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Taipei Municipal Wanfang Hospital (Managed by Taipei Medical University)
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Molecular Drug Susceptibility for Tuberculosis
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IN 2018

PEOPLE FELL ILL WITH
DRUG-RESISTANT TB

JE IN THREE

OF those treated, Only 56%
were treated successfully
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4 Fig. 18

This picture of Kech (fig 18], in o reablife siuation amsdst
the relative disorder of o busy loboratory, conveys an
idea of the lorge frame and resolute oir of the discoverer
of the tubercle bacillus who wos capoble of holding his
own ond imposing his views on the august and solemn
assembly of the Berlin Society, os imogined in the draw
ing below [fig 19)
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IOn 24 March, 1882, K(')('.qunnouncod his discovery of

e ubercle Bocllus during e monthly meeting of the Phy:
siological Society of BERUN - not of the Pathology Society,
as VIRCHOW, with whom he wos in conflict of opinion,
was a prominent figure in thot association. The session is
reprasented here in the library of the laboratory of Profes-
sor DU BOISRAYMOND, Chairmon of the Scciety, whers
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Tuberculosis Therapy

Landmark

SM and PAS

Randomised trial, SM versus PAS versus SM/PAS
Triple therapy, isoniazid/SM/PAS, 24 months
EMB replaces PAS, 18 months

RIF added to INH/EMB/SM, 9 months

PZA added to INH/RIF, 6 months
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SM: streptomycin; PAS: para-amino salt of salicylic acid;
RIF: rifampicin; EMB: ethambutol; INH: isonicotinic acid
hydrazide; PZA: pyrazinamide.

Eur Respir J 2002; 20: Suppl. 36, 87s—94s
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Streptomycin-Resistant TB

BRITISH MEDICAL JOURNAL

LONDON SATURDAY OCTOBER 30 1948

STREPTOMYCIN TREATMENT OF PULMONARY TUBERCULOSIS
A MEDICAL RESEARCH COUNCIL INVESTIGATION

The following gives the short-term results of a controlled investigation into the effects of streptomycin on one
type of pulmonary tuberculosis. The inquiry was planned and directed by the Streptomycin in Tuber-
culosis Trials Committee, composed of the following members: Dr. Geoffrey Marshall (chairman), Professor
J. W. S. Blacklock, Professor C. Cameron, Professor N. B. Capon, Dr. R. Cruickshank, Professor J. H. Gaddum,
Dr. F. R. G. Heaf, Professor A. Bradford Hill, Dr. L. E. Houghton, Dr. J. Clifford Hoyle, Professor
H. Raistrick, Dr. J. G. Scadding, Professor W, H. Tytler, Professor G. S. Wilson, and Dr. P. D’Arcy Hart
(secretary). The centres at which the work was carried out and the specialists in charge of patients and
pathological work were as follows:

Brompton Hospital, London—Clinician: Dr. J. W. Bangour Hospital, Bangour, West Lothian—Clinician :
Crofton, Streptomycin Registrar (working under the Dr. I. D. Ross ; Pathologist: Dr. Isabella Purdie.
direction of the h y staff of Brompton Hospital) ; Killingbeck Hospital and Sanatorium, Leeds—Clini-
Pathologists: Dr. J. W. Clegg, Dr. D. A. Mitchison. cians: Dr. W. Santon Gilmour, Dr. A. M. Reevic;

Colindale Hospital (L.C.C.), London.—Clinicians: Dr. Pathologist: Professor J. W. McLeod.

J. V. Hurford, Dr. B. J. Douglas Smith, Dr. W. E. Snell ; Northern Hospital (L.C.C.), Winchmore Hill, London.
Pathologists (Central Public Health Laboratory): Dr. —Clinicians: Dr. F. A. Nash, Dr. R. Shoulman ; Patho-
G. B. Forbes, Dr. H. D. Holt. logists: Dr. J. M. Alston, Dr. A. Mohun.

Harefield Hospital (M.C.C.), Harefield, Middlesex.— Sully Hospital, Sully, Glam—Clinicians: Dr. D. M. E.
Clinicians: Dr. R. H. Brent, Dr. L. E. Houghton; Thomas, Dr. L. R. West ; Pathologist: Professor W. H.
Pathologist: Dr. E. Nassau. Tytler.

The clinicians of the centres met periodically as a working subcommittee under the chairmanship of
Dr. Geoffrey Marshall; so also did the galhologists under the chairmanship of Dr. R. Cruickshank.
Dr. Marc Daniels, of the Council's scientific staff, was responsible for the clinical co-ordination of the
trials, and he also prepared the report for the Committee, with assistance from Dr. D. A. Mitchison
on the analysis of laboratory results. For the purpose of final analysis the radiological findings were
assessed by a panel composed of Dr. L. G. Blair, Dr. Peter Kerley, and Dr. Geoffrey S. Todd.
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Drug-resistant TB: a Man-made Phenomenon

TABELE1.1 G of inadequate antitut losis treatment (1)
HEALTH-CARE PROVIDERS: DRUGS: PATIENTS:
INADEQUATE REGIMENS INADEQUATE SUPPLY/QUALITY  INADEQUATE DRUG INTAKE
Inappropriate guidelines Poor quality Foor adherence (or poor Gunde[lnes for the
Moncompliance with Unavailability of certain DOT) programmatic management of

guidelines drugs (stock-outs or Lack of information drug.resistant tuberculosis
Absence of guidelines delivery disruptions) Lack of money (no treatment
Poor training Poor storage conditions available free of charge)
No monitoring of Wrong dose or Lack of transportation

treatment combination Adverse effects
Poorly arganized or funded Social barriers

TB control programmes Malabsorption

Substance dependency
disorders

* Short-course chemotherapy for
patients infected with drug-
resistant strains may create even
more resistance to the drugs in
use

World Health

"%\! Organization

2006

— The “amplifier effect” of short-
course chemotherapy &
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Number and Proportion of Culture Positive TB Cases
with Baseline Drug Susceptibility Testing Results
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Courtesy of Dr. Pin Hul Lee

PLoS ONE 2019;14(4):e0214792
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Proficiency of drug susceptibility testing for Mycobacterium # *
P . L
tuberculosis in Taiwan, 2007-2011 i 3
-+ Sensiwvity - Somavity
w0 = Specitaty . - ::-;:ﬁw
M-H. Wu,* C-Y. Chiang.™s Y-M. Deng.* T-F. Wang.* R. Jou®? Z ey = Ercunsy
Lals of Research and Diagnostic Center, Centers for Disease Control, Department A c
of Health, Taiwan; *International Union Against Tuberculesis and Lung Disease, Paris, France; *Division of Pulmaonary s &0
Medicine, Department of Internal Medicine, Wan Fang Hospital, Taipei Medical University, Taipei, Department of 2007 208 e w10 on ot 2008 200 2010 A
Internal Medicine, School of Medicine, College of Medicine, Taipei Medical University, Taipei, YDepartment of Yoar Vaar
Microbiology and Immunology. National Yang-Ming University, Taipei, Tahwan
SUMMARY 00 00
stl’TING Authorised clinical 5 iology labora-  mean efficiency in detecting resistance to INH and RMIP
torics in Taiwa reached =99% during 2008-2011 (P = 0.90 for INH L o
(CBIECTIVE: To evaluate the impact of external qualiey  and I = 0,82 for RMP), and for EMB it increased from
assessment (EQA) on the quality of drog susceptibiliy  82,0% in 2007 to 92,2% in 2008 and 99,5% in 2011 o
testing (DST) in 2007-2011. (P < 0,01}, while that for resistance to SM increased i *
DESIGH: Panels consisting of 20-30 bbwbu\m-umu me- from 82,0% in 2007 1o 98.1% in 2008 and 99.5% in § g =
berculasis strains were used. Efficiency of 95% i in dcmci 2001 (P = 0.01). I'ﬂpamunns of inoculum for DST and - =+ Senitvity - Sonasvty
ing resistance to both isoniazid (INH) and d ion of EMB were the main reasons for - Specifcity -
(RMP), and of 0% w cthambutol (EMB) and strepto- non-competence, © = 2"“'““‘““ L b 2&‘?“""“”
mycin (SM) was used o define a competent laboratory. CON(I.IISIDN The EQA programme was effective in o
REsULTS: The proportion of laboratorics thae fulfilled i the of clinical lab s in per- B [+]
h criteria for all first-line drugs was 16.7% Enrmmg DST for wherculosis. R R e - o e —— e s v o
in 1007. increasing to 85.7% in 2008, 86.1% in 2009,  key worns: proficiency; drug susceptibility testing Year ear
H2.4% in 2010, and to 96.8% in 2011 (P < 0.01). The Mycabacterism tubercalasis
Figure 2 Sensitivity, specificity, effaciency and of dug testing, 2007-2011: isoniazd (A); rifampicin (B),

ethambutol (C) and streptomycin (D)
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BACTEC MGIT 960 system and solid medsa (Lowenstein-lensen plus 7H11) S /n N

Int J Tuberc Lung Dis 2003;7:569-74
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HeEx 1

INiT1IAL DRUG RESISTANCE OF
MYCOBACTERIUM TUBERCULOSIS IN TAIWAN

Yiraw € Kuvawfow Bai, Towding Lin, i

1990-1995: INH: 9.2%, RMP:l.S%, MDR: 1.2%

T Aved when treating patients in Taiean
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Far-advanced TB, Effective?
* Standard short-course cher'rmwm'ccuﬁ;nrfgpy, based on first-line drugs, is an inadequate treatment
for some patients with drug-resistant TB JAMA 2000;283:2537-45
T -
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Gout attack----DC Pyrazinamide? Multidrug-resistant TB---Isolation!

