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1. Emerging shifts in tuberculosis epidemiology
Particularly in high HIV prevalence countries in Africa

2. Renewed focus on community-based active case finding
Delivering smarter, more effective and efficient interventions?

3. New tools for finding the missing millions
But how to measure impact?

Overview of presentation



1. Emerging shifts in tuberculosis epidemiology
Particularly in high HIV prevalence countries



TB incidence declining in many high HIV 
prevalence countries 

Percentage of TB incidence that is HIV-associated

Dodd et al Nature Comms (In press)

47% 41%
2000 2019



What is driving changes in TB epidemiology?

Association between antiretroviral coverage and tuberculosis incidence in 
people living with HIV

12 countries in the WHO African Region, 2003–2016
Williams and Dye Bull WHO 2019

MPHIA 2021

88% 86% 84%
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Changes accelerated at city-level
McEwen Khundi James CarpenterRachael BurkeMarriott Nliwasa

Khundi et al PLOS One 2022
Khundi et al Epidem & Infect 2021

Nwaza-Soko et al Emerg Infect Dis 2021
Ku et al BMC Medicine 2021

MacPherson et al BMC Med 2019

Underdiagnosis concentrated 
in informal settlements

Blantyre City, Malawi
Population: 1.1 million

~1088 per 100k
(2014)

215 per 100k
(2021)

Blantyre City TB 
prevalence

80% 
reduction



Ageing and concentrating HIV 
epidemic

Blantyre City, Malawi (Population: 1.1 million)

Rebecca NwazaRachael BurkeAugustine ChokoJeff Eaton

Burke et al IAS 2022
Burke et al AIDS 2021

MacPherson et al BMC Med 2019

Peak prevalence: 
50 years

Median population age: 17 years



Threats: Impact of COVID-19 on 
TB notifications in Blantyre

333 fewer TB 
notifications 
(95% CI: 291 to 376) 

24% reduction 
(95% CI: 21 to 26%)

Rebecca Nwaza-SokoRachael Burke

Nwaza-Soko et al. Emerg Infect Disease 2021

Malawi declares COVID-19 
“State of Disaster”

Pete Dodd



Threats: Impact of climate crisis on 
TB care and prevention

Cyclone Freddy: Blantyre, Malawi March 2023 



New insights into subclinical TB: 
implications for TB programmes

Frascella et al Clin Infect Dis 2021
Ku et al BMC Med 2021

50% of bacteriologically-confirmed TB was subclinical Asymptomatic TB disease typically lasts around 6 m



Subclinical TB – back to the future?
Scottish Mass Radiography Campaign 1957-1958
>40% of entire adult population screened in 60 weeks

Previous ACF interventions in:
- USA, Denmark, 
- Locally (Wales, Northumberland, Stockholm, Liverpool)

Where reported, substantial fraction of bacteriologically-positive TB was 
asymptomatic 

Golub et al IJTLD 2005
MacGregor, PhD Thesis, University of Glasgow 1959



Implications of changing TB epidemiology in high 
HIV prevalence settings

1 TB epidemics are concentrating: spatially, and within harder-to-reach priority groups

2 Need to focus on high-quality, targeted screening programmes, that minimize harms, and maximize benefits and 
efficiencies

3 New screening tools, approaches, and ways of measuring impact urgently needed



2. Renewed focus on community-based active case finding
Smarter, more effective and efficient interventions?



Time, increased impact of other cofactors, increased mobility away from site of transmission 

Transmission Infection Active disease Diagnosis Notification

WGS

Infection surveys

(Disease) prevalence surveys

Case notification data
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Hannah RickmanMphatso Phiri

Rickman et al PLOS Global Public Health 2022

Epidemiological targets of active case 
finding programmes



Active case finding: impact on case notification rates
What should we expect to see?

