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Introduction

NReach the three mill
A TB test, treat ment an

World TB day theme for 2014



TB Burden (GTR 2013)

A 8.6 million patients

A1.1 million TB patients are PLHIV

A 1.3 million deaths

A4,50,000 MDR (3.6% new, 20% Prev. treated)
A9.6 % of MDR are XDR TB

A26% patients from INDIA

A& million cases missed notificationin2 0 1 2 6



Algorithm for the diagnosis of TB in ambulatory patient

Ambulatory patient with couegh 2-3 weeks and no daneer siens™
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Diagnosis of MDR TB

Microscopy Line probe assay Liquid culture 1st line DST
Same day 48 hours 2-3 weeks 3-4 weeks 6

Report as drug-sensitive TB l

Unsuccessful
Amp.
INH and/or
RIF resist.

Option 1: Option 2:
(std MDR-Rx) (ind. MDR-Rx)

» Report as MTB, | | - Report as MTB,
INH and or INH or RIF
RIF resistant resistant

* No culture = Culture and

* Sputum for 1st and 2nd
culture at line DST
month 3 *Rx

individualized

Microscopy center LPA lab Culture/DST lab SNRL lab



Liquid culture and DST
Rapid spec:atxon

LPA for MDR-TB

Non-commercaal culture and DST

{MODS, NRA, CRI) LPA for XDR-TB
l v LPA for MDR-TB second generation
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Intermediate level laboratories

VOC detection
Enzymatic detection

Ag and Ab detection
NAAT second generation l

Peripheral level laboratories
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@® Technologies or methods endorsed by WHO L Technologlas at feasnbnllty stage S

@® Technologies commercialised, not yet endorsed by WHO

Figure: Development pipeline for new tuberculosis diagnostics
Reference level laboratories refer to national level facilities. Intermediate level laboratories refer to district and subdistrict leve! facilities. Peripheral level laboratories

refer to commumty Ievel facilities. Reproduced from WHO's global tuberCUlos:s control report 2012 by permnss:on of the World Health Orgamzatnon Ab-ant-body

Ag=antigen. Ci metric rede :
tubercMos-s MODS—m'_ TOSCODIC iy. NAAT=nucleic acid ampluﬁcatnon tests. NRA-mtrate

nd XDR-TB—extenswely drug fes:stant tuberculosis.

: SS+—sputum smear-positive.




Comparison of Various Diagnostic Tests for Diagnosis of

Microscopy LAMP Solid Culture Liquid
Mlcroscopy Culture

Threshold 10,000 131 (106- ~100 10-50
(CFU/ml) 176)

Turnaround 1-2 days lday 90 min 4-8 week Days - 2
time week

Sensitivity 50-60 % 10% >than ~90 % 88 % Reference Reference
ZN staining

Specificity 98% 94 % Reference Reference
Technical Required Required Minimal Required Required Required
expertise

Biosafety Better than
Microscopy

Other Prone to
contaminatio
n

Boehme CC et al. Semin Respir Crit Care Med 2013;34:17 i 31.
Lawn SD et al. Lancet Infect Dis 2013; 13: 349i 61.




Comparison of Various Diagnostic Tests for Detection of
Drug resistance in TB

LPA MODS CRI Nitrate Solid Liquid
reductase A Culture Culture

Turnaround

time

Sensitivity

Specificity

Technical
expertise

Biosafety

Additional
Comments

90 min
~90 %
98%
Minimal
Better than

Microscopy

Can be
done in
usual lab

1-2 days

97 % (R)
84% (H)

99%

High

Atleast BSL
1

Can not
replace
Culture

7 days

92%

96%

High

5-10 days

89- 100%

High

7-14 days

>94% (R)
>92% (H)

4-8 week

Reference

Reference

High

Days - 2
week

Reference

Reference

High

Atleast BSL
1l

Prone to
contaminati
on

Boehme CC et al. Semin Respir Crit Care Med 2013;34:17 i 31.
Lawn SD et al. Lancet Infect Dis 2013; 13: 349i 61.




