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#  E: [# 7] 4R sk Jm 455 4E(bovine respiratory disease complex, BRDC)A W & & Fa IR 3% 4
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ik . 314 BRDC #95% & & .45 45 1 % A& K %4 (infectious bovine rhinotracheitis virus,

IBRV). 2 # 7 M 875 % 7 (bovine viral diarrhea virus, BVDV). #»F ¥R i& & 4K 5% 2 (bovine
respiratory syncytial virus, BRSV). 4 3|72 4 3 & (bovine parainfluenza virus type 3, BPIV-3)
F, kB RRER. Bot. BEAmF. [0 6] &0 T K E BRDC 89 AATIRBRAT HE, £
HAGIEZme e, [F%]1 B 2021 59 A 2] 2022 4 7 A A, & R4 R A Bt R ML (reverse
transcription-polymerase chain reaction, RT-PCR)4Z Rtk A #dk. #d. #. Fé&H. T &, T B
Fo I S H 21 AR 69 179 K EA v HREEE R F 49 196 AR (167 W FRF . 13 WA R4 4R

| W &30% . SHAERT. | ki se 9 i foif)i#t 47 BRSV. IBRV. BPIV-3 #= BVDV X 4 # J%
Fey#m. [4 X 1BRSV. IBRV. BPIV-3. BVDV &4 A [a P4tk 55 4 7.14% (95% CI: 3.96,
11.69). 0.51% (95% CI: 0.01, 2.81). 4.08% (95% CI: 1.78, 7.88)#= 6.63% (95% CI: 3.58, 11.07);
179 k44 m)3Z 4 #F 9% 269 FE AR b F 55 A 7.82% (14/179) (95% CI: 4.34, 12.77). 0.56% (1/179)
(95% CI: 0.01, 3.07). 4.47% (8/179) (95% CI: 1.95, 8.62)4= 7.26% (13/179) (95% CI: 3.92, 12.10).
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Detection, isolation, and identification of the main viruses
causing bovine respiratory disease complex
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Abstract: [Background] Bovine respiratory disease complex (BRDC) is a multi-causal and
polysymptomatic disease caused by the joint action of pathogens and environments, which brings serious
economic losses to the beef cattle industry. The viral pathogens of BRDC include bovine respiratory
syncytial virus (BRSV), infectious bovine rhinotracheitis virus (IBRV), bovine parainfluenza virus 3
(BPIV-3), and bovine viral diarrhea virus (BVDV). The pathogen spectrum of BRDC varies regarding
different places, time, and breeds. [Objective] To evaluate the epidemic status and dominant pathogens for
the prevention and control of BRDC. [Methods] We obtained and tested 196 samples (including 167 nasal
swabs, 13 lung tissue samples, 1 nasal mucus sample, 5 tracheal swabs, 1 saliva sample, and 9 serum
samples) of 179 cattle with respiratory symptoms from 21 farms in Hubei, Hunan, Anhui, Henan,
Guangdong, Guangxi, and Guizhou from September 2021 to July 2022 for BRSV, IBRV, BPIV-3, and
BVDYV by using reverse transcription-polymerase chain reaction (RT-PCR). [Results] The positive rates of
BRSV, IBRV, BPIV-3, and BVDYV in the samples were 7.14% (95% CI: 3.96, 11.69), 0.51% (95% CI: 0.01,
2.81), 4.08% (95% CI: 1.78, 7.88), and 6.63% (95% CI: 3.58, 11.07), respectively. The positive rates of the
four viruses in the cattle were 7.82% (14/179) (95% CI: 4.34, 12.77), 0.56% (1/179) (95% CI: 0.01, 3.07),
4.47% (8/179) (95% CI: 1.95, 8.62), and 7.26% (13/179) (95% CI: 3.92, 12.10), respectively. The
co-infection with BVDV and BRSV occurred in 0.56% (1/179) (95% CI: 0.01, 3.07) of the cattle. One strain
of BVDV and 6 strains of BPIV-3 were then isolated from the positive samples. RT-PCR results showed that
the BVDV strain was of type 1d and all the 6 BPIV-3 strains were of type C. [Conclusion] This study
revealed that the dominant viruses of BRDC were BRSV, BVDV, and BPIV-3 in some regions in China.
BVDV-1d and BPIV-3C were the dominant subtypes of BVDV and BPIV-3, respectively. This study
provides a basis for the development of related vaccines and further the prevention and control of BRDC.
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BEA PO ZE Pl AN BT & R, A IR I i 25t
A 1iE(bovine respiratory disease complex, BRDC)
EL A A A 7l R ) SRR K2R, R
SR H &R . BRDC 2 Hh #R 881 B
o S (AR TR\ S D A e B A ) SR [ VE T T 8. HE
o B 1 i 2 A AR AL e v BB R
(infectious bovine rhinotracheitis virus, IBRV),
295 7 M E 75 9% 7% (bovine viral diarrhea virus,
BVDV), PRI E & M4 85 (bovine respiratory
syncytial virus, BRSV)FI:FI 2 8 3 i (bovine
parainfluenza virus type 3, BPIV-3)% | i3 sty
BE LA B AR SR S DR I . s B AR
1R 5 P R PRIRE S5tk PR R , 7™ E S e A 7 P RE
1 i3 E BRDC AT IR S AL H i, A
WA 7ok AL . WIm . LB, MR )T
AT PN SR AN ] L X0 A 2H SRR AR
I FH B 5k 3R 6 Wl i S Vi (reverse  transcription-
polymerase chain reaction, RT—PCR)EEUKXUL IBRV .
BVDV. BRSV Fl BPIV-3 DUF & 474G ,
FEXF FHEERE S A TR R R 2 B S R, DU
P& L BRDC 1 By 2 $ A F 244l

