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Abstract

This study aimed to assess tuberculosis drug-resistant situation in smear-positive
tuberculosis sample at Office of Disease Prevention and Control Region 11, Nakhon Si Thammarat
between 2020, 2021 and 2022. Moreover, we aimed to compare the proportion of tuberculosis
drug-resistant associated with various factors. The study analyzed samples from patients with

pulmonary tuberculosis who were tested at various hospitals in 11"

Health Region and sent for
examination to the Office of Disease Prevention and Control Region 11, Nakhon Si Thammarat.
The data analysis involved comparing the proportions of drug-resistant tuberculosis cases to the
total number of samples tested and evaluating other factors related to drug resistance in
tuberculosis patients. The results of the study, which included 6,262 samples from smear-positive
patients, revealed 4,948 new cases, 410 Re treatment cases, and 904 On-treatment cases. The
study found that the rate of new drug-resistant tuberculosis cases (RR+/MDR) during the fiscal
years 2021, 2022, and 2023 were 0.61%, 1%, and 1.16%, respectively. The highest rates were
observed in Nakhon Si Thammarat province and were more prevalent in the working-age group.
In summary, the drug-resistant tuberculosis situation in 11""Health Region was found to be still
lower than the national level, as indicated by data from the National Tuberculosis Information
Program (NTIP) in Thailand, which reported rates of 1.50%, 1.59%, and 1.72% for new drug-
resistant tuberculosis cases (RR+/MDR) during the fiscal years 2021, 2022, and 2023, respectively,

based on the total number of registered patients. The rate of resistance to Isoniazid in the fiscal

years 2020, 2021, and 2022 was 12.15%, 12.44%, and 12.40% respectively.

According to the information studied, it was found that the proportion of RR+/MDR
tuberculosis patients is still lower than the estimated value reported by the World Health
Organization in 2023. The report indicates that the percentage of new tuberculosis cases with
RR+/MDR drug resistance in Thailand is 1.7%. Over the course of 3 years, the trend has remained
consistent. However, it is advisable to continue monitoring the data in the long term to observe

the trend of drug resistance in the future.

Keywords : Tuberculosis, Multidrug-resistance Tuberculosis (MDR-TB), Upper Southern
Thailand, New case, Line Probe Assay (LPA)
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AFB acid- fast bacilli

AG aminoglycosides

DM Diabetes Mellitus

DOT directly observed treatment

DR-TB drug resistant tuberculosis

FQs fluoroquinolones

Hr isoniazid resistant

H isoniazid

IC infection control

IGRAs Interferon-gamma release assay

LPA line probe assay

LTBI latent tuberculosis infection

MAC Mycobacterium avium complex
MDR-TB multidrug resistant tuberculosis
MTBC Mycobacterium tuberculosis complex
NTIP National Tuberculosis Information Program
NTM nontuberculous mycobacterium

R, RIF rifampicin

RR rifampicin resistant

RR-TB rifampicin resistant TB

S streptomycin

SLD second line drugs

TPT tuberculosis preventive treatment
TST tuberculin skin test

WHO World Health Organization

XDR-TB extensively drug resistant tuberculosis
Z pyrazinamide
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sevusls (atent TB infection) (@einTailse, 2564, il 5-6) faan5199t 2-1

15



A15199 2-1

wanINe1SNLlavaIN1sAnYa I lauAsTazuel (Latent TB infection , LTBI)

ANB5U"Y

a Latent infection

-

o\ 2y
Mycobacterium —=
)

tubercuiosis

‘Vnigration tothe |
lymph nodes for | |
T cell priming i

macrophage

Monocyte

Wegannglaendeialsadnluiisgealulen

< ay o
macrophage lugeaudandussuugiiAuiuusn

[
=1

dl o U d’l ¥ o I a a U
fanunsamanels vnlrliiianisinaedulse

Interstitial
manphagw

Gran uluma

E‘OR

Epithelial
pit n:c:u -t I

ﬁm: Pai I\/\, et al. Tuberculosis. Nat Rev Dis

Primers. 2016.

1Y 1

¥ a v ! o w dy ¥
aaddudusuusnldaiunsariidadosantuls

Wanue @ eTailsnaziinisudsiaiusiuiuty
WagAUNTaNIUKT 9 9aY @uioornmasidnly
Tnenss n3olae macrophages 715l o ailsa)
dnludaiiodevesUon Tuvnizifientu dendritic
cells uaz monocytes avtdatalsalusson
dundesluden iieads T cell AnnsyuIuns

U Y

nsgAuUniANAY 79 T cells wag B cells 115936

9 Y

1% '
=

o A 1% l

iUl oUon LazaouIauNgu macrophages
' N oA ]

way cells duq ¥ adaulsmey LTenin

granuloma unszuiunisinieTalsasyves

9 (latent TB infection)
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M1319% 2-2 uaasnensniiavanisteialsaanay (active TB disease)

sUnN
U

ANB5U"Y

Granuloma |

Lymph
node

Infected

‘17'im: Pai M, et al. Tuberculosis. Nat Rev Dis Primers.

2016.

aedulsalu granuloma TnsUUsa LM
TIUIUT ULS ow9) TUTuruunAuluy

granuloma agA1UAle 1 oazamsaiing
nIzlaldon wazunsnszaludieduizange
Wronaunungsszuumaiumela viliAe
wersanmlulennio/tazeivizaig la
Wunszuiunisvaedalsaszezgnaiy

(active TB disease)
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AN57197 2-3 YauanAnesEInensamtadalsankanaznisurailudulsa (@dndulse, 2564,1115-6)

AL Ul SALE Unenduinulsa
(latent TB infection) (TB disease : Active TB)

3

a A U ! [ 4 dy v aada ! = dy U ! o dy v aada
e Talsaluseniednuiutoy Wedlainue e Talsaluseniednuiuunn Weddlainlay

laignau (alive, but not active) anany (active)

3 T o

Ldunsnseaeegiou 91AUNINTENEYOGH DY

a -d! % 1 Q’lj
919591N15tA1N1sNTe fasalull

To 19 viuntinen lefidanvselaunsUy

laifionns . .
UNUNaA LANDDNRAUNRRDUNANNAL DRULNEE
witlosdre Weems (svezisuusnonaliiionns)
NAdaU TST 139 IGRA Tiina positive nAdau TST %39 IGRA Tvina positive
MNaesENTIen tnnuaANRaUnRlany
AEneFaEnTIen Und Faulsa (wionaazundlunsalduiiindduius
sunsssadutalsauanilen)
NIATINAUNE AFB smear %39 culture 1nay
N1SATIALENNE AFB smear %30 culture 1vina 9@ positive (Wwion3iina negative laandu
negative Jodsruenven ieTaldseiiflunaidneg viethe
Jutalsaszozisuusn)
Farsanlinissnw latent TB infection il Tn135nwn active TB disease

taatunisilu active TB disease

Lidseauenainyanadu 913ABENIINYARRDY

LadlaglUedaulsa urtheiulsn

(ﬁm: Core Curriculum on Tuberculosis: What the Clinician Should Know; 2021.)
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BHUNIWT 2-1 5I5UTIRVBINISAALSA

Y

duiiaUqeiailsea

A

y

Seway 70-90 lufniae

Saway 10-30 Anvioindlsa

(TB infection)

