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Application of multiple-PCR and spoligotyping for investigation of
bovine tuberculosis from different epidemic areas
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Abstract: To characterize the Mycobacterium bovis in the different epidemic areas, we combined the multiple-PCR and spo-
ligotyping to investigate the bacteria isolated in the bovine tuberculosis surveillance. The bovine PPD skin tests were performed
in lower-prevalence and higher-prevalence areas in China. The positives were slaughtered and their carcasses were examined for
the tubercles. Isolated pathogens were identified by using multiple-PCR and then genotyped by using spoligotyping. No lesion
was found from the carcasses of 16 positives in the lower-prevalence area. The 4 strains Mycobacteria were isolated from the
lymph nodes collected from the positives and then identified as nontuberculosis Mycobacteria by using multipleePCR. The 23
positives were slaughtered and examined in the higher-prevalence area. The lesions were found from 14 cattle and then the
pathogens were isolated from the 11 of them. The bacteria were identified as Mycobacterium bovis by using multiple-PCR. To-
tally, 4 spoligotypes were classified and 2 of them were new types. Number SB1903 and SB1904 were given after the patterns
were submitted to the bovine tuberculosis spoligotyping database. It was revealed that the character of " domestic typing
SB1903" was predominant but the world-spread typing SB0140 still be insistent in the area. It suggests that the scientists
should pay attention on the transmission of the typing SB0140 to human beings as the typing has been found from cattle in Chi-
na.
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A= G5 A% I th A S5 A O RO R S R A — Fh
NHEILBRG . 012 5 4500 1 CHE 2 RE % 70 25 21D
HERR S0 o It o AL G 2R S5 A% 00 BOFF TR 28 € T vk
LD AR AN TR G 0 Rr PR R A Al M0 4 L X SR M T
TR ERAE S e B B . AR G A DR 20 27 1) Dt
H, Wilton 85 #E 37 1 0] DL 2 22 R 43 BRI 40
KA T8 2 8 PCR Jf-7E 50 B A5 3 13z 9 3
Mo AR I B T — 2658 iy BE X o RU B R, ] DU
A3 T AR 3 B A [R) 1l P X33 AT 1) 2R Y 40 A A
TR R RF A JB B A L X T 1 i 2 A% 00 BRI Y
A3 AL R DL S i Y T A R AT
B, BT E NS TSR B R G R
O3 BT E RO WS — 280 DL BRI VR A IR K
% &4k (restriction fragment length polymorphism,
RELP) Jy BEAl 19 77 16 0 53 — 28 02 LS TR 4 v e 7
L A% X U 51 3R 47 PCR §7 38 b IRl (1) 792 . Heep
B4 ] B DX 35 4% 7 R 43 %Y (spacer oligonucleotide typ-
ing, spoligotyping) /&I 77 ik &) 12 T 4 45
¥ O3 BOFE BRY 3 B 2 5 — A RO ] 1 g3 A Ty
wee,

F = H Y A2 2 SNz BH M A 2 R F L (EAR
278 A5 RO PR AR AN B8 L B 45 0 IR AN R S
BAT I A 22 . MU FR AT R A O 5T L AR A A% R
A5 BN A 7 AL AT 25 AR 14 i DX AR BH M A X 8 %
T E AT 2 2058 8 1 b DX ) e A 200 R AT T
TAERYEEAL 2Z b 43 5 F 25 T8 A [R] AL AT 258 1l DA
14 758 25 B N7 BH P 2 9 AT 4l 1 43 85 Fl 2 8 PCR J7
V54 %€ M spoligotyping J7 ¥ 70 L I AL X P FR 7
LA AN [a] b X8 0 A 1H