1 #R5h%E

1.1 M
.11 HEARKRIR

[ 2021 4F 9 H #2022 4F 7 A WER A
b Wi . DB MR TR TP RSN AE
HIX 21 D430 179 Sk HA WEGE RE R A4 5
196 fptEdh, FE 167 (83T 13 ffifilik 4l
201 R, S RERT . 1 R
9 {3 1LY o
1.1.2 4HpE

1A' (madin-darby bovine kidney, MDBK)
YA B A 2 I SR T

1.1.3  EZERX IR

DMEM = 2x)EE 2k, & RE A T
A RTAE A AR Sy, D 2
A R E R Al s 2xTag Master Mix |
DNA/RNA Extraction Kit . HiScript® II 1st
Strand cDNA Synthesis Kit, Fg 5 MEHEAE PR
Fe ROy A R 7] 3 1.1xS4 Fidelity PCR Mix, db
AV A YIRHEAT BRA A o BN B e e H UK A
AR —EVERH AR AR 4 H IR
1, R MERE I T R A IR A ] R
1, BT H B AT BRA A
1.2 75k
1.2.1 RT-PCR &M% H

PP R DNA/RNA, DNA %57 PCR
PHEKTIN IBRV, RNA JRREFE 5K cDNA J&
#EFT PCR 74, ¥l BVDV ., BPIV-3, BRSV.,
ARFFETHAG IR 1 FiR, 519 hILER
YR A BR A R A L. PCR WK R« 2xTag
Master Mix 12.5 uL, F. FU#5[4(10 pmol/L)
& 1puL, #itg 2 pL, ddH,0 8.5 uL, PCR S )i
%M. 95°C 3 min; 95°C 15, BA(BVDV,
IBRV . BPIV-3 B KEES3500 59.5. 60.5,
57.6 °C, BRSV —H5 1 48iE KGR BE43 51K 53
56 °C) 15 s, 72 °C 1 min, 35 ME#; 72 °C 5 min.,
PCR J7WI A 1%3 B e e rEL KA, 37444 i BH
A IREARTE A RIS 1A IR AR 57 7
TR BEST S
122 HFENE

