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d wWe NTMel #dd Aoz AA4xd & HAF JAd2 wddxdE 7pA L &
G =2 P52 Uk (Centers for Disease Control and Prevention, 2000).
NTMS A o|= H A3 23 F(atypical mycobacteria), mycobacteria other
than tuberculosis(MOTT), environmental mycobacteria, opportunistic
mycobacteria TOo®2 =, HIole= F2 ONTMoz AFHL dn
(Ameriacn Thoracic Society, 1999; Falkinham JO 3rd., 1996). NTM-2 E%3 3}
Zotar do], ddHANA EHEHAS

RE odF = Jagog 71F 5o grh(Ameriacn Thoracic Society, 1999;

A% AQBR Aoz U

i

Wolinsky, 1979). 3FA1®%F 1980t o] & v =3 fFH, dENAN FTHAH AJAFS
5 WYrlE A SR HFA g dA A ASe] = AN WA

Bl Aol A NTM #Hdgke] 2ol FrhstlA H B2 #4dS 2oa o

& 7

EHEY o]F HAdEE NTM #adF9 90% oS AAstE 713 &3 o

A%, YrAg, APAR, e AR 5 A 544 94 FF2oR

o} (Ameriacn Thoracic Society, 1997, Falkinham JO 3rd., 1996).

TWol s FARE NTMS 82 29 == AgdgAow 539 w
AlARA gulEs MR RoaA] FUATH(KIm et al, 1968). 1y muUelA %
NTMe¢] Z7tsta 9l o™ (Korean Academy of Tuberculosis and Respiratory
Disease, 1995), & & dAFol A At =2 oA, wjok oA AA 10.3%7}

NTMO 2 Hix7|E 3 Fth(Koh et al, 2003).

Hode BAYREE gy wdel me Adn 2o 94 AAS gHoz
Aa 2 nAgY ARFe] FEeue] opUs wAY AYF F4 L AY A9
T FARFAANMAE AT F U= WHE MEHx JH(Troesch, 1999;
Helb, 2004).



A 2% d4tA s 2 HH

1. A A

gahoivt
2. DNA %%

PCR 48< 915 A% DNA 298 e Hdsts 44 59 Al
vk FAA GAA GARDRT e o 500w olse ATE 1500 pE

microcentrifuge tubeol ¥ T/ 1,000 w2 7} 9,000 rpm(eF 5,000 g)ol A 5

#7F washing®] #38& F W 23 F bottomF &0l P2 pelleto] FFF 100 b
b

Y 100C #+= EolA 1027t boiling g F v AR Hojrbr] #dA7bA

fifo

FAAA BASAC. S dANA dAFIT F glass bead (Sigma-Aldrich,
USA) 150 wS 42 ¥ Bead beater (Biospec procects, OK, USA)=Z bead
beating (medium speed, 90%, 23]) 3dtdth. 100TColA 10% 3t boiling 3 F

13,000rpm(°F 10,000 g), 137+ A4 & 8t %t

3. PCR

1) 23 uAY AAFS FE3517] 913 one-tube nested PCR

ic]

Genus mycobacteria ¥EE 2 rpos FAA F A2 360 bpE: FZ 57

)

3 primer® 5° TCA AGG AGA AGC GCT ACG A 3’ ¢ 5 GCA GAC CC
d

FRAR R

S

GAT CAA CAT CC 3E& At&3t9 PCR 3ttt 5%
tuberculosis(GenBank accession No. P47766) A€ <4 902014 1261 o]=m

codon 3020 A 420°] o] &t}.



