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Development and application of a multiplex PCR for detection of Strepto-
coccus suis , Actinobacillus pleuropneumoniae and Haemophilus parasuis

SUN Xue-fei'?, NI Yan-xiu>, MAO Ai-hua’, HE Kong-wang'”
(1. College of Animal Science and Technology, Anhui Agricultural University, Hefet 230000, China; 2. Institute of Veterinary Medicine, Jiangsu Academy
of Agricultural Sciences, Nanjing 210014, China)

Abstract:  To achieve the purpose of simultaneously detecting three kinds of pathogenic bacteria in porcine
respiratory diseases, Streptococcus suis (SS) , Actinobacillus pleuropneumoniae ( APP) and Haemophilus parasuis ( HPS) ,
three pairs of specific primers were synthesized from published SS, APP and HPS gene sequences, and the multiplex PCR
method for SS,; APP, and HPS was established. The multiplex PCR method could simultaneously amplify SS, APP and
HPS in the same sample, without cross reaction. Pasteurella Multocida, Escherichia coli, A. suis, Staphylococcus aureus,
Salmonella and swine erysipelas were detected by the multiplex PCR respectively and no specific products were amplified.
The minimum detection concentrations of SS, APP and HPS were 1x10* CFU/ml, 1x10° CFU/ml and 1x10° CFU/ml, re-
spectively. The sensitivity of the multiplex PCR method to artificially infected samples of SS, APP and HPS was 10*
CFU/ml. Among 200 nasal swabs of apparently healthy pigs from Jiangsu province, the positive rates for SS, APP and HPS
were 80.0% (160/200), 1.5% (3/200) and 22.5% (45/200), respectively. The total coincidence rate between the
bacterial isolation and the multiplex PCR for 30 clinical diseased samples was 93% (28/30). This multiplex PCR is a sen-

sitive, specific and rapid method for the detection and
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identification of major bacteria in porcine respiratory disease
complex, taking only 4.5 h to get the results.
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FEHEBRTA (Streptococcus suis ,SS) | J AT 4 jift £k
FFEE (Actinobacillus pleuropneumoiae , APP) Fl Bl 4 W&
MLFF T ( Haemophilus parasuis , HPS) J&: 5 W IH 5 UL
0 8 20 5L, L5 R A I IR AR ME X J3 | 22 i JRR
WAL I AT 27 512 W e IR | A7 A 22 vy —
FhvEREIZ WAL X 3 FRANR 2 8 PCR 7.

T TR TR R 1) — Tl DL A H v R B
2 B R A A — Fh B N A e . A
PeRE s BRI 5 Al P BURZ B ANMCLAE kB 5 5
TRAF, JUH INGA 2 R EIIRIET, o Mol AHERE
B I 27 A R AR T CILAE i S M BE T
SEA RO ARk, 7E P E S RE Rk A 5 &
PRI I R B AR TS BUR R L 2 ALy
E RO O & I ™ R BRZ —

8l JB s 4 T % T T = A % 1 M B M %
(Porcine contagious pleuropneumonia, PCP ) %5 i,
LV PCP R U Hh Il M IR BE A fiti 58 R0 21 4k 2 P g
BR58 , LA e R AIGET R, 181 PCP £33
AR 1 S U B AR AR A 30T 4 BT
BR] O 1990 AR I AE IR SR e T E
FPAE, PCP 25| B A% W G 2 i 25 6 iE 119 32 22 5
Bz —, 4 E I i R skt R
APP WP I RIS MERE K ELISA J5 ik RAMA 25 &
RIS — i W KA A1,
I APP Ak HOZZm a2 Wr s, R i Jf:
SEE] APP A RIS,

RISE G AT TR ] LAS | LT 4 RV L BRI ER |
KT RAMRIE AR | & —Fh 5% B T |, 70 RAE A e S
() b RPIGE AT LAZE 43 25 30, R T IREE N A R R
VRPN IS AR SRR Ry 5 B
(Glasser’s disease) . JETHAERIG I R P06 5500 25
P 1 Be R e 4k & o 1T 5 R 7 1144
KRIBBET- (s Bl # 2 ™  % JE T 4% BT
T P TR I D 22— AP0 S A 80 NI B B
DR R R T e AR iz o> R4k, B
rhE ISR SR 29 AR S Y e R I A R
TR SRR A7 b LS AN 22 e, A AR
HE RS TN AT R