B 5 b

B LB L




Drug-resistant Tuberculosis

* 1. Regimen for rifampicin-susceptible, isoniazid-
resistant tuberculosis

* 2. Shorter all-oral bedaquiline-containing regimen
for multidrug- or rifampicin-resistant tuberculosis

* 3. Longer regimens for multidrug- or rifampicin-
resistant tuberculosis

* 4. The bedaquiline, pretomanid and linezolid
(BPaL) regimen for multidrug-resistant
tuberculosis with additional fluoroquinolone

resistance

Module 4: Treatment

treatment using culture

@ World Health °
Organization

* 5. Monitoring patient response to MDR-TB

* 6. Starting antiretroviral therapy in patients on
second-line antituberculosis regimens

7. Surgery for patients on MDR-TB treatment
* 8. Care and support for patients with MDR/RR-TB

Treatment of isoniazid-resistant tuberculosis with first-line
drugs: a systematic review and meta-analysis

Medea Gegia, Nicholas Winters, Andrea Benedetti, Dick van Soolingen, Dick Menzies

Summary

Background The results of some reports have suggested that treatment of isoniazid-resistant tuberculosis with the
recommended regimens of first-line drugs might be suboptimal. We updated a previous systematic review of treatment
outcomes associated with use of first-line drugs in patients with tuberculosis resistant to isoniazid but not rifampicin.

Methods In this systematic review, we updated the results of a previous review to include randomised trials and
cohort studies published in English, French, or Spanish to March 31, 2015, containing results of standardised
treatment of patients with bacteriologically confirmed isoniazid-resistant tuberculosis (but not multidrug-resistant
tuberculosis—ie, not resistant to rifampicin) in whom failure and relapse were bacteriologically confirmed. Results in
patients with drug-sensitive tuberculosis included in the same studies were also analysed. We pooled treatment
outcomes with random-effects meta-analysis.

Findings We identified 19 cohort studies and 33 trials with 3744 patients with isoniazid-resistant tuberculosis and
19012 patients with drug-sensitive disease. The pooled rates of failure or relapse, or both, and acquired drug resistance
with all drug regimens were 15% (95% CI 12-18) and 3.6% (2-5), respectively, in patients with isoniazid-resistant
tuberculosis and 4% (3-5) and 0-6% (0-3-0-9) in those with drug-sensitive tuberculosis. Of patients with initial
isoniazid-resistant tuberculosis with acquired drug resistance, 96% (93-99) had acquired multidrug-resistant disease,
Treatment of isoniazid-resistant tuberculosis with the WHO standard regimen for new patients resulted in treatment
failure, relapse, and acquired multidrug resistance in 11% (6-17), 10% (5-15) and 8% (3-13), respectively; treatment
with the standard WHO regimen for previously treated patients resulted in treatment failure in 6% (2-10), relapse in
5% (2-8), and acquisition of multidrug resistance in 3% (0-6). For patients with drug-sensitive disease treated with
the standard retreatment regimen the rates were 1% (0-2), 5% (4-7), and 0-3% (0-0-6).

Interpretation Treatment of isoniazid-resistant tuberculosis with first-line drugs resulted in suboptimal outcomes,
supporting the need for better regimens. Standardised empirical treatment of new cases could be contributing
substantially to the multidrug-resistant epidemic, particularly in settings where the prevalence of isoniazid
resistance is high. .. R .. .
Isoniazid-resistant TB vs. Isoniazid-sensitive TB

* Higher treatment failure (11% vs 1%)
* Relapse (10% vs 5%)
* Higher rates of acquired multidrug resistance (8% vs 0.3%)

@R®
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Lancet Infect Dis 2017;
17:223-34

Published Online
Novernber 16, 2016
http:/iede.choi org/ 10,1016/
51473-3099(16)30407-8
See Comment page 127
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Treatment Outcomes for New and Relapse TB Cases
, and MDR/RR-TB Cases, 2012-2017 Globally

New and relapse TB cases MDR/RR-TB cases
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WHO: 2019 Global TB Report
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The NEW ENGLAND JOURNAL of MEDICINE

EDITORIALS

Tuberculosis Diagnosis — Time for a Game Change
Peter M. Small, M.D., and Madhukar Pai, M.D., Ph.D.

N Engl J Med 2010;363:1070-1
16
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Drug Resistance-related Genes against Anti-TB Drugs

Resistance-related
Drug genes Oceurrence(%) Gene function
Rifampicin poB 95-99 RNA polymerase subunit B
Isoniazid katG 60-95 Catalase-peroxidase
inhd 843 Promoter region for 2-trans-enoyl-acyl
carrier protein reductase
Ethambutol embB 0-68 Arabinosyltransferase
ubid 95-45.5 §-Phospho--d-ribose-1-diphosphate:
R decaprenyl-phosphate
M. tuberculosis 5-phosphoribosyliransferase
H37Rv Streptomycin rpsl T0-85 Ribosomal protein 512
4,411,529 bp s T0-85 165 rANA
gidB Ni& Putative 165 rANA methyltransferase
Quinolones gyrd 9798 DNA gyrase subunit A
gyrB NiA DNA gyrase subunit B
Aminoglycosides s 86-97 165 rANA
ais NIA Aminaglycoside acetyltransferase
Pyrazinamids pncA Upto %9 Amide conversion
psd 51 ribosomal protein
panD Aspartate decarboxylase
clpCt Protease

Nature 1998;393:537-44
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Respirology 2018;23:1098-113
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Genotypic Methods

Detection of Rifampicin Resistance

GenoType MTBDRplus Assay

Technology: PCR and the Strip technology
Targets: rifampicin (rpoB gene) and
isoniazid (katG gene: high level isoniazid
resistance; inhA gene: low level resistance)

Complex to perform and require technical
expertise (Decentralizing: not applicable)

g
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Xpert MTB/RIF Assay

* Technology: Nested real-time PCR

Targets: rpoB gene - probed with five
molecular beacons for mutations within
the rifampin-resistance determining
region (RRDR)

*  Two-hour detection of MTB and rifampin

resistance mutations
3 EASY STEPS

Total hands-on time: <1 Minute

© @ 9

P E =

Xpert® MTB/RIF s a qualitative real-time PCR test for automated detection of Mycobacterium
tuberculosis complex DNA and rifampin resistance associated mutations of the rpo8 gene.




Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance ,

The NEW ENGLAND
JOURNAL of MEDICINE

SEFTEMBER 9, 2000 LW w1

Sputum liquefaction
and inactivation with
2:1 sampie reagent

Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance

Sample Ultrasanic lysis
automatically | of iter<captured
filtered ard organisms to

release DNA

..... 1 with Buman
tion. Exrly detecrion is evsential o redere the death
h lexiry and of sensitive

aod el Transfer of
2 ml material
into test cartridge

Cartridge inserted into
MTB-RIF test platform
(end of hands-on work)

w
wdenndiod 200 of
and 504 of S14 {918 with

Time to result, 1 hour 45 minutes

providel sensitive deiveion of rubereabovis and rifampin rovis-
tarce dirceely froms tntrated mpuaturss i beas th i
by the Foundstion for Lasmearive

g

N Engl J Med 2010;363:1005-15
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Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance_,

Phenotypic Drug-Susceptibility Testing

Site and Total and Discrepant Resolution by Sequencingj

Phenotypic Drug-Susceptibility Testing

Sensitivity for
Rifampin Resistance

Specificity for
Rifampin Resistance

Sensitivity for
Rifampin Resistance

Specificity for
Rifampin Resistance

Lima, Peru — no./total no. (%)

Baku, Azerbaijan — no. /total no. (%)

Durban, South Africa — no./total no. (%)

Mumbai, India — no./total no. (%)

Cape Town, South Africa — no./total no. (%)

16/16 (100.0)
47/49 (95.9)
15/16 (93.8)
3/3 (100.0)

119/121 (98.3)

190/193 (98.4)
90/94 (95.7)
126/126 (100.0)
38/38 (100.0)
61/64 (95.3)

19/19 (100.0)
51/52 (98.1)

15/15 (100.0)
3/3 (100.0)

121/122 (99.2)

190/190 (100.0)
90/90 (100.0)
126/126 (100.0)
38/38 (100.0)
62/62 (100.0)

