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i This talk...
Natural history




Infectious spread of M. tuberculosis and
resulting disease

Infected with M. tuberculosis
Active disease /\ Latent infection

Uninfected
50-75% 5-10% 90-95%

: 8.6 million people 2 billion people

Reactivation (5-10%)

Risk factors

Primary progressive
disease

Wlodarska et al. Clin. Microbiol. Rev., 2015



Tuberculosis transmission and progression to
active disease from latent infection

Primary Latent “Reactivation”

Transmission Tuberculosis Tuberculosis Tuberculosis

70% are not infected
Progression
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Solid Necrotic Caseous
prevail during LTBI  Early stage of TB infection End stage of severe TB
Fibrotic wall. Outer ring The center becomes The center liquefies: cavity
of lymphocytes. In the necrotic, composed of formation (neutrophil)
center mononuclear solid cell detritus, High oxygen content . The
phagocytes, fibroblasts hypoxic. caseous material is a source of
and DCs. | nutrient.
y Y
Mtb: dormancy stage Mtb: it starts Mtb: dissemination and
with low metabolic replicating and transmission
activity becomes metabolically

Continuum




i This talk...
Clinical aspects

Diagnosis




Suspect of active TB
= ANAMNESIS

= Information regarding TB risks:

= Origin,
« Contact with smear positive TB cases,
= immune suppression (HIV, biological therapy, transplants)

= CLINIC

= General symptoms
= Specific symptoms (based on the localization)

= IMAGES

=« Images indicative of active TB

= MICROBIOLOGY

e

aa| m M. tuberculosis isolation
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Suspect of LTBI
= ANAMNESIS

» Information regarding TB risks:

= Origin,
« Contact with smear positive TB cases,
= immune suppression (HIV, biological therapy, transplants)

s CLINIC. To exclude:

= General symptoms
= Specific symptoms (based on the localization)

» IMMUNE-BASED TESTS
= ST and/or IGRA

= IMAGES. To exclude specific active lesions: [1 T
2| = Chest xRay
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Worldwide LTBI: size of the problem

LB

2 billion

Active
TB

10.4 million

Around 200 fold difference




LTBI
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Limitations of the TST

= Reagent:

» Purified protein derivative (PPD)
commonly shared among
different Mycobacteria
(M.tuberculosis, BCG and atypical
mycobacteria)

= Variability:
= Reproducibility in giving the test
= Subjectivity in reading the test

= Logistics

= Repeat visit needed
= 3 days before result




Tuberculin skin test (TST)

Positive TST

M. tuberculosis

Active TB disease

Latent TB infection
(past exposure to M. tuberculosis)

Latent TB infection
(recent exposure to M. tuberculosis)

NTM

Exposure to environmental
mycobacteria

BCG-vaccination

BCG-vaccination

TST does not distinguish

among all these different clinical situations




IGRAs: tests for LTBI diagnosis

IFN-y

Processing Date: 7. January 2004
Operar sl TABLE 1. AMINO ACID SEQUENCES OF OVERLAPPING
PRI PEPTIDES FOR ESAT-6 AND CFP-10
i
-ve control ;%. Antigen Amino Acid Sequence
Well: Al =T CFP-10
ﬂ'“ - mm 1 I I l. Peptide 1 MAEMKTDAATLAQEAGNFERISCDL
T T 3 i A g i i Peptide 2 GNFERISGDLKTQIDQVESTACSLO
- T aTide veaen i awATS Peptide 3 DQVESTAGSLOGQWRGAAGTAAQAAY
Peptide 4 AAGTAAQAAVVRFQEAANKQKQELD
Peptide 5 AANKQKQELDEISTMIRQAGVQYSR
+ve control Peptide 6 IRQAGVOTSRADEEQQQAL SSQMGF
ESAT-6
Well:  B1 Peptide 1 MTEQQWNFAGIEARASAIQG
Peptide 2 GIEARASAIQGNVTS!
I . Peptide 3 SAIGGNVTSIHSLLDEGKQSLTKLA

Peptide 4 EGKQSLTKLAAAWGCSGSEATQGVT
Peptide 5 SCSEAYQGVQQKWDATATELNNALG
Peptide & TATELN NALONLARTISEAGQAMAS
Peptide 7 NLARTISEAGQAMASTEGNVTGMFA