BH AR & O 2 P I H 2R T o 212K
8 000 r/min 5.0> 3 min B[ 3 ) S 5 Rl S
28 0.22 pm YA L U8, BOE &8 B R T K
B2 MDBK 4iifd, 7 37 °C. 5% CO, B3¢
Yy 2 h, FAUEW, M PBSWEBEE A
A 2% R4 13 1% 7 4 5 2 TR DMEM
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Table 1 Primers used in this study
Viruses  Target genes  Sequence (5'—3) Product size (bp)  References
BPIV-3 N F1: GAGAAAGACCCAGGAAGACAGA 704 [3]
R1: ACACCCATCGCATAACTCCAGA
F2: CATCCATAGTTCCTTATGCATG 153 Designed by our laboratory
R2: TTGGGTCGCTCTGTTTCC
F3: ACAGTATGTAACAGGACGGTCC 126
R3: GCCTCTTGTGTAATCCCCAA
IBRV TK F: CCGACCGCCTCCTACACCAGATGCT 868 Designed by our laboratory
R: GGGTGTAGGCAAGCTCACCGCAACG
BRSV N F1: CAAACTAAATGACACTTTCAACAAG 566 [4]
R1: CATTTCATTCCTTAGTACATTGTTG
F2: CGTAGTACAGGTGACAACATTG 422
R2: ACCAAAGCAGCAACACATAGCAC
BVDV  5'UTR F: TCAGCGAAGGCCGAAAAGAGG 310 [5]

R: TCCATGTGCCATGTACAGCAGAG

Aeeil, B H WSS . 428 3-5 d B
L R 80% LA AR R e, e Rk 3 Ik,
4 °C. 4 000 r/min B.0> 10 min, W FiHIH&
0.22 um JEAF L U85 B 80 °C & H .
123 PCREZE

S 1 5IYIFH, WEERE—REER
47 PCR %7 . PCR WA FR: 1.1xS4 Fidelity
PCR Mix 21 pL, . TS0 umol/L)4%
1 uL, #&#g 2 uL, PCR FW44: 98 °C 2 min;
95°C 10s, Bk (BVDV, IBRV, BPIV-3iE kif
FE5r 514 59.5. 60.5. 57.6 °C, BRSV —# il
BB ARSI h 53, 56°C) 155, 72°C 15,
35 MfEFR; 72 °C S min, PCR F=#IH 1%BigHE
BEE LRSI, [Se B 2 = A T )
1.2.4 TEBEL{L

XF 1.2.3 S5 IR e BE AT R RE A4, R
JRBRETRIEST 10 A5 R RS 264 107° 104,107,
10°, 107 3X 5 MR R K B2 MDBK
A 6 FLAL, B4 1 ANFLNBATEXT R, 7
37°C. % 5% CO AT IAEM 2 h, L
UEW, MA 2 mL HEETHERIFEE 2% 240 10
T 1% 85 2= -HE % 2 WP DMEM 15571 (2%)

PARIE S BN, R RBER S & 37 °C. &%
5% CO, iR fa i 9%, B HOWESHAE, PRI
NREBEEATY KGR
1.2.5 TCIDs W E

¥ MDBK 4 a4 4k 5 LA%EFL 200 pL 35
T 96 LA, A 2 S 7 2 e 3 57
W, AN 3 I AN ACHL ) DMEM 55 5% 0K 9
BESRRAEA T 10 £ L RV B, e f B 21 10°°,
BRI 8 ANES, AL 100 uL FEEEK
TE 5% CO,.37 °CHEFAE RN 2 h 54 100 uL
YEFRW, WCTHEEFRAETRESTR, T 3-5 d JRHkM
Reed-Muench 1 (TCIDso>50%35 7% (193 85 $x = i
TR R X+ B L 9], BE S EE 3R >50% 09 H 435K
—50%15>50% 1) H - BT 50% 1) F o E
S TH45 R
1.2.6 BPIV-3 £ K454 E

4 C F0% BE T OBE A EE LD 0.1 MOI
(multiplicity of infection, JFIRE YL K)FEFh K
T L2 ) MDBK 4, 735 T8 )5 3. 6. 9.
12, 18, 24, 30, 33, 42, 48, 60, 72 h U,
G URML 3 W, A B RS R, 4
il K 2
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2 BEREAW

