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‘How on earth do you keep up- there’s an IGRA
paper published every minute.......... ?
A PhD student

SRS and meta'analyses | he use of tuberculosis

intarfercn-gamma

release assays (IGRAs) in

WHO commissioned several SR and MA's on IGF
(Pai and Menzies; McGill)......... 11t STAG meetir
(2010)....WHO policy (2011)
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Overview

What is an IGRA measuring, what is the
reproduciblility, and what have we learnt from serial testing?
The life cycle of MTB

What is the TST measuring?

How do we evaluate IGRA’s?

What are PPV and NPV of IGRA’s for active TB?

In low burden countries (specificity, cost effectiveness, testing
strategies, risk stratification, IMID)

In high burden countries (active TB, extrapulmonary TB,
children, and research focus)

Summary
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IGRAS highly dynamic tests with high reversion rates

[l Longitudinal data: suggest many IGRA test results are transient

o

. o TST students N= 14 TST-ve IGRA+ve students (o)
Ewer et al, AJRCCM, 2006

—e— TST- students
200

SFC /10° PBMC

100 4

1 Of 134 contacts, 54 (40.2%) underwent 3-mo ELISPOT reversion
[less likely in those with a positive recruitment TST (OR 0.3, 95% CI 0.1-0.8,
p=0.014)].

Hill P, PLoS Med, 2007

Perry S, Clin Vaccine Imm, 2008
Pai M, AJRCCM, 2006; Franken WP, Clin Vacc Imm, 2007, Pai M, AJRCCM, 2006



Within-Subject Variability and Boosting of T-Cell
Interferon-y Responses after Tuberculin Skin Testing
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Innate immunity
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1.Close contacts
inhale M.tb

2. ~50% or more of exposed
persons have no immuno
diagnostic evidence of M.tb

Adaptive immunity
Evidence of T cell priming (IGRA pos., TST pos.)?

sensitisation and may
remain uninfected through
sterilizing immunity#

%D& T cells

Th1,Th2 & Th17

3. The remainder of exposed persons have
conversion of TST or IGRA and a
proportion have presumed infection**

6. Reversion of TST or IGRA
(Acute or chronic resolving
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4

Schwander and Dheda, AJI?CCM, 2011
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m m

5. Clinically detectable
4. LTBI** active or subclinical
disease
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IGRA
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Both IGRA formats are discordant

Need phlebotomist (15% of children cannot be bled)
Indeterminate rates are significant

Farrara G, Lancet, 2006

Of 503 adults at 2 clinics almost 20% of results inconclusive
(7% refused phlebotomy, 8% could not be bled, 1% missed
lab cutoff, 2% indeterminate

Dewan et al, BMC Infect Dis, 2006
Lab set-up, samples often batched



L TBI diagnosis: Mantoux or Tuberculin Skin Test (TST)
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Drawbacks of the TST

Requires return visit for which attendance is poor
May result in ‘overtreatment’ due to BCG effect
Results dependent upon observer and technique
the TST may boost subsequent TST reactions

Prone to breakage of cold chain and syringe re-use in
resource poor setting

OO0O0a0d

BUT plentiful longitudinal and predictive value data




[1 Strong evidence for TST

IPT is highly efficacious in TST+ subjects and reduces
post-exp TB prevalence by 50 to 70%

13 studies in 7 countries with > 100 000 participants; 6
trials in household contacts

largest USPHS- 28000 patients- 15t year 77% reduction in

TB in the INH arm (highest reduction in 15t 5 years and in those
with TST> 10mm [147 TB cases in the placebo and 57 in the INH
arm]

Ferebee SH, Controlled Chemoprophylaxis Trials in TB, A General
Review. Adv Tuberc Res, 17, 1970, 28-106




|
B Prognostic value of the TST shown strongly in recent
Botswana IPT trial in HIV-infected subjects (n= 1655)

TST-ve subjects showed no benefit of IPT vs 92%
reduction in TST+ve subjects (8 other studies)

B Thus, TST giving a clinically relevant signal

Samandari T, IUATLD Cancun, 2009
Akolo C, The Cochrane Library, Issue 1, 2010




Specificity and the effect of BCG on the TST:

INT J TUBERC LI.IN'-'.'; ﬁls 10{11):1192-1204 REVIEW ARTICLE

& 2006 The Union

False-positive tuberculin skin tests: what is the absolute effect
of BCG and non-tuberculous mycobacteria?

