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WHO-Endorsed Molecular Tests for TB

J Molecular Line Probe Assay (LPA) LPA
~ Regional or national-level laboratory P
» Smear-positive sputum or MTB cultures y .-u%

- Cepheid Xpert” MTB/RIF test
~ Sub-district or district hospital level laboratory
»~ Smear-positive or negative pulmonary and extra-
pulmonary specimens from adults and children

MTB: Mycobacterium tuberculosis

Tom Shinnick, PhD — CDC Grand Rounds, March 2014



Xpert’ MTB/RIF Improves TB Testing

A Single Xpert” MTB/RIF Test
) Is about as sensitive and specific as one culture on solid media
J Can increase TB case detection by 40% over direct smear microscopy alone
Takes only 2 hours to complete, compared to weeks for culture
Uses simple sputum processing steps
Detects presence of MTB and rifampicin resistance simultaneously
Does not require sophisticated BSL-3 facilities or specialized expertise

OO0 O

Sample Cartridge Module 4 Module Instrument

MTB: Mycobacterium tuberculosis
BSL-3: Biosafety level 3

Tom Shinnick, PhD — CDC Grand Rounds, March 2014



Performance of Xpert” MTB/RIF for

Rifampicin Resistance and MDR TB

- Rifampicin resistance (RIF-R) is a marker for MDRTB
» >85% of RIF-R strains are MDR strains in most countries
» WHO recommended treatment of RIF-R TB is similar to MDR TB

J Strong recommendation by WHO to use Xpert” MTB/RIF as the initial
diagnostic test in individuals suspected of having MDRTB
~ Excellent sensitivity (95%) and specificity (98%) for detecting rifampicin
resistance
~ Implementing Xpert * MTB/RIF will cost less than conventional culture
and DST to meet diagnostic targets for MDRTB

DST: drug susceptibility testing
World Health Crganization. 2013. Automated real-time nucleic acid amplification technology for rapid and simultaneous detection of tuberculosis

and rifampicin resistance: Xpert MTB/RIF system for the diagnosis of pulmonary and extrapulmonary TB in adults and children: policy update.
WHO/HTM/TB/2013.14.

Tom Shinnick, PhD — CDC Grand Rounds, March 2014



GA TB Program — Drug Resistance
Testing

* GAPHL -

— AFB smear and culture (broth/liquid)
— ldentification of mycobacteria by HPLC
— Xpert MTB/Rif for:

 Smear positive sample
e Sample from TB “suspect” identified by the submitter

— 15t line DST

— Referral to CDC

 MDDR service: samples with RifR signal by Xpert
e 2 |ine DST: isolates with any resistance to 15t line agents



Reference Laboratory
Division of TB Elimination

Laboratory User Guide
for U.S. Public Health Laboratories:
Molecular Detection of Drug Resistance
(MDDR)
in Mycobacterium tuberculosis Complex
by DNA Sequencing (Version 2.0)

June 2012

Centers for Disease Control and Prevention
Division of Tuberculosis Elimination Laboratory Branch
1600 Clifton Road, NE, FO8
Atlanta, Georgia 30333
e-mail: TBLab@cdc.gov
Telephone: 404-639-2455
Fax: 404-639-5491




Isolate or NAAT(+) Sediment
Received for MDDR

2-3 day turn-
around time

Molecular Results
(Interim Report{s])

-_.___.,-""'—'__

4

Molecular + Comventional DST Results

(Final Report)

*based on information supplied on reguest form

MDDR V2.0 Algorithm

~35 day turn-
around time



Performance characteristics of MDDR by Drug

Drug Locus or loci | Sensitivity | Specificity

examined (%) (%0)
RMP rpoB 97.1 97.4
INH inhA + katG 86.0 99.1
FQ gvrd 79.0 99.6
KAN rrs + eis 86.7 99.6
AMEK s 90.9 98.4
CAP rrs + tlyAd 55.2 91.0
EMB embB 78.8 94.3
PZA pncA 86.0 95.9
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| Source:  TB Specimen/ SPUTUM

TESTREQUESTED RESULTS
MYCOBACTERIOLOGY: CULTURE FOR CLINICAL

SPECIMEN PENDING
MICROSCOPIC TB EXAM: FLUOROCHROME 1+ ( 4-36 AFB/100 fields )

Tested: 01/25/2013 Reported: 01/25/2013

MYCOBACTERIUM TUBERCULOSIS COMPLEX PCR

POSITIVE FOR MYCOBACTERIUM TUBERCULOSIS COMPLEX

ADDITIONAL INFORMATION: AFB culture pending. Specimen may contain both
Mycobacterium tuberculosis and non-tuberculous mycobacteria, or it may contain
only Mycobacteria tuberculosis, This test should not be the sole basis for
diagnosing tuberculosis.

Real-time PCR is not FDA cleared as a diagnostic test for Mycobacterium
tuberculosis complex.

Tested: 01/25/2013 Reported: 01/25/2013

RIFAMPIN RESISTANCE BY PCR Rifampin resistance DETECTED.
A mutation which causes resistance has been
detected in the rpoB gene.

Real-time PCR is not FDA cleared as a diagnostic
test for rifampin resistance.



