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Quantifying the global number of tuberculosis survivors:

a modelling study

Peter ] Dodd, Courtney M Yuen, Shamanthi M Jayasooriya, Marieke M van der Zalm, James A Seddon

* 155 million TB survivors (1980- 2019) were alive in 2020
e ~ 6-18 million were <15 years
e ~15.5 million were adolescents

* A total of 3480 million life-years were lived “after TB’
 Children <15 years contribute 12% to these life-years
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Quantifying the global number of tuberculosis survivors:
a modelling study

Peter ] Dodd, Courtney M Yuen, Shamanthi M Jayasooriya, Marieke M van der Zalm, James A Seddon

* 155 million TB survivors (1980- 2019) were alive in 2020
e ~ 6-18 million were <15 years
e ~15.5 million were adolescents

* A total of 3480 million life-years were lived “after TB’
 Children <15 years contribute 12% to these life-years

—>These children and adolescents are potentially at risk
for TB-associated morbidity
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TB associated morbidity- the concept

Tuberculosis disease
Before active tuberculosis ~ and treatment Post-tuberculosis period
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Figure: lllustration of post-tuberculosis DALY loss for a typical survivor of pulmonary tuberculosis treatment
in India without HIV infection

Quaife et al. Lancet 2020



TB associated morbidity- the concept

Tuberculosis disease
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PRINCIPLES OF LUNG FUNCTION TRACKING

Predicted Lung Function
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o o P Antenatal and Early Life Insults
8 Increased Obstruction (e.g. infection, antenatal smoking,
Normal Persistently Reduced During Growth corticosteroids, oxygen, ventiation)
Normal with Persistently Reduced Increased Obstructon ~— — (Eea gy ;hplg:uorzdténxgls infections,
........ Accelerated renenes e Accelrated ssssssss During Growth pa.ss‘ive i 2
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Physological Aging ~ =ssessss Late Chidhood Insults
(e.g. active smoking)

— — Catch Up

Early life insults can affect trajectory

of lung function

Timing and severity of insult might

impact on trajectory

Catch up growth vs accelerated

decline

Ref:Gabrielle Y et al. CHEST 2021; 160(3):879-889



The impact of LRTIs on lung function

Postbronchodilator FEV,:FVC Ratio (%, +/-SE)
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What happens after PTB?

Ref: Chan et al Paediatrics 2015



Post TB lung disease in children and adolescents

Magnitude and factors associated with post-
tuberculosis lung disease in low- and middle- aHr
. : A . outcomes in children
income countries: A systematic review and .

* N= 8 studies with

meta-analysis adolescents included, but

Elizabeth Maleche-Obimbo '+, Mercy Atieno Odhiambo 2, Lynette Njeric?, no disaggregated data
Moses Mburu?, Walter Jaoko®, Fredrick Were', Stephen M. Graham»,®

* N=1 with radiological

REVIEW | VOLUME 23, ISSUE 4, E138-E150, APRIL 2023

* N=6 with symptoms &
radiological outcomes

* 7-49% abnormal radiology

Post-tuberculosis sequelae in children and adolescents: a
systematic review

Vanessa Igbokwe « Lisa C Ruby « Ayten Sultanli, MSc « Prof Sabine Bélard, PhD 2 =

Published: April, 2023 « DOI: https://doi.org/10.1016/51473-3099(23)00004-X «




Reduced lung function and health-related quality of life after
treatment for pulmonary tuberculosis in Gambian children: a cross-
sectional comparative study 3

Esin Nkereuwem '+ 2, Schadrac Agbla®- 4, Azeezat Sallahdeen ', Olumuyiwa Owolabi ', Abdou K Sillah 1, Monica

Genekah ', Abdoulie Tunkara ', Sheriff Kandeh ', Maryama Jawara ', Lamin Saidy >, {

Togun' 2- 8 @

Beate Kampmann'- 2- °

Andrew Bush ©: 7, @ Toyin
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| 185 children treated for PTB, 2014-2019

77 children not contacted

66 unreachable
11 died

k.

108 children contacted

.

.
.

