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Extensively-Drug Resistant Tuberculosis (XDR-TB) is emerging as an even more ominous treat. XDR-TB
is defined as TB that is resistant to any fluoroquinolone, and at least one of three injectable second-line drugs
(capreomycin, kanamycin and amikacin), in addition to isoniazid and rifampicin. This makes XDR-TB treatment
extremely complicated, if not impossible, in general treatment. In a 2006 XDR-TB outbreak in KwaZulu-Natal,
South Africa, 52 of 53 people who contracted the disease died within months, It is estimated that 70% of XDR-TB
patients die within a month of diagnosis. The most recent drug-resistance surveillance data issued by the WHO
estimates that an average of roughly 5 percent of Multi-drug resistant tuberculosis (MDR-TB) cases are XDR-TB.
Estimating the incidence of XDR-TB is extremely difficult because most laboratories are ill-equipped to detect and
diagnose. To avoid the emergence of more resistant strains that may lead to almost untreatable disease, we must

focus our efforts on the right management of drug resistance tuberculosis.
Bull Chiang Mai Assoc Med Sci 2015; 48(1): 18-28. Doi: 10.14456/jams.2015.5
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Figure 1. Number of patients with laboratory confirmed XDR-TB in 2013
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Tuanunvasdsznanawsnle wuisa M. tuberculosis

dadainminlialungs firstline drug ldun isoniazid
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Wae rifampicin LLazﬁﬂﬁﬁﬂ@iamwuiuﬁamuw”ufﬁ
f mi@‘ﬁ‘”a@iam%'ﬂwﬁmisﬂslumju second-line drug 8n
nangnia mwé’awudnﬂm%amsw”uﬁj KwaZulu-Natal
(KZN) family I@m)”@]d’uﬂm%amﬂw”uﬁ: XDR-TB lu
1 2006™ Gandhi wazanme" ﬁﬂ‘]:ﬂt,%aa’]tlwyuf XDR-TB
ﬁ?ﬁadfy"lﬁmn;gﬂmﬁﬁ@L%ﬂi'misﬂﬁ]wnIsGWUwuwasLu
a9 KwaZulu-Natal Uszinauaninld d2e4% genotyping
WUI1$1WIn 39 isolates INNTINUA 46 isolates 1T
FUWUT KZN family WaNINNTHIUITBV8I Motiwala
uazAmE™ e M. tuberculosis T3 luARIBNH $1WI%
3 isolates 91NLia9 Kwazulu-Natal 41474 3 isolates
¢ MDR-TB, XDR-TB uazifafilsiasnanyih sequencing
lagldinadia high-throughput DNAsequencing Tu
13120 Rv3616¢-Rv3617 intergenic region W‘LI’J"]L“‘I%/E]
Ylg\‘la’mmzlwuufﬁ genetic backgroundﬁLL@m@i’vaﬂﬁl’m
Léamﬁw”uﬁ: FISILAM4/KZN 9 Lﬂuamw‘”ufﬁé'ﬂﬁﬁa
Tsalutszinauansnmle uazidSouifiou single-nucle-
otide polymorphisms (SNPs) seninatadilidasn uas
138 XDR-TB wuinfiaauuane1aniu 33 SNPs
(single-nucleotide polymorphisms) Tanuiinisiia
insertion Waz deletion @IKaUEY SNPs ileidusnume
LawWEY au%a XDR-TB ldur AoV (DNA gyrase subunit A,
gyrA), L25I (transmembrane transport protein, mmplL13a),
Y207Y (arylsulfatase, atsD [aryl-sulfate sulphohydrolase]),
D441G (DNA-directed RNA polymerase beta subunit,
rpoB), L458P (DNA-directed RNA polymerase beta subunit,
rpoB), 11112T (DNA-directed RNA polymerase beta subunit,
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rpoB), A1401G (ribosomal RNA 16S, rrs), L275P (hypothetical
protein), V188A (conserved integral membrane protein),
AB84A (30S ribosomal protein S11, rpsK), D64E (hypothetical
protein) Las G418W (PPE family protein)
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vasfin wazildifiansdadaslungy firstline uaz
second-line antituberculosis AJLRAILWANTIIN 1 lag
X 9o WAl A a . X
ATfasgInNarin e liddszansainlunsvinanewsa
@10819N137N91%  WASNA NIAadasN I nEINIT6ae

¥ v 1, . . . . . lé Q.

