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v
Abstract

Develpoment of test kit for detection of rifampin resistance in Mycobacterium
tuberculosis by PCR-reverse line blot hybridization

A genetic test by PCR-reverse line blot hybridization was developed for rapid
detection of Mycobacterium tuberculosis and rifampin resistance simultaneously. Duplex
PCR targeting IS 6/10 and rpoB gene was pln}rud to detect M. tuberculosis and the

rpoB fragment with rifampin resistan gion. The analytical sensitivity of
duplex PCR for IS 6770 and rpof ge 10 and 100fg of M.tuberculosis
H37Rv DNA, respectively. Suncc duplex REF M to M. tuberculosis complex, it

was thus able to be applieddifeCllyfirtlinical specimens. " Oligonucleotide probes were

designed to detect wild N ?:: :
\\‘- yarallel lines in a membrane strip

‘}& Y

and used for hybridizationfith Gf A " \

e. These probes together
with an M. tuberculosis sp€
linical isolates and sputum
: losis clinical isolates with
known rpoB gene sequences afid. -‘- \.\* am in 98.75% ( 79/80) of
ed .h ected to reverse line blot
hybridization, the test detected 85. ‘ ot 24 , ampin-resistant and all rifampin-
sensitive M. tuberculosis in sputu : ical sasitiwit].r and specificity of

the test for rifampin resjs = R y. Considering the

turnaround time, cost andshelf . everse line blot

hybridization offers a poté 'tial of the test kit for detection of frequent mutations leading

““"ﬂ‘“"‘“““”“w{rﬁﬂwswmnﬁ
awwmmmwnwmaa

Keywords: Mycobacterium tuberculosis / Tuberculosis / rifampin resistance / PCR-
reverse line blot hybridization / IS 6110/ rpoB gene
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INTRODUCTION

Tuberculosis (TB) remains to be the world’s major public health problem.
Overall, one-third of the world’s population is currently infected with Mycobacterium
tuberculosis. There was an estimation of 9.2 million new cases and 1.7 million deaths
from TB in 2006 (1). The situation of TB was more severe with the development of
drug resistant M. tuberculosis which commonly arises through the selection of

mutated strains by inadequate treatment, - resistant TB ( MDR-TB) is a

form of drug-resistant TB due to M, mubera/osis/e€istant to at least isoniazid and
rifampin, the most powerful anti-TE drugs. ﬁimt&d 0.5 million cases
X T— .
of MDR-TB in 2006. Treatme B requiressextensive chemotherapy with
second-line drugs which ha for o years while drug-
susceptible TB can be cured pe drugs( 1). MDR-TB
cases should be detected an therapy and reduce

transmission and spread of

Conventional drug sus€epiibility ith imary specimens has a long
turnaround time of several we monthe; which deleys! diagnosis of MDR-TB
cases. Although several automatél offisce systémsiuch!as MB/BacT ( Organon-
Teknika), MGIT 960, BACTEC 460TB and E ACTE 8000 MB ( Becton Dickinson)
! F{i sceptibility testing
for 7to 15 days ( 7,8,9). It is,
affordable method to detect MDR=IB cases as sdbn as Elssihle before the result of

cuture-vased metvodbhnbh bl | £ V13 WEI 1713

Rifampin is a k%v component for th effective shart-course chemgtherapy and

s - AR BSR40 B b oo
Rifampin resistdnce could then be a marker for MDR-TB. Rifampin resistance in M.

tuberculosis is caused by a number of mutations in the rpoB gene encoding the B-

le, reliable and cost-

subunit of RNA polymerase B. About 95% of these mutations occurred within a 81-
bp hotspot region, the so-called rifampin resistance determining region ( RRDR),
encoding 27 amino acids and corresponding to codons 507-533 in the center of the
3,516-bp rpoB gene ( 12). The rpoB gene mutation is, therefore, the target for
development of a rapid test for detection of MDR-TB.



Several rapid methods developed to detect rpoB gene mutation involved the
amplification of rpoB gene by polymerase chain reaction ( PCR) and the analysis of
the PCR product by different methodology such as direct DNA sequencing (13,14,15),
single-strand conformation polymorphism ( 11,13) , heteroduplex mobility assay (16) ,
the line probe assay ( 17,18,19), the GenoType MTBDR plus assay ( 20,21) and
microarray analysis ( 22, 23). In addition to conventional PCR, real-time PCR was
also applied to the detection of rpoB gene mutation ( 24, 25,26).

In clinical molecular diagnostics

/ , the simplicity, turnaround time
sidreg The INNO-LiPA Rif. TB assay
( Innogenetics, Ghent Belgiumjsd commerciaif-available kit for the detection of

and cost of the test are major factogs te be con

rpoB mutations in rifampin-gesistantM.iubd s.been very successful in this
application due to the simph / ‘ 8,19). However, the high
cost of this test limited j
countries. This test, based on

(27), allowed simultaneous déteg

pecially in the developing
que developed by Saiki et al.
culosi nand identification of rpoB
> on the membrane.

