P Rodrigues

Tuberculosis
Epidemiology

Infection and
transmission

Reactivation vs
Reinfection

P— Paula Cristiana Patricio Rodrigues

reinfection

SIRI results Departamento de Matematica, Faculdade de Ciéncias e Tecnologia,
18 model Universidade Nova de Lisboa

Global

paran‘c[c’s

o e Coimbra, 16" January, 2009
Validation

criteria

P Rodrigues Modeling tuberculosis



Tuberculosis

P Rodrigues
infection with Mycobacterium tuberculosis

Tuberculosis Pulmonary Tuberculosis (TB)
Epidemiology
Infection and
transmission

Reactivation vs
Reinfection

Increased
reinfection

SIRI results
TB model

Global
parameters
Local
parameters
Validation
criteria

P Rodrigues Modeling tuberculosis



Tuberculosis epidemiology

P Rodrigues

infects two billion people (one-third of the world'’s
Tuberculosis po p u Ia t ion )

Epidemiology . g . .

Ihfectionjand nine million new cases of active disease per year

transmission

two million deaths per year (mostly in developing
Reactivation vs .
Reiv\flectiton cou nt ri eS)

Increased
reinfection

SIRI results
TB model

Global
parameters
Local
parameters
Validation
criteria

P Rodrigues Modeling tuberculosis



Tuberculosis epidemiology

P Rodrigues
infects two billion people (one-third of the world'’s

Tuberculosis po p u Ia t ion )
Epidemiology . g . .
Ihfectionjand nine million new cases of active disease per year

transmission

two million deaths per year (mostly in developing
Reactivation vs .
Reinflecti;n countri eS)

Increased
reinfection

incidence is increasing, largely due to an association with
SIRI results . . '
18 e human immunodeficiency virus (HIV)

Global
parameters
Local
parameters
Validation
criteria

P Rodrigues Modeling tuberculosis



Tuberculosis epidemiology

P Rodrigues
infects two billion people (one-third of the world'’s

population)

Tuberculosis
Epidemiology . g . .
Ihfectionjand nine million new cases of active disease per year

transmission

two million deaths per year (mostly in developing
Reactivation vs .
Reinflecti;n countri eS)

Increased
reinfection

incidence is increasing, largely due to an association with
SIRI results . . '
18 e human immunodeficiency virus (HIV)

Global treatment efficacy is decreasing due to the emergence of

parameters

o meters drug resistant strains
Vqlid§tion
criteria

P Rodrigues Modeling tuberculosis



Tuberculosis epidemiology

P Rodrigues

Tuberculosis
Epidemiology
Infection and
transmission

Reactivation vs
Reinfection

Increased
reinfection

SIRI results
TB model

Global Prevalence of all forms of tuberculosis per 100,000
parameters inhabitants, 2005
Local
p;’f;,,,m,s <50 50 - <100 M 100 - < 500 M 500 - < 750
M 750 - < 1000 M >= 1000 No data 1

World Health Report 2007, Millennium Development Goal 6

P Rodrigues Modeling tuberculosis




Tuberculosis infection and transmission

P Rodrigues

M. tuberculosis.
Infection and
transmission

s
Heaing o

Acute whercutosia
(HVinfecton)

10% tuberey
yoar of dou

yiosie risk vt
i ifection
{600-fod incroase)

Dissemination

' 9
P Rodrigues Modeling tuberculosis



P Rodrigues

Infection and
transmission

Epidemiological model for Tuberculosis

Reinfection

Transmission | Recovery l

| Reactivation ]

Transmission

P Rodrigues

(=)
Modeling tuberculosis



Reactivation vs Reinfection

P Rodrigues

Tuberculosis old infections recent infections

Epidemiology
Infection and

transmission immunocompromized partial immunity
immune system

Reactivation vs
Reinfection

Increased is thought to be common is thought to be rare

reinfection

SIRI results

T8 model linear process (wR) nonlinear process (o 3IR)

Global

i Important consequences to TB control
arameters

flalidation

criteria

P Rodrigues Modeling tuberculosis



Reactivation vs Reinfection

P Rodrigues

Patient with reinfection

e ——————————————

Patient with reactivation

Relapse episode = : =

Reactivation vs
Reinfection

P Rodrigues Modeling tuberculosis

Enrolment

Bacteriologically
confirmed luberculosis
patients: 1093

Non-MDR: 1007

Successful treatment or
defautt: 897

DNA fingerprint for ot
least 1 isolate: 612

Excluded patients

DA



P Rodrigues

Reactivation vs
Reinfection

Impact of reinfection in TB transmission

B
c
2
t
S
<3
2
s
c
2
=
0
2
£
T
['4

80
70

60
50
40
30
20

10
0

Cape Town
(77%) «

Y =-29.7 + 36.8X R?=0.849

US and Canada
{4%)

050 0.75 1.00

P Rodrigues

" Netherlands (0%)

-
-

T

- .
- Madras
tombardy @)

(16%) " *Houston
& (21%)

] DNV B—— |

Loglncidence

o (w1 =

Modeling tuberculosis

1.25 150 175 200 225 250




Increased reinfection

P Rodrigues

Rate of Reinfection Tuberculosis after Successful
Treatment Is Higher than Rate of New Tuberculosis

Tuberculosis Suzanne Verver, Robin M. Warren, Nulda Beyers, Madalene Richardson,' Gian D. van der Spuy,
Epidemiology Martien W. Borgdorff, Donald A. Enarson, Marcel A. Behr, and Paul D. van Helden 4

Infection and
transmission

Reactivation vs
Reinfection

Increased
reinfection

SIRI results
TB model

Global
parameters
Local
parameters
Validation
criteria

*Verver, S. et al. Am J Respir Crit Care Med., 2005
SUys, P. et al., J R Soc Interface, 2009