History of GeneXpert- Platform

AOriginally developed by Cepheid Inc. for the detection of anthrax

A Onboard sample preparation with fully-automated rt-PCR amplification
and detection

ACartridge-based system incorporates microfluidics technology and fully
automated nucleic acid analysis

AExpanding range of different organisms, genes may be detected using
pathogen-specific cartridges within the same platform

AMachines with 1, 4, 16 and 48 modules are available, permitting multiple
assays to be run concurrently and independently

-Lawn SD et al. Lancet Infect Dis 2013; 13: 3491 61



Target- Why Rifampicin?
AAmenable to rapid detection- 95% of all rifampicin-resistant
mutations localized within the 81 bp core region of rpoB gene

AThese mutations are highly predictive of rifampicin resistance

ACore region is p a n k lgy 4 tuberculosis complex-s p e cDNJA C
sequences

AM tuberculosis and rifampicin resistance can be tested
simultaneously by targeting one amplicon

ARifampicin resistance is strongly, although not invariably,
iIndicative of MDR tuberculosis

-Lawn SD et al. Lancet Infect Dis 2013; 13: 3491 61



Sputum Lhqgu=faction
and inactivation with
227 sampis reagent

Sample Ultrasonic ¥sis DMNA molecules Seminested
automatically of fiter-captured mxed with dry real-time
filtered and organisms to PCR reagents ampihification
washed release DNA and detection
in integrated
reaction tube

8

Printable
test result

Transfer of
Z2 i material
into test cartridge

Cartridge insert=¢ 1"vto
MTB-RIF test pnarform
{end of hands-—on work)

Time to result, 1 hour 45 minutes

Assay procedure for the MTE/RIF ftest

- http://lwww.finddiagnostics.org/programs/tb/find activities/automated



http://www.finddiagnostics.org/programs/tb/find_activities/automated_naat.html
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http://www.finddiagnostics.org/programs/tb/find_activities/automated_naat.html

TIMELINE — FROM CONCEPT TO IMPLEMENTATION

May 2006 — FIND and the University of Medicine and Dentistry of New Jersey partner with Cepheid
develop a novel TB test, with funding from the US NIH and the Bill & Melinda Gates Foundation (BMGF)
May 2009 - Demonstration studies underway

September 2010 — Expert Group issues_strong recommendation to WHQ based on scientific evidence;
WHQO's Strategic and Technical Advisory Group for TB further reviews evidence and makes policy
recommendations

December 2010 — After organization of a Global Consultation, WHO recommends Xpert MTB/RIF
August 2012 - A public-private partnership between the US President's Emergency Plan for AIDS Relief
(PEPFAR), the US Agency for International Development (USAID), UNITAID, and BMGF allows for a drop
in price of the Xpert MTB/RIF test cartridge from 16.86 USD to 9.98 USD

May 2013 — Expert Group reviews updated evidence base on use of Xpert MTB/RIF for diagnosis of
pulmonary, extrapulmonary and paediatric TB and rifampicin resistance, and issues updated
recommendations to WHO

October 2013 -WHO updates recommendations on Xpert MTB/RIF, with an expanded scope of use

- WHO Xpert fact sheet Oct 2013



Performance of Xpert MTB/RIF in Clinical setting
Pulmonary TB



Initial Test replacing microscopy

Figure 5. Forest plots of Xpert sensitivity and specificity for TB detection, Xpert used as an initial test
replacing smear microscopy. The individual studies are ordered by decreasing sensitivity. TP = True Positive;
FP = False Positive; FN = False Negative; TN = True Negative. Between brackets are the 95% CI of sensitivity

and specificity. The figure shows the estimated sensitivity and specificity of the study (blue square) and its 95%
Cl (black horizontal line). Xpert specificity could not be estimated in one study.

Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% Ci) Specificity (95% CI)
Malbruny 2011 12 46 1.00[0.74, 1.00] 1.00 [0.92, 1.00]
Boehme 2011e 101 671 1.00 [0.96, 1.00] 0.98 [0.96, 0.99]
Boehme 2011b 171 825 0.97 [0.83, 0.99] 1.00 [0.99, 1.00]
Boehme 2010b 201 101 0.96 [0.83, 0.98] 1.00 [0.96, 1.00]
Cifici 2011 24 59 0.96 [0.80, 1.00] 0.98 [0.91, 1.00]
Boehme 2010e 179 35 0.96 [0.92, 098] 1.00 [0.90, 1.00] Sn_ 88%
Bowles 2011 60 23 0.94 [0.85, 0.98] 0.92[0.74, 0.99]
Boehme 2010c 136 185 0.93 [0.88, 0.97] 0.99 [0.97, 1.00]
Miller 2011 27 58 0.93[0.77, 0.99] 0.97 [0.88, 1.00]
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0.
0.
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Friedrich 2011 117 o 93 [0.87, 0.97] MNot estimable
Boehme 20117 136 234 92 [0.86, D.95] 0.98 [0.95, 0.99]
loannidis 2011 29 32 91 [0.75, 0.98] 0.94 [0.80, 0.899]
Teo 2011 56 4z 0.90 [0.80, 0.985] 0.95 [0.85, 0.89]
Hanir 2011 54 146 0.90 [0.79, 0.95] 1.00 [0.98, 1.00]
Marlowe 2011 116 82 0.889[0.83, 0.94] 0.95 [0.89, 0.99]
Boehme 2011a 203 303 0.88 [0.84,0.92] 0.99 [0.87, 1.00]
Zeka 2011 31 68 0;8§_[0_73. 0.97] 1.00 [0.85, 1.00]
Scott 2011 58 104 0.87 [0.76, D.84] 0.97 [0.82, 0.99]
Boehme 2011c 201 669 0,86 [0.817, 0.80] 1.00 [0.99, 1.00]
Rachow 2011 49 101 0.84 [0.73,0.83) 0.99 [0.95, 1.00]
Boehme 2010d 36 215 0. k [0.69, 0.93] 0.99 [0.96,
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Follow-up to Negative smear

