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Jaulsa (Tuberculosis; TB) Wunildlulsamduamaveanisidedinlumilanuazidulymddgludsene
Inalsanils nsasraidadedalsanazinlsafeanraltgvuu (multi drug-resistant tuberculosis; MDR-TB) 7114
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vesljuinislaenisimzsideateduisunsgiu widillidedndnlun1snsintnsien Jagluiinisveaeuniaiula
° | ad a a =& & adda ° v X o & = O At AW ¢
WazANTNIZES WY Tenvendvinedaluisnieuiinldvegeuninu dadunisinuiluasellFalingussasd
WiaUsslluyszansninnisnsiaitadeinlsanas dnlsafee1nalevuunieds Realtime PCR W uAu3suInggu
(Standard method) lngldfpgaaunganguae 151 o1 gninanusaiiuysednsnimnisnsividadeinlsg
wazTulsaneelungy first-line anti-tuberculosis drugs 2 ¥@ia laun 81 Rifampicin (RIF) 4age1 Isoniazid (INH)
v A _ A e oas ¥ X . ¥ X ~ oA
#1875 Real-time PCR WiguAuisn1simnziaeadinnasnag@ouaindifee uue msiaswida nan1sanwInuln 4an
AMUlISaway 97.26, 100 kay 100 ANAINILNITSB8aY 94.87, 100 kay 95.24 ANVUIENAUINSBEAY 94.67, 100
LAY 72.73 wavAnvnuIgnaausasay 97.37, 100 way 100 @1m5un1snsiaitaneinlsa, Talsaneen RIF wayinlse
‘g{ o U o 1 d‘ v 1 v % gj aa aa o 2 2 ‘g{
A881 INH mIUa10U waznusieg 19 inaliaonndaaniuyaddlisaInnisnsiainaneinlse wazinlsanasn INH
MW 6 wag 3 MvgemuaIsu nsAnwuasIlanunsafagldmaiia Real-time PCR 113 msunisnsiaitady
Falsauazinlsanesmateruudaduisnbinagndes untelie wazsindd wWeussleviiensidadelugUienin
Wwalalsala
ﬁ']ﬁ’lﬁ'ﬁg : Tuberculosis, multi drug-resistant tuberculosis, real-time PCR, standard method, &1 Rifampicin

(RIF), &1 Isoniazid (INH)
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ABSTRACT

Tuberculosis (TB) is one of the causes of death in the world and is a major problem in Thailand.
Culture is a standard method for diagnosis of tuberculosis and multi drug-resistant tuberculosis (MDR-TB)
but still have limitations. Currently, the molecular technique is high sensitivity and specificity which is a
more popular method for testing. Therefore, the purpose of this study was to evaluate the effectiveness of
tuberculosis and multi drug-resistant tuberculosis diagnosis using real-time PCR method compared to the
standard method. Sputum specimens from 151 patients evaluating the effectiveness of tuberculosis
diagnosis and first line anti-tuberculosis drug resistance such as Rifampicin (RIF) and Isoniazid (INH) testing
compared with culture method and drug susceptibility testing. A sensitivity of tuberculosis diagnosis, RIF
resistance, and INH resistance using real-time PCR method compared to culture method was 97.26, 100 and
100 respectively. The result of tuberculosis diagnosis, RIF resistance and INH resistance with a specificity
was 94.87, 100 and 95.24 respectively. A positive predictive value was 94.67, 100 and 72.73 and a negative
predictive value of 97.37, 100 and 100 respectively. The inconsistent results from two methods for the
diagnosis of tuberculosis and drug resistance INH found 6 and 3 samples, respectively. This study suggests
that the real-time PCR technique is a method that provides accurate, reliable and fast for tuberculosis and
its drug-resistant diagnosis for the benefit of diagnosis in patients with TB.

