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Abstract

Diagnosis and drug susceptibility testing (DST) of tuberculosis (TB) is necessary for
proper treatment of TB patients. Preparation of sputum samples are important for performing
concentrated acid-fast bacilli (AFB) smear, culture and both genotypic and phenotypic DST.
Hypertonic saline-sodium hydroxide (HS-SH) has recently been developed for preparation of
concentrated sputum smear and culture but no reports have yet been found on the use of this
method for genotypic DST. This study was a preliminary study on concentrated AFB smear,
culture, genotypic line probe assay (LPA) DST and phenotypic BACTEC MGIT 960 System
DST of sputum specimens treated by hypertonic saline-sodium hydroxide (HS-SH) method. Of
227 sputa, each sample was divided into two equal portions. The paired samples underwent
preparation by the HS-SH and N-acetyl-L-cysteine-sodium hydroxide (NALC-NaOH) methods.
AFB smear, culture and DST were performed. The results revealed that AFB smear and culture
between HS-SH and NALC-NaOH were in 100% agreement (Kappa=1.00) and 94.3% agreement
(Kappa=0.76), respectively. Most DST results obtained from each LPA and BACTEC MGIT 960
System methods were pan-susceptible pattern in 82.9% and 75.0% of all patterns, respectively,
while multidrug-resistant tuberculosis (MDR-TB) patterns were 7.9% and 5.7%, respectively.
Both DST methods yielded an excellent concordance of isoniazid (INH), rifampicin (RMP) and
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MDR-TB results. The percent agreement values of susceptibility for INH, RMP and MDR-TB
were 95.1%, 97.6% and 97.6%, respectively and the kappa statistic values were 0.88, 0.91 and
0.91, respectively. This preliminary study showed that AFB smear, culture, genotypic line probe
assay (LPA) DST and phenotypic BACTEC MGIT 960 System DST can be performed on sputum
specimens prepared by HS-SH method.

Keywords: Hypertonic saline-sodium hydroxide, Drug susceptibility testing (DST), Multidrug-
resistant tuberculosis (MDR-TB)
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4 o 8 A g 1 ' v @ =
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wunmsm eediadiss TinansanuSesaz 100 (Kappa = 1.00) wazmsimziselicansany
Sevaz 94.3 (Kappa=0.76) namsnagauanuhiassmudimlsnineds LPA waz BACTEC MGIT
960 System WuNéeadIUlnglinalinemiosas 82.9 waz 75.0 muaay lasnuimlsa
Avgnna1evy (multidrug-resistant tuberculosis: MDR-TB) 3esaz 7.9 waz 5.7 mua1ay
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(INH), rifampicin (RMP) wazmsasianinlsanesvaisvinuiinnuaennasdanuluszaun
L g (excellent) Tagm % agreement Ny 95.1, 97.6 waz 97.6 muaay Kappa = 0.88, 0.91
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Minsena1935 Hypertonic saline-sodium hydroxide
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SaulsA (tuberculosis; TB) (Hulsadniye
A < o v Y
ndudfymdrdgiumssagrlunaisdszma
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mlan amaianneielauuaitse (myco-
bacteria) ﬂfju Mycobacterium tuberculosis
complex (MTBC) Tngigochaaynnunalsaluau
‘mﬂﬁtjﬂ Ao Mycobacterium tuberculosis"™
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Organization: WHO) Tamamsaiinlull w.a.
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. .. 4! < 4’4 a a dd’ 1
rifampicin Fuugnidszanimwnangalungu
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rifampicin Wuiadsaaeevaigauu (multi-
drug-resistant tuberculosis: MDR-TB) uazdl
Y A Aa s % o s
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4 . v . c X
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1] %4
wazTalsanduiusdunisaayeteyled (TB/
HIV) uaznugiiamsalfiheTalsanelnailull
W.f. 2560 99 108,000 718 viseanatiudan
156 nedeuduilsznns Tnsidtheinlsnaen
rifampicin wazialsnaveImalguiny 1uIu
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(phenotypic drug susceptibility testing) tae
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wandenvadseluemsnieneuiylue1ms
Ay o & A @ ad
nhiien Fededuismnasgiuvesmnageuany
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(Becton Dickinson, Sparks, MD, USA) 9%
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A 4 . X 4 A
vaean lidlen 1nseszasIvialSuaureniasey
uarnsnunaiiuh (susceptible) 13970 (resis-
tant) Ao8N AINTOTNINUNA LA SIANMINATRL
Tue1¥nsude 2-3 eyt waznadeuanuhde
Y v dl v 2: a Y 1
mualsauudi 1 ldasune 5 siia laun strep-
tomycin (SM), isoniazid (INH), rifampicin
(RMP), ethambutol (EMB) tag pyrazinamide
(PZA) dwsumsnadeuanyhdesnimuialsa
wuudTulndFsdagiuldsumsiannau Tagly
waﬂmﬁmaammmm (molecular blology) m]ﬁ]
msﬂawwuﬁmawuwmmﬂlaqnumﬁﬂammaawa
failsn Seihelimnunamanagenaahden
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Minsena1935 Hypertonic saline-sodium hydroxide

