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ABSTRACT
n

Background: Rapid and accurate detection of Mycobacterium tuberculosis (MTB) is of

%*;;i:a';;g' primary importance for infection control and selection of anti-tuberculosis drugs. However,
most clinical laboratories report MTB complex (MTC) without reporting MTB because MTC
ﬂ OPEN ACCESS comprising MTB, Mycobacterium bovis, Mycobacterium africanum, Mycobacterium microti,
PISSN : 2288-0585 Mycobacterium caprae and Mycobacterium pinnipedii have 99.9% similarity at the nucleotide
elSSN : 2288-6850 level and identical 16S rRNA sequences. This study was conducted to analyze the species
Anin Clin Microbiol 2020 March, 23(1): 21-31 frequency of MTC isolates obtained from clinical specimen.
https.//doi.org/10.5145/ACM.2020.23.1.21 Methods: Of 310 MTC isolates obtained from clinical samples in a tertiary care hospital from
Corresponding author February 2017 to August 2018, MolecuTech Real TB-Taq (YD Diagnostics, Korea) real-time PCR
Young Uh was performed, specifically to detect MTB. For DNA showing MTB negative results by MTB-
E-mail: u931018@yonsei.ac.kr specific real-time PCR or pyrazinamide-resistant strains, PCR-based MTC typing, spoligotyping,
Tel: +82-33-741-1592 and exact tandem repeat D gene sequencing were performed.
Fax: +82-33-731-0506 Results: All the 310 MTC isolates were identified to be MTB. Two MTB strains of East-African-
Indian 4-Vietnam genotype, which have not been reported in Korea, were also found.
Received: June 12,2019 Conclusion: There was no zoonotic tuberculosis in this study. Since we investigated only
Revised: August 19, 2019 310 MTC isolates detected in only one medical institution, multi-center study is needed to
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INTRODUCTION

AT 2ol Aels A.07]= W UA|= Mycobacterium tuberculosis complex (MTC)ZA] 7|
E514.0 2 0h$ SASIA 9 54 50| 40|71 54 A elol et WriEl = Exo] glom,
Moycobacterium tuberculosis (MTB), Mycobacterium bovis, Mycobacterium afticanum, Mycobacterium
microti, Mycobacterium caprae, Mycobacterium pinnipedii 5-°] Z3H%|0] ITH1]. MTC7} Y27
+ 29| i 2L 79 v|skA|R /g, WA A2 o] {9, FAdAof oigk Ui, A
B, &FALE 5ol hEEZ MTCE #F +E0IA 54T B 2/d0] A2 MTCO] 16S rRNA
A go] FAstal A FAAF H71M D d57501 9.9% ol/del Bz ZHE F4sH |7t 4l A] btk
[1,2]. T2HA], MTCOllA MTBE P8 S 4= Q= 82t 2t 5748 SARIE S AMgsh= 4
APAol| A= Aot 574 AaHE MTCE Hargh 44t glal 9/del= MTC 47/g o™ MTBe| 2]

Al E|x] yoto] d2to g Q14F =AM (zo0notic tuberculosis)©l] THeF T4 o] Z7FsHA] Q1
S g} 2k5.9] S8 /d0] IA| BZHE] a1 ATt = Ujol|A= MTCol| &
Bl o]l tist A7 A 9] gict. o]of o]’ Aol A= A/t AAelA A