0 detect M. tuberculosis and
PCR followed by reverse

gene mutation by the hybridizaie
The aim of this study #a
rpoB gene mutation (s) in spt
hybridization with multiple probes ::E‘"__"_ 2 nes on a membrane ( line blot).
The validity of the test va$ evaluated by comparing the restits vith those obtained by
MGIT 960 assay and D)
ﬂ‘NEI"J ﬂﬂﬂ‘ﬁWEﬂﬂ‘ﬁ
q Wqﬂ\ﬂﬂﬁm URIINYIA Y



MATERIALS AND METHODS

Bacterial strains. Eighteen reference strains of mycobacteria and 9 clinical
isolates of nonmycobacteria ( Table 1) together with 8 clinical isolates of
Mycobacterium tuberculosis ( Table 2) were used in this study. The reference strains
were gift from Dr. Chiyoji Abe, Research institute of Tuberculosis, Japan Anti-

Tuberculosis Association, Japan. Clinical isolates of nonmycobacteria were obtained

from diagnostic laboratory of Department af Migrobiology, Faculty of Medicine,
Chulalongkorn University. C]inic | ates o) %r osis comprised of 2
rifampin- sensitive and 6 rifanipin-resistant -h the nucleotide sequence

in the rpoB region was knowas¢*Pa8le2). Thesa M. 7t hereulosis clinical isolates were
™
L)

& pioj 1 od with Lowenstein-Jensen
an ' ?‘é\\\-\ o B gene (28)

p O ‘%\\}! at 37°C, except M.

marinum at 30°C. Escherichii cdlifHae s '*. eneg e, Klebsiella pneumoniae,

Pseudomonas aeruginosa, Staphyllocodeiis - auréus, 8 ‘éptococcus pneumoniae and

Preparation o *;‘;* = D m——‘uﬁ DNAs from
mycobacterial reference § Eremprepared by lysozyme-
proteinase K-sodium dodecyl sulfate ( SDS) procedure (29) With modification. DNAs

prepared by this ‘a rd i d specificity of
duplex PCR. Bﬁcﬂﬂﬂlﬂ Mﬂ:ln?m Tris-HCL, 1
mM EDTA | er) and su iﬂ; ated at=00 *C_for_10 fih in a heating
box to m;aﬁ:ié,gzﬂﬁ ﬂ ﬁﬁﬁ:ﬁﬂ& “'mg/ml and
the mixture was incubated at 37°C for 90 min. Proteinase K and SDS were added to
final concentration of 0.1 mg/ml and 1%, respectively and the mixture was incubated
overnight at 55°C. DNA was phenol extracted three times and ethanol precipitated.
The DNA was dried in a heating box at 37°C for 1 h , dissolved in TE buffer and
stored at -20°C until needed. The sample was checked for purity and determined for

the amount of DNA by measuring the optical density at wavelengths of 260 nm and
280 nm.



Table 1. Mycobacteria and nonmycobacteria used to determine the specificity of
duplex PCR-reverse line blot hybridization ( RLB).

duplex PCR

Pattern of RLB

Microorganisms

156110 (249 bp) | rpo B (157 bp)

Pt3 rpoB probes

Nonmycobacteria

Mycobacteria
M. tuberculosis H37Rv KK 11-20
M. bovis BCG KK 12-02

M. avium ATCC 25291

M. intraceliufare ATCC 13950
M. abscessus ATCC 19977
M. asiaticum ATCC 25276

M. flavescens JATA 67-01

M. fortuiturm ATCC 6841
M. gordonae ATCC 14470

M. kansasii ATCC 12478
M. marinum ATCC 927
M. nonchromogenicum ATCC 1953048
M. scrofulaceum ATCC 19981

M. simiae ATCC 14275
M. szulgai KK 32-01

M. terrae ATCC 15755
M. vaccae KK 66-01
M. xenopi ATCC 19250

Escherichia coli
Haemophilus influenzae

e @1 41
Nocarolia asteroidgs

Nocardia brasiliensis

Pseudomonas aeruginosa
Rhodococcus equi
Staphylococcus aureus
Streptococcus pneumoniae
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WT, wild type
NA, not applicable




Table 2. Clinical isolates of M. tuberculosis with known rpo B gene mutation.

