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Burden?

When?

Where?
How?
Risk factors?
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All forms of TB

HIV-associated TB

RR/MDR-TB

Global Burden

Estimated no. of cases Estimated no. of deaths

10.0 million 1.4 million
0.82 million (8.2%) 0.28 million
0.46 million -

WHO. 2020
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TB

Cambodia?
Sierra Leone?

Bangladesh Brazil
DPR Korea Central African Republic?
Pakistan Congo?
Philippines Lesotho?
Russian Federation Angola Liberia?
Azerbaijan Viet Nam China Namibia?

Belarus DR C_ongo UR Tanzania Botswana
Kazakhstan Ethiopia Zambia® Cameroon
Kyrgyzstan India ' Chad

Peru Indonesia Eswatini
Republic of Moldova Kenya Ghana
Somalia Mozambique Guinea-Bissau
Tajikistan Myanmar Malawi
Ukraine - ":Jgefg & Uganda
: apua New Guinea
R istan South Africa
Thailand
Zimbabwe?

MDR-TB

TB/HIV

WHO. 2019



Natural history of tuberculosis

Elimination of the infection by adaptive

or innate immunity Active tuberculosis




Tuberculosis Control Strategies

Large reservoir of LTBI

Reactivation
Cases

New infections [Slarge reservoir of uninfected persons




Population-Wide Mass LTBI Testing and Treatment

* Unfeasible

V' Tmperfect tests;

v’ Risk of serions and fatal side-effects;
V' High cost.

* Benefits > harms in population groups at risk of TB disease

Dye C, et al.; JAMA. 1999



Prevalence of LTBI

In 1997
v 1.86 billion;

v" Global prevalence:

0

WHO region f; ' AllLTBI \
| | Prevalence (%) /' Proportion of infections in children <15 y (%)
AFR /224[20.6-246] / 13.3[11.8-14.6]
y S'Z’R 11.0(7.0-20.0] [2.3 [1?377\ e
SEA_ /308(28.3-34.8] | /7.4(6.3-8.2]
In 2014 5‘9 -~ /183[13.4-205 |/ 7.9[6.0-9.4]

S —————

/2 4[ e —————

Dye et al. JAMA 1999
Houben RMG], et al. PLoS Med 2016



Lifetime Risk for Active TB Disease

5—-15% with LTBI during their lifetime develop TB (first 2-5 yrs)

/"
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 Eliminated by acquired immune response
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Prevalence of LTBI in High-Risk Groups

High-Risk Group

Persons with HIV infection
Adult contacts of persons with tuberculosis

Patients receiving tumor necrosis factor
blockers

Patients undergoing hemodialysis
Patients undergoing organ transplantation
Patients with silicosis

Prisoners

Health care workers

Immigrants from countries with a high
tuberculosis burden

Homeless persons
Illicit-drug users

Elderly persons

Incidence of Active
Tuberculosis

median rate

per 1000 population (range)

16.2 (12.4-28.0)
0.63
1.45§

26.6 (1.3-52.0)
5.13%
32.1%
2.6 (0.03-9.8)
1.3 (0.4-4.1)
3.6 (1.3-41.2)

2.2 (0.1-4.3)
6.0

Prevalence of Latent Tuberculosis Infectiont

QuantiFERON-TB
Gold In-Tube

median percentage (range)

14.5 (2.7-21.5)
21.1 (6.6-55.1)
11.8 (4.0-22.3)

33.4 (17.4-44.2)
21.9 (16.4-23.5)
46.63
14.1 (0.9-76.7)
30.2 (9.8-53.8)

53.8 (18.6-75.9)
63.0 (1.4-66.4)
16.3%

T-SPOT.TB

11.3 (4.3-67.6)
48.0 (29.6-59.6)
20.0 (12.9-25.0)

43.6 (23.3-58.2)
29.5 (20.5-38.5)
61.0%

5.2 (3.5-28.7)
17.0 (9.0-24.9)

45.8 (34.1-57.5)

Tuberculin
Skin Test

19.2 (2.1-54.8)
26.3 (1.8-82.7)
18.6 (11.3-68.2)

21.9 (2.6-42.1)
7.7 (4.4-21.9)
45.5 (23.1-87.6)
29.5 (1.4-97.6)
39.7 (17.8-55.4)

45.6 (20.5-79.8)
85.0 (0.3-86.7)
3L.7%

Getahun H et al. N Engl ] Med 2015.



