A Simple Introduction to
Tuberculosis Modelling

Union World Conference on Lung

Health

Mexico
‘l. TB Modelling and wwwtb-macore  DIIAINYN OO ;@‘
Analysis Consortium - .org TS fotnsron gﬁ%ﬁ%@ s



Learning objectives

1. Introduce you to the basic structures,
assumptions, principles, and concepts of
Tuberculosis modelling

2. Introduce key aspects of Mtb natural history
and impact & cost-effectiveness of TB care
& control programmes
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3. Provide hands-on experience of using a TB
models, and the insights into the
transmission dynamics and control that |
they can provide |

J

}
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4. Provide training in how to critically appraise 1
modelling papers ]

5. Highlight the modelling resources available
from the TB Modelling and Analysis
Consortium (TB MAC)
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Overview of the day

e 8:00-8:10 Introduction to the day (Richard)

e 8:10-8:50(40m) Lecture 1: An introduction to
Tuberculosis modelling (Richard)

e 8:50-10:35(1h45m) Practical 1: Setting up a model of
Mtb (Emilia & Tom) (take coffee anytime if needed)

e 10:35-11:30 (55m) Paper Discussion: How to critically
review a modelling paper (Philip and Finn)

e 11:30-12:25 (55m) Lecture 2: Tuberculosis modelling —
Interventions and cost effectiveness (Rein and Fiammetta)

e 12:25-13:50 (1h25m) Practical 2: Modelling the impact
and cost effectiveness of TB Interventions (Emilia, Tom &
Fiammetta) (take coffee anytime if needed)

e 13:50-14:00 Summary of the day and TB MAC (Richard)
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Example model used throughout day
(Lin et al, 2012)

The impact of new tuberculosis diagnostics on transmission:

o There IS a |a rge TB why context matters
. . Hsien-Ho Lin,* David Dowdy,” Christopher Dye,” Megan Murray® & Ted Cohen®
modelling literature

° °
* To help with learnin '
’ Susceptible to Latently infected | | Latently infected
infection fast progression) | —s—| (slow progression)

we will often refer to
the same model

Infectious
p| (smear-positive)

° Infectious
* As all moaels, this L o
) &¥ivfs - [|]|vatent ly infected negative)
(fast progressors
| h ° h after re-infection)
I I I O d e a S ItS St re n gt S Susceptible Latentlyinfected | | | Latent ly
to > (fast progressors ¥ infected (slow ] | Recovere d
infection after infection) progressors ) r
and Weaknesses LlnfectiousJ
(smear
positive)
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A Simple Introduction to
Tuberculosis Modelling

Richard White
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Lecture 1: A Simple Introduction to
Tuberculosis Modelling

e Session learning objectives

1. Understand what a TB model is, and why we
might bother setting one up

2. Understand the steps to setting up a TB model

LONDON gaigh
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What is a (TB) model?

e A modelisany
approximation or
simplification of reality

— A picture -
— In vitro '
— Animal & |
— Statistical 4
— Mathematical
asety |
{1 ML} ,4? mkw at ——ﬁﬁ(t)S(t)
o ‘Models are always wrong, “-x+ L0
but some are useful’ i Ta
George Box o di)
olijn, —=...
dt
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Why bother setting up a TB model?

Many reasons

— Understand natural history or

epidemiology
— Control strategies / RCTs
e Estimate impact
e Key determinants
* Power calculations

— ldentify what research/ data
collection would be most useful

— ‘Campfire’ around which to think

about a problem

e [in et al used a model to estimate
the impact of new TB diagnostics

D]
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There is lots of TB modelling out there

\TICAL 7“6‘1’8{5 1N THE sTU

* First published oot T
mathematical model N e

applied to TB was by
Hans Waaler in 1962 | meEmsme

40

* Since then over 400
papers published 8

— See http://tb- _
mac.org/Resources for o hmdle s bl |

O

a I | m Od e I | I n g pa pe rS e 1(gr-,-se?r of Publication =

N papers
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Modelling is (increasingly) used by

policy/decision makers

e Key TB example: Dye, 1998
— Global impact of DOTS
— Key outcome
e TB disease incidence & TB mortality
— Findings

¢ Where TB stable and HIV absent, 70% case detection and
85% cure would

— incidence by 11%/y
— mortality by 12%/y
¢ Smaller impact in populations in which incidence already
in decline because | % disease due to reinfection

e BUT predicted impact not observed ...
e Research funding decision making

— Modelling required component of recent NIH HIV
combination-prevention RCT proposals (‘PopART’...)