FAll 190 bp HFEE TE3H7] AT primer2F 5 GGC ATC GAG GTG
GCC AGA TG 37 ¢ 5 CAT AGG TGA GGT CTG CTA CCC 3™ & AF&3F%A
t}. PCR g 82 AccuPower” PCR premix (1 U Tag DNA polymerase, 250 u
M dNTPs, 10 mM Tris-HCI, pH 9.0, 40 mM KCl, 1.5 mM MgCly, Stabillizer,
tracking dye), (Bioneer Co., Daejeon, Korea)Z A}-&3}3 1, genomic DNA 10

9} primer 2444 1 W, B 5 F4 36 s EFste] HFHIA7 50 Wt HEF

PCR< Thermal cycler (GeneAmp PCR system 2700, Perkin-Elmer Cetus,
Boston, MA, USA)E Ab&stlar, Aol A&d PCRYWH S tha3t 2

Pre-denaturation A 22 94Col A 5 #3F 1 cycle A 3%, denaturation 374
S 94C 94 30 %, annealing/elongation A& 72CoA 1 #3F 15 cycle A 3
A HA PCR target¢l 190 bpE FZ s o, A <84 denaturation A S

o A1 30 %, annealing ¥} A& 58C oA 30 %, elongation }AB S 72T oA

30 = AldsteE 7 WA PCR #A S 35 cycle Al @3t 360 bpe PCR &S T
Z gttt HE elongatione 72Col A 7 B3+ A A8},

zZ} A oA dA B A Y E, PCR size marker(M & D, Korea)Z 34 Al

<

439t M. tuberculosis %A WERToZ+=  H37Rv, nontuberculous
mycobacteria A NZL O 2= M. smegmatisE AFE3tG o SA U Fxzdto =
AA ] DNAY sigstes w59 ddSHTE Halste] ¥tk PCR o] %ol =
15% (w/v) TBE agarose gel (Bioneer Co. Daejeon, Korea)®} 0.5 x TBE

buffer(45 mM Tris-borate, 1 mM EDTA, pH 8.0)2 XA ¥ agarose gel %9l
PCR DNA size marker 10u09} PCR 22 5 wZ 27z A 3ko] 100 Vol A 20%
r A9 % stk A719 %5 F geld ethidium bromide(EtBr)® 10 ¥ |4,

EEZ 10 ¥ 24 % UV transilluminator(Vilber Louramat, Mame La Valle,

France)E °]&3dto] 1719+ A5 s At

]
~
ol

Ad o] g2s 93¢ two-tube nested PCR



(1) First PCR

PCR utg e oA 71%3 AccuPower” PCR premixE A48 93, genomic
DNA 5 p9 MTBY 165-23S rDNA intergenic spacer regionWt< FZ3}7] 9
g primerZ 5 GGG GCG TAG GCC GTG AGG GGT TCT T 37 ¢ 5 ATT
GCA CAA AGA ACA CGC CACCGC TG CC 3" &5 &+ 1 wE 78t
internal control DNA 3 wWE Y3 HBd5HFF 10 & 9o AF 57 20 w7}
HA At PCR #}A -2 pre-denaturation 94°C 5 & 1 cycle, denaturation 94C
30 %, annealing 68C 30 *, elongation 72C 30 %9 A& 35 cycle, &

elongation 72°C 7 & 1 cycleZ A3 3} o}

(2) Second PCR
PCR #tS-al e okx 7]1%&3 AccuPower® PCR premix2 A}&3}¢] first PCR

product 2 w, 5 CTT GTC TGT AGT GGG CGA GA 3" ¢ 5 TAG CCG

~

GCA GCG TAT CCA TT 3’ 9 d7I4 €S 2= nested PCRE primerg 7H7
1w H7betda dadsia 16 Ws ¥ol A5 F97F 20 w7t A sk,
PCR ¥4 pre-denaturation A= 94ColA 1 cycle, denaturation %S
94ColA 30 %, annealing 4 72Col A 30%, elongation ¥4 S 72TCA 30
z9 BAHE 35 cycle, ¥ elongation 72C 7 ¥ 1 cycles Fd3Ah o5 A

N9% % 94 aen ARgae d4 A%

L S 3

o

A3 s LdstA Al sk

3) 545 913 PCR

Genus mycobacteria®l 43S A3 rpof FAANE FE37] e LA V&
gt 5" TCA AGG AGA AGC GCT ACG A 37 ¢ 5 GCA GAC CCT GAT
CAA CAT CC 3¢ 7t primer7t £3¥ AccuPower” PCR premixE A}-43F %)
genomic DNA 10 w, B SHFF 40 WS ¥ HFT F 3971 50 w7F A HEA
c}.