Exposed to anti-TNFa

Experimental Control Odds Ratio Odds Ratio

gy O rent 1€ -, Kandom, 3

111
Breedveld 2006 1 542 0 257 53% 1.43[0.06, 35.14)

Chen 2009 1 35 0 122 51% 1.09 [0.04, 28.47)

Ho-Youn KIM 2007 1 65 0 63 52% 2.95(0.12, 73.87]

Kavanaugh 2013 1 515 0 517 53% 3.02[0.12, 74.24)

Kennedy 2014 1 85 0 44 52% 1.58 [0.06, 39.59]

Keystone 2004 1 419 0 200 53% 1.44 [0.06, 35.44) -
Keystone 2008 5 783 0 199 65% 2.82(0.16, 51.19) -
Maini 1999 1 340 0 88 53% 0.78 [0.03, 19.36)

Nam 2014 1 55 0 57 52% 3.17 [0.13, 79.37) =
Schiff 2008 2 165 0 110 59% 3.38(0.16, 71.06)

Schiff 2014 2 328 0 318 59% 4.88[0.23, 101.99)

Smolen 2009 5 492 0 127 65% 2.88 (0.16, 52.37) o

St Clair 2004 4 751 0 298 64% 3.59 [0.19, 66.96) *
Tam 2012 1 20 0 20 51% 3.15[0.12, 82.16)

van der Heijde 2007 1 454 0 228 53% 1.51 [0.06, 37.25] -

van Vollenhoven 2011 1 79 0 76 53% 2.92(0.12, 72.88)

Westhovens 2006 4 721 1 363 11.3% 2.02[0.22, 18.13) N N —
Subtotal (95% CI) 5849 2977 100.0% 2.29[1.09, 4.78) -
Total events 33 1

Heterogeneity: Tau? = 0.00; Chi* = 1.52, df = 16 (P = 1.00); I* = 0%

Test for overall effect: Z=2.20 (P = 0.03)

1.1.2A8

Braun 2002 1 35 0 35 334% 3.09[0.12, 78.41) =
Sieper 2014 1 106 0 52 33.7% 1.49 [0.06, 37.28] = .

Van Den Bosch 2002 1 20 0 20 329% 3.15[0.12, 82.16)

Subtotal (95% Cl) 161 107 100.0% 2.43 [0.38, 15.77] ~—
Total events 3 0

Heterogeneity: Tau? = 0.00; Chi* = 0.13, df = 2 (P = 0.84); 17 = 0%

Test for overall effect: Z=0.93 (P = 0.35)

0005 01 1 10 200
Favours [experimental] Favours [control]

Zhang Z et al. BMJ Open 2017



Inmates
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Western SIS 4903 (95% C11846-9321)
Europe

Asia Pacific
1173 -
/‘_ ) (95%C1712-1747)

West and
central Africa
2946

10-100Q : :
= (95% C12362-3591) e S

‘= 1001-2000

= 2001-5000 . 2 4000~
B 5001-8000 Latin Ameri , Brazil (Rio Grande do Sul)*
1977
I 8001-10000
I >10000 (95% C1134; 3500
[ No data meeting inclusion criteria ~
° Australia (New South Wales)$
3000
g 2500
il
8
]
S 20004
a
g ° Cameroon
2
T 1500
5
£
e
‘2 10004 ) o Uganda®
Argentina ® Georgia (Thilisi)*
Romania
500 ) ]
Hong Kong Macedonia Colombia (Medellin)
Israel - Colombia (Pereira
04 USA (Texas) USA ( )

T T T T T T T T T T T T T 1
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year of data collection

Dolan K et al. Lancet 2016



Inmates

Author IRR (95% Cl)

High Income Countries (US only)

Hung et al. * 5.03 (3.80, 6.65)
Mitchell et al. v 12.99 (4.19, 40.27)
Steenland et al. - 16.73 (14.39, 19.45)
Steenland et al. - 26.41 (23.08, 30.22)
Koo et al. —— 59.06 (49.74, 70.14)
Maclntyre et al. e 83.74 (67.79, 103.45)

Middle-Low Income Country (Brazil) only

-

Ferreira MM al. 61.76 (40.27, 94.73)

