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Abstract; The aim of this study was to identify the toxin types of Clostridium perfringens isolates derived from chickens in the Jiangsu region
and to analyze their epidemiological characteristics. Samples such as intestinal contents were collected from broilers afflicted with suspected
necrotizing enteritis (NE) infection in broiler farms in some areas of Jiangsu Province. C. perfringens was isolated and purified from the sam-
ples using the TSC selective medium, and the isolates were characterized by morphological observation, biochemical tests, and 16S rDNA
gene detection. The virulence genes of the C. perfringens isolates were determined by PCR assays, and the C. perfringens isolates were classi-
fied according to the toxinotyping system. The results were that a total of 234 isolates were obtained from 269 samples, and analyses of their
morphology, biological characteristics, and 16S rDNA gene identification confirmed their identity as C. perfringens. The PCR results showed
that all isolates possessed the cpa gene, responsible for a toxin production. Additionally, 53 isolates contained the ¢pb2 gene, encoding the
B2 toxin. However, the other six major virulence factors—cpb (B—toxin), etx (&—toxin), iap/ibp (L—toxin), cpe ( Enterotoxin), netB
(Necrotic enteritis B=like toxin) and tpel. (the glycosylating C. perfringens large cytotoxin) were not detected. In summary, this study suc-
cessfully identified 234 C. perfringens isolates in the selected areas of Jiangsu, all being classified as type A. The information presented here

might refine the distribution and toxinotypes of C. perfringens isolates derived from chickens and contribute to a deeper understanding of the
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epidemiological features of NE in China, thereby providing a reference for prevention and control of NE.

Keywords: C. perfringens; necrotic enteritis; isolation and identification; virulence gene
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AR Al e a4k X5 & H OMEGA /23 w5 DL2000
DNA Marker, 2 x Rapid Taq Master Mix £ Multiplex
PCR Kit 1t FI B Ui MEREAE DR A A FR A 7
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SRAREERL NE 55 X5 Il R S Bk, X il PR ¢ Bk 170
BB, mEME, EACTRE. CEETSAEIRAXG H IS AR
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WiFE16~18 hy KWAMFT, HAMEZER R FTG WK
P TR FE S 2 BT TSC P AR, 37 CIRASE IR 24 ~
48 h, IEFERHIRIES AR LR E IR A HEEM APk
YU LA s Ay R 8 ] B 2L 1 0 o A ) AR Ve
e E RCM Wik sE e rh, IREIEFE 16~18 hy
FEFN NS RCM AR TR L H2 R0 T CPAM. [ AS: 77
FM, REREFE 24 ~48 h b7 —kalif; HHkECh
O B AT TS B T RCM 15 37 3 o WA 3 ) T
JEERSE
1.6 FBEHERFMELKE

TR EE , FHTSE TR A 4 TR 4R e B 2L s

PR ERIE . THRIF e T8 b Qe
(ERRT IO 8" N RSN B S Rl 7 PR S T
B3 i E =R T AR TS, BT 1000 f556
WGBTS, B LS HRRIE

S CF WL RS E T R (AR
YoETFNEY (CR/NRR) M, PREBUEERD S Y BE L
%, R TS A LS R R AR R A A
o, METFIL SRS
1.7 16S rDNA EF%E

P IEIZH DNA £, ZHOCHR [14] Bk T
RS H RT3, %] Omega ZH T DNA 2
B & ida BH A5 AR T R 0 B B Loy S TR R N S 2%
FIFRAIIE RG] DNA, FIYE PCR S NARERR

PR 168 tDNA 514, SHSCHR [15],
K HIZHEA 16S tDNA G#EH59, M LA TAY) T.#
BARMRSARAF G (F2), U EBRREET DNA
R, H L PCR §734 16S rDNA FE[K . PCR KWK
Z (25 pL): 2 x Rapid Taq Master Mix 12.5 pL, [,
T4 1 pl, DNA Bt 2 pL, ddH,0 8.5 pL,
PCR W FEF: 95 °C Smin; 95 °C 15s, 58 °C 15 s,
72 °C 30 s, 35 MEH; 72 C 5 min, B PCR §#4 7%
P10 pL, 1. 5% EEERC LK 120 V 29 30 min, W
BT, BHMEXTHECh A RIS HRikE (ATCC 13124),
FAPEXTHE A ddH,0, F Omega DNA i [ Ui 71 £ 4l
E BT, 6B RUERVE YR A A PR 2 /i
o 25 B AE GenBank 045 % (http ://www. ncbi.
nlm.nih.gov) F#E4T BLAST 43081, LAHA & 5 25 1 bk
TN PR IEERR A