Results for Molocular Detection of Drug Resistance (Sanger Sequencing, cmplete pansl);
et

Drug Susceptibility Test in progress,

Loons {righod)examined® | Rodult Interpretation (based o0 In-bonts avalustion of S50 elialcal aplates)
Probably Rifhmpin susceptitly. (979 of RMP-R isolates in our ln-house eveluzsion of

' Siorst rmutation: mmmm-mmmwuﬂn&mamm
poB (RRDR)™ The mutstion detected Is a (silent) single-rucisctide polymarphiam

— e e

(SNF) and doss not resutt in an amino acid change and is not considered

mm

Cannot e out INH resistance. (8% of INH-R isolstes in our in-house evaluntion of
630 clinical isolatos have a mutstion st one or both of these lodl)

ssquence observed. Rapeat testing in progress,

Carmot rile out PZA resistance.  (86% of PZA-R isciales kn our in-house svalustion
of 830 glinjoa) isolutes hive & mutstion at this locus)

Cannot e out fudrogquinalons reslstance, of FQ-R isclates In our inshouss
mammmm-maamm

Cannot ruls out resletanns tn injeciable (kanamytin, capreomycin, amikadin).
mwm-nﬂmdﬁnm%

¢ 1% of AMK-R isotates: hava & mutation in the i iocus:
» 87% of KAN-R lsnlates have 3 mutation in glther the s locus or the eis locus;

e (1400 region) No mudaéion
ais (promater) Ao mutation
ByA (antirg ORF) Mo miesen

= 55% of CAP-R isolatss have a muctation in either the s jotus of tha tiyA logus.)

°Ammm.mwummmmmmmhmegm.

*No ampiification was detacted in the rpoB focus by Sanger sequencing; the result is besed on pyrosequencing.
mmnmmwmwmummmuwe-mmu
Laboratory. They have not bean claared o approved by the Food and Drug Administration.

. SO



Why was the Xpert test wrong?

e Xpert detects any change in sequence from
wild type

e MDDR: determines the exact DNA sequence

e All base-pair changes do not result in a change
in the amino acid — “silent” mutations



Predictive value of Xpert RifR

Depends on the actual prevalence of Rifampin
resistance

Specificity is 98%

Sensitivity is 95%

Prevalence of rifampin resistance in GA
—<1%

Predictive value of positive test:

—14%



Results

Observation Text

TB-MTB-PCR=MYCOBACTERIUM
TUBERCULOSIS COMPLEX PCR

Date Observed:

TB-FL=MICROSCOPIC TB EXAM:

FLUOROCHROME
Date Observed:

RIF-PCR=RIFAMPIN
RESISTANCE BY PCR

Observation Value

POSITIVE FOR
MYCOBACTERIUM
TUBERCULOSIS COMPLEX

01/31/2014

4+ ( > 36 AFB / field )
01/28/2014

Rifampin resistance
DETECTED.

Notes

Comment: TB-PCR-POS

ADDITIONAL INFORMATION: AFB
culture pending. Specimen may contain
both

Mycobacterium tuberculosis and non-
tuberculous mycobacteria, or it may
contain

only Mycobacteria tuberculosis, This
test should not be the sole basis for

diagnosing tuberculosis.

Real-time PCR is not FDA cleared as a
diagnostic test for Mycobacterium

tuberculosis complex.

Comment: 3090-02

A mutation which causes resistance has
been

detected in the rpoB gene.

Real-time PCR is not FDA cleared as a
diagnostic
test for rifampin resistance.



Results for Molecular Detection of Drug Resistance (Ssnger Sequencing, complete panel);

_Conventional Drug Susceptibility Test in progress.

inhA (promoter) No mulation

katG (861315 codon)

AGCSACGC: Ser315Thr

ot reglony wiisinsae | Result " = [3ggp/ctation (bised op in-hoase evaiuation o $50 slinical Bolter)
Mutation: Rifampin resistant, (100% of isolates in our In-house avaluation of 550 cinical
rpeB (RRDR) TCG>TTG; Sers31Leu mmmmmmmﬂ)

Isoniagid resistant. (100% of lsclates In our inhouse 1 valuation of 650 dliniesl lsnlates
Mutation: with this mutation are INH-R.)

_
Ethambulol resistant. (100% of Isolates in our in-have evaluation of 850 cinice)
lsolates with this mutation are EME-R).

Pyrazinamide resiatant (100% of izolates in our in-house evaluation of 520 clinical
isolstes with this mutation are PZA-R.)

@yrA (QRDR) No mutation

ols (promoter) Ne mutation

L L ) e O O I s Govsion o e o
« $1% of AMK-R Isolates have » mutation In the rrx locus;

© 87% of KAN-R laciates have s mutation In elther the e locus or the ale focus!
tyA (entire ORF) No mutation * 56% of CAP-R Isolates have a mutaion in elther the e locus o the tyA loaus.)

Cannet rule out flucroquinalona resistance. (80% of F'Q-R isolates in our Inshouss
evaluation of 550 clinioal Isciates have a mutation at this locus.)

(kanamycin, capreomyein, amikacin).

"A negetive results (s.g., no mutation) doss not ruls out contributory mutetions pressnit elsawhere In the ganome.

MDDR assays were developed and the performance characteristics

determined by the DTBE Reference Laboratory.

They have not been cleared or approved by the Food and Drug Administration,




TB Cases and Case Rates
Georgia,1982-2012

Number of Cases Rate/100,00
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Year Case Counted

2011
2012

il Number ==Case Rate We Protect Lives.




South Eastern United States 2012:
Culture-confirmed TB Cases and Drug Resistance

Culture + Cases with DST INH R MDR
N (%) N (%)
AL 108 5 (4.6) 0 (0.0)
FL 497 40 (8.0) 6 (1.2)
GA 245 25 (10.2) 1 (0.4)
KY 59 6 (10.2) 0 (0.0)
MS 65 7 (10.8) 0 (0.0)
NC 169 16 (9.5) 1 (0.6)
SC 79 7 (8.9) 0 0.0
TN 113 9 (8.0) 0 0.0
VA 172 16 (9.3) 5 (2.9)
WV 6 2 (33.3) 0 (0.0)
PR 54 5 (9.3) 1 (1.9)
SE Region 1567 138 (8.8) 14 (0.9)

us 7250 660 (9.1) 83 (1.1)
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