Total for rifampin resistance
Correct — no./total no. (%)
95% Cl — %

Total for multidrug resistance
Correct — no. [total no. (%)

95% Cl — %

200/205 (97.6)
94.4-99.0

195/200 (97.5)
94.3-98.9

505/515 (98.1)
96.5-98.9

209/211 (99.1)
96.6-99.7

197/199 (99.0)
96.4-99.7

506/506 (100.0)
99.2-100.0

N Engl J Med 2010;363:1005-15

20




WHO Endorsed Xpert MTB/RIF Assay in 2010

Rapid Implementation of 3 Prerequisites to country
! : the Xpert MTB/RIF | implementation of Xpert
Technology for Rapid and  [B& diagnostic test Bzt | MTB/RIF and key action

Simultaneous Detection of - ,
Technical and Operational ‘How-to

uberculosis and . b Practical considerations
Rifampicin Resistance: ' ‘ I
Xpert MTB/RIF System

olicy Statement

+ Tsimoasun
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Feasibility, Diagnostic Accuracy, and Effectiveness of Decentralised Use of
the Xpert MTB/RIF Test for Diagnosis of Tuberculosis and Multidrug
Resistance: a Multicentre Implementation Study

B 100%
vy Specificty Positive Negative 1 .. /'
predictive valoe  predictive vahoe { .
P Ty WG 9555 o we 1 S 9a%
Haky, Azerbaijan A7/50(34-0%, B3 8-97 ) 160161 (99 -4%, 96-6-999) 80N 981w | .
Cape Town, South Africa A0 (900%, 59-6-582) A7SATE {98 3%, 95:2-094) 7w 9= J /
Hampala, Ugands 13 (333% 61-797) 11113 (99-1%, 952-99.8) 47 579% ¥ ~
Vellore, india 810 (BOO%, 490-541) /93 (97-8%, 925-594) Bos% T r}
Muanila, Phikppines 1497154 (96-8%, 97 6-986) G703 (94 %, E7.9-97-3) 5 5% 959%
Total 2367250 (94-4%, 90-8-96-6) 796/B10 (983%, 97 1-990) 93 98-6% /
f 95w ‘., Aserhaian, Ugands, 7 /
’"“."".‘WI — T Jlllr.
. Y,
. . . | "_/I
*  MTB/RIF test for rifampicin ir
. ) /
resistance T J
/ Line-probe assay
_ vty [o) 1 s —— MTB/RIF
Sensitivity: 94.4% (236 of 250) / Pty drvg-suceptbily testing
— Specificity: 98.3% (796 of 810) 20 o 6 g0 100 1o 1o
Time to detection (days)
* Decentralised MTB/RIF test implementation is . . .
o . . [ ]
feasible and could lead to an improvement in Median time to detection of
tuberculosis care and control rifam picin resistance

— MTB/RIF test: 1 day (0-1)
— Phenotypic DST: 106 days (30-124)

Lancet 2011;377:1495-505
23
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Clinical Implications: Rifampin-susceptible

-

\ ' g
79 y/o, male (Pneumoconiosis) 19 y/o, female (SMNEER )
Sputum AFS (++++) Sputum AFS(-)
Xpert: MTB(+), RMP-resistant (-) Xpert: MTB(+), RMP-resistant (-)
Phenotypic DST: all susceptible (1 month) Phenotypic DST: all susceptible (45 days)
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Clinical Implications: Rifampin-resistant

\
il . 1 - -lﬁf
70 y/o, male (& S 2Rt E) 31 y/o, female (Rifampin-resistant TB contact)
Sputum AFS(++++) Sputum AFS(-)
Xpert: MTB(+), RMP-resistant (+) Xpert: MTB(+), RMP-resistant (+)
Phenotypic DST: rifampin-resistant (35 days) Phenotypic DST: rifampin-resistant (41 days)
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Cochrane Review

Cochrane
Cochrane (%
(% lerary l:,II::aW :

Xpert MTB/RIF and Xpert MTB/RIF Ultra for pulmonary tuberculosis
and rifampicin resistance in adults (Review)

Xpert® MTB/RIF assay for pulmonary tuberculosis and Harme B4, Kohll M, Zifodya J5, Schiller |, Dendukuri M, Tollezan D, Schumacher 56, Ochodo EA,
rifampicin resistance in adults (Review) Pas M, Steingart KR

For rifampicin resistance detection,
Xpert®MTB/RIF pooled sensitivity
was 95% and pooled specificity was
98%

For rifampicin resistance, Xpert
MTB/RIF was highly sensitive (96%)
and specific (98%)

e cochrmeeibenry com

v 6313 . Lo e & i b it s iy o 13 st e ome  WILEY

WILEY

2015 2019
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GenoType MTBDR Assays for the Diagnosis of
Multidrug-resistant Tuberculosis: a Meta-analysis

ABSTRACT: The global extensively drug-resistant tuberculosis (TB) response plan calls for
implementation of rapid tests to screen patients at risk of drug-resistant TB. Currently, two line
probe assays exist, the INNO-LiPA:Rif.TB assay (Innogenetics, Ghent, Belgium) and the
GenoType:x MTBDR assay (Hain LifeScience GmbH, Nehren, Germany). While LiPA studies
have been reviewed, the accuracy of GenoType assays has not been systematically reviewed.

The present authors carried out a systematic review and used meta-analysis methods
appropriate for diagnostic accuracy. After the literature searches, 14 comparisons for rifampicin
and 15 comparisons for isoniazid were identified in 10 articles that used GenoType MTBDR
assays. Accuracy results were summarised in forest plots and pooled using bivariate random-
effects regression.

The pooled sensitivity (98.1%, 95% confidence interval (Cl) 95.9-99.1) and specificity (98.7%,
95% Cl 97.3-99.4) estimates for [rifampicin| resistance were very high and consistent across all
subgroups, assay versions and specimen types. The accuracy for [isoniazid was variable, with
lower sensitivity (84.3%, 95% CI 76.6-89.8) and more inconsistent than specificity (99.5%, 95% CI
97.5-99.9).

GenoType MDTBR assays demonstrate excellent accuracy for rifampicin resistance, even when
used on clinical specimens. While specificity is excellent for isoniazid, sensitivity estimates were
modest and variable. Together with data from demonstration projects, the meta-analysis provides
evidence for policy making and clinical practice.

KEYWORDS: Diagnostic accuracy, drug resistance, line probe assay, multidrug-resistant
tuberculosis, sensitivity and specificity, tuberculosis

Eur Respir J 2008;32:1165-74
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WHO Recommended the Use of Line probe Assay

* A specific probe to identify M.

678 World Health tuberculosis complex
%5 Organization

* Multiple probes to detect the most
common mutations in rpoB (codons
MOLECULAR LINE PROBE ASSAYS FOR RAPID SCREENING OF 5 3 1’ 5 2 6 a n d 5 1 6)

orE * Multiple overlapping wild-type
= (susceptible) probes covering the
RRDR region of rpoB

*  Multiple probes to detect both high-
level (katG mutations) and low level
isoniazid resistance (inhA mutations)

POLICY STATEMENT

*  Strip technology, with appropriate
assay procedure controls, allowing
visual detection of results

27 June 2008




Close Contacts of Patients with MDR-TB

MDR-TB

MDR-TB:462X

e Rt s
SHEMBREABLES AE0E

Performance Assessment of the GenoType MTBDRplus Test and DNA
Sequencing in Detection of Multidrug-Resistant Mycobacterium tuberculosis

TABLE 1. Genotype MTBDRplus assay and sequencing results for
242 MDR Mycobacterium tuberculosis isolates

Result by the

No. (%) with the following result by

GenoType Result by conventional DST:
MTBDRplus sequencing RIE INH
test resistant resistant MDR
Resistant Resistant 229 (94.6) 198 (81.8) 188 (77.7)
Resistant Susceptible 2(0.8) 0 (0) 2(0.8)
Susceptible ~ Resistant 8 (3.3) 28 (11.6) 33 (13.6)
Susceptible ~ Susceptible 3(1.2) 16 (6.6) 19 (7.9)

* The sensitivity and specificity for RIF-resistant : 95.5% and 100%
* The sensitivity and specificity for INH-resistant: 81.8% and 100%

J Clin Microbiol 2009;47:2520-4
o 30
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50 y/o, Male

Portable e Worked in Viethnam

Sputum AFS (++++)

\41

GeneXpert test
— RMP: resistant

GenoTypeMTBDRplus Test

— INH: resistant
— RMP: resistant

PhenOtypiC DST (40 days later)
— HERS: resistant
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82 y/o, Male

B 1 5 WA

Underlying disease

— Pneumoconiosis
TB History: 15 yrs ago
GeneXpert test

— RMP: resistant
GenoTypeMTBDRplus Test

— INH: susceptible

— RMP: resistant
Phenotypic DST

— INH: resistant
— RMP: resistant

Line Probe Assays: A Meta-Analysis

GenoType MTBDRplus Assay for Rapid
Detection of Multidrug Resistance in
Mycobacterium tuberculosis: A Meta-Analysis