*£2 PCR3|#FE7F

H 5L SIFE (5'—3") FEHIR /N bp DN
F: GTTGTGAACTCCTTTTTCTCC
16S rDNA 1500 [15]
R: CGCAGAAACACAGGATAGCA
F: GCTAATGTTACTGCCGTTGA
cpa 324 [8]
R: CCTCTGATACATCGTGTAAG
F: GCGAATATGCTGAATCATCTA
cpb 195 [8]
R: GCAGGAACATTAGTATATCTTC
F: AAATATGATCCTAACCAACAA
cpb2 548 [16]
R: CCAAATACTATAATCGATGC
F: TGGGAACTTCGATACAAGCA
etx 376 [8]
R: AACTGCACTATAATTTCCTTTTCC
F: AATGGTCCTTTAAATAATCC
iap 272 [8]

R: TTAGCAAATGCACTCATATT
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H i S9SN (5 —3") PR/ bp B30Tk

F. TTCAGTTGGATTTACTTCTG

cpe 485 [8]
R: TGTCCAGTAGCTGTAATTGT
F. CTTCTAGTGATACCGCTTCAC

netB 738 [8]
R: CGTTATATTCACTTGTTGACGAAAG
F. ATATAGAGTCAAGCAGTGGAG

tpel. 466 [16]

R: GGAATACCACTTGATATACCTG
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S A T A TR AR RS A R @4 5K
(#2), KRHZHE PCR %X} 16S tDNA P/ B bk
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Multiplex Buffer 25 pL, 10 X Primer Mix 5 pL, ST
Pk DNA #ifg 2 wL, K& ddH,0 17 pL, Tag DNA R
AW 1 pL, KB AME: 95 C 5 ming 95 C 30 s,
58 °C 90s, 72°C 60 s, 35 ME¥F; 72 °C 10 min,
# PCR KM cpb2 F1 pel T JJHEDH 2 W A2 ¥ )
1.7, 7EZH PCR &, IB#, CHI, D& E
RF R G RIS H ERTR G R I BHPEXT R, L
ddH,0 MBEAYEXT IR, £ B2 B E Ml Tpel. # & [ FA H
PCR e 235 LL CP-NJ56 B bk LA Bz 5256 2% 5 A7
pET28a—TpeL JFUAL 4 2 BHM:XT I, IF 34 LA ddH,0 A
BAPEXTHE . B3R BF PCR 738724 10 pL, £ 2%

BE B BE RS HL UK, 120 V 24 30 min J5 2 B DL2000
DNA Marker M43 Hr & 3 AR4ESCHR [ 1, 8] il
B R 2R A R RGN A B AR A2 A

2 #®#R
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2.1.1 @isB5HENE
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fEOIEENR = AE oK A AN B B (B 1A) . A
269 Eah Y, ok i BE R S EAR T 234 Bk,
STERN 8T% (234/269) . S B WHRAEFE L QA5
FE 1 000 50627 W Ade ™ 0L mT DL R 79 o e (B30 1)
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14 234 B4y B TR PR D T A L R S
. T 46 CARMBEITRE SR 5 b JE ] WA R AR
e, TR sk A, B I A T (B 2A), 7"
SRR TR BE R LI, B 11 s 2 O K =R,

PR A FRETE R S50 S AR A 7% 70 5 T Ak
ARG RERE . FLRE. HERBERZ 2R Ak
BEH RN BB AN, 720, R AL
A AN WAL (] 2B) . AN RN R
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— BIMEXTRE, o+ BHEEXTER, 1~5. TR,

B2 SEERFILNERERE (A) fELKE (B)

2.2 HEE# 16S rDNA EFLEE

K HEM PCR ik, 4B K 16S tDNA PCR
W2 1. 5%BEREREEE RSB VR, B 3 R, i
B B R BOR/NEAT (1500 bp)  BO4E SR 267
4 PCR =42l m s 26 2 28 /1T, W3 750 24
BLAST HLXF T 7R, 43 B BRI Bk ZICP-01 Fij=< 3
IEMESZEE (ATCC 13124) [RIVE ML 99% , H

bpp M 1 2 3 4 5 6 7 8

2000
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1 000
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500

KOTE MBS A Lib g R 54 LS Ak
FEMN16S tDNA K PCR K45 58 | B E A se 24y
B 234 BR PR IERRR A

M. DL2000 DNA Marker; 1. 4r & BBk ZJCP-01; +. FHM: XS IR,
—. FAMEXT AR,

B3 4 EE# 16S rDNA PCR F=Hp ik

2.3 SEEKRSHERKNINS R
2.3.1 %% PCR #%#& kBN

% PCR LK 16S rDNA PR3 85 B bk a5 ) 5t
K cpa. cpb. etx. iap. cpe. netB, PCR ¥ 8 =42
L. 5%3 B BE I FEL ORI, S5 WK, SUEIYS opa
LA A BOR/MVAAE (324 bp) AR SPESR, K
3 100% (234/234), Ay 5 Rl BRI R AR D
# (K4),

10 11 12 13 14 15 16 17 18

bp
728(netB)
485(cpe)

e

T2(iap.

