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For a century, we have
defined LTBI using the TST

+ TST

— Measures cell-mediated iImmune
response (CMlI)

» Uses PPD: a crude antigenic mixture

e Limitations of TST:

— fairly high proportion of false positives and
false negatives

— technical problems in administration and
interpretation

— difficulty in separating true infection from
the effects of BCG and non-tuberculous
mycobacteria (NTM)

— repeated TST boosts the immune
response

— requires a 3-dimensional interpretation




Models of the TB spectrum
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Figure 2. A model for tuberculosis epidemiology, following the pathogenesis of tuberculosis.
Figure reproduced with the permission of Urban & Vogel from [2].
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Models of the TB spectrum
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Poor understanding of the TB spectrum
contributes to fuzzy terminology

e Latent infection

e Active infection

* |nactive infection

e Subclinical infection
e Acute infection
 Chronic infection /\
e Persistent infection @
« Dormant infection

 Recent infection

« Remote infection

e Quiescent infection
e Incipient disease




What exactly does the TST detect?

ERJ 2009

“Latency, as assayed by the tuberculin skin test and IGRA, is
a state of persistent mycobacteria-specific T-cell responses in
the absence of clinical evidence for tuberculosis disease”

TST and IGRAs measure “lasting TB immune responses” and
not “latent TB infection”



TIM 2009

TST can be positive in
all states except the
first

IGRASs are likely to be
positive in all states as
well? Or spontaneous
convert/revert?



Advances In Latent TB diagnosis

* Improving the
Interpretation of TST

e Improving the TST
reagent

 Replacing the TST
with in-vitro assays
(IGRAS)



PPV

requires a 3-dimensional
Interpretation

Risk of
disease

http://meakins.mcgill.ca/respepi’/homeE.htm
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When BCG is given after infancy or repeated
many times, it can affect TST results

Analysis of 24 studies with N = 240,243 subjects

When BCG is given in infancy, false-positive TST results due to BCG occur in
6% of vaccinated subjects

When BCG is given after infancy, false-positive TST results due to BCG occur in
40% of vaccinated subjects
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In India, BCG has limited effect on TST
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In Uganda, BCG has limited effect on TST
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In Japan, BCG has a major effect on TST
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In Ukraine, BCG has a major effect on TST
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Advances In the development of
antigens specific to M. tuberculosis

Genomics

Proteomics

>

Cole et al, Nature 1998
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Improved rdESAT-6 skin test

Tuberculosis 2008
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Improved skin test: Diaskintest®

Masterpharm, Russia
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IGRAS

::> T-SPOT.TB® [Oxford Immunotec, UK]

QuantiFERON-TB Gold® In Tube [Cellestisd td,
Australia]



|GRA studies have been reviewed
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Quick Summary of Evidence

TST specificity is high in BCG non-vaccinated; but low and variable in
BCG vaccinated

IGRAS (especially QFT) have very high specificity (>95%)

— IGRA specificity is higher than TST

— IGRAs are not affected by BCG vaccination

« Maybe very helpful in settings that give BCG after infancy or give multiple
vaccinations (e.g. Japan)

Sensitivity of IGRAs and TST is not consistent across tests and
populations
— QFT is as sensitive as TST (~80%)

— QFT sensitivity is significantly higher in low incidence than high
iIncidence countries

— T-SPOT.TB appears to be more sensitive than both QuantiFERON
tests and TST

» But this may partly be because of cut-offs used for T-SPOT vs QFT

In low-incidence settings, IGRAs correlate well with markers of
exposure

Pai et al. Annals Int Med 2008 24



Variation in performance in high vs low
endemic countries

High incidence countries

Low incidence countries
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IGRAS In Immunocompromised

e Immunocompromised groups are highly

variable, and most studies are small:

— All tests underperform in severely immmunocompromised
patients

» Using both TST and IGRA might help increase sensitivity

— Indeterminate IGRA results increase with level of
Immunosuppression (i.e. low CD4 counts)

— T-SPOT.TB generally yields higher positivity rates than TST
(this not always the case in QFT studies)

— Very limited data on predictive value in immunocompromised
— Utility as rule out test for active TB is not well established
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What are the key unresolved
Issues?