ABIFTE LIS BE 5K T 45 2R I U B ) (gdh) |
i S i 9 CRAT TR FE 2R 4 JE B (Apa 1V) FVEIHE W Il
FFB 16S rRNA 2 PR g S PR, st 57 [] A A6 00 4% 55
T RE BEERTE N R 58 AT T | A W Il A R
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1.1 EFEiKH

TSB 5753504 1 OXOID 2\ ], THB % 3% 204 [
BD 23], AR R S A% TR (NAD) W B R 5t 2R
MAYE AR R T B S A GIBCO A F,
DNA % B 7] & B AXYGEN 24 A, 2 x Tag
PCR Master Mix 4 H AR B W BHE A R A, DL
2000 marker 11 [ B st MERE A IRHE A PR A H]
1.2 E#

FEEEERTA | 16 T il 22 5 4 FF 11 L 0 I I A
T 8 2 R IR I S8 KT ST F T T S
HIEGERTE FEPHEEFT I U T TR VLI L0l R
e RS T AL R B A Y EARAE
1.3 S|¥HiEItEE&K

SS 592 BSCHR[ 26 | iR Ay ik Tt L AR
KN SS 1 S B gdh ; APP 5142 BEOCHR[ 27 T4
W, RS APP fORR S HE R Apy 1V
HPS 512 BESCHR] 28 1R i Jy i i, LA AL A
J HPS BYHE LK 16S rRNA, 511 b e
FERAE YA IR m) G, HAR G E B LR 1, 51
A ddH, 0 Fi B AL 10 nmol/ml, —20 CARFF#H .

*1 ZEPCRIIY
Table 1 Primer pairs for the multiplex PCR

HH
a4k IS5 3") S L(Z‘)}fj“‘
SSF CCATGGACAGATAAAGATGG gdh 688
SSR GCAGCGTATTCTGTCAAACG
HPSF GTGATGAGGAAGGGTGGTGT  16S rRNA 821
HPSR GGCTTCGTCACCCTCTGT

APPF TTATCCGAACTTTGGTTTAGCC
APPR CATATTTGATAAAACCATCCGTC

Apx IV 417

1.4 AEEFEZ DNA RE

141 ARG Pamd A H 4 DNA 6932 |t
SIS R B EE SR 1 ml A 1.5 ml EP
B, 12 000 r/min B0 5 min, 2% 3, FH 100 pl
ddH,0 H& EP KA TIIE, 100 CEW 5 min, /5
12 000 r/min B> 5 min, B [ 151 N £ PCR [
B, —20 CHETFA

1.4.2 AZ8Hsm P mE A K DNA 694250 L2 ¢
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LR Ml 20 28, N A 1 ml PBS BIF 5 il 75 T
2 000 r/min Z5.0> 5 min, § 500.0 pl W T 1.5
ml Z.0EH, 12 000 r/min &0 5 min, 37 LI, IIA
100. 0 wl 4i B8 24 f# 7% (0. 000 5% Tween20,0.5 g/L
Proteinase K #1 0. 1 mol/L Tris, pH8.5) H & ,57 C
S 1.0 h;100 °C/K¥ 10 min, F512 000 r/min &5.0»
5 min, U LVEVEN PCR R NI
1.5 PCR ¥ i#ERHEEHHMRL
1.5.1 SS.APP HPS #— PCR #3 RIAZ . 2x
Taq PCR Master Mix 12. 5 wl,#4li/K 8.0 wl, [ T
1471 (10 nmol/ml) %% 1.0 pl, #A DNA 2.5 pl, 2
MEZH.95 C A 5 min; 94 °C A8 HE 30 s,45~65
CiB Kk 30 5,72 CHEAH 1 min, 3t 35 MEHF |72 CL
FEAH 7 min, H 10.0 wl PCR #8474 F 20 o/L B
REWHEERS T EA T FRLDK , SRS 7 58 AR 4SO MR AR
P PCR 1 7 W) 451 10 5 B e i e (R IR EE
1.5.2 SS.APP HPS % ¥ PCR # 3% ¥ SS APP,
HPS 547 15 RO B A2 A 7R AR KGR
JE T EFT PCR AR ¥ e vk 45 SR 0 E SRR 5 1 0 4L &
JHF £ PCR P15,
1.5.3 PCR =89 %2 KM DNA B [R5
EAALY I R B I Aifb Y RE E E E T 2RI
PEATSEE B S 52 Ay BE I 1 JBkr 6 A Vg 0 e 3
YA RA R BTSN E . Bl 7515 GenBank
LS ) P B A T [ U5 BT, A 40 1) D v PR
& PCR F=¥ 0 IE R
1.6 %= PCR HRMERE

