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Tuberculosis: a disease with long history...

Prehistory XIXth century




Eleanor Roosvelt, 1962

Kafka, 1924

George Orwell, 1950
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Schrodinger, 1961

Bécquer, 1870 \

Moliere, 1673



Tuberculosis: a disease with long history...

... and a topical =wmens Q cercan el Periodico 26th March 2019
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XXI century La tuberculosi disminueix lentament a

Catalunya, pero no s'erradica

Aquesta malaltia que es transmet a través de l'aire baixa Els districtes mées pobres de BCN presenten fins a tres

al ritme d'un 1% cada any vegades més casos que els districtes rics

= ELPAIS 17th October 2019

EN PRIMERA LINEA RED DE EXPERTOS QUE MUEVE A.. DESARROLLO EN AFRICA BLOGS CIUDADES SOSTENIBLES

.
FUTURO *;9

I.a bacteria asesina de la tuberculosis causo 1.5 millones

de muertos en 2018

El ultimo informe de la OMS muestra un ligero avance contra la enfermedad, pero insuficiente para

acabar con la pandemia en 2030
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THE BIGGEST KILLER

Tuberculosis has killed more than any other infectious

disease in history. Over a billion lives in the past two - ;::N:I:OM
hundred years. TUBERCULOSIS MDR-TB

GLOBAL BURDEN

Tuberculosis ’
TB is one of the world’s

top health challenges:

MORE THAN
2 BILLION pPEOPLE, .

¢ ™ \ >
AL L _‘\‘ _flf'.
equaltoa QUARTER (ol 7
of the world’s population T ".\\ o N
i i - 23t
Smallpox are infected with TB o A Lgﬁ;y
l\%\\, >
Malaria T ——
Despite our ‘l’ ..there is an
best efforts... .
Plague | ’ Unacceptable
Influenza low rate
Cholera of decline in
AlDS incidence
each year

remains a crisis

WITH ONLY ONE IN FOUR
MDR-TB CASES DETECTED

EACH YEAR ANDONLY ONEIN
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Tuberculosis is...

v’ Infectious disease caused by
Mycobacterium tuberculosis

v' Transmitted by small droplets
airborne particles.

v’ Infectious droplet nuclei are
generated when persons who have
pulmonary TB disease cough, sheeze,
shout, or sing.

Droplets from a cough or sneeze
by an infected person
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Tuberculosis...

v’ Affect the lungs, mainly, but can also v* Only a 5-10 % of infected
disseminate to other organs in the (asymptomatic) people develop
body the active infectious disease.

Latent Tuberculosis Active Tuberculosis
Infection (LTBI) Disease (ATB)




Tuberculosis in world

1/4 of world’s
population already

infected (non
infectious LTBI)

10.7 million new
ATB cases in 2017

1.7 milions deaths

caused by TB in 2017

. Estimated new
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Sustainable NO ZERO GOOD HEALTH QUALITY GENDER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY

Development Goals
(SDG)

U N |te d N at | ons CLEAN WATER DECENT WORK AND INDUSTRY, INNOVATION REDUCED
AND SANITATION ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES

2015-2030

“The Sustainable ‘.|

Development

1 RESPONSIBLE
CONSUMPTION
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For Sustainable Development
4» P

Agenda: 17 Goals to 14 smmaic s
AND COMMUNITIES
Transform Our

World” Eé
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17 PARTNERSHIPS
FOR THE GOALS

1 LIFE 1 PEACE AND JUSTICE
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The Sustainable Development Goals m

Goal 1. End poverty in all its forms everywhere

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture M
Goal 3. Ensure healthy lives and promote well-being for all at all ages gme
Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all --
Goal 5. Achieve gender equality and empower all women and girls

Goal 6. Ensure avai . .

| Goal 3: “Ensure healthy lives and promote well-being for all at all
i ”

Goal 8. Promote sy 98€S . all

Goal 9. Build resilid Target 3.3 : “By 2030, end the epidemics of AIDS, tuberculosis,
Goal 10. Reduce int malaria and neglected tropical diseases and combat hepatitis,