M. Farhat,*t* C. Greenaway,** M. Pai,*5s D. Menzies*

* Respiratory Epidemiology and Clinical Research Unit, Montreal Chest Institute, McGill University, Montreal,
Quebec, Canada; t Massachusetts General Hospital, Harvard University, Boston, Massachusetts, USA; * Division of

Infectious Disease and Microbiclogy, SMBD-Jewish General Hospital, McGill University, Montreal, ® Joint Departments
of Epidemioclogy & Biostatistics and Occupational Health, McGill University, Montreal, Quebec, Canada

[1 Analysis of 24 studies with N = 240,243 subjects

[1 BCG given in infancy- false-positive TST occurs in < 1% of
vaccinated subjects > 10 years after BCG vaccination

1 When BCG is given after infancy, false-positive TST results
due to BCG occur in 21% of vaccinated subjects

1 < 2% effect of NTMs on TST (> 1 million subjects)

13



TB Prevalance per 100,000
Number of TB cases per year
Income group (World Bank)
Current BCG vaccination?
BCG Recommendation Type
Which year was vaccination
introduced?

Year BCG stopped?
Timing of 1st BCG?
Multiple BCG?
Timing of BCG #2
Timing of BCG #3
Multiple BCG in the past?
Timing of old BCG #2

Timing of old BCG #3
Year booster BOG stopped

BOG Strain

Is TST done post BCG?
Year of BCG cooverage estimate
BOG coverage (%)

¥Year of changes to BCG schedule

In India and Africa, BCG has limited effect on TST
In Japan, BCG has a major effect on TST

29

37490

High income: OECD
Yes
A

1942/1951

After birth

Mo

N/A

N/A BOG Recommendation Types
N/A

Yes Description

This country currently recommends BCG
vaccination for everyone at a certain age.
(Example: BCG at birth or for school-age children,
etc.)

6-13 years (every year
if TST negative)

N/A
stopped in 2003

This country used to recommend BCG vaccination

Tokyo 172, Japan BCG = for everyone, but currently does not.
Laboratory BCG waccination was never recommended for
No c everyone in this country. (i.e.: never gave BCG or
given only to high risk groups such as health care
2006
workers.)
28.1

2005, restricted to Data Awvailability
those under 6 mo
without a preceding
TST (?) 1974 restricted
to prinary and
secondary school
entrants who are TST
negchanging age of 1st
wvaccination and age of
revaccination (within
4yr and at the age of 7
and 13, if negative of
TST.) changing age of
1st vaccination and
ceasing revaccination

Entry Description
This entry is not applicable to this country.
This data was not available.

UK (stopped 2005), Japan, Russia, Japan, Italy (BCG given 6 to
12 years of age)
Limited relevance to most foreign born persons in the USA or UK



How we grade the strength of evidence
supporting the utility of IGRAS:

Efficacy of preventive therapy
based on IGRA test results NO'D

Predictive value of IGRA RA =
foractive TB

Stronger

Rangaka M,
Lancet Infect Dis, 2011

e gradient TST = IGRA
burden and TST better

h Along an expo
(IGRA better in
In high burden)

Correlation wit
exposure gradient

Sens/spec in Dheda K,

activeTB IGRA = TST Curr Op Pulm Med, 200¢
Menzies, Ann Int Med, 2007
Poor to modest Weaker

Clinical medicine- not diagnostic result but impact important
Substantial for TST



Predictive value of IGRAS

Predictive value of interferon-y release assays for incident
active tuberculosis: a systematic review and meta-analysis

Molebogeng X Rangaka, Katalin A Wilkinson, Judith R Glynn, Daphne Ling, Dick Menzies, Judith Mwansa-Kambafwile, Katherine Fielding,
Robert | Wilkinson, Madhukar Pai

Summary
Background We aimed to assess whether interferon-y release assayvs (IGRAs) can predict the development of active
tuberculosis and whether the predictive ability of these tests is better than that of the tuberculin skin test (TST).

Methods Longitudinal studies of the predictive value for active tuberculosis of in-house or commercial IGRAs were
identified through searches of PubMed, Embase, Biosis, and Web of Science and complementary manual searches up
to June 30, 2011. Eligible studies included adults or children, with or without HIV, who were free of active tuberculosis
at study baseline. We summarised incidence rates in forest plots and pooled data with random-effects models when
appropriate. We calculated incidence rate ratios (IRR) for rates of disease progression in IGRA-positive versus
IGRA-negative individuals.