FEOT 2 141 3R BUE Z2 3 1 IRFF I 5 K
FFEE JERAT o R BRI 6 ST AT
TR A BE K 2H DNA #2608 1Y 2 85 PCR S 25 i
AT 3G DARE 207 306 Fo A 5 | R A s 1) 35 22
JE A ) R S
1.7 % E PCR WIS
1.7.1 @ sh3gndh g ml s B E XSS,
APP HPS Wil o0 AT AR AU | o 4
A2 2 1x10° CFU/ml, 10 1580 R B 2 1x
10> CFU/ml, $EBUHLFE N H 172 5 PCR §7314
10. 0 pl PCR 9" 34 =¥ #e 47 ML UK, LA E 2 8 PCR
XoT 240 TR 3% 57 40 P A I R
1.7.2  STAZA AR EE X SS APP HPS
(R 235 T2 0 N BEA T AT B0 4 40 B 1) k2 R
A 1x10" CFU/ml, F 10 (5 ERBEZR 1x10°

CFU/ml, FHEESIESWE 0. 5 ml B B4 19 B 0E A
2 g ARJEYL SS APP  HPS ik i A 34 il 20 48, i 5 vk
1.4.2 $2 OB il 2H 20rb A b 2 R 4 DNA | i i 2 3
PCR §"#, B 10.0 wl PCR ¥ 34 7= 4047 HL 3K ,
FEZH PCR G ZURE b i Rl U
1.8 SS.APP_HPS % E PCR #:ill 77 % Bl R Kz F
181 3 FZPCREL5@HE S HEAMNLERIL
5 3010 BEALR YL SS APP  HPS Ay & % 1% i 2H 41
K A VLI AN R b X5 3, W3 26955 A6k ] B 14 3
MG 3 B A DU AT PCR R, 1550 Ay i A il
SR BIFF A R, AT 6 5 = (LA BH P 25+ 3 W] B
B0 / kit i x100%
1.8.2 AL EME HRKTFeotem BREER 200
1y LA B A S A8 43 A & 5% AR 1M i
0.01% 1) NAD ) TSB 552 H 37 CHE LR, HL
W 1 ml T EP & 4% M7 E 1,401 S U0 R
DNA HI T ZH PCR £l
2 AR5
2.1 SS.APP_HPS ¥ — PCR ¥ i

43 LA SS.APP  HPS A5 K 20 DNA M Hi
FEANFLRR R E T EfT 8 — PCR P14, SEHL K
i 45 2R R - 7R IR KRl 58 °C ), SS|APP |
HPS GE4 14 AR 43+ 5 KN B I B (430 R
688 bp 417 bp 822 bp) , WL HAL AR S 447, HL
PCR =¥ 5%, BH#H e =5 PCR /¥ H:95 C
A 5 min;94 C A8 30 5,58 CiB 2k 30 5,72 C
FEAH 1 min, 3t 35 MEFF, 72 CALEH 7 min,
2.2 SS.APP _HPS £ E PCR ¥ IR ESIMAE
HE

4 SS.APP HPS Wy 5| ¥ ARk 4l &
JE AT PCR 73, PCR 473 7= 1) B 358 1 H K 4G
GRS 1) R KIE 15 BN 3 A4 e o W
5%, HOBCAH HER SR 5l O B s | ik 1L &
BAEAA, BITE 25.0 pl PCR UMK & h 451 91
BH.SS E RIS 1.6 pl,APP s W&
0.5 ul,HPS ERIFT 144 0.6 wl,SS,APP Fl HPS
1 RS 1 BE B o 10 nmol/ml,
2.3 PCR F=HIHEE

K FH DNA S8R SO S aliAb 34 b B, f 4l
FRRGY S8 )54 T 3R IF AT S8 1 40 S P
PERY R AT S0 5E 85 BTl 7 31 5 GenBank
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8 9 10 11 12 13 14 15

