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TRG4680028. LightCycler real-time PCR for quantitative detection of Mycobacterium
leprae.
Janisara Rudeeaneksin Leprosy and other Mycobacteria group,
National Institute of Health, Department of Medical Sciences, Ministry of Public
Health, Thailand. janisarar@gmail.com 1July, 2546 - 30
ABSTRACT

Leprosy is chronic infection disease caused by Mycobacterium leprae, an organism
that cannot be cultivated on artificial medium. Enumeration of M. leprae for determination of
bacterial index is required for leprosy classification, monitoring of leprosy chemotherapy and
diagnosis of relapse. In clinical application, quantification of M. leprae relies on microscopic
examination and counting of bacilli in stained specimens. The counting method vyielding
results with limited specificity and sensitivity. This study is aimed to develop and evaluate
the application of a fluorescence real-time PCR assay for quantifying M. leprae in skin
specimens. The real-time PCR is based on a capillary format of the LightCycler using SYBR
Green | fluorescent dye as a detection signal. Primers were applied to amplify a portion of
171 bp fragment of M. leprae 16S rRNA gene. Using commercial Flexigene, with
modifications, resulted in high yields of isolated DNA. The PCR assay was specific for M.

leprae and able to detect as low as 20 fg of M. leprae DNA. The analytical sensitivity was as

low as one cell of bacilli. The melting temperature of this PCR product was 86°C. By the use
of normalized quantitative real-time PCR, M. leprae was detected in 40 multibacillary (MB)
patients with bacilli number in the range of 1.07 x 10° - 1.08 x 10° bacilli in 6x6 mm skin
biopsy specimen. The detectable number of bacilli in skin biopsies from 28 paucibacillary
(PB) patients is of the order of 3.87 x 10° — 3.9 x 10° bacilli. The preliminary results
demonstrated that LightCycler real-time PCR appeared to be a robust tool for quantitative
detection of leprosy bacilli in clinical specimens and could be adopted as a molecular tool

for quantification of M. leprae in other experimental settings.

Keywords: Real-time PCR, M. leprae, Quantitative PCR
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ﬂaﬁ;ﬂ'umsm’;ﬁﬁadfﬂL%ﬂim‘%@mﬁUmsﬁuﬁwmm%aﬁawamﬁﬂum@ Laz81984
Usanandalaslden bacterial index (Hwnafiafishanldunumasadfiessainaimma
ARlA LﬁafﬁwLLuﬂﬂizmﬂQﬂmIﬁﬂL%Tauﬂizmm%aum wazdszinnideoy  uaaslseAntua
mysndosed  wasuasasiaminaudulsad  udiflasanenaiuiwwdeiaaddon
a@?mum@mﬂlﬁﬂﬁmqamiﬂﬁﬁiaﬁ‘hﬁ'@ﬁv'dmaéf’mmmﬁ‘hww; wazany hlunssianls
A fiasnlsanendiin é’afumsﬁnmw%ﬁﬁi’mqﬂsma&ﬁaﬁmm uazdsziiiuinadia
fluorescence rea-time PCR 1ainuaiadfiadeidalsnton uazaadiasewidsunm lag
n3ana DNA mﬂéf’saaiwa%ul,f:aﬁ’mﬁfaﬁaUﬁﬂmﬁﬂﬁagﬂ Flexigene  vnuffseifisumne
$19 U B%E% DNA hwanedfidumis 165 rRNA gene IWQ 171 QLU&‘*}J@&L%@IWL’%@M%
WROAAINATI (capillary) Uﬁﬁ%mﬁﬂﬁuﬁwmﬁ}aqé’ahﬁa LightCycler Real-time PCR uag
AIIVIATYYIHNIILIDILEIVEIRIT SYBR Geen | fAnaaNUUNAANS PCR 91nn1sfnen
MIasadeniidalsakaniasdunuin nafinidanuiumzdam e niizalsaion
(Mycobacterium leprae) uazianubluasiam DNA mau%a@‘iﬂq@ 20 wWulansn wia
maammaﬁéﬁq@ 1 1788 Lﬁaﬁﬂmqm%{]ﬁmauﬁa (melting temperature) VBINANAA PCR
solisunn melting analysis maam’%aa LightCycler Real-time PCR Wu11 Wan&® PCR ‘ﬁ
"L@Tﬁmaqmﬁn“ﬁ%aauﬁmszmm 86 a9rTAEE NMIATIANLIIWIL  1Balsaisaule
éf'saﬂﬂoﬁmﬁfwaa;jﬂwﬂszmm%amﬂ 40 718 ewldsunsy quantitative analysis 289

WATa9Ne UF1WINAINE 1.07 x 10° — 1.08 x 10° LTA8 68 TWLHaRIRII 6x6 NARLNAT LAY
f{hmm%akﬂL%auiuﬁa%ﬁfoﬂnaa;‘ij’ﬂ’mﬂszmm%aﬁam 28 319 Hiszanm 3.87 x 10° — 3.9 x
A A

10> 1as Wanmsanslwdasduiuaadlfiinin LightCycler real-time PCR Juia3asian

o U 6 dil dil a a & dll A = o o A 6
smannihanltilensiielinGewiniinm wendwealasfiameiluanadmiviienzv
d‘y dy a a =4 ‘ﬂ' gj 1
o lsaTawdsUSumluwanenduasidaly

f9an: 1ralyniTan, Real-time PCR, Quantitative PCR
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Uszine (Noordeen, 1992)  @atin ﬁammmsmuquLLazﬁﬁ@Bﬂéamﬁaﬁlﬁlﬂuﬁ@m
mﬁﬁmqﬁqﬁaoﬁ%ﬁu@iaﬂﬂ

luﬂizmﬁ"lmUanmﬂﬁmiim’%auiuﬂaﬁ;ﬂua;Jilumazﬁmuquvléf wazdum liuanas
aglvdaLiia 8ANANUYN  (prevalence rate)maﬂsﬂa%iluLﬂmvﬁmaJﬁaaﬁmsamifﬂaﬂ
Susestiuaoudl w.e. 2539 auflv 2543 sammaiialsn  (incident rate) waslsaeuly
Uszinalnowy 0.5, 0.46, 0.48, 0.37 waz 0.39 foLlseTnInilindunn ;jﬂaﬂmiwu 1,197,
1457, 1,111, 864 Waz 1,037 118 MNEGU (Naslsnl3amw, 2543) ﬁaLLﬁﬂﬁmquIim’%au
ludszinalnoaztszauanudisa Lwiwu*j'ﬁi']muﬁﬁ’ssﬂmiLLazé'm’mﬁLﬁ@I‘mil'avl,zja@aa
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Yrzfunanmasne wastihsedslse ammuquﬂaaﬁ'ﬂmﬁauﬁﬂ'&ﬁ%ﬁmia‘lﬂLﬁuLﬁmﬁulu
& AdAdao
Aunniidananugnlings

midunugiholsadeu  laomldiholsaGeudulngldiunsamanuan
21324137103 TA (Kurabachew, et al., 1998) Hihnluszuzusnwiagihoniizetan
Jududasanduitmianaininziang Teifiaa MazIReaTelsaEen ligansn
nizild  nIeTanisedeinunta laondasganisaiaiaann siit skin smear 1ums

& & A 1awa o Ay o o A a o

avanidelinteunujifegmly  wdldedrdaiiiesaindainalidn  (Brycesson and
Pfaltzgraff, 1990) MIATIINWINENTINEWBIMIAIMIHGBIaFBEUfTANTIa NN Y
iz uazldhamasiulummnuee N1ITamTuEInEIRUINTIN DNA Lasandy
UYJien PCR  iiWud wauzusu DNA ihwansndiwizsaise Hudsnlgnuesng
wwinaelunsaranisenidusingzashinfaizedieg  nuninIaanielintau