Isolates Number

M. tuberculosis
Rifampin-sensitive 2
Rifampin-resistant

516 GAC (Asp) — GTC (Val) 1

526 CAC (His) — TAC (Tyr) 1

531 TCG{

531 TCG (S /

Preparation of bacterialldys 1
method described by Hall f.a/g 3¢ ‘g@ W, B
several small colonies were r€sugpenc =t 9 J & alkaline wash solution
composed of 0,05 M sodium ciftateind 0.5 M NaOB by vortex and allowed to stand
for 5 min. After centrifugation 2
0.5 ml of 0.5 M Tris-HGih

T N
suspension was then boil -f-}?? _-ﬁ%m 2,000 rpm for 5 min

/

—

were treated by the

1 one large colony or

in, the cell pellet was washed in
pened in 100 OFITE buffer. The

to precipitate cellular deb The supematant Was transferred to a sterile eppendorf

et N TNENS
Dmfﬂii“ﬁm&“mﬁﬁf TR ...

at the dlagnoshc laboratory of Department of Microbiology, Faculty of Medicine,
Chulalongkomn University, Bangkok, Thailand. The sputum specimens were first
decontaminated with NaOH-sodium citrate-N-acetyl-L-cysteine method ( 31 ) and
concentrated by centrifugation after decontamination. The concentrated specimens
were examined microscopically after Kinyoun acid-fast staining, aliquotted 500u! into
eppendorf tubes and inoculated onto Ogawa medium and MGIT 960 ( Becton
Dickinson, Sparks, Md.). The aliquots were stored at -70°C until analysis.



Identification of mycobacterial culture from sputum specimens.
Mycobacterial culture was identified by growth rate, pigmentation with and without
exposure to light and biochemical reaction tests. For rapid identification,
mycobacterial colonies were tested with AccuProbes (Accuprobe;Gen-Probe, Inc, San
Diego, CA). The selection of appropriate probe depends on growth rate, pigmentation
and colony appearance. In case that M .tuberculosis was identified, the clinical isolate
was subjected to drug susceptibility testing upon the request of physician.

(INH), rifampin (RMP), e:tham t l = vein (SM) was performed
o1} DickinSon ks, MD). Tests were
performed with the standard.e®f cerlation of 0.1 ng/nil INEg1 .0 pg/ml RMP, 3.5

DNA extraction from spuful spe S, 1 drug susceptibility results,
80 specimens were randomi¥ selécted ] ';—; » Yidy >d specimens for testing
by PCR- reverse line blot hybfidigation./J + s were thawed, centrifuged at
13,000xg for 15 min and subjected :. by using QIAamp®DNA Mini
anufacturer’s directions. In
200 pl buffer AL and

mixed by vortex for 15 5. 4 ach DNA yield, 200 pl
absolute ethanol was adde - d mixed by vortex for 15 s. T6 remove drop from the

inside of the lid, m ﬂlﬂrg The mixture was
transferred to QLA ﬂnir 1 min. QlAamp
in column was then washed with 500 tl buffer &AW1 and 500 buffer AW2

AN oIS Fale R TKIL o FeX Tk e b T

After ccnmfugaunn the QIAamp spin column was placed in a clean 1.5 ml

kit (Qiagen Curp-uratmn, German
brief, 200 pl of sample %

microcentrifuge tube and 200 pl buffer AE were added and incubated at room
temperature for 1 min. After incubation, the suspension was centrifuged at 8,000 rpm
for 1 min and the DNA containing eluted buffer was stored at -20°C, ready for the
PCR analysis.



PCR for IS 6110 and rpoB gene. A duplex PCR with primers which detect IS
6110 of Mycobacterium tuberculosis complex ( 32 ) and the rpoB gene ( 13) was
performed. The duplex PCR primers were Pt 18 (5'- GAACCGTGAGGGCATCGA
GG-3"), 5'- biotinylated INS-2 (5-GCGTAGGCGTCGGTGACAAA -3"), TR9
(5-TCGCCGCGATCAAGGAGT-3') and 5'-biotinylated TR8 (5-TGCACGTCGC
GGACCTCCA - 3'). A product of 249 bp, amplified by Pt 18 and INS-2 was
indicative of M.tuberculosis and smaller fragments of 157 bp amplified by TR9 and
TRS was positive signal for rpoB gene. )

dTTP}, 1.25 U of Tagq polyaeras€and primers ‘ 25'puigles each of TRY and TRS ,

iongwas performed in 0.2 ml

eppendorf tube with targel N Aduatheriial ¢ clers peAmp PCR System 9700,
PE Applied Biosystems, Ugh) A PCR ¥cling NN were 95 °C for 6 min,
followed by 40 cycles of der tignat 7' for 1\min, 'mer annealing at 62°C for
1 min, extension at 72°C for . for 10 min .

Sample of 5 pl was used fgf PCR5 & tofalalutie of 50 yl. In case of clinical
sample, one part of treated spa-:: e ed with 100 pg of M. tuberculosis
DNA for !BSI:II'IE of the amplification i in the #The sample was scored

ifiple was positive. If both

test and spiked sample weﬁ negati | 1bi@ in the sample.

ocin o ALY o v

with 2 ul of gel loadling buffer (20% ﬁcolL 0.05% hmmaphenul hluf:}, analyzed by
electroph e, in 1X
Tﬁs-bnmﬁlﬁjaﬂmimmm&m out at
80 volts for 40 min. Gel was visualized with UV fluorescence and the result was

photographed by using the Bio-Rad Gel Doc system (Bio-Rad Laboratories, Hercules,
CA).