18 XDR-TB L@l isoniazid uag rifampicin Gaiduensnm
Toulsalunga first-line drug uazznlunga second-line
drug léun fluoroquinolone, kanamycin, amiikacin L8z

capreomycin

Table 1. Drug resistance gene of M. tuberculosis

Anti-TB drug Genes mutated in resistance
First-line drugs

Isoniazid katG, inhA, ahpC, oxyR,
kasA,
furA, ndh

Rifampicin rpoB

Ethambutol embCAB

Pyrazinamide pncA

Streptomycin rrs,rpsL,gidB

Second-line drugs

Fluoroquinolones gyrA, gyrB
Injectables:
Kanamycin and amikacin  rrs

Capreomycin rrs, tlyA
Streptomyin Rrs, rpsL, gidB
Cycloserine alrA, ddl
Ethionamide inhA, etaA/ethA
Para-aminosalicylic acid Unknown

1. Isoniazid (INH)

p1insimlialungy first-line drug w3a
isonicotinic acid hydrazide(INH) (Jugnfifanuiimzgs
lun13insaide mycobacteria T@mawwzaﬂwﬁ'alumju
M. tuberculosis complex® lassaindvassndsznaveie
pyridine ring W8zwy hydrazine®" isoniazid Wuenids
ladgunsarinanwld (prodrug) $idudasaduiawlod
KatG 2089158 mycobacteria @oidutanladifigany
catalase-peroxidase bunstasulassaieliaiunsa
ﬁwmuaanqw%%mm%avlﬁ (active form)' Lfiammj’ngt,snaa’
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azpnaanglulasiaudioionlsyd Katc nanwidu
isonicotinoy! radical ﬁﬂ’numminluﬂﬁﬁdﬂyj NAD+
aaenRus laraud fldenaglugues INH-NAD
adduct mminﬁ'uéﬁl,auvlsnﬁ enoyl-acyl carrier protein
reductase (InhA)) S‘ﬁaLﬂuLauvlsnﬁé’m”mﬁL%a mycobacteria
159103129 mycolic acid fidusindsznaunanvas

NIILTRRZS 'S

\#a mycobacteria Fnalnlunsdadam
isoniazid I@]Uﬁmsnmﬂw”ufﬂ%lmm”uﬁu waenInasdlu
AsuRninumMIsangnizesen wiveanidu 4 nau ldun
ﬂij&l catalase-peroxidase (KatG) néjw Enoyl-acyl carrier
protein reductase (InhA) ﬂéju Alkyl hydroperoxidase
reductase (AphC) LLazﬂéjaJ NADH dehydrogenase
(Ndh)>'®"® I@]mshummﬁ@miﬂmuw”uﬁfﬁu‘%nmﬁ'u inhA
wae katG laofidu inhA fnuanmsssienlssd InhA
W TaenunIdanzd  mycolic acid @adusin
Usznauvasnsisimaduasda sauiu katG fnuanis
shsonled katG Fafeataeny  catalase-peroxidase
ﬁ’mﬁﬁﬁlumnﬂﬁﬁugﬂLmu**nad isoniazid 21N pro-drug
nanedu active form Lfial,ﬁﬂminamw”uﬁ:ﬁﬁu inhA &3
NALW inhA ﬁﬂ’mmmaaﬂ'ﬁ'gaﬁu uazIaIdw low-level
isoniazid resistance mumsnmﬂw”uijﬁu’%nm katG D
moderate £4 high-level isoniazid resistance®®
2. Rifampicin (RMP)
Lﬂumjum%’ﬂmfmiiﬂé’u@”umnﬁﬂﬂﬁwﬁ@
fvnlwidowandu MDR-TB e1 rifampicin 1dugnis
fansiannide Amycolatopsis rifamycinica ﬁaglumju
rifamycin 81 rifampicin AWadaLuafizoraeTRa’ N3
panqN5VaIL rifampicin 88NN lABILT B-subunit Vo4
RNA polymerase vinlgusanissaiaszst RNA Tangugs
n5UammM3  elongation® nalnlunsdadasn rifampicin

