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In TB modelling, a proper description of populations’ demography; its evolution and coupling to transmission dynamics is key.

Age is not justa major factor shaping the But it also impacts individuals’
risk forinfected individuals to develop contribution to transmission
active TB disease in its different flavors
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In TB modelling, a proper description of populations’ demography, its evolution and coupling to transmission dynamics is key.

...Also, age
distributions
are changing

all around

the globe

PAGE OF AGING IS ACCELERATING

MEDIAN AGE OF EUROPE AND CENTRAL ASIA

POPULATION AGE PYRAMIDS
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Rapid aging in the young countr 1s Turkey,
Azerbaijan, and i :( ntral Asi l ut with
norr .m.lct._,n of demographic str.x_._ e.




From “The Population Dynamics and Control of TB
(Dye & Williams, Science, 2010):

“Most of the countries where TB remains highly
endemic are in demographicand epidemiological
transition. (...). Butit is not clear whether wecan

expect more or less TB in aging populations. (...) To
resolve this question, the standard model needs to be
extended to explore the interplay between survival,
fertility, and the risk of TB with age”.



Methods: a novel model to describe TB transmission
on evolving demographics




Data-driven model for the assessment of
Mycobacterium tuberculosis transmission in evolving
demographic structures

Goal: build a modelwhere coupling
between age structureand TB is made
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Two main technical difficulties / differences to previous approaches.

First: our model makes demographic pyramids to evolve according to external data (UN Population Division prospects)
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(Key hypothesis: TB-unrelated population variation terms do not modify
relative prevalence of individuals in each disease-related-class)



Two main technical difficulties / differences to previous approaches.

Second: our model abandons the hypothesis of homogeneous mixingamong age stratain favor of heterogeneous,
empiric contact structures.
Key aspect: dynamicdemography implies dynamiccontact structures
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More information at: Arregui, Aleta, Sanz & Moreno: “Projecting social contact matrices to different demographic structures” Bioarxiv
doi: https://doi.org/10.1101/343491



Two main technical difficulties / differences to previous approaches.

Second: our model abandons the hypothesis of homogeneous mixingamong age stratain favor of heterogeneous,
empiric contact structures.
Key aspect: dynamicdemography implies dynamiccontact structures
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A modelto describe TB burden evolution while
1. Producingdemographicevolutions accordingto UN prospects.

2. Incorporatingarationale forthe description of heterogeneous patterns
co-evolving with demography.
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Results: quantifying the effects of
populations’ aging on future TB trends.




The model is usefulto capture current TB trends in the countries most affected my the disease nowadays...

Incidence Rate
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Andin the forecasts it produces forthe decades to come, populations aging appears linked to higher TB incidence
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Relationship between the strength of the demographicchange (i.e. aging) and differences in forecasted TB levels.

70 | | | |
r=0.66 (p=0.02)

|Banglelldesh
e @

Pakistan

@ Myanmar Ethiopia

@ China India

. @
® De%. RepS.OUth Africa

| Nigeria Congo ¢ i
Indonesia @
Philippines @

o~
o
|

ol
o
|

=
o

w
o

]
o
I
|

| Tanzania

—
o
|

Relative variation of aggregated incidence
Full Model vs. Reduced Model 1(2050)

| | 1 | | |
008 01 012 014 016 018 02 022

Variation of demographic density of adults
An(a>15y)=n(a>15y,2050)-n(a>15y,2000)

Increase in incidence correlates with intensity of aging across countries



Prospects, limitations, next steps...




We have provided a comprehensive methodology tointegrate
demographicdynamics and contact heterogeneities in TB transmission
models, and quantified the effects derived from doing that. Incorporate
these ingredients will be of utmostimportanceto removebiases from
model-based evaluation of novel epidemiological interventions. Ourresults
indicate that future TB burden levels might be higher than anticipated,
which emphasizes the need of an improved new vaccine, which in this
scenario is expected to be more impactful.
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