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Global TB Case Detection

o 2.6 million new smear + o 5.3 million new cases
cases notified in 2007 overall notified in 2007

o 64% of the estimated 4.1 o 57% of the estimated 9.3
million cases million cases

WHO Report 2009 - Global Tuberculosis Control

Diagnostic challenges

» Smear-negative tuberculosis, particularly in
HIV-infected persons

» Childhood tuberculosis
» MDR and XDR-TB in specific situations
» Extra-pulmonary tuberculosis

» Latent tuberculosis infection in high-risk
populations (children, contacts, HIV)
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Why is diagnosis the Achilles’
heel of TB control?

Diagnostic tools that Koch
used...

M

obert Koch imjects one o hm
with tuberculin, He hoped that it ulcl
be 2 cure 10 tuberculosis,

Microscopy Culture Tuberculin test
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are still in use today!

» Active TB

> Sputum microscopy [1882]
> Mycobacterial culture [1882]
> Chest X-rays [1896]

» Latent TB (LTBI)
o Tuberculin skin test [1890]

Thanks to a resurgence of interest in
new tools and massive funding

advancing T8 diagnosis

AIND {c1)
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and advances in basic science

» Omics (genomics, e

proteomics, etc) ran

Immunology BN -

. AL i) )

Molecular biology
Biotechnology

Nanotechnology

v v v
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TB diagnostics pipeline in 2010
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Abbreviations

DST: Drug Susceptibility Test *  Manual NAAT: technology forMTE Drug Susceptibilty Testing

MAAT: Mucleic Acid Amplification Test **  Manual NAAT: technology for MTB detection at the Peripheral Lab

LTBI: Latent TB Infection ##% Manual NAAT: technology for MTB detection atthe Gommunity Health Gare Level

POC: Pointof Care
MODS: Microscopic observation drug-susceptibility

NRA: Nitrate reductase assay .

CRI: Colorimetricredox indicator assay l:l Technologiesin boxes. endorsed by WHO
LED: Light-emitting diode

LPA: Line probe assay

Courtesy: STP NDWG

What is the blueprint (pathway) to new TB diagnostics?
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Pathways obetter Stop TB Partnership’s New Diagnostics
diagnostics for tuberculosis .
Working Group

P ———

Evidence for
scale-up, scale-up,
delivery and
access

<> —

Upstream Downstream

Figure 4: Schematic showing the pathway to tuberculosis diagnostics, from concept to delivery
Source: Stop TB Partnership’s New Diagnostics Working Group. Pathways to better diagnostics for tuberculosis: a blueprint for the development of TB diagnostics
(2009)," and reproduced with permission from author and publisher.

Clobal versus local value chains

Policy:
Technical
endorsement

Country.
coordina
ted
‘evidence
for scale
up

Global value chain

Validation,
CEA,

scalability,
pt outcomes
 equity

Country value chain
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Policy on culture

Liquid Culture

» Liquid culture systems reduce
delays in obtaining results to days
rather than weeks
> For DST, delay may be as little as

10 days vs. 28-42 days with solid
media

» Liquid systems are more sensitive
- increase the case yield by ~10%
over solid media

» Liquid systems are, however,
more prone to contamination by
other micro-organisms.
> In experienced laboratories, ~5-

10% of specimens cannot yield
results because of contamination

A sprtematic review of rapid dhagrotk
nests for the detection of tubsreulsuy
e tin

§ O Jeaks, M Wuimat, A Gibsesn,
H migh, F v

Meta-Analysis of BACTE
without Solid \1u1:| for Ihlu.[lun of \l\ulh wterin

http://www.who.int/tb/dots/laboratory/policy/en/index3.html|

MGIT 960 and BACTEC 460 TB, with or
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27/12/2010



The use of liquid medium for culture and DST
WHO recommends, as 3 step-wise approach:

1. The use of liquid medium for culture and DST in middle-

and low-income countries.

ation to address the needs for
ity testing (DST).