MATERIALS AND METHODS

1. MTC A=2 I3t Advansure Mycobacterium Genoblot Assay

1-1. 97 A2 DNA &

20179 2956 20184 8Y7HA] shute] AJFE g Yol ZHuj AL <] g = of
BACTEC MGIT 2§4|HHZ](Becton Dickinson Microbiology Systems, Sparks, MD, USA) T+ 3%
Ogawa Hl| 2| (Shinyang chemical, Seoul, Korea)oll 4] BiFH wollA] DNAE FZ513tE. DNA &
2 Ogawa HiZ|ollA [t Qo= HF 225 o] 835t0] | FZZ wlojl 7200 uLe| Bt 5
F2471 S0] Q= 1.5 mL rlo| A2 5 Hojl ZFE71 13,000 pmol| A 387 LA E )5t AP NS
A| A5t MGIT B 2|0l A 2}t 720l = HAEIA] 1 mLE- 1.5 mL vufo] A2 FEoj 375t &
13,000 rprmell 4 387 A4l Eelakan Aot RStk 212 2 ol g WA
Ht S54 1 mLE H7Foto] 6k 412 2 13,000 pmOllA] 3427+ AR 2] skl A4 oS A7
shlct. ZH2ke] RHo| & 25 8913 100 uLA 7FsE = 100°CollA] 20 &7 7FE Al 13,000
pmOl|A] 327 A 225t

B AT dxdista YA EtA7| 5o A7A o9l ls|e) Alos ARl E ARE X
Y5 THIRB No. CR318323).

1-2. Advansure Mycobacterium Genoblot Assay
ZFZ3F DNAE= MTC2}F 2099%E-9] nontuberculous mycobacteriags 728 4 %1+ Advansure

Mycobacterium Genoblot Assay (LG Chemistry, Seoul, Korea)S AF8-5t0] ZAFSHITH3]. PCRS
GeneAmp PCR system 9700 (Thermo Fisher Scientific, MA, USA)E A8-5F0] 50°Col|A] 2, 95°Col]
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A 1057 HAAAIZ] Z94°C 30, 65°C 142, 72°C 3022 158] HHE5}1 94°C 30, 55°C 142, 72°C
3025 389] WHEoF T}-2- 72°C 1027 HH3-A| ZA T} Reverse hybridization line blot assay+ Advansure
hybridizer (LG Chemistry)& ©]-8-510] AH|ZAFS] v doll whe} ARl o A 37 o] Tt A
Eg o = o] ol 3 2150 2 BA5h= 74| Q] Advansure GenoLine Scan (LG Chemistry)=- ©]-&

sfol B4s19ick

2. MTB £0|X2I real-time PCR

Advansure Mycobacterium Genoblot Assay (LG Chemistry)°llA] MTCZ Q1% 31042 thid
02 Asltofat Eo|H 0 2 Z2|5h= region of difference (RD) F-& H A 0 2 5tof MTBTHS
ZZ3= MolecuTech Real TB-Taq (YD diagnostics, Yongin, Korea) A &2 ©]-8-51] real-time PCR
S A5t AL RHS 2 oFshH | Eo AlE-E master mixS A £330 FETHDNAS uLE
PCR FH0j| -2 5 SLAN Real Time Detection System (LG chennstry)—i real-time PCRS A A|5}
ITh Realtime PCR-2 94°C 32-7F A & 94°C 202, 55°C 402 & 303he S5 S 40
3] "5} ). Internal control (FAM)S] Ct Zko] 30-35% 71553 MTB (HEX)oll Tt Ct 7kl 35
o|5to]H MTB Y322 51313, internal control (FAM) Ct Z19F 30-352 ZEEH MTB /3
o= WA

3. PCR 7|gte| MTC typing

310 MTC Z0l|A] MTB7} o} 7F5Ado] Qe #2E Mdsl7] 9Jsto] MTBE E0| 3
2 AE5h= 453 PCR HAE Al3e <, Algtd o 2 MTB 54 23HE Hol= &T%
pyrazinamide W/d Q1 w50]] thal| AR+ PCR-based MTC typing, spoligotypingS A 345+ 1L 714
YRR O 2 exact tandem repeatS A1 5HATH

MTCE +H35}7| flote] MTC GM4A| |44 5 RD 24 F9& Lot 7] 98l Rv0577,
IS1561 (Rv3349c), Rv1510 (RD4), Rv1970 (RD7), Rv3877/8 (RD1), Rv3120 (RD12), Rv2073¢ (RD9)
B2lo] E0]A 2l 742] primer[4]E A EI5}0] 45-5-9] reference DNA [MTB H37Rv (ATCC 25619),
M. bovis AN5, M. bovis BCG (ATCC 19274), M. afticanum (KCTC 9504)], 1552 A0|A] 22| M.
bovis DNA2} pyrazinamide W43 91 MTC 741-52] DNAE- ©|-8-5}0] PCR-& A 345} Th(Table 1).