\4

Saay 90

Taitheduiulse

Sovaz 10 Yroduailse (TB disease)
« Sopay 5 Uhelu 2 Yusn

« Soway 5 Uhenasainiu

A 4

Tilasunissnwn

A 4

\4

Tasun1ssnw

Saway 50-65 @837

aelu 59

l

SNWNY
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23815 3aulsAuundings (First-line anti-TB drug, FLD)

¥
&

Falsadwdonnuviuuin Fsdndudedddomaredisutuieliaunsarivaunidsliegng

I

590157 813 TlsAwwINvis (First-line anti-TB drug, FLD) 1ugaserdmsudUaelmiiielsonn

Y

(new patient regimen with drug susceptible) iflsiiAesnyn w3 ednwiuliiu 1 WWew Megns

61 2HRZE / 4HR Gadsznouldeen 4 wiln Ssusazulineangrnaiuly daguil 2-1 loun

v
(9 (% L3

1.leleluezdn (soniazid : H) : Sudan1sdaasiest mycolic acid Fulussduszneuiidfgues
cell wall ¥89 mycobacteria ﬂﬁiazaaﬂqwélﬁé’aqawﬁ’aLaulszi:ﬁ mycobacterial catalase peroxidase
(Kat Guondo a¥ldactive form @4 active form waa INH 95Uy Acyl carriers protein (AcpM) Wag
beta-ketoacy! carrier protein synthase (KasA) dadussdusznovdidalunisdansies mycolic acid
Tnsnsduiduuuu covalent v TAnnssudanisdauasieyt mycolic acid Swildenlududansadia
nfgadvesde

2. lsuufu (Rifampicin : R) : @13 Rifampin 9UAU R-subunit ¥8¢ bacterial DNA-dependent
RNA polymerase uazduss RNA synthesis 90948 0 Lagii rifampin 938U TU RNA polymerase 98
wunafiSewindu TngldSuiu RNA polymerase w89 eukaryotic cells 39vilen Rifampicin Sudanis
a¥1575ue (DNA) veudold

3. Tns3unlasd (Pyrazinamide : 7) : Susaoules! Fatty acid synthase @ afuoulesi7iviale
wuaiiSedaaszinsaladudmiuiies uenaniendadnluduiulusiueia Ribosomal protein St §i
walugudinszuauns Trans-translation (nsyuaunsadrdusiilunuadite) denalndhedu Sedamar
Thdsldannsaasayiviald

4.9 wsuyvnea (Ethambutol : E) : .0 U inhibitor v09L9u L%l mycobacterial arabinosyl
transferase Faduiaulaailunszuiunis polymerization e arabinoglycan dudussdusznavddy

. =< o t% v & 2/ % L3 &
299 mycobacterial cell wall svilvenlududnsasiwiawaaeuie
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5UN 2-1 uansniseangnsvessninwinlse

Cell Wall Synthesis

Isoniazid (1952)
Inhibits cell wall Rifampin (1966)

DNA Coiling, Transcription,
and Translation

......

Mycobacterium
tuberculosis

Pyrazinamide

(1952)

ATP Synthesis

(‘17'im : the Centers for Disease Control and Prevention, CDC/ Dr. Ray Butler; Janice Carr.)

2.4 M5A5AAWIULsALAZIULSARDY AI87T Line probe assay

Line probe assay (LPA) Junsasiammsnesnine falsalnense uusuuaunsnga (Strip)
flannsogsuuuunshesvedetaulsaldnnssiuwnuitarinsesizunuuresunuaiiumngfuan
91ABENNTS polymerase chain reaction Wag reverse hybridization iensaaduTuduvendetalsa
Tud sdansranazasiadudauves nucleotide lu gene Ml duiusfunisi 081 (single nucleotide
polymorphisms: SNPs) Taefaails1uaud eeg1ales 160 wadnedadans wadishsniuded
vesUURn1suazgUnsalfififinenmdmiunuiueyiiluena uaryrainsdeainnutng (§rinta
15A, 2562, w1 36) UagUuiinisly LPA TunnsnaaeUN IR wensne Talsauuaf 1 18un Isoniazid
uway Rifampicin adueviandnuazdrfnlunisinuiulsa nshesey Isoniazid A29911N19NAE
#usveBu katG waw inhA daunishesiasn Rifampicin AwATIININANERUTISEU rpoB Tearnilaves
NISNARBUMINTIABEN Isoniazid wazRifampicin B 94.5% wag 95.8% Auddy drunuTnzey
71 99.3% waz 98.4% nmsnageuNIIHEESNETAlsARIAT 2 Fas LPA aunsavadeunishesls 2

naa lawn ngu Fluoroquinolones wag Ny second-line injectable drugs AXLITBINITNAGOUNINAT
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& [ (9] PN v ' & [ [ ~ = ' .
Arensnw LIk 2 desndinamaaauninisie1snwrialsauii 1 @anqu Fluoroquinolones
uwag ngu second-line injectable drugs fiAuliveIN1sVAdeULT 86.2% Wag 87.0% Auady diu
ANUTWNIEBEN 98.6% uaz 99.5% Mua AU (Bruker Daltonics GmbH & Co, 2023; Hain Lifescience,
2012)

N1395IAMINISAREN Rifampicin 108n1301533MIN1sNaneiugues 8u rpoB diunsianinisnesn
Isoniazid @111509539015Na18WUT LA 2 Gu Taadu katG LA ateanunisasiseuleyl Catalase
peroxidase telUasY Isoniazid 970 pro-drug Ty active form Iﬂamiﬂmaﬁuﬁjﬁ FURUSAY high
level resistance A® L 09%A M08 Isoniazid NAMUDUTY 1ug/mL @IUdU inhA LA 8ITBIAUNTT
o ¢ . L2 @ ° oA L. L v o Y v w fw
dA31291 mycolic acid FITUUAMNRUI Isoniazid 1198ngNT DINAITNAIINUTITAUNUGNU low level
resistance fialtafiane 0.2 pg/mL uadalasosn Isoniazid Maududy 1ug/mL Flunguildaaunse
#9150l Isoniazid Tuvwegeaulumssnwla (simd 91U18u uazane, 2561 v 1-9)

4"} . P ~ v 6 a a o 1 =

N1399331INT9881 Rifampicin bBATIININITNANWNWUTYBI U rpoB NHWNUY codon 505 03
533 d3UN1995IAININNTABYT Isoniazid @unsanTIan1snatewugla 2 8u lnedu inhA n533n13NA1Y
WuGVaa inhA promoter 7idUnIa 16 B4 -8 nucleotides upstream Wagdu katG AFIINITNAYRUGH
ALY codon 315 HeAsauUAgu WT probes (wild-type probes) wazdwigson1snaneiugues MUT
probes (Mutations probes) Iaguu Strip azLAdBUAE probe N 91LW1E 19 WT probes wag MUT

probes é’fﬂg‘ﬂﬁ 2-2

sUN 2-2 wanaiunuan inwun13A 081 Rifampicin Y8484 rpoB NYANTIT GenoType

MTBDRplus @111500599%1n15A981 Rifampicin 161

[ 0B WT2 | [ rooB WT4 | [ rpoB WTé |
[ rpoE WT1 | [ DoE WT3 Il poB WTS | [ 0oB WT7 | poB WTS |
|sos| | |soe|see| |su| |s13|s1ass s | | |s2| | | 526 | ] | 531 | 533 |
MUT 1 D516V (D435V) MUT 2A H526Y (H445Y)  MUT 3 S531L (S450L)