PCR ¥4 pre-denaturation #A S 94ColA 5 &3+ 1 cycle, denaturation

HAGdE 94Col A 20 %%, annealing IS 58ColAl 20 %3, elongation A &

_5_



72CoNA 30 29 AL 35 cycle, FF elongation 72C 10 ¥ 1 cycle® 33}

A79E, G4, ARBEE FA J1ET PPOE AYsa, PCR Aol 4@
g, EE FEIA e JSu wEeld Mk et AdE MER 0g

Primer sequence’} 5° TCA AGG AGA AGC GCT ACG ACC T 3"¢ 57
GCC GCA GAC CCT GAT CAA CAT CC 3’ =+ 10 pmole nested PCR%
primer Z12 1 b, 25 mM deoxynucleoside triphosphate 2 0, 10x Tag buffer 5
W, Tag polymerase(5U/ul) 0.5 b, PCR products 2 w, B S HF5 395 wE ¥
of HF Fu7F 50 wrt =A A

PCR #A 2 pre-denaturation 94C 5 ¥ 1 cycle, denaturation 94°C 30 %,

annealing 72°C 30 %, elongation 72°C 30 %9 A& 35 cycle, = elongation

72C 10 & 1 cycle® 3385
A71d%, I AFdA=LS WA 7&3 BHo g AP
4. PCR-RFLP

Mycobacteria w#FE& $std AHAFH oz FZFH PCR 28 15 wol Mspl
(Boehringer Manheim Biochemicals, Germany) 0.5 w(10U/ul), 10x Msp 1
buffer 2 w, B E THFT 25 WE ¥ 20 we £FEL Z 4olF3, 13,000
rpm(¢F 10,000 g)oll A 3~5

37C ez 90 7 vk$3 & PRA(PCR-RFLP assay) size marker$t
Z} g4 WS A(10 ul)E& 4% Metaphor TBE agarose gel(FMC, Bioproducts,
Maine)ell H 43 F 100 VoA 60~75 &3t ©7]19% & d5& wof d7]
& ot Aot

Gel¥ EtBrZ 94 @ ¥ UV transilluminator® #4d#& sy 2dxs
=% mycobacteria 54 dugE[Fig. )& Fude] #& FAHIA(Lee et al,

2000).



Msp |

Species

190~ 175

NIV
M.
M.
M.

| 12042 40— M.

| 95_50__ 45— M.

| 80__70__ 60— M.

Leo_d2___ .

| 60_45_ 40— 4 M.

(T ——r Y

175 > M.

T —— v

105 70—y M.

10040, M.

9580, M.

| 70__60__40— 5 M.
604540, M.
1609545, M.
70l _60__45__40_p ™.
150,_100_80— 4 M.
ISV ——— )
L j—»M

42 3 M.

47 __ 42 M.
E:M.
45ﬁ—>M.
—p M

o /T —— Y
145_105_50_ 45 M.

7 —— V
110__ 7570 60_45 5 M.

105100 — 50 M.
45 3M

95— 80 Ly M.
| 70. M

M

M.

M

M
L—50_—40.—/M.
70— 5 M.
L—»M

| _55__47_ 4 M
45 H» M

| 807045, M.
e —— Y

| 70__60__42__40__4 M.
L 604542 M.

100—95—8 M.
[ M.

95__75__70—_55— 45— M.
80—70—45_40 » M.

Fig. 1 : Algorithm for mycobacterial identification
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290

270
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A3 A

1. 3234 A2 one-tube nested PCR2 H]

)

MycoabcteriaZt & d o= 731 YT rmpol FHAL 360 bp

23}

2

1
ZFA A = rpol FAALY 190 bp RS 0] €3

-
2

mycobacteria &= 231
MTB¢ NTMS +#3t7] 9134 one-tube nested PCR& Al&stth 1 Az
MTBE 360 bp2t 190 bpe] + 7, =2 190 bp &9 WMEZE Yeed v o
NTM-& 360 bpel & 7 wi=xnks HBolA =of o] 7b5 3 th(Fig. 2).