— BMGF changed policy of vaccine research funding
citing modelling evidence

*  Govt Policy
— UK Joint Committee on Vaccination and Immunisation

— Modelling used in first ever TB and HIV investment
case in South Africa => screening & conditional grant

— MinUSA

@ TB Modelling and

I o
e W8

www.thb-mac.org

Analysis Consortium

“.. We can reverse this
trend. Mathematical
models show that scaling
up combination
prevention to realistic
levels in high-prevalence
countries would drive
down the worldwide rate
of new infections by at
least 40-60%....”

US Secretary of State,
Nov 8, 2011

LONDON

BILL&MELINDA SCHOOLY ()
GATES foundation STROPICAL K

MEDICINE



Steps to set up a model

e Ok, so we have an
issue on which we
think a model may

Identify the question

. 2

Identify relevant data

. 2

help stop us making a

Choose model methods

Choose model structure

. 2

Specify model inputs/ outputs

daft decision
— How do we go about

|t? Set up and check model
 Only main steps shown ¥
¢ I—OO kS St ra Ig htfo rwa rd Prediction, sensitivitytmalysis and communication

but iterative in reality
After Vynnycky & White, 2010
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Steps to set up a model

( Identify the question >
R ¥

Identify relevant data

L 2

Choose model methods

A 4

Choose model structure

2

Specify model inputs/ outputs

Set up and check model

L 2

Calibrate model

. 2

Prediction, sensitivity analysis and communication
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ldentify the question

e

First two steps apply to any scientific
guestion

What exactly do we want to know? ‘

Check other approaches (eg statistical
analysis) can’t answer

Use to set model structure and ensure
results relevant

Lin et al

— To estimate the impact of new
tuberculosis diagnostics on tuberculosis
transmission, given the complex
contextual factors that can lead to
patient loss before diagnosis or
treatment
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Steps to set up a model

Identify the question

( Identify relevant data )
— 3+

Choose model methods

A 4

Choose model structure

2

Specify model inputs/ outputs

Set up and check model

L 2

Calibrate model

. 2

Prediction, sensitivity analysis and communication
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ldentify relevant data

e Collate existing knowledge

— Research papers, grey
literature, lab reports, ~
existing modelling

Report 2013

exercises...
— Organise quantitatively by
* Transmission
e Epidemiology
* Natural history
e Control options

— Discuss review with experts

Rieder, H. L. (1999). Epidemiologic basis of tuberculosis control
WHO TB Report 2013 ; Lin, WHO Bull, 2011
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Steps to set up a model

Identify the question

. 4

Identify relevant data

< Choose model methods

Choose model structure

2

Specify model inputs/ outputs

Set up and check model

L 2

Calibrate model

. 2

Prediction, sensitivity analysis and communication
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Chose model methods

e Method depends on needs

— Do you need to see how quickly changes
will occur over time? (dynamic vs. static)

— Do you want to model at the level of
groups or individuals? (compartmental
vs. individual based)

— Do you need to see effects of chance?
(stochastic vs. deterministic)

— Do you need to explicitly see the effect
on transmission (transmission vs. cohort)

* Most infectious disease models are
dynamic, compartmental,
deterministic, transmission models

D]

— AsLin et al, and practical

— Tend to focus on this approach for rest of
day

TB Modelling and

Number of
susceptible
people

! Susceptible

!

Rate at which
susceptibles

become infectious

Number of
infectious
people

|| .
Infectious

| S

»| Infectious

i

Latently
(fast progressors

after re-infection)

infected

ti

(smear
|' negative)

Susceptible
to
infection

Latently infected
=»| (fast progressors

after infection)

Latently N
] infected (slow Recovered
progressors) | ™

L Infectious |
(smear

»| positive)

Adapted from Lin, WHO Bull, 2011
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Steps to set up a model

Identify the question

. 4

Identify relevant data

L 2

Choose model methods

< Choose model structure
* —

Specify model inputs/ outputs

Set up and check model

L 2

Calibrate model

. 2

Prediction, sensitivity analysis and communication
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Chose model structure