What is the predictive value of IGRASs
for the development of active TB? Will
this vary by high vs. low incidence
setting?

Will treatment of IGRA positive subjects
reduce the future probability of active
TB?

What is the interpretation of IGRA
conversions and reversions?

Can IGRASs be used to rule out active
TB diagnosis?

What is the exact role of IGRAS In
children and HIV+?
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Serial IGRA testing shows highly dynamic patterns

These phenotypes are unlikely to have the same prognosis
Some are more likely to benefit from LTBI treatment than others



Predictive value of IGRAS: promising but both tests may
have only modest predictive abilities

Low Incidence

High Incidence

Unpublished: S Africa, Senegal, Colombia Unpublished: Japan, Netherlahds



Performance and predictive value may differ
between high vs low incidence settings
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IS gamma interferon adequate
for protection/prediction?
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Efforts to improve IGRAs

Look for biosignatures based
on multiple markers
Inclusion of new antigens

Measure additional
cytokines/chemokines

None are strong candidates
at this time

IFN-g/IL-10 ratio
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Humoral immune makers

Antibody detection assays
(serological tests) have largely
failed

They lack accuracy and
discriminatory ability, especially
in high burden settings
Efforts are ongoing to improve
them:
— Seroprofiling the entire proteome
— Antibody micro-arrays

— Responses to a cocktail of
antigens

— More sensitive analytical
methods

No strong candidate yet
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Steingart KR, et al. PLoS Med 2007

TDR/WHO
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Lack of discrimination in TB endemic
settings

Mycobacterium tuberculosis—
specific ESAT-6 and CFP-10
antibody responses

Ethidia

Hoff et al. Clinical Infectious Diseases 2007; 45:5 75-82



Antigen/bacterial/DNA detection

« Antigen detection (e.g. LAM)

 DNA detection using NAATS, gene expression studies
(transcriptomics)

« Detection of bacterial products or metabolites
(proteomics, metabolomics, glycomics, and other
‘'shotgun’ approaches)

— Several exploratory initiatives are ongoing (e.g. GC6)

o Key Issues:

 |s the antigen/bacterial load in LTBI too low to be
detected by these methods?

* Will shotgun approaches identify the best biomarkers?
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The search for biomarkers continues:
lots of candidates have been identified, but...
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How close are we In differentiating infected
from diseased in TB?

 Much work is being done, but
no strong candidates yet

 Brute force, shotgun methods
might provide some answers,
but can also mislead

— False positive results that are
not replicated

— Publication bias
— Initially strong effects are often
contradicted later
 There are lessons to be
learnt from the genetic epi
and genome-wide association
studies!



Guidelines on IGRAS:
A global survey
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Results of the survey

There are several countries that do not yet have an official guideline or
statement on IGRAs; these include, for example:

— China, India, Russia, Ukraine, Brazil, Belgium S Africa, Mexico, New Zealand,
Finland, Ireland, Bulgaria, Croatia, Slovenia, Austria, Turkey, Viet Nam,
Singapore, Portugal, Sweden, and Saudi Arabia.

This does not mean IGRAs are not being used:
— Some are using the tests (E.g. Singapore, Finland)
— Some are developing guidelines (E.g. Finland, Saudi Arabia, Portugal)

No high-burden, low-income country has published guidelines on IGRASs

— But IGRAs are available in some high-burden countries (e.g. India, S Africa), and

being used mostly in the private sector and in research settings
— No NTP in a high burden, low-income country is using these assays
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Results

17 countries that have at least one guidelines include:

— USA, Canada, UK, Japan, France, Spain, Italy, Germany, Switzerland,
Australia, Netherlands, Denmark, Czech Republic, Slovak Republic,
Korea, Poland and Norway.