GarAd G A7) tracedl 56 A A Z PCRE A &A 3 A3 MTB7F 42, NTMo]
3, =l 11dANA A=A, kA d Z237F 1+ 116 A A 5 MTB7
95, NTMe] 2, §A4¢°] 198 A~ &eledomn w3 qid d4 ZAxrt 2+4

66 AA 5 MTB7F 62, 54 ] 44 A

>
o
ro
ul
X2
)
o
r >
oX,
jutes
1=
i
i
N
)
w
+
‘O,

17 AA+= 25 MTBE #A&5A3(Table 1).



7 8 9 10 111213 14 15 16 17

= =

Fig. 2. PCR amplification of clinical isolates using one-tube nested PCR for detection of
M. tuberculosis and NTM. Amplified MTB size is 190 bp and amplified NTM size is
360 bp. Lane 1 - 11 : clinical isolates, lane 12 : MTB control, lane 13 : NTM control,

lane 14 - 16 : negative controls, lane 17 : PCR size marker.



Table 1. Detection rate of M. tuberculosis and NTM from the acid fast stain positive

specimens using one-tube nested PCR

AFB  No. of sample MTB NTM Negative D/R(%)
+ 56 42 3 11 80.4
1+ 116 95 2 19 83.6
2+ 66 62 - 4 93.9
3+ 17 17 - - 100

Total 255 216 5 34 86.7

D/R : Detection rate

_‘IO_



2. F2A A7 two-tube nested PCR H| i
Mycobacteria®] M TFF7F AL AAZREEY HFHARE FEZIT ALqE
one—tube nested PCREZEE #HZFo] &o]dx &2 A7 . 7| s o] 3

REL wod £ 9= HHOE two-tube nested PCRE Aldat gt & 23

2
=2

+ two-tube nested PCR® W& one-tube nested PCR A% §4 o2 3%
H AAE Aoz Fdt. PCR ¥FSolA 165-23S rRNA intergenic F$1(500
bp)E 12 PCRelA FZstqtt. o]o] 14 PCR 4HE9 A H91(185 bp)7t 5%
HAeAE A719E stol FAd F Ao PCR w&& Adfict= A A9
Aol F % 500 bp FRete FE 9 fFFol we Add 5+ A THFig. 3).

a2 A FAA A traced] 11 AA T MTB7F 4, &40l 6, 344 |4 A3
7F 1+ 19 A A FelA MTB7F 9, 4] 5 AlA g oen, adi4d a4 2
A7 2490 4 AA T MTB7F 3@ Aol A g s Ak (Table 2). °] % inhibitor7}

5

fr

GAA A A tracedl A 1, FAMA A 1+2 A A o A

A 249 17he] AA oA 2 A

_‘I‘I_



7 8 9 10 11 12:13 14 15 16 17

Fig. 3. PCR amplification of clinical isolates using two-tube nested PCR for detection
of M. tuberculosis. Amplified MTB size is 185 bp and amplified internal control size is
500 bp. Lane 1 : PCR size marker lane 2 - 14 : clinical isolates, lane 15 : MTB

control, lane 16 : NTM control, lane 17 : negative control.
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Table 2. Detection rate of M. tuberculosis using two-tube nested PCR from the acid

fast stain positive specimens that were not detected by one-tube nested PCR

AFB No. of sample MTB Inhibitor Negative
+ 11 4 1 6
1+ 19 9 5 5
2+ 4 3 1 -
3+ - - - -
Total 34 16 7 11
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Fabd A AR trace o]l ARE 7HX Aol sl PCR W o] ®la
= 93 one-tube nested PCR % two-tube nested PCRE A& 3 A3 MTBHB,
NTM % 249 A#4=2 F ¢ A&zt @ 2345 25 5 AAUTH one-tube
nested PCRolA = MTB9 NTMY +¥ & two-tube nested PCRol A= MTBY
EAARE TR o] =2 THste] AHE el & 5 AT (Table 3).