. Structure for TB models tricky

. Mtb natural history is complex and poorly understood & polection Disease
erre . L no symptloms
(as difficult to diagnose) o il
Lung granuloma Pri
* Key features i | Exposure —— Drainage to lymph nodes turllargzzrglosis
—  Distinction between infection and disease | Yl T crc e boocstean pecton
* most infections don’t result in disease 1 | ] Containment _
 disease may result after a long delay VR @ post pliey
e but more likely after a short one o | i J 4
* age-dependent B No disease /
- Reinfection Re-exposure ————» F{e-estaLIishment -—""/
* individuals may be infected again a8 m?ecﬁon B
*  but some protection from disease
— heterogeneity in infectiousness Bishai, Nature, 2000
— Interactions with HIV, diabetes ...
) Infectious
. Model structure will also depend on i (smear
. Latently infected negative)
—  population groups you want to have results on (fast progressors
. . . after re-infection)
—  time period over which you want to model 1
Susceptible Latently infected Latently N
. . . . Vi to [=»{ (fast progressors 1] infected (slow Recovered
. While bearing in mind that ‘models should be as infection | | afterinfection) progressors) | ]
simple as possible and no simpler’ ~Einstein L
Infectious
L (smear
e All models simplify, but most TB models tend to positve)
incorporate the top key features above Adapted from Lin, WHO Bull, 2011
\ 1 LONDON :
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* Take key features of

Chose model structure

TB and see how

them

D]

TB Modelling and
Analysis Consortium

(no symptoms)

h Lung granuloma
| Exposure —— Drainage to lymph nodes

| B Transient bloodstream infection

| infection

| containment

modellers implement {1 < S

No disease

Disease
(symptoms)

Primary
tuberculosis

.4‘/f

Re-exposure ——_» Re-establishment
. No D)
' infection

Bishai, Nature, 2000

i

Infectious

Latently infected
(fast progressors
after re-infection)

il

(smear
negative)

Susceptible Latently infected Latently

b}
to =»] (fast progressors ¥ infected (slow Recovered
infection after infection) progressors) |
L Infectious |
L (smear
positive)

Adapted from Lin, WHO Bull, 2011
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Distinction between infection and

disease
* Infection and disease e
states modelled Susceptible < |
Separat6|y Infectious |

* |nfection incidence
modelled as either

* |eading to latent or
diseased directly

e all disease reached via
moving thru ‘latent’
state(s) (as Lin et al)
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Declining risk of disease by time since
infection

* Model at least two states of
latency
— Recently (re)infected

— Infected a longer time ago
— Lin et al modelled three /‘[ o e
. (fastprqgress_ors
e Model higher rates of / ~TID
progression to disease SR | X Fcad { R BT L I
. infection after infection) progressors )
among recently (re)infected \ ]
Vé Vi Infectious
(‘fast progressors’) than T e

those infected a longer
time ago (‘slow
progressors’)
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Reinfection

* Reinfection is often modelled just
by changing the arrows (the rates)
from latent to disease boxes

 These arrows now represent

— progression after reactivation of —
latent disease, and i1 ‘g’“u
— reinfection and rapid progression ﬁ%&??rgg?gggis) ) “
/
H H H Susciﬁ)tible =] L:t;:ntrl(})/i?;:t%i 1> i)f(le_ni\nu/ow - Recovered
e Protection due to current infection vestion | | aermiecndpy | | | hogosso |
against disease after reinfection - \ /( Lr fJ
typically modelled as a lower risk A—= et

of progressing to disease, than for
initial infection

LONDON
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Variable infectiousness

e Variable
infectiousness is
traditionally
represented by a
smear positive and a
smear negative box
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Detection and treatment

e Detection and treatment
is most simply modelled
as rate of detection,

treatment and recovery e E
Latently infected nggalivg)
e As with all of these éﬁ?::féﬂ%z:;zﬁ |'( )“
simplifications, this suscepivie] Juaennyniee ]| <>|,3K
. . infection after infection) progressor
ignores much real-life [ ]
complexity S

— see later today
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Recovered

e What happens after
‘successful’ treatment
depends on what the
modeller thinks ‘successful’

treatment does ™
Latently infected negative)
e Lin et al assume ‘Recovereds’ é??:ﬁ?éﬂ%?iiﬁ‘i’ni |' R
— are at risk of reactivation S e e | <
(rela pse)’ ie are not tota”y infection after infection) progressors)
CU red L In(f;e;téc;s .