MUT 2B H526D (H445D)

(F7 : Hain, 2012)
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nsvegeumemalla Line probe assay (LPA) Usznaumig 2 Tunou Len

1) Lﬁuﬂ%uﬂmaﬂsﬁuQﬂiiu Aaunanng polymerase chain reaction
Funsifiusuaudurietudu DNA Tiaulslunasnnnassuuugng funaneq soU (repeated cycles)
Tnwordiunsvhamveseulul polymerase Tneduau DNA fifiuduluusazsouufisenasdusnune
WU exponential curve Awaadldiviniu 2 (fle n fesiuiuseuvesnisi PCR) audsssazniled

U3unauue3 PCR product Al wazesrusznaulunisyvin PCR anasdenisaniuluvesufjisenas il

(% (%
= =

product Mgns 2" sendeiinduil 11UsIngn1sal “plateau effect” lngasAusenaulunisvin PCR
a o

fi¢al (FIND foundation for innovative new diagnostics, 2008, 11 48-49; LS F3UTEWUS, 2557 )

1.1 Template %30 DNA faf
1.2 Primer \Juledlndandlelnd(oligonucleotides) aedu Jealldanueiusyanad 18 — 26 bp

1.3 Deoxynucleotide triphosphate (dNTPs) Usznousie dATP, dTTP, dCTP wag dGTP Fadu

faealelnd A, T, C, G flazldlunisadns PCR product anglul

1.4 Thermostable DNA polymerase 1§ uiaulayfildlun1sasisars DNA vdulndnie PCR
product lu funisdudidesnisinenisun deoxynucleotide triphosphate (ANTP) léuriiua A, T, C G
wselumunifidn a0 primers lunsavdnadenusenealnlaoan oflnelwipmusinizfu DNA
Fuwuulufienie 5° —> 3’ (polymerase activity) saudwoulgddavimindlunsdaiussiealnlae
awosluusud dnsfuiua AT, C G laigneealuiAnig 3°-> 5’ (exonuclease activity) ¥3®
proofreading activity Ing Lovlesiildazdesiiuszavamlunsvialsionmgiigdasiouludifely
mmﬁqﬂimm PCR fio Taq DNA polymerase w#in#8an15aagnaedvasn1sasieats DNA 813ld Pfu
DNA polymerase Tuufjizen PCR Unf agldainududugavinevesioulssl 2.5-5 unit/100ul vas PCR

reaction

1.5 PCR buffer wagadusznaudun luuiisen PCR lny PCR buffer agtheliufAzen PCR 1An

19 egnsfiuszansnnlay buffer azaenndasiuriinues DNA polymerase il
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LY

TunouretUisen PCR Tnevalull 3 dunau fall

1. Denaturation step LUutunauuenaiy DNA template anealiluananeilagldommadas

Usguad 90-95 aaraLed

2. Annealing step LJudunounangamndas wioli primers Tudfisen PCR 113U DNA

template Tusunisidmeg 1en3eunazaiie PCR product vl dupeuilayldoaumaiilugissyanu

50-55 DIANLYALTYE

3. Extension step 1 ud unauni1sasas DNA a1elvdlaeis uainyaduves primers Ty DNA

'
a1

template wiaz9laen15U1 dNTPs 699 sanuluanuuziaaniu DNA template @9918015Y1197U

Y

vosaulasl DNA polymerase ngazsiadldaaumgilivangauiunisviauveseulsdily

JUN 2-3 uanatunauveujisen PCR

1st cycle 2nd cycle 3rd cycle
T T
ODanaturation eAnneaIing eExtension ..M r 10 hiab bbb
J‘IIIII L mm—'
T
/aﬂnm.
oo ikl
DNA template o 1T a3 5 ]" Mm
. b
with sequence A ) m
of interest J" Bl iy L} Ty m—r
5 3
::wm: L T
1 Mo
’ N ms L TILEHHH ¥ L w"u r Aiibiddd
£ NTps Primers N um“l s ‘ig J_‘ 1, mﬂ
jo4ow L Ty
Polymerase ~ I""ﬂ
x J" TN
& Wi Ul
THHT

.

nth cycle

PCR product

~2" copies

(731 - https://en.wikipedia.org/wiki/Polymerase_chain_reaction#/media/File:Polymerase chain _

reaction-en.svg)
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2) dauduaunisniaa (Strip) f28RANNTS Reverse hybridization
Jumsesamviavesmanaeiuguesiidueldvanseislunmsiuiitenfivseduier Tasih
PCR product (Amplicons) fifinaaindae biotin il nsenny probe ﬁm?qaeﬂiuuusiuluaaummmu
mé’ﬂmﬂﬁgum’m’i’mmiLﬁﬂﬂﬁﬁ?m@’f’mmilﬁumsé’lgﬂﬁu (Substrate) Gﬁaﬁifumauﬁuawﬁﬁ%w Reverse

a o

hybridization ¥8wien GenoType® MTBDRplus? il

2.1 wunane DNA w83 Amplicons #ifinaaindae biotin #38 sodium hydroxide (DEN buffer)

U4 single stranded DNA (ssDNA) g‘dﬁ 2-4

Ul 2-4 uanansvufie1ves sodium hydroxide (DEN buffer)

8 PCR-products labeled ds DNA

chemical denaturation
Blo

Wlabeled ss DNA
ERTTIT UL B

(1311 : FIND foundation for innovative new diagnostics, 2008, %11 58 )
2.2 \ilawfiu green hybridization buffer (HYB) agvilviiinufjizen hybridization ¥84 Amplicons
fifinaainaae biotin AU probe Tnen13duiusg 199w Tuvasidlueiiundsotaazludnniziu

Probe mugnasauns lugui 2-5

25



gﬂﬁ 2-5 uanN15vinugnsen hybridization 1@ green hybridization buffer (HYB)

\” UL 45°C

-
Y T

DNA-strip

(‘ﬁm : FIND foundation for innovative new diagnostics, 2008, 911 58 )

2.3 ludumiafi Amplicons fiinaaindae biotin AU probe dufulaigime oy stringent
wash buffer (STR) ﬁﬂwqmaaﬂmﬂﬁu iedostunisiin non-specific bands Uu strip wash Taglu(A)
wanadensduiueegnasimnguas Amplicons AU probe (A=T & C=G) uag (B) wansdensduilisnmie
294 single nucleotide Lﬁaﬁﬂﬂﬁﬁ%mﬁw stringent wash buffer (STR) A9zngaaananiu etosiy

NSLAA non-specific bands VU strip 9nYfA%81 hybridization ﬁﬁg‘d‘ﬁ 2-5
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gﬂﬁ 2-6 UL@M9NI5LAA non-specific bands VU strip 31nU7A381 hybridization

mismatch !