289158 mycobacteria tiaanmIinaswusneluiu

rpoB AifnvruamMIas1e B-subunit U84 RNA polymerase
T,@:Jmiﬂmuw”uﬁfl,ﬁ@**fuﬁ@‘hl,mm 81 bp central region il
fwuanissianinasdluduwiei 507-533 wia rifampicin
resistant-determining region (RRDR) Gﬁdwuvlﬁﬁﬁaﬂaz
96 ni%a mycobacteria Adadasn rifampicin Panua'
T,@m‘htmm“ﬁ'ﬁmiﬂmyw”uﬁfmﬂﬁq@ﬁa nsaazilu
Funnafl 531 1Waan serine 1u leucine wazduMmIN
526 wWaen histidine 1w tyrosine @ssaindu highevel
rifampicin resistance uaﬂmﬂﬁﬂhwuminmﬂw”uﬂu
drunedn ldun nsnezdludunisi 511, 516, 518,

522, 529 uaz 533 et low-level rifampicin resistance'®
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3. Fluoroquinolones (FQs)

Fluoroquinolones 1w bactericidal antibiotic ﬁl“ﬁy
inwinlsn daeglungy second-line drug® snlunga
ﬁﬂi:ﬂauﬁm moxifloxacin, levofloxacin, ofloxacin
wae gatifloxacin® lagenauusiaan oy topoisomerase
IV LLae topoisomerase |l 738 DNA gyrase U% DNA ‘fd
m”mmwmimﬁiauﬁmaa replication fork ﬁLﬁﬂ’)ﬁ’UHSZU’J%ﬂ']i
DNA replication21 L%a M. tuberculosis F\awn topoisomerase
Il (DNA gyrase)? @913l tetramer 209 subunit A uas B 71
Qﬂnamﬁaﬁ)’mﬁu gyrA Laz gyrB A TaenunszuInmMs
catalyse supercoiling 284 DNA Tusuaon replication®®**
nalnlumsdadasn fluoroquinolone wadLalinannns
ﬂa'mw”uq‘u’%nm conserved quinolone resistance
determining region (QRDR) 2098% gyrA e gyrB "éd
SINATUNIWNIT interaction Te1WI1981 Lz DNA gyrase®
I@ﬂd’mmﬂwumsﬂmﬂW”%ﬁ:u’%nm Ala-90 Lz Asp-94
lugu gyra®

4. Injectable second-line drugs

miuﬂﬁjuma@l laun kanamycin, amikacin
uaz capreomycin 141dun13nw1 MDR-TB 9aaglungy
second-line drug #1 kanamycin WaZ amikacin K119}
aminoglycoside antibiotic I%mmz‘ﬁl capreomycin n
cyclic peptide antibiotic> ugaangniniannn lag
YIIUNINNITUINNNT translation mau%‘va M. tuberculosis
ianauasuudaslnseasnsnad ribosome MGLA 168
RNA? gnasuginssansdlysiuuanda na'ln
mshadasn kanamycin L8z amikacin fnwudosdaifia
msﬂmﬂw”ug‘ﬁ A1401G wasbu ms nvwiiilune
NaAIRE 16S rRNA "fidelu high-level resistance @88
kanamycin L8z amikacin®® nalnlunsdadesn capreomycin
AstianiInanoWuiuTimin  tyA Tapduitinsing
lun13n8a3%E rRNA methyltransferase 7151LW12ML
2’-O-methylation 284 ribosome 1w rRNA GAﬁGLﬁaLﬁﬁmi
NABRLTATFINA LA LilianazuaunT methylation®