L3h99NRINIID IARNANITATIIATIZRNTIAST wiwd Fanuhuazanusuwizlunisaia
a 6 éi’ d%/ a a 1 & o
AN mMIaTanralinisaulagmnaiia PCR fnsnudangagidudwnann
(Arnoldi, et al., 1992; Cox, et al., 1991; de Wit, et al., 1991; Jamil, et al., 1994, Marlowe and
Lockwood, et al., 2001, Patel, et al., 1990; Wichitwechkarn, et al., 1995; williams, et al.,
1990)  etduanuwenewlumavawinatia PCR  TWladsnszainlumsyifuas
RNNINATIAINLLITalsnTaundduntasluaatnigInI9
mslfinafia PCR a3aitaneilinten  Inangiwnanineaunsnls PCR $iuun
\Talsnisan (Mycobacterium leprae) nnaNslanuafiSariadn § (Mycobacterium ssp.)
Tagade lwsiuas NS 1WIUTWEIw DNA 28981 16S rRNA @336 RIINAIANNINNIZNU
DNA waamalsnFon  uazldifedfiondudiuwanw  DNA  nubadslenunfiGodug
(Boddinghaus et al., 1990a; Rogall et al., 1990a; b; Stahl and Urbance, 1990; Teske et al.,
1991) GaINIMINAUN reverse transcription PCR (RT-PCR) wal? amiamlsazan law
MIANTHINWINEIW DNA Nénisdn 16S rRNA ﬁ]’mmiﬁugmm RNA tilwenuul
Uit nafleafaanindndlianadfsogelinteulitiald Wasmnnmisuenzi
a J { =) { 1 > Q
RNA 22A0U I WIaanITia LazlFadaansat1aIIasImMunadaInnIaauaImasn Wazed
\duwnafiefiionahgiluanaiienziliaFoumnn: 165 RNA Wumsiugnssuniidnng
' a 1 ~ . L a
ag%mmumﬂwﬁaﬁ%m § (Kurabachew, et al., 1998; Phetsuksiri, 2003) 9w nedia
PCR uaz RT-PCR a:iludTNleea3namn DNA war RNA laeud1eu  wazsnansnuinm
ﬂizyqﬂ@‘ﬁlfﬁmmmL%@IﬁﬂL%aumﬁwam’msmﬁ’; wawen ﬁﬂ's’laJVL’gLLa:ﬂ’s’ma‘hLW’]:ga el
conventional PCR @4nan VLajmmmﬂi:qﬂ@TLﬂumﬁLmﬁzﬁl,%aﬂ%mm"l,ﬁa Liha997Nn3
A & Aa A Py aaa = = | & ' a
MINANZANANEA PCR Naamugaljisuiiogaids 2719 LA BANULANANIUDILTU T
{ a £ o v n:\l é’ n‘y aaa
DNA wa RNA t#a931n1U3u10s DNA Vl,ﬂgﬂmlmwmugaq@ o 9AFwFAU0ILUfATEN PCR
L o b e . EAX aw. . & Y , y
W ®I001LAN LANEIINAI08NIM U DarTa bV 3L conventional PCR Liva
a 6 A a 2 dl' < o A 3; d' ' v A
AATNzATIUTINUAR8LATad thermal cycler 5550A M7 LU GeilTuaaniigeennain ﬂﬁ]ﬁ;uuu
walulad LightCycler real-time PCR ﬁﬁmsﬁ,’]m‘sﬁaaLLaaV\IQaaL‘saLsﬁuﬁ? W lFsaunun1Ivia
Thermal cycling LUUTIALID ﬁﬂﬁmmm@@mmﬂLmzLﬁuﬂ‘%mmmsﬁugﬂﬁﬂﬂw%’auﬁu
mIaradaay  ussdansinamelunasanasevldlunadoinuniiedjison  law
a % {d‘ a J ] a aaa 1
ANAAMUKANNFY YW BB LIEITUANINATRIEWIINMaINeU AN PCR  udazvay
asa t:‘la‘d o L% a 6 A a t:ll v I~ U [ o dy '
3nIRdnsinan e s EI S i lwnaa a3 andad  ulud lulasng g
= > 3 { =3 = J Qs v
waneria wazdvaailyninstwdeundnifiaduny conventional PCR 'l¢  (Aldea, et al.,
2002; Brengel-Pesce, et al., 2002; Harder, et al., 2001; Sloan, et al., 2002; Watkins-Riedel,
et al., 2002; Whiley, et al., 2001; 2002; Torres, et al., 2000)
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wazfludsslamilasgiuntaldasiadiansiidalsatawndiUSinmlualat9fiaia la
LazLH997N ﬂ‘aleiﬁgﬂ@ﬁﬂm mMslnelulad real-time PCR Sta3ziialsalaidilsanm
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anulh PRtERITRERS uazldnanIaAenzinnas lenIali atels nedia real-
. { o & { v Aa g 'S A a ¥ ' '
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1. MINaIIMsasansalsnEausianaiia conventional PCR
1.1 fnuadudIn DNA hmans awa 171 ALUE uniu 16s rRNA w8910 ]l50
Faulas sanuunlnsiwed 2 1du (WAalaowiiy Bioservice, Uszinelng) ldun P2 dnumiis
7 69-91 F§16ULUE 5 CGG AAA GGT CTC TAA AAA ATC TT 3 uaz P3 dumibefi 218-
239 f§1duLua 5 CGC CAC TCG AGT ATC TCT AAA AAA GATT 3 fiflannusimis uas
sansnsvlanulasluloy DNA va91@elsai3amu e

avndsznavesljisen PCR: Usznauday



@13197 1 ugadaddlsznauvadlisen PCR

asailsznay USuas
(lalasaas)

1. TNAURIWNIIaN T 6

2. 100% DMSO 5

3. 10x PCR buffer 5
4.10 mM dNTP (8%8 invitrogen 1
Ussinaanizaiuinn)

5. 20 pmol Primer 1 1

6. 20 pmol Primer 2 1

7. 2 U/ LUl DNA polymerase (ﬁlﬁ’a 1
Qiagen, U3zin@ Germany)

8. DNA -
PeT 50

1.3 &n1z2a9UfM381 PCR  dauie3a90aludd (8% Astec

control system PC-700 Uszinadjiu) Iash

program temp

a13197 2 uaasasasznauvadlfizen PCR
n

dn1e qnm u&?l LA NI
(896 (w11) 30U
SN EL)
Predenaturation 95 5 1
Amplification 35
Denaturation 95 1
Annealing 60 1
extension 72 1
extension 72 10 1

1.4 @TINATILANAANR PCR 1ia3auey 2% agarose (8%8 USB Uszinasidu)

gel electrophoresis IunTzUF WA 100 I’mﬁéﬁmﬂ%ad powersupply (E-C Apparatus,

Florida) 30 #1fi A8waIn1sgan DNA @18 0.5  tulasnIu/Aafaans ethidium bromide

A379QNANEA PCR @iaVLﬂGTQULLaaqa@ﬂ”laIaLa@



2. MsNAWINsAsIILTe lsaaudisinafia LightCycler real-time PCR

2.1 a98sznouva9Ufiisen LightCycler real-time PCR Usznaueie LightCycler
FastStart Reaction Mix (13¢nau Tag DNA polymerase, reaction buffer, INTP mix, SYBR
Green | dye and 10 mM MgCl,) (§#a Roche, Uszineigasiing 2 lulasaas , 10 pmol P2
primer 0.5 lu1a5803, 10 pmol P3 primer 0.5 lulasaas, dnautseanidetwian , 25
mM MgCl, 2.4 lulasfas, DNA duuuy Uinamsaw 20 lulasdias ussaslunaea
Capillaries

2.2 anzwefATen LightCycler real-time PCR vifATenluiaTasdnluia
LightCycler real-time PCR (5%a Roche 31 3.1 Yszinenoasiu) @Twamawaaﬂ;jﬁ%mﬁdf:
denaturation 95 asenLaLToE 10 3w, amplification ﬂszﬂauﬁaﬂ"ﬁu@au denature 95
p9FLaLSua 10 W17, annealing 55 a9ALTalTo® 5 AW, extension 72 adeTaLToR
10 27 Uaz detection 82 avaLTaLTUR 1 AW17

2.3 MIATNHHANAN LightCycler real-time PCR av33a&aul#a1n melting
temperature wazltinafia 2 % agorose gel electrophoresis

3. faldenITmIana DNA andrasnsduitofmisfimansay

3.1 lysis buffer fUuaawMINeIR Wanien lysis buffer filasuaTule
ﬁaaﬂﬁﬁamieﬁaﬂszﬂauﬁw 100 mM Tris HCI (8% Sigma Uszinaanizald3nn) , 0.05
%Tween 20 (BWa Merck Usenengasdiuil) 24 lulasaas IWdhnudosnsduitousiuass
30 'lwlasaas Wnly sonicate 10 Wit WEntawlnd 50 mg / ml lysozyme 6 lulasaas vad
gaunDied 10 w1 uazifiniaw o Proteinase K ﬂuﬁqmmﬂﬁ 56 asrniTaLSos 18 Talus
\WailaaiunITsiveTadmIaza8nITLdY mineral o Iaquansazaolud jisen mﬂﬁ?u%q@
ﬂﬁﬁ%sﬂﬁqmugﬁ 80 asenuaalfus 10 wifl W lulFlulfAsen PCr wia AulIA —20 asm
wwades tevoun U ldqaly

