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Performance of commercial NAAT for AFB+ and AFB- pulmonary TB
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Complexity and cost of routine technologies

Instrument Dependency

Complexity & Cost

Culture
EIA

- Lat. Flow

Nucleic Organism < Antigen/Antibody
Acid
Target
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Automated solution: Cepheld
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Cartridge Design and Operating Principle
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rpoB Molecular Beacon Assay

A C D

5'- GCACCAGCCAGCTGAGCCAATTCATGGACCAGAACAACCCGCTGTCGGGGTTGACCCACAAGCGCCGACTGTCGGCGCTG - 3!

3'- CGTGGTCGGTCGACTCGGTTAAGTACCTGGTCTTGTTGGGCGACAGCCCCAACTGGGTGTTCGCGGCTGACAGCCGCGAC - 51

B E

Molecular
Beacon

-+

Target NN

Hybrid {}
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Mutation Frequency FiﬂD

Name
ML M2 M3 M4 M6 M7 M8 |MIO M11MI8 M19 M32 M34|M35 M37|M38 M39| M4l MB0 M51 M52 M53 M4 | MB5 MB9 MB3 M66 M67 M72| M73 | M74 M75 M78 M79 V81| M82 |M86  M87 | M88  M89 M90 M91 | M92 M93 | M5 M96 | M97

Sum of %

| I | I
0.-_ [ | [ | I _____ I_-____I_I__-I-_I _I _____________

n Arrows indicate common 531 or 533 n T
mutants

Frequency of mutation based on review of 4000+ strains



Module Name

Sample ID

Assay

Assay Version
Assay Type
Reagent Lot ID
Cartridge SN
Expiration Date
Test Type
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- |
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User

SW Version
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Rifampin Susceptible Sample
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Rifampin Resistant Sample

Module Name

Sample ID
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Assay Version
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Legend
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Ubiquity Study

SCG
Origin [ I lla b llc 1% % Via Vib
Unavailable 4 1 1 1
i 1 1 eTested dna from 8o
Bangladesh 2 3 4 1 1 1 .
Belgium 1 Stralns from 30+
Burundi 2 . .
1 countries and 7 major
China 1
Colombia 1 Clades-
Congo-Kinshasa 1 1 1
Georgia 1 1 . .
Lo eIncluded 37 rifampin
Guinea 1 . .
Guinea k. . resistant strains
India 1
Kazakstan 1 2 comprising 13 unique
Korea 5 1 1 .
1 1 :  mutations.
bileEeED e 1 Codon | Mutation Mut. Name Probe
Nepal 1 1 511 ctg-ccg M1 A
Nigeria 1 516 gac-gtc M4 B
Pakistan 1 516 gac-tac M55 B
Peru 4 2 1 1 526 cac-tac M7 D
Phillipines 1 526 cac-cgc M67 D
Portugal 1 526 cac-agc M70 D
Rep. Domin. 1 526 cac-gac M75 D
Rwanda 1 1 531 tcg-ttg M10 E
South Africa 2 1 531 tcg-tgg M79 E
Spain 1 2 533 ctg-ccg M11 E
Tibet 1 Double | multiple | M79+un(512) E, AB
Ukraine 1 Double | multiple | M55+un(515) B,B
USA 1 Double | multiple | M67+un(509) A, D




Percent Positive

Percent Positive

01 2 3 45 6 7 8 9 10
M. tuberculosis (genomes/reaction)
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weeeneee Upper 95% Cl
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0 50 100 150 200 250 300
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Exclusivity (Specificity) Study cIND

e Testing GX with 10° copies of genomic DNA from common oral
microorganisms and those causing tuberculosis like symptoms.

e DNA is spiked into PCR reagent resuspension buffer, simulating
efficient capture, lysis and elution. (Unlikely)

35 4

20 | 04...’.0,‘».’,’ Figure 1: Typ|cal
] results. No signal
25
% o M. except for Bg internal
5 rone & control
3157 x Probe C
10 A e Probe A
5,
0 " w— 3 3 3 »—m a3 a3 "% .3 w
0 2 4 6 8 10 12 14

Organism #

e Specificity is 100% after testing 65/97 organisms.
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Cycle Threshold

Interference: Sputum containing both 200 cfu/mL of M. F' nD

IU ndation

tuberculosis and 106 cfu/mL of an NTM for innovative new diagnostics
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Xpert MTB Cartridge Controls

- Probe Check Control
|s performed prior to PCR.

|s performed to ensure:
- Rehydration of beads
- Flow in cartridge works
- That probe and dye are stable

- Sample processing control/extraction control
Ensure that the sample was comrectly lysed and extracted.
Runs through the complete process

|s freeze-dried beads with Bacilfus giobigii spores . The spores are
difficult to break open and to process.