Yuanyuan Bai, Yueling Wang, Chunhong Shao. Yingying Hao. Yan Jin*

aboraseey, g # " Jinan, PR

China

The pooled sensitivity
* Isoniazid: 0.91 (0.88-0.94)
» Rifampicin: 0.96 (0.95-0.97)

The pooled specificity
* Isoniazid: 0.99 (0.98-0.99)
» Rifampicin: 0.98 (0.97-0.99)

Methods
Wi smarched PubMed, EME‘\SE and Cod!ranu th&w atabissis 1o identify studies

acoording . A ot incluged in the lysis.
QUADAS-2 was the quality of includad ies with RevMan 5.2, STATA
13, WA d . 515 for sensitivity, specificity, positive likelihood
ralio, negalive ralio, and the summary receiver

P ] b g y maasures was lested with
Spearman correlation cosffickent and Chi-square,

Results

P bigz o d . The p sanaitivity (95% confi-
dence intarvals were 0,91 (0.88-0.84) for isoniazid, U 96 (0.95-0.87) for rifampicin, and
0.91(0.86-0.84) for multidrug-resistance. The pooled specilicity (35% C1) was 0.99 (0.58—
0.99) for isoniazid, .08 (0.97-0.99) tor rifamp 10.99-1.00) for g
tance, i The area under thy recoiver i

Conclusion
This that MIEIDF\Dms had good accuracy for rapid
detestion of istance to isaniazi picin of M, is. MTBORplus

PLoS ONE 2016,11: e0150321

Accuracy of line probe assays for the
diagnosis of pulmonary and multidrug-
resistant tuberculosis: a systematic
review and meta-analysis

RIF resistance: pooled sensitivity and specificity
*  96.7% (95.6—97.5%) and 98.8% (98.2-99.2%)

INH resistance: pooled sensitivity and specificity
*  90.2% (88.2-91.9%) and 99.2% (98.7-99.5%)

W @ERSpublications

Line probe assays have high accuracy for detection of RIF resistance and INH resistance
hittpeifow ly/USX53051gFV

Cite this article as: lenmharam RR. Cudahy PGT, Schunmhtr SG et al. Accuracy of line probe assays
for the diagnosis of and drug-resistant review and meta-analysis.
Eur Respir | 2017; 49: 1601075 [https://dol.org/10.1 183/1 3993003, 0I075 20186].

ABSTRACT  Only 25% of multidrug resistant tuberculosis (MDR-TE) cases are currently dlagnosed.
Line probe assays (LPAs) enable rapid drug-suscep testing for cifampicin (RIF) and isoniazid (INH)
resistance and Mycobacterium tuberculosis detection. Genotype MTBDRplusV1 was WHO-endorsed in
2008 but newer LPAs have since been developed.

This systematic review evaluated three LPAs: Hain Genotype MTBDRplusV1, MTBDRplusVE and
Nipro NTM+MDETE. Stady quality was assessed with QUADAS.2. Bivariate random-effects mela
analyses were performed fnr direct and indirect testing. Hesults for RIF and INH resistance were compared
10 phenotypic and comp (i ing sequencing) reference standards. M. tuberculosis detection
results were compared to culture,

74 unique studics were included, For RIF resistance (21225 samples), pooled sensitivity and speciticity
(with 95% confidence intervals) were 96,7% %) and 98.8% (98,2~
(20954 s.:lmpl.v-) puul«l e 1y were S0.2% (88.2-91.9%) and 99.3% [‘!’S 7

TS were
specificity mamu«l lrmrgmalh Im J\I' rnJ wlosis detection (3451 -&nlnp]r\] pooled sensitivity was ‘M&
(89.4-99,4%) for smear-positive specimens and 44% (20.2-71.7%) for smear-negative specimens,

In patients with pulmonary TB, LPAs have high sensitivity and specificity for RIF resistance and high
specificity and good sensitivity for INH resistance, This meta-analysis provides evidence for policy and practice,

Eur Respir J 2017; 49: 1601075
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Decreased Time to Treatment Initiation for Multidrug-Resistant
Tuberculosis Patients after Use of Xpert MTB/RIF Test, Latvia

Few studies have examined whether the Xpert

MTB/RIF test improves time to treatment initiation 100
for persons with multidrug-resistant tuberculosis
(MDR TB). We determined the impact of this test in
Latvia, where it was introduced in 2010. After
descriptive analyses of pulmonary MDR TB patients
in Latvia during 2009-2012, time to treatment
initiation was calculated, and univariate and
multivariable accelerated failure time models were 0.254
constructed. Univariate results showed strong
evidence of an association between having rifampin- aod e

resistant TB detected by Xpert MTB/RIF and reduced 0 100 200 300 400
time to treatment initiation versus the test not being ) Time to treat initiation, d

used. A multivariable model Stratifying by previous Figure 5. Kaplan-Meier plot of time to treatment initiation by use
75 showed simir esuts. Ourfnding that n Lania, 17 2% 60 UTBAF 1 ettt g rstn
time to treatment initiation was decreased for MDR MDR TB treatment initiation (days) for patients who were not

TB cases that were rifampin-resistant TB by tested by Xpert MTB/RIF (dark gray line) and those who had
XpertMTB/RIF has implications for the use of this  rifampin-resistant TB by Xpert MTB/RIF (light gray line). MTB,
test in other settings with a high burden of MDR TB  Mycobacterium tuberculosis; RIF, rifampin.

in which rifampin resistance is highly predictive of

MDR TB.

0.754

Proportion
o
g

Emerg Infect Dis 2016;22:482-90
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Impact of GeneXpert MTB/RIF® on Treatment Initiation and Outcomes of RIF-
resistant and RIF-susceptible TB Patients in Vladimir TB Dispensary, Russia

. Background: The main advantage of GeneXpert MTB/RIF® (Xpert) molecular diagnostic technology is the rapid detection of
M.tuberculosis DNA and mutations associated with rifampicin (RIF) resistance for timely initiation of appropriate treatment
and, consequently, preventing further transmission of the disease. We assessed time to treatment initiation and treatment
outcomes of RIF-resistant and RIF-susceptible TB patients diagnosed and treated in Vladimir TB Dispensary, Russia in 2012,
before and after implementation of GeneXpert MTB/RIF® diagnostic technology.

. Methods: All adult patients suspected of having TB during February—December 2012 underwent a clinical examination,
chest x-ray, microscopy, culture, and phenotypic drug susceptibility testing (DST). Starting August 2012 Xpert diagnostic
technology became available in the facility. We used logistic regression to compare treatment outcomes in pre-Xpert and
post-Xpert periods. Kaplan-Meier curves and log-rank test were used to compare the time to treatment initiation between
the groups.

. Results: Of 402 patients screened for TB during February—December 2012, 338 were diagnosed with TB (280 RIF-susceptible,
58 RIF-resistant). RIF-resistant patients in the post-Xpert group started treatment with second-line drugs (SLD) earlier than
those in pre-Xpert group (median 11 vs. 37 days, Log-rank p = 0.02). The hazard ratio for time to SLD treatment initiation
was significantly higher in post-Xpert group (HR:2.06; 95%Cl:1.09,3.89) compared to pre-Xpert group. Among the 53/58 RIF-
resistant TB patients with available treatment outcome, 28 (53%) had successful outcomes (cured/completed treatment)
including 15/26 (58%) in post-Xpert group versus 13/27 (48%) in pre-Xpert group. The observed difference, however, was
not statistically significant (OR:0.69; 95%Cl:0.23,2.06). Among RIF-susceptible TB cases time to treatment initiation was not
significantly different between the groups (2 vs. 3 days, Log-rank p = 0.73). Of 252/280 RIF-susceptible TB cases with
treatment outcome, 199 (79%) cases had successful outcome including 94/114 (82%) in post-Xpert group versus 105/138
(76%) in pre-Xpert group (OR:0.68; 95%Cl:0.36,1.26).

. Conclusion: We observed that availability of Xpert for initial diagnosis significantly reduced the time to SLD treatment for
RIF-resistant patients in the Vladimir TB Dispensary. Although implementation of rapid diagnostics did not improve
treatment outcomes, early diagnosis of MDR-TB is important for selection of appropriate treatment regimen and prevention

of transmission of drug-resistant strains of TB.

BMC Infect Dis 2020;20:543
36
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Rifampin Drug Resistance Tests for Tuberculosis
Challenging the Gold Standard

N2 —
BER

« 1t TB history: 2016/7~2017/1 with HRZ(E)
Phenotypic DST: all susceptible
+ 2" TB history: 2017/9, relapse
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J Clin Microbiol 2013;51:2633-40
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Phenotypic DST: all susceptible
Genotypic DST: RMP-R
Genetic locus: rpoB L511P

Laboratory errors
Silent mutations

Mutations outside the 81 base-pair RMP resistance-determining region

INT J TUBERC LUNG DIS 21(7):721-726
@ 2017 The Union
http://dx.doi.org/10.5588/ijtld.17.0140

Disputed mutations conferring increased minimal inhibitory
concentrations below the critical concentration in some phenotypic
drug susceptibility tests
Heteroresistance

How should discordance between molecular and growth-based
assays for rifampicin resistance be investigated?