Table 1. Primers used in PCR-based MTB complex typing

Primer type and target locus Primer name Nucleotide sequence (5' — 3') Size, base pair

Rv0577 Rv0577F ATG CCC AAG AGA AGC GAATAC AGG CAA 786
Rv0577R CTATTG CTG CGG TGC GGG CTT CAA

IS1561 (Rv3349c) IS1561F GCT GGG TGG GCC CTG GAATAC GTG AAC TCT 943
IS1561R AAC TGC TCA CCC TGG CCA CCACCATTG ACT

Rv1510 (RD4) Rv1510F GTG CGC TCC ACC CAA ATA GTT GC 1,033
RvI510R TGT CGA CCT GGG GCA CAAATC AGT C

Rv1970 (RD7) Rv1970F GCG CAG CTG CCG GAT GTC AAC 1,116
RvI1970R CGC CGG CAG CCT CAC GAAATG
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Table 1. Primers used in PCR-based MTB complex typing (continued)

Primer type and target locus Primer name Nucleotide sequence (5' — 3') Size, base pair
Rv3877/8 (RD1) Rv3877/8F CGA CGG GTC TGA CGG CCAAACTCATC 999
Rv3877/8R CTT GCT CGG TGG CCG GTTTTT CAG C
Rv3120 (RD12) Rv3120F GTC GGC GAT AGA CCATGA GTC CGT CTC CAT 404
Rv3120R GCG AAAAGT GGG CGG ATG CCAGAATAGT
Rv2073c (RD9) Rv2073cF TCG CCG CTG CCA GAT GAG TC 600
Rv2073cR TTT GGG AGC CGC CGG TGG TGA TGA

Abbreviation: MTB, Mycobacterium tuberculosis; IS, insertion sequence; RD, region of difference.

PCR-2 AccuPower Taq PCR Premix (Bioneer, Dagjeon, Korea)©l| 10 pmol#] 2] primer, 10 ng2] DNA
5 0] 20 uLZ THE &, GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA, USA)
2 ARgto] oa°Coll A SE7FRIAAIZ] 3 04°C 148, 60°C 14, 72°C 1822 253] HHES3L 72°C 10
=AFRESAIZATE PCR 5 Ah=2 2% oF7F2 2 A AR 2795510 Gel Doc system (Bio-Rad,
Hercules, CA, USA)2.2 o|0| x| & H-=5}9] Tt

4. Spoligotyping

Spoligotyping- spoligotyping-strip (M&D Inc., Wonju, Korea) A& AFE-5}0 45-5-9] reference
DNA [MTB H37Rv (ATCC 25619), M. bovis ANS, M. bovis BCG (ATCC 19274), M. afticanum (KCTC
9504)], 15-7-2] 404 2] DNAS} pyrazinamide U4 Q! MTC 7#5:2] DNAZ: ©]-§5t0] ZA}
5Tt Stripofl+= MTB RD spacer region©l| Tt biotin®] H-2He primer”} & %] Q1 THTable 2). PCR
2 kitol] A3 PCR premixture S AFH-610] 32&3H DNA3 ULet 574 17 ULE ¥-2 & GeneAmp
PCR system 9700 (Applied Biosystems)E AH8-510] 94°Col|A] 527+ R/JA1Z1 S 94°C 30%, 55°C
30%, 72°C 3025 35%] BHE6LAL 72°C 727 HESAIZITH S35 DNA 4H=-2 spoligotyping strip
I, IS ©]-8-3} reverse blot hybridization assay T3-S A A|5F T}, Spoligotyping AN T2 S=5
DNA AHEE kitol| A A58 H/d Gl S BFOE A2 5 ARolA 521 ]9 oh& kitoll A
A|-2-H tray welloll spoligotyping strip I, IS 231 DNA i/ &3 &/335t 8 | mLE & 410] strip
o] 32 & 60°C F-24Z0llA 60 pm 2 3027 S/JSHAIHTE Well L] -8-H-S = | A
T AR | mLE 531 60°C 24204 60 pmC-2 1057+ 23] A2 5 conjugate dilution
solution 1 mLO]| conjugate (alkaline phosphatase) 0.5 ULE- 8]AJ5}0] B35 & Al-20f| A 60 pm o=