=3

3.2 hewiawldd3agy Flexigene DNA

(8% Qiagent Uszineanigataini) &
gﬁ [ = v dw o 6 v . o

mu@aummﬂ@muﬂuamﬂ"nmu PNRITUVIURDLLTARAILENTAZANY lysis buffer —> 10y
A9 10,000 JaU/MN 3 WIN LNUAZNEY —> RZANUAZNOWAILFIIRZANEY denaturation

buffer (Jtaw sl protease K 1Juaiddsznay) —> UnNamnnl 65 asaioaiGos 5 wfi —>

U

o

=

anAzna DNA @28n13L6« isopropanal 10,000 58U/ 3 w1#l — 1 ldinisediaanasn
10,000 JaudawIf 3 W1 —> ’19azNak DNA drarITazauLaanagas 70 tasiaua —>
i3 s9eua1nus? 10,000 saudauwf 3 w1 — vilveznan DNA Wiy —> azane

DNA dapinausiunsitsainga 50 lulasias + RNase A 1 lg —> tAius1sazats DNA 13

Nawnnd —20 adetoaldus dawsultluniimasassaly

9 U

3.3 Wiend@u5agl DNA zol (8% Invitrogen Ussinaanigalaini) Jumsana
DNA mwg}'ﬁamﬂif Mt IIEITUVIRRDULTARNILENRTT DNA aramItansinewTauls



]
=y

§133931 DNA zal 1 §addas nanligin wies 10,000 xg 10 w7 nannd 4 a9en-
wadug featacanslanaealnal uazanaznaw DNA ¢28IL&N 100 % ethanol 0.5
fna53 nanlwidntuuazwdes 10,000 xg 10 w1#t a19aznaw DNA 2 asieas 75 % ethanol
1 185507 uAAZASILWIBY 10,000 xg 5 W7 azanuazna DNA sesinaw 30 lulasaas
3.4 53mseu: ansuruwaosimasaulwintdan 10 wif W3ss 13,000 g 1
Wil iRussazanesulalif —20 asraidos soaunseriashluldea'ly
4. PInagaUANYIIIzRaM IR dalsaEen: avamavldlasld DNA 310
3o mycobacterium THa8u (VL@T%'ummmngw:ﬁmn @3, B3 ap1laelaly LwWeuads
577) 1% DNA duuuy uazt3ouiisuin nsld DNA seadelsal3amu (ldsuanuagiamzi
970 Prof. Patrick J Brannan a1n#asdfi@ns anninaslalanle Ussinaanigaiuini)
1w DNA  @utluy ﬁ”’dluﬂﬁﬁ%m LightCycler real-time PCR L& conventional PCR @1
p9fdazna wazanIzaIfinaTIdu aTameulfATen PCR Tannsidn DNA vaaT0ln
L’%yauaﬂumamﬂﬁﬁ%m PCR 783%al3ndug uazamam DNA ihwansuuiu 165 rRNA
AUI1a 171 g]'mauu 2 % agarose gel electrophoresis WATATIVINATIER melting temperature
@T’;UMSLmimaaLﬂ%o LightCycler real-time PCR
5. mynesauanyhdamenzfidelsa o
5.1 aTanaxaulIunns DNA °11aaL%aisﬂﬁ?auﬁ@‘iﬂﬁq@ﬁmmm%Lﬂi’]xﬁL%@Im
SauldannmsiioansSunm DNA asiaz 10 i Bwan 20 Tunsu s 2 wiwlansy vinms
\RuENTusI% DNA tihnans unin 16S rRNA 2w 171 LU Tuifi3en LightCycler
real-time PCR W&z conventional PCR enuadfilsznay LLazaﬂnzﬁdﬁﬂdn"ﬁNﬁu Wae
@329%1 DNA ihwanauuiis 16S rRNA 2u1a 171 ij‘lJmlu 2 % agarose gel electrophoresis
LAZATIILATIER melting temperature @T’mIﬂSLmimaam’%m LightCycler real-time PCR
5.2 mmmaauﬂ‘%mml,%aiméauﬁ@‘iwﬁq@ﬁmmm%mezﬂméamﬁm
Inaia PCR I@amsﬁfué’wmm%amﬂiﬁﬂﬁaaﬁ;amiﬁﬁﬁﬂmaﬁ'@ DNA 139919 DNA @i
naudmannmatwiewifa afiaz 10 whaaue 10° F9041 wad i lulFluufAse
LightCycler real-time PCR Laz@333%1 DNA Whnaneeas 2 % agarose gel electrophoresis
LRTATIILATIZN melting temperature a7 UIﬂimemaoLﬂ%‘ad LightCycler real-time PCR
6. MINAWINNIATII AT T0 50 auEs5n mdsmnadia LightCycler real-time
PCR
6.1 ﬂ’]iﬁ%”]dﬂﬁ‘l/\lmmgﬁu (standard curve)
MIIATITAETIUTI U (quantification) RranTanszvinlalaslsldsunsy
Quantification &519nTANATTIUATANUFURUSULLL regression szninsdiinaganiss
udniale o crossing point (S1wInseURSuLRANEANA PCR) fU log 2a9fnanauitudu

{ ' o & o aaa .
U8y DNA &l’?@lig’]%ﬁ‘ﬂi’?ﬂﬂ’]LLﬂ’J“IJ%LLﬂtW‘I&I”IIﬂ%ﬂQﬂ?U'] real-time PCR



A a a . g & 6
6.2 MINATIEAPIUSUIUNEANS real-time PCR anni@alsatan 1-10° LAk
& a € &
YA DUNNTILATIZRAIAD b
o o 6 dy a A dl v d‘y ;ﬂl
- MNIATIIULT W RLTRRVDITOAARNWATANLLN LANENITazaL Lt
A WA 6 gﬂmﬂﬁﬁaammmaagﬂuﬂIﬁﬂL%auﬁsimﬂﬁumuazLﬁU@ FUNATILTRRL

6 2 dl‘y a A ada . @ o [ 3 v v
ﬁvl,ﬂ(ﬂ YAULTIAARNUNTIA ANUIDNIIVAY Ziehl Neelsen maﬁmummwfmamﬂ@maaa

ﬁ;am‘mﬁ LAz DI W T s A ANuNIadaLSINasIaImTaTa Lo HoRmiEs 1 Dadaas
- maBensdrathaitalildiwmnimadidalsaitanmudasms lagsh
Em‘a:malLf':aLﬁaﬁmﬁfamaagﬁfﬂaﬂIﬁ?ﬂL'%f'uaumwﬁwmm%a@@%ﬂuﬂmLtﬁamL%amaé’w
§138<818 phosphate buffer saline W laaus1winiaas 1000 , 100, 10 e 1 LTRAANNAIAL
- &1 DNA 28917815A3a%628 Flexi Gene DNA
- i1 DNA fiarialéviufATen Real ~time PCR
- i lddwrmnndSunm DNA lagidnlysunsy Quantification wazifisuny
nmanaspwuiahduliseoesui ez linnuUSino DNA 1niBaudasinwiud
Fo4MImT WaNIINAEIFANTNIZEIINTINGNATIIN AMUFURUFUUL regression Te#19
ﬂ'%mmvxlgaammsﬁm?ﬁi'ﬂvlﬁ T crossing point (a‘i’m’;mauﬁﬁlmﬁwﬁmwa PCR) NU ¢ log
passwmmmasiiain lUlFssuifsumssnongeludessdely
- AMIBUTUNRANR PCR eeinaila agarose gel electrophoresis
7 Uvetlui3:8n5N1wW LightCycler Real-time PCR Tunsasaden=vidalsatows
Vsinmludrognilsaausiiadng o
7.1 Ansnguilszmng
fﬂ/ﬂ’lEJIiﬂL‘%uaui’]ElSl%&inﬂﬂ‘izmﬂ ;jﬂ’;ﬂiﬂéﬁ]%ﬁﬂé’ﬂl,ﬂusgﬂ UREREIGIRT
Faudiliuaasenns ﬁy'al,wwmml,a:m‘ﬁa 2193:niN9 15-70 1 lunsﬂmaagﬂaﬂisﬂLgau
diheynoazdadldiumaifiadsuazduunsiiavedlsa lasands @1 Bacterial index (BI)
NN slit skin smear ﬁWLL%ﬂLﬂugﬂ?UTﬁ@L%ﬂﬁaﬂ (Paucibacillary leprosy, PB) 'lan
ﬂﬁj&lpjﬂ’miﬁﬂﬁyauﬁm Bl=0 LLazg}”ﬂamﬁm"‘ﬁgamn (Multibacillary leprosy, MB) @sfien BI >
0 e ININNARHA VL@‘TLLﬁé’ﬂumzsaﬂIﬁﬂﬁﬁmﬁTaLLa:nﬂ:Qﬁ@juﬁ'u sannduungihe
soniiluzfiasne § srdwaninmiues Ridiey waz Jopling laasaaludt | (Indertiminate), TT
(Tuberculoid Leprosy), BT (Borderline Tuberculoid Leprosy) , BL (Borderline Lepromatous
Leprosy) Waz LL (Lepromatous Leprosy) (Ridley and Jopling, 1962 L&z 1966) 31434
;jﬂ'm‘[sﬂl,‘%”auﬁﬂﬂmw 68 118
gﬂaﬂliﬂﬁa%ﬁoﬁuq AlasunsifeselilslseaFon wisomaiasfii
FUNIWFNYTDIUDINTS InaTIEWIonds angszndne 15 —70 T fruwauededaenin 10 1y
\dunguilszmnsansiTouiioy