(17'im : FIND foundation for innovative new diagnostics, 2008, 1 60 )

2.4 conjugation buffer FaUsenounae streptavidin-alkaline phosphatase W eafuadly

streptavidin 3UAY biotin 51’\131]17; 2-6
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3UN 2-7 uansn19viUfse1ves conjugation buffer

Streptavidin
d
Alkaline e
| Phosphatase
Conjugate

(ﬁm : FIND foundation for innovative new diagnostics, 2008, N 61)
2.5 \iloifin Substrate (hydrogen peroxide) aslu 1Uufu alkaline phosphatase virliuauuy

a o

stipe Wagunlifid Wudi vilianunsasuuwauiiedusmendails dsguin 2-7

3UM 2-8 uanen5i1ufisenves Substrate

Alkaline
Phosphatase
Streptavidin

Q

L]

) — Colourless
substrate

DNA+STRIP®

(‘ﬁm : FIND foundation for innovative new diagnostics, 2008, 7N 62)
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uni 3

a [

= Aa
3TLUYUITIY
nsAnedl 1un1s@nwBenssaun (Descriptive study) ¥1n1SANBIAI08 1L @LNE AN ULT D
acid-fast bacilli (AFB) fagnaeaganssemi dansianisheeinlsalui 1 melseniinel meuwmaila

Line probe assay 7 aa5.11 Tuleuussanas 2563-2565 SIUIUTIEY 6,262 F10619 WUNUUSZANIVDS

PN v ! [ Y]

AUaeld 3 nau Suuiiaangalaun gUlesglnl (New case) 31uau 4,948 dees, HUieiiidainm

(On-treatment) 9117U 904 #78819 wazUreneiiuseimduialsn (Retreatment) 97uu 410

A9Y19

3 v 1
3.1 NAUNIBYIY

M8 UeNnuIdANURAUARIINAME8TIENTION WATHANITATINAUNENULYD acid-fast
bacilli (AFB) Adgnaedganssml U1u1nsan1sies1indsauwin 1 n935e¥3Inen arewmaila Line

probe assay L#l8ATIAN15ADYA Rifampicin tag Isoniazid

ad < W 1
3.2 /NN UAIDYY
AUrefionnsdivasdeinlsaiidannuiaunfainanaesadnsaten nufegaunEna Ay
waunauky" (Collect sputum) L oUINTIINLA® acid-fast bacilli (AFB) frendosganssal nouu

o | & Y] N aal a a Y a . PN
G]'JEJEJ'NEN@Jqﬁ]iﬁf\]ﬂqiﬂaﬁq?ﬂﬂﬁﬂLLU'JV] 1 V]'N'JSQ%GUTHV]EJ'] AIYLNAUA Line probe assay 7 @mg.11

3.3 NuNAne

lsaneuranie Tuleguaini 11 (7 Jminnialdneuun) Ndwnasianddinanulesiunivay

15A7 11 39IAUASAISIIUIY

3.4 35n15ANEN

3.4.1 Ja9 uaz gunsal
3.4.1 Biosafety Cabinets Class |l
3.4.2 \nTeafinyinafiduelulfitenlndiwesa (PCR Thermal cycler)

3.4.3 Twin shaking water bath
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3.4.4 1309 TwinCubator®

3.4.5.p50%d504lu (UPS)

3.4.6 Tube wanafnnuway Il1Ua v 50 ml

3.4.7 Centrifuge 7ild Tube th¥pwunn 50 ml Aiduasseuls 3,000 ¢
3.4.8 Micro-centrifuge Pl Eppendorf Tube 1.5 ml AUEITOUR LS 4,000 - 13,000 rpm
3.4.9 Micro-centrifuge Pl Eppendorf Tube vu1 0.2 ml

3.4.10 Microtube rack d%¥uU Eppendorf Tube 9u% 1.5 ml

3.4.11 Microtube rack d1%¥u Eppendorf Tube 119 0.2 ml

3.4.12 Eppendorf Tube 9u1m 1.5 ml

3.4.13 Heat block (100 °C)

3.4.14 Vortex

3.4.15 Auto pipette + Tip vu1a 1-10 pl

3.4.16 Auto pipette + Tip 9u1n10-100 pl

3.4.17 Auto pipette + Tip 9119 100 — 1000 pl

3.4.18 Auto pipette + Tip U9 1-5 ml

3.4.19 WRNITULIA

3.4.20 Forceps

3.4.2 e
3.5.1 GenolLyse® (Hain LifeScience, Nehren, Germany)
3.5.2 Genotype® MTBDRplus Ver2.0 (Hain LifeScience, Nehren, Germany)

3.4.3 A5N15NAEU

3.4.3.1 MIENAEITAUSNTIY
1) panvnauLEunY (treated sputum) U3unu 500 ul Taviaonnaans screw cap tube 1A
1.5 ml
2) ufl 13,500 rpm, w1 5 wndl
3) e micropipette an supernatant ﬁﬂiﬁwm

4) 151100 pl ves Lysis Buffer (A-LYS) vortex ,Spin downusl 5 W1 ﬁqmmﬁ 95°C Tu

30



waterbath

5) iy 100 pl 983 Neutralization Buffer (A-NB) vortex a2 Centrifuge full speed 5 U

6) 9" supernatant 100u (DNA solution ) Wuld naoannaes screw cap tube wuA 1.5
<
ml LAUN-20°C

7) 99 DNA solution 5 pl luvnsvageumewaila Line probe assay %9

3UN 3-1 uanetunaUMSENAEITNUINTY

Amplification

oD
Stopage
at=2000C

Sample material Centrifugation Lysis at 95°C Neutralization

- X

3.4.3.2 N13ASIANIULIANBYN ArEnALlA Line probe assay

1. SuneuiinUSnamiBue (PCR Amplification)
1.1 w381 Amplification Reagent mix Tuiiaeinsau DNA
- Amplification Mixes A (AM-A) Usznaunae Buffer, Nucleotides, Taq polymerase
- Amplification Mixes B (AM-B) Usgnausie Salts, Specific primers, Dye

A15°97 3-1 wanauINInIN1sLa3en Amplification Reagent mix 1 #9814

Reagent Volume
AM-A 10 pl
AM-B 35 pl
DNA solution 5 ul
Final Volume 50 pl / 1 sample
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1.2 FunsumsiinU3ainaifiBue (PCR Amplification) fa81A389 GTQ-Cycler 24

Manual

1.

2
3.
q

Juda-Unogsnundaaio
Jn-Uerlnpseslidoadng Td Reaction Tube (0.2 ml) TueSes GTQ-Cycler 24
Start PCR Program t@an“Run Program” UU#i190

\aen Program ﬁﬁ]ﬂ% Run; “MDR DIR” = Clinical specimens

A151971 3-2 uansgamgliudassau vasnsiinUTINaRdUe (PCR Amplification)

L381 RRIREY MUY
15 Ul 95°C 1 59U
30 AU 95°C
. 20 79U
2 U 65°C
25 Uil 95°C
40 Uil 50°C 30 F9U
40 U 70°C
8 w1 70°C 1 50U
Heating rate <2.2°C / 3

don Reaction Volume figasn1s den “50 ul” Am “OK”

31Ua¥LduA Program Fudintiee Touch Screen 7 “Temperature
Curve” \dan “View Trace”

%&99N Program Run @33 Ui ~ 2 Hrs agdidenanu “Unit IS
IDLE” Fufinthasvinuy uwiddu “Unit Holding” waneinds Run
Test Bn¥9U NA Stop Lakae