M DL 2000 marker; 1 ~15 {8 £ PCR ¥ B 51 YA R FI = FC 1 ( SS:APP tHPS) ZH 4, 1:0. 8 wl:0.5 wl:0.2;2:1.0 pl:0.5 pl:0.2;3:1.2 ul:
0.5 wl:0.2 wl;4:1.4 ul:0.5 wl:0.2 wl;5:1.6 wl:0.2 wl:0.2 wl;6:0.8 wl:0.5 wl:0.4 wl;7:1.0 wl:0.5 wl:0.4 pl;8:1.2 wl:0.5 pl:0.4 pl;
9:1.4 wl:0.5 wl:0.4 wl;10:1.6 wl:0.5 wl:0.4 wl;11:0.8 wl:0.5 wl:0.6 wl;12:1.0 pl:0.5 pl:0.6 pl;13:1.2 wl:0.5 wl:0.6;14 pl: 1.4 pl:

0.5 wl:0.6;15 pl:1.6 pl:0.5 wl:0.6 pl,
E1 ZEPCREHKULER

Fig.1 Amplification of three bacteria by multiplex PCR with different propotions of primer concontrations

FSCSR I S AT AR M L X, 5 2 B PCR 47
R BEYS A AR R () B R B
2.4 % EPCRMERME

FHEEST 71 SS  APP HPS = PCR J5 Bl
SS APP HPS [YHEH 41 DNA , Y55 A K/l 45 57
PCR 4%t , % 5 | e 5 s 1) £ BEA0 1 (B 2 5k
ELIRAT BRI R T T AT o S A A Bk
FFEATE AV TTICH ) 4L DNA #5435 JC AT fa]
P¥ary (K 2) , Uk BA I N7 %) SS . APP (HPS £ H
PCR HA7 RAF 4 54k
2.5 ZE PCR EXTHE 4G5S F7 9 A SR

X} SS APP HPS [ 4li$ 324 53 Sl iE 471 -t 41
S5 KA e B PR 28 1x10° CFU/ml, 10 f5 R0 R B
RSN 4 T2 8 PCR §748 (&1 3) , tilF 3 7l
H1,i% =3 PCR BX] SS APP HPS 4lif 3= Wi fisk:
435K 1x10* CFU/ml 1x10° CFU/ml .1x10° CFU/ml,
2.6 %E PCR EXTHLAR MK

XF N TSR YL b S EAT RGN, 25 51 (1| 4) &
B, TS Y 22 35 PCR J7 sk ] LA FH 348 T 1 L%
For i 20 2R i, BRI G AR 29 3.0 h, XSS,
APP HPS JBYLHE S (W UMY N 1x10* CFU/ml,
2.7 SS.APP HPS % E PCR 77 kMl R

XiF SR AR 30 173 BE AL 151 ) Aot 128471 A 40 1 0
25 PCR R A5 2 37 1) 2 5 PCR il 25
TR AIEE S B R ) 3 Bk HPS 3 #k APP 10
Pk SS, 2 PCR Kzl £ 4 ¥k HPS 3 #% APP (11 #%

2 000 bp
1500 bp

1000 bp
750 bp
500 bp
250 bp
100 bp

822 bp
688 hp

417 bp

M: DL 2000 marker; 1: 5 } 5 Jilf 9 JlC e AF 8 ( APP) 5 2 36 BE BR 1A
(SS) ;3: RISENE AT T (HPS) ;4. 5% Z A ME UL AT 35 5. 58 RIA A
M 56 SE AT 7 SE AT BRI ;8 S PTREAT T 9 ST TR TA

2 ZBEPCRZENERME

Fig.2 Specificity of the multiplex PCR

SS. 2 RN T AT A 3R 93% . WIS TR
T B IR R BB R 41 DNA #1728 PCR K
M7 T AT0 ,, £ PCR BRI LN 4.5
h, KRG 1 ARG s 1]

XF 200 3 1 PR Ag RS 09 S8 7 BT WA 8 5%
FERGEF 4] DNA, I Z & PCR A XT3 F 4] DNA
TR, AG I 2% B F B SS APP HPS PS> 5
160 173 3 4 F1 45 {3 (42 & 8 IR GL Fn = H gy ),
AR 43 518 80. 0% 1. 5% F 22. 5% ; [l I & 4 2
PR I A S AT 12 43, o5 S 6% ; [R] Bp ik e 3
PR BRI RE S AT 3 0%, i BRI 1. 5%

3 3

SS APP \HPS 5l RAE IR AR, 1
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1 23 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 M