Findings 15 studies had a combined sample size of 26 680 participants. Incidence of tuberculosis during a median
follow-up of 4 vears (IQR 2—6), even in IGRA-positive individuals, was 4—48 cases per 1000 person-years. Seven studies
with no possibility of incorporation bias and reporting baseline stratification on the basis of IGRA results showed a
moderate association between positive results and subsequent tuberculosis (pooled unadjusted TRR 2.10, 95% CI
1-42—-3.08). Compared with test-negative results, IGRA-positive and TST-positive results were much the same with
regard to the risk of tuberculosis (pooled TRR in the five studies that used both was 2.11[959 CI 1-29-3.-46] for IGRA
vs 1.60 [0-94-2.72] for TST at the 10 mm cutoff). However, the proportion of IGRA-positive individuals in seven of 11
studies that assessed both IGRAs and TST was generally lower than TST-positive individuals.

Interpretation Neither IGRAs nor the TST have high accuracy for the prediction of active tuberculosis, although use of
IGRASs in some populations might reduce the number of people considered for preventive treatment. Until more predictive
biomarkers are identified, existing tests for latent tuberculosis infection should be chosen on the basis of relative specificity
in different populations, logistics, cost, and patients’ preferences rather than on predictive ability alone.

Rangaka M, Lancet Infect Dis, 2011



Country Age group Individvalswith  Population Individvals Individuvals followed IPT given (%)* Tuberculosis
(income (years) HIV in cohort (%) assessed up and induded in diagnoses
status) (n) analysis (n) included
Dohertyetal  Ethiopia (LIC) Adults No; exclusion Tuberculosis 38 24 No Smear and
(2002)" (15-65) criterion case-contacts culture
Hill et al The Gambia  Adultsand Yes (2%) Tuberculosis 2381 2348 Mo TST, smear,
(2008)* (LIC) children case-contacts and culture
(0-5-100)
Bakir et al Turkey (MIC)  Children Mot stated Tuberculosis 1024 q08 Yes (6% of Smear and
(2008)” (0-16) case-contacts 908) culture
Aichelburg Auvstria (HIC)  Adults Yes [100%) Outpatientswith 834 822 Mo IGRA and
etal (2009)* (IOR31-46) HIV culture
Kik et al Netherlands  Adults Mo; exclusion Tuberculosis 433 239 MNo: exdusion  Smearand
(2009)* (HIC) (16-45+) criterion case-contacts culture
Del Corraletal Colombia Adults and Unknownt Tuberculosis 2060 2060 No Smear and
(2009)* (MIC) children case-contacts clture
(IQR10-42)
Lienhardtetal Senegal (LIC) Adultsand Unknownt Tuberculosis 62 2679 Yes (% NS) Smear and
(2010)7 children case-contacts culture
(18-71)
Yoshiyama Japan (HIC)  Adults and Unknownt Tuberculosis NS 5676 Yes (20% of IGRAT
etal (2010)* children case-contacts 3102)
(0-60+) (retrospective)
Leung et al China (MIC)  Adults Unknownt Outpatientswith 331 308 Yes (33% of Smear and
(2010)* (mean 60) silicosis 203) culture
Harstadetal  MNorway (HIC) Adults Unknownt Asylum seekers NS 823 Yes (3%) IGRAT
(2010)* (18-50+)
Diel et al Germany Adults and Mo; exclusion Tuberculosis 1417 1335 Yes (% NS) TST, IGRA, and
(2010)* (HIC) children criterion case-contacds culture
(1-62)
Jonnalagadda Kenya (LIC)  Adults Yes (100%) HIV cohort with 333 258 No Self-reported
etal (2010)® (24-26) no prior
tuberculosis

{ retrremose e |



 IGRA and TST were similar wrt the risk of TB (pooled IRR in the 5
studies that used both

2-11 [1-29-3-46] for IGRA
1-60 [0-94-2-72] for TST at the 10 mm cutoff

 TST and IGRAs have weak but similar predictive value and may
not help ID those at highest risk of progression to disease

PPV for TB in IGRA positive individuals is low (< 5%) similar to
the TST
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Interferon-vy release assays for the
diagnosis of latent Mycobacterium
tuberculosis infection: a systematic review
and meta-analysis

R. Diel, D. Golett, G. Ferrara, G. Bothamley, D. Cirillo, B. Kampmann, €. Lange,
M. Losl, R. Markowva, G.B. Migliori, A. Niephaus, M. Rubwaid, D. Wagner,
JAP. Zelweger, E. Hultric, A. Sandgren and D. Manissero

ABSTRACT: We conducied a sysemalic review and mela-analysis 1o compare the accuracy of
the CQuantiFERON-TB: Gold In-Tube (OFT-GAT) and the T-SPOT2.THE assays with the tuberculin
wkin tesl [TST) for the diagnosis of latent Mycobaclerium Ribercilosis infection (LTEI).

