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Diagnosis of M.TB

Conventional
— AFB smear, culture
— Drug susceptibility test
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Diagnosis
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— Drug susceptibility test

« Molecular
TB-PCR
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Molecular Diagnosis of M.TB

~ TB-PCR —

_ N ZHA 2 Xpert MTB/RIF
* rpo-B gene (RIF Ljjd)
« katG, Inh-A (INH L{A)

* Closed automated system

— no technical skill or equipment required

— Biosafe




Xpert MTB/RIF

Sputum liquefaction
and inactivation with
2:1 sample reagent

(&
¢

Transfer of
2 ml material
into test cartridge

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

Sample
automatically
filtered and
washed

Ultrasonic lysis
of filter-captured
organisms to
release DNA

(6]

DNA molecules
mixed with dry
PCR reagents

Seminested
real-time
amplification
and detection

in integrated

Assay Name MTB-RIF

-~

reaction tube

Printable
test result

Detect MTB, and rpo-B gene

Closed automated system

— no special equipment and

technical skill required

— Biosafety

Result in 2 hr
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Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance

1. MTB detection
Culture (+)
- Xpert MTB/RIF sensitivity AFB S(+) : 98.2%
- Xpert MTB/RIF sensitivity AFB S(-) : 72.5%

Xpert MTB/RIF specificity : 99.2%

2. RIF resistance
PPV : 97.6%
NPV : 98.1%
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Rapid Molecular Detection of Tuberculosis
and Rifampin Resistance

1. MTB detection
Culture (+)
- Xpert MTB/RIF sensitivity AFB S(+) : 98.2%
- Xpert MTB/RIF sensitivity AFB S(-) : 72.5%

Xpert MTB/RIF test specificity : 99.2%
2. RIF resistance

PPV : 97.6%
NPV : 98.1%

- Xpert MTB/RIF is highly sensitive and specific in controlled studies

- but no data from district health facilities in TB-endemic areaq.



Feasibility, diagnostic accuracy, and effectiveness of
decentralised use of the Xpert MTB/RIF test
for diagnosis of TB and MDR

. @ multicenter implementation study.

Lancet 2011;377:1495-505

6648 adults, suspected TB or MDR-TB
- urban health centers (South Africa, Peru, and India)
- drug-resistance screening facilities (Azerbaijan and the Philippines)

- emergency room (Uganda)

- compared XpertMTB/RIF with sputum S/C, and drug-susceptibility test.




Feasibility, diagnostic accuracy, and effectiveness of
decentralised use of the Xpert MTB/RIF test
for diagnosis of tuberculosis and multidrug resistance

: @ multicenter implementation study.

Lancet 2011;377:1495-505

- MTB, Culture (+)
- Xpert MTB/RIF sensitivity : 90.3%
- Xpert MTB/RIF sensitivity AFB S(-)/C(+) :76.9%

- Xpert MTB/RIF test specificity : 99-0% (2846 of 2876 non-TB samples).

- Xpert MTB/RIF test for rifampin resistance(rpo-B gene)
- sensitivity : 94.4%
- specificity : 98.3%




PPV of RIF resistance with Xpert MTB/RIF

According to RIF resistance prevalence

Rifampicin True False False True 10u% =
resistance positive* | negative®* positive® negative®
prevalence 90%
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* Sensitivity (93%) and specificity (98%) for Xpert MTB/RIF rifampicin 0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
resistance, compared with reference method (culture) WHO/HTM/TB/2011.2

L2|L2f 23| CHAYLfAE& : 2.4% (2003) CDMR 2005;16:101-7



Potential limits of Xpert MTB/RIF

Unknown performance at a district level.

In a low level MDR-TB prevalence (< 10%)-setting, the
assay needs to be confirmed

Need AFB S/C and DST

— Monitoring to response

— DST for other drugs

Cost



Sensitivity of Xpert MTB/RIF
According to HIV status

HIV positive HIV negative

Sensitivity in culture-positive samples

Smear 86/193 (44-6%, 234/341 (68-6Y%,
microscopy  3/7-7-51-6) 63-5-73-3)

MTBI/RIF 173/210 (82-4%, 304/335 (90- 7%,

test 76-7-86-9) 87-2-93-4)
Sputum  84/86 (97-7%,  204/206 (99-0%,
positive  91-9-99.4) 96-5-99-7)

Sputum  89/124 (71-8%, 100/129 (77-5%,
negative 63-3-78-9) 69-6—-83-9)



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3085933/table/tbl5/

Xpert MTB/RIF

WHO policies

Reference test for MDR suspects

and for TB/HIV

Approved for smear (-) cases

District lab.
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Xpert MTB/RIF

WHO policies

Reference test for MDR suspects

and for TB/HIV
Approved for smear (-) cases

District lab.

