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Mycobacterium tuberculosis and Nontuberculous
Mycobacteria by PCR Assay
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Background: The purpose of this study was to eval-
uate the usefulness of direct PCR for a rapid de-
tection of Mycobacterium tuberculosis (MTB), the dif-
ferentiation of MTB from nontuberculous mycobac-
teria (NTM), and the identification of NTM species in
acid-fast bacilli (AFB) smear-positive specimens.

Methods: A total of 255 AFB smear-positive respira-
tory specimens were studied. For the differentiation
of MTB from NTM, the bands of the 360 bp, which
exists both in MTB and NTM, and the 190 bp, which
exists only in MTB, were amplified using the one-
tube nested PCR targeting regions of the rpoB gene.
The two-tube nested PCR targeting 16S-23S rRNA
spacer gene was done with 34 specimens that were
negative by one-tube nested PCR. The specimens
that were tested positive for NTMs were subsequent-
ly subjected to PCR-restriction fragment length poly-
morphism (PCR-RFLP) analysis based on the rpoB
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gene for mycobacterial species identification.
Results: Detection rate of MTB and NTM was 87%
after the one-tube nested PCR. The detection range
of MTB and NTM increased up to 93% after the
two-tube nested PCR. The results of PCR-RFLP
analysis identified those NTMs as M. avium and M.
intracellulare.

Conclusion: This result seems to suggest strongly
that the PCR testing especially aiming for differ-
entiation of MTB from NTM, and identificatin of my-
cobacterial species using AFB smear-positive speci-
mens would be highly importnat in clinical settings
for effective treatment of patients. (Korean J Clin
Microbiol 2007;10:135-142)
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Az Akt ¢ Q=S A dels].

PCR 7= =874 sk Aboll A FHslA] Seakar wl
A= Q) AW (Mycobacterium tuberculosis, MTB)Z} H] 4]
74 81 (nontuberculous mycobacteria, NTM)S 58 4 o}
+ AFlo] glo] vlFellAle Ag b BRI A A
19l 73folle HASZ 7 Anucleic acid amplification test)E
Algsto] o] ZlAtellA P HY i AR e g gk
sk, 245 B wle NTMell 7= Zlo s AAXIch =
% Ak kAR S A sl EE AAska gleke).

1980 dtH o] % v|= 3} 5, PRollA 44 HAAYF 5
He7)5 A} htel| A9 54 2Hds) 9 714 A %ke] ¢l
+ A4 W AlellA NTM ) gke] whao] F7kshH
A T w2 IS 2o Qleh9-11]. NTM Zd52 =13
3}, Rz A, 973 s5A) A3t 5l A SAE
SHFTOE LirEH o] T AAZ2 NIM 252 90% o]
& AR 7 =3 Fellolvl7.8].

FollA = FATE NTMS i 29 e A4 e
2 2Feela webd QA Sulg e ol siat
[12]. & Wl A% NTMe] Z7Fsla glom[13], < 3t

e

o

—

135



136 Korean J Clin Microbiol 2007;10(2):135—-142

ATellA] Ak = oA, wiek 4 AAI9 10.3%7F NTM
o2 BIE7|E &g 14].

B Aol A= gkt = ok AAell tisle] PCRE Al%Y
alo] MTBS} NTM®] 7H:& 4|8} PCR W} Hholol] of¢
MTB ¥ NTM9] 7AZES vl 3k 7A3E NTM| 54
S AEsto] o] 25729 NTMo] A= 3E] Belx=x
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1. A

20054 69 239HE] 20064 29 9UFA] FLhA] LAl 2] gk
e HollA] A A 73} trace o] F o E FHEE 25570
o] At AAE ALk

2. DNA F&

PCR AR 913 7hdskall 417 3 (bead beating) S
ALl AR S Yslo] PAEEs F <k 500
¢L °]*}-4 S 1,500 #1-& microcentrifuge tubeol] WL
T 1,000 215 713l 2F 5,000 gollA] 587 23] FAlsta A
ol S5 100 L W3l 100°C 3 EollA 1087 =] &
g w2 Wolrby] AriA AN Wkl a5 :crt
glass bead (Sigma-Aldrich, St Louis, Mo, USA) 150 L&
Bead beater (Biospec procects, OK, USA)E medium speed, 90
2, 23] SRk 2, 100°CollA] 1057+ 391 & 10,000 g, 1827+
A4 Relsignt.