The Medline, Embase and Cochrans datshases were axplored for raevant aricles in Novem bar
2009, Spedhicilies, and negative (NPV) and positive [PPV] predictve values ofintedercn-y releass
assaye (IGRAS) and the TST, and the expossre gradient infuences on lest reeulls among badlle
Calmette- Guérin (BCG) vacciness wene evaluaied.

Spedficity of IGAAs vared 93-100%. In immunocompetent adulle, NPV for progression o
tubsrculosis within 2 ye were 97T.8% for T-SPOTaTHE and 99.8% for OFT-G-IT. When lest
parformanee of an immunodiagnoste sl was nol restricled 1o prior posifily of anomher lestl,
|progresson rales o tubenculosis among 1G RA-pos § ve individual s fol lowed for 19-24 months vaed
B-15%, exceeding those reporisd Tor fhe TST (2-2%). In mullivariate analyses, e odd raBos for TST
|posifivity following BOG vacdnation varied 3-25, whereas IGRA results remained wuni nfluenced and
|GRA pos Bvity was cleary assod sled with mposure 1o conbgious tibareul oss camee.

IGRAS may have a relative advanitage over the TST in detecting LTE| and allow the exclusion of
M. mbercuwlos iz infection with higher raliability.

KEYWORDS: ECDC, interferon-y release assay, laent Mycobscienum lubsrculosis infection,
mela-analysis, syslemalc review, TENET
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culoss cimination, a5 lad Mbyﬂzmmﬂwp
TE strategy [1] and The European Centre for
Dismse Preverntion and Control {ECDC) Frame-
work Action Plan to Fight T in the European
Union 2] As part of reaching this goal, indivi-
duals infeced with M tubrrubsk need o be
identified and offered praventive therapy to stop
further M. tiborulmi transmision [3. Thos,
there is @ need i e accurate methad s
for the detection of LTET, and to provide evidence-
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a/.1: N8 Positive predictive value (PPV) of commercial interferon-y release assays (IGRAs) for progression in those with latent Mycobacterium tuberculosis infection

First author Study Participants Country IGRA(s) used Age mean+s0® Performance of IGRA  Follow-up Later TB cases among Later TB cases among IGRA/
[redt.] design (burden) yrE and TST testing  period months untreated |GRA/TST TST-positives with confimmed
positives n/N (PPY % relationship to index cases
(95% c1)” by RFLP a/N (%)
Cuam [22] Case— 2 immune-deficient LK (lovw) TSPOTeTE Medlian 40 MA 24 T-5POTe.TE: 20 (10 [L02-0.33); MA
coninol HN-1-positive adullz [range 33-48) TET: NA
e [20] Cohot @) dosecontacts of  Genmany (ow) QFT-GAT 2TTH120 Simultaneously o (mean]  OFT-GHT: 6/41 (146 DLO0G-02); 5219 QFT-GAT: 26 (333,
AFB-positive TB cazes frange 1-58 with TST TET-positives =5 mm: (2.3 (0L007— TET: 1/5 (20
(66 (10.9%%) chiden 0082
<16 yrs)
Mucxa sung [19] Cohodt #30 HN-1-positve Austria (low) QFT-GAT 39 fnterquartie VIRA firat, TST only if 19 (mean]  QFT-GIT: 338 (83 (0.018-0.22)); TST: MA
adultz =nge 33-47) COFT-G-T posstve MA
K [21] Cohodt 233 adult clgse The Nethedands  QFT-GT, T-SPOTa TE MA TST firat, MGRA onby if = (madian) QFT-GAT: 578 (28 (0.008-0.064)); GRAs: 33 (100)™Y,
Immigrant contacts and fova) TET positve (at a T-S5P0Te. TH: 6181 (3.3 (001 2-0.07]); TST TET: 66 (100)
BCG-vace. Duich-bom cutoff =5mm)* =10mm: 288 (31 (00 1a-0.058)**
contacts

PPV of IGRAs= 10% in UK (2/20 TB cases/ IGRA+ve)
14% in Germany (6/41) ,
2 to 3% (6/181) in Holland



Negative predictive value (NPV)
for progression to TB

T-Spot. TB

NPV 95% Cl Patients n/N

1.00 0.92-1.00 47/47
0.98 0.94-1.00 116/118
0.64-0.99 15117

'ooled NPV: 0.98 (0.94-0.99)
Chi-squared=5.86; df=2 (p=0.0533)
Inconsistency 12=65.9%

CLark [22]
Kik [21] 1
Lee [41] 4 ——
0 0.2 0.4 0.6 0.8 1

NPV

pucHELBURG [19] 4
DieL [20]