Korean policies ?

CHAILHA] HOJOI OiALLI HLE
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HAF HIFE HEEI OLT ALO mh ...

2 hr?
District lab. ?

Cost vs benefit







Fixed Dose Combination (FDC, £tA|)

« A combination of two or more drugs
In a fixed ratio of doses

I




Rationale for FDC (43 X| &)

y Body weight Tablet number

e — 03 :

- 38-54 3
L « INH:75mg
+ RIF: 150 mg 55-70 4
A « EMB: 275 mg
VN - PZA: 400 mg >70 5

« Reduce pill burden
« Patient convenience
‘ WHO recommend
« Patient adherence FDC for TB

- Inadequate regimen or dosage prevented

« Prevention of drug resistance




Uncertainties regarding the quality of FDC formulations.
— the transition from single drug formulations to FDC formulations.

— Need good quality and proven rifampin bioavailability.
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Uncertainties regarding the quality of FDC formulations.
— the transition from single drug formulations to FDC formulations.

— Need good quality and proven rifampin bioavailability.
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Efficacy and safety of a 4-Drug fixed-dose combination(FDC) regimen
compared with separate drugs for treatment of pulmonary tuberculosis
: the study C randomized controlled trial.

JAMA 2011;305:1415-23.




Efficacy and safety of a 4-Drug fixed-dose combination(FDC) regimen

compared with separate drugs for treatment of pulmonary tuberculosis

. the study C randomized controlled trial.
JAMA 2011;305:1415-23.

1585 adults, newly diagnosed smear (+) pulmonary TB

AI\

4-drug FDC (HREZ)

4-drug separate (787)

N

2-durg FDC (HR)

18 wk

DOT




Efficacy and safety of a 4-Drug fixed-dose combination(FDC) regimen

compared with separate drugs for treatment of pulmonary tuberculosis

: the study C randomized controlled trial.
JAMA 2011;305:1415-23.

DOT

No.
|
Separate
FDC Drugs
Response (h=591) (n=579)
Favorable response
Culture-negative
At 18 mo 534 528
At 24 mo 22 20
Total, No. (%)® 6565 (93.9) 548 (94.6)




Adverse events

Separate'
FDC Drugs
(h=797)2 (n=784)3
Patients with adverse 31 36
events in months 1
or 2 (probably
or possibly
drug-related)
Action taken
MNone 15 27
Interruption 6 6
Stopped study drugs 10 3
Adverse events by type
Rheumatological 7 11
Stopped study 0 0
drug
Dermatological 16 15
Stopped study 7 2
drug
Hepatic 5 1
Stopped study 2 0
drug
(Gastrointestinal 6 11
Stopped study 1 1

drug
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Separate'
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Body weight

Tablet number

30-37

INH : 75 mg
RIF : 150 mg
EMB : 275 mg
PZA : 400 mg

38-54

55-70

Reduce pill burden

Patient convenience

Patient adherence

Inadequate regimen or dosage prevented

Prevention of drug resistance
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FDC for TB tx

(RLHdgr=1g e Jd)







Extensively drug resistant (XDR) TB

AN

TAELE 7.1 Alternative method F/ﬂuping antituberculosis agents

GROUFING DRUGS \

Group 1 - First-line oral ge 5 isoniazid {Hﬂ rifampicin (Ft]lﬂ ethambutol (E);
p}frazinamide (Z); rifabutin (Rfb)?

