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Establishment and application of a multiplex PCR assay for
simultaneously detecting three pathogens inducing abortions in
dairy cows
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Abstract: [Background] Brucella, infectious bovine rhinotracheitis virus (IBRV), and
Neospora caninum are major pathogens that cause abortions in dairy cows. Current serological
methods for detecting the above pathogens are characterized by low specificity and complex
operation, while PCR and RT-PCR methods are only capable of detecting single pathogens.
Multiplex PCR enabling the detection of multiple pathogens at the same time greatly increases
the detection efficiency. [Objective] To establish a multiplex PCR assay for rapidly detecting
Brucella, IBRV, and N. caninum in clinical samples. [Methods] Specific primers were designed
for Brucella omp25, IBRV gB, and N. caninum SRS2, and the annealing temperature, primer
concentration, extension time, and number of cycles of the multiplex PCR assay were
optimized. The specificity of the multiplex PCR assay was examined with the standard nucleic
acids of Salmonella, Escherichia coli, Cryptosporidium, Toxoplasma gondii, and circovirus. The
sensitivity of the multiplex PCR assay was tested with the recombinant plasmids carrying the
target genes. Finally, the established assay was employed to test 55 vaginal swabs from cows
suffering from abortions. [Results] The optimal conditions of the multiplex PCR assay were
annealing temperature of 59 °C, the extension time of 40 s, 30 cycles, and the primer
concentration of 1 umol/L. The lower limit of detection was 4x10! copies for omp25 and SR2
and 4x10? copies for gB. The established assay showed no cross-reactivity with other pathogens.
Nine out of 55 samples were detected positive for Brucella, 3 positive for IBRV, and 7 positive for
N. caninum. Particularly, one sample was subjected to mixed infection by Brucella and N. caninum.
[Conclusion] A multiplex PCR assay for three pathogens was successfully constructed,
enabling rapid and accurate detection of clinical samples.

Keywords: dairy cow; abortion; multiplex PCR; Brucella; infectious bovine rhinotracheitis
virus; Neospora caninum

Wh AR 3 7 S BRS04 F2 FE M e e 1) B B IR & 42 7% (infectious bovine rhinotracheitis virus,
R, AGERG LIS Bl 5 R4 haksErs,  IBRV)Z5 RT3 Fesy W R,
Xt A RN, A [CIE (Brucella) | MERE ARG B FL . MR
KBiftlF H(Neospora caninum) . (& 4L SFh¥y, 51 AEEM NG ILBE Y, IS
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[ AR (brucellosis), I FRATHG . 2% 8 T =28
SRS, R E R FH AR RS, SlEE
AN G R TR IRACR T A,
NBFERIALH, KR, SHREP. B
7615 L (neosporosis) A& Hi KB 1 7 B L 5
B Z0E F Ao, FEE EaEs. FL D
S, AlgLEZAFE T FEG . BiAE R LM A R
GEpei s, SRt FELAR T R R R, 4
fgirj%’@;%/—:\%%(infectious bovine rhinotracheitis)
SORRCLL g™, 2 o A A ek S U S 7k
Qeg M —Fh e | SRR AL g, TR
BIEFER . BIER . W, SERET,
LR 20 51— 2R B0 o

BEA 7> TR A BRI PR & g, PCR B}
RT-PCR )2 FIF A9 S pg A ts-101 R 3
A ITEZ R IR IR AR . [, AR
FEEE T —MHETR TR . RETEEN 2 E
PCR J5k, X bk 3 Fhi s g4t 12 Wy
IR B

1S

1.1

ME R, RPAT R AL Qe R
R E . WK H (Saimonella) . K i 1 B
(Escherichia coli), & Hi(Cryptosporidium) .
5 J& di (Toxoplasma gondii) & I8 ¥£ 45 7 s 1 A%

£1 %EPCR3Y

R, VAL R B ) B2 o e S 56 38 DR AT
55 i A BIE R AR, T EBR BIR X
R R 52583
1.2 FZEHFIFNEE

DNA 2P0 & . DNA 4lifbili & & i
RN &, Jbat Tiangen ZEALRHE A
PrimeSTAR DNA Polymerase., pMD-19T Vector
DHS5a 7 S 41 il DNA marker, TaKaRa 2%
s REHER, ERREEREARA A
Quick Taq HS DyeMix, AR¥EZ( )4 Yk
AMRAF . R, JEsR—EYRHEA
BRA T IRy BB R R SE, R4
rBE AT BREEEONL, OARTER
(NI
1.3 SRRt 5&K