End Program: na “Stop” 11 “Display 7 Home” w&a Switch Off Un
A3

Amplification product anunsanAiulei 8 8 20 °C
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2. YUABUATINATILALOUBALEIS Hybridization Tagwin PCR Product a1 hybrid

fiu probe VY nylon membrane strip ka1 lUviU{Ase1 chromogenic

reaction

a

guinen HYB uag STR Nigaumind 45 °C @i RIN waz Unauebiigamgiivies

Y

L@u 20 pl ds Denaturation Solution
@mauﬁaLﬁa Denature DNA amplicons
(DEN, #a@vl) mseyawellsves Plastic Tray
wag Lid 20 pl vas DNA amplicon (PCR
oroduct dsag) Yntuandle mix vufl

QN ivias 5 Ui

@y 1 ml 9esHybridization Buffer (HYB, &
Fen) drunsedruiuwell fldansindausn
wanTrayduasauansavareduiodentiu
(Homogenous) <sg1sUWUnlaUTrayse

Liquid>

4. 1M9bHW DNA STRIP aghy well 989 Plastic

Tray (@@udavlinuasTray) U1 Plastic
Tray MeuunalianuSouvena3ng
TwinCubator® Ui 45 °C 30 il
(Program P1 Step1) udald Pasteur pipette
An Hybridization Buffer (HYB) #an31n well
L@ 1 ml U®9 Stringen Wash Solution (STR,
FNAuna) Uufl 45 °C 15 ufl Shake uu
TwinCubator®(Program P1 Step2) waald
Pasteur pipette @@ Stringen Wash Solution

(STR) @@na1n well

33

Y

e
+§

20p0 20pl
DEN  Amplicon

Mix and incubate for 5 min at RT

Z = )

HYB
1ml Add 1 ml prewarmed HYB
HYB and mix carefully

» Place DNA+STRIP in well

» Incubate for 30 min at 45°C
» Aspirate HYE completely

H

1mi + Incubate for 15 min at 45°C
STR » Aspirate STR completely



10.

11.

874 Strip A28 1 ml 989 Rinse Solution (RIN)
1 uniifigaumaiivies Shake Uy
TwinCubator® (Program P1 Step3) Laay

RIN #iattag AdnTrayaedununszay

L@ 1 ml w99 Diluted Conjugate (10 pl
CON-C + 990 pl CON-D) Unifigaumgiisies 30
119 Shake Ul TwinCubator® (Program P1
Stepd) W89 Conjugate ponfIBLLazA
Trayaguiunseay

a19 Strip f8 1 ml ¥4 Rinse Solution (RIN)
1 Wiiflgnumgiivies Shake Ui
TwinCubator® (Program P1 Step5) Laaln
RIN auasainTrayasduiiunszany

&4 Strip 8nASadae 1 ml ves Rinse
Solution (RIN) 1 mﬁﬁqmugﬁﬁm Shake Uu
TwinCubator® (Program P1 Step6)

WA RIN ‘iﬁaLLazﬂfwTrayaﬂ%’uﬁUﬂixmﬂw
W&uin 1 ml vasthndu 1 iiifigamniivies
Shake uu TwinCubator® (Program P1
Step?) udumnauitsuas

A Trayasduiunsenny

LAy 1 ml v84 Diluted substrate (10 pl SUB-
C + 990 pl SUB-D) Uxs&#1191381 3-20 W
ﬁqmmﬁﬁaq (Program P1 Step8) wiolWa
29 BackgroundﬁﬁﬂLﬂu%uLmSubstrateﬁQLLaz

AN TrayadduAuNIzAY

34
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RIN
1ml + Incubate for 1 min at RT
RIN » Remove RIN completely

\mu; CON-C + 950 pl CON-D = 1 ml Diluted Conjugate

i
V&

« Incubate for 30 min at RT
« Remove conjugate completely

Y

1mlRIN « Incubate for 1 min at RT
« Remove RIN completely
Y
RIN
1mlRIN « Incubate for 1 min at RT

« Remove RIN completely

)

1mlH0 * Rinse once with water for 1 min
* Remove water completely

u SUB-C + 990 pl SUB-D = 1 mi Diluted Substrate

Ty

« Incubate for 3-20 min at RT
« Remove substrate completely

nv



o A a v ¥ 2X St
12. vigan1svinunIenlagaenigiindu 2 seu /-—v
(Program P1 Step9, 10) LaWNUINAUNILAS
A Tray U UNTEAIBLAIMBULKY Strip 11 Ho
: 1mlH.0 Stop reaction by rinsing twice
0URA : with water

13. 9WaU Strip 84UU data sheet wagilana

PRI

Remove DNASTRIP from tray
and dry it on absorbent paper

3. 9TuNakazwlaNanITAgau

1) 379 membrane strips YU data sheet
2) ulanaan data sheet lpaiiioans strips U data sheet @auuuves strip AI52791AATS

Marker lane Uu sheet (FIUNANUINT 1)
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A15197 3-3 Lansnsilanan1sageu

ALY

nswUanan1INa&Eau

Marker lane

AUWLSEIUUUEAYBS membrane

TUB

1139 Mycobacterium spp.

Conjugate Control (CC)

1n139UAUYBY conjugate U Strip iU chromogenic reagent

wanafan1sviuisenfauysallutuneu Conjugation

Amplification Control (AC)

finsduniuwes Substrate U Alkaline Phosphatase 11
= @ a1 = o aaa N
LauNAdauLUas UL U UL LLEWN@Nﬂqiwqﬂﬁﬂiﬂqﬂﬂﬂuiﬂﬁu

Fumau Amplification

rooB MT probe

JuaUTULEAIDINTNANENUTVDITU rpoB danalviiadasasn

Rifampicin

rpoB WT probe

o
[

TuauTusanIEeNUgAAAY 3o a1eiugund (Wild type)

038U rpoB Nlifin1shesn Rifampicin

katG MT probe

AuauTuuandaNsnaNeRugvedu katG dwaliiyenasosn

Isoniazid

katG WT probe

v
[

TuauTusanIEeNugAUAY 3o a1eiugund (Wild type)

998U katG Nkifin1sAeen Isoniazid

inhA MT probe

JuauTukanIfaNIsNaNeNuguoedu inhA demaliyenonay

Isoniazid

inhA WT probe

TuaUTULAAIEENUSABAN 1138 areiugund (Wild type)

998U inhA NliiinnsA9e Isoniazid
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UNN 4

HANI5ALATIZNTYE

fegrefinsameuiniithunnanidetalsaiios §1e33 Line probe assay luTlaudszam
2563 {14 2565 SUILNIAY 6,262 F20819 wlanUssanasUanld 3 ngu Sruaufigaiianldud
fUheselval (New case) S1uru 4,948 feehs Andusesas 79.02 sesasn e fUasfiddsinw
(On-treatment) §1u2u 904 #0813 Amdudesas 14.43 uwavg Ul ineduseimduialsa