3 UEANNEIVNTUAI8IT HS-SH
2.

ana ~ = ' v X y
Fenaudasnmsniaeimsaneneuninil lnegld
1181 HS-SH (diunanveadsazals 4% NaOH
waz 10% NaCl luifSinasnidy) adld 1 on

o L% % % £%
voaUTinastanvz ldanudndugaieovesms
WaNaNAUFIBENItENNZUAIINAY 1.0% NaOH
was 2.5% NaCl Mnsiunanauviziazinen1sien
s Y . g g ‘Zld‘ a Y
AUAIY Vortex mixer mm"lmqmﬂquwm 15
WA waduihe phosphate-buffered saline
(PBS) pH 6.8 aul@ifSinassiu 45 dadans wau
Widndu ihdiasesifuanazneuusamoaga 19
AN 3,000g (relative centrifugal force:
RCF) 1 15 il Ngaungil 4 esenivaibed
haznounlanaunuihen PBS pH 6.8 15mas
1.5 #aaans ladushegraaumzduvulagly
15305 500 lulpsans tmnz@eadlueimsmal
MGIT uwazinaiies auvsuduiiensIamye
AFB §oua1835 Ziehl—Neelsen §19813011100
< D o= A ~
LAVUBLULUIN -20 DIAILBaLEYE

2.1.2 MILATYNLEANNSLUNTULAL
M3z san1e35 NALC-NaOH"®

OTUHANNLANTUAI8IT NALC-
NaOH ITngtaniiien NALC-NaOH (d1Uneuva9
dIaza1y 4% NaOH waz 2.9% sodium citrate
WfSinasiuiiuy wdduas NALC 19 laany
Wy 0.5%) adld 1 hwesdSinasiaunsaa
mlranudndugamevesansilonauiudiegg
ENNZUAIAY 1.0% NaOH, 0.725% sodium
citrate wa 0.25% NALC 9nUUKNaNIaNvisuLas
9: Y VY o Y . 2‘: Qy yd‘ a
henlvidniudIe vortex mixer el ingamgi
L% = :’I s dy o ] ) Y]
Y194 15 19 Ingdunaurdanniinuifeliy
35 HS-SH
2.1.3 MAANzHMIana
WSsuineunadiesaurzsuTu
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4
(eevdaiss) uazmsmnz¥eszngs HS-SH
#2233 NALC-NaOH Jwanzvinalaglsmany
11 (sensitivity) siaudwe (specificity)
MneInsainauIn (positive predictive value)
1 Cd . . .
MWINIUWNAAY (negative predictive value) %

agreement wavf1 Kappa

2.2 msnagavanihassmuiulsa

laslsaleganin3snnisdIs HS-SH
2.2.1 minaagauanihinesnau
Salsaaieds LPAY
msnagey LPA @181181 Geno-

Type MTBDRplus VER 2.0 3u1ndfinatdute
(DNA extraction) 9291191 Genolyse 1%
wnasmiviie lagl¥dredradunziyuyu
Y511as 500 ulasans dnalaelsanudoun 95

= % Q‘ a g o oo
pasraLBod walinlsnaaduLe (amplifica-
tion) Tagl¥asazanedduienadalalSinas 5
Tulasaas wenluihen Master mix (NS
Aduelagmaiin PCR @191A589 GTQ-Cycler
24 9niiuih PCR product 11/vh hybridization
MoLAI8d GT-Blot 48 Tagiaseumeaniiien dena-
turation (DEN) 15315 20 lulasaas fiv PCR
product Y311a35 20 lulnsdas Tuudazvquves

- & X yoa Ay =~
manaaAnvedaIed Nelingamniivies 5 wm
ihmaldasludiaios GT-Blot 48 wd1214 strip
atluudazvguvesmamudidudiedis telv

A o .. . P o
tA384N1 hybridization A8¥ANN1T reverse
.. . d‘ < o . '

hybridization tNBLHIINTZUVIUNITU strip 111U
wazutlawa Iaguu strip & probe AT199UMSI
Ape1 RMP Fasumziudu rpoB sznoudie
8 wild-type probe waz 4 mutation probe @u
M3Aoe INH & probe Ndnuwiziy 2 gu laud
#u karG Uszneudie 1 wild-type probe uag 2