Keywords : Tuberculosis, multi drug-resistant tuberculosis, real-time PCR, standard method, Rifampicin drug

(RIF), Isoniazid drug (INH)
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a11509A1nane3s Fegnay N58aud acid-fast
strain WATNITATIVAILAAILNABIANTIAY, N5
VNNZLAE9LT D (culture) KUIN1NISASIVAILNAD S

L3 13 aaa [ 14 1 <@
’ﬂa‘i/liiﬂuzﬂgL‘U‘L!’JﬁVlﬁ’]ll’]ﬁﬂ‘VHl@@EJ'N?’N]LT]LLaz

Useudn uandelitadinalusesninula (sensitivity)
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i real-time PCR 1JuBnuilaisiiteuuldnasaeu
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Faifu nsfnunluaded JeliTnguszasdiiie
Usziliuuszansnimnisnsiaitadedulsanazinlsn
(ﬁaaﬂuﬂﬁju first-line anti-tuberculosis drugs 2 ¥n
16un Yaulsafinososn Rifampicin (RIF-R TB) way
Salsafinosiaen Isoniazid (INH-R TB) #2835 Real-
time PCR Tnaldgnite1d11593U Anyplex™
MTB/NTM Real-time Detection wa g Anyplex™ Il
MTB/MDR Detection Lilgufu3anisimizideaie
(culture) waznagauaulidosULeIMsEB 0T e
(Drug susceptibility test : DST) Tuf19819d9n 529094
fheselmingnasdoindutalsauazansuuinis
n319¥nuilsaneruiauasusy Tnenisuseidy
Wisuileualgnannisnisanfniainaiula
ANANANNIE ANMTUIENAUIN LAEAIVINUIENAAY
naanmsAnuasstansadunidumadendmiu
nsasr9idasesalsauasalsanesinatsuuiy
sudaitelifuisialsaldiumsitdedouaznsinui
fUsgansnm gndeslazivanzauiugae
AvN15AnEN
sUwuunsAnylu Diagnostic test

Anwludedensranisnaddnadaauneiiiu
mmﬁﬂwﬁguwi U w.a. 2559 89 U W.f. 2560 31U
151 510 fidsnsrailsmerurauasigy Ineddeyana
nsnsaadaszmde Yalsauaside Yalsanesvans
YUFIEF Real-time PCR uariBunsgIumziies

Wolazasavaulisies (drug susceptibility test)
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Iuﬂzjuaﬂ first-line anti-tuberculosis drugs |SyU3aY
e
nsiusIuTtoys

Lﬁmwnu%a;ﬂamamimn%mswﬁmﬁya
Sollsn Wetalsaiinesenn Rifampicin (RIF-R TB) waz
Salsaitnesos Isoniazid INH-R TB) #2833 Real-
time PCR luddegaaunefUiusielni ieuduis
mmgmmmﬁmﬁaLLazmsmmaaumml’miamuu
omsiasade (DST)
SunsunsANE

1. msnsamdeTailsn (MTB), Yalsaiinesonn
Rifampicin (RIF-R TB), Yaslsafinesiasn Isoniazid (INH-R
TB) #28m&nn15 Realtime PCR Tnei1a1 Anyplex™
MTB/NTM Realtime Detection 4 @ ¥ Anyplex™ Il
MTB/MDR Detection

1.1 M3 pre-treatment faagaaumzLiio

Jostunrsvuiouainidesuq® iy NALC-NaOH (
0.5% NALC, 2% NaOH, and 1.47% trisodium citrate)
adlusegnaaume Tudnsdiu 1:1 wauliidnfuduna

a v

1 u¥ sy AwmsliNaungiivies 15 U1 a1ty
Jufianussou 15,000g (13,000 rpm) wiu 10 w1il gn
drulana Wuansazae 1X PBS Usums 1 ml waskaulv
Wiy drludunieainuisaseu 15,000g (13,000 rpm)
al 1 Qy d" % % I3
Wy 10 uW gadlans Fagleasaaedungnouy
sediment TInA51AL Lysozyme solution 200 ul adlu
. & vy O X vua a 1d
prnay sediment WU kARINILIN 37 ssrnwated Wy
1387 30 W91 #eINUU LAY RNase A 4 ul waulignniu
waraaialiNguungiivies 10 wrHl Wuarsavaly