ACF intervention periodTB notifications in Kol ́ın, Czechoslovakia, 1960–1972 (Schwalb et al IJTLD 2022)



Burke et al Lancet PH 2021

1980-2020: >100 million years of person follow-up

Community-based TB active case finding: 
impact on case notification rate ratios Rachael Burke



Study ZAMSTAR
Ayles 2013

ACT3
Marks 2019

TREATS
Ayles 2021

Countries Zambia & South Africa Viet Nam Zambia & South Africa

ACF approach Symptom screen -> smear Xpert for all Symptom screen -> Xpert/smear

Total population 447,228 42,150 49,557

Effect on adult TB 
prevalence (aRR)

1·09 (0·86–1·40) 0·55 (0·39–0·77) 1.15 (0.67-1.95)

Effect on incidence/
prevalence of TB infection 
(aRR)

1·36 (0·59–3·14) 1·29 (0·70–2·36)* 1.45 (0.97-2.15)

“Community-based active case-finding for tuberculosis might be effective in changing tuberculosis epidemiology if delivered with high 
coverage and intensity”

Ayles et al Lancet 2013
Marks et al NEJM 2019

Ayles et al Union World Conference 2021

Hit-TB Corbett 
unpublished

Cain unpublished SCALE Corbett 
unpublished

Malawi Kenya Malawi

Symptom screen -> 
smear

?
Symptom 
screen/CXR 
-> smear

34,456 ? ~520,000

? ? ?

? ? ?

ACF impact on TB disease prevalence / infection



Cost and efficiency of TB active case finding 
interventions

Data from Gomes et al PLOS One 2022
Sohn et al IJTLD 2021

N=32 TB Reach Round 5 
studies



Does TB active case finding improve individual 
outcomes?

Telisinghe et al eClinicalMedicine 2021

Public Health benefit Individual 
consequences

“We found very limited data on the effect of TB screening on 
individual outcomes.

Routine/research programmes must prioritise collecting and 
reporting this data.”



How should active case finding interventions be 
targeted?

Key findings:
• Very few studies

• Methods to define hotspots need 
advancing

• How should impact be measured?

Dowdy et al PNAS 2012
Khundi et al BMJ Open 2021
Cudahy et al Lancet ID 2019



How to target active case finding interventions?

Lower need Higher need

Epidemiological data
- Spatiotemporally-resolved CNRs
- Stratified by age, sex, HIV status
- Case fatality rates
- HIV care cascade data

Healthcare utilization and access data
- Clinic distance, opening
- Clinic screening uptake and positivity
- Laboratory throughput and positivity

Community/stakeholder perspectives
- Perceived barriers
- intersectional barriers
- Community norms and expectations

Resourcing and sustainability
- Financing
- Political support
- Management, monitoring and evaluation

Targeted ACF
Public health 
needs 
assessment



Hannah RickmanMphatso Phiri

Timasamala Study
• Testing 6,000 healthy U5s in 

Blantyre for TB immunoreactivity

• QFT+ IGRA 

• Recruiting from:
1) Cross-sectional household sample
2) Convenience sampling in PHCs 

• Additional cohort: 4000 
adolescent and adult household 
members

Convenience sampling for TB infection



Focus on engaging men 
in TB care

Katherine HortonLiz CorbettMoses Kumwenda

M:F prevalence ratio in 
bacteriological confirmed 

TB

12.21

488 per 
100,000

231 per 
100,000

Horton et al PLOS Med 2016

Bertie SquireMphatso Phiri

Kenya, Malawi, Uganda, Nigeria



3. New tools for finding the missing millions
But how to measure impact?



Computer-
aided x-ray 

diagnosis 
of TB



HR: 2.9 (1.0-7.9)

MacPherson et al PLOS Med 2021



First RCT of artificial intelligence in medicine
First WHO pre-qualification of software as a medical 
device



Adaptive thresholds for CAD required?

Mungai et al PLOS Global Public Health 2022

Kenya national TB prevalence survey (n=61,484)

Brenda Mungai

Sensitivity Specificity



Conclusions

1 We are entering a new era in TB epidemiology in high HIV prevalence countries.
Our approaches to finding the missing millions must adapt

2 Precision-public health approaches using all available sources of data are required
Programmes must be targeted to where benefit (individual and population) will be greatest 

3 New screening tools are emerging
Need to be rigorously evaluated in randomized trials for population an individual benefit and harms



#UofGWorldChangers
@UofGlasgow

Thank you
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