Of the countries that have guidelines, 3 main approaches are
discernable:

— TST may be replaced by IGRA (i.e. only IGRA)

— Either TST or IGRA may be used

— Two-step approach of TST first, followed by IGRA

Although the broad approach may fall into one of these, some
guidelines recommend more than one approach, depending on the
risk group tested

41



Results*

TST may be replaced by IGRA (i.e. only Germany (anti-TNF-a), Swiss (anti-

IGRA is used)

Either TST or IGRA may be used

Two-step approach: TST first, followed
by IGRA (either to improve specificity or
sensitivity)

TNF-a), Poland (anti-TNF-a), Denmark
(anti-TNF-a, BCG-vaccinated
contacts/adults)

USA (QFT preferred in BCG+), France,
Australia(refugees), Japan (QFT
preferred in all groups except in
children <5 y), Denmark(child contacts)

Canada, UK,

Italy, Spain, Australia, Slovakia
Germany (contacts), Swiss (contacts),
Netherlands (contacts, immigrants),
Norway, Korea(contacts)
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* some guidelines recommend more than one approach, depending on the risk group tested (e.g. contacts, immunocompromised, children, etc)



North American Guidelines
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USA: CDC Guidelines
2005: QFT-G [2G]

CDC recommends that QFT-G may be used in all
circumstances in which the TST is currently used,
including contact investigations, evaluation of recent
immigrants, and sequential-testing surveillance
programs for infection control (e.g., those for health-
care workers).
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USA: CDC/NIH/IDSA
Guidelines 2009

Given the high risk for progression to active
disease in HIV-infected persons, any HIV-
infected person with reactivity on any of the
current LTBI diagnostic tests should be
considered infected with M. tuberculosis
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USA: AAP Red Book
2009
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USA: CDC Guidelines
2009: QFT-GIT/TSPOT.TB

To be released later this year

At the 2" Global IGRA Symposium, it was announced that
the new guideline will allow for the use of either TST or IGRA

IGRA will be preferred over TST for BCG vaccinated

TST will be preferred over IGRA in young children <5 years of
age
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USA: ATS/CDC/IDSA
Revised Diagnostic Standards for TB
2009: QFT-GIT/TSPOT.TB

Am J Respir Crit Care Med Vol 161. pp 1376—-1395, 2000

To be released

Will be broadly consistent with the new CDC
2009 recommendations

Will cover all TB diagnostics, not just LTBI
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Canada: Updated
CTC Guidelines, 2008

Not recommended for active TB in adults

Can be used as a supplementary aid in children with suspected TB

IGRAs may be used as a confirmatory test for a positive TST in contacts

IGRA may be performed in TST-positive, immunocompetent adults and

children who are at relatively low risk of being infected and of progressing to

active disease

5. In an immunocompromised person (adult or child), the TST should be the
initial test; however, a clinician still concerned about the possibility of LTBI
may perform an IGRA

6. Not recommended for serial testing of HCWs

W

49
Was updated again 2009, but very little was changed



Major global trends

Two-step approach seems to be the most favored strategy for IGRA
use

Two-step approach is particularly favored in contacts, especially
BCG-vaccinated contacts

Trend towards using IGRAs alone prior to anti-TNF-a therapy
Some guidelines are still cautious about IGRA use in young children

Few guidelines recommend IGRAs for active TB, but some
recommend as an adjunct, especially in kids

Most guidelines do not mention use for serial testing of HCWSs
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Conclusions

There is growing interest in the use of IGRASs, although most
countries continue to recommend and use TST.

More than 17 guidelines and statements have been published on
IGRAS; many need to be updated.

— considerable diversity in the approaches

Guidelines are predominantly from high-income countries with
established LTBI screening programs.

Future guidelines and statements must aim to be explicitly evidence-
based and be more transparent in disclosures

Future guidelines will need to consider impact of IGRAs on patient
outcomes and cost-effectiveness in various settings.
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www.tbevidence.org
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