o
a

Junanlumiifieds XDR-TB Suanilelasy
mMyiRaspindaite MDR-TB #9188 M. tuberculosis
fosan isoniazid uax rifampicin NN INAFaL
aladan (drug susceptibility test wia DST) lunga
second-line drug laun msl,uﬂa;u fluoroquinolone wazNya
gndamasia laun kanamycin, amikacin LLaZ capreomycin
laglud 2008 asdnveunolanlauusiinit automated

a € '
22 ’J']iﬁ’]iLﬂﬂuﬂﬂ’liLLWY]UL"EUGI%&I

liquid-culture system Lﬂuﬁﬁmmgmslumiﬁw second-line
drug susceptibility test Taglgen fluoroquinolones LLag
pinsindsalungunia Goltuamelu 4-9 dlanw®
Lwﬁﬁiﬁmgu@auﬁgiomﬂ TFamwn §31euns daams
in3asfianfnnusinne uazdasnis biosafety szausw®
aaiudsledfnmsnanaams molecular {uiEn1a genotypic
method Lﬁmn”umil,ﬁuﬂ’ﬁmm nucleic acid madL%a (PCR-
based method) leuris Line-probe hybridization assay
(Genotype®MTBDRsl) Gsfinw1dunsa marker 7wy
luL%aﬁéa@iam fluoroquinolones, kanamycin, amiikacin,
capreomycin Waz etambutol® Lﬂu’i%ﬁ'ﬁmmgﬂﬁaa LRz
anyhigilumaifiads  wdfinauws® dnwauwnas
Pfenlgs10vay ﬁmgumauvlajﬂq’w’m |éur 3% microscopic
-observation drug susceptibility (MODS) assay %x‘lL'ﬂ%ﬂ’]i
WA daluawn e (liquid culture) lasgnIaing
cord wada M. tuberculosis mum\mﬁaaﬁg‘ammﬁ 1
nandszann 6-8 1u7 ﬁlzLﬁuvl@Td’mwﬁﬁﬁ]dfyﬁgﬂﬁad
warmas danuddn wazdndudemssnsmsaade
XDR-TB*®

ﬂ'aqﬂﬂaﬁu

N135NBN

ludayduenldinsdmliaudslaiduaas

uazdaanu bildiAamsunsnsznsvaagely

ﬂﬁjw @i first-line antituberculosis WA second-line
antituberculosis  (asugaslua13197 2) n133NBA
Tmlsaaunsouddlaidugesuuy laun standardized
regimen ﬁamﬂﬁmﬁlﬂumﬁ'ﬂmgifﬁm%a "f‘iruagﬂuu
ﬁagmﬁ‘mﬁ'uL%aéﬁ'vamluﬁuﬁagmﬁ'mfu6] uae individualized
regimen Aamslienlasduiudsziansinsninlsaas
g&jﬂw wazranmMsmsnaseuanyhdasnvaside
F558ilmanzanlunnssnen XDR-TB*®
Woldsumyifiaduindu XDR-TB asdmsewsis
Tanlstunssihumwmslunssnunda M. tuberculosis e
Taglilenlumssnsneudau® aait
1. Amikacin, capreomycin %38 kanamycin
. Moxifloxacin %38 levofloxacin
. Prothionamide %38 ethionamide
. Cycloserine %38 terizidone

. Para-aminosalicylic acid

o o~ W N

. Pyrazinamide Waz etambutol
7. Linezolid iauﬁ'wﬂunsjw 5 anti-tuberculosis
drugs laun clofazimine, amoxicilin/clavulanate,

imipenem/cilastin W&z clarithromycin®
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20 Lfen uazmITTUAInmANETIITIY (TB expert)

lunisidanltenlunissnun®?