Detects PCR inhibitors associated with the sample
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Simple Sample Processing — Direct Sputum

-4. Transfer 2ml

to cartridge

B 3. Shake then stand
1. Add 2:1 Sample futher 5 minutes
Buffer to sample

-El_eg_in Test...
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for innovative Nnew diagnostics

Average cfu/

plate foreach Average Average Averagelog Percent
Starting cfu/mL Diluent replicate cfu/plate cfu/mL  Reduction Reduction

Study 1 3.5x 107 BCG 7H9 media <10 >3.5x10° >99.9
Study 2 3.5x 107 BCG sputum _ 1.5 2.3x 107 >99.9
Study 3 3.3x 107 H37Rv sputum 12,13, 21 15.3 153 2.15x 105 99.9
Study &4 3.63x 108 H37Rv sputum 4.6,2 4 40 9.1x 10¢ >99.9
Study 5 4.0 x 10® H37Rv sputum 2,23 2.33 23.3 1.7 x 107 >09.9

Average log kill 1.06 x 107
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Particle concentration, cm’®

During conventional slide preparation

8
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4 4
5 -
0 ©00000000000000 ©00000000000000
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Time (min)

—&— BSC air flow on

® BSC air flow off, background measurement
—— BSC air flow off, during slide preparation
—&— BSC airflow on
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No. of particles/cm®

Concentration of airborne particles when GeneXpert is in operation for irnovar
(Sample - Mycobacterium bovis BCG + Sputum+SR)
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]
Biosampler
Liquid media Anderson Impactor F.nD

. . foundation .
Solid media for innovative new diagnostics

=

F, 28.3 L/min




Aerosol Sampling: verifying the system ﬂng

0.8 mL BCG in 7H9 media aerosolized over 10 min in a closed chamber

Mean cfu/m3 air detected for 3 experiments

Concentration BCG/mL. Anderson impactor BioSampler
104 482 10,416
103 169 2,976
102 91 578

10 28 0
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Aerosol Viability During Manual Steps T

Mean cfu/m3 air detected over 3 experiments

5 X 108 cfu BCG spiked into sputum. Anderson impactor BioSampler

SR added and sample immediately

pipetted in and out of three Xpert TB 6 67
cartridge over 15 min time period

(equivalent to loading >30 cartridges)

SR added 15 min wait then sample

pipetted in and out of three Xpert TB 0 0
cartridge over 15 min time period

(equivalent to loading >30 cartridges)

Sputum smeared/layered on 10 16 324
microscope slides over 10 min period.



Aerosol Viability During GX Assay ﬂng

Total cfu detected over all three runs

Sample type placed into Xpert TB

cartridge (3 runs with 3 cartridge per Anderson impactor BioSampler
condition)
5 X 108 cfu BCG spiked into water 0 0

5 X 108 cfu BCG spiked into
sputum then treated with SR in 0 0
standard protocol

5 X 108 cfu M. smegmatis spiked
into sputum then treated with SR in 0 0
standard protocol
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MTB / Rif-resistance test
Essential features of future test

Workflow GeneXpert System
* sputum module

* simple 1-step external sample prep. procedure
e time-to-result < 2 h

* throughput: > 16 tests / day / module
* no need for biosafety cabinet

* integrated controls

e true random access

IPMTBi

- wiii

Performance

* specific for MTB

* sensitivity better than smear, similar to culture cartridge

* detection of rif-resistance via rpoB gene AU tom ated
Product and system design Sample Prep,

* test cartridges for GeneXpert System - £ .

* several GeneXpert modules can be combined Am p I Ifl cation
in 1 workstation an d Detectl on

* swap replacement of detection unit

» ~1 day technician training for non-mycobacteriologists

90 minutes



Xpert MTB/Rif: FIND Evaluation studies cIND
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Rigorous performance evaluation at 5 sites (>1500 TB suspects)
Included 2 sites with high HIV prevalence (80%) & 2 with high MDR prevalence (>30%)

Germany
 BNRL
ﬁée_l{‘ibatjan I“‘ )
2
TB (C+) 42%

India
®Hinduja MDR TB 31%

South Africa
BUCT
BSAMRC

%
TB (C+) | 60%
MDR TB 67%




Xpert MTB/RIif: FIND evaluation studies

Combined

Xpert MTE/RIF

AFB- AFB+
Culture Culture Culture
Positive Megative Pasitive
MTE Detectad 20 3 27T,
MTE Mot Detectad 7 171 o
Sensitivity  Specificity
g8.0% 08.3%

Sensitivity for in S+/C+ = 100%, in S-/C+ =91%

Combined

Xpert MTB/RIF

D5T RIF DsT
Resistant Sensitivity
RIF Resistance 8 4 FEY
Detected
RIF Resistance = 8o FF
Mot Detected
Sensitivity  Specificity
Qb7 0 d.6%

High accuracy for Rif detection
Sequencing data for discrepant results suggest Xpert correct

03.06%

99.3%

PPV

MPY

0i0.1%

qh.a%
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