Kk [21] 4
SILVERMAN [45] 4

QFT-G-IT

NPV 95% Cl  Patients /N
1.00 1.00-1.00  738/738
1.00 0.99-1.00  535/535
0.98 0.94-1.00  146/148
1.00 0.83-1.00 20/20

Pooled NPV: 0.998 (0.994-1.0)
Chi-squared=13.67; df=3 (p=0.0034)
Inconsistency 12=78.1%

0.2

0.4 0.6 0.8 1
NPV



Low burden countries

 LTBI and eliminating the reservoir of disease is a key
priority

1 Better specificity of IGRASs in those BCG vaccinated
after birth, and need for only a single visit, are obvious
advantages




Guidelines on interferon-y release assays for tuberculosis infection:
concordance, discordance or confusion?

C. M. Denkinger'!, K. Dheda?? and M. Pai*®

|) Department of Medicine, Beth Israel Deaconess Medical Center, Boston, MA, USA, 2) Lung Infection and Immunity Unit, Division of Pulmonology and
UCT Lung Institute, Department of Medicine, University of Cape Town, Cape Town, South Africa, 3) Department of Infection, University College London
Medical School, London, UK, 4) Department of Epidemiology, Biostatistics, and Occupational Health, McGill University and 5) Respiratory Epidemiology and
Clinical Research Unit, Montreal Chest Institute, Montreal, QC, Canada

Abstract

Identification of latent tuberculosis (TB) infection and preventive therapy is important for TB control, especially in high-risk populations.
Since the advent of interferon-y release assays (IGRAs), many studies have evaluated their role in the diagnosis of active and latent TB.
With the growing evidence base, many guidelines now include IGRAs. We surveyed the literature and contacted experts to identify 33
guidelines and position papers from 25 countries and two supranational organizations. The results show considerable diversity in the
recommendations on IGRAs, with four approaches commonly proposed: (i) two-step approach of tuberculin skin test (TST) first, fol-
lowed by IGRA either when the TST is negative (to increase sensitivity, mainly in immunocompromised individuals), or when the TST is
positive (to increase specificity, mainly in bacillus Calmette—Guérin-vaccinated individuals); (ii) Either TST or IGRA, but not both; (iii)
IGRA and TST together (to increase sensitivity); and (iv) IGRA only, replacing the TST. Overall, the use of IGRAs is increasingly recom-
mended, but most of the current guidelines do not use objective, transparent methods to grade evidence and recommendations, and
do not disclose conflicts of interests. Future IGRA guidelines must aim to be transparent, evidence-based, periodically updated, and free

of financial conflicts and industry involvement.

Keywords: Diagnosis, guidelines, immunodiagnostics, interferon-y release assays, tuberculosis
Article published online: 25 April 2011
Clin Microbiol Infect 201 1; 17: 806-814



What do most of the guidelines say?

[1 >16 countries that have at least one guideline:

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

[1 Of the countries that have guidelines, 3 main
approaches are discernable:
B TST should be replaced by IGRA (i.e. only IGRA)
B Either TST or IGRA may be used

B Two-step approach (dual strategy) of TST first, followed by
IGRA

[0 Some guidelines recommend more than one approach, depending on the,,
risk group tested



TABLE 2. Guidelines on IGRAs: recommendations for con-

tact investigation in adults

Recommendation Guideline or position statement®

WHO, Brazil, ECDC (high-incidence

countries)
followed by IGRA, Canada (low-risk contacts), Germany, Italy,
if TST positive (either 1G Switzerland, Spain, Saudi Arabia, the
only in -vaccinated MNetherlands, Norway, Bulgaria, Portugal,
persons or independent Ireland, ECDC (low-incidence countries),
of BCG vaccine) and for UK and South Korea only in
adults <35 years old
@1 TST and |GE Canada (high-risk contacts), Czech Republic,
Croatia, Awustria, Australia (IGRA may be
considered in addition)
@:r ST or IGRD USA, Denmark, Finland (IGRA preferred if

BCG-vaccinated in all three countries),
South Korea (only in adults <35 years old),

Austria
IGRA alr:me) Slovakia, Japan, France




Interferon-gamma release assays for diagnosis of latent
tuberculosis infection: evidence in immune-mediated

inflammatory disorders

Rachel Smith®~, Adithya Cattamanchl

Keertan Dheda®, Kevin L. Wlnthrop and Madhukar Pai®

TABLE 5. Guidelines on

IGRASs: recommendations for LTBI

screening in persons on TNF-x inhibitors

Recommendation

Guideline or position statement®

T5T alone

T5T followed by IGRA,
if TST positive

T5T followed by IGRA,
if TST negative

Either TST or IGRA

@ TST and IGRA)