(Re-treatment) 311U 410 10819 AnduSouay 6.55 MUAIRU FIA15199 4-1

A13197 4-1 LR IuIuRI98 19 UrsiaunsuIn i uinsian e inlsnfesn 61835 Line

probe assay lnguanuussinnvesUie

.. Yauuszana
Usztnnuasgiae 374
2563 2564 2565
e el 2116 1800 1032 4,948
(New case) (79.94%) (76.50%) (81.77%) (79.02%)
fUeneiiusziaduialse 186 153 71 410
(Re-treatment) (7.03%) (6.50%) (5.63%) (6.55%)
FUneiifde3nun 345 400 159 904
(On-treatment) (13.03%) (17.00%) (12.60%) (14.43%)
33U 2,647 2,353 1,262 6,262

1nN1952970il9AR 08181873 Line probe assay vassat1cludeusyana 2563 fa 2565
wuinmegadieelni (New case) fisnsnsioen Isoniazid liuansnetu e Seray 12 SasIn139e
&1 Rifampicin fuwlduiiutuiisadntes fo Sovaz 0.09, 0.17 uay 0.58 MUAIWU waznUISnIINST
Alosmatswuy (Multidrug-resistant T8 (MDR-TB)) ¥4 3 T liumnsinafusnn Taveglutnadesas 0.5 fs

Saeay 0.8 AIN1519% 4-2
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M19197 4-2 wansnan1snTIImnshieeiadsalugthenelud (New case)

P Yauuszua
Ussnn1snaen 394
2563 2564 2565
HUeelnl (New case) viaviun 2116 1800 1032 4,948
y P 257 224 128 609
- 9ulsARDY" Isoniazid
(12.15%) (12.44%) (12.40%) (12.31%)
.- 2 3 6 11
- 9ulsAR@81 Rifampicin
(0.09%) (0.17%) (0.58%) (0.22%)
- SnulsAneeanevuny 11 15 6 32
(MDR-TB) (0.52%) (0.83%) (0.58%) (0.65%)
.. 13 18 12 43
- §U28 RR+/MDR
(0.61%) (1%) (1.16%) (0.87%)

Falsauidn RR+/MDR ludsuuseunn 2563 §¢ 2565 fduruianun 43 519 nuda 9.
unsA35IINT1Y Tt Tnilsaulin RR+/MDR geitan Amufosas 2558 ululsuuszanas 2563 JgUae
RR+/MDR gafiganulu 9.a51wn$571 Deutsvana 2564 1fun 2.unsA3s35u519 waz 9.4ufn dnly
Yeuvszanas 2565 THuA 2.2ums famnseil 4-3

M15197 4-3 uanewanuinilsnvila RR+/MDR luiuiiwnguaini 11

Lo Yauuszuau
NN 374
2563 2564 2565

UATATTIININY 3 4 4 11 (25.58%)
q91eg) 551l 4 3 1 8 (18.60%)
YUNT 0 3 5 8 (18.60%)
nsed 3 1 2 6 (13.95%)
Q40 2 4 0 6 (13.95%)
TUDY 0 1 0 1(2.33%)
W91 1 2 0 3 (6.98%)

374 13 (30.23%) 18 (41.86%) 12 (27.91%) 43 (100%)
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lunguaind 11 Jmdandianuynvesinlsnyda RR+/MDR gefian Tulsuuseunu 2563,

2564 uag 2565 Ao Jandansed, Ywingie wazdwinguns aua1du Aw1s199N 4-4

M13199 4-4 ANUYNVRLIULIARBE RR+/MDR lunuilungun1ni 11

AAYNVRIINLSANDET RR+/MDR (Aauauuszying)

99N

2563 2564 2565

UATAISITNIY 0.19 0.26 0.26
4391903571 0.37 0.28 0.09
YUNT 0.00 0.59 0.98
nszd 0.63 0.21 0.42
Q40 0.48 0.95 0.00
52UD4 0.00 0.51 0.00
Wa9 0.37 0.75 0.00
591 0.29 0.40 0.27

PNMsAnyIUsEIRveiedalsasieematgyuu (Multidrug-resistant TB (MDR-TB)) Midudin
Tulusunsu NTIP §1uau 43 519 wud dalngduiteiieglunguussansidewiolalse Andusesay

34.88 sesasndie fihe HIV Andudesas 13.95 fwmnsnedl 4-5
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M13199 4-5 UansnuingItesvelse AR UIeiun1shee1 RR+/MDR luiiuillnguami 11

UsziRgUae 2563 2564 2565 394
Uszvnsidessiadailsn 4 (26.67%) 6 (40%) 5 (33.33%) 15 (34.88%)
BUae HIV 1(16.67%) 2 (33.33%) 3 (50%) 6 (13.95%)
Heuialndda 3 (60%) 2 (40%) 0 5 (11.63%)
Keuiasaudnu TB 2 (40%) 2 (40%) 1 (20%) 5 (9.30%)
WIIUAIIA2 2 (50%) 2 (50%) 0 4 (6.98%)
HUaeumau 1 (33.33%) 2 (66.67%) 0 3 (2.33%)
Heuiasaudau MDR 0 1 (50%) 1 (50%) 2 (2.33%)
Aiguyns 0 0 1 (100%) 1(2.33%)
lifiarmides 0 0 1 (100%) 1(2.33%)
Prisoner 1 (100%) 0 1(2.33%)

39 11 (30.23%) 15 (41.86%) 6 (27.91%) 43 (100%)

1nn1sAnwrengves el

Y

Hiulsafog1atsauiu (Multidrug-resistant TB (MDR-TB))

Fuu 43 5798 wudh daulugidUaeeglugiseny 45-54 U Anudesay 32.56 wasnuluduedudilng

AaduSeyay 58.14 fIm135199 4-6

M13199 4-6 uanInNeIteIestvegRUleiun1sheematevul (Multidrug-resistant T8

(MDR-TB)) luftuilungunmil 11

21¢ 2563 2564 2565
= = = 374
B8 NEU B8 NEU ¥1Y NN
18-24 0 0 0 0 0 1 (100%) 1 (2.33%)
25-34 2 (25%) 0 2 (25%) 1 (12.50%) 2 (25%) 1(12.50%) | 8 (18.60%)
35-44 1 (12.50%) 0 1 (12.50%) 2 (25%) 2 (25%) 2 (25%) 8 (18.60%)
45-54 5 (35.71%) 1(7.14%) | 5(35.71%) 1 (7.14%) 1 (7.14%) 1(7.14%) | 14 (32.56%)
55-64 1(14.28%) 2 (28.56%) 0 3 (42.85%) | 1 (14.29%) 0 7 (16.28%)
>65 1 (20%) 0 1(14.28%) 2 (28.56%) 0 1 (20%) 5 (11.63%)
33U 10 (23.26%) 3 (6.98%) | 9 (20.93%) 9 (20.93%) | 6 (13.95%) 6 (13.95%) | 43 (100%)
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uni 5

a3U afUsIeHa wazdaiauauus

MNsAnwIRensTIunsteyaandeg e tasiauvzuan el eudts 7 Smialy
WAFUANT 11 Aden5aa3n6s ans.11 Tuasdauussanas 2563 fis 2565 fidruuanas enaifiessnain
anun1sainsunsszuemastsalain 19 lutssmalne andoyarsmniifnuauidiie fulsavda
RR+/MDR Foway 0.87 Fadsinindruszanaminesamseunselaniiled w.a.2565 (Global tuberculosis
report 2023, WHO) ﬁwm"]@5miiﬂiﬂsiwﬂﬁﬂWi§aaﬁ RR+/MDR lutsginalny windusesay 1.7
1{ea9n ans.11 Wumbenuiliuinsenaiedssfuazmuaulsalussuuinietiovosujiinis