M ¥E GenBank |- Brucella omp25 & [H
(GenBank 3¢5 . X79284.1), IBRV gB %[
(GenBank % 3% 5 . KJ652520.1) . Neospora
caninum SRS2 3K (GenBank & 575 : JQ410454.1)
MRS, RN B, A Primer 5 #fFik
i 3 AR MESIYICR Do 51 0L EREY)
AT R 75 8
1.4 EFHFRAHEE

I8 DNA 4RI G U W A5 32 s g 2
TRAFAIATE IR . R T A AL et 5 A
RIFEEIIEIR, FIH 3 45195051914 B 3L K

Table 1  Primers for multiplex PCR

993 L 44 PR Sk K] k7 EA S 751 PR BRRKE
Pathogen and gene Primer name Sequence (5'—3") Fragment length (bp)
Brucella Omp25-F ACCCTCGATATGTCACCCCT 744

omp25 gene Omp25-R GAACTTGTAGCCGATGCCGA

Neospora caninum SRS2-F GCGTCGTTTTAGCAGTTGGG 953

SRS2 gene SRS2-R CTTGTCCTTCGCGTTTTGGG

IBRV gB-F GTACGCGGCCATTACAAACC 502

gB gene gB-R CAAAAAGTTCCGCGAGACCG
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B, PCR B & (50 uL): PrimeSTAR DNA
Polymerase 25 pL, I, TU#5[41(10 pmol/L)#%
1 uL, FEK4H DNA 2 puL, JofifsK 21 uL, PCR
Je i 451 98 °C 5 min; 98°C 10s, 55°C 155,
72 °C 1 min, 30 MEX K B> 91 5 pMD-19T
Vector 5744 & DHSa B2 540010, &0
BEG e PCR %€ 5, $RIBUSTR S T Sal TRR I
P P DD RS T 6 I o S IE R 1Y 3 AR A
JERL43 Sl 44 4 pMD-19T-omp25 . pMD-19T-SRS2
1 pMD-19T-gB, 2K 43 o6 BT & F 1153 %
HZH ORI RS (ng/pl),  FRAREAH X271t
B3 RPBORLI MR BE (K 2), —20 °CIRAE
1.5 BE PCR R FHHMHL

PCR [ W& % (20 puL): Taq Mix fif 10 pL,
Bk (M BE S 2%10'° copies) 2 uL, b T
5194 1 uL, LHE/K 6 pL, Omp25-F/Omp25-R
SRS2-F/SRS2-R HI gB-F/gB-R 5| ¥k Bk Hy
1.0, 0.8, 0.6, 0.4, 0.2 1 0.1 umol/L, iB ki
FEMRIEE M 51, 53, 55, 57. 59 F1 61 °C,
1.6 %= PCR RRFHHMHL

PCR W& Z (20 uL): Tag Mix fiff 10 pL,
JORIAS M (3 ORI IR FE 4 A 2x10° copies) 2 uL,
NS4S 1 pl, JEEEK 6 uL, #E [ — PCR
AR Z A [ B i A Omp25-F/Omp25-R |
SRS2-F/SRS2-R . gB-F/gB-R # 3 F ki, 514
WeBEr 9K 2.0, 1.0, 0.8, 0.5, 0.4, 0.2,
0.1 pmol/L, B AR Sr5I¥ R 53, 55, 57, 59,
61 °C, JLAimt[E] 435K 55, 45, 40, 35,

x2 BRHEGER

Table 2 Plasmid information

TEIR U B A 35, 30, 25, 20Kk, itk
# PCR W 2514
1.7 %E PCR RRAIHFFMHIIIE

K FAEAL IR (£ B PCR SN 1A 2 T 4404000
BIXF KA . WITRE ., 54, Rl
FE P19 B 19 R HEAZ IR IEAT 9 1, BIE 2 &
PCR W fA s 5 o
1.8 HEMZE PCR AR IEIEIE