Analytical sensitivity and specificity of duplex PCR. In order to determine the
analytical sensitivity, purified DNA of M.tuberculosis H37Rv was diluted to a
concentration of 2 ng/ul and then further 10x diluted in TE buffer to provide samples



with concentration ranging from 200 pg to 0.2 fg of DNA per pl. Five microliters of
these samples were amplified by duplex PCR. The amplified products (5 pl) were
electrophoresed in 2% agarose gel containing ethidium bromide and visualized by UV
fluorescence. The analytical specificity of duplex PCR was determined by using 10
ng of DNAs from microorganisms listed in Table 1. For negative control, DDW was
used as the template for duplex PCR

oligonucleotide probes which -iu.,.... undt y Biodyne C membrane by line
blotting in a Miniblotter MN andnet LA USAY(38) .The membrane was
then cut into strip of desirabie®izg®rfoiing [t & hyb e R product was

' 7 : wand a color substrate of

'} phosphate ( NBT/

detected by incubation wi
nitroblue tetrazolium chloridg
BCIP solution, Roche Diagnosiics Gy

Oligonucleotide probes were designgd-based or > gequie Bes of rpoB gene mutation of
M. tuberculosis. A total of 11 ¢ 13 ucl

5 to detect wild type and mutant

genotypes were designed and the dm T €5 was shown in Figurel. M.

tuberculosis positive control w ] ligonuclmtide probe
specific to M. tuberculosiy e —"‘—- (32} These ohigonucieatd 'I‘ ere 5 amino linked
( Table 3). ). The wild type probe Poc

hotspot region and the 6 mutédnt probes covered the mutations

The location of the m ﬁmﬂﬁn f Figure 4. The
presence of rifampl ‘El the positive
signal of hyhndlzatmn w1th all w:ld-t e ﬁ'obes and nﬁwe SIEij] wifhvall mutant

probes. The Nﬁfs] frl &J loss of

hybridization -::'f relevant wﬂd-type prnbe with or without the hybridization with the

‘lap the entire rpoB
ost frequently observed.

mutant probe.



Table 3. Nucleotide sequences of the amino-link oligonucleotide probes.

Type ) Position
Sequence (5'— 3°) Oligo name
{codon)
GAA CGG CTG ATG ACC AAACT M. tuberculosis Pt3 .
complex
AGC CAG CTG AGC CAA TTC ATG wild w1 512 (AGC)
ATT CAT GGA CCA GAA CAA CCCG Wwild w2 516 (GAC)
GCT GTC GGG GTT GAC CCA W3 522 (TCG)
TTG ACC CAC AAG CGC CGA @ w4 526 (CAC)
ACT GTC GGC GCT GGG W5 531 (TCG)
TTC ATG GTC CAG AA /,7// M2 516 (GTC)
TTG ACC TAC AAG CGGIE / E \ M4.1 526 (TAC)
TTG ACC GAC AAG ‘ I / ﬂ[@ ;ﬂ - \ Ma2 526 (GAC)
TTG ACC CGC AAG CGC ¢ I M% ’@‘ \\ M4.3 526 (CGC)
ACT GTT GGC GCT GGG Gf Tw % ' Ms5.1 531 (TTG)
ACT GTG GGC GCT GGG GC & Jiaid - & M5.2 531 (TGG)

{ e 5 Py l-
CRAR =t %

GGT TGC ACG CAT

Conjugated Control

(~7 X
Y biotinylated

l'- iF

ﬂ‘IJEI’J'VIEWIﬁWEI'm‘i
ammmmumawmaa
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probes within the rifampin resistance determining region ( RRDR) of the rpoB gene.
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The reverse line blot hybridization assay was performed as follows.

1) Preparation of the reverse line blot. The 0.8x 10 cm strips of Biodyne C
membrane were prehybridized in10 ml freshly prepared16% (w/v) 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDAC) in demineralized water at room
temperature for 15 min. The membranes were placed in plastic container and shaked
with demineralized water for 2 min. After the membranes were activated, they were

placed on support cushion in a clean dot blotter apparatus (Bethesda Research

Laboratories,USA). Dilutes of the olig de solution in 100 pul 0.5 M NaHCO;,
pH 8.4 (Table 3 ) were added to { meMbtanes by using Miniblotter. The
membranes were incubated 200 m! ‘ )éﬂ.l M NaOH for 10 min

insed with demineralized

'0.%% SDS for 10 min at 50°C
PH \-\‘\ at room temperature

\ s.0f the PCR product were

(maximum) at room tempeia

water. The membranes waré v

0 'n at 100°C and cool on

ice immediately. The membrafic Was wast [ 5 min at 0°C in 50 ml of
2xSSPE/0.1% SDS. The mefnbgine wis thien pléiged inlto 15-ml hybridization tube
and the tube filled with 1,500 pl of iiuted PCR-pFotuct. Hybridization was
performed for 60 min mjﬂ“_ i 3
Middlesex ,UK). After ﬂ".-*‘
2XSSPE /0.5% SDS for 1 gru _
3) Detection of hybridization signals. The membrane with the hybridized PCR

product was place 1 L 3 U. ols before
performing the cuﬂﬂeﬁﬁ%ﬂﬂﬁﬁ ﬁﬁ:?nm. Ten
membranesavergincubated. wi ztjl i uml in ¢
mcmbme@ﬂlﬁiﬁ tﬁ Tﬁiﬁiﬁs iC Ejﬁﬁﬂ]hi Tris-