Goal 11. Make citi
. FE N9 water-borne diseases and other communicable diseases.”
Goal 12. Ensure sus

Goal 13. Take urgent action to combat climate change and its impacts
Goal 14. Conserve and sustainably use the oceans, seas and marine resources for sustainable development

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and
halt and reverse land degradation and halt biodiversity loss

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective,
accountable and inclusive institutions at all levels

Goal 17. Strengthen the means of implementation and revitalize the Global Partnership for Sustainable Development
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The research team...

Sergio Alonso, PhD
Physicist

Quim Valls, PhD
Physicist

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

Daniel Lépéz, PhD
Physicist

Nura MR Ahmad Marti Catala
Mathematician Physics Engineer
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We are computational biophysicists in interdisciplinary research teams:

O IGTP e

rmans Trias | Pujol Research Institute Gel’mans Trias i PUjO|
Hospital

)
Yy

i Dr. Bechini
UNIVERSITAT POLITECNICA
DE CATALUNYA Dr. Tenesa
BARCELONATECH ,
Dr. Pérez
Dr. Nogueira

Dr. Vilaplana

4O 55 Computational v

H 1~1 Center
b I o p h ys I C I St S Centro Nacional de Supercomputacion

i
specialists in Computer
Epidemiology Engineers o
Dr. Casanovas

Dr. Millet

Mathematical modelling in translational research (Prats, 2019) 14



Mathematical modelling in tuberculosis: a multiscale and
translational approach

Cellular Organism Epidemiology

Bacillus Macrophage Alveolus Tissue Organ Individual City  Country
10°% m 10° m 10m 102m 10'm 10°m 10°m 10® m
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Mathematical modelling in tuberculosis: a multiscale and

translational approach

Cellular Organism Epidemiology

Individual City Country

Organ
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O
Dub?-g’:,‘“ RESEARCy
9oi: 10,3900 - 26 Margy, 2018

9mich 2016 g O

Cardona and Prats OPEN Accrgs
.Iawhm‘aﬁ,,wmlh i, - s s .

Macrophage Bacillus Frontiers in Microbiology, S
2016 * a0 Clara pregs»




Mathematical modelling in tuberculosis: a multiscale and
translational approach

Cellular Organism Epidemiology

Bacillus Macrophage Alveolus Tissue  Organ Individual City Country
10®m 10° m 10*m 102m 10'm 10°m 10®m 10® m
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Mathematical modelling in translational research (Prats, 2019) 17



Mathematical modelling in tuberculosis: a multiscale and
translational approach

Cellular Organism Epidemiology

Bacillus Macrophage Alveolus Tissue  Organ Individual City Country
10®m 10° m 10*m 102m 10'm 10°m 10®m 10® m
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1. Subsaharian Africa

2. Population over 200 million inhabitants

3. 44% of population is younger than 15; 64%
younger than 20

4. Annual growth of 2.6%




NIGERIA

( Nigeria
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Tuberculosis in Tuberculosis in

Nigeria Gombe
400
al0 ‘{fl Estimated
§ “****#i&s&***&***#iﬁqg******** Ji:lfli(dence
- 0]
8~ 300 _ 300 Balanga
= = — Billiri
D @ Dukku
O 200 S 200 | | Funkaye
@
) 5=, Gombe
3 100/ - - L ango
o 100} - \ AN Kwami
s . . . ———-Nafada
+ Epidemiological data Shomgom
0 ' Y/deba
0 5 10 15 20 25 o =TS ,
Time (years) 2007 2010 2013 2016
Time (years)
Persistence of TB prevalence in Estimated TB incidence and diagnosed

Nigeria last 25 years cases/10° inhabitants in Gombe’s districts
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A model in
compartments

a(0l, + I,)

Compartments:
S: Susceptible
E: Exposed (LTBI)

|: Infectious (ATB)

l,: non diagnosed
l,: to be diagnosed

T: under Treatment
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An Agent-based
model

A : A PA
: P :; TB death

Start
treatmen.