2.1 BRSV. IBRV. BPIV-3. BVDV HJ[H
G &R

FIIH RT-PCR X 196 3 1lfi RS e 47 Rl
GER IR, 7.14% (95% CI:3.96, 11.69) (14/196,
14 {3 S FFEA) By I RAE S A 2] BRSV,
6.63% (95% CI: 3.58, 11.07) (13/196, 13 fjy &
A FEA) IR R AL SR 2] BVDV, 0.51%
(95% CI: 0.01, 2.81)(1/196, 1 fj&dtFHEA)
¥ % IBRV, 4.08% (95% CI: 1.78, 7.88)
(8/196, 6 f S dXFHEA Je 2 Dyt SUREAS ) K
M E] BPIV-3 (K 1-4),

16 179 k4, BRSV. IBRV. BPIV-3,
BVDV X 4 Fis a5 19 FHE A H 85510k 7.82%
(95% CI: 4.34, 12.77) (14/179) 0.56% (95% CI:
0.01, 3.07) (1/179). 4.47% (95% CI: 1.95, 8.62)
(8/179). 7.26% (95% CI: 3.92, 12.10) (13/179);

bp M 1 2 3 4 5 6 7

2000

1000
750

500

250
100

1 #57E BPIV-3 RI-PCRIHEER M.
DL2000 DNA Marker; 1-5: Ak BPIV-3 Jk
BERTINZE R s 6. BMEXTRE; 7. PRAMEXTRE

Figure 1 BPIV-3 RT-PCR amplification results of
some disease materials. M: DL2000 DNA Marker;

1-5: BPIV-3 virus test results of different disease
materials; 6: Negative control; 7: Positive control.

bp

2 000

1000
750

500

250
100

2 %%} IBRV RT-PCR #8455 M: DL2000
DNA Marker; 1: ik} IBRV 5825 5 s 2.
B X RE G 3 BHE X RE

Figure 2 IBRV RT-PCR amplification result of the
disease material. M: DL2000 DNA Marker; 1: IBRV

virus test result of the disease material; 2: Negative
control; 3: Positive control.

bp M123 4567

2 000

1 000
750
500
250

100

3 #B4%R BRSV RT-PCR ##E45R M:
DL2000 DNA Marker; 1-5: AS[AlJ4L BRSV ¥ &
K25 2R s 6. BATEXS AR 7. BHMEXS AR
Figure 3 BRSV RT-PCR amplification results of
some disease materials. M: DL2000 DNA Marker;
1-5: BRSV virus test results of different disease
materials; 6: Negative control; 7: Positive control.
v BVDV 5 BRSV 155 45 i L g e i) Le 451y
0.56% (95% CI: 0.01, 3.07) (1/179),
22 HREWNNBEELE

XF b A BHEAE S AT R 0 B, B R AN
3-5 fUIF4 PCR %€ )5 I 3K1S 1 # BVDV
(non-cytopathic)‘5 6 £k BPIV-3 (& 5 FlA 6). )%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



W SC S R S T BN R AOR . 4B e

4983

22 W T o BPIV-3 RN AR R K, J&
P20 B T () TAY 5 v U200 i 3 i - 7
BE, #5524 e 7 (B 7B); J5 4 i
RIAFRELGIE L PR (B 7C), e i 58 4
7% . & 7D A IEH MDBK 41

fdi 143 BU5 | M) (BPIV-3A L3514 : 5'-CAT
CCATAGTTCCTTATGCATG-3', R4y 5'-T
TGGGTCGCTCTGTTTCC-3'; BPIV-3C L 5|
¥. 5'-ACAGTATGTAACAGGACGGTCC-3', F
#5149 . 5-GCCTCTTGTGTAATCCCCAA-3")ik
— % BT RAS BPIV-3 Ml s i T 0 B, &
B 6 Bk BPIV-3 J5 2 Y REY 14t BPIV-3C H 4%
W, 1 H S HUE R/ N—2(E 8), AR PCR
PR FEI, IR A5 R AE NCBI _E Hoxt,
2E WAl 8 6 Bk BPIV-3 Ji5#: A C &Y, 1fif BVDV
) PCR 779yl Jy 45 R e X Je 45 R o R 1d B,
2.3 EMA{ER