Group 2 { Injectable ag,e{nts kanamycin (Km); amikacin (Am);
capreomycin (Cm); streptomycin (S)

moxifloxacin (Mfx); levofloxacin (Lfx);
Fluoroquinolones ofloxacin (Ofx)

Group 4 - Oral bacteriostatic ethionamide (Eto); protionamide (Pto);

second-line agents cycloserine (Cs); terizidone (Trd); p-aminosalicylic
acid (PAS)

Group 5 — Agents with unclear clofazimine (Cfz);| linezolid (Lzd); amoxicillin/

efficacy (not recom mended by clavulanate (Amx/Clv); thioacetazone (Thz);

WHO for routine use in MDR-TE imipenem/cilastatin (lpm/CIn); high-dose

patients) isoniazid (high-dose H):" clarithromycin (Clr)




Linezolid (Zyvox)

« New family of antibiotics (oxazolidinone)

« active against G(+) cocci like vancomycin resistant enterococcus (VRE).
« 1200 mg /d
o 2-3 wk

- Limited data of long term (> 1yr) treatment for XDR-TB
o Efficacy
« Adverse effect : neuropathy, myelosuppression

« Dosage (600 mg vs 300 mg / day)



To evaluate the efficacy and adverse effect of

long term linezolid tx for XDR-TB

. OHAF 2HZSATA
« 2008-2012
« Randomized prospective study
* linezolid for XDR-TB ( > 18 mo)
« Evaluate

— Efficacy

— Adverse effect

« 600 mg /d
« 300 mg /d




Linezolid for treatment of chronic XDR-tuberculosis.

N Engl J Med. 2012;367:1508-18

CH&

— 5 prev. tx episodes (median)
— Resistant to 11 drugs (mean)

=] =y
o d

« Maintain current anti-TB drug

Add linezolid 600 mg/day

* 41 adult XDR-TB pt, Z[Z 67§ &7t X| 20| #2T 2 Ij

Immediate group (21)

Delayed group (20)

l !

Study start 2 mo




Addition of linezolid to background regimen

A Culture Conversion in Solid Medium
1.07 Delay Censoring
e 0.9 r
2 Immediate-start
§ 0.8+ group |
5 l
S A -
o o7 i
1
E 0.6- :
—— 1
3T osd _F- Delayed-start
= - group
£ 0.4 I___:
£ 034 i
= !
2 0.2+ P
:
O 014 ¢
=
0.0 — T T ] T T T I T T T ]
0 30 &0 an 120 150 180
Days since Randomization

> Culture (-) conversion rate, (4 mo)

immediate group(79%) > delay group(35%) (p=0.001)

» Most (87%) had sputum culture (-) within 6 mo after linezolid




Adverse event of linezolid

/Azed

41 XDR-TB pt

Immediate group(21)

Delayed group(20)

Without Change \ /

of Back ground

After sputum smear (-) or 4 mo.

regimen

/Azed

second randomization(33)

600 mg linezolid(17)

300 mg linezolid(16)

4 mo

Toxicity
monitoring

18 mo




Adverse event of linezolid

0.6

Probability of Eventfree Survival

0.2

0.0

\—’-_'-. iy il ol Ly T Co

—-a— Myelosuppression
—&— Peripheral neuropathy
— Owptic neuropathy
—#— Hepatic dysfunction
—&— Rhabdomyolysis

| | | | | | | |
N 4 i 12 16 20 24 28

Meonths since Initiation of Linezolid Therapy

*  Pph. Neuropathy : 55%
«  Optic neuropahty : 18%

Linezolid boomg/d or 300 mg/d

82% had adverse event

— Most resolved quickly after

discontinuation of linezolid

— Only 3 permanently stopped
due to drug toxicity (2 optic

neuopathy, 1 anemia)




Adverse event of linezolid

oL

0.6

0.4 _, S00mg

Probability of Event-free Survival

0.2 600 mg

0.0 | | | | | | |
0 4 8 12 16 20 24

Months since Second Randomization

— Adverse event : 300 mg group(69%) < 600 mg group(88%).
— 65% of 600 mg group reduced to 300 mg due to adverse event




Linezolid for treatment of chronic XDR-tuberculosis.
N Engl J Med. 2012;367:1508-18

« Maintain linezolid 18 mo after culture conversion
— f/u for 12 mo.
« Study end point (May 1, 2012, from 2008)
— 17 : receiving tx
— 13 : completed therapy
* 6 : no relapse during tx period
* 4 :no relapse at 6 mo f/u
* 3 :no relapse at 12 mo f/u
— 8 : withdrew early
« 3: tx failure
« 1:relapse after 1 yr