»| positive)

— Have some protection against
disease after reinfection, ie
different from ‘susceptibles’

U AnalySiS Consortium . As GATES foundation EEEEANEHN G



Many other structures

tmmsmission

e Many other structures

ey £, | it g, |

— I i e |m,,..,.. il
Assumlng. dlffe rent i | | | o \m/
natural history LI =

i sl =R G iDve and Williams:

— Incorporating other (a) [Dye et al.; 1998] 2008]

things that the '

modeller

e thinks are important

e wants to explore

(c) [Dyeand """

¢ Eg, MDR, HIV ... Williams; (d) [Dowdy and Chaisson;
2000] 2009]
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Steps to set up a model

Identify the question

. 4

Identify relevant data

L 2

Choose model methods

A 4

Choose model structure

< Specify model inputs/ outputs >

Set up and check model

L 2

Calibrate model

. 2

Prediction, sensitivity analysis and communication
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Specify model inputs/ outputs

e Need to come up with ranges for
model input and outputs, eg

— Effective contact rate (ecr)

e one that is sufficient to lead to
transmission if it occurs between an
uninfected and an infectious person

AN 4
— Rate of TB disease self cure o
— TB disease mortality rate B v netive)
— Detection and treatment rate T e
— TBdisease incidence /\ /[
Suscétlble Laten);ll:&cted \ . Lqtergl
> (fast pfogressors Hadinfegtegdiow d
infeqtion afterJnfecon) progres| )
e Main problem is usually lack of data, N |
estimate using | e

— Primary data collection w :

— Data analysis (statistical modelling)
— Other modelling exercises
— Expert opinion (?)

Analysis Consortium - _ GATES foundasi IRNSAIGHST NV




Set up and check model

e Once model structure
designed and input
parameters specified,

e Model equations can be set
up using spreadsheet or
computer program

e Predict (eg) the number of
cases, deaths over time...

e Much bug checking, error
correction, lack of sleep...

http://simpsons.wikia.com/wiki/leffrey Albertson
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Steps to set up a model

Identify the question

. 4

Identify relevant data

L 2

Choose model methods

A 4

Choose model structure

2

Specify model inputs/ outputs

Set up and check model

= 4 —

< Calibrate model )

Prediction, sensitivity analysis and communication
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Calibrate model

Model outputs are
commonly calibrated to

Fig. 2. Incidence of tuberculosis (all forms) in the United Republic of Tanzania based on
WHO estimates and projected incidence based on the calibrated epidemic model

important characteristics . |Zites
relevant to the research s+
guestion, eg
e population size,
disease burden, ... o
Lin et al, calibrated to TB [
disease incidence trend
B Mode“ing and N A—— BILL&MELINDA %8—?%3%?
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Steps to set up a model

Identify the question

. 4

Identify relevant data

L 2

Choose model methods

A 4

Choose model structure

2

Specify model inputs/ outputs

Set up and check model

L 2

Calibrate model

@ion, sensitivity analysis and communi@
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Prediction, sensitivity analysis and
communication

Once model has been bug checked and has
been calibrated to available data

Use model to make predictions

Lin et al predicted the impact of 3 diagnostic
strategies on TB incidence, prevalence and
mortality trends, and Mtb infection incidence

Will be much uncertainty in these predictions

Modellers job to carry out sensitivity/
uncertainty analysis and to communicate this
uncertainty clearly

Lin et al explore sensitivity to operational
factors or health systems 'context’

Communication considerations critical

— Publish work with technical appendix (peer
review and reproducibility)

— Policy briefings for decision makers?
— Release tool for use?

Sensitivity of existing diagnostics*

www.thb-mac.org

Incidence (per 100 000)
|

T T T T T
2010 2012 2014 2016 2018 2020

Fig. 4. Sensitivity analysis on the influence of operational factors on the impact of a

sensitivity diagnostic tool on annual decline in pulmonary tuberculosis incidence

A

Patient delay

Access to tuberculosis care
Initial default

Diagnostic default®

Treatment success rate

I T T T T
] 0.1 0.2 03 04
Additional annual decline in incidence (%)
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Summary of the session

| hope you now ...
1. ...understand what a

Identify the question |

TB model |S’ and When | Identify+relevant data |
you mlght bother | Choosegdel methods |
Settlng one Up | Choose$del structure |

2. ..understand the steps |
to settingup a TB

Specify model inputs/ outputs |

| Set up and check model |

model +
| Calibrate model |
NOW /etls get OUI’ hands | Prediction, sensitivity analysis and communication |

on our first TB model ...
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A Simple Introduction to
Tuberculosis Modelling
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A Simple Introduction to
Tuberculosis Modelling

Summary of Day
and TB MAC

(1) TB Modelling and wwwtb-macore  DITATIDEIN ooy A
Analysis Consortium ' S8 GATES foundation Ao YN

MEDICINE <<




Summary of the day

e Summary

1. Introduce participants to the basic structures, assumptions,
principles, and concepts of Tuberculosis modelling

2. Introduce key aspects of Mtb natural history and the impact and
cost-effectiveness of TB care & control programmes

3. Provide hands-on experience of using a TB models and the insights
into the transmission dynamics and control that they can provide

4. Provide training in how to critically appraise modelling papers.

e Now get on and adapt the models for your own use...