IGRA alone

Mo recommendations

Brazil
Spain, Norway

Canada, ltaly, Spain, Saudi Arabia

Australia-ARA, Denmark (IGRA favoured),
South Korea

ECDC, UK (alternatively IGRA alone), USA
(if either initial test negative), Portugal,
Croatia, Czech Republic, Slovakia, the
MNetherlands, South Korea, Ireland
(TST preferred)

Germany, Switzerland, Bulgaria,
Japan, France, Poland, Austria

Finland, Awustralia-NTAC

, Karen R. Steingart®, Claudia Denkinger®,



Major trends

[0 Two-step approach (dual strategy) seems to be the
most favored, especially BCG-vaccinated contacts
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Within-Subject Variability and Boosting of T-Cell
Interferon-y Responses after Tuberculin Skin Testing

Richard M. van Zyl-Smit’, Madhukar Pal®, Kwaku Peprah’, Richard Meldau’, |ackie Kieck®, june Juritz®,
Motasim Badri’, Alimuddin Zumla®, Lecnardoe A. Sechi®, Eric D. Bateman’, and Keertan Dheda'*"

"Lung Infection and Immunity Unit, Division of Pulmenalogy and UCT Lung Irstitute Department of Medicine, University of Cape Teen,

Cape Town, South Afnca; :||:|l.'|:|dl'|.l'l'i:"l'. of Epidemialogy, Biostatistics, and Cecupational Health, MGl University, Montreal, Canada; 'I'_“ll.'p-ar:n'l."ll
of Radiclogy, University of Cape Town and Groote Schuur Hospital, and *Departrment of Statistcal Sciences, University of Cape Town, Cape Town,
South Africa; *Centre for Infectious Diseases and International Health, Aoval Free and University College Medical Schogd, Londan, United Kingdom;
“Mpartenento di Scenze Blomediche, Unkeersity of Sardinia, Sassard, Italy: and “Institute of Infectious Diseases and Mobecular Medicine,
Unisversity of Cape Town, Cape Town, Sowth Afnca

‘ AJRCCM 2009
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Dual strategy Is the most cost-effective In
several settings

[l UK- close contacts and comparing TST vs QFT vs T.SPOT
vs TST/QFT vs TST/T.SPOT, considering cases of post-
primary TB and ADR’s to INH

Paairan ef of, BC Pasanary Mechoios 20010, 107
g e, b ek e ral oo -4 0 1 -2 T O E- M I:

Pulmonary Medicine

RESEARCH ARTICLE Open Access

Different screening strategies (single or dual) for
the diagnosis of suspected latent tuberculosis:
a cost effectiveness analysis

Anil Pooran'*, Helen Booth™', Robert F Miller™, Geoff Scott®, Motasim Badr®, lim F Huggett'*, Graham Rook'”,
Alimuddin Zumla' =, Keertan Dheda =



[1 Similar conclusions from other studies in UK, Canada,
Switzerland and Germany

Oxlade et al, Int J Tuberc Lung Dis, 2007 (Canada- immigrants)
Diel et al, Chest, 2007 (Germany- contacts)

Diel et al, Eur Respir J, 2006 (Germany- contacts)
Wrighton-Smith P et al, Eur Respir J, 2006 (Switzerland- contacts)
NHS NICE guidelines, March 2006 (UK, contacts)
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Tuberculin skin test: needs careful
Interpretation (www.tstin3d.com

INT J TUBERC LUNG DIS 12(5):498-505
® 2008 The Union

Thinking in three dimensions: a web-based algorithm to
aid the interpretation of tuberculin skin test results

D. Menzies,* G. Gardiner,** M. Farhat,*! C. Greenaway,** M. Pai*$

* Respiratory Epidemiology and Clinical Research Unit, Montreal Chest Institute, McGill University, Montreal, Canada;
t Massachusetts General Hospital, Harvard University, Boston, Massachusetts, USA; * Division of Infectious Disease and
Microbiology, Sir Mortimer B Davis Jewish General Hospital, McGill University, Montreal, § Department of Epidemiology
and Biostatistics, McGill University, Montreal, Canada

Risk of
disease

PPV

(Likelihood of true pos test) is: 87.18%
The annual risk of development of
active TB = 0.09%.The cumulative risk
of active tuberculosis disease, up to age
of 80 =4.18%, risk of drug-induced
hepatitis is 0.3%