1 MRITGE

L1 5 M E AL Taq DNA R & (5U/
L) \PCR Master 55 H T RSP A H . DNA
Marker . EB(JR 4k 2, %) % W T Promega A 7.
Middle brook 7HI11 ¥z 3, W H 3 E BD 2 &,
Rnase A H Il B K £ AEY 2w Spoligoty-
ping IRFN &M H Ocimum Biosolution, ECL & Yt
3k 57 ) B Amersham International 2\ ®l, & #%
R AL W & W H Boehringer A H] .
OW M E R W A AT 3k A Bl. Mini-blotter
MN45 Apfif 2% Isogen Life Science A& =5, £
PCR 5|4 Mycgen, TB1 Mycav,Mycint 4 Fll spo-
ligotyping 514 DRa,DRb ¥J i K& =Y AT A
K. £ PCR BT S % 3k DRa J¥ 51y 5'-
GGTTTTGGGTCTGACGAC-3",5" K it % H Bio-

tin #ric; DRb F %1 K 5° -CCGAGAGGGGACG-
GAAAC-3',

1.2 FRUETERE 45850 B R bR R H37Rv, 4
SR AR HERE AF2122/97 .BCG-Pasteur 47 4 #%
B0 RO AR TE AR M PN 23 T T A o AR 0 7T O3 Ak
T TR o K« 257 It T 85 A 9 e S ik 98 A 9 T A
AR 2 BIE 5T S 4 2 At

1.3 BEXHEERE X 5% B A4 i3k HIX 1 5 s
WATH G T 20000 3 M4 43, 33 114
KA TERPE G I 23 Sk BHAE A 5 SRR T T SR R AT
AL T 0. 5% MK 2 10 1 /28, 363 312 Sk
ZRGPET R 16 L BHME A= . K5 BHM: 435 R 5 K A
TR AT AR R R AL ST R AR R E M E
o

“H o

1.4 SRR IR AR A% E TW AT R
R LN S I3 St 1) KR AR B AR K L S AF S AR5
ARSI 2 5 RBU A 20 B IR » %5 T T Ak B
B 15~20 min, FJ A A2 B R 7K PR b B A 906 )
8010 A5 % B FHES W A% 53 Bl 4% Fh 0. 2 mL & Middle
brook 7TH11 ¥5353E. 37 ‘CH 3% 6 J& K ¥ KB %
B P s DA 3 5 TR R R 2 485 A% 0 A T B s 1 AR 7 5 )
A A A BEER K U P R U T KA
%80 °C 2 h K3k, W Ziehl-Neelsen (Z-N) J5 1k Yt
(SRR VR &

1.5y B bR 3 KO £ 8 PCR %€ LUK
() 53 5 TR MR AE R R i s DA 28 20 BT 181 A 1 AR A FH
PEXT IR, ] Mycgen, TB1 \Mycav 1 Mycint 4 X} 5]
YEAT Y 8 9 1030 bp J Be R B Jy Jr BOHTF I
Fir. 971G i 372 bp v Beoh MTC B (B0 46 A\ 73 B0 FF
AR BB AE) . W Ky 38 4 1 030 bp B
M A 372 bp 7 BN R AR 85 50 ROFTF 1A

1.6 spoligotyping X %E 0 B H K KX H Kamber-
beek J #E# Spoligotyping Jy i I il 24 ee k™™ .
1.6.1 PCR¥MEBLEELE X (DR X) M40
BT AR R H3TRv A0 BT B AR HE R AF2122/
97 1 BCG-Pasteur #5fE#E 19 DNA & BH ¢ X &, LA
DRa fil DRb 1E R 514, XTIlfE K 53 85 #% () DNA i
TPCR ¥ ¥, Wik &R N 2 XPCR Master Mix
12.5 pL.51# (10 pmol/L) 4% 2 L. i DNA 2
pL WZEIK 8.5 pl, SRR 25 pl. S NIFEF A 96
CHAEPE 3 min, 96 °C 1 min,55 C 1 min,72 C
30 s 30 NMFIR,72 CHEAf 7 min,