S. Hofmann-Thiel,* H. Hoffmann,* D. Hillemann,' L. Rigouts,* A. Van Deun,5" K. Kranzer**

*SYNLAB Gauting, Institute of Microbiology and Laboratory Medicine, World Health Organization Supranational
Reference Laboratory of Tuberculosis, Gauting, *National and Supranational Reference Laboratory, Leibniz
Research Centre Borstel, Borstel, Germany; *Antwerp University, Antwerp, ®Institute of Tropical Medicine,
Antwerp, Belgium; Tinternational Union Against Tuberculosis and Lung Disease, Paris, France; *London School of

Hygiene & Tropical Medicine, London, UK

SUMMARY

Molecular tests to detect the presence of Mycobacterium
tuberculosis and genetic polymorphisms in the rpoB
gene conferring resistance to rifampicin (RMP) have
become integral parts of tuberculosis diagnostics world-
wide. These assays are often performed sequentially or
in parallel to phenotypic drug susceptibility testing.
Discordances between molecular and phenotypic tests
invariably occur. Root causes range from pre-, post- and
analytic errors to co-existence of non-tuberculous
mycobacteria, silent mutations, mutations outside the
81 base-pair RMP resistance-determining region, non-

SAMBEARLNSASNE

canonical mutations conferring increased minimal in-
hibitory concentrations below the critical concentration
in some phenotypic drug susceptibility tests, and
heteroresistance. Resolving discordant results is chal-
lenging. This guide aims to assist both clinicians and
microbiologists in interpreting discordances by provid-
ing a structured approach to manage further investiga-
tions. Case scenarios are discussed, including the
likelihood of occurrence.

KEY WORDS: RMP; molecular diagnostics; Xpert®
MTB/RIF; phenotypic DST; tuberculosis
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TECHNICAL NOTE

False-positive rifampicin resistance on Xpert® MTB/RIF:
case report and clinical implications

A. Van Rie,* K. Mellet,* M-A. John,?5 L. Scott,51 L. Page-Shipp,’ H. Dansey,* T. Victor,** R. Warren**

*Department of Epidemiology, University of North Carolina, Chapel Hill, North Carolina, USA; TRight to Care,
Johannesburg, *Clinical Microbiology and Infectious Diseases, University of Witwatersrand, Johannesburg, SNational
Health Laboratory Services, Johannesburg, "Department of Molecular Medicine and Haematology, University of the
Witwatersrand, Johannesburg, *Witkoppen Health and Welfare Centre, Fourways, Gauteng, ** Department of Science
and Technology, National Research Foundation Centre of Excellence for Biomedical Tuberculosis Research, Medical
Research Council Centre for Molecular and Cellular Biology, Division of Molecular Biology and Human Genetics, Faculty

of Health Sciences, Stellenbosch University, Cape Town, South Africa

SUMMARY

The World Health Organization had endorsed Xpert®
MTB/RIF (Xpert) as the initial diagnostic for multidrug-
resistant tuberculosis (TB) or TB suspects co-infected
with the human immunodeficiency virus. We investi-
gated an unexpected case of rifampicin (RMP) resis-
tance on Xpert using repeat Xpert, sSmear microscopy,
MTBDRplus assay, culture, drug susceptibility testing,
spoligotyping and rpoB gene sequencing. A false-positive

quence and exclusion of both mixed infection and mix-
ture of drug-susceptible and drug-resistant populations.
When decentralising Xpert, test performance character-
istics need to be understood by health care workers and
methods of confirmation of RMP resistance need to be
accessible.

KEY WORDS: tuberculosis; MDR-TB; assay perfor-
mance; false-positive rifampicin resistance

result was most likely, given the wild type #poB gene se-
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Isolation of Mycobacterium tuberculosis Strains with a
Silent Mutation

* Isolation of Mycobacterium tuberculosis Strains with a Silent Mutation
in rpoB Leading to Potential Misassignment of Resistance Category

— Our study provides an alert regarding the transmission of rifampin-susceptible strains
of Mycobacterium tuberculosis with a silent substitution in codon 514 of rpoB. Among
1,450 cases, we identified 12 isolates sharing this mutation and related restriction
fragment length polymorphism (RFLP) types. The mutation impaired hybridization
with the wild-type probes in three independent commercial assays, which could lead
to misassignment of resistance.

J Clin Microbiol 2011:49:2688-90

* Silent Mutation in rpoB Detected from Clinical Samples with Rifampin-
Susceptible Mycobacterium tuberculosis

— These two isolates (1.4%) had a silent TTC (Phe)-to-TTT (Phe) shift (the same
replacement found in the isolates included in the study by Alonso et al).
J Clin Microbiol 2011;49:3722
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Drug-resistant TB: Silent Mutation

* Cunnuuzen

ke

* Male, 14 y/o

* Family Hx of TB: uncle
(treated as MDR-TB)

* Xpert: RMP-R
* Genotype: INH-S, RMP-R

* Phenotypic DST: all
susceptible

* Genetic locus: silent
mutation
— rpoB P520P, CCG/CCA

Phenotypic DST: RMP-R, INH-R

79 y/o, Male

* rpoB gene: no RRDR (RMP resistance
determining region) mutation

Genotypic DST: RMP-S, INH-R « katG S315T mutation
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Clinical Failures Associated with rpoB Mutations in Phenotypically Occult
Multidrug-resistant Mycobacterium Tuberculosis

. SETTING: Recently, Mycobacterium tuberculosis isolates have been described that test phenotypically susceptible to
rifampicin (RMP) yet harbour genotypic rpoB mutations.

. OBJECTIVE: 1) To investigate the impact of such mutations on clinical outcomes among RMP-susceptible isolates, and 2) to
determine the prevalence of rpoB mutations among isoniazid (INH) monoresistant isolates at our laboratory and to describe
the association between the presence of these mutations and clinical outcomes.

. METHODS: M. tuberculosis isolates were screened for mutations in the rpoB gene using the Cepheid Gene-XpertR MTB/RIF
assay. Clinical correlation was made by reviewing patient case notes.

. RESULTS: Isolates from 94 patients were found to have INH-resistant, RMP-susceptible profiles. Clinical information was
available for 52 patients, including three whose isolates had rpoB mutations. All three of these patients had treatment
failures, compared to two of 49 patients whose isolates did not have rpoB mutations (P = 0.0005).

. DISCUSSION: We demonstrate a significant association between the presence of rpoB gene mutations that are not detected
at the current RMP critical concentration and treatment failure. We suggest that a review of the current RMP critical
concentration is warranted to ensure that RMP is not used inappropriately for the treatment of phenotypically occult
multidrug-resistant tuberculosis.

Table Cinical, microbiclogical and genotypic characteristics of patients with rpoB gene mautations and high-level isoniazid resistance

Microbiologecal and genotypic chasacleristes

Climcal characterstics -
Genalypie mutalons hengiypc
Pressicnss Rfampicin DST nEEAAnCE 10
Cauntry it e Leatment - 0125 rpcl katG alher frstline
Patient  of birth of disease for TB Treatment regimen Teeatment falure? 1 0pgml 0.5 pgiml 025 pgim poml  mutationls)  mutaton®  agents
1 Eomea Pulmonary Unknown Uninown Unknown Susceptble  Susceptible  Resstant Resistant  LeuS11Fr0  Ser315The 5
Met5 15l
F China Extra- Mo Zmonths RHED Fecurent cubure-positive  Sisceptble  Susceptible  Resstant  Resistant  HisS26Asn  Serd1SThe sI
pulmanary 11 days RE Frh M pleural effuson 3 months Ala532val
ipleural) 10 menths RE Mix Cs aftes commencing
eatment
3 Carbodia  Exrapabnonary Mo 2 months RHEZ Progression 1o cullure: Suweplible  Susceptible  Susceptible  Resistant AspS16Tyr  Ser3iSThe 5
tceracal 10 menths BE st pulmenary
ymph node) dsaase | year aftar
commencing treatment
Chira Pulmonary Na 9 days RHEZM months Persistant sputum culture Suscepbble  Susceptible  Resstant Resistant  His526lew  Ser315The 5

REZ Mfw'4 months RE positiity & months after
commencng treatment

“Detected by the Genotygs MTEDghus assay
T8 = miberosions; ST = drug Bsceptlibty 1essng; § = streptomydin, 7 = pyrannasice. & = ilamgicin, H = isonaarsd; E = ethamnnol Fih = prothionamsde; Mk = maosSiosacin Cs = oytlowrine

Int J Tuber Lung Dis 2011;16:216-20
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Phenotypic DST: RMP-S Disputed mutation
Genotypic DST: RMP-R rpoB L511P




How Well Do Routine Molecular Diagnostics Detect Rifampin
Heteroresistance in Mycobacterium tuberculosis?