0\

3. PCR

1) ZaiFn HIHE @ TEES ISt one-tube nested
PCR: Mycoabcteria’} 35822 7FA 1 A= rmpoB F+AAE]
360 bp F-Eat Al Fut 7EA AL 9l 190 bp FHEe o] &3]
MTB& NTMS F+E38}7] 93}o] one-tube nested PCRS A 38
sleick. vlo| ZuHelE FEE9 rpoB 47 360 bp e
ZZ317] 93 AAHZ 5 TCA AGG AGA AGC GCT ACG
A 3¢} 5' GCA GAC CCT GAT CAA CAT CC 35 A&33
tH15]. S5 A4 9= M twberculosis (GenBank ac-
cession No. P47766) A4 4] 9020114 1,261, codon 3020114
4200]t}. FAloll M. tuberculosisoll?t = 190 bp F-2& =
7] 98k AR 2= 1S61105-912] 5' GGC ATC GAG GTG
GCC AGA TG 3'?} 5' CAT AGG TGA GGT CTG CTA CCC
32 Ags9del. PCR WHSHE dccuPower”
(Bioneer Co., Daejeon, Korea)E AH8-3}213L, genomic DNA 10
pLeF AMEA| ZH7F 1 pL, BT 36 bLE E3te] HE
23517} 50 p L7} |55 3192, GeneAmp PCR system 2700
(Perkin-Elmer Cetus, Boston, MA, USA)E A-&-}ich PCRY:

PCR premix

W2 t}-&3} 2} Pre-denaturation TFH 2 Z 94°Col|A] S Hb
< %, denaturation ¥4 94°C 30222} annealing/elongation 2}
72°C 14 153] AJggsto] 190 bpE SHstolon, A&l
94°C 30%, 58°C 30%, 72°C 30% A4S 353] Al3fela HE
72°CollA 7E7F AAJsle] 360 bpe] PCR AHEs SF31t).
] AA welcl kA HRFCEE M wberculosis H3TRv,
NTMEO 2= M smegmatiss A&t om, SA dizTole
HAFERTE A8t PCR o3l 1.5% (w/v) TBE
agarose gel (Bioneer Co., Daejeon, Korea)Z} 0.5% TBE buffer
(45 mM Tris-borate, 1 mM EDTA, pH 8.0)=
gel $loll PCR DNA size marker 10 2L} PCR Az 5uLE 7+
ZF A ste] 100 VollA] 2087 A7193E slsleh. A71ds §
gel S ethidium bromide (EtBr)Z 10& 34, T5&& 108 &
A & UV transilluminator (Vilber Louramat, Mame La Valle,
France)f"“ o]B_*]_oq vl 7]0:1_‘:—_ 7d—v _‘1 j@].o]*]_oﬂq_

2) ZsiTd EOIS 2|8t two-tube nested PCR

(1) First PCR: wlo| el F2] A7) A HAZHE]
FARE ZZE 790l one-tube nested PCREZ+ 7Zo] &
osA Sk A7t ek ol IAE olel @ RES HAY
A HHHOF two-tube nested PCRE A]3¥3}9ct. MTBY
16S-23S rDNA intergenic spacer region?tg S-%3}7] 9|3k A]
U2 5' GGG GCG TAG GCC GTG AGG GGT TCT T 3'¢t
5" ATT GCA CAA AGA ACA CGC CAC CGC TG CC 3'&
A-45199ek. PCR HFSRE gecuPower™ PCR premixS A8}
93, genomic DNA 5puL, A8t Z+ 1 4L, internal control
DNA (Sigma-Aldrich, St Louis, MO, USA) 3 ¢L ¥ Hi<HF
T 102LE Yol HF F3)71 20 L7} = A shed, PCR 22
pre-denaturation 94°C 5% 1 cycle, denaturation 94°C 302, an-
nealing 68°C 302, elongation 72°C 302%2] ¥4 35 cycle, 3
% elongation 72°C 74 1 cycles Al3¥sl3ict.

(2) Second PCR: PCR == °l.4 2 ok 7|&3sk AccuPower
PCR premixZ AHg-sto] 12} ZZAME 2 ¢L, 5' CTT GTC TGT
AGT GGG CGA GA 3'¢} 5' TAG CCG GCA GCG TAT CCA
TT 3'9] A71A9-& 2 nested PCRE A5 7+ 1 LA
A7V BEEFT 16 pLE ol #HE §2]7} 20 217} =
Al sdek. PCR 42 pre-denaturation ZH3-S- 94°CollA 1 cy-
cle, denaturation ZH4-& 94°CollA] 302, annealing ¥4-& 72°C
oll4 30%, elongation I4g 72°CeollA] 302 IS 35 cy-
cle, #|% elongation 72°C 7% 1 cycles G-3¥3l3itt. o]} A7
g5 9 9 zelx A EL 3A 73 A3t FhsA
Al3stgiet.