— P EEZH ORI BR 4%10'°-4%10° copies/uL
WA TR ERR RS, LA 4x10°-4x10° copies/uL &
JEE RN, 43 I FH SR B A2 8 PCR kA T
P, sE R TR
1.9 %E PCR RNHIEEMITIE

K ARACIG RN A5, DL 3 R iR &
WOMMEAR, A IEAT 3 K PCR N, KIF£LE®
PCR [ i 1.
1.10  IfmPRAFE i

{#i F DNA #2050 £ 320 55 03 = W3 4
Pl F R4 DNA, FHE 7 IZE PCR 5
TR, K B3 ik B P LR
PR A BRSBTS W

2 ERS594

2.1 FREREGH 8 A 4FE

DA IR . R+ RO etk
BRI AR ERZ IR AR EAT PCR U, &
DEMEEERC LK, 43 FE 744, 953 F1 502 bp
Ab B S 2 (B 1)

Item pMD-19T-gB pMD-19T-omp25 pMD-19T-SRS2
Target gene length (bp) 502 744 953

Plasmid length (bp) 3190 3432 3 641
Concentration (ng/pL) 232 373 247

Copies 4.7x1010 4.3%10!0 3.5x10'0
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bp M 1 2 3 4

El 1 FREZERY G40 KE M:DNA 4
T RUEARE; 1. AR E RN EE; 2: i
BIRE; 3. RFRTHR; 4. BN,

Figure 1 Electropherogram of amplification products
of standard nucleic acid. M: DNA marker; 1:

Infectious bovine rhinotracheitis virus; 2: Brucella;
3: Neospora caninum; 4: Negative control.

2.2 EHFRNFE

{1 Sal TRR il o D) B D) % 2 3 FhEE 4
FokL, FFXTEEYI i T PCR %€ 5 4 8E K
VKRR, 25BN, WY R B R
WRNFE (] 2)0

A B

2.3 LB E PCR R KM

HE PCR WiH, WESIYRKIREN
55°C, HIHIHEJ 0.8 pmol/L i, Bphy 14
H AL PR T A 20 i 0y 5 i 450 (1K 3),
24 fCHIZE PCR R KM

Z 7 PCR W, wE5IYHR JIEE R
59 °C, &5 1.0 umol/L, ZEAHH]E] Ky
40 s, PEFRRECH 30 BT, §HGHY 3 S H RS
DR S5ty B T3 BT EL 9 35200 = (B 4)
2.5 %EPCRRNHEHRM

PR REN, AEKE . RPT .
A Al Yk B S R B AR AL IR A S X AT Y
RS AR, X BEAE S TJC AR (] 5).
2.6 HEMZE PCR XMNABUEM

fRUR 45 2 R, B PCR X omp25 &[] |
RS2 LI gB FER AR T BR A 4x10" copies/uL;
Z  PCR X} omp25 K& KA1 SRS2 HE A iy el T~
FR A1 4x10" copies/uL, X gB &K A4 T R Ay
4x10? copies/uL (& 6).

bp M 1 2 3 4 bp M1 2 3 4 5 6 7 8 9 10 11 12

QN SO0 NNNE Ry
250

2 EEBRRIEYIREKE A BEUISOR A KE RS (M DNA 7> 7R bR iE; 1. pMD-19T-gB
JEHL; 2: pMD-19T-omp25 fFiki; 3: pMD-19T-SRS2 ffiki; 4. BHYEXFER), B: Jfiki PCR F=4 i ik &
WE(M: DNA o FiisEbniE; 1. 5. 9: FAPEXTIE; 2-4: pMD-19T-gB Jiiki, 6-8: pMD-19T-omp25
ki, 10-12: pMD-19T-SRS2 JFi#r),

Figure 2 Electropherogram of recombinant plasmid products. A: Electropherogram of enzyme digested
plasmids (M: DNA marker; 1: pMD-19T-gB; 2: pMD-19T-omp25; 3: pMD-19T-SRS2; 4: Negative control).