1.6.2 PCR ¥ 580 ¥ 25 pL PCR ™
YIim A% 175 uL 2 X SSPE/0. 1% SDS 1,100 C
K 10 min, B ST B A VK B . B 250 mL ) 2 X
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SSPE/0. 1% SDS 7E 60 “C ¥t 2238 5 min, B 2438
A miniblotter . Jf i B 4% Fl SE 4% 1 R 114 2k 7Y
FEARUMIIE B . B RS BR Y PCR =W ABE4% , IF FH B
JK I ¥ miniblotter %5 5, i & T 60 °C /KW (1)
K TE 4228 60 min, Pk B I Byt T A O B 4%
B 10 pL SRR R - A ALY B % W 42 °C
WEHE 60 min, YRS A ECL ¥ Jf 1% 10 min,

2 & B

2.1 PEXFIARE X Z5 R BIEA- B A 45 2R X
L 3 A LR B 28 7 g L1 23 Sk B AR A 5 0
HHE LR 9 Sk AT 6 S SRR AL s BE 2 WOk 11
oo T KR IEHZINAE HE 3 B 3 3k 1 Sk R LA
I A2 5 R AR G5 AZ I 78 B UL 45 2 9256 & JE AT A0 R o
B, AR WL 1, X 2 AR Sk Y B P
LT 16 L WR A R K B AR R AR LA = S
B % AT AT 20

A: Tubercle on lung of PPD positive cattle; B: Pearl-like tubercles
on chest wall of PPD positive cattle.
B 1 PPD R4 R £ T B 2

Fig. 1 Tubercles formed in the chest of the skin test reactor
2.2 MW EAUE REST N TR EEU
B ORI B ST R SR AL B R FF T Middle
brook 7TH11 ¥ 5, 37 CHig% 6 J, Ky 35 ML H
] LAY A 7 T ) JIUREAR B 9 A T AR HLAE L
FLH AR IR A . S5RMIX 1 Y 23
Tt 14 R A2 1R A 9 035 B 2 n] B8, 9
AR AL R A5 AT 2 03 70 2 B AT BE TR . AR A
S BB ANTE 19 LR 47,86 (11/23) s M IX. 2 [ 16
Ty ek 4 43 73 B 3 AT S8 B . MR R o3 S 2 40 T
(LN 25% (4/16) .

2.3 B ELZE PCR EESERE LIKIEHITE
BRRRAE R i » LA 20 BSORT R AR HE AR AR S B A X 1R
AT 53 B R B4R S I 1 X IR R AT 2 B I 2
PCR, SRZHGEHR S pL P2 W) HEAT 100 AR
Uk EEANEERE AR o R e B . AR B LR
X R ST, o A 5 AR DX B Il R R 20 S T AR (] A
O BT B b o bR — 4 5149 MYCGEN-F fil MYC-

GEN-R 5 1 030 bp FrEt¥"#4,5|% TBI-F 1 TBI-
R 372 bp J Bey 88, M -AF &5 4% 5 DX FH A 4 73 15
R NAAT 1030 bp A By 4 . 3847 372 bp Jr By
WL 2) . AESEHL X T PR RE A 23 B R R T
MTC #1001 X2 6l PRAE i 23 7 T R DU A Al 45 4%
BT

1 2 3 45 6 7 8 9 1011

bp

2000
1000
750
500
250
100

1: DNA Marker; 2: Mycobacterium bovis AF2122/97; 3. Mycobac-
terium phlei; 4-7. Pathogens isolated from higher prevalence area
were identified as M. tuberculosis-complex (MTC); 8-11: Patho-
gens isolated from lower prevalence area were identified as nontuber-

culoaus mycobacteria (NTM).
B2 SEEHEMESTLIHEZAESFRBSBEKN
ZEPCREELER

Fig. 2 Multi-PCR identification of mycobacterium isolates

from several areas of China

2.4 spoligotyping 43I 45 5 N F spoligotyping
3 B AR A 43 AR TR W DR 70 5 Bk L 45 A% 03 BT TR
PRtk H37Rv. 24F 70 BRI bR #E#R AF2122/97 F
BCG-Pasteur prifERR #E4T %508 o Horp 45 40 BUAF 1A
PRtk H3TRv. 24 70 BOFF B bR #E Bk AF2122/97 F
BCG-Pasteur #rifE#k (4 24 52 18138 5 [ PR 48 8 b 1
— 3, A BT I R 43 B bR ) B Ok 39 ~43 Z[H]
f 2% 5 AF B A 20 RORF T R R