3) BAR SHES U8t PCR: 9] 7163 1poB 74 360

245 agarose

bpE &3] Sl Al ARESE AEAIE Ao ge-
nomic DNA 10 2L, B#EHF 40 L5 W3 FHE Hy)7} 50

pL7} =A wHE9eh PCR IHH L pre-denaturation I35
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Fig. 1. Algorithm for mycobacterial identification.
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10 11 12

360 | SR 3

190 § SR I

94°CollA] 587} 1 cycle, denaturation I3 94°CollA] 2027},
annealing 48 58°CollA 2027}, elongation 1745 72°Coll
A 30 22 4S5 35 cycle, 2% elongation 72°C 105 1 cycle
2 3islelet. PCR Azl bt S35 A o5 73-9u
H| 5ol 3 Wier} vpehd 7-olle HERE th32] PCRe A%
sFle}h. AluEA] sequence?] Zo]E £ 5 TCA AGG AGA
AGC GCT ACG ACC T 3'¢} 5' GCC GCA GAC CCT GAT
CAA CAT CC 3' 5]+ 10 pmole nested PCRE A=A 22+
1#L, 2.5 mM deoxynucleoside triphosphate 2 #L, 10x Tag
buffer 5¢L, Taq polymerase (SU/#L) 0.5¢L, PCR products
2pL, BEETT 3950 LE Yol 2F F3]71 50 L7} =] A
3}At}. PCR 4L pre-denaturation 94°C 5% 1 cycle, dena-
turation 94°C 302, annealing 72°C 303, elongation 72°C 30
o] A4S 35 cycle, % elongation 72°C 105 1 cycle® 43§
siiek

4. PCR-RFLP

One-tube nested PCR 2 two-tube nested PCR Aol &]s}o]
NTM, &4 9 Al Ale] EE & 5 UND 23 FAel] thslo]
PCR-RFLPE Alg§e}9ich. vlo| It E75 $lsto] 453
O F ZZ5 1poB 360 bp PCR A& 15 pLoll Msp I (Boehringer
Manheim Biochemicals, Germany) 0.5 #L (10U/ #L), 10x Msp

Ibuffer 2 oL, BFE S75 25405 ol 204L9] THES
Z &o]Far, 10,000 gollA] 3~527F AL} 37°C e
Zol|A 90%7F HF-2-8 & PRA (PCR-RFLP assay) size marker
oF 7+ &4 HESH(10#L)E 4% Metaphor TBE agarose gel
(FMC, Bioproducts, Maine)ell 24 gF £ 100 VollA 60~75%
7F A7194F W30l A5 ot A7 AEsk3iet. Gel& EtBr
2 Q8 F UV transilluminator 2 F43 - gelslgie}. Azt
F52 wlo| el E A YaElEFig D Fasl 4

S EH15].

SRt 4895816 " 17

oo g 2. PCR amplification of clinical
00 isolates using one-tube nested PCR
b 300 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 smear-positive specimens using one-tube nested PCR

No. of

AFB b e MIB NIM  Negative DR (%)
+ 56 4 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

Abbreviation: D/R, detection rate.

e o}

4.

.
oo

AM 94AHTL one-tube nested PCRS| H|I

MTB: 360 bpe} 190 bpe] F 7H, 32 190 bp W= Z v}e}
W o Hlsko] NTMS 360 bp2] & 7 Wl=nkS HolA] =o]
o] 7158l kFig. 2). 3AHA A A3} trace?l 56 7
A2 PCRE A28l Ay MTB7} 42, NTMeo| 3, 4Jo] 11734
o, A A Anrt 1+¢l 116 #HA| & MTB7} 95,
NTMo| 2, g4l 197419 om st 444 34 ZAnr 2+
2l 66 7| & MTB7} 62, 540 473xI%ick. 4HA A Zxt
7} 3+91 1774 2% MTBE 7% % tKTable 1).