@ ‘TB MOdelling and www.th-mac.org  HERSAYUIUNE ?:%?%EZ ‘;éi
7 . s bt : oundation 1YGIET ¥ | 74
b Analysis Consortium GATES fourdesion JRAONE YU



e Gentler introductions

e  More mathematical

o)

Further reading

— Modelling epidemics. Farrington. Open
University Press. 2008

— Anintroduction to infectious disease
modelling. E Vynnycky and RG White.
Oxford University Press, 2010.

* For further details and computer exercises:
www.anintroductiontoinfectiousdiseasemod

elling.com
e Also available as a ebook

— Modeling infectious diseases in animals and
humans. M Keeling and P Rohani.
Princeton University Press, 2007

— Infectious diseases in humans. RM
Anderson and RM May. Dynamics and
control. Oxford University Press, 1991

TB Modelling and

www.thb-mac.org

Analysis Consortium
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Further courses

* Anintroduction to infectious disease modelling and its
applications

— LSHTM, 2 wk summer course (https://goo.gl/LhwN99)
e Advanced TB Diagnostic Research

—  McGill, 2 wk summer course, includes diagnostic modelling
(https://goo.gl/FgdZZN)

e  Mathematical Models for infectious Disease Dynamics

—  Cambridge, UK, Feb, uses R, 2 wks (https://goo.gl/NQGAVW)
* Individual-based Modeling in Epidemiology

— 5d, Nov, Antwerp (https://goo.gl/XhijRy)
e  Statistics and Modeling in Infectious Diseases

— Washington, July, 3wk (https://g00.gl/265AcK)

e Epidemiology and control of infectious disease
— Imperial, London, Summer course (https://goo.gl/MVFDiJ)

e Summer boot camp of infectious disease modeling
— Hokkaido University, Japan (https://goo.gl/EtFhDj)

e Modeling and Analysis of Infectious Diseases
— Summer, 2 wk, NCTS, Taiwan (https://go0.gl/Q6j6f7)
Many other courses...

DI Modelling and n BiLLeMELINDS RSN T3
Analysis Consortium == GATES foundaion INGHCHER P05







TB Modelling and LY iy

STROPICAL

Ana]ySiS Con Sortium MEDICINE

*

% Mr%lgé%/_[ y‘f@ \(I)Vorld Health e
: %Y Organization .
b aighd
4 HARVARD
UNIVERSITY INSTITUTE FOR DISEASE MODELING
INTELLECTUALVENTU Q) TheGIObaI Fund
sugminoy B vaeUniversiey @amstonas oo [
of PUBLIC HEALTH T FROM THE AMERICAN PECPLE

GATES foundation = ’



TB MAC background

Complex natural history, range

of interventions, variation in SRS &
settings => global and country e
decision makers face great il
uncertainty
Modelling can be used to |
compare strategies and

quantify uncertainty

But | Hune s oF iNvecfion] (x ) = '-"" 'i: .
— Lack of co-ordination

— Limited data, models and ) _, | o
modellers (-x) - (-a) 2 g l=G-a)

— Decision makers & modellers
uninformed
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Activities and Outputs

Impact

Strengthening
networks

Creating
solutions

Empowering
decision
makers

Increased
effectiveness
and efficiency
of TB control

policy and

practice at
global and
country level

48




TB MAC WhO’S WhO Open to anyone using mathematical

models or other quantitative methods to
answer TB control questions

Committee E Core Advisory Panel Secretariat
Current | e |brahim Abubakar — UCL et
e Christina Albertsen

* Katherine Floyd - WHO « Sevim Ahmedov — USAID _ _
e Anna Vassall - LSHTM evim Ahmedov *  Finn McQuaid
° Ted Cohen - Yale . e Liz Corbett - LSHTM ® Rein Houben
* David Dowdy - JHU — * Philippe Glaziou - WHO e Richard White
’ KMI\II((::I’{;‘aeI Kimerling - @ * Johannes Hunger — Global Fund