Spoligotyping AJ ¥ Il JR 73 85 19 4 73 B AT 1 73
A AR UL 1) . 38 o A i) B BR A S5 8 A
FF B spoligotyping ¥ 45 J& (http://www. mbovis.
org/ spoligodatabase) ,4 PMHI Y 2 DNRIEANEFH
38, 4 9 Sk SBol4o it B3 BN A7)
SB1694 (LR M A HH - 2 WRHE D s 75 A 2 4> 1Y
[ R b Jo i FR AR 2 A 78 B4l 45 5 Bos
JE ARBUH G5 — % 5k SB1903 #1 SB1904, SB1903
AUEH Bk Spoligotyping Kl Gkt 3.9.16.26.28 Fl
39-43 S BF X, SB1904 BB £ Spoligotyping i
Bk 3.4.9.16.26 F1 39-43 5[] Jf X, H: 3 7] 45 45
SRR 26 5[] R X (A 25 4% A BORF B R R 3.9,
16.39-43 5 [u] i X)) » i 5F md AT RER ML IX 1 4T 1Y
= G5 A% G RO TR T BR R AE
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F1 BERTEMR (X 1)RITEKE spoligotyping 73 B 45 R

Tab. 1 Spoligotyping patterns of Mycobacterium bovis isolates from several areas of China

Spoligotyping pattern

Spoligotype
poligotyp 3 9 16

26 39-43

SB1903 HEN EEEEN EEEEEN S EEEEEEEN N EEEEEEEEEN OO0
SB1904 EN [ ASEEN EEEEEN EEEEEEEEN EEEEEEEEEEEN (00
SB1694 HEN EEEEN EEEEEN S EEEEEEEN EEEEEEEEEEEN (OO0
SB0140 BN ER(E /AN S EEEEEEEEEEEEEEEEEEEEE [0
AF212297 HEN EEEEN EEEEEN EEEEEEEEEEEEEN(OO000OROO00O0
BCG HEN EEEEN EEEEEN S EEEEEEEEEEEEEEEEEEEEN 00
H37Rv EEEEEEEEEEEEEEEEEEE [ S EEEEEEEEEE ([ /A EEEEEN
3 W # e [ B4 D A U AL R B X 1 3R T B 2 B

3.1 £ #H PCR HI Spoligotyping 7F ¥ [ 4= 4% #% W
e 1 P AN A F 10 T A8 22 08 2 45 s A T
5 (R AR 25 R 1 R S PEAEAIR (88. 820 ~100%6) 4
s L e gl vl iy y TR LB R A B & AR
RSP (3. 400 I S ik W A 4 0 4 7
AEAR 5 R AR AR 5 RN S DRIk a0 20T B 8 FH A0 R A 3
B et vk CRE SR M 100 %0) A g 42 5 Wa Il f) o 7
PEo AHH T A 4 25 508 o T BB Wy A4 ik
5 UEE Wy -2 FR R 4 % A R e L A TR O i
R 0 45 T ik B 2R W PR H B A A
WS o o A 45 4% W D A9 s e b AR DA W H . BT BR
o SR R Tz N ) 2 8 PCR J7 3L Fl spolig-
otyping J7 ¥k 7E 3R [ 4 I AR b o A 52 55 54 3K 6 R
FH X 7 5 vk S5 0 A 45 4% 0 RORT TR T 5 R L g
HEAT o0 TA TG 2 53 BT o 02 1 TR D 40 5 A% 0 1 0 7
1 FEL R o T R T