Proteinase K (10 mg/ml) 40 ul waulwitndu dndd

J
fumeunsataansiugnasudeirdesafnanstugnasy
wWUUDRLUTA Magnesia 16 Iﬂawsqﬁﬁ’lm Magnesia 16
Genomic DNA Bacterial kit

1.2 msaiaensiugnss Inieesaings

Ly

ugNIIUENLULR Magnasial6’

YF10810aU T H1UNTT pretreatment
U331A5 200 UL i@ pansiugnssuaIniaiosainans
WugNITUTnlUTA Magnesial6 (Anatolia Geneworks®,
Turkey) T 1&nn1s Cellulose coated magnetic beads
extraction A 1 ‘ﬁu 181 Magnesia 16 Genomic DNA
Bacterial Kit #3ldvian1sataluiadas 44 undl Tag
EULLUU‘SWEJWLﬂuﬁﬂUmz cartridge ﬁuaﬁﬁ;ﬁwm Lysis
buffer, Binding buffer, Beads mixture, Wash 1 Buffer,
Wash 2 Buffer, Distilled water tta ¢ Elution Buffer 6‘?} N
eluted nucleic acid Ail¢aziv3ums 60 ul

1.3 N15R57333LAT18ALaLAISWUaNAN IS
asran o Talsa (MTB) #remdnns Real-time PCR
Tnethen Anyplex™ MTB/NTM Real-time Detection*

thansiugnssuiiada unnadnsginide
Taulse mu‘i%mﬂu@jﬁaﬁﬂm Anyplex™ MTB/NTM
Realtime Detection Fadun1sldinalulad DPO Tneus
agdegdldasiugnssuiaiald 5 ul 99U Real-
time PCR Master mix 15 ul Usznaun2e 10X MTB/NTM
OM 2 uL, RNase-free water 3 uL kae 2X Anyplex PCR
Master Mix (with UDG) 10 uL siaaintiu sidiede Real
time PCR iju CFX96 Real-time PCR System (Bio-Rad, USA)
#alUsunsunsvineu fieil pre-denaturation 95°C 15 Wi,
M1 PCR 45 99U lae denaturation 95°C 30 3u19,
annealing kay extension 60°C 1 U lnens193U

'
¢

TruyungealsaluAivunaui 60°C iaUjiTen

o

@Srauysafldinat 2 92lus anunsauwdananis
n1ATIEYlanelUThnTuNITLUaNa R LUl
Seegene viewer F9s10819fignuUana MTB
positive 93 n 3519 Amplification curve 111 918 U
Baseline threshold value 2948 FAM i 1200 Tnadl Ct
cutoff value 7 40 dmiunismsradinsiziidetalsa
¥nu18140 DPO Primer 710599308 156110 uag
MPB64 Laglun1sns193LAII8YNNTOUALINS
muquqmmwmﬁwﬂm Positive 1az Negative

Amplification Controls filvianfiuyaen wagly Master
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mix il Internal Control gnldsiitersrunsluFomes
mssussufizenisvih PCR e IC Téign optimize 1lst
fnsifiuuiinaes wemanzaug lfuamsiugnssy
Whnneludeesdnsa
1.4 MInsiaTzilaznsilanNanis

asen e Talsaiinon oo Rifampicin (RIF-R TB) wa
Salsainesesn lsoniazid (INH-R TB) §endnns Real
time PCR Tagtien Anyplex™ I MTB/MDR Detection?