Table 2. Antibiotic drug regimen of M. tuberculosis™®

| Group_______|Anti-tuberculosis agent

First-line oral agent Isoniazid
Rifampicin
Ethambutol
Pyrazinamide
Steptomycin

Second-line parenteral agent

(Injectable anti-tuberculosis

drugs)

Fluoroquinolones

Kanamycin
Amikacin
Capreomycin
Levofloxacin
Moxifloxacin
Gatifloxacin
Ofloxacin
Ethionamide
Prothionamide
Cycloserine
Terizidone
Para-aminosilicylicacid

Oral bacteriostatic second-line
Anti-tuberculosis drugs

Clofazimine
Linezolid

Group 5 anti-tuberculosis drugs

Amoxicilin/Clavulanate
Imipenem/Cilastin
Clarithromycin

1. Nitroimidazole

mlumju nitroimidazole utiaidusasniia o
PA-824 uaz delamanid w38 OPC-67683%% lag PA-824
1% nitroimidazo-oxazine aaﬂﬂﬂﬁiﬁ']mm%a bacilli ﬁvl,&i
gunsariuswanlalugniazldfoandian (anaerobic
non-replicating bacillj®® lagfugsmssiaewiuiioimas
wazlUs@uu0919a% delamanid 1% nitroimidazole-oxazole
ﬂavl,ﬂmiaaﬂQﬂﬁ?ﬁ'aﬁ'urﬁ‘m’rsa%’w methoxy-mycolic acid
ez keto-mycolic acid ﬂyﬂﬁu delamenid ﬂ'dayjlu
clinical trial phase # I ;nvissasfiadlassairomond

@9 LLa@aIugﬂﬁ 2
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PA-E24 dolsmang

Figure 2. Chemical structure of PA-824 and delamanid
(OPC-67683)

2. SQ109
1w 1,2-diamine analogue V8381 ethambutol
Qf = ' 1 ' ' H @ Qs
MIaangNIVaILNEI MINTULUTA udanaiAeTasny
% 6 s 6 dql’ U ni 1
NIFIATIEANIIETasuadTa Lagldna lnAnandlsain
A o o {
21 ethambutol? G331A98319IN9LAN muamlugﬂﬁ 3

SQ109

Figure 3. Chemical structure of SQ109

3. TMC207

TMC207 %38 bedagquiline \Jusiuilsznauvad
diaryquinoline® aaﬂqwﬁfﬂvmﬁm:mu NIETN ATP 284
%8 mycobacteteria® ms@nmlasld TMC207 aumu
@I uAlEsns MDR-TB wurinvhlisnenleisdue
a9 TMC207 gi9agflu clinical trial phase 11 11b™ uaz
lafinssuseslasasdnisannisuazen (Food and Drug
Administration) 1#81 bedaquiline lglun133nsimlsa
o MDR-TB® Tassairamstaduasen G’T\‘JLLKG‘IOIugﬂﬁ 4

TMC207

Figure 4. Chemical structure of TMC207
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4. NAS-21 tLaz NAS-91
Wuenlgne lsaunatss LagIgIu1InIneE
'Y o & o & I
Taulsald nalnnseangnivedsn AedLHINIRIATIZR
. . A . o & P T
mycolic acid TaiduaIutsznavveINhIlTanva LT
° ' a A
dunislun1seangnd Ae FAS-Il dehydratase @9
Qﬂﬂﬂ@iﬁ”ﬁﬂﬂ%ﬁﬂlﬂiﬁu Rv063647 $1NIRaITAAN

Tasagemaiad mumﬂugﬂ‘n 5

WAS-81

Figure 5. Chemical structure of NAS-21 and NAS-91

5. Phenothiazines

mlumémf @A thioridazine waz chlorpromazine
1l calmodulin antagonist® aaﬂq"n%:r‘hmm%a mycobacteria
ﬁlmﬁ'ﬂag’lu macrophage®™  laggUsInN Tz LW TURES
weadon uazsusewlmifidesandunaaifon wanan
ifuwudﬂmmju phenothiazines 01N ITaIny  efflux
pump inhibitor® Falassairomsaivesen thioridazine
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