4

*  Philip Welkhoff - IDM
e David Wilson — Gates
e Nick Menzies —Harvard
e James Trauer — Monash X
Future 7
e Frank Cobelens - AIGHD

e Hsien-Ho Lin —Taiwan i

University
e Jason Madan —Warwick Q
d




TB MAC Resources

— Up to date information,
meeting reports, jobs, and

: TB Modelling and
fundlng NEWS @ Analysis Cm:gsortrum
— SYStematIC rev'ews Home About Work Areas Resources News Request for Applications Training Jobs
TB Treatment
databases
e All mathematical and
economic TB modelling
e TB-HIV
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TB MAC Activities

 Previous work areas e
— TB/HIV, Diagnostics, Drugs
— Post-2015 WHO Targets — 3 meetings
— Socio-economic determinants

PERSPECTIVE
e

How can mathematical models advance tuberculosis control
in high HIV prevalence settings?

R. M. G. J. Houben,* D. W. Dowdy,' A. Vassall® T. Cohen, ¥ M. P. Nicol,* R. M. Granich,**

). E Shea," P. Eckhoff* C. Dye% M. E. Kimeding ¥ R. G. White,* for the TB MAC

TB-HIV meeting participants®

*TB Modelling Group, TB Centra, and Centre for the Mathematical Modalling of fectious Diseases, London

School of Hygiene & Tropical Medidne (LSHTM), London, UK; 'Department of Epidemiology, johns Hopkins

Bloomberg School of Public Health, Baltimore, Maryland, USA: *Department of Global Health and Development,

LSHTM, London, UX; SCenter for Communicable Dissase Dynamics, Department of Epidemiology, Harvard School

of Public Health, Boston, Massachusetts, Division of Global Health Equity Brigham and Women's Hospital,

Boston, Massachusetts, USA; “Division of Medical Micobiology and Institute of InfecSous Diseases and Molecular

Medicine, University of Cape Town and National Health Laboratory Senvice, South Africa; **Joint United Nations
o

— Case finding

 Funding for modelling work
— Case finding — open until 31 October 2017!
— http://tb-mac.org/RFAs/RFA/10

* TB Modelling Course at
Union Conferences (Today!)

TB Modelling and

. . th-mac.
Analysis Consortium — ==

BILL&MELINDA

Programme on HIV/AIDS, World Health O
Consortium, Wokingham,
ical

ropic.
Washington, USA

gham, UK; *‘intellectual Ventures Laboratory, Bellevue, Washington. USA; “HIV, TB Malxria and
Diseases Cluster, WHO, Geneva, Switzerland: "™ 8ill and Melinda Gates Foundation, Seattle.

UMMARY

Existing approaches to wherculosis (TH) control have
been nomore than parsally successful in areas with high
human immunodefici ency virus (HIV) prevalence, In the
context of increasingly conswained resources, mathe
matical modelling can augment understanding and
suppon policy for implementing those swrascgics that
are most likely o bring public health and economic
bencits. In this paper, we prescnt an overview of past
and recent contributions of TB modelling in this key
area, and suggest a way forward through a modelling
rescarch agenda that suppors a more cfe
tothe TB-HIV epidemic, based on expert discussions
meeting convened by the TB Modelling and Analysis
Consortium, The rescarch agenda identificd high
priority arcas for future modelling cBorts, including 1)

the difficult diagnosis and high mornality of TB-HIV; 2)
thehigh risk of disease progressions 3) TE health systems
in high HIV prevakence scttings; 4) uncertainty in the
natural progression of TB-HIV; and $5) combined
interventions for TB-HIV. Efficient and rapid progress
towands completion of this modelling agenda will
require co-or dination between the modell ing commu nity
and key stakeholders, including advocates, health policy
makers, donors and national or regional finance
officials. A continuing dialogue will ensure that new
results are cffectively communicated and ncw policy-
relevant questions are addrewed swifily.

KEY WORDS: wberculosis mathemarical modelling:
HIV; sub-Saharan Africa; sysemaric litcramre review
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TB MAC key activities 2017-20

Improved comms & website, annual meeting,
stakeholder request management

Modelling to inform policy guidance including
model details sharing

Knowledge sharing on key data and methods
advances to support decision making

County level modeling guidance
Coordinate WHO TF modelling stream

Create framework for measurement of
coverage and change in epi indicators

Coordinate modeling in regional workshops

Training of TA in use models (model generic)
Case studies of best practice in TB modelling

Increased
effectiveness
and efficiency
of TB control

policy and

practice at
global and
country level
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Any questions about TB MAC,
or ways to take your modelling
interests forward?



A Simple Introduction to
Tuberculosis Modelling

Summary of Day
and TB MAC
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