2. SHAM 94AHTL two-tube nested PCR2| H|w

Two-tube nested PCRS] T3-S one-tube nested PCR A3} &
Aoz d53 AAE iR 39tk PCR HEgollA 16S-
23S rRNA intergenic F-1& 1XH500 bp) = 22K(185 bp) S
3192 PCR g5 Aslst= AsliAle] EA] o F%= 500 bp
el 12 B8 ol vhet ke ¢ dQlek(Fig. 3).
2 73} A A trace?] 11 A 5 MTB7F 4, 240] 6,
A od A Azt 1+ 19 A FollA MTB7E 9, 540 57
AeflA gRRl=glem, g4 A4 At 249 4 ZAA F
MTB7} 37140l 4] EQl=]9dcH(Table 2). ©] % inhibitor7} 27
= AAE A A traceoll A 1, SHAFAL 34 1491 Fxlof]
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3. SHARM Q4T one-tube nested PCR 2! two-tube nested PCR

A AR A7} trace 033l AIHE 7HR ZA|O o3l
PCR "W #}He] v]iZE 9%l one-tube nested PCR B two-tube
nested PCRS AJ3§3t Zx} MTB, NTM 2 SA19] Aylg £
] AlEs) = AE o1& 4 99tk one-tube nested PCROV|A]

Table 2. Detection rate of M. tuberculosis using two-tube nested PCR
from the AFB smear-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 -
Total 34 16 7 11

Mycobacterium tuberculosis and Nontuberculous Mycobacteria by PCR Assay 139

+ MTBS} NTME] 5., two-tube nested PCRol|A]+= MTB
o] EAIRE 3] o] B FHslo] AFE Y
3 ek(Table 3). YA 3 A7} trace?l 56 74| F MTB
7} 46, NTM®] 3, negative?} 773xlol| A &l glom, sFAkA]
A4 A7} 149 116 A FollA MTB7} 104, NTMo] 2,
negative?h 1071141 S11sgleh. w3 44 ) 72t
2+21 66 71X % MTB7} 65, negativeZ} 1741|ol|A] §].o]5] AL,
SALA] oA Ayt 3491 1744 5 MTBE A& 9]

Table 3. Detection rate of M. tuberculosis using combined one-tube
and two-tube nested PCR

No. of

AFB ) MTB NTM  Negative D/R (%)
sample
+ 56 46 3 7 87.5
1+ 116 104 2 10 91.4
2+ 66 65 - 1 98.5
3+ 17 17 - - 100
Total 255 232 5 18 93.0

Abbreviation: D/R, detection rate.

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.

Fig. 4. PCR-RFLP analysis for identi-
fication of mycobacterial clinical iso-
lates Lane 1, 9, PCR size marker;
lane 2, unidentified; lane 3, M. intra-
cellulare; lane 4, M. avium, lane 5,
M. avium; lane 6, M. avium, lane 7,
positive control; lane 8, negative
control.
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olate] Aztoll A % A A4 trace o4 ATE UERE
255 Aol A MTB7} 232741014 EHel=]gl o, NTMe] 571
Aol EHE|gich et negativerh 187141014 BH1EI9T}.

4. PCR-RFLPE 0|E%t OI0|3YHIES SX

rpoB gene®| 360 bp Fi-g I T YR, 7)ol Msp |
& ko] B4ATE BRI 5 oirkFig 4). 1 A% 4 3
H|olA] positive, 1 ZAAI0l4] weak positive2] 73S -5 4= U]
o FAo] Bl #& M avium®} M. intracellulare= FEVsIT}

ki
M

FAT S o188 At =S MBI NTME T
W 5 glebe Aol Qoj4] £ AglellAE oleldt v
3 e 71E A E dlsle] a=g Aol g
EAAE W o] 8ate] = W) vl
1 73} rpoB genes ©]-&-3F one-tube nested PCR¥ >

7HE g3 AsfellA S MTBSH NTMS| FHo] 7531 ¥

xR

o
fu
fot
-0,
)
2
o
@)
=
e
>
X
<
o]
i
Z
H
<
o
2
b
of
oy
M
Of
W

A

ol &3S ohA] s ER1E = 9Qlri16]. AEES ©
87%2] ZA3+E HolFQir). wst o] Wil A= HEEA| ¢kok
© 3471Aell 3l 16S-23S rRNA spacer genes ©]-&3F two-
tube nested PCRH-& o]-&-slo] A3t Az} HE5o] 93%7HA
Zehzbe] ERIE Q). 23U 93%7HA HEES ST 16S-
23S rRNA spacer genes ©]-&3F WOl A= rpoB genes o4
g Wjo] MTBSF NTM< 7838 = 319l Aol v]sl] MTB
o] 5 & PCR A3l|A|e] f-aks 1% 4 AUk w4
o] dr}. o|t FE-S A7ZH3E uf] one-tube nested PCRY 2
two-tube nested PCRH-S Aleslo] HEES ol Aol ulet
Aslcksllon), dAadog et HEEAAY 44 &
char sk Ao g wddo] =& MTBE #HES + 9
AEE 3 =2 two-tube nested PCRYS WA AL3l=
s Zlo] nighlslet & = QlE Zlo|tk o] BE2gto g
A AFE B3l Bkl vrtol & Ffolgt A7k
] 3 3 ol A v ask nlell ofsl il ok
43 ZAAellA PCRH] 88.8%2] WIZHES} 86.8%2] Hol=g 2
orthe MRS g Aol ek e B AL =Tl vl
S-S 7 7FA AL PCRAZL v]aste] RIZEE 9] So|=s