= http: S Seww, t\t|n3d -;mn,-‘u:n.rahm.lt html

»  http: S Swwwetstin3d.com fen fdisclaimer.html

+  http: S Swww tstindd.comfenfreferences. hitml

http:/ fwww.tstin3d.com fen/links html

The Online TST/IGRA Interpreter

Version 18

The following tool estimates the risk of active tubercolosis for an individoal with a berculin skin test
reaction of =5mm, based on his/her clinical profile. It is intended for adults tested with standard tuberculin
{5 TU PPDE, or 2 TU RT-23) and/or a commercial Interferon Gamma release assay (1GRA). For more
details about the algorithm wsed, go 1o the Abowt page. The current version of the algorithm contains
modifications of the original version. which was detailed in a paper by Menzies. et al. (2008}, For further
information see references, or contact dick. menzies@mcgill.ca

Please select the hest response for each field:
TET Sire: IGRA Result:

Age at immigration (if person immigrated to a low TH incidence countryy:

Age:

Country of hirth:

BCG status:
For more info, visit BOG World Atlas.

Recent contact with active TH:

Please select all the conditions that currently apply to the patient:
(i none af these conditions apply, please leave boxes irchecked

AIDS

Abnormal chest x-ray: fibronodular disease
Chronic renal failure requiring hemodialysis
Diabetes Mellitus (all types)

Recent THB infection {TST conversion = 2 vears
agol

Silkcosis

Tumor Mecrosis Factor (TWF)-alpha inhibitors{e.g.

Infliximab/Etancrcept)
Young age when infected (0-4 vears)

Abnormal chest x-rav: granuloma

Carcinoma of head and neck

Cigarette smoker(=1 pack/day)

HIY infection

Transplantation (requiring immune-suppressant
therapy)

Trestment with glucocoerticoids

Underweight (< 90 per cent ideal body weight or a
baody mnss index (BMIy < 207



High Burden settings- active TB Is the priority

Dheda K, Curr Op Pulm Med, 2009




500 TB suspects in Cape Town- culture= ref standard
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Ihe use of tuberculosis
intarfaron-gamma
release assays (IGRAs) in
low- and middle-income
countiries

Policy Statemant

QFT-GIT TSPOT-TB
Sensitivity || Specificity PPV NPV -Miss 1/3 TB
(95% CI) (95% CI) || (95% CD) || (95% CI)
CXR (n=311) 99 (95, 100) || 28 (22, 34) |[ 40 (34, 46) || 98 (91, 100) - Erroneously
QFT-GIT (n=362) 76 (68, 83) 44 (38, 51) diagnose active
QFT-GIT in smear- 73 (56, 85) || 42(35,49) |[ 18(13,25) || 89(82,95) I 0
negatives (n=263) TB In 60 A) Who
TSPOT-TB (n=372) 84 (77,90) || 46 (39,52) |[ 47 (40, 53) || 84 (76, 90) dO not h ave TB
TSPOT-TB in smear- || 74 (57,87) || 46 (39,52) || 18 (12,25) |[ 92 (85, 96)

[negatives (n=274)

Ling D and Dheda K, Eur Resp J, 2011



IGRA In EPTB (using cells from the
site of disease)

[1 IGRAs not useful in pleural TB (poor specificity)
[J Good accuracy in BAL but 1/3 of tests inconclusive

1 Works very well in TBM when used in conjunction with
CLAT and Gram stain

Dheda K, ERJ, 2009
Dheda K, Thorax, 2009
Patel and Dheda, AJRCCM, 2010




EPTB
unstimulated IFN-g is the
most accurate assay

= Hesper J A0EH, 4 15
A0 RLTR0ITRE QU0
TOpEHICERS Jowirals Lic 2008

Utility of quantitative T-cell responses
versus unstimulated interferon-y for the
diagnosis of pleural tuberculosis

K. Dheda**, R.N. van Zyl-Smit*, L.A. Sechi”, M. Badri*, R. Meldau*, 5. Maldau*,
G. Symons*, L. Semple*, A. Maredza*, R. Dawson*, H. Wainright*, A. Whitelaw™,

D Pleural TB SENS — 97 SPEC: 100% Y. Vallie*, P. Raubenheimer®, E.D. Bateman* and A. Zumla®

Dheda K, Eur Resp J, 2009

O TBM: SENS =95 SPEC=99%
Patel V, Dheda K, J Clin Micro, 2011

dPeritoneal TB: SENS = 97 SPEC= 100%

Sharma SK, J Interf & Cytokine Research, 2006

O Pericardial TB: high SENS and SPEC
Reuter H, QJM, 2006
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Children