Figure 9. Forest plot of Xpert sensitivity for TB detection in smear-positive subgroup. The squares
represent the sensitivity and specificity of one study, the black line its Cl. TP = true positive; FP = false positive;
FN = false negative; TN = true negative. Xpert specificity could not be estimated in these studies.

Studly TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Boehme 2010a 77 0.97 [0.91,1.00) Not estimable
Boehme 2010b 193 0.98 [0.95, 0.99] Not estimzable
Boehme 2010c a2 0.97 [0.91, 0.99] Not estiimable
Boehme 2010d 28 097 (082, 1.00] Not estimable
Boehme 2010e 161 1.00 [0.98, 1 .00) Not estimable
Boehme 20113 135 0.98 [0.94_1.00] Not estimable
Boehme 2011b 134 0.99 [0.95, 1.00) Not estimable Sn. 98%
Boehme 2011¢c 80 1.00[0.95, 1.00) Not estimable

Boehme 2011d a1 0.98[0.92,1.00) Not estimable

Boehme 2011e 70 1.00[0.85, 1.00] Not estimable

Boehme 20117 127 0.96 [0.91, 0.99] Not estimable
Bowies 2011 40 1.00 (091, 1.00] Not estimable
Hanif 2011 45 0.98 [0.88, 1.00] Not estimable
Helb 2010 29 1.00 [0.88, 1.00] Not estimable
loannidis 2011 12 1.00[0.74,1.00] Not estimable
Lawn 2011 19 1.00([0.82,100] Not estimable
Malbruny 2011 8 1.00[0.63,1.00] Not estimable
Marlowe 2011 85 0.98 [0.92, 1.00] Not estimable
Miller 2011 24 1.00[0.86, 1 00] Not estimable
Rachow 2011 50 0.98 [0.90, 1.00] Not estimable
Scott 2011 47 0.96 [0.86, 1.00] Not estimable
Teo 2011 43 1.00([0.92,1.00] MNot estimable
Theron 2011 89 0.95 [0.88, 0.98] Not estimable
Zeka 2011 24 1.00 (086, 1 00) Not estimable
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Follow-up to Negative smear

Figure 7. Forest plots of Xpert for TB detection, Xpert used as an add-on test following a negative smear

miicroscopy result. TP = True Positive; FP = False Positive; FN = False Negative; TN = True Negative. Between

brackets the 95% CI of sensitivity and specificity. The figure shows the estimated sensitivity and specificity of
the study (blue square) and its 95% CI (black horizontal line).
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Xpert in Diagnosis of PTB

APooled sensitivity in HIV Negative- 89% (95% CI| 81-94%)
APooled sensitivity in PL-HIV 80% (95% CI| 67% - 88%)

APLHIV Smear +ve, Culture +ve i 100% (82-100%)

AFresh specimen > Frozen

-Cochrane Review 2013



Xpert MTB/RIF for Rif Detection in PTB

Figure |12. Forest plots of Xpert sensitivity and specificity for detection of rifampicin resistance, Xpert used
as an initial test replacing conventional drug susceptibility testing as the initial test. The individual studies are
ordered by decreasing sensitivity and decreasing number of true positives. The squares represent the
sensitivity and specificity of one study, the black line its Cl. TP = true positive; FP = false positive; FN = false
negative; TN = true negative.

Study TN Sensitivity (95% CI) Specificity (95% CI) Sensitivity (95% CI) Specificity (95% CI)
Boehme 2010b 190 .00 [0.79,1.00] 0.98 [0.96, 1.00]
Bowles 2011 81 .00 [0.63,1.00] 1.00 {0.96, 1.00]
Lawn 2011 48 .00 [0.40, 1 00] 0.94 [0.84, 0 99)
Friedrich 2011 a0 .00 [0.29,1.00] 1.00 [0.96, 1.00] -
Boehme 2010d 38 .00 [0.29, 1.00] 1.00 [0.91, 1.00] -
Malbruny 2011 16 .00 [0.03,1.00] 1.00[0.79, 1.00] -
Zeka 2011 34 .00 [0.03, 1.00] 1.00 [0.90, 1.00] -
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Xpert in Diagnosis of PTB

Systematic review and Meta-analysis

AStudies published up to October 2011

A18 studies, 10,224 patients

A15 reported on Dx of PTB,

APooled sn- 90-4% (95% CI 89-2i 91-4), sp- 98-4% (98-0i 98.7).

