0 and 100) 
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CAD: Computer-aided detection software

 High-sensitivity tuberculosis rule-out test

 CAD using newest versions of AI algorithms 
outperforms experienced radiologists

 Users need threshold scores identified from their own 
patient populations

Murphy K et al Sci Rep 2020; Qin ZZ et al Lancet Digit Health 2021; Tavziva G et al CID 2022 
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Innovations in digital x-ray 
Stationary    - Mobile   - Portable    - Ultra-portable
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TB TRIAGE+ ACCURACY
facility-based

Diagnostic accuracy 
of CAD4TB and CRP

TB TRIAGE+ TRIAL
large-scale, community-based 

Effectiveness, costs and cost-
effectiveness of TB testing 

algorithms

Lesotho Prevalence Survey
CAD4TB threshold 

determination
Literature review/WHO

CRP threshold 
determination 

Symptom-agnostic screening
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Results
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CAD4TBv7 meets TPP criteria

CRP does not meet TPP criteria

Unpublished data
N=1392

ACCURACY

Median Age, years 45 
Female 752 (54.0%)
HIV positive 676 (48.6%)

Eligible for AHD package 
(LS=335 / SA=341)

CD4≤200cells/µL 20.2% / 40.6%

Patient characteristics

CRP AUC: Lesotho > SA
CAD AUC: history TB < no history TB

CRP & 
CAD AUC: independent of HIV status

Lesotho Prevalence Survey

AUC = 0.791
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CAD4TBv7 CXR field CXR central

Complete case (CC) Not tested = negative (NN)

Multiple imputation (MI) Latent class analysis (LCA) 

 TB TRIAGE+ TRIAL
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• Community-based
• Community engagement
• Symptom-agnostic
• 20,000 individuals
• Health economic analyses
• AHD package in community
• Hypertension and DM screening
• Same day treatment ART, CTX, TPT
• REDcap
• QGIS: geo-referencing
• Internal QC and external monitoring

TB TRIAGE+ TRIAL
large-scale, community-based



Overall aim:

To investigate the effectiveness, costs and cost-effectiveness of

community-based TB triage testing algorithms consisting of CAD4TB

screening alone (approach 1) compared to CAD4TB screening with

POC-CRP triage testing (approach 2), followed by Xpert MTB/RIF Ultra

rapid sputum molecular testing in both approaches
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CAD4TB: 100

CAD4TB:  0
 no further testing 

 Xpert Ultra

 CRP, if CRP >5mg/L  Xpert Ultra

Sens 90 /Spec 70

Approach 1 Approach 2

 Xpert Ultra

 no further testing 

CAD4TB: 100

CAD4TB:  0

13

5

44

TB TRIAGE+ TRIAL

Logic for
CAD4TB v7

≤ 5 No further testing
> 5 and ≤13 CRP
> 13 and ≤ 44 CRP & Xpert Ultra
> 44 Xpert Ultra

Two diagnostic approaches in one participant: Paired screen-positive study design

TB TRIAGE+ TRIAL
large-scale, community-based

Spec 95

Sens 95
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 Cost analysis to assess health system and household level cost implications 

 Cost-effectiveness analysis
 Extended cost-effectiveness analysis (ECEA) - impact on out-of-pocket expenditures 

averted and financial risk protection provided across socioeconomic groups

 Impact of the interventions in terms of long-term health outcomes within a 
simulation modeling framework

TB TRIAGE+ TRIAL
large-scale, community-based
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South African site

TB TRIAGE+ TRIAL
large-scale, community-based

 Results by end of 2024
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Conclusions: Active TB case finding

• New evidence, i.e. on subclinical TB, is fueling the discussion on the 
relevance of active TB case finding.

• Active community-wide, symptom-agnostic TB screening has to become 
a priority if we are serious about "ending TB".

• Significant financial and logistical efforts are required, which cannot be 
left to national TB programs alone.

• Context-specific research on screening strategies, tools and health 
economic analyses of active case finding for both adults and children is 
of key importance.
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TB TRIAGE + Collaborators

Swiss TPH
Klaus Reither
Aita Signorell
Tracy Glass
Johanna Kurscheid
Moniek Bresser
Rahel Erhardt
Marina Antillon
Anna Verjans
Fabrizio Tediosi
Franziska Graf
Eric Huber
Christelle Laufenburger

ITM Antwerp
Lutgarde Lynen
Alfred Keter
Bart Jacobs
Tinne Gils

Radboud University
Bram van Ginneken
Keelin Murphy

SolidarMed Lesotho
Irene Ayakaka
Mashaete Kamele
Pauline Grimm
Bulemba Katende

HSRC South Africa
Alastair van Heerden
Shannon Bosman
Thandanani Madonsela
Thulani Ngubane
Philip Joseph

Charité Berlin
Thomas Zoller

University Hospital 
Basel
Jens Bremerich
Niklaus Labhardt

EDCTP
Debora Bade

Scientific Advisory Board (SAB)
Christina Yoon
Graeme Meintjes
Sian Floyd
Anja van’t Hoog

Thank you!
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