Panel A

well:  C1 -
o S 5 A P

Panel B

Well: D1

PBMC Whole Blood

T SPOT.TB QuantiFERON TB Gold In tube




QuantiFERON TB Gold In tube

= Nil (negative control)

s RD1 peptides (M. tuberculosis-specific antigens)

= Mitogen (positive control)

Test Result Nil RD1 peptides

(Mtb-specific Antigen)
Cut-off: =0.35 UI/ml

Indeterminate
Negative
Positive

Mitogen
(PHA)

Cut-off: =0.5 UI/ml




RD1-IGRA

BCG-vaccination
NTM
Positive RD1-IGRA

Positive M. tuberculosis
infection/disease




ﬁ Mantoux or IGRA? What do I need to use?

BCG-vaccinated | — | IGRA

BCG-unvaccinated | —|TST

|

If available, confermation by IGRA




ﬁ QuantiFERON TB Gold Plus

= Nil

= [B1 (TB Antigen tube of the QuantiFERON TB GOLD In
tube)

= [B2 (additional peptides in which there are epitopes
recognized by the CD8)

= Mitogen




i This talk...

TB epidemiology




All forms of TB 10.4 million 1.4 million

1 min children (9.6%) 0.17 million in children (12%)
3.5 min women (33.6%) 0.35 million in women (25%)

1.2 million (11%) 400,000 (28.5%)
480,000 (4.6%) 190,000 (13.5%)

and 100,000 RFP resistant

2

%

WHO report, 2016




i Estimated TB incidence rate in 2015

Estimated TB incidence rates, 2015

Asia: 58%

Asia: 28%

B ot appiicatie

WHO report, 2016




i This talk...

TB microbiology...Mtb lineages




M. tuberculosis evolution

~ Lineage 1:
'7T}i€'l’hilippines and Indian Ocean

Lineage 2:
43 Q East Asia

d'éaﬂ Africa

~2.5 million years ago? ~67,000 years ago?

~70,000 years ago?

M. tuberculosis

Lineage 4:

M. marinum (water) Europe and Americas

M. avium silvaticum (birds) lé'trllr?:g;k

M. avium avium (birds)

MTBC

Lineage 5:

M. avium hominissuis (environment) M aficantim 1in West Africa
8 um1i i

M. avium paratuberculosis
(sheep and cattle)

!

M. sp. MCS (soil) wy M. bovis ecotypes

M. sp. KMS (soil)

Non-tuberculosis mycobacteria

M. vanbaalenii (soil) Chimpanzee bacillus

Lineage 6:
M. africanum 2 in West Africa

Rhodococcus spp. (soil) | %+ Large-scale genome duplication events ]

Galagan, Nature Genetics, 2014




M. tuberculosis evolutionary scenario
(out of Mesopotamia)

M. prototuberculosis M. tuberculosis African lineage (Uganda, Cameroun and S)
[ Fertie crescent B . wpercuiosis asian ineage (CAS, Bejing)
D EAI . M. tuberculosis European lineage (Haarlem, X and Ghana)

Wirth T. Plos Pathoaens. 2008



The global population structure and geographical
distribution of M. tuberculosis
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Gagneux et al, PNAS, 2006



Association between Mtb lineages and ethnic
groups underscore the continuous adaptive
process between Mtb and its host
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Evolution of M. tuberculosisin modern age

Do the strains belonging to different phylogeographic
lineages show differences in terms of pathogenicity,
virulence, transmissibility, ability to acquire
determinants of drug resistance?

Is the ongoing TB pandemic stable?

What will be the impact in the future?

Lineage 5
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Migrants and TB

= Tuberculosis (TB) burden in high-income countries is
primarily amongst the foreign-born, migrant population

= The reasons underlying this burden are the interaction of
migration from high TB burden countries and the
reactivation of remotely acquire latent tuberculosis
infection in the first five years after arrival

s (Genotyping data suggests that there is relatively little
transmission in migrant communities in the receiving
country

= Methods of TB control in migrant population have
historically focused on identifying active tuberculosis but
=] the yields for this remain relatively low




i This talk...
TB screening




ﬁ Migrants and TB in Europe

= In 2014, 219,00 migrants and refugees reached Europe by land
and sea

= In 2015, more than 1 million migrants and refugees reached
Europe by land and sea

= In 2016, January-April, 181,673 migrants and refugees reached
Europe with 1,261 deaths.