Table 2. Primers used in spoligotyping and exact tandem repeat D sequencing

Primer type and target locus Primer name Nucleotide sequence (5' — 3') Size, base pair
Spoligotyping
DR DRa GGT TTT GGG TCT GAC GAC Variable
DRb CCG AGA GGG GAC GGA AAC
ETR-D sequencing
ETR-D ETRDF GTT GAT CGA GGC CTATCA CG Variable
ETRDR GAATAG GGC TTG GTCACG TA

Abbreviation: DR, direct repeat; ETRDF, exact tandem repeat D forward; ETRDR, exact tandem repeat D reverse.
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3027 HRSAIHATE 23] HlA Sofl 5] S NBT/BCIP &2(1:50)S €ol 1027 A Zi T 2
A0 &2 FF4E 23] Al Fstripg HRAIZ th 5ok 3iTh

o= JH 2 43712] MTC2 direct repeat spacer region probeS- data sheet®] THRA0]] Uh3zo] &
Q1 & ¥hlo] H 32, HHAlo] gle 32 0= TiEl S B7|Skich AuEA S lal dlo e T
E1-2- binary code?} octal code = H2FA]Z] & Institut Pasteur de la Guadeloupe] The SITVIT Database
website, SpolDB42} http://www.mbois.orgS- ©]-8-5}] shared international type (SIT) number®} Al 55

st

™
oN

5. MTC exact tandem repeat D &7 |MEEN

MTC9] tandem repeat®] TFFAFS E21517] 9J$H MTCol| £0]2 <l exact tandem repeat D
(ETR-D) 242 A71XF2A RS o]-8-5to] AAFSHATHS,6]. PCR ETR-DOY £ primer
(Table 2)5 A28} AccuPower Taq PCR Premix (BIONEER)C!| 10 pmol*] 2] primer, 10 ng2] DNA
£ o] Z20 uL £F 22 GeneAmp PCR system 9700 (Applied Biosystems)S AF8-510] 95°CollA]
3EZFHEAGAIR] B 95°C 302, 60°C 202, 72°C 3025 358] HHE-51a1 72°C 327 RS- A ZiTh

PCR ZEZAE-2 2% o722 A A2 X719 %55}0] Gel Doc system (Bio-Rad) 2.2 o]H| %]
£ BE=51lth Q714G EAS 9]3F PCRE Exo-SAP 2 PLE}F PCR AMHE 4 uLE 412 5 37°C 30
12, 85°C 1587 HHg- A|A ZAISH PCR 2HE2 8] 41510 95°CoflA] 121t B/d AR 2 95°C 10%,
50°C 5%, 60°C 422 253] HFE5}I T Sequencing PCR AFE-S of| k2 2 A5t Z 3500 Genetic
Analyzer (Applied Biosystems) &2 ZAFSFATE

RESULTS

1. MTC A=2 I3t Advansure Mycobacterium Genoblot Assay

AL 7]7tof| Advansure Mycobacterium Genoblot Assay (LG Chemistry)°l| A MTCZ E11¥ Ax}
SYURloA FU AAE HRl 9= A5 AuNhE 24 o o &2 5kQitt. 3107 o+l &
SAREE TIME, 704 ool 51.6% 3t /g FA7F 58.7%, o117} 413% % 0™ S5 7]
A|7}93.5% A THTable 3).

o o ofN

Table 3. Characteristics of 310 Mycobacterium tuberculosis complex cases in clinical specimen

Variables M. tuberculosis complex No. (%)
Age, years

0-9 1 (0.3)

10-19 5 (L.6)

20-29 11 (3.6)

30-39 13 4.2

40-49 36 (11.6)

50-59 53 (17.1)

60-69 31 (10.0)

>70 160 (51.6)
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Table 3. Characteristics of 310 Mycobacterium tuberculosis complex cases in clinical specimen