HCI, 0.15 M NaCl, pH 7.5). Solution of 5 pl streptavidin- alkaline phosphatase
conjugate ( 1000 U/ml ) was added to 10 ml TBS, 0.1% Tween 20 (w/v) and the
membranes were incubated in this solution for 1 hour. After washing 3 times for 10
minutes each with 50 ml TBS, the membranes were immersed in the NBT/BCIP

icrmo Hybaid,
@swatitd twice in 50 ml

staining solution prepared as the instruction of the manufacturer. When the

development of the blue color was observed, the membranes were rinsed two times
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with distilled water and dried on paper towels. The membranes were stored under
light protection for documentation.

Sequencing of the amplified rpoB gene. An ABI Prism Big Dye Terminator
Cycle Sequencing Ready Reaction kit (PE Applied Biosystem) was used for the
sequencing of the PCR product. Sequencing was performed on 30-90 ng of purified
PCR product using QIAquick PCR Purification Kit; Qiagen Corporation, Germany.
The sequencing reaction required 4 ml of Prénii, 3.2 pmol of sequencing primer
TRY, 150 ng of PCR product template in a (ot e of 10 ul. The sequencing

PeriiEliy system 9600 with cycling

parameters were 25 cycles of 965@85-30 sdc, 557 CfondLsec, 60° C for 4 min and
hold 4° C until ready to purify
acetate precipitation before gapillaf#eétrophoresis was rum for sequence analysis.

U

AULINENINYINS
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RESULTS

Amplification of IS 6110 and rpoB gene by duplex PCR. The analytical
sensitivity of duplex PCR was tested with serial 10-fold diluted purified DNAs from
M. tuberculosis H37Rv. The PCR products were electrophoresed on 2% agarose gel
containing ethidium bromide. From Figure 2, it was shown that a 249-bp fragment

of IS 6110 and a 157-bp fragment of rpoB gene were amplified with the analytical

sensitivity of 10 and 100 fg of DNA, respeetixlp}y

2

e i

L': vity-of dupiex PCR for detection o M 'tuberculosis H3TRv.
narker; 1, M tuberculosis®DNA | ng; 2, 100 pg: 3, 10
'f;g ;7,1 1g ; 8, negative control.”

Lanes: M, molecular weiér}?
pg:4,1pg;5,100fg;6,1

The spelificity ofldbBleN HOR e estdaiwith 10 ng of puified chibriigsomal
DNAs from mycobacteria and lysates of clinical isolates as listed in Tablesl. No
amplification of IS 6110 was found in non-tuberculous mycobacteria and the other
tested microorganisms. Only M. bovis which belongs to M. fuberculosis complex gave
a 249-bp fragment of IS 6110 amplification.A single band of approximate 157-bp of

rpoB gene was found in all amplified DNAs from tested microorganisms ( Table 1).



Results of duplex PCR and reverse line blot hybridization ( dPCR-RLEB)
tested with DNAs of microorganisms. In order to evaluate dPCR-RLB for detection
of rifampin- resistant M. tuberculosis, clinical isolates of M. ruberculosis with known
rpoB mutations and wild type were tested first. Clinical isolates as listed in Table 2
were subjected to DNA extraction by alkaline wash and heat lysis method and the
extracted DNAs were amplified by duplex PCR. Expected DNA bands of 249- and
157-bp were seen from all clinical isolates (Figure 3) . All hybridized with
M .tuberculosis probe ( Pt3) and each PCR p Juct hybridized with its-specific probe

}A n signal with all wild type
probes and negative signal wnhﬂ{mmam pE fbe*:(‘f;m 4, lanes 3 and 4 ). The

(5). The product of wild type gave positive h%

1 pvith i8S mant probe with the
: }g.z;o'Lw (\Figure 4, langs 5-9). However, the

o

product of each mutant gave MF
disappearance of the relevagi® ]

products of rifampin - resigfntdSolafy'whih containgmutation at amino acid 531

Figure 3. Amplification of mycobacterial DNA from clinical isolates with known

rpoB gene sequence. Lanes: M, molecular weight marker ; 1&2, wild type. 3, rpoB
516 GAC(Asp)— GTC ( Val) ; 4, rpoB 526 CAC (His) =TAC(Tyr) ; 5, rpoB 526
CAC (His) =GAC(Asp) ; 6, rpoB 526 CAC (His) =CGC(Arg) ; 7, rpoB 531 TCG
(Ser) =TTG(Leu) ; 8, rpoB 531 TCG (Ser) =TGG(Trp) .
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M52 =
. _ 77/ AN s
igure 4. Hybridization pa ed v _ ot '} ‘\: ation. Strip design
showing the positions of given on the left side. Patterns

of the strips for wild- type it

the right. Lanes: 1, M. rubercifos
rpoB 516 GAC(Asp)— GTC (
526 CAC (His) —GAC(Asp) ; 8 #Fpc ;f
TCG (Ser) =TTG(Leu) ; 10, rpaB Z

isolates are shown on
gl; 3&4, wild-type:5,
1§) —=TAC(Tyr) ; 7, rpoB
(Arg) : 9, rpoB 531