= Among those arrived by the Mediterranean see, 82% came
from 10 countries, mainly:

= Syrian Arabic Republic (43%)
» Afghanistan (23%)
Iraqg (14%), Pakistan (4%), Iran (4%)

Dara et al., ERJ, 2016



Percentage of tuberculosis notifications in
the foreign-born for selected OECD high-
income countries
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TB burden in migrants:
why?

P

The TB burden observed in foreign-born individuals occurs due to
one of three reasons:

= Migrants from overseas must either have active TB on arrival
(very rare, 0.35%)

= Migrants have remotely-acquired latent TB infection which
reactivates post-arrival (5-72%, it correlates with TB incidence
in the country of origin and age)

= Migrants acquire TB, following arrival, through local
transmission

Pareek et al., BMC Medicine, 2016



Meccanismi responsabili dello sviluppo di
tubercolosi nel migrante

Riattivazione dell’infezione tubercolare latente (LTBI)

Incidenza di TB nel paese di origine
infezione da HIV

Diabete

Malattie renali croniche
emarginazione sociale

variazioni dietetiche, malnutrizione
stress emotivo

alcolismo

droga

Nuova infezione esogena

= alta prevalenza di forme tubercolari bacillifere in comunita
m precarie condizioni di vita
= cofattori (HIV, tossicodipendenza)




Schematic diagram of migration, factors
determining how incident active tuberculosis
occurs and methods of screening migrants

Country of origin Country of arrival Post-arrival

active TB
High TB burden Low TB burden “reeri'lg /

Prevalent active TB

.
|
Post-arrival
latent TB

screening Acti
l ctive

tuberculosis

Migration

reactivation

Pre-arrival \

active TB . ““_"It'-“‘!‘ Community
screening identification | " o ission

and contact
tracing \

Pareek et al., BMC Medicine, 2016



Different approaches for the migrant 4
screening process methods

Table 3 Potential strengths and weaknesses of different migrant screening methods

Screening methodology

Screening for active tuberculosis Screening for latent tuberculoss infection

Screening tool used Chest x-ray Tuberculin skin test

Interferon gamma release assay

Screening location Pre-arrival Post-arrival

At arrival

Post-arrival
Strengths Able to identify active TB Identifies latent TB before reactivation occurs

Able to identify infectious individuals Can be built into community programmes

Can be integrated into immigration procesas Targeted scresning likely to be cost-effective
Weaknesses Low yields for active TB Programmatically difficult to implerment

Uncertain cost-effectiveness (unless screening targeted) Numbers accepting and completing treatment may

be suboptimal
Does not identify patients with latent TB who can go HBoPH

on to reactivate

Pareek et al., BMC Medicine, 2016



Yields for active tuberculosis from
previous meta-analyses

Author Year Yield for active tuberculoss (3)
Owerall Pre-arrival At/ post-arrival
Klinkenberg [19] 2009 035 1.21 0.31
051
Arshad [18] 2010 035 - 035
Aldridge [71] 2014 0.22 022 -

Pareek et al., BMC Medicine, 2016



Background 205(7
TB notifications by country, EU/EEA, 2014

= 58 008 TB cases in 29 EU/EEA countries
= 12.8 per 100 000 population (range 2.5-79.7)

< 5 per 100 000

5 to 9 per 100 000
10 to 19 per 100 000

20 to 49 per 100 000

> 50 per 100 000

Not reporting

38
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Towards TB elimination in EU/EEA
s\WIith current mean annual change in the TB notification rate (-

6%), the EU/EEA will achieve TB elimination by 2092.

=10 reach elimination by 2050, TB rates need to decline by 12%

annually.
1000

100

TB notifications per 1 million
=

1
2010 2020 2030 2040 2050 2060 2070 2080 2090

——Decline needed to reach TB elimination by 2050 =——Current mean annual decline




Towards TB elimination: An action
framework for low-incidence countries

Priority action area

1. Ensure political commitment, funding and stewardship
for planning and essential services of high quality. TOWARDS

2. Address the most vulnerable and hard-to-reach m

groups. AN ACTION FRAMEWORK FOR LOW-INCIDENCE COUNTRIES

3. Address special needs of migrants and cross-border

4. Undertake screening for active TB and LTBI in TB
contacts and selected high-risk groups, and provide
appropriate treatment.