2. The rapid species identi
culture and drug suscep!

Taking into consideration that liquid systems will be implemented in
5 phased manner, integrated into & country specific comprehensive
plan for laboratery capacity strengthening and addressing the
follawing key issuss:

1. Appropriate biosafety level;

2. detailed customer plan descri
manufacturer;
appropriate tr;
maintenance of
quick transportal
. rapid communication of results.

g of staff;
nfrastructure and equipmen

Qs W

@m_nupm
Organization

ADST)in Low and Mediun Inconse Settings

Summary report of the
Experit Group Mreting u e wse of lquid cudture medla,

Grneva, 26 March 2007

ng guarantees and com

WHO policy in 2007

More information

laboratories;
n of samples from the peripheral to the culture laboratory;

Use of Liquid TR Culture and Drug Sesceptibility Testing

nitments of the

Background

documentation

Definition of 3 new sputum
sitive T8

smears for the diagne
of pulmenary TE

The use of liquid medium
for culturs 2nd DS

Moving research finding
into new WHO policies

17
http:/ /www.who.int/tb/dots/laboratory/policy/en|

Policies on smear microscopy
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New policy on smear microscopy
(2007)

Definition of a new sputum smear-positive TB case

The revised defi n of a new sputum smear-positive More information

pulmenary TB case is based on the presence of at least one
acid fast ba at least one sputum sample i
countries with a well functioning external quality assurance 1. Background

documentation
(EQA) system. 2. Definition of 3 new sputum

smear-positive TB caze
Detailed background information [pdf 144kb] 3. Reduction of number of
smears for the disgno:
Proposal for a revision of the case definition of "Sputum Smear- of pulmenary T8

Positiove Tuberculosis” [pdf 1.59Mb] * %‘:‘E&

Background document prepared by Hans L. Rieder and Armand Wan 5
Deun )

Reduction of number of smears for the diagnosis of pulmonary TB

WHO recommends the number of spe. ns to be More information
examined for screening of TB cases can be reduced from

three to two, in places where a well-functioning external

quality assurance (EQA) system exists, where the workload 1+ Bsckaround
is very high and human resources are limited. 2

Detailed backaround information [pdf 144kb] 2. n of number of
smears for the dizgnosis
BACK ND of pulmonary T8
4. The of liguid medium
f ture and DST

The WHO Stop T8 Strategy and the Global Plan to Stop TB, 2006- s
2015 recognizes the weakness of the health system a5 one of the
greatest challenges to T8 control and indeed to the achievement of

the Millenium Development Goals (MDGs) in general. The Global

Flan also recognizes that patients, particularly poor patients, face economic barriers in accessing T8
control services and that patients with T8 in many resource-limited settings face long and sometimes
costly pathways to diagnesis. In most of these countries, the laboratory services are often neglected
and may be considered to be ameng the weakest components of the health system.

http://www.who.int/tb/dots/laboratory/policy/en/

Primo Star

Lumin™

ParaLens

Cyseope®

LED Microscopy

Table 1. Comparison of commercial light-emitting diode products currently available for TB di agnostics.

Carl Zekss, Yes A Epiflucrescent Ves a5 4808° Lt)
Oberkachen,

Gemany

LW Scientific, No Object v lens Epifiucrescent Yas Daag 7002000 prey
Law mrcevill, replcemant (20, 40,

GA, USA &0 and 100 cil)

QEC™™ No Objectiv lens Epifiucrescent Yes 127 goss )
Dlagrestics, replacenent (40, 60

Philpsburg, and 100+ cil

PA, USa

Fraan No Adaptor attached to - Transfluorescent Yas 5 197735300 [1o4]
Comorations, base andfiker

Setiimo installed on head

Milanese, Haly of microscope

Partec, Gerlits,  Yes NA Epiflucrescent Ves 27 2372-3609°  s)
Germary,

Minion et al. Exp Rev Med Dev 2009
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2010 WHO policy on LED
microscopy

WHO recommends that
conventional fluorescent
microscopy be replaced
by LED microscopy, and
that LED microscopy be B AGNOSIS OF TUBERCULOSS
phased in as an

alternative for

8% World Health
=¥ Organization

conventional ZN light

- POLICY STATEMENT -

microscopy.

http://www.who.int/tb/laboratory/policy_statements/en/index.html

2010 WHO policy on same-day smear
diagnosis

WHO recommends that countries that
have successfully implemented current
WHO policy for a two-specimen case-
finding strategy consider a switch to
the same-day-diagnosis approach,
especially in settings where patients
are ||ke|y to defau|t from the SAME-DAY-DIAGNOSIS OF TUBERCULOSIS BY MICROSCOPY
diagnostic process.