7132

mutation probe wazdu inkA Uszneudie 2
wild-type probe (a2 4 mutation probe

2.2.2 manageuanulinesmu
Falsaa1835 BACTEC MGIT 960 System'”

ﬁu%aﬁm?m‘lummi MGIT 4
ﬂq%ﬁ%ﬁmé’aiwLﬂuwﬁaimiiﬂé'wsgﬂmnu:um%a
SD Bioline TB Ag MPT64 Rapid (Standard
Diagnostics, Gyeonggi-do, Republic of Korea)
umadgauanyhassmuialsn 4 siia ldun
SM, INH, RMP uwaz EMB TagiAngiazas
Frethaduadunasaenns MGIT musiinves
1 vasaaz 100 ulasaas vaeagamelit@nen
il growth control LLﬁ’JQ@d‘J‘lﬂﬁ (superna-
tant) ¥83§108191¥07 M lue1Ms MGIT
Banas 500 ulasansldnasneims MGIT il
81 dmTuviaen growth control FuFenndn
Tafi309198100ndu 1:100 U3u1as 500
Tulasans udnhdhiases BACTEC MGIT 960
System éﬂﬁiﬂitmin EpiCenter System wilana
manageuanuhassmuialsala 2 wuy A
wohsetuazidenen

2.2.3 M5UANZHMIAA

JiengianudonndeveInanadgol
anuhasgmuialsn A1961 % agreement Uay
1 Kappa Rl¥svauanuduiuiamuinamives
Landis waz Koch" szdunwal¥ (poor)
1 Kappa < 0.40, 52AUf (good) a1 Kappa =
0.40-0.70 wazsz@umidon (excellent)
A1 Kappa > 0.75

a WV
Han1532y
=l = = I d
waqusmmwmsmsﬂnamﬂsmum
v ¥ oA X X
LUNVHINBNFIVILED AFB ttasM stz Lse
32471995 HS-SH 4az35 NALC-NaOH

N YU UazAme

fetaailofiaumsiduduiiinionde
35 HS-SH waz 35 NALC-NaOH o¢19az 227
§e619 Winamsns19mide AFB #aundeq
gansseinssiunndiediy Taelvinauin 219
fege (Govaz 96.5) uazlvinaay 8 g1
(evaz 3.5) dmisy NaMsINZFoWLT13E HS-SH
Wimavwn 200 sheg1e (Gewaz 88.1) wWaay 23
fee1e (5evaz 10.1) LLazwumiﬂmﬁauLiaﬁ'uq
4 §ethe Fovar 1.8) luymziids NALC-NaOH
WWinavn 193 éhega (Gewaz 85.0) Waay 25
ot Govaz 11.0) wazwumauilouony
9 ¢ed1a (5ewvaz 4.0) diedianzvaany
dennasdvedandlslumsanaeeniadissuay
mInzFe Wum % agreement = 100.0 wag
94.3 1 Kappa = 1.00 waz 0.76 gua19y
(Table 1) manuly Manusimne mwensal
NALIN warAIneInsainaauvedds HS-SH
13101938 NALC-NaOH (Thi3381981 nuhdwdu
M3n19 AFB lasuhfiumndmduiesas 100
dumsmnzienyildmiosaz 99.0,83.3,97.9
(az 90.9 muady (Table 2)

wamsnageuanuhnssnmuiulsanie
75 LPA

namsnadeuanuhassnduiulsaie
35 LPA va3iadataumzidudu 76 ¢og19 wu
daulve) 63 fede (Gevaz 82.9) Tdewr INH
Waz RMP udidl 7 éheeha (Govaz 9.2) aosat
INH uaz 6 §10819 (3owaz 7.9) fhuseialsn
Aot mmeutNy Fanoreen INH 33ufy RMP
(Table 3) Tasnuhéieguiinodesmalsuiny
{Huetavesiiheiinamesnydouii 3 wme
fanmanuize AFB 3 eg fihonduiu
SaulsA (relapse) 2 §108a Lta:ﬁﬂaﬂﬁﬁﬂiziﬁ
Aaure HIV 1 éoeha
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Table 1 Comparison of AFB microscopy and culture results between HS-SH and NALC-NaOH

methods
AFB (N=227) Culture (N=227)
NALC-NaOH NALC-NaOH
HS-SH HS-SH
Positive  Negative Positive Negative Contaminated
Positive 219 0 Positive 191 4 5
Negative 0 8 Negative 2 20 1
Contaminated 0 1 3