« 3 :adverse event

« 1: personal reason




Linezolid for treatment of chronic XDR-tuberculosis.
N Engl J Med. 2012;367:1508-18

B Pharmacokinetics and MICs of Isolates
25

Linezolid &=7| =EF (8)

b
T

3 : tx failure
— : 300mg (2), 600mg (1)

fa—
L
|

1 : relapse after 1 yr : 600mg

H
T

3 : adverse event

Ln
|

1 : personal reason

Plas ma Concentration of Linezolid (ug/ml)

| Peak  Trough [ Peak Trmghl MIC

&00 mg 300 mg




Linezolid for treatment of chronic XDR-tuberculosis.
N Engl J Med. 2012;367:1508-18

« Longterm linezolid for XDR-TB ( > 18 mo)
— Highly effective
— Dosage
« 300mg/d or
e Start 600mg/d -> reduce to 300mg/d if toxicity develop

— Close monitoring of adverse event

Need more evidence..







Non-tuberculous Mycobacteria (NTM)
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NTM identification (Z2a AR, annual report)



Species of NTMs isolated from sputum (Korea)

Organisms NTM isolated pt. No | NTM lung ds pt, No(%)

M avium complex (MAC) 219 08 (44.7)

M. intracellulare 108 56 (51.9)

M avium 111 38 (34.2)
M abscessus 141 64 (45.4)
M fortuitum complex 217 21 (9.7)
M gordonae 84 0
Mycobacterium terrae complex 48 0
Mycobacterium kansasi 14 7 (50.0)
Mycobacterium szulgai 32 2 (6.3)
Mycobacterium chelonae 25 6 (24)
Mycobacterium celatum 11 1(9.1)
Mycobacterium gastri 2 0
Mycobacterium xenopf 1 0

Chest 2006;129:341-8




M. abscessus lung ds

> Difficult to tx

»> Poor response to tx.

Amikacin, cefoxitin

|

1 mo T 12 mo after AFB (-)

Clarithromycin, ciprofloxacin, doxycycline

 Initial sputum conversion and maintenance of conversion rate
: 61%
Am J Respir Crit Care Med 2011 ; 183: 405410



M. massiliense
- identified at 2004

M. abscessus CIP 1045367 (AY147164)
M. bolletii BDT (AY859692)
95 ——'M. massiliense’ CIP 108297 (AY593981)




M. massiliense

- identified at 2004
M. abscessus CIP 1045367 (AY147164)
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M. abscessus CIP 1045367 (AY147164)
M. bolletii BDT (AY859692)
95 —— ‘M. massifiense’ CIP 108297 (AY5923981)

“ Sequence analysis of the rpo B and Asp65 gene of 158
clinical isolates of M. abscessus
® M. abscessus : 44%
® M. massiliense . 55%

® M. bolletii ; 1%

Am J Respir Crit Care Med 2011 ; 183: 405410



Clinical significance of differentiation of Mycobacterium
massiliense from Mycobacterium abscessus.

Am J Respir Crit Care Med 2010;183:405-10

« Retrospective

« 145 pt. who prev. treated as M.abscessus lung dis
— M. abscessus lung ds (64)

— M. massiliense lung ds (81)

« Compare clinical features, tx outcome

Amikacin, cefoxitin

l

1 mo T 12 mo after AFB (-)

Clarithromycin, ciprofloxacin, doxycycline




Clinical features between M. abscessus and M. massilense lung ds

M. abscessus M. massiliense
(n = 64) (n= 81) P Value

Age, yr 57.6 (13.0) 56.0(12.9) 0.467
Sex, female 47 (71) 61 (75) 0.545
Body mass index, kg/m? 20.5 (3.1) 20.8 (2.8) 0.566
Smoking

MNonsmoker 56 (88) 69 (85) 0.923

Current or ex-smoker 8(12) 12(15)
Underlying disease

Previous tuberculosis 33 (52) 44 (54) 0.741

COPD 3(5) 8 (10) 0.347

Diabetes mellitus 3(5) 1(1) 0.321

Lung cancer 6 (9) 5(6) 0.537

Other malignancy 8(13) 5(6) 0.185
Symptoms

Cough 55 (86) 73 (90) 0.437

Sputum 55 (86) 68 (84) 0.741

Hemoptysis 27 (42) 27 (33) 0.273

Positive AFB smear 44 (69) 47 (58) 0.185
Type of disease

MNodular bronchiectatic form 53 (83) 56 (69)