The hn:blutwasal by w___.#_.:_, isted in Tablel.
Only amplified products y[ ,f‘f:? % hybridized with M.
tuberculosis complex probe{P 7 d-type probes c paB gene. The
amplified products ' - croorganisms
did not hybridize : aﬁﬁl ts ( Table 1).

Rﬂu@fﬁﬁ}ﬂ@ﬂﬁ B PSR

tested in cliflical specimens compared with results of MGIT method. During the
period of study, 803 M. ruberculosis isolates were grown from sputum specimens and
234 were tested for drug susceptibility. Eighty specimens were selected from the
frozen aliquots for testing by dPCR-RLB. These samples comprised of all available
sputum specimens which grew rifampin-resistant M. ruberculosis (n=28) and 52
randomly chosen specimens which grew rifampin-sensitive M .tuberculosis. The
extracted DNAs were amplified by duplex PCR and the products were subjected to
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RLB. The dPCR-RLB produced interpretable result in79 ( 98.75%) sputum samples.
DNA bands of 249- and 157-bp were amplified ( Figure 5) and the products
hybridized to their relevant probes. ( Figure 6). Rifampin susceptibility could not be
determined in one sputum sample by dPCR-RLB. In this sample, only a faint DNA
band of 249-bp showed up. This indicated the presence of M. tuberculosis DNA in the
sample but the rpoB gene fragment was not amplified. RLB hybridization of this
sample did not show positive signal with any probe ( data not shown). Comparable
results of rifampin susceptibility betweeny MGIT 960 and dPCR-RLB were
demonstrated in Table 4. dPCR-RLE currmtlfiﬁ/;ﬁc d all 52 rifampin-sensitive M.
tuberculosis in sputum specimgns and 24 ouf Bl ‘fg' (85.71%) rifampin-resistant

M .tuberculosis in sputum spccimens. The disescpant results were found in 3
é |

( 10.71%) samples which)wﬁ:’;' letpreted to be resistant by MGIT 960 and
susceptible by dPCR-RLB. T r;, sequences of amplified products obtained from

both M ruberculosis isolates a

UV fion Sputuim saniples revealed the wild-type

sequences in these three sp€Cing

Figure 5. Amplification of DNAs extracted from sputum specimen by duplex PCR.

Lanes: 1-10, sputum specimens ; 11, negative control ; 12, positive control.
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Figure 6. Representative re \ \ *d with line blot

hybridization assay with spu s ips for wild- type and
mutant M. tuberculosis clinicalisalates age sh e t. Lanes: 1, M.
tuberculosis H37Rv; 2, negative€ontrol; 3 W . 4.kpoB 516 GAC(Asp)— GTC

(Val) ; 5. 7poB 526 CAC (His) —TACEEyD; 6:poB, 526 CAC (His) —GAC(Asp) ;

Table 4. mfmnp;rﬁ%rﬂl‘@ WHbﬂ ﬁ wymp@mmg determined

by dPCR-RLB and GIT

t;l testing to be

dPCR-REB result
Susceptible (n=52) Resistant (n=28)
Susceptible 52 3
Resistant - 24
Not determined * - 1

* RLB could not be interpreted due to no amplification
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The mutations detected by RLB were confirmed in the resistant M. tuberculosis
isolates from sputum samples by DNA sequencing. The result of antibiotic
susceptibility, dPCR-RLB and DNA sequencing obtained from all 80 sputum
specimens were shown in Table 5. Out of the 28 isolates which were rifampin-
resistant, 25 ( 89.28%) were resistant to isoniazid and thus considered to be MDR
isolates. The dPCR-RLB was able to detect 21 out of 25 ( 84.00%) MDR TB cases.