thanswugnssumesiaegsiiliina MTB Wuuan
e Anyplex™ MTB/NTM Real-time Detection 1
A529ATE RN o SaulsATiA s e Rfampidn waz
flsafifanos lsoniazd nuisnislugiiotien
Anyplex™ Il MTB/MDR Detection Fafunisléinalilad
DPO $3uiu TOCE Inewsiagsieedldansiiugnssy MTB
Alinauan fafald 5 ul 53U Realtime PCR Master
mix 15uL Usgnoumae 4X MTB/MDR TOM 5 uL,
RNase-free water 5 uL ke ¢ 4X Anyplex PCR Master
Mix (with UDG) 5 uL siea1ntiu 11 ua3ee Realtime
PCR 'u;' U CFX96 Real-time PCR System (Bio-Rad, USA)
FalUsunsun1sviaeu fail pre-denaturation 95°C 15
119, ¥11 PCR 50 50U a8 denaturation 95°C 30 3u,
annealing 60°C 1 W% Wag extension 72°C 30 U,
1 Melting curve analysis 1a & Pre-melting 55°C 30
U191, melting analysis 55°C - 85°C (5 sec/0.5°C) I g
mm%’ué’mmmﬂqaawamuﬁﬁ%’jumu melting analysis
loufAsonaiaauysalldinan 2 $2lus 40 unit ananse
wlanan1snsidazilanlslusunsunisulana
nlusif Seegene viewer Fasoeefignuuanaidu RIF-
R TB Positive 9zdldgyay1ed melting curve ¥998 HEX,
#1061971 19 ke INH-R TB Positive ¢idayay1au melting
curve U998 CalRed610, Fregeiiludovalsadilife
m'amﬂgaaawﬁmzhiﬁﬁzgfyﬂmﬁlm wazvnsegadu

MDR-TB gfldeyey1eu melting curve U039 HEX tay

e
[ (%

CalRed610 WnTuluuATevessivee et dmsunis

ATIIATIEATR IR ABABEN Rifampicin (RIF-R TB)

Hunsld DPO Primer nsaduBiu roB veatetalsni
floriaen Rifampicin AT uvsnsnanewugasauAqy
18 # 1wt a7 eadeq : L511PICCG), Q513KAAA),
Q513L(CTA), Q513P(CCA), 3 amino acid deletion in

513~516, D516V(GTC), D516Y(TAC), S522L(TTO),
S522Q(CAG), H526C(TGC), H526D(GAC), H526L(CTO),
H526N(AAC), H526R(CGC), H526Y(TAC), S531L(TTG),
S531W(TGG) W L533P(CCG) Wagn1snsiadneiide
Saulsnfiaoroa Isoniazid (INH-R TB) W un1sld DPO
Primer 75739 U8U katG Wag inhA promoter U84 e

s

faulsnfiRoron Isoniazid nsasunsnisnatewug
AIBUARL 7 ﬁﬁLmﬁaﬁLﬁmsﬁm . katG S315(ATC),
S315N(AAC), S315T(ACO) W @ ¢ S315T(ACA); inhA
promoter -15(T), -8(A) wag -8(C) Immmmﬁ’lmmmm

n9w e iulsnf e atsauiulinsouagqy

o A [

melting curve lnei¥e RIF-R TB azgniniivasdnygyn

o

[

HEX, o INHR TB %Qﬂi’ﬂﬁﬁaaaiyﬁym CalRed610
warlun1In IR NTBUALLNISAIUANANATNYA
‘Lgfwﬂm Positive hag Negative Ampilification Controls
flFanfugatien wagded wild Type Control lus
muAuauA M lTlunsWIsufiey melting curve U
navassiegslumsiuseutiug wagly Master mix 3
Internal Control gnlduiiietiemuasludeswosnns
Sudauisernisvia PR Tae IC Idgn optimize ¥
MsfinUT e memingaug LU fuasiugnssu
Wmneludinegedwnsin
2. msnramdeialsauazaulirosdeisunsgu
msnsAsate (Standard Method)

Areg1auned Ureseluinnsie vesd w.e.
2559 f19 U .. 2560 37U3U 151 578 QNEIRTIANT
detalsanaridoTalsamosmatsvuiudieisnig
wzdsaTouasnavageuaulifes UL MIEES

\%® (Drug susceptibility test : DST) ﬁﬂﬁjuﬁawﬁﬁaﬂﬁ
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yamswmgfuauaalsn dinamudlestumunsilsad
5 ST smuduneuresiesufifinie
myesgideya

