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Tuberculosis

infection with Mycobacterium tuberculosis

Pulmonary Tuberculosis

P Rodrigues (FCT/CMA - UNL) Modeling tuberculosis DSABNS 3 / 24



Tuberculosis epidemiology

infects two billion people (one-third of the world’s population)

nine million new cases of active disease per year

two million deaths per year (mostly in developing countries)

22 countries correspond more than 80% of all TB cases1

1World Health Report 2007, Millennium Development Goal 6
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Tuberculosis infection and transmission

Transmission Latency

2

Reactivation Reinfection

2Kaufmann & McMichael, Nature Medicine, 2005
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Epidemiological model for Tuberculosis
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Motivation – TB treatment duration

TB control programs recommend a treatment strategy that consists
on a 6- to 8-month regimen

long duration of treatment seems to be related to a high treatment
default rate (6% to 30%3)

Treatment default contributes to treatment failure and increases the
risk of resistant TB

efforts based on new drugs have been done to reduce the length of
TB treatment

3Kruk et al. 2008
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How reduction of treatment
duration impacts on TB
epidemiology

Relation with treatment default

⇓

under treatment class - T

relapse by default – φT δT

successful treatment –
(1− φT )δT , where 1/δT
treatment duration
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Literature review
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Literature review
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Under treatment...

Assumptions on under treatment
class T:

Model I – partially protected to
reinfection (Abu-Raddad et al.,
2009)

Model II – infectious (Salomon
at al., 2006)

Model III – not infectious and
protected from reinfection
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dS
dt = µ− λS − µS
dP
dt = λS + σλL + σ0λT − (δ + µ)P
dL
dt = (1− φ)δP + (1− φT )δT T − σλL− (ω + µ)L
dI
dt = φδP + ωL + φT δT T − (τ + µ)I
dT
dt = τ I − σ0λT − (δT + µ)T

, 4

λ = β(I + θT )

4Gomes et al., 2007
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Epidemiological consequences of reducing treatment
duration – implementation and analysis
Treatment length (1/δT ) from 6 to 2 months: δBL

T = 2 −→ δT = 6

Treatment default: φBL
T = 0.1 −→ φT = 0.01

⇓
Proportion Infectious

Inf = I + θT

Basic reproduction number

R0

Efficacy of treatment regimen improvement

Eff = 1− Inf /InfBL

where InfBL and Inf are the proportion infectious before and after
treatment improvement.
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Stability analysis
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Efficacy of new interventions

Efficacy function

Eff = 1− Inf

InfBL

where InfBL and Inf are the proportion infectious before and after
treatment improvement, at equilibrium.

Eff defined for β > β∗BL

Eff > 0⇒ intervention reduces proportion infectious

Eff < 0⇒ intervention increases proportion infectious

P Rodrigues (FCT/CMA - UNL) Modeling tuberculosis DSABNS 14 / 24



Efficacy of new interventions – not always positive...
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Treatment duration (1/δT ) from 6 to 2 months:

δBL
T = 2 −→ δT = 6
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Efficacy of new interventions – depends highly on
transmissibility of individuals under treatment...
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Model II – Treatment duration (1/δT ) from 6 to 2 months:

δBL
T = 2 −→ δT = 6
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Efficacy of new interventions – must be a combined
effort...
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Basic reproduction number, R0

Model I – R I
0 =

βδ(ω + φµ)(µ+ δT )

µ(δ + µ) [(µ+ ω)(µ+ δT + τ) + τδT (1− φT )]

Model II – R II
0 =

βδ(ω + φµ)(µ+ δT + θτ)

µ(δ + µ) [(µ+ ω)(µ+ δT + τ) + τδT (1− φT )]

= R I
0 +

βδ(ω + φµ)θτ

µ(δ + µ) [(µ+ ω)(µ+ δT + τ) + τδT (1− φT )]

Model III – R III
0 = R I

0
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Impact on R0
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Change on R0 while changing treatment rate 1/δT .
Improvment of treatment default from φBL

T = 0.1 −→ φT = 0.01.
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Impact on R0

∂R0

∂φT
=ΓδT (µ+ δT + θτ)

∂R0

∂δT
=Γ [(ω + φTµ)− (µ+ ω + (1− φT )τ)θ]

where

Γ =
βδ(ω + φµ)τ

µ(δ + µ) [(µ+ ω)(µ+ δT + τ) + τδT (1− φT )]2

∂R0

∂φT
> 0

∂R0

∂δT
> 0

for θ < ω+φTµ
µ+ω+(1−φT )τ
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Impact on R0 – not always positive...

∂R0

∂δT
> 0 for θ < ω+φTµ

µ+ω+(1−φT )τ

⇓

for Model I and III (θ = 0) → negative impact

for Model II→ negative impact for:

very low infectiousness of individuals under treatment (θ)
regions with very high proportion of default (φT )
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Impact on R0– must be a combined effort...

For Model I and Model III we must have a combined intervention:

φT (δT )

then
dR0

dδT
= Γ

[
ω + µφT + (µ+ δT )δTφ

′
T

]
.

⇓

φ′T < − ω + µφT

(µ+ δT )δT
, ∀δT > 0.
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... back to basic questions

Epidemiological consequences of reducing treatment duration:

not always positive...

must be a combined effort between treatment duration and
proportion of default...

depend critically on transmissibility vs susceptibility of individuals
under treatment...

⇓

better characterize the group of individuals under treatment
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