ABSTRACT Rifampin heteroresistance—where rifampin-resistant and -susceptible
tuberculosis (TB) bacilli coexist—may result in failed standard TE treatment and poten-
tial spread of rifampin-resistant strains, The detection of rifampin heteroresistance in rou-
tine rapid diagnostic tests (RDTs) allows for patients to receive prompt and effective
multidrug-resistant-TE treatment and may improve rifampin-resistant TE control. The
limit of detection (LOD) of rifampin heteroresistance for phenotypic drug susceptibility
testing by the proportion method is 1% and, yet, is insufficiently documented for RDTs.
We, therefore, aimed to determine, for the four RDTs (XpertMTE/RIF, XpertMTE/RIF Ultra,
GenoTypeMTBDRplusv2.0, and GenoscholarNTM +MDRTBII), the LOD per probe and mu-
tation, validated by CFU counting and targeted deep sequencing (Deeplex-MycTB), We
selected one rifampin-susceptible and four rifampin-resistant strains, with mutations
D435V, H445D, H445Y, and S450L, respectively, mixed them in various proportions in
triplicate, tested them with each RDT, and determined the LODs per mutation type.
Deeplex-MycTB revealed concordant proportions of the minority resistant variants in the
mixtures. The Deeplex-MycTB-validated LODs ranged from 208 to 80% for XpertMTB/
RIF, 20% to 70% for Xpert Ultra, 5% to 10% for GenoTypeMTBDRplusv2.0, and 1% to
10% for GenoscholarNTM+MDRTBI for the different mutations. Deeplex-MycTB, Geno-
TypeMTBDRplusv2.0, and GenoscholarNTM+MDRTBII provide explicit information on
rifampin heteroresistance for the most frequently detected mutations. Classic Xpert
and Ultra report rifampin heteroresistance as rifampin resistance, while Ultra may
denote rifampin heteroresistance through “mixed patterns” of wild-type and mutant
melt probe, melt peak temperatures. Overall, our findings inform end users that the
threshold for reporting resistance in the case of rifampin heteroresistance is the
highest for Classic Xpert and Ultra to resolve phenotypic and genotypic discordant
rifampin-resistant TB results.

KEYWORDS Deeplex-MycTB, GenoscholarNTM+MDRTEII, GenoTypeMTBDRplusv2.0,
Mycobacterium tuberculosis, XpertMTB/RIF, XpertMTB/RIF Ultra, limit of detection,
rifampin heteroresistance, rifampin-resistant tuberculosis
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Rifampin heteroresistance-where
rifampin-resistant and -
susceptible tuberculosis (TB)
bacilli coexist-may result in failed
standard TB treatment and
potential spread of rifampin-
resistant strains.

J Clin Microbiol 2019;57: e00717-19
45

57 y/o, Male

Xpert: RMP-R
GenoType : INH-R, RMP-R
Phenotypic DST:
— High-level INH-S, low-level INH-R
— RMP-S/RMP-R
— Prothionamide-R
Genetic loci
— rpoB L511P: disputed mutation
— rpoB S512T: hot-spot mutation

— inhA C-15T: inhA promoter
mutations confer low-level INH
resistance, but significantly affect
ETH susceptibility




Interpretation of Discordant Rifampicin Susceptibility Test Results
Obtained Using GeneXpert vs Phenotypic Drug Susceptibility Testing

»  Background. The 3-month difference in turnaround time between Xpert and ;:':;e"ser“";:::l"; of MTB Isolates Within the RRDR of the rpof Gene by
conventional phenotypic drug susceptibility testing (pDST) causes patient
treatment challenges when pDST rifampin (RIF) susceptibility results and No. of Isolatas With
earlier Xpert results disagree, resulting in unnecessary tuberculosis (TB) ) Different Mutations
patient exposure to toxic second-line drugs. Here, the prevalence of Mutation Type (n = 104} {%}
discordant RIF susceptibility test results, specifically Xpert (resistant) vs :“:'5:: 2; :;'g?'
pDST (susceptible) results, was determined. Asz;mw = :6_'?]

. Methods. Tuberculosis patients enrolled between January 2015 and June Ser522GIn 111,00
2018 at Beijing Chest Hospital who consecutively tested positive for RIF Serb22Leu 100
resistance using Xpert then negative using pDST were studied. DNA His526Asn 4 128)
sequences and minimal inhibitory concentration (MIC) results provided :::::g: ?:T;’
insights for understanding discordant results. Hiss26Leu 10961

. Results. Of 26 826 patients with suggestive TB symptoms undergoing Xpert His6265ar 10100
MTB/RIF testing, 728 diagnosed as RIF-resistant were evaluated. Of these, eS[e2lleY 514.8)

118 (16.2%) exhibiting Xpert RIF resistance and phenotypic RIF :fg;l;rf 1; :1?0;]
susceptibility yielded 104 successfully subcultured isolates; of these, 86 Lou511Pro + Mat5 15/l 7 “_é'
(82.7%) harbored rpoB gene RIF resistance—determining region mutations Leu511Pro + Ser509Arg 10100
and 18 (17.3%) did not. The Leu511Pro (25.0%) and Leu533Pro (17.3%) Leus11Pro + His&26GIn 111.0)
mutations were most frequently associated with discordant RIF susceptibility ~ Asp516Gly + Ser522Leu 100
test results. Of the 86 isolates with rpoB mutations, 42 (48.8%) with MICs AspS16Gly + AsnE18Asp 1004

. . . . His626Asp + Glusd1Gly 1 (1.0}
<1.0 mg/L were assigned to the RIF-susceptible group, with Leu511Pro being GInE17GIn Lo
the most common mutation observed. Isolates with a very low bacterial load  jjaeroresistance 100
were most frequently misdiagnosed as RIF-resistant by Xpert. Wild-type 18 (173)

. Conclusions. Approximately one-sixth of RIF-resistant TB isolates identified bb MTE, : ARDR, rifampin determining
via Xpert yielded discordant pDST results due to questionable interpretation ;2™ teroananus posulaton of e bacl harborn
of specific “disputed” mutations. Thus, a diagnostic flowchart should be wild-type and mutant Aspf16Asn according 1o the Sequencing chromatograms.
used to correctly interpret Xpert RIF resistance results to best guide patient
treatment. Open Forum Infect Dis 2020;7:0faa279
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Interpretation of Discordant Rifampicin Susceptibility Test Results
Obtained Using GeneXpert vs Phenotypic Drug Susceptibility Testing

Current CC

16 - Leud11Pro
Aspb16Val

. Asp516Tyr
) » Ser522GIn

ECOTIT = Ser522Leu

12 4 » His526Asn
His526Cys

10 - = His526Gly

# His526Lcu
= His526Ser
® Ser531Leu
= Ser531Cys
» Leud33Pro

No. of isolates
3

® Leu 1 1Pro+Met515lle
= Leu511Pro+Ser509Arg
® Leud 1 1Pro+His526GIn

= Asp516Gly+Serd22Leu

® Asp316Gly+Asnd 18Asp
- HisH26Asp+Glub41Gly

8 16 32 6% mGIn517GIn

MIC, mg/L = Heteroresistance

® Wild-type

0 .
<0.0630.125 0.25 0.5 1

(3]
-

Figure 2. Distribution of Mycobacterium tuberculosis isolates with different MICs grouped according to rpoB mutation profile. Abbreviations: CC, critical concentration;
ECOFF, epidemiological cutoff value; MIC, minimal inhibitory concentration.

Open Forum Infect Dis 2020;7:0faa279
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Molecular Screening of Multidrug-resistance Tuberculosis
by a Designated Public Health Laboratory in Taiwan

* Taiwan Centers for Disease Control designated a single referral laboratory
to provide the GenoType MTBDRplus test for screening high-risk MDR-TB
populations nationwide in 2012—-2015

GenoType MTBDRplus Corresponding Sen. Spe. PPV NPV Accuracy
DST resultst
R S
RIF resistance R 93 16 92.1% 97.3% 85.3% 98.6% 96.5%
S 8 567
INH resistance R 109 1 77.9% 99.8% 99.1% 94.6% 95.2%
S 31 543
MDR R 67 2 82.7% 99.7% 97.1% 97.7% 97.7%
S 14 601

#710 patients with Genotype TB (+) and culture M. tuberculosis isolation (+)

TOnly 684 patients with completed DST results

Abbreviations: R, resistance; S, susceptible; Sen., sensitivity; Spe., specificity; PPV, positive predicted value;
NPV, negative predicted value; INH, isoniazid, RIF, rifampicin; MDR, multidrug resistance to at least INH and

RIF

Eur J Clin Microbiol Infect Dis 2017; 36:2431-39
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Performance of an Xpert-based Diagnostic Algorithm for the
Rapid Detection of Drug-resistant Tuberculosis among
High-risk Populations in a Low-incidence Setting

Conventional DST results, no. Performance, %
Resistant | Susceptible | Total Sensitivity | Specificity PPV NPV

Xpert results, n = 697" )