M. tuberculosis culture isolate from the specimen that was negative by PCR was

found to be MDR strain and had mu Wﬂl Ser— Leu (specimen no.10 in

Tables5).
The most common mutation. e was Leu which was found inl3

' —
ceteduby dPCR-RLB. The frequency

Table 5.  Comparison of Tesy eromned by, IPCR-RLB and DNA

of the 24 rifampin- resistan

of mutation was demonstra

Sequencing to determine rifamipig's : s M. tube ulosis in sputum
specimens.
Specimen no. Result from
Code = P——— e
_ﬁ""-" DNA Seqguencing
A
1 137/2 A @1 531 TCG (Ser) = TTG (Leu)
2 B5/3 MUTANTS.1 531 TCG (Ser) —» TTG (Leu)
3 87/4 = QN - His) —» A
A gfmrﬂ '?s CAC (His) = CGC (Arg)
| LI lh‘ TI LIV .
4 153/4 MUTANT4.1 | 526 CAC (His) —> TAC (Tyr)
5 p mTé 1 ﬁ:l(Asp}—}GTc (Val)
6 h7 M ) | &% Y& sen) — TTG (Lew)
7 19/12 R R S R MUTANT2 | 516 GAC (Asp) —> GTC (val)
8 2112 R s s R MUTAMNT4.1 526 CAC (His) —» TAC (Tyr)
9 248N R R S R nagative 531 TCG (Ser) — TTG {Leu) *
10 105/2 R R s S MUTANT4 526 CAC (His) = GTC (val)
11 12412 R R ] R MUTANTZ 516 GAC (Asp) —> GTC (Val)
12 150/2 R R S R MUTANT4.1 526 CAC (His) = TAC (Tyr)
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Eacimen no. Resistance to Result from
code RF | INH | EMB | STR PCR-RLB DNA Sequencing

13 186/2 R s S S MUTANTS.1 | 531 TCG (Ser) —> TTG (Leu)
14 39/3 R s S S MUTANT4.2 | 526 CAC (His) —> GAC (Asp)
15 140/3 R R S R wWT WT
16 165/3 R R s s MUTANTS.1 | 531 TCG (Ser) — TTG (Leu)
17 96/5 R R S R WT W
18 168/6 R R S WT WT
19 20/8 R R UTANTS.1 | 531 TCG (Ser) —* TTG (Leu)
20 81/9 R NT4 | 526 CAC (His) —» CCC (Pro)
21 611 R - R 5.1 | 531 TCG (Ser) = TTG (Leu)
22 94/11 R 1| 531 TCG (Ser) = TTG (Leu)
23 101/12 R 1 | 531 TCG (Ser) —> TTG (Leu)
24 18/6 R 5.1 | 531 TCG (Ser) —> TTG (Leu)
25 35/5 R R (- 526 CAC (His) —> TAC (Tyr)
26 1512 | R b §771 1 | 531 TCG (Ser) = TTG (Leu)
27 106/1 R R paL 5.1 531 TCG (Ser) = TTG (Leu)
28 et | R R 51 | 531 TCG (Ser) = TTG (Leu)
29 6611 s s AR WT ND
30 1913 ND
31 64/3 ND
32 103/3 R WT. ND
3 we | s A | s | R W ND
34 1603 i E s) E}W ND
35 163/3 S R S, S wT ) ND

3 1948 T3 atrIER L ﬁ q_a_b_g ND
38 93/5 S S s S WT ND
39 116/5 s S S R WT ND
40 133/5 8 S s S WT ND
41 134/5 S R s S WT ND
42 149/5 S S s R WT ND
43 20/6 S s s S WT ND
44 61/6 S S S S WT ND
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Specimen no. Code Resistance to Result from
RIF INH | EMB | STR PCR-RLE DMA Sequencing
45 101/6 s S s R wWT ND
46 164/6 s s s s wWT ND
47 180/6 s R S s wT ND
48 181/6 s R s s WT ND
49 59/6 s S s s WT ND
50 2117 s s s WT ND
51 8317 s R wT ND
52 84/7 S ND
53 937 s bs " ND
54 9717 s ND
55 1717 s ND
56 1307 s . MND
57 124/7 s ND
58 68/8 s | P, ND
59 788 s % ND
60 sas | s |Tsf| A ND
61 92/8 s =& ND
62 63/9 S AN WT ND
63 86/ ND
64 88/9 ND
65 104/9 s« s S WT ND
66 7110 s |[fen| s s WT ND
L™ A
67 36/10 IR} s ND
68 57/10 s s s¢ | S ST Ny ND
et IAMINENAY
70 210 | s S s S WT = N
71 19711 L 8 L s WT ND
72 27/11 s s s s WT : ND
73 45111 S S s s WT ND
74 51/11 S s s s WT ND
75 136/11 s R s s WT ND
76 2/12 s s s s WT ND
77 6/12 S s S s WT ND
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Specimen no, Resistance to Result from
Code RIF INH EMEB | STR PCR-RLE DMA Sequencing
78 2412 S S s S WT ND
79 4212 5 5 5 5 WT ND
80 11312 S R S 8 WT ND

* sequence from culture ; WT, wild type; ND, not determined

Table 6. Frequency of mutaticis-a-sitampi mmﬂ!ﬂs& directly

detected in sputum
RLB Pattern n o4 of sar Q“\ DNA Sequencing

Mutant 2 I I E,@ \\\\ 5 GAC (Asp) —> GTC (Val)
Mutant 4.1 526

| @ ‘j\\\ 596 CAC (His) —> TAC (Tyn)
Mutant 4.2 526 His - 26 CAC (His) —> GAC (Asp)
Mutant 4.3 526 His — Arg 5268 CAC (His) —» CGC (Arg)
Mutant 4 - "J“ {His) —» CCC (Pro)
Mutant 4 BBP8 dac (+His) — GTC (val)
Mutant 5 531 Ser/— Leu A1 TCG (Ser) —> TTG (Lew)