195(cpb)

M. DL2000 DNA HIXt/rFHdnifE; 1~16. 2BSTHERE; 17. BHPEXTRE; 18, BAPEXTHE,

B4 HEEKSEPCREFIANEERKN

2.3.2  cpb2 F= tpel. 7 /1 K H A

BEE PCR 343 WA cpb2 F1 tpel, 75 F1 FE A
PCR ¥ #4/=W 28 1. 5% S5 Ae WEBE R HL UK, 25 2R R,
Ay B RR S opb2 3 N R BE R /N A A
(538 bp) MFESPEZN (KE5), KuihR4H 22.6%
(53/234) , 1M tpel FEFRBERME] (F6) .
2.3.3 S HEAKREEFSA

Zid BT I FEN PCR K& SR, ARWFIT L

269 3FE i R R 234 R R IEMEM T, R ALY
Jp AR, AP cpa SERTRARA 181 Bk, FHMER
K T7.4% (181/234) ; cpa Fl cpb2 FEH BHIEAY AR A
53 Bk, BHMEFR N 22.6% (53/234), FNEH opa.
cpb2 Fl tpel. 3 FhaE JI I A BUERRAIHAY 6 Fhi 2
RIBIRERM R (£3) .
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M. DL2000 DNA #X} 2 FHbriE; 1~16. B ERE; 17. FHEEXTIE; 18, BAMEXTIE,

B 5 SEEcpb2 SHEFRKEN

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

M. DL2000 DNA FHX} 70 FIbriE; 1~16. ZFESHEPE; 17. FHEEXTIR; 18, BAMEXTR,

B 6 5EEKE pel B NEE KRN

x3 HBERERENSLKER

SITITRR R RITFR
FEA R BESIHEH Kokt
o R B R e R VEER CPE NetB B2 HE TpeL

pa + - - - - - - - 181
A cpa, cpb2 + - - - - - + _ 53
cpa, cpb2, tpel + - - - - - + + 0
B cpa, b, elx + + + - - - +/— /= 0
C cpa, cpb + + - - +/— - /- /- 0
D cpa, elx + - + - +/— - +/— - 0
E cpa, iap + - - + +/- - +/- - 0
cpa, cpe + - - - + _ - _ 0
F cpa, cpe, cpb2 + - - - + - + _ 0
cpa, cpe, pb2, tpel + - - - + — + + 0
cpa, netB + - - - - + _ _ 0
G cpa, netB, cpb2 + - - - - + + _ 0
cpa, netB, cpb2, tpel + - - - - + + + 0

T =7 Frf; 7 R /7 RRAE R BT,

3 it TP IVEAE R ER, R B AE

TN B ROy — P LI N F IR s, RAE
PERIEREE I T R AR R M E BRI TSRS

TG B PSRN, n] i 22 Rh s A A R A~G BRI B TR Al 24 o TR, 1

o ZBEE R DU W A ERESIIEE A BRI AR, TR R S ROAS H

fh, ENEYEEERA N, AAELREYPEENA R, EAEN VLI KR SRR o3 5 2
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16 BRP= R IR B B bR, 298 A B, AR b
. Wb, AR, TSI Y0 B R 139 kRE Rk
BERRTE, o, 113 8k A B, 250Y 81.29%; 26 kk
hG R, 255 18.71% 1A 139 MRy B bk, HA
cpb2 FEEFEH A 65 t, 27 60.75%, VI L2554
N, REHT FZERATEEII N A B X 5ARS
GERA—B, o« HEREAMTYREMA DNA LH opa
SEPR Gt ) — PR EE AR R (— R R Z R
FABNREG C S0 S i 1) 75 2, AT o R 40 e
JEE e R T R B A 2R AsE T, IR L, o BER
AR AW SEINER B i 0i, 5 K YIREH:
W4 . ARG IIRBEIE NG 25 R 5 L % 26 2 10 1 B ML AE
HRBPIN, o EEYPIANZTE NE 1 EEH
S, {H Keyburn VRS R P o BER RS
R ATE L NE, AR o BBHEIFA—E =& NE
RIFHURIR T8N+, fEARMR T, rf a3k
AR PR 73 BRI A I BHE A AT cpa SEPH, XLV Rl
SEZF PRIV X 812 NE KR