Upper lobe cavitary form 8(12) 17 (21) 0.161

Unclassifiable form 3 (5) 8 (10)




In vitro drug susceptibility of M. abscessus and M. massilense isolates

Resistance
Etiology Drug Rate
M. abscessus Amikacin 3 (5%)
Cefoxitin 0
Imipenem 27 (44%)
Clarithromycin 3 (5%)
Doxycycline 53 (B3%)
Ciprofloxacin 37 (58%)
Moxifloxacin 30 (47%)
M. massiliense Amikacin 6 (8%)
Cefoxitin 1 (1%)
Imipenem? 50 (67%)
Clarithromycin 3 (4%)
Doxycycline 58 (73%)
Ciprofloxacin 48 (61%)

Moxifloxacin

42 (53%)




Treatment response between M. abscessus and M. massilense lung ds

M. abscessus

M. massiliense

(n = 24) (n = 33) P Value
Symptomatic response 0.040
Improved 18 (75%) 32 (97%)
Unchanged 4 (17%) 1 (3%)
Worsened 2 (8%) —
Radiographic response on HRCT 0.003
Improved 10 (42%) 27 (82%)
Unchanged 7 (29%) 5 (15%)
Worsened 7 (29%) 1 (3%)
Microbiologic response =0.001
Initial sputum conversion and 6 (25%) 29 (88%)
maintenance of conversion
Initial sputum conversion, 4 (17%) 3 (9%)
with sputum relapse
Failure to sputum conversion 14 (58%) 1 (3%)




Treatment response between M. abscessus and M. massilense lung ds
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M. massiliense

(n = 24) (n = 33) P Value
Symptomatic response 0.040
Improved 18 (75%) 32 (97%)
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Initial sputum conversion and 6 (25%) 29 (88%)
maintenance of conversion
Initial sputum conversion, 4 (17%) 3 (9%)
with sputum relapse
Failure to sputum conversion 14 (58%) 1 (3%)
N
-

OgFll ‘ll!.-_l_\_ls-ol ‘ll-:lllxl-Oil_lIE KOOI+ %_’EEII

rSIe ] EHUII_- Hll_-%OilI\-l qll;"l_-'j'qt KIOI 1k Ll-_llE orQ 2




Inducible resistance to clarithromycin of M. abscessus and M. massilense

Incubate bacteria in low conc. of clarithromycin

Isolate

MNo. of Clinical lsolates

Clarithromycin Resistance
(MIC, ng/ml) Day 3 Day 7 Day 14

M. abscessus (n = 19)

M. massiliense (n = 28)

Susceptible
=0.5 9 (47%) — —
1 6 (32%) — —
2 4 (21%) — —
Intermediate
4 — — —
Resistant
8 — 1 (5%) —
16 — 8 (429%) —
32 — 4 (21%) 3 (16%)
=64 — 6 (329%) 16 (84%)
Susceptible 20 (71%) 20 (71%) 20 (71%)
=0.5
1 8 (29%) 8 (29%)
2 — — —
Intermediate
4 — — —
Resistant

=8 —_ — —




Clinical significance of differentiation of Mycobacterium
massiliense from Mycobacterium abscessus.

Am J Respir Crit Care Med 2010;183:405-10

« M. abscessus shows poor response to tx.

— Due to inducible resistance to clarithromycin

« NTM #5d AAf (rapid grower)

— M. abscessus or M. massiliense

« NTM HZ&zlo| X|&
— M. abscessus lung ds : 2=X X| &

— M. massiliense lung ds : =X X| &




Clinical significance of differentiation of Mycobacterium
massiliense from Mycobacterium abscessus.

Am J Respir Crit Care Med 2010;183:405-10

« M. abscessus shows poor response to tx.

— Due to inducible resistance to clarithromycin

« NTM #a5d AAt (rapid grower)

— M. abscessus or M. massiliense

« NTM H2&zo| X|&
— M. abscessus lung ds : &2=2H X| &2

— M. massiliense lung ds : =X X| &
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