7.2 mAeTMeiiraliaiTandalsunamlualagng
a s a & & o ' ' A & A A a @
FIueawn1IaTMIUI T lsnTanlualatigiasaniduiiaLtafinie
mﬂ@:ﬂ’mi‘mﬁau A%

7.1.1 MSNUMBL1ITULRD: AAA1DENITULIHATWIA 6x6 NARLUAT 928 skin
puch u’%nmmamaﬂmﬁ‘k}mmwaagﬁfﬂaﬁ

7.1.2 UL TR lRRZIEDa LazINRITUIINALLALEaRININIENG
DNA dasiinmwiawlddiagy Flexigene itWain DNA anlvindAisen real-time PCR ana

add

AINWA U I LRAIT1 90 lunﬁi‘iLﬂsﬂzﬁﬁuaﬂﬂonﬂﬂ%'a lND§329%1 DNA 289178 l3a30Uasdad

D

aaa

. _ 40 m Xy & = y
uﬂgmmmuqﬂmm negative control T4113 DNA vaTalsalTan was positive control 4

)

il DNA 220 FalsATeulul SN iNaaTvmeudymidwian uazanugndasvaditnig
7.1.3 muSuangalaslslysunsy Quantification vadLa3ad LightCycler real-
. o { o & & [ A . {
time PCR fisununywanasgiunassluluduaaunsnauwiinefia real-time PCR Lo
a 6 éi’ d%/ A a
AeNzATalsaiTowdadTunm
7.1.4 @71 UATERKNAANS real-time PCR & 2 37 Gaanu melting temperature
YDINAANA real-time PCR Laza1136181NA%A agarose gel electrophoresis @aa1a DNA @28
ethidium bromide aT73gMelduaigaanlalawa
8. YsziinSouifisumsamaiienziUsunmsalsnSeununIasianumraday
a A 3 v 6 =) A o > 1 a % 7N J
fegnunsadiandasaansiad laswSoufisunvludstnefldangdialazeudszinn

& A & & o . S
bTRAN mu;dﬂfmiimsauﬂs:mwLmauam:m’;ﬂuwuLmayam@awuﬂm



AAINIINAADI

1. maRanInTIleneiigeliaEeudisimadia conventional PCR

1.1 panagauanusumniz: lumsanaiienzfidaliaiiausas conventional
PCR tiloti DNA w831 Mycobacterium spp. 19 10 7fia uazuuafizuanadug 10 &na
1 15151% DNA dwuun dwsuiivaensduwaiu DNA Whwane Taols primer P2-P3
asAdsznoy enuanzuesliisen PCR 119 conventional PCR ¢iananaluismsdu aviam
Fusd1% DNA Ut 2 % agarose gel electrophoresis Muldusssanaloia wususiu DNA
20 171 Giud Lawzlul A3 real-time PCR uaz conventional PCR i3 DNA 280170
I‘mL‘%vaw,ﬂuaaﬁﬂs:ﬂawaaﬂﬁﬁ%mwhffu Tuwsmefiiiald DNA vas@e Mycobacterium spp.
wfiadng 9 uszuuafiGoanadu ludfisen PCR famialinuBusdain DNA e dilu

AN 3 LLazgﬂﬁ 1

M 12 3 4 56 7 8 9 10 11

bp

300
200
100

171 bp

E‘i.l‘ﬁl 1 ﬂ’J’]SJ'ﬁ’]LW’]Z“lla\‘lﬂ’ﬁ%Lﬂi’]tﬁL%@Iiﬂéﬂ%ﬁ’w PCR Uaz@TI3R0UNANES PCR @g 2%
agarose gel eletrophoresis uazgantaadstatiasnluslud: tauil 1, DNA marker: Lawfl 2,

M. leprae positive; Lau‘ﬁl 3, M. leprae negative; Lau‘ﬁl 4, M. avium, Lauﬁ 5, M. bovis; Lauﬁl 6,
M. fortuitum ATCC 23097 ; Lauﬁ 7, M. gordonae; Lauﬁ 8, M. intracellulare ATCC18950; .a
‘ﬁ 9, M. kansasii ;Lauﬁl 10, M. marinum; Lauﬁ 11, M. scrofulaceum; Lawﬁl 12, M. smegmaitis;

Lauﬁ 13, M. tuberculosis



A19191 3 LRAIANNIUWIzAaLTalIaSauTaInaiia conventional PCR L&z real-time PCR

No. | Bacterial species and Resource Detection by
strain conventional PCR/
real-time PCR
1 Mycobacterium leprae Clinical isolate Positive
2 Mycobacterium avium ATCC 25291 Negative
3 Mycobacterium Ra Negative
tuberculosis
4 Mycobacterium ATCC 14470 negative
smegmatis
5 Mycobacterium IN. @ negative
marinum
6 Mycobacterium ATCC18950 negative
intracellulare
7 Mycobacterium . @7 Negative
gordonae
8 Mycobacterium bovis IN. AT negative
9 Mycobacterium fortuitum IN. @I negative
10 | Mycobacterium kansasii TN negative
11 | Mycobacterium IN.AINT negative
scrofulaceum
12 Salmonella typhimurium ATCC 14470 negative
13 Streptococcus agolactiae ATCC 13311 negative
14 Staphylococcus aureus ATCC 25923 negative
15 Pseudomonas ATCC 27853 negative
aeruginosa
16 Listeria monocytogenes Collection Bank NIH, negative
Thailand
18 Bacillus cereus ATCC 11778 negative
19 Corynebacterium Collection Bank NIH, negative
ulcerans Thailand
20 Escherichia coli ATCC 25922 negative




1.2 mnagauanulhzasnsitassilsaonalsinaiia conventional
PCR : laguszifinannmsld DNA duuuuanidnfiganldludfiden PCR uaz asrem
%ué’m DNA ihwu1aun 2 % agarose gel electrophoresis la menasnnasanuiiwiu
Lﬁﬁaﬁma\‘iL%ﬂiﬁﬂéﬂ%ﬁ’;ﬂﬂﬁﬂdﬁ;ﬂﬂﬁﬁﬁ LazanN® DNA ¢2873D Flexi Gene DNA ¥in13i3e
219 DNA shthnaufiszdueing 9 sz Wl %0 PCR esrawinanasdfisenun
2% agarose gel electrophoresis WU 32aU DNA Lﬁamw‘iwﬁlﬂuﬂﬁﬁ%m LRSFEINITNGTID
wu%uﬁhu DNA Lin%u1e U agarose gel electrophoresis 1@YinAY 10 LUAR AILRAINANNT

maaa‘lugﬂﬁ 2

M 123 4 56 7

bp

300
200
100

171 bp

sufi 2 anwhlumsesrfensiizelsaFeudioimaiia PCR uazamiasaunania PCR

¢t 2% agarose gel electrophoresis LaztlaNlaadaaTaoNluTIue Laufi M, DNA marker;
{ L. d 4 d 3 { 2 d 1

@A 1, positive control; LKA 2 10 LTaR; LAWN 3, 10° LTaa; Lawi 4,10° LTaa; Lawh 5, 10