% Agreement 100.0 % Agreement 94.3
Kappa 1.00 Kappa 0.76

Table 2 Sensitivity, specificity, positive predictive values and negative predictive values of AFB

microscopy and culture of HS-SH method by using NALC-NaOH as the reference method

AFB Culture
Values
(N=227) (N=217)
Sensitivity (%) 100 99.0
Specificity (%) 100 83.3
Positive predictive value (%) 100 97.9
Negative predictive value (%) 100 90.9

Table 3 Results of drug susceptibility testing by LPA (N=76)

Drug-resistant patterns

Number of concentrated sputa

N (%)
Susceptible to both INH + RMP 63 (82.9)
Resistant to only INH 7 9.2
Multidrug-resistant (Resistant to both INH + RMP) 6 (7.9)
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mamsnageuanubhinssmuiulsanie
35 BACTEC MGIT 960 System
wnamsnadouanuhassndmuiulsane
35 BACTEC MGIT 960 System T ERT AT
Salsafiaau 192 deda wuilineaithdeesn
Wa 4 %ﬁmmn‘ﬁqﬂ flo 144 @eea Gevaz 75.0)
WUMIADERBIVTiAIRE (mono-resistant) 32
10814 (%'aﬂa: 16.7) Tﬂﬂwumiﬁyammww: SM
gagalesaz 7.8 sesaunily INH Yevas 7.3
Wa= RMP Yawas 1.6 muddy daumsnoeuuy
naewiiaiilils MDR-TB (poly-resistant) Wy
Lﬁmgﬂuumamﬁaéa@iam SM 59ufiu INH ag
wy 5 fedra Gevaz 2.6) TuimInpeLL

na1gvUIU (multidrug-resistant) Fadums

N YU UazAme

foreenag1ation 2 ¥iia Ao INH waz RMP wu
11 éeda (Gevaz 5.7) Taewusduvumsaade
1 SM 3ufue1 INH uaz RMP wniiga Ses
az 2.6 sesaanilumsfede s INH $aufiu RMP
v . X 4 . X
Fowar 2.1 diugluuumsnesnauq Ae Aedewn
T Y
INH 31y RMP waz EMB fiugluuunaede
4
81914 4 s nuiesaz 0.5 whfu (Table 4) Tngy
o 1 A X o X ,
fegrandu welalsaneeuuuna gV NUNLN
2w ' X = o A i
Wudedheveadtheninamsinyaeuin 3 taume
fanranure AFB 4 dedi fihenduiu
Jaulsagh 3 drede Ahenee 1 deda fihe
4;01 o/ Ua s k7 = &I s &’
nduidlnazaduitheanweTulsaneenuuuvany
wnu 1 fMedie Athenidszifdae HIV 1
s 1 U A o s 1
feds wazitheluzeud 1 e

Table 4 Results of drug susceptibility testing by BACTEC MGIT 960 System (N=192)

Drug-resistant patterns

Number of MTBC isolates

N (%)

Pan-susceptible (SM + INH + RMP + EMB) 144 (75.0)
Mono-resistant

Only SM 15 (7.8)

Only INH 14 (7.3)

Only RMP 3 (1.6)
Poly-resistant

SM + INH 5 (2.6)
Multidrug-resistant

INH + RMP 4 (2.1)

SM + INH + RMP 5 (2.6)

INH + RMP + EMB 1(0.5)

SM + INH + RMP + EMB
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Ui (Table 5)

Nan15@3539%1 MDR-TB a1835 LPA
az35 BACTEC MGIT 960 System
HAMINATELATIIMFD T ilsARB LY
¥nouNY (MDR-TB) uaziseilsily MDR-TB
YoanaansIalnnansefy 40 detha Ay
Yavaz 97.6 Tavil 1 fetha finmranuidu (e
$aul3nR 081 LUUNA189U UG8 BACTEC
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WazA Kappa ¥839m50519¥13030i15AA0 81111
MAEVINUVDIHIADIITUNAY 0.91 Failany
aaﬂﬂé'aaagj"luizﬁuﬁlﬁw (Table 6)

Table 5 Comparison of drug susceptibility testing results of INH, RMP by LPA and BACTEC MGIT 960

System (N=41)
BACTEC MGIT 960 System
LPA % Agreement Kappa
Susceptible Resistant
INH
Susceptible 29 1
95.1 0.88
Resistant 1 10
RMP
Susceptible 34 1
97.6 0.91
Resistant 0 6
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Table 6 Comparison of LPA and BACTEC MGIT 960 System for detecting MDR-TB (N=41)

BACTEC MGIT 960 System

LPA % Agreement Kappa
Non-MDR-TB MDR-TB
Non-MDR-TB 34 1
97.6 0.91
MDR-TB 0 6
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