(continued)
Variables M. tuberculosis complex No. (%)
Sex
Male 182 (58.7)
Female 128 (41.3)
Specimen
Sputum 141 (45.5)
Bronchial washing 140 (45.2)
Pleural fluid 9 (29
Urine 3 (1.0
Cerebrospinal fluid 2 (0.6)
Colon 2 (0.6)
Lymph node 2 (0.6)
Others 11 (3.6)
Pyrazinamide susceptibility
Resistant 7 (2.3)
Susceptible 303 (97.7)

2. MTB £0|H¢l real-time PCR

MolecuTech Real TB-Taq (YD diagnostics) 7AHIA] MTC 31071 &= 307710] MTB &/dol o
3710] MTB 2/J 22 internal control (FAM)2] Ct 3%t 30-352 ZHEE UTE ES DNAZ AR S
] MTB H37Rv®} M. bovis AN57} MTB 9/ 2 2 TEE|Q] O™, M. bovis BCG2} M. afiicanum-=
MTB &/d 2 & H=5|qlr}

3. PCR 7|8k MTC typing

PCR-based MTC typing ZAFllA] MTB H37Rv= Rv0577, IS1561 (Rv3349c), Rv1510 (RD4),
Rv1970 (RD7), Rv3877/8 (RD1), Rv3120 (RD12)2} Rv2073¢ (RD9)CIIA 25T A0 2 SHIE|
T} M. bovis AN52} 20| A E-2] % M. bovis= Rv0577, IS15612F RD1-2> %4J0| 313 RD4, RD7,
RD122} RD9OJIA= 24701 1Th. M. bovis BCGE= Rv05772} 1S1561°114] Ad0| 131 RD4, RD7,
RD1, RD122} RD90| A= &-440] 91Tt} M. afficanum+= Rv0577, 1S1561, RD4, RD12} RD120]14
£ ¢4, RD72 RD9ONIAT= 573 0] 1tk MTB 5014 Q] real-time PCROIA] MTB 2/d0| W 35
9} pyrazinamide Y4191 MTC 75 25 Rv0577, IS1561, RD4, RD7, RD1, RD122} RD9oI| 43 Q1
MTBSICh(Table 4).
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Table 4. PCR-based MTB complex typing

PCR-based MTB complex typing

Organisms (No.) RV0577  ISIS6I IESDSA: )() I;Eg;)o RZI3{§17)/8 ?}Z}i 1122()) R(Vég;;c
MTB H37Rv + + + + + + +

M. bovis AN5 + + - - + - -

M. bovis” + + - - + - -

M. bovis BCG + + - - - - -

M. africanum + + + - + + -
Isolates (3) + + + + +

Isolates (7)* + + + + +

“Isolate from cattle.
"Isolates were positive in Advansure Mycobacterium Genoblot Assay but negative in M.
tuberculosis specific real-time PCR.

Pyrazinamide-resistant strains.

Abbreviation: MTB, Mycobacterium tuberculosis; IS, insertion sequence; RD, region of
difference; BCG, Bacillus Calmette—Guérin.

4. Spoligotyping

Spoligotyping THE! 244 0 2 I DNA 5 MTB H37Rv+= T-H37Rv (SIT 451), M. bovis AN52F M.
bovis BCGx=BOV _1 (SIT 482), M. afticanum+=AFRI_1 (SIT 181)2 Z}Z} TH=E| Q)31 Aof|A] £
=l M. bovis=BON 2 (SIT 683)% 21|31t} MTB £0]4 9] real-time PCROIA] MTB S4J0|1E
395 F 1955 T1 (SIT 520)°) 1L, 275+ East-African-Indian 4-Vietnam (EAI4-VNM, SIT 564)

I AC R ZAE|o] BF MTBYS &I5H3ITh EAl4-VNM sublineage ™ U2 7 AR HIEH
AFEo]lth Table 5).