P Rodrigues Modeling tuberculosis




Increased reinfection

P Rodrigues

Rate of Reinfection Tuberculosis after Successful
Treatment Is Higher than Rate of New Tuberculosis

Tuberculosis Suzanne Verver, Robin M. Warren, Nulda Beyers, Madalene Richardson,' Gian D. van der Spuy,
Epidemiology Martien W. Borgdorff, Donald A. Enarson, Marcel A. Behr, and Paul D. van Helden 4

Infection and
transmission

Reactivation vs
Reinfection

Increased

i TB increases the risk of new TB episodes®

SIRI results
TB model

Global
parameters
Local
parameters
Vali
criteria

*Verver, S. et al. Am J Respir Crit Care Med., 2005
SUys, P. et al., J R Soc Interface, 2009

P Rodrigues Modeling tuberculosis




Increased reinfection

P Rodrigues

Rate of Reinfection Tuberculosis after Successful
Treatment Is Higher than Rate of New Tuberculosis

Tuberculosis Suzanne Verver, Robin M. Warren, Nulda Beyers, Madalene Richardson,' Gian D. van der Spuy,
Epidemiology Martien W. Borgdorff, Donald A. Enarson, Marcel A. Behr, and Paul D. van Helden 4

Infection and
transmission

Reactivation vs
Reinfection

Increased

i TB increases the risk of new TB episodes®

SIRI results
TB model

Selection hypothesis — selection by infection of the more
Global o o .. . .
parameters susceptible individuals in the population

Local
parameters
Validation
criteria

*Verver, S. et al. Am J Respir Crit Care Med., 2005
SUys, P. et al., J R Soc Interface, 2009

P Rodrigues Modeling tuberculosis




P Rodrigues

Preliminary results — SIRI model with heterogeneity
to susceptibility to infection®

SIRI results

P Rodrigues

(=] (=)
Modeling tuberculosis



Preliminary results — SIRI model with heterogeneity

to susceptibility to infection®

selection by
infection

P Rodrigues = ¢ '

Tuberculosis
Epidemiology
Infection and
transmission

Reactivation vs [ |

Reinfection

Increased | ai)\' | T |

reinfection

SIRI results
TB model

Global . -

paramaters Heterogeneity decreases disease prevalence
;;rc;i\ctcrs

Vqlid‘jtion

criteria

SRodrigues,P. et a/ JTB 2009

P Rodrigues Modeling tuberculosis



Preliminary results — SIRI model with heterogeneity

to susceptibility to infection®

selection by
infection

P Rodrigues

Tuberculosis
Epidemiology
Infection and
transmission

Reactivation vs
Reinfection
Increased
reinfection

SIRI results
TB model

Global . -
paramaters Heterogeneity decreases disease prevalence
Local

paramctcrs

Validation Rate of reinfection unexpectedly high under partial
: immunity

SRodrigues,P. et a/ JTB 2009

P Rodrigues Modeling tuberculosis




Objectives

P Rodrigues

— Built a mechanistic model for which is possible to
Epidemiology discriminate reactivation from reinfection

Infection and
transmission

Include heterogeneity in susceptibility to infection —
Reactivation vs reconcile partial immunity with the observed increased

Reinfection

fucrsased reinfection by the selection hypothesis

reinfection

S Confront both homogeneous and heterogeneous versions
VB e of the model with available data on incidence and

. proportion of reinfection in recurrent cases

parameters
Local
parameters
Validation
criteria

P Rodrigues Modeling tuberculosis



TB model with heterogeneity in susceptibility to
infection

P Rodrigues

TB model

P Rodrigues

Modeling tuberculosis



Model equations

P Rodrigues

‘:‘1’ HYi — (/\ + :U.]SI
— Pl = XNSi+oX(Li+ R;) — (6 + p)P;
Epidemiology [1/ = ¢0P, +wL; +wR; — (7 + p)I;
ifection ot I = (1-6)5P — (ohi+w+p)L;

R = 1L —(c\i+w+p)R;.
Reactivation vs
Reinfection

Increased
reinfection

In each susceptibility group /= 1,2:
SIRI results

T8 model Force of infection \; = «;3/

Global Reinfection 0')\,' = 0‘05,-/6/
paramctcrs
:grc;rimtcrs Constant pOpUlatiOn' ’y = 71 = 1 — ")/2

Validation

e Normalized susceptibility factors: ya3 + (1 — )z =1

P Rodrigues Modeling tuberculosis



Individual risk vs. population effect

P Rodrigues

Tuberculosis
Epidemiology

Infection and possible increased risk oA,

transmission

partial immunity, oA

>0 o<1
Reactivation vs VS.
el homogeneous heterogeneous
e susceptibility to infection susceptibility to infection
SIRI results (al = 1) (al < 1)

TB model

no risk group (y =1) risk group (v < 1)

Global
parameters
Local
parameters
Validation
criteria

P Rodrigues Modeling tuberculosis



Parameter estimation

P Rodrigues

Tuberculosi: . -
S Local incidence

Infection and

G Proportion of reinfection in recurrent cases

Reactivation vs
Reinfection

Increased
reinfection

SIRI results Global: v, a1, weo

TB model Local )\ ou >\J7 J = ]_7 .. 6 (Iocal force Of |nfeCt|0n)

Global
parameters
Local
parameters
Validation
criteria

3Wang et al. JID, 2007
"White, et al. Math Biosci, 2007

P Rodrigues Modeling tuberculosis



Global Parameters o, w,y and a;
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Model Model
reinfection factor 6.56 0.617

rate of endogenous reactivations 0.00425 0.00779

proportion low-risk group 1 (imposed) 0.937
low risk factor 1(imposed) 0.0690
high risk factor 1(imposed) 14.8
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