B: Electropherogram of plasmid PCR products (M: DNA marker; 1, 5, 9: Negative control; 2—4:
pMD-19T-gB; 6-8: pMD-19T-omp25; 10-12: pMD-19T-SRS2).
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b bp M 1 2 3 4 5 6 7 bp M 1 2 3 4 5 6 7 bp M 1 2 3 4 5 6 7
700 700"\ 1000

100 100 780
a C

3 N A314gB (a).Omp25 (b)F1 SRS2 (c)ﬁﬂtﬂ:iEﬂ;Er?Z(A)%u Sk *(B)%#Tﬁzjﬁ’ﬁi PCR
YigFmkEE  M: DNA - FRimbnii; 1. BIPEXTRR; A: 2-7. BJGREES0EE N 51,
55, 57, 59, 61°C; B: 2-7: 3IWHE /51 %jjlo 0.8, 0.6. 0.4, 0.2, 0.1 umol/L.

Figure 3 Electropherogram of single-fold PCR amplification products established by applying primers gB
(a), Omp25 (b) and SRS2 (c¢) under optimized annealing temperature (A) and primer concentration (B)
conditions. M: DNA marker; 1: Negative control; A: 2—7: The temperature in sequence as 51, 53, 55, 57, 59,
61 °C; B: 2—7: The concentration in sequence as 1.0, 0.8, 0.6, 0.4, 0.2, 0.1 pmol/L.

A M 1 2 3 6 Bbp M123456 78

& 4 NARASIMERKEIEEA). %l%&r‘ (B)\ IERBETE(C) MBI R E(D) R T EMHIZE PCR
?ﬁi%.ﬂ;ﬁ%fapkl M: DNA 7 FlbrmE. A: 1-5: BAIRERE N 53, 55, 57, 59 fil61 °C; 6: [AME

XTHE . BAPEXTER; 2-8. FIHIH T fr:ﬁzo 1.0, 0.8, 0.5, 04, 02#10.1 pmol/L. C: 1-4. ZEffiif
[i] %7%155 45, 40 F1355s; 5: BAMEXTER. D: 1-4: FEIRREGEE N 35, 30, 25 FI20 ks 5: BAEXTRE,

Figure 4 Electropherogram of multiplex PCR amplification products established by applying mixed primers
under optimized conditions of annealing temperature (A), primer concentration (B), extension time (C) and
number of cycles (D). M: DNA marker; A: 1-5: The temperature in sequence as 53, 55, 57, 59, 61 °C; 6:
Negative control. B: 1: Negative control; 2—8: The concentration in sequence as 2.0, 1.0, 0.8, 0.5, 0.4, 0.2,
0.1 pmol/L. C: 1-4: The extended time as 55, 45, 40, 35 s; 5: Negative control. D: 1-4: The number of cycles
as 35, 30, 25, 20; 5: Negative control.
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bp M 1 2 3 4 5 6

2 000

1 000
750

500

250
100

5 FHRMRANEA PCR™=YIEXE  M:DNA
S UEARE; 1 MERE . K rd, 4%
bl B PSRRI IR £ R b 5 2-6: I
M. WITIRE . IR a7 BRI 8
PrRUERLTR

Figure 5 Electropherogram of PCR products for
specificity tests. M: DNA marker; 1: Mixed
standard nucleic acid samples of Brucella, Neospora
caninum, and infectious bovine rhinotracheitis virus;
2-6: Escherichia coli, Salmonella, Toxoplasma,

Cryptosporidium and Circovirus standard nucleic
acid samples.

A bp

27 ZEPCRENBIESEM

HEEMLSERER, UMEGRE. KT
L AR YR BB SN BE TR G AZ TR i
BARIES T 3 IRE R PCR §38, 347X} 1 K/
H IR S 2 (B 7).
2.8 lImAHE N

KA A ZE PCR FEXF 55 393
A= 4 BB AR 2B T PCR AN A2 L ik (& 8)
ZiREN, 9 MR ERE, 7 kR
T, 3 KA AR ERRE RN, A
1 3 [ B A H A1 6 PG TR AROBT A8 L6 3).
3 5 E®

WEREAIE LR R B b AT 51 i it ST
PCR il J7 v () 4 . omp25 HE[R -2 A1 & FC Y

PRSI, S5 AN R R ) SRR T R RN
B A& R TR (U PCR. 2956 PCR 25)/Y

M 1 2 3 4 5 6 B pp M 1 2 3 4 5 6
1000
700 1000

6 X pMD-19T-gB F%i(A). pMD-19T-omp25 Fi%i(B). pMD-19T-SRS2 %I (C)FIJE & FRAL(D)EL

BRI B9 PCR A4 Ha Sk Bl
4x10%, 4x10', 4x10° copies.

