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1. Emerging shifts in tuberculosis epidemiology
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Percentage of TB incidence that is HIVV-associated
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TB incidence per 100,000 per year

TB incidence declining in many high HIV
prevalence countries
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HIV testing and treatment cascade

Association between antiretroviral coverage and tuberculosis incidence in Malawi: 2020-2021
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ARG Saa Changes accelerated at city-level
' OfGla.sgow Blantyre City, Malawi

Population: 1.1 million

Blantyre City TB case notification rates (n=25,202)
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Marriott Nliwasa  Rachael Burke McEwen Khundi James Carpenter

Underdiagnosis concentrated Blantyre City TB
in informal set\tlements prevalence
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35.00°E 35.05°E 35.10°E Khundi et al PLOS One 2022
Khundi et al Epidem & Infect 2021
TB Prevalence:notification ratio Nwaza-Soko et al Emerg Infect Dis 2021
[ B Ku et al BMC Medicine 2021
5 4 6 8 10 MacPherson et al BMC Med 2019



WENNGSUM Ageing and concentrating HIV , , ‘

, Of Glasgo\wr Jeff Eaton Augustine Choko Rachael Burke Rebecca Nwaza

epidemic
Blantyre City, Malawi (Population: 1.1 million)
Median population age: 17 years Peak prevalence:
50 years
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Case Notification Rate (per 100,000 person-years)

4004

300 -

2004

100 4

Malawi declares COVID-19

“State of Disaster”

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

.
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= = counterfactual

| ~—— observed

Pete Dodd Rachael Burke Rebecca Nwaza-Soko

333 fewer TB

notifications
(95% CI: 291 to 376)

240/0 reduction
(95% CI: 21 to 26%)

Nwaza-Soko et al. Emerg Infect Disease 2021
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TB care and prevention

Cyclone Freddy: Blantyre, Malawi March 2023
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ghts into subclinical TB:

implications for TB programmes

00% of bacteriologically-confirmed TB was subclinical
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(Chrowbedl Subclinical TB — back to the future?

< lasgow
Scottish Mass Radiography Campaign 1957-1958
>40% of entire adult population screened in 60 weeks

RESPIRATORY TUBERCULOQOSIS
CONFIRMED NOTIFICATIONS IN COUNTY AREAS INCLUDING LARGE BURGHS
EXPRESSED A5 A PERCENTAGE OF THE SCOTTISH TOTAL DURING 1952-56

SCOTLAND

JCALE OF MILE

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

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

OVER PER CENT AR
UNDER | FER CENT

Adults resident in

survey areas _Difference
Estimated 1;;;"—1;’% Per cant.

Attendance | 1,200,000 | 1,639,957 + 37

Active New cases | 2,400 3,988 + 66

tuberculosis | p,te/1000 2.0 2,143 + 22

| Observation New cases 7,200 7,235 -
o e | tuberculosis | pote/1000 | 6.0 435 - 27

Golub et al IJTLD 2005

MacGregor, PhD Thesis, University of Glasgow 1959



g%féﬂigég Implications of changing TB epidemiology in high

HIV prevalence settings

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

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

New screening tools, approaches, and ways of measuring impact urgently needed
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2. Renewed focus on community-based active case finding
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finding programmes Mphatso Phiri

Hannah Rickman

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

Notification

\ 4
\ 4

Active disease

\ 4

Infection

v

Transmission Diagnosis

WGS
Infection surveys

(Disease) prevalence surveys

Data sources

Case notification data

Rickman et al PLOS Global Public Health 2022
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= impact on case notification rate ratios

Rachael Burke

WS

Randomised controlled trial

Shargie et al (2006), Ethiopia I .
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IAMSTAR ACT3 TREATS Hit-TB Corbett Cain unpublished ~ SCALE Corbett
Ayles 2013 Marks 2019 Ayles 2021 unpublished unpublished
Countries [ambia & South Africa Viet Nam [ambia & South Africa Malawi Kenya Malawi
Symptom
ACF approach Symptom screen-> smear Xpert for all Symptom screen-> Xpert/smear | Symptom screen-> ? screen/CXR
smear -> smear
Total population 447778 42 150 49,537 34,436 ? ~a20,000
Fect on adult 19 103 (0:86-14D) 055 (0:38-07) 115 (0.67-195) ? ? ?
prevalence (aRR)
Effect on incidence/
prevalence of TB infection  1-36 (0-59-3-14) -29 (0-70-2-36)° .45 (0.97-2.15) 7 9 7
(aRR) : . :
‘Community-based active case-finding for tuberculosis might be effective in changing tuberculosis epidemiology if delivered with high Ayles et al Lancet 2013