Inszvioduedeyanadndadnuaifnues 2
nANKATLAAIYRYAUTIIUAIY F1UIU FIUUNAUNGY
WEAIAINYNADIVDINITATIANIAIAINL (Sensitivity)
AIAUA NN (Specificity) AIMTUIBNAUIN (positive
predictive value: PPV) LagAIIuIenaay (negative
predictive value: NPV) 138U 8U52v199 01181
d11593U Anyplex™ MTB/NTM Real-time Detection
wazu181 Anyplex” Il MTB/MDR Detection (Seegene
Inc., South Korea) ﬁ’u’i%msmmg sm%ya (culture) Way
nsvedeumalfosuueTMIEeNTe (OST)
AINARNY

MTB nuneds We¥alsa Mycobacterium
tuberculosis

MDR Aoailsanesrnatsvuty (Multidrug-
Resistance Tuberculosis) #1884 L%@ﬁ'miiﬂﬁajam
AuiulsAng19toy 2 YU AB Isoniazid (INH) way
Rifampicin (RMP)

33119951U (Gold standard) e 354
gouSututaluluarvreudug wasdmiudsis
nM3@nw collaborative trial 114&7 WAB9TUINITH
ik uns@nen collaborative trial waduAsaldfuan
wusarlisunmssensutuiluluaueoutuud o9

& adadada e !
Wudsnanuiluninsgiuseninelseme 11nsgu

101 1TRUINTFIUVBIUTENA NTBUINTFIUVD

&)

Aad =

aefnsiidedesluarvndug n1sdnwineilas
mmgmﬁaﬂ"mwwzL?:ENL%@LLazmaaummh(ﬁiam
VLOAENTD

NANIIANYA

Y 1

fregrnaunzangUieselninniiodds
asrandeTlsananun 151 degns YauUssiiy
Useansnmnisasaaidadeialsauasialsanesnly
ﬂzju first-line anti-tuberculosis drugs #1838 Real-
time PCR fioufuisnsimnzidoadeuaznagouniny
TasegunemsasTe
1. nMsns292agedalsa

v @

nan15n 51939988 5alsAa N 08199
151 §0819 nusieg1eiilinauan (Positive) n3e
MTB detected 1991133 Real-time PCR éj’msqm‘ljﬂm
Anyplex™ MTB/NTM Real-time Detection (V 2.0)
LasATmnzaeade (culture) Tngliuansianuide
MTB (MTB detected) aonadosiusiomun 71 fogas
TuansI9linulde 158 MTB not detected donAdas
fursansds 74 fhethe waziidegwionun 6 5107
Tnalidenndasiusenine@edio Usenausme Aaeena
4 51919ina MTB detected 72835 Real-time PCR u#
1% na MTB not detected AuUddmnziaeaide was
§79819 2 518l%Na MTB not detected #2835 Real-

time PCR w@bina MTB detected AUASINILLAG9TD

U ‘NI
PNRNITIN 1

A15199 1 WaN15A5299NR8UlSAR2835 Real-time PCR wazisiwiziasada (culture)

Culture

Real-time PCR

MTB detected MTB not detected Total
MTB detected 71 4 75
MTB not detected 2 74 76
Total 73 78 151
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2. msprdtadetalsaneanevuy
Free1971 1% Na MTB detected donndasiuma
99133 Realtime PCR wazdsmnziasude (culture)
117w 71 Faegs grinansaiieseitalsaiesily
ngu firstline anti-tuberculosis drugs 2 i A 14 W
naasuAulIney Rifampicin (RIF) wage Isoniazid

(INH) 77835 Realtime PCR Ingldyatinen Anyplex™ I

MTB/MDR Detection \USauiiguiuinnIsnageuniy
Tioenuuevnsiasate (OST)
HanN1IAdaUAIILLIRDEY Rifampicin (RIF)
WU31 35 Real-time PCR wagisnadauanulineeuu
onsiasa slinasenadestu e Tnelinanesios
RIF (RIF-Resistance) 1 #9989 waglinalinosn RIF (RIF-

Susceptible) 70 0819 wazluiifiod19nlvinaly

ADAAABINU AINNTNT 2

A1519% 2 Wan1sns293tAReIaUlsARBYN Rifampicin (RIF) A1835 Real-time PCR waz3snadauninulinaeuuenisiasads