5. Optimize the prevention and care of drug-resistant TB.

6. Ensure continued surveillance, programme monitoring
and evaluation and case based-data management.

7. Invest in research and new tools.
8. Support global TB prevention, care and control.




TB screening in Europe

i

Tuberculosis care among refugees @
arriving in Europe: a ERS/WHO Europe

. i CrossMark
Region survey of current practices

asoud Dara's'S, van Soloac™", Giovarmi Sotgiu™'™, Lia FAmbmsiat® 15
Rosella Gendis™ 'S, Richard Tran''5, Defia Goleit®, Raquel Duarte”
Stetano Albert”, Fermands Mara de Benedicts®, Graham Botramiey'
lzm 'ku:-r'g“ Itrahim Abrbadcar'?, Vitor Teomira'?, Brian Ward'?
Chrigting Sraizmou' and Giwanni Batlisa Migha £

= A questionnaire investigating screening and management
practices among refugees was sent to 38 national TB
programme representatives of low and intermediate TB
incidence European countries/ territories of the WHO
European Region.

= Out of 36 responding countries, 31 (86.1%) reported
screening for active TB, 19 for LTBI, and 8 (22.2%)
— reporting outcomes of LTBI treatment.




TB screening in Europe

J

P B
B Active TB and LTBI screening ,_V}f-
@ Active TB and not systematic LTBI screening \f@:*\

I3 Active TB screening only
B Not systematic active TB and LTBI screening
B No active TB and LTBI screening 74

C Not included or not reported g
-

Dara et al, ERJ 2016




Active TB screening
In migrants in Europe

Screening for TB is performed with algorithms using different
combinations of :

s symptom-based questionnaires and/or
= Sputum smear/culture collection and/or

s Chest radiography

Dara, ERJ, 2016



Procedures if active tuberculosis
is diagnosed

Procedures if active tuberculosis is diagnosed

= No: refusal of asylum: 34/36 (94.4%)

= Yes: obligation to undergo treatment: 24/36 (66.6%)
s Other: 10/36 (27.7%)

= Not applicable: 2/36 (5.5%)

Obligation to undergo treatment

Where

= Treatment in hospital: 24/36 (66.6%)
= Not applicable: 8/36 (22.2%)

= Not answered: 4/36 (11.1%)

When

= Treatment immediately started after diagnosis: 26/36 (72.2%)
= Not answered 2/36 (5.5%)

= Not applicable: 8/36 (22.2%)
Funding

= Governmental funds: 26/36 (72.2%)
= Not answered: 2/36 (5.5%)

= Not applicable: 8/36 (22.2%)

Dara et al, ERJ 2016




Screening for LTBI:
Migrants and TB
To screen by TST or IGRA

= Who? Only those coming from high TB endemic countries
(definition: above 150 for 100,000 inhabitants, like in UK; or
above 30 for 100,000 inhabitants, like in Canada)

= After the screening, what to do? Offer a preventive therapy;
ensure completion of treatment

Dara et al., ERJ, 2016



Procedures if LTBI is diagnosed

Procedures if latent tuberculosis infection is diagnosed

= No, refusal of asylum: 20/36 (55.5%)

= Yes, obligation to undergo preventive therapy: 8/36 (22.2%)
= Other: 18/36 (50%); Not applicable: 8/36 (22.2%)

Obligation to undergo preventive therapy

Proposed to all positive for latent tuberculosis infection

s Proposed to all positive for latent tuberculosis infection: 3/36 (8.3%)

= No, proposed for specific groups and ages only: 7/36 (19.4%)

= Not applicable: 24/36 (66.6%); Not answered: 1/36 (2.7%)

Same procedure as native nationals positive for latent tuberculosis infection

= Same procedure as native nationals positive for latent tuberculosis infection: 7/36(19.4%)
= Not applicable: 24/36(66.6%); Not answered: 5/36 (13.8%)

Therapy delivery

Therapy delivered at chest/directly observed treatment/tuberculosis centres/tuberculosis

= specialists: 7/36 (19.4%); Not applicable: 23/36(63.8%); Not answered: 6/36 (16.6%)
Funding

= Government budget: 9/36 (25%)

t applicable: 23/36 (63.8%); Not answered: 4/36 (11.1%)

Dara et al, ERJ 2016



control in migrants e

i ECDC guidance: Applicability for TB @3&;

LTBI

Total population

Infectious diseases

Migrants

47




ECDC guidance: Applicability for TB

control
in migrants
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