. o Marks et al NEJM 2019
coverage E”d |nten5|ty Ayles et al Union World Conference 2021
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Ml Cost and efficienc
interventions

y of TB active case finding

Case finding Case finding & linkage Case finding, linkage & support

50- b \E%

N=32 TB Reach Round 3

studies

T T T
100 1000 10000 100

T T T T T
1000 10000 100 1000 10000

Number of cases diagnosed

Data from Gomes et al PLOS One 2022

® AFR A EMR H PAR -+ SEAR XI WPR Sohn et al IJTLD 2021
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Public Health benefit

Reduced transmission

Reduced incidence,
prevalence, mortality

Al Does TB active case findin
outcomes?

Individual
CONSEQUENCES

Earlier diagnasis -> less
mortality/ morbidity?

False positive diagnosis

Ecanomic impact of
lagnosis

g improve individual

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

individual outcomes.

Routine/research programmes must prioritise collecting and

reporting this data.”

Telisinghe et al eClinicalMedicine 2021
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TB Incidence, per 100,000 per year

100

90

70

60

50

40

30

20

10

University
iGNl targeted?

9.8% reduction

29.7%
reduction

— Baseline (Equilibrium)

Reduce Time to Treatment by 50%
4 in Non-Hotspots

~—— Reduce Time to Treatment by 50%
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4 ——Reduce Transmissibility by 50% in
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Reduce TB Transmissibility in
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BM] Open Effectiveness of spatially targeted
interventions for control of HIV,
tuberculosis, leprosy and malaria:
a systematic review
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fion in HIV-endemic settings 3 W

Spatially targeted screening to reduce tuberculosis

How should active case finding interventions be

Key findings:

 \ery 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?

Epidemiological data

Spatiotemporally-resolved CNRs
Stratified by age, sex, HIV status

Case fatality rates
HIV care cascade data

Public health

needs
assessment

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

—

[
»

d
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Lower need

Higher need
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Mphatso Phiri  Hannah Rickman

limasamala Study
Testing b,000 healthy Uas in

Blantyre for T immunoreactivity

13.76"5

(FT+ IGRA

Recruiting from:

[)  Cross-sectional household sample
Z2)  Convenience sampling in PHCs

Additional cohort: 4000

adolescent and adult househaold

15.80°5

15.82°5

members i

15.86"5

from the British people
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Focus on engaging men
in TB care

Mphatso Phiri Moses Kumwenda Liz Corbett  Katherine Horton  Bertie Squire

from the British people

488 per 231 per
100,000 100,000

M

2.21

M:F prevalence ratio in
bacteriological confirmed
TB

ultural ang

o ¢ tob i
o oS of big to a(:co/a,c Ohey

C ‘-\d workmg cOl)d
“ea“hcare Selviceg s (s
e~ 3 communig, 5
N oo“‘ac‘ patterng .
2\ ifestygg f”

. alcohoy co

Self-sufficiency and emotional control
Acting tough and taking risks
Attractiveness
Rigid gender roles
Superiority among men

Hypersexuality Qf"
Power, aggression and control ’Q\

Horton et al PLOS Med 2016
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3. New tools for finding the missing millions



Computer-
aided x-ray
diagnhosis

of TB
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AESEARCH ARTICLE

Computer-aided X-ray screening for
tuberculosis and HIV testing among adults
with cough in Malawi (the PROSPECT study): A
randomised trial and cost-effectiveness
analysis

PPeter MacPheraon= ">+, Emily L. Webb ", Wala Kamchedzera=”. Ellzabeth Joekea ',
Gugu Iﬂl:lll2 :. Davld G. Lalloo:", Thus H. Dlv’uIa 2% Augustine T. Choko ™, Rachasl