RIF Resi 36 9 | 45 100 98.6 80.0 100.0
Susceptible 0 652 | 652 (90.3-100.0) (97.4-99.4) (67.6-88.4) (99.4-100.0)
Total 36 661 | 697

LPA results, n = 44°

RIF Resistant 36 8 | w
Susceptible 0 0 0

) Total 36 8 44

INH Resistant 26 0 26 96.3 100.0 100.0 94.4
Susceptible 1 17 18 (81.0-99.9) (80.5-100.0) (87.1-100.0) (71.3-99.2)
Total 27 17 44

MDR Yes 24 2 26 96.0 89.5 92.3 94.4
No 1 17 18 (79.7-99.9) (66.9-98.7) (76.3-97.8) (71.2-99.2)
Total 25 19 44

PLoS ONE 2018;13:e0200755
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Algorithm for Interpretation of Results from
Molecular Methods

Rifampicin
(R) resistant
result from a

molecular test

+ WHO recommended

&

regimen for MDR-TB
- with H;
H * Registration asRRTB ™4 - Refine MDR treatment
¥ i il based on the DST
£ results;
- \ s Repeat \i DST to at least R; H; e Update registration
Of%ubt;!% oW 5 molecular Quinolones; SL injectable l
test
In case of discordance
‘\‘ R on R result, refer sample
sensit for sequencing
WHO recommended first-
line treatment; Registration
3 as bacteriologically
confirmed TB

Companion handbook to the WHO guidelines for the programmatic management of drug-resistant tuberculosis.

WHO/HTM/TB/2014.11.
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Correlation between Genotypic and Phenotypic Testing for
Resistance to Rifampin in M. tuberculosis Clinical Isolates in Haiti
: Investigation of Cases with Discrepant Susceptibility Results

Abstract

The World Health Organization has recommended use of molecular-based tests MTBDRplus and GeneXpert MTB/RIF to
diagnose multidrug-resistant tuberculosis in developing and high-burden countries. Both tests are based on detection of
mutations in the Rifampin (RIF) Resistance-Determining Region of DNA-dependent RNA Polymerase gene (rpoB). Such
mutations are found in 95-98% of Mycobacterium tuberculosis strains determined to be RIF-resistant by the “gold standard”
culture-based drug susceptibility testing (DST). We report the phenotypic and genotypic characterization of 153
consecutive clinical Mycobacterium tuberculosis strains diagnosed as RIF-resistant by molecular tests in our laboratory in
Port-au-Prince, Haiti. 133 isolates (86.9%) were resistant to both RIF and Isoniazid and 4 isolates (2.6%) were RIF mono-
resistant in MGIT SIRE liquid culture-based DST. However the remaining 16 isolates (10.5%) tested RIF-sensitive by the
assay. Five strains with discordant genotypic and phenotypic susceptibility results had RIF minimal inhibitory
concentration (MIC) close to the cut-off value of 1 pg/ml used in phenotypic susceptibility assays and were confirmed as
resistant by DST on solid media. Nine strains had sub-critical RIF MICs ranging from 0.063 to 0.5 pug/ml. Finally two strains
were pan-susceptible and harbored a silent rpoB mutation. Our data indicate that not only detection of the presence but
also identification of the nature of rpoB mutation is needed to accurately diagnose resistance to RIF in Mycobacterium
tuberculosis. Observed clinical significance of low-level resistance to RIF supports the re-evaluation of the present critical
concentration of the drug used in culture-based DST assays.

* In 10.5% of TB cases, genotypic resistance to RIF was not confirmed by phenotypic DST

* Our clinical observations suggest that not only detection of the presence but also
identification of the nature of rpoB mutation is needed for accurate diagnosis of resistance to
Rifampin

PLoS ONE 2014;9:€90569

L T =

BREMBEATLNS A RN

Rifabutin and Rifampin Resistance Levels and Associated rpoB
Mutations in Clinical Isolates of Mycobacterium tuberculosis Complex

Tabile 1
Obrservid MIC for RFE and RIF and asociated rpoll mutations.

Aming acid change [ nucletide changes) Observed MIC (jg/mL)
RIF MIC [Isolates tested ) RPE MIC (lsolates tested)
Group |, RIF-5 and RFS-S
Teype 0125 (2, 0.125(2) SODEZ5 (371, 0135 (5)
L511P (€0G) 025 (2). 025 (1) SOUGZS (2], 00625 (1)
F514F (TTT) 5 (2) SDUDGES (2)
DRI6Y (TAC) D025 (4)
HS26N (AAL) SOUEDS (), 0125 (1)
H5265 [AGC) 200625 (1], 0.125 (1)
H5265 [TCC) OGS (1)
5510 [TGT) 00625 (1)
LS3IP (C0G) OIS (1), 025 (1)
K deletion SOE2S (1)
515 {ATA] + HEZ6N (AAC) 025 (1)
B(3).>8(15) D25 (2).0.25 (6). 05 (10)
il 1 ) DOG25 (1)
201 O0E2S (1)
HE26A (COC) ) 0125 (1)
H526C (TGC) 2(10.8(1) 0125 (2}
H5266 (CCC) 2i1)
H526] 202401801
401
S52M (TTC) + i g(1)
HS265 [TCC) + K527R [C6C) 401
Geoup I EIF-R AND EFF-R
OF13E (GAA) 8 (2) 12
Q13K (AR 813 81(1)
QE13LICTA) ~B(1) -8 (1)
Q13 (CCA) -8(2) 113,201}
H526D (CALC) 8 (3) 820,58 (1)
GS2ER (CGC) 8 (2)° B(2).58(3)
HS26Y (TAC) &(1)* B(2).°8(2)
SHIIF(TTC) &(1) &(1]
S531W (TCC) -2 (3)* 4(1),8(2).=8(1)
S53IL(TTC) -B(5)" 2(7).4(25.8(1)
-8 11) 8{1)
81(1) B{1)
(1] 11
R . DEIGY (TAC) 811) s(1)
. * L511P (CCC + D516Y (TAC) -81(2) 2{2)
OF13L (CTA) + HS26N (AAC) ~8(1) ~8(1)
Male 87 y/o FS14F (TTT) + $831L (TTG) 8 (1) (1)
Vi 515-521 deletion (1) (1)
. . DSI6E (GAG) + S522L (TTG) B(1) 1y
D516 3L (TTG) ~B(1) 401]
pDST: INH-R, RMP-R, Rifabutin-S e 3 (00)
2 ~B(1) (1)
G A I ° B 55 2 2 L * These mutations ane commonty fownd in iolabes from MDB TE patients and they are known 1o confer high level ressstance (o RIF; RIFMIC wis performed for lmited numbers of those.
en et IC I0CUS: I’pO sarains. RFE MIC was performed for all straines inchuded in this study.
Diagn Microbiol Infect Dis 2016;85:177-81

54

BREMBEATLNS ST




Treatment Outcomes of Rifabutin-containing Regimens for
Rifabutin-sensitive Multidrug-resistant Pulmonary Tuberculosis

Objectives: The aim of this study was to evaluate whether rifabutin can improve treatment outcomes in
patients with rifabutin-sensitive MDR-TB.

Methods: A retrospective cohort study was performed on 76 patients with rifabutin-sensitive MDR-TB
who were treated with or without rifabutin between 2006 and 2011.

Results: Overall, 75% (57/76) of patients achieved favorable outcomes, including cure (53/76, 70%) and
treatment completion (4/76, 5%). In contrast, 25% (19/76) had unfavorable treatment outcomes, which
included treatment failure (6/76, 8%), death (2/76, 3%), loss to follow-up (4/76. 5%), and no evaluation due
to transfer to other institutions (7/76, 9%). Rifabutin was given to 52 (68%) of the 76 patients with
rifabutin-sensitive MDR-TB. Although favorable treatment outcomes were more frequent in patients who
received rifabutin [81% (42/52)] than in those who did not receive rifabutin [63% (15/24)], this difference
was not statistically significant (P=0.154). However, in multivariable regression logistic analysis, use of
rifabutin was significantly associated with favorable treatment outcomes in patients with rifabutin-
sensitive MDR-TB (adjusted odds ratio=9.80, 95% confidence interval =1.65-58.37, P=0.012).
Conclusions: These results suggest that the use of rifabutin can improve treatment outcomes in patients
with rifabutin-sensitive MDR-TB.