ol I 1 |
15 125 25

Baussano I et al. Plos Medicine. 2010



Healthcare Workers

Incidence category and study RR (95% Cl)  Weight, %
Low TB incidence :
Skodric-Trifunovic et al, 1.24 (0.83-1.84) 7.89
Cuhadarogh et al. ‘ 2.31(1.62-328) 714
Fica et al. ’ 1.71(0.97-3.01) 6.57
Torres Costa et al. 1 5.99 (4.21-851) 364
Subtotal (12 = 85.4%, p = 0.000) 'G‘ 242 (1.20-364) 2534
1
1
Intermediate TB incidence :
Dimitrova et al. 1 0.36 (0.33-0.40) 8.59
Kruuner at al, ‘ : 1.38 (1.08-1.75) 8,32
Jo et al, ! 8.62 (6.86-11.34) 346
Subtotal (¥ = 97.8%, p = 0.000) "'-:}' 2.45 (1.05-3.84) 20.37
1
High TB incidence :
Maidoo and Jinabhai 1 1.30(1.19-1.41) 856
Gopinath et al. ! 1.24(1.04-147) 848
Jelip et al. 246 (2.14-282) 8.31
Alonso-Echsnove et al. 1 1.70 (1.23=2 36) 7.85
Wilkinson and Gilks : 1.80 (1.04-3.09) 6,56
Harries et al. (1999) : —5_ T.96 (6.51-972) 4,68
Harries et al. (1987) ! 913 (7.56-11.02) 4.56
Harries et al. (2002) —_— 541(3.07-952) 211
Rao et al. : - 7.50 (4.35-12.91) 134
Kanyerare and Salaniponi : - 1396 (9.92-19.64) 1.08
Laniado-Laborin et al. 1 + 14.65 (9.23-23.26) 0.55
Subtotal (¥ = 85.8%, p = 0.000) K} 3.68 (2.85-4.48) 54.29
1
Overall (I? = 98.0%, p = 0.000) ¢ 2.97 (2.43-351) 100.00
\
T T
0.011 5 10 25

RR for TB for HCWs vs. general population

Baussano I, et al; Emerg Infect Dis. 2011



HCW:s

HCWs Control Odds Ratio

Study Events Total Events Total W(random) OR  95% CI )

Agaya et al 2015 534 898 160 332 10.1% 158 [1.22-2.03] .

Corbett et al 2007 183 342 248 443 100% 090 [0.68-1.20] =

Drobniewski et al 2007 107 262 8 130 7.1% 1053 [4.94-22.43) .

Durando et al 2013 3 585 3 136 32% 023 [0.05-1.14] =———t

Franco et al 2006 101 169 88 164 9.2% 1.28 [0.83-1.98] :

Maciel et al 2007 114 619 12 218 80% 3.88 [2.09-7.18] -

Sawhney et al 2015 20 100 9 100 6.5% 253  [1.09-5.87] ——

;\Y“..‘l___.._l Qe 1o rto= - T “oas aonn s as o n= F—1%

m HCWs Control Incidence Rate Ratio

1

S Study Events  Time Events  Time Wirandom) IRR 95% C1

Zu :

van - Chen etal, 2014 142 181724 41 100000 12,1% 191 [1.35-2.70] -

Ry Chuetal, 2014 62 101505 37 100000 1L9% 165 [1.10-2.48] -

Ha  Claassens et al, 2010 I 250 1875 100000 L% 235 [1.30-4.24) -
Corbett et al, 2007 R0 155 GOO0 100000 12.1% 323 2.25-4.62| -
Klimuk et al, 2014 23 5145 13 100000 11.5% 9.82 592+~ 16.30] —
Pan et al, 2015 3 LR 33 100000 8.2% 1L.A3 [0.56~5.95] e e———
Pazin-Filho et al, 2008 5 4520 42 100000 95% 203 LOA=6.60] ————
Skodrie-Trifuno et al, 2000 24 572799 34 100000 10.5% 123 0.75-2.08) -.-— :
Sotgiu et al, 2008 50 5303 97 100000 12.1% 972  [691-13.67) L
Random effects model 100% 294 [1.67-5.19) —
Heterogeneily; I-squared=92_1%, lau-squared=0.6629, p<0.0001 2

TB ] 1 ) 1

Uden L et al. OFID 2017



ECDC/ERS Survey

100—F—=9 * 1% ey < W 2>
Q Q m w Cough etiquette
Tx duration
Contact investigation IC committee Staff training on IC
F <o
A A}
HIV regimen
40
AN
nvironmental measures

20
FAS)

0O

U T T T T T T ]

Migliori GB et al, Eur Respir J. 2012



Study Sample Size
Cohort Cases/Pop
Kim, 1995 [7] 5105/814713
John, 2001 [32] 166/1251
Chen, 2006 [30] 29/756
Summary

Heterogeneity:

Case-control Cases/Cntrls
Mori, 1992 [34] 46/46
Buskin, 1994 [35] 151/545
Rosenman, 1996 [36] 148/290
Pablos-Mendez, 1997 [8] 5290/37366
Brassard, 2006 [31] 386/38600
Coker, 2006 [37] 334/334
Jick, 2006 [33] 497/1966
Perez, 2006 [11] 3847/66714
Heterogeneity:

Other* Cases/Pop

Ponce-de-Leon, 2004 [9] 581/21230
Dyck, 2007 [25] 1118/791673
Heterogeneity:

.....Diabetes Mellitus

RR 95% CI

3.57 (3.07, 5.16)

N NA 4 20 9 oEN

Study

Kim, 1995 [7]
Age Group
20-29
30-39
40-49
50-59

>60
Heterogeneity
Meta-regression*

Ponce-de-Leon, 2004 [9]
Age Group

20-44

45-64

65-89

Heterogeneity
Meta-regression

Dyck,1997 [25]
Age Group
20-29

30-39

40-49 _—

50-59

260 —

Heterogeneity
Meta-regression

T I
0.25

Effect 95% ClI
RR

7.79 (1.18,51.3)
9.98 (6.84,14.5)
4.72 (3.59,6.21)
2.30 (1.83, 2.90)
1.76 (1.07,2.91)
12 =93% (86%,96%)
0.60 p=0.014

HR

10.80 (7.6,14.9)
7.60 (5.6,10.1)
260 (1.7, 4.0)

12 =93% (82%,97%)
0.72  p=0.184

HR

1.26 (0.65, 2.45)
1.31 (0.72, 2.39)
0.90 (0.51, 1.59)
2.01 (1.32,3.07)
0.53 (0.37,0.76)
12 =83% (62%,93%)
0.87  p=0.479

Jeon CY et al. PLoS Med. 2008



Migrants

Individual factors

Overcrowded living and poor working conditions
Low socio-economic status

Increased vulnerability to HIV infection
Under/malnutrition

Substance abuse
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Language, cultural beliefs, legal rights

Immigration status

Anti-migrant sentiments

Lack of awareness of entitlement to health services

Low health-related spending capacity

AN NN NN

Migrant-unfriendly health services

Economic burden of illness

v" At household level- costs of care and income loss for migrants and their families.
v At government level - costs to health systems.

v" At societal level - loss of productivity and revenue



LiuY etal.

Nelson LJ etal.

>ace-Asciak A et al.

Valin N etal.

Mor Z et al.

2012

2005

2013

2005

2008

combined [random]

Migrants

19.79 (19.17, 20.43)

3.80 (3.59, 4.02)

102.59 (61.39, 171.39)

315.51 (243.77, 407.21)

107.43 (93.13, 123.92)

47.82 (14.13,161.85)

T T
10 100

relative risk (95% confidence interval)

1
1000



Prevalence of latent MDR-TB infection

Prevalence (%)

Prevalence (%)

0.4_

0-34

0-2

01

African

0.5_
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01
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Americas
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|
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Year

|
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1980
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Year

|
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1980

|
1990 2000 2010

Year

Knight GM, et al. Lancet Infect Dis, 2019



Prevalence of latent MDR-TB infection

Knight GM, et al. Lancet Infect Dis, 2019



Low TB Incidence Countries

Notification rate: <100 cases (all forms) per million population

©  Estimated new
TB cases (all forms)
per 100 000

» population per year

[ ] 0-2a9 \
[ 25-99

I 100-199

I 200-299 %
Il 300 & 4
:] No data

- Not applicable

WHO. 2016



TB Epi in Low-Incidence Countries

v’ Low rate of transmission in the general population, occasional outbreaks.

v’ Majority of 'TB cases generated from progression of LTBI.

v Concentration in vulnerable and hard-to-reach risk groups.

v Significant contribution to TB rates from cross-border migration.

v Changes in age distribution (eldetly in the non-foreign-born population).

Lonnroth K et al. Eur Respir ] 2015



TB elimination strategy

in low TB incidence
countries

TOWARDS TB ELIMINATION

mnocuham e

Targets

AT AT

R

<10 cases per million
Pre-elimination: 2035

in low-incidence countries

<1 case per million
Elimination: 2050

<100 cases per million

Current TB burden-2012
in low-incidence countries

.ll Sl’l_&?lﬁ:lgza l E“%\ 3 o grilill;aalc::
<10/100,000 <1/100,000 <0.1/100,000



Eradication of tuberculosis: will it be feasible?

~5041

OCCASIONAL SURVEY

THE ERADICATION OF TUBERCULOSIS: THEORETICAL PROBLEMS
*  AND PRACTICAL SOLUTIONS *

economic level...

By Georaes Canerti

Jfroun the Institut Pastenr, Par

" ....The possibility of eradicating tuberculosis in a country is essentially a function of its

... There are three major weapons which can be used in a policy of eradication: chemotherapy,
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Lonnroth K et al. Lancet Infect Dis. 2016