M. Burke 7, Pai®, 8. Bertel Squire s,
Marriott Niiwasa ™", Elizabeth L. Corbett™?

1 Department of Clinical Sciences. Liverpool Schoal of i icire, Liverpoal, Uil 3

2 Malawi-LiverpookWellcome Trusl Clinical Research Programme, Biantyre, Malawi 3 Clinical Research
Dspatmere, Landan Szneel of Hygens and Tropkeal Madina, Lendan, Lnsad Kingeom, 4 MR Tropicsl
Eaidami . Lantion Sznzcl af Hygi Tronical Madidine, Lardan, Unted Kingcomn,

§ Department of Radislogy, Chris Hari Baragwarath Hospial Soweta, South Alrica, 6 Helse Nord TB
Initate, Collage of Medicine, Universly of Malkw, Blantyre, Melawi. 7 Dagarimeant of Pubiic Heath and
®alicy, Unversey of Livaraea, Livarea, Lngad Kingnom, 8 MeGil intemancnal TB Cantra, Mecil
Univarsity, Mantraal, Ganara

* peler.macpherson @ lsimed.ac.uk

Abstract

Background

Suiboptimal is (TB) di ics and HIV 1 the high ghobal burdean of

TB. We investi s and yield from i HIV-TB screening, including computer-

aided digital cheat X-ray [DCXR-CAD).

Methods and findings

In thig open, three-arm randomised trial, adults (=18 years) with cough abtending acute pri-
mary sarvices in Malawi were rendomised (1:1:1) to standard of care (SOC); oral HIV testing
THIV sereening) and linkage b care; or HIV lesting amd linkage 1o care plus DCXR-CAD with
aputum Xpert for high CADATEy [HIV-TE ing ipants and study statf
wiara not blindsd to intervention allocation, but investigator blinding was maintained untl
linal analysis, The primary oulcome was time o TB ireadment. Secondary outcomes

included proportion with cay TR prevalence of g
bacteriologically confirmed TB on day 56; and undiagnosed/unireated HIV. Analysis was
e an an i Gon-to-treat basis. Cost anahysis used a health-provider per-
apactive. Betwean 15 2018 and 27 019, 8,236 were scraenad for eli-

gibility, with 473, 482, and 497 randomly allocated to SOC, HIV, and HIV-TE scrasning
anms; 53 [11%), 52 (9%), and 47 (%) were lost to follow-up, respectively. At 56 days, TB

alpmed. 1003752 Soptemierd, 2021 117

Probability (TB treatment)

= Standard of care == HIV screening

0.031

0.02 1

0.011

0.00+

HIV-TB screening

—

- HR: 2.9 (1.0-7.9)

O.
K]
—
N

Number at risk

Standard of care 473 419 417
HIV screening 492 446 445
HIV-TB screening 497 436 435

417
443
434

28
Days

413
442
434

35

413
441
434

42 49

413 413
440 440
434 433

MacPherson et al PLOS Med 2021



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

Box 1. Main changes to the guidance in the current update

=2 Community-wide systematic screening using an accurate screening and diagnostic
algorithm may be used in settings with a TB prevalence of 0.5% and higher, based on
new evidence of public health benefit.

tuberculosis

=» Computer-aided detection (CAD) is being recommended for the first time as an alternative
to human interpretation of digital chest X-ray (CXR) for screening and triage for TB. Its
use should be limited to the interpretation of plain CXRs for pulmonary TB in individuals
aged 15 years or older.

Module 2: Screening

World Health
Organization
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Kenya national TB prevalence survey (n=61,484)
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Sex: Women
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0 25
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CADATBvE score

Mungai et al PLOS Global Public Health 2022

ptive thresholds for CAD required?

Sex: Women
Cough=2w: Mo

Previous TB: Yes

B1% (74%-BE5)

A% [

Sex: Women
Cough=2w: Yes

Previous TB: Ma

92 (G2%-575)

6% (634 634)

25 5575 99|10

Brenda Mungai

Sex: Women
Cough=2w: Yas

Previous TB: Yes
B2 (- 00%)

35 (295

25 5575 89

SIBBA GZ-51

siead -9z

seah + 11
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eiusll Conclusions

We are entering a new era in 1B epidemiology in high HIV prevalence countries.

Precision-public health approaches using all available sources of data are required

New screening tools are emerging
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