Table 5. Spoligotyping-based MTB complex differentiation

Species/ Specimen No. Octal value SIT Clade (strain) Spoligotype pattern

MTB H37Rv T77777477760771 451 T-H37RV sessssssSssSsSSSEEEC SEEEEEEEEEECCOCCEEEEEEN
M. bovis ANS 676773777777600 482 BOV_1 EN NN NN NN NN RNDOODD
M. bovis 664073777777600 683 BOV_2 EECEECEDCCCCEEE NN NN RO OO0
M. bovis BCG 676773777777600 482 BOV_1 EE NN NN NN RN OO0 C
M. africanum 770777777777671 181 AFRI 1 EEEEEE O NSNS SN NN EECEEEE
Y1 777777777760571 520 T1 NSNS EEEEECCOONCEEEE .
Y2 777737774413771 564 EAI4-VNM SSSSSSSSSSES _ESSSESEEEEEECCECOCCECEEEEEEEE N
Y3 777737774413771 564 EAI4-VNM SSSSSSSSSSSS CESSSSSEEEEEECCECTCCECEEEEEEEER
P1' 777737777760771 37 T3 LLLE LRI Ll PR LI DT ] ] jefulmial 11111}
p2' 000000000003771 1 Beijing CoCooOO0OooCO00000O00CO0000000000CCCEIEENEEE N
p3' 000000000003771 1 Beijing CooCoCOO0OooCOO00000O00CO0000000000CCCEIEEnEEE N
P4’ 000000000003771 1 Beijing COoCCoOoOO00COOO0000OO00OOCOO000CCO00CCCEEEEENEE N
p5' 000000000003771 1 Beijing COCCoCoOO00COO0000C0OCOCOOCOO000CCOO00CCCEEENEENEE N
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Table S. Spoligotyping-based MTB complex differentiation (continued)

Species/ Specimen No. Octal value SIT Clade (strain) Spoligotype pattern

p6' 000000000003771 1 Beijing COooOO0O0000DCO000000000000000000000CEEEEEEEE N
p7' 000000000003771 1 Beijing CooCoCOO0OooCOO00000O00CO0000000000CCCEIEEnEEE N
SE 777777777763771 54 Manu?2 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECCEEEEEEEEE
S2 000000000003771 1 Beijing COCCoCoOO00COO0000C0OCOCOOCOO000CCOO00CCCEEENEENEE N

"Y 1-3, Mycobacterium tuberculosis-negative strains for real-time PCR
P1-7, pyrazinamide-resistant strains.
¥S1-2, M. tuberculosis-positive strains for real-time PCR.

Abbreviation: MTB, M. tuberculosis; SIT, shared international type; EAI4-VNM, East-African-Indian 14-Vietnam; BCG,
Bacillus Calmette—Guérin.

5. MTC exact tandem repeat D &7 |MEEA]

MTC2] tandem repeat THY/d& 215171 915101 A8t ETR-D #4{°llA4l MTB H37Rv+= 77 9
7% (base pair) 38](Z-32]) ¥HE-& Q1% 4> ARUTH M. bovis AN52}F 20l M 22| M. bovise 77
A7 35]9} 53 A7 132 F 43]9] ¥HEo] YeRG oL, M. bovis BCGE 77 8714 23](F 2
3])o] uhelo] LrekLE M. bovis@ M. bovis BCGZF 2H2} the HHE 3142 7jx] 31 Qlehe Z1e &
QIgt 4= 3t MTB £0|4 2l real-time PCROIIA MTB <7391 H 373 % spoligotyping®ll 4]
EAI4-VNM (SIT 564) 2.2 24 =| QI e 2710l M 242k 17340l A 77 4714 932} 53 714 13)(F
103))2] BHEt 77 4714 7312k 53 714 18] 83))2] BHEo] LHERGE O 1 spoligotyping®ll A1 Tl
(SIT 520022 EXEJE 1712 77 Q71 28] 2 53 A7 1% 18] 38])] FLgH Higo] Lietst

CHTable 6).

Table 6. Sequencing based MTB complex differentiation for exact tandem repeat D

Organisms Total No. of ETR-D
MTB H37Rv 3(3x 77 bp)

M. bovis AN5 4 (3x77bp, 1x53bp)
M. bovis” 4 (3x77bp, 1x53bp)
M. bovis BCG 2 (2x 77 bp)

M. africanum 4 (3x77bp, 1x53bp)
Isolate No. 17 3(2x77bp, 1x53bp)
Isolate No. 2° 10 (9 x 77 bp, 1 x 53 bp)
Isolate No. 3 8 (7x 77 bp, 1 x 53 bp)
“Isolate from cattle.