Drug Susceptibility Test

Real-time PCR

RIF-Resistance RIF-Susceptible Total
RIF-Resistance 1 0 1
RIF-Susceptible 0 70 70
Total 1 70 71

Nan1sNAaauAulieaen Isoniazid (INH) 3 8

Y] oA

f198197 AR 9% 281 INH (INH-Resistance) @an@a a4

(%
Y

fuve 235 60 ¥a0g197i 1 walad o INH (INH-

Susceptible) #pAAAB9UN91AI5 Real-time PCR Wag

FnnaauANU R UL MNSIASWTD kaY 3 A1aEHNNT
T wa Resistance A" UTT Realtime PCR W 1% & &
Susceptible Aun1sNAgeuANNlIREET INH ULBINNT

BYLTD AINITIN 3

A15199 3 HAN15AS2ITANYIULSARBEN Isoniazid (INH) #2875 Real-time PCR wazisnaaaund1ulifag1uua1nisiasaie

Drug Susceptibility Test

Real-time PCR

INH-Resistance INH-Susceptible Total
INH-Resistance 8 3 11
INH-Susceptible 0 60 60
Total 8 63 71

N353 19887 lsAR287D Real-time PCR &
A1A11 17 (sensitivity), A1AINT N (specificity), AN
Nu1enauln (Positive Predictive Value) WagA1vinug
naau (Negative Predictive Value) AntuSesay 97.26,
94.87, 94.67, WAy 97.37 A ua1SU Weeuiuisnis

= = Sy N
ANSLAENLYD AN IN 4

MnuanIsTaitadetalsafen lungy fist
line anti-tuberculosis drugs lagnaaeuAl1ulIf oYl
Rifampicin (RIF) @ 218735 Realtime PCR &l A1A113 1)
(sensitivity), A1A10T LN (specificity), A1 1u1E
NauIn (Positive Predictive Value) WazAIMIUIENAAY
(Negative Predictive Value) Anilusoeag 100, 100, 100

uag 100 MUARU waznsnadeuaulInee Isoniazid
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(INH) 72875 Real-time PCR fAma1ula (sensitivity), A1
AU LN (specificity), ATYI1U8NaUIN (Positive

Predictive Value) hag A1 1ur8suaay (Negative

1Y

Predictive Value) Amiusaeas 100, 95.24, 72.73 ag
100 AudeU WaweuduiASnaasuanulmesuu

DNSRLUTD AN 4

P a [ aa aa (% o e’l’ 14 ad . = v ad dy dy
A15799% 4 N15IAIILRNERANIIATI9TUIRB I sALAZIULIANDYNAI875 Real-time PCR WgUAUITNISINZIAEAITDUAS

NAFUAN IABYIUUDINNSLABTD

Sensitivity Specificity Positive Predictive Value Negative Predictive Value
Testing
(%) (%) (%)
MTB 97.26 94.87 97.37
RIF 100 100 100
INH 100 95.24 100
31500 ABUUNUINAFDUAILTD Real-time PCR £199¥dA18U89

ndeyanilaainnisdneluasailun1snge

[
2 =

UYL

¥

27ulsAR283T Real-time PCR Wlawfiguny
aa & X A & aa oA
Fensmzdeateiluisuinsgiu nuandaiauly
(sensitivity), A1A1UA LN (specificity), A1V 1UNY
Nauan (Positive Predictive Value) hagA1M1UNgNaaUu
(Negative Predictive Value) Tnaiagsiun1sAnuinou
W89 Seo Woo Kim wazandy’ wailaiogneiitvinala
ADAAABINUNIADIITINNNITHTINININLAILTT Real-
time PCR WagIdNISMNeLagado a1MSUnsihsnmsIa
WU TLSARIEAS Real-time PCR winsalinuanie
aa r-:’lj 4’{/ -dl CY) 1 v al
Tomnzidgade Wewnludiegruaunges Uil
USunauveadioiulsaNues 1nen1smza gl oande
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