A dA A7) traceS! 56 HA 5 MTBZF 46, NTMo] 3, negative’} 77
Al A Bels o, a4 a4 AdrE 1491 116 A4 FelM MTB7F 104,
NTM¢®] 2, negativeZ} 10@ A oA &A= o}, ek dikd G4 A7 2+20 66

HA 5 MTB7} 65, negativeZ} 13 Al Fawda, 44 G4 Axrt 3+91

oot

FARFA] A A S 7R

1734l E5F MTBZ #HZ5F U ol Ao F A, A A E 2
255 AANA MTB7F 23278 Aol A &= on, NTMe] 543 oA &= o)

L3k negativeZ} 187 Aol A el F o).
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Table 3. Detection rate of M. tuberculosis using combined one-tube and two-tube
nested PCR

AFB No. of sample MTB NTM Negative D/R(%)
+ 56 46 3 7 87.5
1+ 116 104 2 10 914
2+ 66 65 - 1 9.5
3+ 17 17 - - 100
A 255 232 5 18 93.0%

D/R : Detection rate
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4. PCR-RFLPE 9] $3% mycobacteria®l &%

one-tube nested PCR % two-tube nested PCRS A}-&3} o

o2 NTM, &4 2 AfAe EAS & &

0} 0] o

T M/\/\l:’j 23 Zjiﬂoﬂ EH;
AN#@stgdt. 2 FA A rpok gened 360 bp HES

=

=

4), 71l Mspl & #H7lslel 54432 9

AA ol A negative, 1 A A o)A weak positived 2
]

l

*& M. avium™ M. intracellulare® Table 49} 2kt
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Fig. 4. PCR amplification of clinical isolates using two-tube nested PCR
for identification of NTM. Amplified MTB size is 360 bp and amplified
PCR positive control size is 520 bp. Lane 1 : PCR size marker, lane 2 - 6

¢ clinical isolates, lane 7 : positive control, lane 8 : negative control.
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Fig. 5. PCR-RFLP analysis for identification of mycobacterial clinical isolates Lane 1, 9

. PCR size marker, lane 2 - 6 : clinical isolates, lane 7 : positive control, lane 8 :
negative control.
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Table 4. Nontuberculous mycobacterial species identified from acid fast stain positive

clinical isolates

Lane Identified species

PCR product size(bp)

DNA fragment size(bp)

0N O O b W

Unidentified

M. intracellulare
M. avium

M. avium

M. avium
Positive control
Negative control

360
360
360
360
360
520
0

175,
175,
105,
105,
105,
350,
0

60, 45

95, 80

80, 50, 45
80, 50, 45
80, 50, 45
175
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A 4 FA 1 =z

P GAL o4 AT A

rr

Addd NTMS 7+ & glos A
gk " o] 9lo] (American Thoracic Society, 2000) £ A &Ho|x = o]y 3 wAL 7}

e 7IEY AARE talste] a=2F Aol Abgsta e EAAETH
WHe ol &ste] = Wby mlalsto] ®okt

O A3 rpol gened ©]#3 one-tube nested PCRH 2 4 Q4]

o

=
b1

X)
=
iy,
%)

A= MTB9 NTMe o] 7hsd wow 3y o PCR A 233
NTMS 21&3] fFEI=d 83S v b Faad & AAthlee et al,
2005). HE=E2 o 87%°9 AAE HAFAY. =T o] YYo= HEHA &N
347 Ao & 165-23S rRNA spacer genes ©] 83 two-tube nested PCRH

= ol &sto] AP A HEFo] 93%7HA Zepztel A H Ak L 93%7)

T™ME 728 & de el ") MTBe

N
¥ 9 PCR AslAle) 7w # & 4 ddrks el gtk o Ry e o
=

Z,
.%
=
&,
i
rlct
o
e
o
N

1= &2 13, At 9@ AiFHdAs AgdA NTM

o] By E = AMY F 9F 40-50%(0’Brien et al, 1987; Good et al, 1982), &%,

X 5 o}lr)o} F7lo A= F 10-20%(Sakatani, 1999; Hosker et al, 1995)= X
2]