PIE RGBSR A2 A~E &L, {3
£ 2018 4, Rood SHETT T 5o I 7= S JE A 1R 43 Y
FE, WT 2 MR, B F R G B G
RUn =AY NetB # %%, 148 R &M Keyburn 5% F
2008 4E KA —Fh B R ZEFLBE R, H AV T BUkL DNA
LAY netB R ZRAS > HAEFIALEE S 800 = 40
T BGEAR LI, fe il i 2440 T, )G NetB 5
RHOA RGN NE B9 E 25 K+, (BEH Y
TP IERERR T I BOR AU H NetB FE 5182, 6
] ply HoAthAZ 338 14 8 95 19 00 8 Mg A 5 7E
AR, RAE T IERER B 53 B K P %8 22 #1) NetB
R,

RIS B, M NE J6 0 RE 5 b ml A 21 g2
BEHIEER (epb2), HEM NE AU AV RESZHRA
K B2 FRIEH A TR DNA 1Y cpb2 5K G
W —FEfLE MRS R, ZHER SN B HE
VSRR AL, Pian s B2 BE R, WA A AU
AT Keyburn 252 0BRGN T K [ NE RS R RE
(1) cpb2 SEFHEAH AL, K 18 ¥k A B S I
AV 2 BRIEHT cpb2 KE[H; Martin 252 1E 106 #RAG
R =S IEREAR B 43 B R ARG 1) 39 BRHEAT cpb2 FEH
FOTERE, ABETEAr 85 Y 234 Bk A RS EAR B
W, 53 BRI epb2 FEIH (22.6%) ., HEG, NE %
ARG PR EFRARE A0 B2 BEEA XML
W, WE—LIE,

TpeL FEZJEM C B SR B P 43 85 1 i) —
Fhgr I 2, Ha e NE R %ER S B2 5
E—H, A HHERSM, FIMEEEGSIRENER

RIGHIHF R T pel FHMERME, JFH RIS
cpb2 BAVE M FL B R AL F =, Fk, B &Y
TR PR IR TR AE A [F) i 32 v 0 35 R R R A 7 v
Yo s, BETE P T LR 2 B EE S SRR B
WAL, WA BEHAE cpb2 5 tpel, FEH 5 T H]
NE AT AHOCHE, 4Rk, BHAE kit A “BRyTmt
7, EAN NE 5 G183, 3 EX T B e e
WEGHER NE R H#z B3, BN NE 25T T
B AR TP B IR LX) AH LG T E AP RS i
SRR W FE AT R A, TR E MR Gk M A
o TN, XTT pb2 . netB . tpel FE R 4 tith (1) A1 N B
FON T [ N FEBRAT P IE IR TR R R B 1 ) 5
BT 2 T
EEFERINI “RPLA7 (1522 E TR &5
XFNE S 7 et TERI S T, 45 Mk, B4
M 7 A, AFRERERE . XIE W 59
FERET . WALLRE T . EE A AR M RO VD T A
PREEWT AR — B T, X N A0 Y R T
NE 2ot KR LR R S, EA K
a-#E R, NetB #E R Tpel # R MR R W LIS
SEHEE PP, By XS F R o-FF
. NetB R, RbE-1, 6- _WEMREEAEG (FBA) |
PEBEEAMN (Zm) MREZEGHEM A (Cna) 2
PR IR I A ) I R A OG-, FEXS
T ERZER . . e A AR RS E P
RHEVERT, FHIX Se o 20 25 4L A% A B T203% NE
JERYL PR EE S Heidarpanah 4577 S0 T 75,
SRR R A 1Y 5 R R R EE R 1, JFPEA X s
W RALRE AT NE e R Be 1, LR iFoR 45
TV, S P SR R AR SR B BN R R, X
T NE (e e s Semg i) o8 35 2O 2, Ik, F7%
20 T il R R S R TR Y AT AR A R R
PR, B W 2R, PRI RSN
RyEH, REE SR W RrLL, gt g5k
K,
4 ZEig

ARFSEE LS MEE . A% E | 16S tDNA
PRI 5 R PCR ARG 77 32 X5 VT 9548 5 4 i XA [R) X8 37
269 I FESHEAT T P AR A 4 B e, R B
234 BRHE R, B A B BHYER N 86.9%, Hi,
epb2 BAYE A BB AR 5 22. 6%, TRl Ik AR A Ay
BERA, AHFSEIE 0 R VL5 i e AR
P BE ISR AT R e, A e
TEWN NE WATHEAE, 9 NE B RATHR AT iR %
FKAE, AR NE B
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