L‘liaar; LAWY 6, 1 Lsﬁaﬁ{; LAWY 7, negative control

2. MINAWININITIVIAEA LT o 5ATaNAILINARA LightCycler real-time PCR

2.1 managauanala: luvmeyindjisen LightCycler realtime PCR ¢
asdUznay uazanzaslfAoenufinanuluis lunnanzianmafel jiseaanin
FaaNNIINATY I WQaaLsaLsﬁu@TﬁLﬁ@ﬁnﬂms SYBR green | lf@aaainuanda PCR 7l
wiNanauRILAS (gﬂﬁ' 3 uaz 4) ﬂg‘jﬁ%méuqﬂmmwamﬂu 20 w1l Lilaasy 35 30U
NMYRAILRIIUHATN N30 INaNE® LightCycler real-time PCR A ubusrn DNA
Whnangvesdaladanainlysunsy melting  temperature  VadlA3a9da UATN1IATIY
SlaTzfpaans WAL Aedn wuin ﬂﬂ@]ﬂi’ﬁ/\l‘ﬁlgdﬁq@] af) melting temperature VDINANAS
real-time PCR ﬁqm%gﬁ 86 BIFLTALTER (gﬂﬁ 5) WasHiNNNIATILULUNANEN real-time
PCR 5ﬂﬂ§'&ﬁ/’m 2 % agorse gel elctrophoresis Lﬂ‘%mmﬁmumsmﬁamaa DNA marker “71'



NUVWIALTHUTaUUED WU IGNANR®

PYUQ 171 @J’Lua

5]
53
Py |
= §] 5

6
= 7
Fluorescence
]
2
x
-
X - 1
INWIBIUIAY

real-ime PCR fladawiaassauinvaiafai

Negative control
0.2 pg
2pg

20 pg
200 pg

2 ng
20 ng

;UM 3 Pnudygrangeaissausvasnaniafivaluusdazseuvedjiten real-time PCR

289 DNA AuUUULINNMHEN 9

Fluorescence

B T L] P mn

(i

Lt}

1)

sample

Aaaa

ni 1 a 6 a n; A 1
31]71 4 m’mIu,mLLa@oﬂimmWQaaLsmsﬁucﬂmaawawawmmxnm%m 9 VaIuaarUnIen

real-time PCR



a1 112840719310 T2 DNA 2aaiBalialzauduinadla real-time PCR (31
11 4) W@ u13Aa379 DNA dgavinny 20 walansa
2.2 ANHNINUN1ZVBILNAKA real-time PCR LNaa11331a71=% DNA 2a388la
wuafiiSodu 10 78 warDNA 189 Ta13AI38% WU FINTAATIVINATIZWHE LeLan1z DNA
yasmalynFon uazlisaanmwiialwanizl izl DNA vasbalsasauialin
{ a J 1 Q d Qo { ]
paanTINNLAa2ui melting temperature WYINNU 86 a4ANLTALTUE TIATINUNITNARINHIY
UANHAMNINARBIFLN 5

File: Ciilight Cycler?UsersiM. leprasiep200303.ABT  Program: melting curve  Run By. benjawan
Run Date: Alla, 20,2002 14:24  Print Date:

37

26—

20~

Fluorescence -d(F1)/dT

26—

20—

08| e T
—]
L]

00—

-0z
| | | | | | | | | | | | | | | ] |
760 70 730 790 800 310 820 830 540 850 860 570 830 890 8900 910 920 930 940

Temperature (°C)
Digital Filter: Enabled Caleulation Method: Polynomial
Degrees to Average: 40 Red cursor Tm = 77,2122 “rellow cursar Tm=77.7185 Green curzor Tm = 78,1248

Color Compensation: Off Blue cursor Tm = 86,8252

3UN 5 A IuNgoalTRITUALIAIBANTINYBINANEA realtime  PCR 11l melting

temperature 86 83¢N LTRLTER

mi@mﬁ]aauﬁuﬁuwawﬁwaa Real-time PCR 21NN1INARaLUAMUIUNANIEVYDINAKA
A28 agarose gel electrophoresis WUINEINIIONWU band YU 171 bp LAWITHNANRAVD
Real-time PCR 7idi7al3alzaulyiniu (U7 6)




M1 2 3 4 5 6 7 8910 11 12 13 14 15

bp

300
200
100

;illﬁ 6 LUFAINITOTINOUNANGGVDY Real-time PCR 3MNNIINARALAMUIINIEVDINAKA
a8l agarose gel electrophoresis Lane M fa Marker ; Lane 1, Negative control; Lane 2
,B. cereus; Lane 3 , S. typhimurium; Lane 4, S. typhimurium+ M. leprae; Lane 5, E. coli
Lane 6, P. aeroginosa; Lane 7, S. acolactiae; Lane 8, C. ulcerans; Lane 9, L.
monocytogenes; Lane10, S. aureus; Lane 11, M. tuberculosis; Lane12,M. tuberculosis + M.

leprae; Lane 13, M. smegmatis ; Lane14, M. avium; Lane 15, M. bovis; Lane16,M. leprae

2.3 mIdaldanIsnisana DNA a1naagemagefianiafiwanzaa

And3puifiouySunm DNA duwusfianaanigelinGewitnsds 9 ldur
boiling, DNAZzol, lysis buffer, Flexigene® ALLNARA real-time PCR WU31 DNAZzol Laz
Flexigene 1lu33mafiliianan real-time PCR ifindulusaudu 9 v00Ufi5ende fsinm
Andiuasudsaud 24 28907380 (gﬂﬁ 7) ugelWifiuiniTnsanea DNA v 2 SFaananlv

U3unak DNA 9 n135n198% 9



File: CALightCycler3wsersthenjawaniOataleprasiepz 10702.ABT  Frogram: amplification  Run By: benjawan
fun Date: jo. 21, 2003 14:45  Prirt Date

Fluorescence (F1)

2 4 L] ] 0 42 14 18 18 20 22 24 26 28 30 32 34 36 38 40 42 44 45 48 850
Cycle Number

Baseline Adjustment: Arithmetic

Color Compensation: Off

31U 7 nowugasmaAnvensTuain DNA hwanslundsssaupesd fizenelsauiiay

u

33n3ana DNA 2adiBalsaaulasniasiaiiansiaisdd LightCycler real-time PCR

3. anaieneiidelsadewdilinaludedraiio e fmisdomeadia LightCycler
real-time PCR
3.1 MsasanuiwInelsaGeu: athdedamaduriuassansandisds
Ziehl Neelsen Uaza319uiUswInwedadnunsa solid from nwlﬁﬂﬁaaﬁ;amsﬂﬁ URZATWITH
$wdeludiong dgesiuam 10° 1t3a9196e 0.9 % NaCl a3saz 10 tin 3uduann
10°,10°, 10°,..., 1 1788 w&INIENA DNA ﬁam‘fwmwé”aﬂ‘*ﬁén‘%agﬂ Flexigene ka33i v
U3t real-time PCR wuin swnsamsawuldluszdy 1 1oad U 8

Boiling
DNAzol
Lysis
Flexigene

positive



File: CiLight Cycler3ilsersii. leprae'280303.ABT Program: amplification Rum By: benjawan
Run Date: Afio. 28 2003 14:16  Prirt Oate:

42—
4.0-

35

Fluorescence (F1/F2)

3.0-

25-

20-

05—

00-| =
0.z

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
a 2 4 & 2 0 12 14 416 18 20 22 24 26 28 320 32 33 36 2@ 40 42 44 96 92 &0
Cycle Number

Baseline Adjustment: Arithmetic

Color Compensation: Off

P s 6 a [T & & o ] & ' 5 3
E‘JJ‘YI 8 atyty’lmwgaanmmmmaomnme:%ﬂsmmmakﬂLsaummmm § @3ué 10, 10,

102, 10, LAz 1 LTAR a28Inaia LightCycler real-time PCR

M 1234 5 6 7

bp

300
200
100

171 bp

g‘i.lﬁ 9 NMIDULUNANAG real-time PCR U 2 % agarose gel electrophoresis NMYRFINITATI
AATIER I IULTRAGILLNATRA Lightcycler real-time PCR: Lane M, DNA marker; lane 1, positive

control: lane 2-7, DNA 2adi5alsai3an 10°, 10°, 10°, 10, 1 Uaz 0.1 LTARANUEIL



3.2 MIFFINTWANATT BT UAIUNTATINIATIER DS LightCycler real-time

PCR iladaneiigalaisawdoSunm
3.2.1 MIanTINANATIILUSIN DL DNA 2asdalsniTaw:

aza1n DNA 1 lulasnsudasinnautnaanidedwion 13aa13 DNA assaz 10 v
aaud 20 wilunsu f9 2 wlnlaniu 1 DNA idaaudazasslulfidu DNA duuunlud§ATen
reaktime PCR  auaddiliznauuazaniziing1nanud ﬁwﬂ%mm%lgaanamu@?ﬁﬁumaa%’u
é’zynpmmﬂﬁwmﬂ%umu DNA ihwangldasnanaw linear regression AusuNBEIzWINg
$rwnseufivhufAsenASuinaifiuuene DNA fu @ log USunms DNA Ailfiiusmsaadu s

mMIsenINaInaIceldsunIuiiassilSinm é’auamlugﬂﬁ 10

File: CALightCyclersiUsarsih. laprastlep 180302.ABT  Program: smplificstion  Run By: benjawan
Run Date: AQe. 18, 2003 14:28  Frint Date:

34-

2=

30-

28-

28—

24—

22-

Cycle Number

20-

| | | | | | | | | | | |
-7 -B.45 6.0 -85 50 -4.5 -4.0 -38 -30 25 -2.0 -1.5 -1.0

Log Concentration

Baseline Adjustment: Arithmetic Noize Band Cursar: 00524 #Analysis Method: Fit Paoints Mumber of Fit Points: 2
Crossing Line: 00734 Slope: -3.571 Intercept: 9.434 Ernor 0373

Color Compensation: Off r-0.99

‘=I 0 . U o aAaa a =Y
3Un 10 nmWL1a931% linear regression TeWINTIWIRIOVDDIUNTL (N y) NU log LIumh
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No. type BI ndesqatiai Real-time (§143u
@vwaa /sy | 1vaa / Tuiie 6
1319 6 A1319 M319NaAINAT)
Naans)

1 LL 6 2%10/ 3%10°
2 LL 4 3%10° 1#10°
3 LL 4.5 1*10* 1*¥10°
4 LL 4 2%10" 3%10°
5 BL 2 7%10° 4%10°*
6 BL ? 2#10°* 8*10°
7 BL ? 2%10 3%10°
8 BL ? 2#10°* 1*¥10°
9 BL 5 7%10° 1*10*
10 BT 2.3 3%10" 3%10°

d‘ a a 6 dil dil % 1 dly d‘ a % U d%/

mawmsmwamsmaﬁnLmﬁzmmakmiaulumasmLuamam%mmaa;&ﬂwiimsau
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Tatkay (PB) erawnaiia LightCycler Real-time PCR

Type No. of positve results (%) Total

MB 38 (95) 40
subtype LL 14 (100) 14
subtype BL 20 (90) 22
subtype BT+ 4 (100) 4

PB 13 (46) 28
suptype BT- 10 (47) 21
subtype TT 2 (33) 6
subtype I 1 (100) 1
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1aslulay DNA 28sl5aauldauuand199nisia mycobacterium a4 (Cox, et al., 1991)
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SYBR green | Nlzaaasnuandalud fisonindiniudugiu DNA au1a 171 LWa va3du 16S
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MANUSCRIPT

Abstract

Leprosy is chronic infection disease caused by Mycobacterium leprae, an organism that
cannot be cultivated on artificial medium. Enumeration of M. leprae for determination of
bacterial index is required for leprosy classification, monitoring of leprosy chemotherapy and
diagnosis of relapse. In clinical application, quantification of M. leprae relies on microscopic
examination and counting of bacilli in stained specimens. The counting method yielding
results with limited specificity and sensitivity. This study is aimed to develop and evaluate
the application of a fluorescence real-time PCR assay for quantifying M. leprae in skin
specimens. The real-time PCR is based on a capillary format of the LightCycler using
SYBR Green | fluorescent dye as a detection signal. Primers were applied to amplify a
portion of 171 bp fragment of M. leprae 16S rRNA gene. Using commercial Flexigene, with
modifications, resulted in high yields of isolated DNA. The PCR assay was specific for M.

leprae and able to detect as low as 20 fg of M. leprae DNA. The analytical sensitivity was

as low as one cell of bacilli. The melting temperature of this PCR product was 86°C. By the
use of normalized quantitative real-time PCR, M. leprae was detected in 40 multibacillary
(MB) patients with bacilli number in the range of 1.07 x 102 - 1.08 x 108 bacilli in 6x6 mm
skin biopsy specimen. The detectable number of bacilli in skin biopsies from 28
paucibacillary (PB) patients is of the order of 3.87 x 10° — 3.9 x 10° bacilli. The preliminary
results demonstrated that LightCycler real-time PCR appeared to be a robust tool for
quantitative detection of leprosy bacilli in clinical specimens and could be adopted as a

molecular tool for quantification of M. leprae in other experimental settings.



Introduction

Leprosy is a chronic infectious disease caused by Mycobacterium leprae, an acid-
fast, rod —shaped bacillus, and is still a major problem in several countries (1). Even after
the World Health Organization’s (WHO'’s) efforts to eliminate leprosy as a public health
problem by the year 2000, there remain hyperendemic areas in many countries which have
shown no substantial decrease in the new case detection rate (1). At the beginning of 2003,
the number of leprosy patients in the world was around 534,000 as report by 110 countries.
About 620,000 new cases were detected during 2002 (WHO 2003). The diagnosis of
leprosy is mostly dependent on the presence of acid fast bacilli in skin smear. The
conventional staining of acid fast bacilli (AFB) in clinical specimens proves insensitive, and
hence samples must contain a large number of mycobacteria for positive finding (2). A rapid
method based PCR for detection and quantification of M. leprae, an organism which still
uncultivated in vitro, is useful in leprosy diagnosis and in assessment of the efficacy of
chemotherapeutic regimens.(3,4,5,6). In addition, such a method would have the potential of
detecting relapse and differentiating it from reversal reactions, and is likely to function in
classifying of leprosy patients (7). Very recently, real-time PCR has started to demonstrate
its potential utility in field of rapid detection and quantification of several organisms
(8,9,10,11). The main features making this new technology very attractive and would be
practical for detection and identification of organisms, in comparison with conventional PCR,
are rapidness and reduction of likelihood of contamination, since no post-amplification
analysis of PCR products is required. Moreover, it was noted that a real-time PCR has
advantages over conventional PCR in that the PCR products can be monitored in each
round of amplification and hence accurate quantification can be performed (8,12). With the
advent of LightCycler-PCR (LC-PCR) that incorporates software-driven fluorescence
analysis systems, the real-time PCR is rapidly becoming a more common method for
analysis and quantification of PCR products (13). In addition to real-time quantification, the
LC-PCR for detection of leprosy has not been thoroughly evaluated in laboratories of
developing countries where diseases are problems and where their application is suitab;e.
This study aims to developing, and validating a new method in molecular biology: the
LightClycler real-time PCR based amplification in rapid detection as well as simultaneous

quantification of M. leprae in skin specimens.



Materials and Methods

Subjects and specimen collection. Skin punch biopsies from leprosy patients obtained
from leprosy patients who Vvisit the leprosy clinic or hospital. The collection of specimens
was performed at the time before treatment or at the beginning of starting of WHO multi-
drug therapy. The total number of patients recruited to this study was 68 subjects. These
patients were of both the paucibacillary (PB; having a negative bacterial index (Bl) but
distinctive histopathological lesions diagnostic for leprosy) and the multibacillary (MB; having
a positive Bl types or histopathological lesions). The classification of patients was done
clinically and histopathologically according to the Ridley-jopling scale (14). Disease types
included indeterminate (I), tuberculoid (TT), borderline tuberculoid (BT), borderline (BB)
borderline lepromatous (BL), and lepromatous (LL) leprosy. Additionally, the BT leprosy type
was subdivided into BT (-) for negative bacterial index and BT (+) for positive bacterial
index. The bacterial index (BI), which represents a quantitative estimation of the bacteria on
the basis of counting acid-fast bacilli, was obtained by employ Ridley’ s logarithmic scale
(15). The BI from each patient was reported as an average Bl value determined from slit
skin smears performed on six sites for MB patients and on three sites for PB patients.
Preparation of M. leprae DNA from specimen. Four strategies were evaluated to isolate
DNA from skin biopsy of leprosy patients prior to manipulation of numbers of clinical
specimens. Punch skin biopsy were cut into small piece with sterile scissors and manually
grounded in glass tissue homogenizers. Genomic DNA of M. leprae was then prepared and
a real-time PCR was performed with DNA prepared by each method as described below.
The performance of each method was evaluated by monitoring the strength of the individual
fluorescent signals.