—3
Early

Recover abandon
Healthy individual treatmen

Infected individual Sick individual

| Infect T Relapse
Recover

Get sick

—>

Infect




Estimating diagnosis rate with models:

400 1 1 1 1 1 1 1 1 1
¥ Epidemiological data
-8- Calibrated model
350 -
g 1R s g
E’ IR T S
‘E 300 -
I
S
2 Only 16 % of TB
250 |- cases are
diagnosed!
200 | | ] | | ] | | ]

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Time (years)



Simulation |I:
studying the
effect of an
increase in the
diagnosis rate:

400

350"-

300

Prevalence/100,000
™ 5
o (e}

-

(&3}

o
1

100

S0

Epidemiological data
16% Notification
20% Notification
25% Notification
30% Notification
60% Notification
85% Notification

2000

2002

2004

2006

2008 2010 2012 2014 2016 2018
Time (years)

2020
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Simulation Il: studying the effect of an increase in treatment success
rate together without or with an increase in notification rate:

400 T T T T 400 T T T
350F . ... ) 350L _ o -
_-""?Iffk:__*jf-élé—*-ﬁe _________________ T
o 300 T TTTEESSSSsssmsoTmTTTT . o 300 F
o o F---- -
o (=2 T~
o 250 o 250 Tt~ o
o = e T
8 200F 8 ] T
c c
Q Q
o * Epidemiological data 4 *  Epidemiological data
o 100k |7~ 80% Treatment success rate 1 = 100k |~ 80% Treatment success rate
85% Treatment success rate 85% Treatment success rate
50 k 90% Treatment success rate i 50 | 90% Treatment success rate
- - - 95% Treatment success rate - - - 95% Treatment success rate
0 1 [ ] [l [ 1 0 [l [ ] [
2000 2005 2010 2015 2020 2001 2005 2010 2015
Time (years) Time (years)

(A) Notification rate: 16 % (B) Notification rate: 80 %
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Simulation IlI:
studying the
effect of an
Increase in
diagnosis rate on
TB-deaths

N W e &) (@) ~
o o o o (@ o

Death/100,000 (after 10 years)

-
o

—e— Mortality

o

20

40 60
Notification rate (%)

80

100
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Exploring reality:
field’s work

& | Nt i
(b) Interviews to 54 pc




( Results of field’s work ) Awareness on TB transmission
in Gombe State

Major findings:

. 0% patients have knowledge of TB
symptoms after visiting the doctor
. 80% patients has no knowledge on TB

control and transmission after visiting 1.9% -

"
dOCtOF Absolute awareness Little awareness on No Awareness on TB

. . on TB transmission TB transmission transmission
. About 70% of patients were not informed
by healthcare workers

. Mean delay before hospital: 25 weeks 40 - Time before hospital
. Mean delav at tha hacnital-  days i
. Delay before hospital is associated witn -;;22
<urface area of the respective district g i:
& 10

v Awareness
v" Accessibility/Availability <lmonth  1-2months ~2-3months >3 months

o un

31

Time



Simulation IV: combining three different control strategies. TB prevalence
after after 10 years...
1) Increasing notification rate

2) Increase in notification rate + decrease in diagnosis delay
3) Increase in notification rate + decrease in diagnosis delay + increase in TB awareness

350

. (B)
300 = - Increase in notification
;@ & with mean delay = 169
‘% 290 ' days
S 200 | nii _ Increase in notification
S L & with mean delay = 26
T 150 l i days
@
= . Mean delay = 26 days
O 100 | RO naeay = 25 ady
g and increase in TB
50 | awareness
U i i i i
0.2 0.4 0.6 0.8
Notification rate 32




Y NATIONAL TUBERCULOSIS & LEPROSY
¥ CONTROL PROGRAMME (NTBLCP)

Federal Ministry of Health
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