40 children excluded

28 below 5 years

6 unwilling to participate

4 relocated from the study area
2 with recurrent tuberculosis

_Spirometry

Post-tuberculosis cases  Comparison group P value
n=52 n=86
FEV, z-score, mean (SD) -1.52 (-0.99) -0.83 (-0.84) =0,001%
FVC z-score, mean (SD) -1.32(1.02) -0.87 (0.89) 0.014%
FEV,/FVC ratio z-score, mean (SD) —0.54(0.91) —0.03 (0.81) 0.001%
Abnormal spirometry, n (%) 20 (38.5) 15 (17.4) 0.0091
Pattern of spirometry
Normal, n (%) 32 61.5) 71 (82.6) 0.029§
Obstructive, n (%) 1(1.9) 2(23)
Restrictive, n (%) 19 (36.4) 13 (15.1)

Y

68 post-tuberculosis cases enrolled

|::> 91 age-matched children enrolled




American Journal of Respiratory and Critical Care Medicine

Home > American Journal of Respiratory and Critical Care Medicine > List of Issues > Just Accepted

The Long-Term Impact of Early-Life Tuberculosis Disease on Child Health: A

Prg
Prospective Birth Cohort Study
[)Leonardo Martinez ; Diane M Gray . Maresa Botha , Michael Nel , Shaakira Chaya . Carvern Jacobs , Lesley
Workman ; Mark Nicol , and Heather ] Zar ; 1,225 pregnant women
; enrolled
88 wc_)mlen ex_cl,udedmital -
. . — 66 |ost to ante low-up
= Children with PTB (0-5y)> — 22 with pregnancy losses*
= JAnthropometry at age of 5 years T
followed up
= Greater risk of subsequent wheezing
. infants excluded d lack
= Lower lung function at age of 5 years 1 i telovere misaiemmerts
= Premorbid lung function was not associated with PTB 1,068 infants included in
analysis
Participants who Participants who
remained healthy developed tuberculosis
over follow-up over follow-up
(Nparticipants=972) (Npartcipants=96)




Teen TB study, Cape Town South Africa

Baseline clinical assessment N=100

. MDR- Tuberculosis
DS-tuberculosis .
N=40 tuberculosis exposed
h N=10 N=50
Analysis
N=45

Exclusion:
N=5; 1 tuberculosis disease diagnosed

4 did not meet quality criteria for
repeatability and acceptability

Month 2 assessment

Lung function
measurement
N=48

Analysis
N=42

Exclusion:
N=8; 1 screen failure, 1 lost to follow-up

6 did not meet quality criteria for
repeatability and acceptability

Assessment following treatment completion

Lung function
measurement
N=41

Analysis
N=37

Exclusion:
N=11; 1 died, 6 lost to follow-up

4 did not meet quality criteria for
repeatability and acceptability

vd Zalm/ Seddon preprint 2023
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Teen TB study, Cape Town South Africa
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Adolescents with TB

Adolescents with TB

= Adolescents with TB had

» Restrictive disease was
most common

= Lower spirometry and
plethysmography indices
even after treatment
completion

= Overall lung health was
poor in both groups

vd Zalm/ Seddon preprint 2023



PTLD: More data is needed

The data says
we need
more data.

som@&@cards




TB meningitis in children and adolescents

* Most severe form of extrapulmonary TB, especially among young children

* Deadliest, most debilitating form of TB
* Deaths: 19.3% (14.0 — 26.1)
* Neurological sequelae among survivors: 53.9% (42.6 — 64.9)
* Probability of survival without sequelae: 36.7% (27.9 — 46.4)

* TBM modelling study by Du Preez/ Dodd/ Seddon. in progress = Presentation @ Union tomorrow
* Estimated burden: ~24,000 children each year
* Estimated mortality: ~16,100 children each year
* Estimated morbidity: 70% of all TBM survivors each year

2= T - PR S S

Chiang SS, et al. Lancet Infect Dis. 2014,;14(10): 947-57



Substantial between-study heterogeneity in
assessment of neurological sequelae measures

Sequelae Patients Risk (95% Cl)
Sumaya et al (1975)" 24 45 B — 533 (37-9-683)
Sunakorn et al (1978)2 7 20 * 350{15-4-59-2)
Visudhiphan et al (1979)® 17 44 —_— 38.6 (24.4-54.5)
Sunakorn et al (1980)™ q 15 . H60-0(32:3-83.7)
Frontera et al (1981)% 16 29 * 552 (35-7-73-6)
Visudhiphan et al (1989)*% 13 44 —_—— 295 (16-8-45-2)
Jacobs et al (1992)7 15 42 —— 357 {21-6-52-0)
Shian et al (1993)* 8 12 +* 66-7 (34-9-90-1)
Doerr et al (1995)% 5 26 —————— 19-2 (6-6-39-4)
Thilothammal et al (1995)* 23 51 —_—— 451(31-1-597)
Yaramis et al (1998)* 79 165 —— 47-9 (40-1-55-8)
Paganini et al (2000} 19 37 —_— 51-4 (34-4-68-1)
Degefie et al (2003)3# 9 14 . g 64-3 (35-1-87-2)
Karande et al (2005)** 70 a5 —— 737(63-6-82.2)
Kumar et al (2005)% 107 123 — 87-0(79-7-92-4)
vanWell et al (2009)7 294 359 ——  B19(77.5-857)
Tinsa et al (2010)% 3 6 & 50.0{11.8-88.2)
Pooled 718 1127 el 53.9 (42-6-64-9)
Heterogeneity 0-6(95% d0-3-1.5)
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Chiang SS, et al. Lancet Infect Dis. 2014,;14(10): 947-57