Method | was the extraction of DNA by using proteinase K and lysis buffer. Briefly, 70
LU of tissue homogenate containing M. leprae was sonicated at 4 °C for 10 min and treated
with 1 mg/ml of proteinase in lysis buffer (0.05% Tween 20 and 100 mM Tris-HCI (pH8.5))
The mixture was incubated at 56°C for 18 h. The homogenate was then heated at 80°C for
10 min and 10 LU of aliquot was subjected to real-time PCR amplification. Method Il was
boiling in which 70 Ul of tissue homogenate was added in 30 Ll sterile water and
incubated at 100" C for 10 min. The 10 LU of aliquot was subjected to real-time PCR
amplification. In Method Ill, DNA was extracted by FlexiGene DNA kit (Qiagen; Valencia,
USA). In brief, lysis buffer was added to the 70 LLI of homogenate tissue in 30 LLI of sterile
water. After centrifugation, the DNA pellet was recovered, resuspended and incubated in

denaturation buffer, which contained a chaotropic salt and protease. DNA was then



precipitated by addition of isopropanol. After centrifugation, the recovered DNA was washed

in 70% ethanol, dried and resuspended in hydration buffer. The 5 LI of aliquot was used

subsequently as a DNA template. Method IV was DNA extraction by using DNAzol

(InvitrogenTM, USA). Briefly, genomic DNA was isolated from 70 LU of the homogenate
tissue with 1 ml of a guanidine-detergent lysis solution (DNAzol) that hydrolyzed and
allowed selective precipitation of DNA. The solution was then mixed and centrifuged at
10,000 x g for 10 min. DNA pellet was then precipitated from the lysate with 500 pl of

ethanol and centrifugation as described by manufacturer. The recovered DNA was washed

twice with 1 ml of 75% ethanol and prior to adding 50 ul of water. The 5 LU of aliquot was
used subsequently in real-time PCR ampilification

Oligonucleotides: A set of primers, P2 and P3, specifically amplifies 171-bp fragment of M.
leprae 16s rRNA gene were applied (16). The sequences of primers were as follows: AGA
GTT TGA TCC TGG CTC AG, M. leprae 16s rRNA P2 primer (position 69 to 91 of DNA
sequence); CAT CCT GCA CCG CAA AAA GCT T, M. leprae P3 primer (position 218 to
239 of DNA sequence). All oligonucleotides used as primers were synthesized in the
BioService Unit, BIOTEC Center, National Service and Technology Development Agency,
Thailand.

The conventional PCR: The standard PCR were performed in conjunction with fluorogenic
real-time PCR in which the intensity of fluorescence is proportional to the amount of
amplified target DNA present. Conventional PCR for amplification of 16s rRNA gene of M.

leprae contained reaction buffer, dNTPs, Taq DNA polymerase and specific primers for 171
bp of M. leprae 16s rRNA gene. Conditions for cycling were denatured by heating at 94°C

for 1 min then annealed at 55°C for 30 sec. Primers extension were carried at 72°C for 30
sec. The amplification cycle were repeated up to 35 times. The amplified DNA were
separated by agarose gel electrophoresis and detected by staining with ethidium bromide.

LightCycler real-time PCR. The developed LightCycler PCR (LC-PCR) DNA amplification
technology (Roche Diagnostics, Germany) combined rapid glass capillary thermal cycling
with real-time microfluorescence monitoring detection of amplicons. SYBR Green is

fluorochrome used to detect PCR product. The fluorescence detection was achieved during

the PCR cycle running in real-time. The components for PCR in a final volume of 20 Ll
included a commercial ready-to-use reaction mixture for PCR (LightCycler-FastStart DNA
Master SYBR Green |; Roche Diagnostics) that contains FastStart Tag DNA polymerase,
SYBR Green | dye, deoxynucleoside triphosphate mixture, reaction buffer and 25 mM

MgCl, at a final concentration of 4 mM. The primers were added to final concentrations of



10 pmol/LL and template DNA was used. The 20 LUl of the final volume of real-time PCR

reaction was placed in glass capillary tubes. Conditions for real-time PCR cycling were

95°C for 10 min, followed by 45 cycles of 95°C for 5 S, 60°C for 5 s and 72°C for 8 S,

with monitoring of fluorescence during the annealing phase; this was followed by a melting

program of 75°C to 95°C.

The specificity of PCR. Specificity of the PCR was determined extensively as described
previously (16). In this study, specificity was re-examined using DNA isolated from 20
different bacterial species, including closely related mycobacteria (Table 1). The
mycobacteria cells were given as a gift from Dr. Angkana Chaiprasert (Siriraj hospital,
Thailand) and from bacteria collection bank, (Thai National Institute of Health). Standard M.
leprae chromosomal DNA was kindly provided by Dr. Practick J Brennan (Colorado state,
University). Each DNA of different species was then added to the PCR mixture. The
condition for DNA amplification was the same as described previously.

The sensitivity of PCR. Sensitivity of detection was analyzed with the purified M. leprae
standard DNA. Briefly, DNA was diluted with sterile distilled water to the required
concentration and 2 pl of each solution was then added to the PCR mixture. PCR
amplification was performed as described. The correlation between the amount of DNA and
the number of bacilli was based on the fact that approximately 5 fg of DNA is equivalent to
one bacterium, given the size of the M. leprae genome of 2.2 x 109 Da (17)

Quantification of M. leprae cell numbers by LC-PCR. The amount of M. leprae DNA were
compared to the number of acid-fast bacili (AFB) counted by microscope. Briefly,
homogenized cell suspension was subjected to Zeihl-Neelson staining, and the number of
AFB per field was counted microscopically for an average of 64 fields per sample. For
quantification by LC-PCR, each run was performed with standard DNA prepared from 10-
fold dilution of different cell numbers of M. leprae. The negative control containing water
was also included. The fluorescent signal was recorded and used to set up standard curve.

Calculation of amplification efficiency: In real-time PCR reaction containing different
amonts of photometriclly quantified target DNA (dilution series), the number of amplification
cycles need to obtain a detectable fluorescence signal was plotted against the log10 of the
input DNA copy number. The slope of the resulting linear relation as calculated by
LightCycler operation software was then coverted into the amplification efficiency using the

1/slope

formula: E=10 -1(18).



Results

Conventional PCR. A set of primers was selected on the basis of the nucleotide sequence
of a gene encoding the 16S rRNA gene specific to M. leprae. The specificity of the PCR
was evaluated with DNA isolated from 20 different bacterial species. The 171 bp fragment
was amplified only when M ./leprae DNA was present (Table 1). The PCR protocol

employed was tested for sensitivity using known amounts of M. leprae DNA from known
number of acid fast bacilli as templates. Quantities of DNA content of 104, 103, 102 , 101,1
bacilli, were used in PCR reaction respectively. The PCR results were determined by the
presence or absence of the amplified 171 bp DNA band in an agarose gel. The amplified
band corresponding to a 171 bp DNA fragment was detected when DNA extracted from the
sample containing 104, 103, 102, 10 leprosy bacilli (data not show).

DNA extraction. A simple procedure of DNA extraction from M. leprae -infected skin tissue
capable of providing high yields of DNA for subsequent real-time PCR was desired. Four
different methods of DNA extraction were conducted using skin tissue homogenate, and all
allowed successful amplification (Figure 1). The use of Flexigene to isolate DNA involved
minimum sample manipulation and yields was high comparable to that of others.

Rapid PCR and continuous monitoring of product. The data output from LC-PCR
machines gave immediate signals of kinetics of the PCR occurring within the tube and gives
an instantaneous visual representation of the amount of PCR product present follow each
PCR cycle. The accumulation of PCR product was monitored by measuring the level of
fluorescence. The PCR product was observed to accumulate in an exponential manner,
indicating an optimal PCR (Figure 1). It can be seen that the signals started to rise at
different times depending on the concentration of DNA templates (Figure 1).

The sensitivity and specificity of LC-PCR on detection of M. leprae. The sensitivity of
LC-PCR in detection of M. leprae was defined as the lowest number of mycobacteria cells
and the amount of M. leprae DNA that LC-PCR could detect. It was found that the LC-PCR
was able to detect 20 fg of purified M. leprae DNA (Figure 2A) or one cell of bacteria in
infected tissue (data not show). The specificity was determined by testing DNA extracted
from several bacteria (Table 1). Melting point analysis of the amplicons at the end of the
run was used as a specificity control when the fluorochome SYBR Green was used for

detection of double stranded DNA. The melting temperature of PCR products derived by

melting program analysis using the LightCycler software was 86°C (Figure 2B) and



confirmed LC-PCR product by agarose gel electrophoresis. Specificity of the LC-PCR was
summarized in Table 1.

Assessment the clinical sensitivity of real-time PCR. Sensitivity of real-time PCR for
detection of leprosy was determined with punch skin biopsy specimens collected from
leprosy patients before therapy. In MB case, 38 of 40 biopsy samples and, 13 of 28 of PB
skin biopsies were positive by real-time PCR. Therefore, PCR sensitivity was 95 % in
patients with positive Bl and 46 % in patients with negative Bl (Table 2). The summary of
PCR for detection of various types of new leprosy patients is present in Table 2.