)

aHa ok FEuetel A s 1980t NTM #H A ghel oigh 23 Felr (314
| A1

wjokE NTMO w58 EX(F57 5, 1992; w23 5, 1993; Korean Academy

A T, 1981 A4A 5, 1982 AAE T &, 1985) o]o] 1990 o] F A Al

2

of Tuberculosis and Respiratory Disease, 1995)¢ A #H2d3S 713 A E 9
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Aol Qe REHSA 5, 1992 MAF 5, 19930 g 2 A7 o] F
oAtk NTMZ A% AejzAel olahd 19909 o F NTMe| 22& @ 43 vl
=7FomeE £x2 Skt e ¢ 4 A tH(Scientific Commette in Korean
Academy of Tuberculosis and Respiratory Diseases other than tuberculosis in
Korea, 1995). "l =3 22 =je] 4% 2o FHE} TAE] =1 B2

Gabat AAEe] MEsL gol AgelA AT = FHY 7

AP g Al AA O THKIm et al, 1999). webA] PCR AAbE F2 34kt
=Y 54 @Al Aol ogid A Ide WHREE =olr] Hste] AAH
o] $ttH(Back et al, 2001). 22y el &= w28 ikt Fol Frhstal glo

™ (Korean Academy of Tuberculosis and Respiratory Disease, 1995) %<& 3+ o

TFol A AT &= oFA w ok %A AA 122%7F v A FAF o] K
= 39t (Lee et al, 2005).

B AdAE =8 A4 HAd del PCRES 53 NTMe &2&5 A8

o] 2.1%0°)] Zx 3 =W Be AFAFo nls) NTMY &g Hl&

wE vl &o]l 1997 3FHb7] 65% A 2001 Hbr] 10.8%, 2001 sHF7117.8%
FoR AT 4547 AsAom FARm Aee AN AW(Koh el al,
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e
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Abstract

Detection, differentiation and identification of
Mycobacterium tuberculosis and
nontuberculous mycobacteria by PCR assay
using acid fast bacilli staining-—positive

specimens

Lee, Seong Deok
Dept. of Biomedical Life Science
The Graduate School of Health and Environment

Yonsei University

The method of acid fast bacilli(AFB) staining which is commonly used to
diagnose tuberculosis takes a short amount of time and is economical.
However, it also accommodates the disadvantage of not being able to
discriminate M ycobacterium tuberculosis(tMT B) from nontuberculous
mycobacteria(NTM). In contrast, the method of culturing has the advantages.
It can differentiate MTB from NTM, identify NTM species, and is sensitive.
However, the -culture method also has disadvantage since it takes long
time(4-8 weeks). This study was set to evaluate the usefulness of direct PCR

for rapid detection of MTBHB, differentiation of MTB from NTM, and
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identification of NTM species using AFB staining-positive specimens. The
specimens used in this experiment were a total of 255 AFB staining-positive
respiratory specimens that were obtained from a domestic university hospital.
First of all, for the differentiation of MTB from NTM from AFB
staining -positive specimens, the bands of 360 bp which exists both in MTB
and in NTM, and 190 bp which exists only in MTB and not in NTM thus are
able to differentiate MTB from NTM were amplified using the one-tube nested
PCR targeting regions of the rpoZ gene. As a result, detection rate of MTHB
and NTM was &87% after the one-tube nested PCR. Subsequently, the
two-tube nested PCR targeting 16S5-23S rRNA spacer gene was done with 34
specimens that were negative by one-tube nested PCR, and the results showed
the detection range of MTB and NTM increased upto 93%. Then, specimens
that were detected to be NTMs were subsequently subjected for
PCR-restriction fragment length polymorphism(PCR-RFLP) analysis based on
the rpoZ’ gene for mycobacterial species identification. In brief, the results of
PCR-RFLP analysis identified those NTMs to be M. avium and M.
intracellulare. By follow—up Iinvestigations of the medical history of those
patients who were determined to had the mycobacterial species, it was
revealed that after a length of chemotherapy with standard anti-TB drugs,
there was no improvement in their states, so physicians underwent
identification of mycobacteria. And finally it was determined that those patients
indeed had NTMs and not MTB. Based on the identification data, physicians
changed regimens for patients to be more effective to treat NTM. Therefore,
this result seems to strongly suggests that the PCR testing especially aming
for differentiation of MTB from NTM, and identificatin of mycobacterial
species using AFB stgaining-positive specimens would be highly importnat in

clinical settings for effective treatment of patients.
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