Evaluation and Management of TBM Sequelae

* Lack of uniform approach to evaluate sequelae
* Functional
* Neurodevelopmental
* Neurocognitive

* Neurobehavioural

* Paucity of appropriate rehabilitation and other therapies
* No standard measure of impact on quality of life or

socio-economic burden

Davis AG et al. Wellcome Open Res. 2019;4:1-18.



Economic and psycho-social consequences
following TB

For children — mostly spinal TB and TBM are described

* Rapid review of post-TB literature to gain an understanding of the available evidence on the
economic, psychological, and social impacts of TB (Nightingale et al, 2023)

-> lack of studies on children and adolescents

*  Scoping review on the long-term socio-economic effect of TB among children and
adolescents (Atkins et al, 2022)

-> lack of studies on children and adolescents
*  Scoping review of interventions to address TB-associated respiratory disability

- lack of studies on children and adolescents

Courtesy: Denise Evans/ Graeme Hoddinott



Scoping review to identify HRQoL measures

No disease-specific measure for children and

adolescents affected by TB available

* No disease specific measure available

e TANDI * Lacks a holistic understanding of HRQoL

Measurement Model for the

Pediatric Qualiy of Life ventoryy (1 0ddler and Infant Questionnaire) * Impact on family

* Impact on development of child

( ~ WHOQOL-BREF * Most measures developed in high-income
/ INTRODUCTION, ADMINISTRATION, SCORING .
e EQ-SD AND GENEI;\C VERSIONVOF THE ASSESSMENT CO u nt rl e S
-

* Lack of socio-economic context

Anthony et al, submitted 2023






Consensus research definition

Definition 2019 Post TB symposium PTLD
paediatrics:

“Evidence of chronic respiratory impairment in an
individual previously adeguately treated for
pulmonary tuberculosis in whom active tuberculosis
is excluded, and in whom no other cause of chronic
lung disease is the predominant cause.”

With the consideration of toolbox to add layers to
further define

New post TBM?

“Evidence of chronic neurological, cognitive, behavioural
and developmental impairment in an individual previously
adeguatehy-treated for tuberculosis meningitis in whom
active tuberculosis is excluded, and in whom no other
cause of neurelegieal impairment is the predominant
cause.”

With the consideration of toolbox to add layers to further
define

Proceedings 15t and 2" post TB symposium, Stellenbosch
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Toolbox development and standardization

Self-reported symptoms Clinical measures
o W A
) @& || 4
L o 6 MWT
Functional testing Imaging Other tests incl HRQolL

Proceedings1°t and 2" post TB symposium, Stellenbosch



Post-TB lung disease Determining the most
Quantification of the burden of and risk appropriate assessment and
factors for PTLD in children and tools for PTLD in children and
adolescents; and the characterisation of adolescents
the spectrum of PTLD diseas;

5. Post-TB in paediatric and adolescents C_). .
(”. . ) ﬁ

Determining the impact and role of Evaluating interventions to
possible interventions in children prevent PTLD in children and
and adolescents with PTLD adolescents

Post-TBM sequelae

Establish validated and culturally appropriate Standardisation of patient follow up and
tools to assess neurodevelopment and strengthened surveillance to include
function in children with TBM physical, neurocognitive, and

neurodevelopmental assessments

Evaluation of whether optimised anti-TB therapy = Evaluation and characterisation of early

and host-directed therapy could improve long- intervention and targeted
term neurodevelopmental and neurocognitive neurorehabilitation services to improve
outcomes across various paediatric age ranges outcomes
Development a disease-specific HRQoL measure, basic Data on long-term outcomes
descriptive data on adolescent experiences and of children and adolescents
comorbidities, and improved understanding of the burden with osteo-articular TB and
of care on caregivers and to understand what impact this more optimal rehabilitation

burden has on the child's QoL methods are needed \jiohtingale et al IITLD 2023



EUROPEAN RESPIRATORY JOURNAL
CORRESPONDENCE
A. BYRNE ET AL.

“Post tuberculosis”: the urgent need for inclusion of lung
health outcomes in tuberculosis treatment trials

* Prevention is key!

e TB-associated morbidity measures need to be included in treatment
studies

* Consensus on standardization of measurements/ tools and outcomes
is needed

Byrne at al ERJ- from post TB steering committee
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