3.2 WATEAFM XS EEKA AR X 1
(AT B O — 3 23 K4 FNRJEH 14 kA
AL AT 11 kA B T BE R, £ 2 H PCR %7€
Y150 A 25 0 o0 AR TR 5 T ML X 2 CRRE AT 3R ARG b X))
FOR 16 K4 BB R IR A TR A Ay
ko B AR SR AT TR . A SR AR AR S A%
A 2R3 v 1 b DX, A8 2 ROy BHPE A F A 5k B0 R
(9 JLA(60. 920D o LA K D3 Bk v 3 B 380 Al %8 7 1 JL
(478000 i T AT R AL X 5350k 0% Al
25900 o 3Kt DA THT UE 5K, 78 2 25 % 1 14 b DX 1) G 98
b AR, 2 AR AR 1) A PR R B R R R S 1 O3 R
FRARGE 3 5 FATHT I A 50 245 R — B H 5 e
AHAF o BIAEGAT SR B AR % M DX E A7 W0, A6 00+ oK 1Y
PR A AR DR — AR 23 Ry AF e S 1 SRz o 2 IR A 7 vk
FI IR A HEAT AR 53 8 5 4 A A LR
Uy o e

3.3 spoligotyping By FA#{E  Spoligotyping 7E

A Ry SB1903, H AR AU RF B AL AE b X 1 R i
Pt g W iy 3 AN, 450 B T SBo140 Al
A TIE SRR B L T O AT Y B 0 A T
X TE S 2 M DX B AR 2 A 52 B R T AR b
PR BAG 3% Sy 3 i A PR S B R . B
PR A G5 A% A3 BORT R 3 185 TR R 9 38 22, S [) el DX 5
IR HE 21 b ) 20 R BB A A . R AR S AN [
XA [) 4= 73 B TE BR 1Y spoligotyping 3 #r 45 28, 5t )
PLIE A% YL U8, IF /K SF- b R I T 4347

3.4 SBO140 4= 2y K AT B 09 A 36 DA 3 L
SBO140 HY 4= 43 K FF BR ) 12 40 A 8 9 [ 38 KR I
BTV 22 g R A thE RS L PN L T LA 3 [ R 1Y 4y
BEHE P A ARKEH . 4 Joanne McLernon™"”
SENT IR 24 1Y 386 B4 #E4T spoligotyping 43 Y,
ZERL SB0140 A2 5 509 Aok [ T AR 4E
ELPH BRI 55 VU AR N S LAY 1 684 Bk AR 45 4% 43
KA 18 #E 4T spoligotyping 73 B, 45 2R SB0O140 Jr i
el R, Ry 24. 6%, B(EAR C M JE, SBO140 B
HEER NI DA E X, Olabisi Ojo"'™ 25 47 5 .
1998—2006 4F 501 i & /K 22 N A 15 2 (324)
NNIERGe A= 5% P BOAF TR ey 11 Bk b 3
BE(27 %) SB0140 %I, Timothy C. Rodwell"* %
it & [ 1) 106 451 A J% e 28 45 % 43 BT 1 0 A7 R
91 Y0 YR N 1) 48 25 ¥ 4y B FF T spoligotyping 43
A28 I 55 SR e A5 VG B 2R 00 43 BORE R 4 B 45 R — 3L
E S M R S 8 A 25 A% S BORT BRI g A 191 5 55 Y
BRI OC TMTX 106 AR 39 A (36. 8%0) 4 45 #%
A A% FE T 4 U 45 B Ry SBO140 %Y, A Yk 4 38 [ L &
BT SBO140 HUAE A= HE b g R YL B & iz AU I 2
PAEAE T 3R B N0 e s 1 o i 7 i — 2P BT
SB0140 425 A R AT R I 70 8 S 56 e IR AR L
AEEN AL TAR L,
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