S Aglel] mlal[17] =ERAIS AL Qlo] ko g
Aol A ml AT Frlsle Afs sto] AE Hosla

A g o7 A7kt
NTM #HA3kE do7|& vl& vlap, vl gl Afoll
A2 Aol A NTMo| Fel=]& A 5 oF 40~50%([9,18], %
Z, QB 5 ofXo} I7loll A= &F 10~20%[19,2012 H ¥t

Xt

sk vl AE 1980t NTM =& gkl wigh 9id!
| Eatof] o]o] 19901d o] % 1Al A ek NTMS] ¢
H 2Z(1319F AA dAAgE 717 3Rkl A 9] AT &
3ol g g9 o7} o] FoiFlck. NTMS A= Ae|zA]|
o&h 1990 o] % NTMO] Z8l& gl AW HlE7} whg S
2 7RI d5= @ 5 dvk21). vl=d 2l e e
Ade] FHEI WAEo] =3 NTM H|A3Le] HIEr] Yo}
ol A sk = oA 735 iR Aele g 7hEslo]
gkow, 7 wjof Foll = MTB¥ NTM= T3l gle A4
< WA grh22]. wiebA PCR AAE FE i = 54
FAtol|A] o] oJ41E 74 Agke] RIZFEE Fol7] 98l
Ax o] gheh23]. e} FlellA e NTMZo| F7F8kaL 9l
ow[13] HZ 3k AFrellA] AT B A, el ok AIA
9] 12.2%7} NTM&lo] B.a=]7]% 3Iek17].

& AgloflA= = o4 ZAel i3l PCRE 53 NTM9]
B2 5 ARSI 1 v]go] 2.1%0 1 27t Fuie]e] B
Az}l ulsl NTMS] 2] vlgo] Ads] U Aas o
Ak olzfgt Y& Ex o] holo 2= A, Agr|7to] AuiH
O F AW A& WA E = F A& Aolek = A A
Z NTM 2-2]u]go] 19974 sl 6.5%014 2001 A7)
10.8%, 2001'd s}HE7]17.8% S22 #H 44 67147 AEH
o7 Z7FskA la& RIS Ag[14]el vlsl] Ag7|7te]

o of ol

Ao g gt ol & A3 NIM £l vlEo] 2A=
S e HolFe AUA A AR ZaddE 2ol

2

19=A doz AEHQ APPEE S3to] sl
Hopof o Aoz Azt E4l, A HAiAde sl
Holof & Zlolck. 4 67147 S71e] FAIE HoFHH
- A3 3EA7F sl 33 WAl Zloll vlsl 2 Ad e
ZAA7E 2olZl W2 AQHQ SAE Z= 23 Wl
Aolch. ARl vlZolAe] & olE uEl Aodsh wEl A7)
of| we} ekt koAl AddellA] NTME] Eeju]&o] YAl=
1.7%, 3.5%, 8.5% S0 & Huww QA 2 Bl o)
] Colorado Aol A= 24.8%, Texas Aol A= 48.5%7HA]
GAT Tepy Aol NTMe| Heldrha sk e
714 BAZS] WL Al 224 BUIAE AL e
S S 91 34 ML o] W B4 57 ek
© A% 33| Hopof & FEU Zlojctk

v5h R NTM dlA3tke] 7 &3F AT M
avium complex (MAC) 60~80%% XFA|31[9,10], -2t
A% NTM =43k 979 50~60%2 A8k JrH13,24].
MAC 713264 TAIE] 7S 84] 71433kl whel
vk $04 WeANZ BAeE MAC iZe] F2
A Agko 2 whAsle] AQITFOE M. avium®] 90% ©1%
= AAIsEANH7,25], A A 87} gle Aol MAC 15
2 F2 JAsko g wAlsl 70% oo M. intracellurareol
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