Z8% World Health
-%-¥ Organization

Countries that are still using the three

specimen case-finding strategy should =FOLICY STATRMINT
consider a gradual change to the
same-daydiagnosis approach, once
WHO-recommended EQA systems are
in place and good quality microscopy
results have been documented.

http://www.who.int/tb/laboratory/policy_statements/en/index.html

27/12/2010
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Putting it all together

» 2 sputum smears
> Can be on the same day
» Fluorescence
microscopy
> Preferably LED
microscopy
- Concentrated, if
possible
» One of two is positive
=TB

Policy on rapid tests for MDR-TB

27/12/2010
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Line Probe Assays

INNO-LIPA (Line Probe Assay)

Steps involved

» Detection of MTB & RIF-

dTTP, dATP, dGTP, dCTP DNA target
p NZNZNN
resistance (rpoB) e — —
» Requires extraction, —_— noumAsp
amplification )
» Colorimetric Nl

development using TR S
immobilized probes Color development
Inno-LiPA Rif.TB assay
» Innogenetics, INNO-LiPA Innogenetics, Belgium
Rif TB
» Hain, GenoType f i

GenoType MTBDRplus assay
Hain Lifescience GmbH, Germany

First author [Ref.]

Meta-analysis of GenaoType MTBDR studies:
rifampicin resistance

GenoType MTBDR assays for the diagnosis
of multidrug-resistant tuberculosis: a meta-
analysis

D.L Ling*, A.A. Zworling® and M. Pai**

Bang [16] _—nm b) 4 —nm
BARNARD [17] - ‘a 4 .
HiLLEmann [20] - E | B —u
HiLLEMANN [18] H m q —n
HiLLEMANN [19] -H B —m
HiLLEMANN [19] 4 = | 4 —u
HiLLemann [19] 4 — g —
HiLLEMANN [19] 4 — ., 4 —
MakiNEN [21] - e B —a
MioTTo [23] 4 N3 1 —m
MioTTo [23] 4 [ ] q —u
MioTTo [22] L] B —n
MioTTo [22] u q —l
Somoskovi [24] - —h} g —
T T T T ] T T T T ==
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Sensitivity Specificity
98% Sensitivity 99% Specificity

26
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New WHO policy on line New initiatives by WHO,
probe assays (2008) Stop TB Partnership,
UNITAID and FIND

Organization — un“' TOGETHER TO HEAL

. ot I FROJETS [ wesoumees [ covenmme |
o Expanding and accelerating access to diagnostics for
e patients at risk of MDR-TB
Eﬁ:‘;—u&m Pun

fomal
Description of the project

A. Project title:

far patients ot

and access to
sk af multi-drsy resistant tubereabosis (MOR-TH)
B, Timairame: Brojac: cuiration: F009-013, starting o the date of the final signature of
the Memasandum of Agreemen.
€. Amvount committed by US$ 25 129 897

UNITAID:
0. Lead partner: Gichbal Lsboratory Initistive (GLE), Stop T8 Department, World Health
irganizazian
E. Cthar partner(s): = tilabal Brug Faclity (GOF), Stap T8 Farrership, World Haakh
— -Mndlbnn"m"furbmunm New Disgnostics {FIND)
http://www.who.int/tb/features_archive/mdrtb_rapid_tests/en/index.htmi http:/ /www.unitaid.eu
EEPE“T Rapid diagnosis Of drug- EXPAND-TB supplies MDR-TB diagnostics to high-burden
EVIEWS . . . countries. With a new grant of US$ 61 482 085, the
resistant TB using line probe project, led by the GLI In close collaboration with FIND
. T H and GDF, will be expanded to increase the countries
a‘ssays' ffom e‘"dence to po"cy covered from 16 to 27. The overall objective is to jump-
et B e Mt 1 £81-58 (3008 start strengthening of laboratories in these countries,
through collaboration between a variety of partners.
Daphae | Ling, Gromwing concaren sbous the tpread of fticuag-reuitant tubeicuos (MDRTH) and the
Alice A 2werling and ¥
Madhiskar Pai’ arc] appscation o rapad hests o e detechon of thug-resistant TB. Wholecudar avsays 10 detect

wat/th/laboratory/policy_statements/en/index.html 27

Non-commercial rapid culture methods

MODS Thin layer agar

Colorimetric redox indicator assay Nitrate reductase assa

27/12/2010
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2010 WHO policy on non-commercial
rapid culture methods for DST

WHO recommends the selective use of one or
more of the following non-commercial culture and
DST methods, in reference laboratories, and under
strict laboratory protocols:

» CRI methods, as indirect tests on M. tuberculosis
isolates from patients suspected of

having MDR-TB, and acknowledging that time to
detection of MDR-TB would not be faster (but less
expensive) than conventional DST methods using
commercial liquid culture or molecular line probe
assays;

- MODS, as direct or indirect tests, for rapid
screening of patients suspected of having
MDR-TB;

- NRA, as direct or indirect tests, for screening of
patients suspected of having MDRTB,

and acknowledging that time to detection of MDR-
TB in indirect application would not be faster than
conventional DST methods using solid culture.