Int J Infect Dis 2017;65:135-141

#£ 3% (¥ FHRifabutin:
MME ERifampicin I12E - BEY) R Z M EREE Rifabutin I EA N
 Cross resistance: & EHEUES 87%

A ZRZIA1E5 %6/
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Molecular Detection of Rifabutin-Susceptible
Mycobacterium tuberculosis

TABLE 1 Correlations between specific mutations of the rpoB genes and patterns of the GenoType MTBDRplus assay for identification of RFB-
susceptible isolates”

No. (%) of -
Mutation Amino acid No.of  RFB-resistant Rycen by GenioTyps DYTHDRRN 2 Sy
codon no.  Codon change isolates  isolates witl w2 witd  owtd wts wt6 wt?7 wtd8  mutl o mu2 mutd mutd
143 CGT/TGT R—C 1 0 (0)
146 GTC/ITTC V—F 6 6 (100)
511 CTG/CCG  L—P 3 0(0) ] | n ] ] | ]
513 CAAJAAA Q=K 10 10 (100) | | | | o | | | | |
CAA/CTA Q—L 4 4 (100) | | | | | | n || |
CAA/GAA Q—E 1 1 (100) | u B u ] |
CAA/CCA Q—P 2 7 (100) | | | | | | | | |
516 GACTAC  D—Y 14 0 (=] | u | u u
GAC/GTC D—V 22 0(0) n n u u | u u
GAC/TTC D—F 8 0(0) u | u u | u
TCG/TTG _ S—L 5 0 u u u u u u
526 CAC/CGC H—R 18 18 (100) n ] ] L] n ] ]
CAC/TAC H—Y 53 53 (100) | | ] u u | | u u |
CAC/GAC H—D 32 32 (100) B H | o o u || n
CAC/CAA H—Q 2 2(100) n ] ] ] | | ] ]
CAC/CCC H—P 1 1 (100) | | | u | | | | u | |
CAC/TGC H—C 2 0(0) |} u | || u ] u
CAC/CTC H-—L 1 0n) | | | | | o m | | | |
CAC/ACC H-—T 1 0(0) |} o | u u n n
CAC/AAC  H—N 4 IR (V] ] ] ] | ] ] ] ]
529 CGA/CTA R—L 1 0(0) u | | | | | | u | | |
531 TCGITTG S—L 491 491 (100) | ] | ] n ] ] ]
TCGITGG 5—W 16 16 (100) n ] ] u n ] ]
533 CTG/CCG  L—P 27 81(29.6) | | | | | | | u | | |

* Shading highlights mutations that confer both RIF and RFB resistance.

J Clin Microbiol 2012;50: 2085-2088
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Diagnosis of Tuberculosis in Adults and Children

Official American Thoracic Society/Infectious Diseases Society of America/Centers for Disease Control and Prevention Clinical Practice Guidelines

The sensitivity and specificity of rapid molecular DST for detecting
rifampin resistance are both >97%, indicating that false-positive and
false-negative results occur <3% of the time

The sensitivity and specificity of rapid molecular DST for detecting
isoniazid resistance are estimated to be 90% and 99%, respectively,
indicating that false-positive and false-negative results occur roughly 1%

and 10% of the time, respectively

Confirmation of a positive test result for rifampin resistance has been

recommended

— To confirm a positive result, genetic loci associated with rifampin resistance
(to include rpoB), as well as isoniazid resistance (to include inhA and katG),
should be sequenced to assess for MDR-TB

Clin Infect Dis 2017;64:e1-e33
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Drug-resistant TB ?

* Female, 16 y/o

e Family Hx of TB: mother, 20
yrs ago

* Xpert: RMP-R

* GenoType: INH-S, RMP-R

* Phenotypic DST: all
susceptible

* Cunnuuzen

31y/o, Female

* Xpert
— R:resistant

* Genotype DST

— HR: resistant

e Phenotypic DST

— HE: resistant

— Rifampin/Rifabutin: susceptible
* Genetic loci

— rpoB L511P (disputed mutation)

— KatG S315T
* High-level INH resistance

o i
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28 y/o, Male

« 2012-4-16
— TRAS UL
e 2012-4-18
— TEZXMDR-TB
e 2012-5-22
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GenoType MTBDRs/

Resistances to fluoroquinolones and aminoglycosides/cyclic peptides (and ethambutol)

GenoType MTBDRs! VER 1.0 GenoType MTBDRs! VER 2.0

Differences botwein the twa versicns are markid in rod
| Detection of M. tuberculosis complex and its M. tuberculosis complex and its
es to fluoroquinolones, amino- resistances to fluoroquinolones and ami-
glycumdes.l’l:ycllc peptides and ethambutol noglycosides/cyclic peptides
Sample Material smear-positive smear-positive and -negative
pulmonary and cultivated samples pulmonary and cultivated samples

Mutations in the embB gene that are involved in ethambutol resistance

| v I 7

| Fluoroquinolone >> Mutations in the gyrB gene that are involved in fluoroguinolone resistance
| . | v

| Kanamycin >> Mutations in the eis gene that are involved in kanamycin resistance

| - | v




Cochrane Review

GenoType® MTBDRsl assay for resistance to second-line antituberculosis drugs

Cochrane
lerary

GenoType: MTBDRs| assay for resistance to second-line anti-

tuberculosis drugs (Review)

Theron &, Petar J, Richardson M, Warren B, Dheda ¥, Steingart KR

o e e i v i o ey 1 s s et YW ILEY
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MTBDRs/ version 2.0

Fluoroquinolone resistance
— smear-positive: sensitivity 97%
(83% to 100%) and specificity
98% (93% to 100)
— smear-negative: sensitivity 80%
(28% to 99%) and specificity
100% (40% to 100%)

SLID resistance

— smear-positive: sensitivity 89%
(72% to 98%) and specificity 90%
(84% to 95%)

— smear-negative: sensitivity 80%
(28% to 99%) and specificity
100% (40% to 100%)

WHO'’s Policy Recommendations 2016

The use of molecular line probe assays
for the detection of resistance
to second-line anti-tuberculosis drugs

NJEC

POLICY GUIDANCE

World Healu:
{ _} Organizati

lﬁﬁﬂlﬁﬁﬁ

TMMEARILNS AN T

For patients with confirmed
rifampicin-resistant TB or MDR-TB,
SL-LPA may be used as the initial
test, instead of phenotypic
culture-based DST, to detect
resistance to fluoroquinolones

For patients with confirmed
rifampicin-resistant TB or MDR-TB,
SL-LPA may be used as the initial
test, instead of phenotypic
culture-based DST, to detect
resistance to the second-line
injectable drugs
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32y/o, Female

TB treatment history(+)
106-11-23

— Xpert: RMP-R
106-11-29

— HR: resistant

— FQ: resistant

— SLID: susceptible
107-2-1: 1stand 2nd DST
— HRSZ+FQ: resistant
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The NEW ENGLAND JOURNAL of MEDICINE

EDITORIAL

The Coming of Age of Drug-Susceptibility Testing
for Tuberculosis

Helen Cox, Ph.D., and Valerie Mizrahi, Ph.D.

N Engl J Med 2018;379:1474-5
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Prediction of Susceptibility to First-Line Tuberculosis Drugs

by DNA Sequencing
The CRyPTIC Consortium and the 100,000 Genomes Project

. .
e NEW ENGLAND 10,209 isolates

JOURNAL o MEDICINE — Resistance to isoniazid, rifampin,
ethambutol, and pyrazinamide
Prediction of Susceptibility to First-Line Tuberculosis Drugs
- b_r D_!f'f} S_quf'jf_ing - * Sensitivity: 97.1%, 97.5%, 94.6%, and
B 91.3%
* Specificity: 99.0%, 98.8%, 93.6%, and
96.8%

7,516 isolates (
susceptibility profiles)
- 5'865 (780%) ( with complete genotypic predictions)
*  Among which 5,250 profiles (89.5%)
were correctly predicted

with complete phenotypic drug-

* Among the 4,037 phenotypic profiles
that were predicted to be pansusceptible
— 3,952 (97.9%) were correctly predicted

sbrrealatis o Firs-Bioe drugs were
thes drage. (Fusded by e

N Engl J Med 2018;379:1403-15
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Point of Care Mycobacterium Tuberculosis Whole Genome Sequencing
Oxford Nanopore: a New Generation of DNA/RNA Sequencing Technology

Simon Grandjean Lapierre & Niaina Rakotosamimanana - Point of care Mycobacterium
tuberculosis whole genome sequencing in remote rural Madagascar

London Calling 2018

RPoint of care Mycobacterium _

tuberculosis whole genome & "
oL
oy /‘\
§

sequencing in remote rural
Madagascar

Niaina Rakotosamimanana

Lab director
Pasteur Institute of Madagascar, Madagascar

A teur
launched a prospective pilot project which includes methods development for TB sequencing from sputum, and integration of portable TB DNA sequencing within

National TB Program (NTP) clinical infrastructures and in collaboration with clinicians and policymakers.
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The designated laboratory
— HR: resistant
— FQ/SLID: susceptible
* Family Hx of MDR-TB: Mother/Brother

— Phenotypic DST

* High-level INH-S

¢ Low-level INH-R

e S/R/Ethionamide: R
— Genotypic DST

* HR:R

e FQ/SLID/PZA: no mutation
— Genetic loci

e rpoB S531L: high-level resistant to all
rifamycins

* inhA C-15T: inhA promoter mutations
confer low-level INH resistance, but
significantly affect ETH susceptibility

. — RN e This patient
R TR SRR N e otyoic DST: impending

T =
E & RER ! —  Genetic loci: rpoB S531L and inhA C-15T
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