ﬂ‘IJEI’J'VIEWIﬁWEI']ﬂ‘i
ammﬂimum'swmaa
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DISCUSSION

Based on the knowledge of the molecular mechanism of rifampin resistance
in M. tuberculosis , a number of genotypic assays have been developed for detection
of mutant genotype. Most of the assays are practical in the research laboratory. PCR-
reverse hybridization on a strip, using the commercial LiPA kit has proven to be
robust, reproducible and easy to interpret ( 17, 18, 19). However, However, the high
cost of this test, approximately 3,000 baht ger §tgip in Thailand, prohibited its usage in

S 5T

most clinical laboratories. PCR-reve! Fatin’ assays have been developed as
in-house assays for rapid detéetion ! #itince ( 33) and multidrug-
resistance ( 34) in M. tub I ave been successful in

detection of drug resist X Buhbe vesmot applied to the direct
detection in clinical speci

In this study, duplex '}*- as developed as assay for
the rapid detection of rpoB gene mutation in
w ‘ » oL pl ™ gave the sensitivity of
g " or IS 6110 and rpoB gene ,

which was equivalent to 2 and ‘20 Jelis fespec v. This was due to the 17 copy

clinical samples. In our

detection of M .tuberculosis

number of /S 6710 and one copy. b ‘#poBigene in M. tuberculosis H3TRv
genome. Duplex PCR alkg3gecifically detected M. tubereullists-domplex with IS 6110
amplification, thus was dpf ?*» i \ 5. Only the specimen
that showed a 249- bp i
subjected to line blo siti on.o tuberculosis in
sputum specimen hﬁwﬁ\‘ﬁl H%%ﬁ:ﬁ?jhi one sputum that
was not positive by ?upiex PCR was AFB smear —nggative. M. tubggoulosis isolate
from this qulrw gi am%ﬂeﬁum.gwuﬁ f] M&H} aﬂﬂd mutaton

at 531 Ser— e
For reverse line blot hybridization, the probes were able to detect all 52 wild-

. ent were considered to con n M. tuberculosis and

type genotype which were 100% concordant with the results obtained by MIGIT 960.
Therefore, the clinical specificity of the test was 100%. The clinical sensitivity of the
test was found to be 85.71% ( 24 out of 28) for detection of rifampin resistance and
84.00% ( 21 out of 25) for MDR cases.. M. tuberculosis culture isolate from the

specimen that was negative by dPCR was correctly identified by reverse line blot
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hybridization to contain mutaton at 531 Ser— Leu. Three rifampin —resistant isolates
contained no mutation within the hot spot region of rpoB gene. This may be due to the
mutation outside the hot spot region or the existence of additional gene responsible for
rifampin resistance ( 12,13,14, 16,18).

As with other genotype-based resistance prediction tests, a drawback in
characterizing rpoB gene mutation is that no prediction can be made in the sample
containing the non-mutated genotype( 25) In case of the wild-type genotype was
found, the result of culture-based drugh §uscentibility test should be confirmed
although the result might be obtained in severlfy€iks. This developed test was more

useful in the rapid detection of mfamipin resistanCethamrifampin susceptibility.

The developed multiplexiPe! s& hybriflizatiengvas a low-cost alternative
to commercial kit for ragi berculosisy complex and rifampin
6 hours (extraction
\:; \ '!,- PCR machines; and

\\ e reverse line blot

resistance. Results with dup
and reaction set up, 80 min &
detection, 40 min) upofi ST
hybridization step takes approgimately 4 In pracuce, the turnaround time of

duplex PCR-reverse hybridizitiafl is 2% 3/ days. The @ost of the duplex PCR is
approximately 320 baht per samiplgj{-exeiudis ive and negative control which
cost 160 baht per run ) and_ -"ﬁ-_:*_, gse line blot hybridization is
approximately 320 baht pekstrip. In addition, the probe stripuwas found to be good for

v

Ly ~
up to a year when sealed ¥ pl

J 1
AULINENINYINS
RINNTUUNININY
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CONCLUSION AND SUGGESTION

The duplex PCR-reverse line blot hybridization ({PCR-RLB) was developed for
rapid detection of Mycobacterium tuberculosis and rifampin resistance. The assay
was successful in testing with mycobacterial culture and sputum specimens .
Considering the turnaround time, cost and shelf life of the test , dPCR-RLB offers a
potential of the test kit for detection of frequent mutations leading to rifampin

resistance.
Further study should be perfos od to vllitlat® this test with more number of
clinical specimens. In addition signed to include

ons in genes responsible

\h dneous detection of

oligonucleotide probes w
for isoniazid resistance, i.€.,

mutations leading to the 1

ﬂ‘IJEI’J'VIEWIﬁWEI'm‘i
Qﬁﬂﬁﬂﬂ‘imﬂﬁﬂﬂmﬁﬂ
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