% World Health
Organization

NON-COMMERCIAL CULTURE AND DRUG-SUSCEPTIBILITY TESTING
METHODS FOR SCREEN OF PATIENTS AT RISK OF MULTI-DRUG
RESISTANT TURERCULOSIS

- POLICY STATEMENT -

ttp://www.who.int/tb/laboratory/policy_statements/en/index.html

WHO policies in 2010

» IGRAS

» Serological, antibody-based tests for TB

» Automated molecular assay (Xpert MTB/Rif)

27/12/2010
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IGRAS

||~ T-SPOT. 78® [Oxford Immunotec, UK]

Tl

S,
nns Gt i= - ‘

4 4w Qg

Qu;;ntiFERON—TB Gold® In Tube [Cellestis
Ltd, Australia]

2010: policy from WHO

» Active TB: The quality of evidence for ¢ word ealtn e pon
use of IGRAS in diagnosis of active TB e“‘i‘go’gm"“““ TDR®) =iy
was low and it is recommended that UUSE OF INTERFERON-y RELEASE ASSAYS (1GRAS) 1N TUBERCULDSIS CONTROL
these tests should not be used as a IN LOW- AND MIDDLE INCOME SETTINGS
replacement for conventional
microbiological diagnosis of pulmonary
and extra-pulmonary TB in low- and
middle-income countries (strong
recommendation).

» LTBI: The quality of evidence for use of
IGRAS for LTBI screening in various
groups (HIV, contacts, children, HCWs)
was very low and recommended that
these tests should not be used as a

replacement for TST for the assessment

of LTBI (strong recommendation).

http://www.who.int/tb/advisory_bodies/stag_tb_report_2010.pdf

27/12/2010
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Serological tests for TB

» Attractive, especially if made into point of care (POC)
» Have been around for a long time
» Existing serological tests have failed
> But still sold by many companies and used in developing countries

rn ) ACCTSS Froly svslsble onbine PLOS s
Commercial Serological Antibody Detection
Tests for the Diagnosis of Pulmonary
Tuberculosis: A Systematic Review

Karen R. Steingart' 7, Megan Henry', Suman Laal"**, Phiip €. Hopewell' 7, Andrew Ramaay”, Dick Menzied™”,
Jans Cunningham . Karle Weldingh'®. Madhukar Pai®*

. All Rights Reserved

Performance of Purificd Antigens for Serodiagnosis of Pulmonary
Tuberculosis: a Meta-Analysis'f

Karen R. Steingart,'* Nandini Dendukuri.” Megan Henry, ' Tun Schiller,” Payam Nohid,*
Philip €. Hopewell,™* Andrew Ramsay,” Madhukar Pai,” and Suman Laal®™

A systematic review of commercial serological antibody
defection tests for the diagnosis of extrapulmonary
tuberculosis

iugn(k Sl_ei:puﬂ, mxn _I:hlnlll'yllﬁlr‘wr&llqul. l;l;iilip € Hopewall, Andrew Romsay, Dick Menzies,

Thorme 200742711910, o 10,11 Mo 2008 075754 33

2010: negative policy from WHO

8 Com_mer_cial se_rological tests (B) Yord peaitn TDRE) Bmerioney
provide inconsistent and imprecise
estimates of sensitivity and
specificity. There is no evidence
that existing commercial
se rological assays |m prove COMMERCIAL SERODIAGNOSTIC TESTS
pat|ent—|mp0rtant outcomes FOR DIAGNOSIS OF TUBERCULOSIS

» Overall data quality was graded as
very low and the Expert Group
strongly recommended that these
tests not be used for the diagnosis
of pulmonary and extra-pulmonary
TB.

http://www.who.int/tb/advisory_bodies/stag_tb_report_2010.pdf

27/12/2010
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ibert@ MTB/RIF - high tech for low tech settings

Concentrates bacilli &
removes inhibitors

Sampleis Ultrasonic lysis of filter-
Endof hands on work automatically captured organisms to
filtered & washed release DNA

DNA molecules are
mixed with dry PCR
reagents

Bl " — {
Transfer of2 ml eneXpert
after 15 min
Time-to-result: 1 h 45 min

Nested real-time
amplification & detection

== _ in integrated reaction tube
Sputum liquefaction &

inactivation with 2:1 SR

Automated molecular assay:
Xpert™ MTB/RIF [Cepheid, USA]

>98% sensitivity in S+/C+
~70% sensitivity in S-/C+
>99% specificity in C-

2 hours to result

Rifampin resistance Y/N

Courtesy: FIND
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Roadmap for rolling out Xpert MTB/RIF
for rapid diagnosis of TB and MDR-TB