(Public Health Lab) vesnsuaiuaulsa wen1stdesiumivnulsanazdeguain andeyaniiuifnw
gj Qy IS U [ 1l o 1 Y o = 1 v Y a va (% 2 1
Viadudl 4,948 fegne uslidegadUliauvsuindwiunignddunmadaiosfiansiulsadus 1wy

Vo uRnsveamlsnwenyy Js013asinividiegsniuiunfnunluasiddilinseunqudiiegiaves
Auresualuwagua i 11 Fsoraduamguilsivinlinudienesdosniiannuduasald uazan
Joyana 3 U wudwwildumsaesninlsadinsiey ureglsimsfnnudeyanelilussezen wisg

1) ¢ & \
winlduanunainisheensaly

[ %
Y [J

nnsAnymuig e iulsaviia RR+/MDR Tuwnguaimi 11 Medudiuiu 43 au Aaduses

az 0.87 wagnuimwilifiludeuussana 2563 fa 2565 Asilag Ao 0.61, 1.0 waz 1.16 WA uaz

' 1%
v o J [ Y v

PUNTININTEAUUTENA 39971992890 D97ULARIUSULUABULUINIINITS N LB9AINTINUNITADEN

[y

lusgAuiinned winIsaziimsfnnunisiegvesdeinlsaogsaniaye

NNsAnwIANYNVeI I TlsAYila RR+/MDR lunguaind 11 lutauuseuna 2563

'
=

JanianszdiinuynvessUieiulsavila RR+/MDR geilan Ae 0.63 sesauaulszyIns uianasly

9

Yeuuszaunad 2564 91L09U19Na1UNITAIN1STEUIRvRdlsalalsu s AluUsywmelng 39919981

msfiansesinlsnanas dallutiudssanm 2564 faringindanuynvesgUieialsaila RR+/MDR

a

gafignfia 0.95 esauauUszr1ng enalisanandmingindudminiiivssnuedoudradiuauin

MITUsEYINIWlaeae 311U UsEINSNUINIAIUINAINYNTININTIUTEIINTARNDIT 39071992V

AAugnadle Tudmvesdwminguns wudenuynvesUieialsasdn RR+/MDR ia@ulumngd Asus
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U 2563 s 2565 uazmmanuesiUreialsaviia RR+/MDRgaRluYsuUsEINa) 2565 fiD 0.98 5105
waudsenns Mndeyaiuandiifuinddvaetnlsafosdiuuinn dwaliidunsdinaissaunes
Fmihfianssuguidiusniu feiudedestunsfiuduiuvesinlsadesn Femsiinissnuinlsa
SrufunnsifE saffunnsSuUsENIUEn (directly observed therapy, DOT) WoiuUszansninnis
Snwrialsalasfnaunissuuszmuenegseiies wevilvinssnuiulsaldnanissnufimevin

(cure) annsiAalug (relapse) wazandymnisiial@ensen (drug resistance)

nnsAnwUseifvesUienilulUleialsafosviin RR+/MDR lulusunsy NTIP wudndiu
gy Wulszanadessetalse Aludinsuenngudvieidaau Weownandedidavedlusunsy ldly

Yauuszann 2563-2564 fin1stuiinteyaiUleldasudiu Feenaagiilideyaludiuiivianiely lag

[
(% 1 1

Adrenudlvg eglunduisyinaunniian feengasus 25 -54 U uagsesasnfenduiateny foeiy

9

v o

Aaugt 55 VAUl Famsiiunisduntudduddlngdn wasddudasudmlunisasiaminlsassosuladiy

é’ A ! EZ L3 a é{ Y Y ¥
AMNVU LW@SU'JEJ’ﬁ@E}]UG]ﬂ’]iﬁm’ﬁLWllsUu“UENEdﬂ'lﬁlﬁmliiﬂiu@uqﬂ@li@
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AMANUIN

AMANUIN 1 A9E19NTSLUANANISNAGRU

katG

rpoB WT2
rpoB WT3
rpoB WT4
rpoB WTS
rpoB WTh
rpoB WTT
rpoB WTE

— —m = —— —— rpoB MUTT
— e — ssm —— rpof MUT24
) = —— —— rpeld MUTZE
C— esm —— —— —= rpof MUT3

rpof
rpoB WT1

TUB

[
O

IR
TIRELIRIRIIE
JIRILIRINIE
IR

1]
2]
3]
]
5]

J

—
1

— e/ o msm —— katGMUTI
) mem —— —— —— katGMUT2

katiz

katGWT
s s 0hA WTI
e e jnhd WT2

—— o s —— — inhd MUT
—— — — — —= inhd MUT2

mm inhd

— e — — —— inhd MUT3A
—— — c— — — inhdA MUT3B

I I I S -
] CJ B ] e

RMP

INH

= =l (=
=2|=2 -
SHEEEE HHHEE

SRR EHEE

SRR EEEHEHE
+ -+ -+ - ||+ [+
— |- [+HH-| [+

+] [+

+ [+] [+] [+] [+

[+ [+ [+

IRILLALRYE

|

‘1‘7||m : Bruker Daltonics GmbH & Co.

Conjugata Control =« «asevasensianans
Amplification Control -
M, ubereulosis COmplEr =« -« =xcmemnennaans

rpoB Locus Control -
rpal wild type probe | -
rpal wild type probe 2 -
rpoB wild type probe 3 -
rpall wild type probe 4 -
rpol wild type probe § -
rpoB wild type probe & -
rpafi wild type probe 7 -
rpal wild type probe @ -
rpal mutation probe | -
rpofl mutation probe 24 -
rpoB mutation probe 28 -
rpel mutation probe 3 -

kalG Locus Control -

KalG wild typa probe -
KatG mutation probe 1 -
katG mutation probe 2 -

inhd Locus Control -

inhé mutation probe 1 =
inhd mutation probe 2 -
inhA mutation probie 3A -
inhA mutation probe 3B - - eeneeoe s eoen
colowred marker

5
=]
o

KG., 2023

Conjugate Control

-~ Amplification Control
-~ M, tuberculesis complex

-~ rpoB Locus Control

- rpoB wild type prabe 1

1pel wild type probe 2

++ poB wild type probe 3

paB wild type probe 4
po8 wild type proba §
rpoB wild type probe &
(poBi wild type probe T

-~ rpaB wild type probe &

rpad mutatien probe 1
rpofi mutation probe 24
rpo mutation probe 28
rpel mutation probe 3

kst Lacus Contrel
KatG wild type probe
kat mutation probe 1

« kalG mutation probe 2

inhA Locus Control

inhAwild type probe 1
inhA wild type probe 2
inhd mutation probe 1

-« inhA mutation probe 2
-~ inh& mutation probe A

Resistance

ﬁuﬁ : Hain Lifescience, 2012

a5

inhd mutation probe 38
coloured marker

R = Rifampicin
| = Isoniazid



AMANUIN 2 MSeN1SHUaNaNISAdaUN1SABYI Rifampicin (Hain Lifescience, 2012)

Target

region MTBDRplus probe Mutation or region interrogated | Interpretation Additional diagnostic action® Clinical implications
rpoB WT1 | rpoB WT1 not developed Mutation(s) in codons 505-509 Resistance to Optional: Perform sequencing | Rif is not effectives
(424-428)b rifampicin (Rif) of rpoB to identify the specific
inferred mutation.
rpoB WT2 | rpoB WT2 not developed Mutation(s) in codons 510-513 Resistance to Rif Optional: Perform sequencing | Rif is not effectives
(429-432)0 Inferred of rpoB to identify the specific
mutation.
rpoB rpoB WT2 and WT3 not Mutation(s) in codons 510-517 Resistance to Rif Optional: Perform sequencing | Rifis not effective®
WT2/3 developed (429-436)° inferred of rpoB to identify the specific
mutation.

rpoB rpoB MUT1 developed D516V (D435V)° Resistance to Rif No additional diagnostic action Rif is not effective

WT3/4 detected reguired.