"Isolate was positive in Advansure Mycobacterium Genoblot Assay but negative in Aycobacterium
tuberculosis specific real-time PCR.

Abbreviation: MTB, M. tuberculosis; ETR-D, exact tandem repeat-D; bp, base pair; BCG, Bacillus
Calmette—Guérin.
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DISCUSSION

2018 World Health Organization (WHO)2] Global Tuberculosis Report (23 2 1LA])ol| A= M.
bovisO]| 2]t QB AH S A 50 = 4] Abedol| IAIZITH7]. o]ofl 9hA] 2017'd ] WHORF
M (United Nations)©| 3-5-2 2 HrEs}t QI =48 2 o] A= HA] 107H4] A4 E H
Sto] A ARd S A&7 2 shglet] 1 94w 5 A w7 skl et HlolE
2 275} B sk Zo|n £ HArL gk BlS gAFA] 7] o] Ths). Miller S{9]°] 6174
29| 255 HI O & A3k Q43543 WY 4] Ap=o ok ot |7k Alel gt 2|

2 2 AHo] 1.4% 0] Y = 2 kst Qlok, 3t -E|uelrt &5t Aef R o =7t Foll
£ 55 FAMEet F= g5 A9 371=e] WHO dlo]Ejgt Ex5=t] Al ke )l
S48 WY 2= 22 0.2%, 2.7%2F 0.2% R THI]. WHOOII A =33t Q142528 tlo]E| =
E7 2190l Z3t=| At 4 7]7tolgk o] 20i 1 50| thiEo]oj A gk 9HA| S WSt )
A9k =HUoll4= M. bovisOll 2]t Z 8 BHY H1 = 5 B 13 of|o] ] 2k 7} gl
M. bovis®ll 9]t Q1A Al 7+l ZHAH 750 MRS A eletA] Y A3 et A
7

bo =}

L g ofRl A7 FAEES B o5 ol8Rt THe A E 5= e W FE AdEHERE M
tuberculosis©l| B3l | 2|7 RIkE7} 31 £-9)8 WA Rl = F 2 v 74, wieh ¥, 7
I 57 5L AA 2] A oleH10]. Slell A EALE M. bovisell SJ2t 22 2011 HIE gl A
o]Ft o/d 2l wgol A EAS AR 1710] SlTh11].

o]2] MTC 418 240 M. bovis= HEEA] k=l =] 47 -] A2 i
EQ]0 2 M bovisOl 25t Q1A Al 7HF-S o] 9lS Ao R AR O AZN 2H nZ T
duos il A5 EE 271011 w7 o}oq A ESHA ZAL0o] AR AR Eo]