General optimization of real-time PCR. After optimization of real-time PCR condition, the
efficiency of real-time PCR was analyzed by amplifying a serial dilution of purified M. leprae
DNA. Based on slop of regression curve, the efficiency of real-time PCR was 92 % (Figure
3a, 3b).

Quantitative PCR. A real-time PCR was applied to estimate the number of M. leprae in skin
biopsy. Quantification of M. leprae DNA template were obtained by quantification program in
the LC-PCR and using SYBR Green | dye as detection marker. Estimation of the number of
M. leprae was obtained by comparing with standard curves of serial dilution containing 0.02,
0.20, 2, 20 and 200 ng of M. leprae DNA. The number of M. leprae in skin specimens were
estimated by comparing with DNA standard curve. The PCR product in real-time condition
was confirmed by melting curve analysis program and agarose gel electrophoresis (Figure
4). This approach was applied to assess leprosy bacilli in skin specimens and compared

with bacteriological finding (Table 4).

Discussion and conclusion

Rapid identification method using molecular techniques have been developed and
utilized in the clinical laboratory. The LC-PCR instrument is a commercially available system
designed to decrease the time of the PCR by monitoring the amplification of the target
sequences in real-time by fluorescence signal. This technology is a significant breakthrough
conventional detection methods, and the benefits for clinical assays have been reported.
(19,20,21,22,23,24,25).

Real-time PCR technology has improved molecular diagnosis of many pathogens, but
few such tests are available for M. leprae. Kramme et al reported that the real-time PCR
achieved a theoretical analytical sensitivity limited of 194 M. leprae cell per skin specimen
and facilitated quantification of mycobacteria in tissue over arrange of 54-54,000,000 cells
per sample (26). In punch biopsies, the clinical diagnosis could be confirmed in 88.9% of

multibacillary and 33% of paucibacillary (microscopically negative) patients (26). In addition



to the fact that no culture system exists for M. leprae, the real-time PCR analysis appears
to be a robust tool for detection of the bacterium in selected clinical situations as well as for
quantification of leprosy bacilli in any experimental setting.

We utilized the LC-PCR and P2 and P3 primers and DNA of 16 different bacteria
strains to determine the specificity of the assay. These strains represented the most
commonly isolated species that are recovered in the clinical microbiology laboratory. When
the SYBR Green | dye was used as the fluorochrome, we were able to specifically identify
M. leprae from among other bacteria species. The specific fluorescence resonance energy
was shown to detect the M. leprae, while all other bacteria species tested negative. We
developed and tested a real-time PCR assay for quantifying M. leprae DNA. The assay was
sensitivity for M. leprae and was able to detect as low as 20 fg of purified M. leprae DNA or
one cell bacteria in infected tissues. The method described here provides a rapid and
inexpensive way to detect M. leprae in skin specimen. Amplification and analysis are all
performed simultaneously in sealed capillary tubes. The entire assay, including analysis,
can be completed in 30 min. This new method presents several advantages. First, rapid
amplification and analysis allow the test to be completed within 30 min. Because the DNA
extraction procedure requires 1 h approximately, the whole detection can be completed in
less than 2 h. Second, the LightCycler optical device is capable of measuring fluorescence
in F1 channels which allow accurate quantification, and it is easy to use SYBR Green | as a
generic donor of fluorescence resonance energy transfer. Third, the assay is run in closed
glass capillaries and post-amplification analysis can be performed without opening the
capillaries, minimizing the risk of carryover contamination.

In the conclusion, this LC-PCR is a sensitive and specific method which proved
useful for rapid detection of M. leprae in skin specimens. The LC-PCR may be useful for
the detection of quantification of M. leprae DNA in tissue sample especially when acid-fast
bacilli are not discernable. It was demonstrated that the test facilitated quantification of M.
leprae in skin biopsy specimens over a range of 2.9x 10 2-3.6 x1O7 cells per milliter of skin
tissue samples. The method of LightCycler real-time PCR developed in this study appeared
to be an alternative tool for quantitative detection of leprosy bacilli in clinical specimens and
could be adaptable as a molecular tool for quantification of M. leprae DNA in other setting

experiments
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Table 1 The specificity of PCR for detection of M. leprae

No. Bacterial species and provider Detection by
strain conventional PCR/
real-time PCR
1 Mycobacterium leprae Clinical isolate Positive
2 Mycobacterium avium ATCC 25291 Negative
3 Mycobacterium Ra Negative
tuberculosis
4 Mycobacterium ATCC 14470 negative
smegmatis
5 Mycobacterium Siriraj hospital negative
marinum
6 Mycobacterium ATCC18950 negative
intracellulare
7 Mycobacterium Siriraj hospital Negative
gordonae
8 Mycobacterium bovis Siriraj hospital negative
9 Mycobacterium fortuitum Siriraj hospital negative
10 Mycobacterium kansasii Siriraj hospital negative
11 Mycobacterium Siriraj hospital negative
scrofulaceum
12 Salmonella typhimurium ATCC 14470 negative
13 Streptococcus agolactiae ATCC 13311 negative
14 Staphylococcus aureus ATCC 25923 negative
15 Pseudomonas ATCC 27853 negative
aeruginosa
16 Listeria monocytogenes Collection Bank NIH, negative
Thailand
18 Bacillus cereus ATCC 11778 negative
19 Corynebacterium Collection Bank NIH, negative
ulcerans Thailand
20 Escherichia coli ATCC 25922 negative




Table 2 Validation method of real-time PCR for detection of M. leprae

Type No. of positive results Total
(%)

MB 38 (95) 40
subtype LL 14 (100) 14
subtype BL 20 (90) 22
subtype BT+ 4 (100) 4

PB 13 (46) 28
suptype BT- 10 (47) 21
subtype TT 2 (33) 6
subtype | 1 (100) 1

Table 3 Comparison of enumeration of leprosy bacilli

No. type Bl Microscope | Real-time (cell/
(cells / skin skin tissue 6
tissue 6 mm) mm)
1 LL 6 2+10 3*10°
2 LL 4 3*10° 1*10°
3 LL 4.5 1*10 1*10°
4 LL 4 2*10" 3*10°
5 BL 2 7%10° 4*10°
6 BL ? 2*10" 8*10°
7 BL ? 2*10' 3*10°
8 BL ? 2*10" 110
9 BL 5 7*10" 1+10"
10 BT 2.3 3*10" 3*10°
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Legend

Figure 1 Real-time PCR resulting from different DNA extraction procedures. DNA was
extracted from skin tissue homogenate containing M. leprae and subjected to

amplification by real-time PCR

Figure 2 Sensitivity and specificity of real-time PCR for detection of M. leprae DNA
Sensitivity of real-time PCR for detection of M. leprae DNA was evaluated (2A). Ten
fold dilution of DNA in order of 20 ng- 200 fg was prepared and subjected for real-time

amplification; Specificity of realtime PCR was evaluated. Melting temperature specific for

171 bp fragment of M. leprae 16s rRNA gene was 86 °c (2B)..

Figure 3 Quantitative detection of M. leprae DNA by real-time PCR. Crossing line was
analyzed to create a standard curve (3A). A relation of fluoresence signal and the

concentration of DNA template was a linear regression (3B).

Figure 4 Leprosy niagnosis and quantitation of M. leprae by lightcyler real-time PCR;
Amplification of 171 bp DNA fragment of M. leprae 16s rRNA gene (4A); linear
regression of standard curve (4B and 4C). Confirmation of PCR product was conducted
by using 2 % agarose gel electophoresis to detection 171 bp DNA fragment of M.
leprae 16s rRNA gene from skin biopsy of leprosy patients: Lane M, DNA marker; Lane
1, M. leprae 1,000 cells; Lane 2, patient code 30/02, type MB/LL Bl= 4+; Lane 3,
patient code 47/02, type MB/BT BI= 0.6; Lane 4, patient code 48/02, type MB/LL
Bl=6+; Lane 5, patient code 55/02, type MB/BL Bl=4+; Lane 6, patient code 56/02,
type MB/BL BI=4.33+; Lane 7, patient code 63/02, type MB/BB BI=1.5+, Lane 8,
patient code 84/02, type MB/BT BI=0.25+; Lane 9, patient code, 94/02 type PB/BT
BI=0; Lane 10, patient code 100/02, type MB/BB BI=0.5+; Lane 11, Negative control
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