M: DNA ZrFiimbrife; 1-6: ORI N 4x10°, 4x10*, 4x10%,

Figure 6 Electropherogram of PCR products from sensitivity tests on pMD-19T-gB (A), pMD-19T-omp25
(B), pMD-19T-SRS2 (C) and mixed plasmids (D). M: DNA marker; 1-6: The plasmid concentration as 4x10°,

4x10% 4x10%, 4x102, 4x10", 4x10° copies.
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PR 2 12 oB R (1R A L Y B 4
TR R 19, OB LN LA I AR
Ve, IR IBRV Kl 5 v i 1 v S 6
31 SRS2 K (1) ZAFLE T R BT th i e o
TR THE, P, SRS2 HEDH 3 T 2k
S R A DR, AR BT R
Brucella omp25 & [A | IBRV gB #£[X . Neospora
';*Egg@:ffﬁfigﬁgﬁﬁig caninum SRS2 3 K {F 5 3 H#0 H #9751
oA TR 15, it I RITEEFS, URE R4
vk, ¥ BT 500 bp, JfHL 3 Rl E:

ks 40 BAPEXS B
Figure 7 Electropherogram of PCR products from K/NFESAE 200 bp L E, 55 TSR

reproducibility tests for Brucella, Neospora caninum, AHFFE % ) Quick Tag HS DyeMix i 56

and infectious bovine rhinotracheitis virus. M: DNA
PN 2+
marker; 1-3: Replicates of standard nucleic acids; 4: T ANTP  BRA WA Mg™ WRELIEAT T AEAL TEfR

Negative control. EY PR FAERRPE TR T, B8 SRR

bp M 12345678 9101112131415161718192021222324

El 8 IGKHMAIZE PCR T IG~MEIKEE  M: DNA S FbniE; 1: A& RE . Rpfl il
A AB Yk B S R TR AR MERL IR 5 2-56: FHIEIK AR 57 BAPEXTRE,

Figure 8 Electropherogram of multiplex PCR products from clinical samples. M: DNA marker; 1: Standard
nucleic acids for Brucella, Neospora caninum, and infectious bovine rhinotracheitis virus; 2-56: Vaginal
swab samples; 57: Negative control.
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* 3 ImAEFRPHFRES S RGURBRME /R
2580

Table 3 Pathogen detection rate in clinical samples
(number of antigen positives/total samples)

Gl A%
Pathogen Positivity rate (%)
FiTRENEN:) 16.40 (9/55)
Brucella

KB+ 12.73 (7/55)
Neospora caninum

A A Je M B SR S B 5.45 (3/55)
Infectious bovine rhinotracheitis

virus

& A+ ROBT 0 1.80 (1/55)

Brucella+Neospora caninum

FE PCR JOI A, SiE A Ast (i) R 25 1 B500E 4G 00 554
WA EE, AR RN 2 A KT
T, BN RN B 455 % 1 he 7E
X PCR 7= Wi A 758 e W Uk B 2 B, 1% B Hi i v
J5 R K B2 B4R X 40 R B A A ) B
G, K BRI vk B 4 = B 2%, i AKX 43
AN B I 1) A5 31 B 0 0

FEARAE T T = N A A R T RS
AT A B AR S EAT PCR R, A6 IR
S SAYEZRN 9.2% R A SEU TN 7 & [ B
TR IX 9 ANWHLEFEFE S W 2 A T A T T A
K, SEEIPHPESR 24.11%, Ak 30.77%.
1o A S0 R A PCR A 7 vE: % 79 434
A PR SR AT RGN, 45 R R IBRV PHMER
H 12.66% o AHFERIWIA= 74 iR B T T 0
BN E AR, I ENA R K E
K FBEALIRE , X AT RE R A A 8 TR SR
AL - HoAG: H 3R 7 e T A O ) R AL
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