b

2 A It = wR o] ZH ZhHGHL o U 9] 5d o) 37 0. 97%)011 A 9}91201 spoligotyping
HARIA 170= T10]31 AL 270+= EAI4-VNMP| 31Tt o]2{3t ]34 ZT}+= real-time PCR A0
A B2 0 2 5= MTBol| 0] Q1 RD F917t 371=] 2] kot A &s] & 4= g1 2L MTB S0l RD
Holo] Ao Rl 75/ o] Ut MTB & ¥ollA RD9 Z4Alo] E e v Qlom E5] EAL
lineage©l| 4] RD9 A4l o] ¥HzHE Ziu} Aol Ql& 7102 AZHETH12]. MTB £-0]4 < real-time
PCR A Z0l|A /02 E1E M. bovis ANSE= THE M. bovis@H= RD9 24! mjglo] th2th=
H 17} QJTH13]. Table 42] RDY primerS- ©]-8-3F PCR Z¥}ol] 2J5HH MTB H37RvellATF RD9
4101131 M. bovis AN5, M. bovis BCG, 40|41 223t M. bovis@} M. afticanumel| A1+= RD9 243 0]
RO B = RDI primer A7} & 232 2RI 4= U3ITh
Spacer oligonucleotide typing (spoligotyping) 452491 W BT &4 tf 7325t MTBLF M.
bovisS T-E5= 1 S 2 MTCQ) direct repeat locus?] 722} tFeg Ad & &H15k0 24 MTC W9
w5 7F 75 2 Aslido] 31y FEo] 7h551tH14,15]. oW Lol A spoligotyping FHAFE S
E EAI4-VNM sublineage 270 & ZQ16H1 =t = Ujol| A= Bl A o] gli= 33 0|3ich EAl-
£ F2 H| Eo|| M @AEE 515 0 2 W EdolA BajH AllF9] 253-50.7%7F EAl4-
VNMzRIL B g v) Qlom[16], o A-tollA] =l 2712] EAI4-VNM sublineage 543 &= =
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Ujoll AFsh= HIEERIo|A AZEE ]It o AFE 53l spoligotypingS MTC w55 75t
+ Ol 7P f-88 AR Rt o2t MTB |- 871 & 4= 3l X]“ﬂ—oz] &} ZAol| = 385
A o] 84 4 U= AAIATE L2fL spoligotyping THE 410l A] 5L g SIT (564)2] 5 U3 clade
(EAM-VNM)E ZRIE|Q] 0L} ETR-D A0l A= A= TRE HHE 3145 Hol= 497 itk
0131:‘* A= M2 qTE_- 3 9] FFUol = spoligotypingPll A= 22 AP 2= TEH Zlo]
b g dalyto] {3 A3 FRlat Hut =5 ok o spoligotyping SF 7HA] AAREO 2

srelap|ole £ Hol YO0 A2 thE 7] o)4el ZALE W7l ol Safo g Ao

AYZY=] T}, B3 spoligotyping AAF BRIt Ak 24 HH] o] pCRBol| HHA] ThA B17E00
Al7ro] @) Ae]= Tdo] Ui

ot Aol A= she] o 27| HellA AEH 310719] MTCE o= ZAFSHR 7] ulflZell
U] 4352 FHES AE5] oelsl] QoA S Ul o7 |8 A7 F asiHal
2] e}, =3t Aol A MTColl &5k wE5= sl FgstA 23 4 Qe
multiplex PCRO| 7HEEH MTC] 73 22| =& AARtC & njolel=t Ego| d 7o =
ikdiabela g

l...

Qo

Hl| 73 Mycobacterium tuberculosis (MTB)2] 415101 &5t &2 7+ vhe| et g AsHef A elo
?lo] 7 F 251} 2{U MTB, Mycobacterium bovis, Mycobactenum afficanum, Mycobacterium
microti, Mycobacterium caprae2} Mycobacterium pinnipediiS 23FH= MTB complex (MTC)+= 2
22 efol= S0 999% FAAS ZAI5, 165 RNA Aol FUGHEE o] A}
Aof|A= MTBE E1I6HA] 9l MTCE H13t} o] o] F24-2 Q4 AAolA] MTC &2
9| o] 2efelelole] £ ¥ Aol

20179 24 7€ 201849 887k SR FE Y A/ Al £l MTC 31071
£ 22 MTBE £0]3 22 A E5k= MolecuTech Real TB-Taq (YD A2, 3H=) A A|7HPCR
HAAFE Aottt MTB £0]2Q1 AA|ZF PCROIA S/d o] A m]ehlotn| = Lj4dQl 3—7—94
DNAO©|| ths}e] PCR 7|8F MTC EFo]3, spoligotyping} exact tandem repeat-D 42} G714 <L
A& Algsiqinth

23} 310719] 2E MTC 757 MTBE ZRIE| Q). dh=tol|A] B i1%|2] 9k EA4-VNM (East-
African-Indian 4-Vietnam) 382 Q1 MTB7} 25 BHA E] E}

AE: o] ATOIAI Q14-FE A0 W7AH]A) ek 2 AT 3 o] 21 RolM ZEE 3107
o] 22 o] MTCS 2A1317] o] 2l felel Q1452000 958 Heksb sk

¥ e et mesic
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