INT J TUBERC LUNG DIS 15(8):1018-1032
©2011 The Union
deoi:10.5588/ijtld.10.0631

Published online 8 June 2011

REVIEW ARTICLE

Interferon-gamma release assays and childhood tuberculosis:
systematic review and meta-analysis

A. M. Mandalakas,*t A. K. Detjen,t* A. C. Hesseling,? A. Benedetti, 57 D. Menzies$

* Department of Pediatrics, Case Western Reserve University, Cleveland, Ohio, USA; tDesmond Tutu TB Centre,
Department of Paediatrics and Child Health, Stellenbosch University, Cape Town, South Africa; *International Union
Against Tuberculosis and Lung Disease, New York, New York, USA; SRespiratory and Epidemiology Clinical Research
Unit, Montreal Chest Institute, Montreal TDepartment of Medicine, and #Department of Epidemiology, Biostatistics &
Occupational Health, McGill University, Montreal, Quebec, Canada

SUMMARY

BACKGROUND: Children infected with Mvycobacte-
rium tuberculosis have significant risk of developing tu-
berculosis (TB) and can therefore benefit from preven-
tive therapy.

OBJECTIVE: To assess the value of interferon-gamma
release assays (IGRAs) and the tuberculin skin test (TST)
in the diagnosis of TB infection and disease in children.
METHODS: Thirty-three studies were included, assess-
ing commercial IGRAs (QuantiFERON®-TB [QFT] and
T-SPOT.®TB) and TST. Reference standards for infec-
tion were incident TB or TB exposure. Test performance
for disease diagnosis was evaluated in studies assessing
children with confirmed and/or clinically diagnosed TB,
compared to children where TB was excluded.

RESULTS: Two small studies measured incident TB in
AlilAdrarr foctoad il CYET amd foarrried sxraals mvrctbisrs gy

dictive value. Association of test response with exposure
—categorized dichotomously or as a gradient—was sim-
ilar for all tests. The sensitivity and specificity of all tests
were similar in diagnosing the disease. Stratified analysis
suggested lower sensitivity for all tests in young or hu-
man immunodeficiency virus infected children.
CONCLUSIONS: Available data suggest that TST and
IGR As have similar accuracy for the detection of TB in-
fection or the diagnosis of disease in children. Heteroge-
neous methodology limited the comparability of studies
and the interpretation of results. A rigorous, standard-
ized approach to evaluate TB diagnostic tests in children
is needed.

KEY WORDS: tuberculosis; pediatrics; TB infection;
IGR As; tuberculin skin test



Research agenda in high burden settings

[1 LTBI diagnosis in HIV-infected persons
Samandari T, Lancet, 2010
Akolo C, The Cochrane Library, Issue 1, 2010

200 HIV-infected persons; CD4 380 (range 25-1227)

- TST as ‘Gold Standard’

* IGRA's only identify =2/3 of TST positive subjects
* IGRA's identified 30% of subjects who were TST-ve

Sensitivity Specificity PPV NPV

O‘E ult

v TST- 59.5% 67.5% 29.3% 88% i
& TSPOT

"1 TST-QFT 78.1% 62.1% 33.3% 92.1% n



Research agenda in high burden settings

[0 LTBI diagnosis in HIV-infected persons
[J Predictive tool in HIV-infected persons
1 Serial testing of HCWs

Interferon-gamma release assays for tuberculosis
screening of healthcare workers: a systematic review

Alice Zwerling," Susan van den Hof, %3 Jerod Scholten,? Frank Cobelens,??
Dick Menzies,' Madhukar Pai’




Low burden settings: Summary

LTBI priority

IGRA's useful in BCG vaccinated subjects (after birth), cost
effective and only a single visit is required.

Thus, IGRA’s have relative advantage over the TST.

Testing strategy Is variable and controversial - most popular is
the dual strategy, i.e. TST followed by IGRA

Nevertheless, TST alone still acceptable as a test for LTBI
IMID, most sensible approach is to do both tests for maximal
sensitivity but false negative results interpreted clinical context

Which test — IGRA or TST or what combination will depend on
the available resources, logistics and national guidelines
Clinical risk stratification is crucial and more emphasis needs to
be put on compliance and completion of chemoprophylaxis.



High burden settings:

Currently no clear role for IGRA’s in high burden settings.

Not useful for active TB (blood)

For extrasangunous fluids IGRA’s have limited utility, except
perhaps for TB meningitis

Nevertheless, unstimulated interferon gamma performs equally
well or better than IGRA's for extrapulmonary TB.

IGRA and TST are both imperfect tests with a low
predictive value for active TB and better predictive tools
are required (latency antigens, HBHA, other antigens).
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