6 December 2010

el
&y [TE é:,gi; World Health
S,T.)(Q [ % ¥ Organization

http://www.who.int/tb/features_archive/new_rapid_test/en/index.html

About WHO Expert Group and STAG-TB recommendations

e The WHO evidence synthesis process confirmed a solid evidence base to support widespread use of Xpert
MTB-RIF for detection of TB and rifampicin resistance. The Expert Group that met on 1 September 2010
therefore recommended that:

— Xpert MTB/RIF should be used as the initial diagnostic test in individuals suspected of MDR-TB or HIV-
associated TB (strong recommendation);

- Xpert MTB/RIF may be used as a follow-on test to microscopy in settings where MDR and/or HIV is of
lesser concern, especially in smear-negative specimens (conditional recommendation, recognising
major resource implications).

® Xpert MTB/RIF is suitable for use at district and sub-district level, outside of conventional laboratory
settings, compared to conventional culture and DST which are suitable only at national or regional level in
reference laboratory settings.

e Xpert MTB/RIF technology does not eliminate the need for conventional microscopy culture and DST,
which are required to monitor treatment progress and to detect resistance to drugs other than rifampicin.

e Several operational conditions need to be met for successful implementation of Xpert MTB/RIF - stable
electrical supply, security against theft, trained personnel, adequate storage space, annual calibration of
the instrument by a commercial supplier, and biosafety precautions similar to those for direct sputum

microscopy should all be in place.

http://www.who.int/tb/features_archive/new_rapid_test/en/index.html|

27/12/2010

19



27/12/2010

In conclusion, much progress has been made
in improving TB diagnosis, but...

39

We still do not have a good point
of care test

40
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We do not have a good biomarker(s)
that will predict risk of progression
to disease

Mycobacterium tuberculosis

infectious aerosol ﬂﬁ

Infection/re-infection

LN\

Latent infection < p Activetuberculosis

Fiqure 1: Clinical stages or states of Mycobacterium tuberculosis infection

Wallis R, Pai M et al. Lancet 2010

41

What we hope to see in the next few vears

Expected2012 (Gen 1) / 2014 (Gen 2)

-Surveillance
- Reference methods
-Network supervision

Reference

-Resolution testing
(screening-test negative
drug resistance)

Regional
Labs

Distric
t
Level

-Screening
- Passive case finding
- Detect and treat

ubDistrict Integrated NAAT +4Q%

Level

LPA Rif / INH 2d

Microscopy

Level FM +10%

anual NAAT+2

=% CRI) Special
1 settings and
conditions

- Clinical
Screening
-Primary care

Communit

y
Level

RDT Genl / Gen 2

Courtesy: FIND

27/12/2010
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e -
THE GLOBAL PLAN

TO STOP TB

2011-2015

Updated NDWG pipeline for diagnostics

"‘ FIGURE 2 TARGETS FOR INTRODUCTION OF TESTS, LEADING TO SUSTAINABLE ADOPTION, 2006-2015

Liquid culture & DST | | Non-commercial cultures |
- | (MODS, NRA, CRI} H

First Referral Level § RURIES
Automated NAAT (detection & DST)
" Rapid colorimetric DST E
5 Manual NAAT (detection)* * g
z Peripheral Lab | LS 2
g Predictive LTBI  Manual NAAT E
5 POC test (detection) (detection)”** g
il wn
= E
b Community Health Care 95% E
1 | | 1 | | | 1 1

w007 2008 2009 i o mz w13 w4 015 016

Abbreviations * Manual NAAT: technology for MTB Drug Susceplibility Testing

DET: Drug Susceptibility Test ** Manual NAAT. technology for MTB detection at the Peripheral Lab

NAAT: Nuceic Acid Amplification Test =** Manual NAAT: technology for MTB detection at the Community Health Care Level

LTBI: Latent TB Infection

POC: Point of Care

MODS: Microscopic ohservation Technologies in bexes: ; endorsed by WHO

drug-susceptibility

NRA: Nitrate reductase assay

CRI: Colorimetric redox indicator assay
LED: Light-emitting diode

LPA: Line probe assay

http://www.stoptb.org/global/plan/

www.thevidence.org

Evidence-Based Tuberculosis Diagnosis

Moma v

what is L-B T DxT

WHO Palicias

Developed with the support of:

Stop TH Partnership's New Diagnostics Working Group (NDWG)
Workl th Organization (WHO)

e - dation for ive New D5 ies (FIND)

| Search Spedial Programme for Research and Training in Tropical Discases (TDR)

lobal Laboratory Initiative (GLT)
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