::;ig:: MTBDRplus probe Mutation or region interrogated | Interpretation Additional diagnostic action? Clinical implications
rpoB WT3, WT4 and MUT1 Mutation(s) in codons 513-519 Resistance to Rif Optional: Perform sequencing Rif is not effectivec
not developed (432-438)° inferred of rpoB to identify the specific

mutation.
rpoB rpaB WT4 and WT5 not Mutation(s) in codens 516-522 Resistance to Rif Optional: Perform sequencing | RIf Is not effective®.
WT4/5 developed (435-441)0 inferred of rpoR to identify the specific
mutation
rpoB rpoB WTS and WTé not Mutation(s) In codons 518-525 Resistance to Rif Optional:Perform sequencing Rif Is not effective®
WT5/6 developed (437-444)° inferred of rpoB to identify the specific
mutation
rpoB WT7 | rpoB MUT2A developed H526Y (H445Y)P Resistance to Rif No additional diagnostic action Rif Is not effective
detected required
rpoB MUTZE developed H526D (H445D)° Resistance to Rif No additional diagnostic action Rif is not effective
detected required
rpoB WT7, MUT2A and Mutation(s) in codons 526-529 Resistance to Rif Optional: Perform sequencing | Rif is not effective®
MUTZ2B not developed (445-448)° inferred of rpoB to identify the specific
mutation.
rpoB WTE | rpoB MUT3 developed SH31L (S450L)° Resistance to Rif No additional diagnostic action Rif Is not effective

detected

required

rpoB WT8 and MUT3 not
developed

Mutation(s) in codons 530-533
(449-452)®

Resistance to Rif
inferred

Optional: Perform sequencing
of rpoB to identify the specific
mutation.

Rif Is not effective®

o

n e

The decision to parform the optional diagnostic actions should be guided by considerations of the patient’s risk group for resistance and by the prevalence of resistance in the setting, as these factors
affect the pasitive predictive value of the test. Silent mutations may be of greater concern in low-resistant settings
MTB codon numbering according to Andre et al. {27) is reported in parentheses.
This recommendation does not apply if sequencing identifies a silent mutation.
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MAKNUIN 3 ANTNUEAINITNABWRUGVDIEY rpoB Ndaandasiunisniglivas wild type uay

Mutation band (Hain Lifescience, 2012)

Failing Codons Developing
wild type bandl(s) analyzed mutation band Mutation
rpoB WT1 505-509 F505L
T508A
S509T
rpoBWT2 510-513 E510H
L511P*
rpoB WT2/WT3 510-517 Q513L*
Q513P
del514-516
rpoB WT3/WT4 513-519 rpoB MUT1 D516V
D516Y
del515
rpoB WT4/WTS 516-522 del518*
N518I
rpoB WT5/WTé 518-525 SH22L
$522Q
rpoBWT7 526-529 rpoB MUT2A H526Y
rpoB MUT2B H526D
H526R
H526P*
H526Q*
H526N
H526L
H526S
H526C
rpoBWT8 530-533 rpoB MUT3 S531L
S5310*
SH31W
L533P

* These rare mutations have only been detected theoretically (in silicol.

AMAKNUIN 4 ANTNUEAINITNABWRUGVRIEY KatG Naaandasiunisnigluvas wild type wag

Mutation band (Hain Lifescience, 2012)

Failing Codon Developing

wild type band analyzed mutation band Mutation

katG WT 315 katG MUT1 S315T1
katG MUT?2 531572

ar



MAKNUIN 5 ANTNUEAINITNANBRUSVBIAIINAUL inhA promoter (inhA gene) NdanAdasiun1s

wwluves wild type wag Mutation band (Hain Lifescience, 2012)

Failing Analyzed nucleic Developing
wild type band acid position mutation band Mutation
inhAWT1 -15 inhA MUT1 C-15T
-16 inhA MUT?2 A-166G
inhAWT2 -8 inhA MUT3A T-8C
inhA MUT3B T-8A

AANUAN 6 As1nERsNanyUialsafes atsvuIl (Multidrug-resistant TB (MDR-TB)) Tuilud

#1199 Tulupguamd 11

L. Yauuszua
9NN 394
2563 2564 2565
. 2 i 3 9
UATAIFITNINY
(22.22%) (44.45%) (33.33%) (28.13%)
‘o 4 2 6
#9194 3514 0
(66.67%) (33.33%) (18.75%)
; 3 1 2 6
nyzd
(50%) (16.67%) (33.33%) (18.75%)
. 2 3 5
Q4n 0
(40%) (60%) (15.63%)
1 1
JTUDY 0 0
(100%) (3.13%)
. 1 1
a9 0 0
(100%) (3.13%)
3 1 4
YUNT 0
(75%) (25%) (12.50%)
11 15 6 32
394
(34.38%) (46.87%) (18.75%) (100%)

a8



AMANUIN 7 As1slansNanuInlIanoen Rifampicin (Mono Rifampicin resistance; RR-TB) Tu

¥

& A =
NWUNANE IuLsﬂﬁfﬁlﬂ'}WW 11

L. Yauuszana
Jmin 593
2563 2564 2565
4 q
YUNT 0 0
(100%) (36.36%)
. 1 1 2
UATAISIIUINY 0
(50%) (50%) (18.18%)
. 1 1 2
q31853571 0
(50%) (50%) (18.18%)
. 1 1 2
W 0
(50%) (50%) (18.18%)
1 1
ana 0 0
(100%) (9.09%)
nszd 0 0 0 0
5YUBY 0 0 0 0
2 3 6 11
594
(18.18%) (27.27%) (54.55%) (100%)

a9



AANUIN 8 MITLEAAIIIWIUYTEYINT TuungunInd 11 oo Wheuiueneu U 2563, 2564 uag

2565 H1Ua10U

UUYTEYINT TUUAGUAINA 11 (AL)

9990
2563 2564 2565

UATASSITUIY 1,550,577 1,509,321 1,506,037
d519 5571 1,067,277 1,072,025 1,072,460
YUWS 508,922 509,344 509,414
nszd 477,444 478,854 479,999
Qiin 415,462 419,217 417,541
5TUDY 194,175 194,674 194,364
TRRY 268,160 268,130 267,595

594 4,482,017 4,491,565 4,487,410

Joyadn anAuseanImaNMIzilieunegseieu) dunuimsnmmedeu nsun1sunases
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