1~8:SS B AR R 1x10° CFU/ml, 1x10% CFU/ml  1x107 CFU/ml ,1x10° CFU/ml,1x10° CFU/ml 1x10* CFU/ml ,1x10° CFU/ml ,1x10?
CFU/ml;9~ 16 HPS T BEAK YR 1x10° CFU/ml, 1x10% CFU/ml, 1x 107 CFU/ml, 1x10° CFU/ml, 1x 10> CFU/ml,1x10* CFU/ml,1x10?
CFU/ml 1%10? CFU/ml;17 ~24 : APP BRI M 1x10° CFU/ml  1x10% CFU/ml 1x107 CFU/ml . 1x10° CFU/ml 1x10% CFU/ml 1x10*
CFU/ml 1x10° CFU/ml . 1x10* CFU/ml, M: DL 2000 marker,
B3 %EPCRIEMSBMEREER
Fig.3 The sensitivity test of the multiple PCR assay to the bacterial culture

2000 bp

1 000 bp
750 bp

500 bp

250 bp

100 bp

1~6: N TR 4 2R 5 1Y APP TR EEAR KN 1x107 CFU/ml 1% 10° CFU/ml.1x10° CFU/ml 1% 10* CFU/ml.1x10* CFU/ml ., 1x10?
CFU/ml;7~ 12 A TSRS 20 40RE 5 (1 HPS T WMk FE AR YA 1% 107 CFU/ml, 1x 10° CFU/ml, 1% 10° CFU/ml . 1x10* CFU/ml. 1x 10?
CFU/ml 1x10% CFU/ml; 13~ 18 A TR LR YL i) 2H ZURE 5 SS T W Mk BE K A 1x 107 CFU/ml, 1% 10° CFU/ml ., 1% 10° CFU/ml . 1 x 10*

CFU/ml 1x10* CFU/ml ., 1x10? CFU/ml; M :DL 2000 marker,

B4 %EPCRIATRPADHEROEBME
Fig.4 The sensitivity of the multiplex PCR to the artificially infected samples

T GERIE ARAEPRALEE LS Bl it ) AT 12, FRAR
PR ] (8, {5 HRE A A0 28 T %FHE’JJI[H%%’F"
I, BAT B AR S (BN RE X 3 B SR S i
HR T ERIPUR  B5) R A BRS o R 23 8 T i

PRSI S EL M Lk 810 58 0 I o 1 A I 70 2

4 HRIRMER K, BA— PCR 7¥E, BAREE Sk
Ry B AEE LA X H 5 22 R R A B ik

W, F, G —FPE VSR | i R
AU R P R ARSIy A R
Wk PCR P38 2 F Rtk B 3 X519 Y B

FER KIRE S 58 °C ., 785 | 4 A0ER 1 3 56 11 S Atk
LGRS RS R E#ESL T £ PCR K
WT5vk . AR AR SR UM g0 25 S R B, T
(25 PCR Kzl 77 iAREAE AN SS APP (HPS Ak
HelE 73 9 A 1x10° CFU/ml, 1x10° CFU/ml 1 x 10°
CFU/ml, UtRAAS PCR J7v5 A4 4 i i Uk . AR Z
L PCR X HoAlh & UL AR I AR A TR, 45 SR 4

TeRESPEY S  IEBZO T R E A B iR R A AR
FHAMZE PCR 7" A mb e iy

IR A 4> B M Z T PCR BRI 30 1 &
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o RE M ZH 2 3 Ak X e A2 B A A ) 5% R () 4%
AL 93% , IAA L E PCR I EMEFRE S, A
ZH PCR J7iE M\ DNA $2H PCR 9" 14 2 B fig b ¢
JiE FEL UK A A A G BRANTR 4.5 h A4, X R SS,
APP HPS B2 Wi 8 41t 7 Pl | o aff i EL S8k i 7
25, [k R sh K sh Wy re= i SS . APP (HPS A AT
SER A SRE TR IR T AR S
SR Z 8 PCR Jrikxt 200 fy3k B VLA
ANTR] H DX A 3 AN ) I #8 2 URAE BRE A X e i
TR, 25 5 1R . SS AEME W h B gL R i i, ik %)
80.0%, APP 5 HPS [ J& J & 73 5l A 1. 5% F
22.5%., BLAN, AN N TAS LR G (4 5 It dE A7 T
RGEI , ASKG 3 6F 3 s B 4 SRR PR 235 ) 1% 107
CFU/ml, B Z 8 PCR 7 ] B3R I Al 20 21
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