ASmive- 75-0%
A Sm +ve- 98-7%

Similar to Cochrane review, however current G4 version, launched in
Dec 2011might differ in performance

AG4 version in Africa- Specificity of 99.5%

-Chang K, J Infect 2012; 64: 5801 88
- Muhammad Osman et al. JCM, Nov 2013



Extrapulmonary TB



Study ymph | Gastri Pleural Cavitary fluid Pericardial Pus Total
Rade fluid sensitivity

28/29
(97%)
Hillemann et al 35/44
(77.3%)
14/15
(93.3%)
Vadwai et al%? 125/150
(83%)
7/8
(88%)

21/31
(68%)
39/41
(95%)
Friedrich et al'32 5/21 5/20
(25%) (25%)
12/12
(100%)
130 37 17/32
(43%) (53%)
Moure et al'36 22 23 7]26 63/108
(100%) (67%) (27%) (58%)
Tortoli et al'?! 1113 45/58 5/15 5/ 188/238
(85%) (78%) (33%) (79%)

Ligthelm et al 22

Teo et al'3’

Miller et al'3®

Zeka et aI‘38

Causse et al'3!

Hanif et al 133

Armand et a

Source: Based on literature published by September 2012 and categorized by sample type.

- Boehme CEt al. SeminRespirCrit Care Me@013;34:17¢ 31
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Evaluation of GeneXpert MTB/RIF for Diagnosis of Tuberculous
Meningitis

Nguyen Thi Quynh Nhu,” Dorothee Heemskerk,” Do Dang Anh Thu,” Tran Thi Hong Chau,” Nguyen Thi Hoang Mai,”

Ho Dang Trung Nghia,® Pham Phu Loc,® Dang Thi Minh Ha,®< Laura Merson,® Tran Thi Van Thinh,® Jeremy Day,

Nguyen van Vinh Chau,® Marcel Wolbers,® Jeremy Farrar,® Maxine Caws?

Oxford University Clinical Research Unit, Hospital for Tropical Diseases, Wellcome Trust Major Overseas Programme, Ho Chi Minnh City, Vietnam?; Hospital for Tropical
Diseases, Ho Chi Minh City, Vietnam®; Pham Ngoc Thach Hospital for Tuberculosis and Lung Diseases, Ho Chi Minn City, Vietnam®<

Tuberculous meningitis (TBM) is the most severe form of tuberculosis. Microbiological confirmation is rare, and treatment is
often delayed, increasing mortality and morbidity. The GeneXpert MTB/RIF test was evaluated in a large cohort of patients with
suspected tuberculous meningitis. Three hundred seventy-nine patients presenting with suspected tuberculous meningitis to the
Hospital for Tropical Diseases, Ho Chi Minh City, Vietnam, between 17 April 2011 and 31 December 2012 were included in the
study. Cerebrospinal fluid samples were tested by Ziehl-Neelsen smear, mycobacterial growth indicator tube (MGIT) culture,
and Xpert MTB/RIF. Rifampin (RIF) resistance results by Xpert were confirmed by an MTBDR-Plus line probe assay and all pos-
itive cultures were tested by phenotyptc MGIT drug suscepnbthty testing. Overall, 182f379°in£ludedpatlents (48 0%) were d

| vities of Xp: ,;,,smea:;ant{MGlTalltureamongpuums di

59.3% (lwlsztss%conﬁdence mtem! {CI},51.8 t0 66. .5%]), 78.6% (143/182 [95% CI, 71.9 to 84,3961) and"’ijf}-z, %
[95% CI, 59.1 to 73.3%)]), r vely.

resistance (4/109; 3. 7%) were 1dent1ﬁed by Xpert, of which 3 were confirmed to be multndrug-resnstant (MDR) TBM and one was
culture negative. Xpert MTB/RIF is a rapid and specific test for the diagnosis of tuberculous meningitis. The addition of a vortex-
ing step to sample processmg mcreased sensmwty for confirmed TBM by 20% (P = 0.04). Meﬁculous exammanon of asmear

The”XI-)ert MTB/RIF rept'esents .a mgmﬁcantadveneevm the eérl); dtagtto‘sts; of this deva;tenng condition.




Pediatric TB



-Lawn SD et al. Lancet
Infect Dis 2013; 13: 3497 61