X 6 Bk BPIV-3C 435l 47 /0 3 IWgBE 4l

2 3 4 5

bp M 1

2 000

1000
750

500
250
100

4 EHHE BVDV RT-PCR ##84ZER M.
DL2000 DNA Marker; 1-3: A[EHE BVDV 5
BERCINZE AL s 4. FHVEXTER; 5. FHPEXTRR

Figure 4 BVDV RT-PCR amplification results of
some disease materials. M: DL2000 DNA Marker;

1-3: BVDV virus test results of different disease
materials; 4: Negative control; 5: Positive control.

fb, FRRAEPRIREZAEBE(E 9), FHEITY K
Big%, 1 80%LA EIRAE 5 Ues:, A RT-PCR iF
AT AN BRI 45, B E 4l BPIV-3C

THEE o

bp

2 000

1000
750
500
250
100

Bl 5 BPIV-3 PCR# B4R  M: DL2000 DNA
Marker; 1-6: AJEFEA BPIV-3 JR 22K 25 5 ;

7: BAEXS AR 8. PR AR

Figure 5 BPIV-3 PCR amplification results. M:
DL2000 DNA Marker; 1-6: BPIV-3 virus test

results of different disease samples; 7: Negative
control; 8: Positive control.

bp M 1 2 3

2 000

1000
750
500

250
100

£ 6 BVDVPCR#IBLER  M: DL2000 DNA
Marker; 1: #£A BVDV JRRERIMNEAS R ; 2. BAME
XTHE G 3. BHEXTHE

Figure 6 BVDV PCR amplification results. M:

DL2000 DNA Marker; 1: BVDV virus test result of
sample; 2: Negative control; 3: Positive control.
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s ol Ay

7 BPIV-3 AR
FH 1A X R (40)

g 7S
2k 2

A: RG24 h (40%); B: #2785 48 h (40%); C: ##J5 72 h (40%); D:

Figure 7 Cytopathy of BPIV-3. A: 24 h after receiving the poison (40x); B: 48 h after receiving the poison
(40x%); C: 72 h after receiving the poison (40%); D: Negative control (40x).

4 5 6 7 8

bp M 1 2 3

8 BPIV-3C PCR¥B455R  M: DL2000 DNA
Marker; 1-6: AN[FEFEAS BPIV-3C ¥k 5 46 I 4%
Hy 7 PHYEXTRE; 8. [HM:XTHE

Figure 8 BPIV-3C PCR amplification results. M:
DL2000 DNA Marker; 1-6: BPIV-3C virus test

results of different disease samples; 7: Positive
control; 8: Negative control.

24 TREENNE

)G 3-5 d, #% Reed-Muench 3137,
5 6 ¥k BPIV-3C #5140 51k 107°° 10%
107, 107%, 10", 10™® TCIDsy/mL.
2.5 fREEKHZ

hT R EE AR R AR, EEGEN A
BEPE, DL 0.1 MOI#:dillE A K ith 4k, 45 ER
B, SREE(EHETEG 24 h BF A SR 5 06 (E , 7R
59 B IR #1052 TCIDso/mL, 24-30 h J5 75 &
il NG T, RS R N R
(K 10),

9 BPIV-3C BN EEBE(100%)
Figure 9 Single plaque of BPIV-3C (100x).

1010 ~-
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106 -

10*

TCID;, (mL)
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Figure 10 Growth curve of BPIV-3C.
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BRDC X PR Al 5 47 4 M i e 2 Je %) gl
H# ™5, |17 BRDC )RGI8 2,
T f#3 E BRDC W AT IR K A T 8k X 1%
PR LA B L Ak, BOREZ i
FN GO B BRI Rk T T A, A2
ST PR S BRI, HE DL BB 1)
FLAZIH M. B0, WA BPIV-3 I I 25 BH Pk 5
K 77.6%-91.08%7; IBRV Fi 1A BH ¥ &K Ky
50.23%-52.77%, HEURPHERAE 70% L4 1,
BVDV i 5 BHME R A 0.49%, Pk BHPE#R
H9 75.94%-80.97%, FBA4EBEH IBRV
BVDV, BPIV-3, BRSV f{-/ 4 BH M 5 U] 43 531) 55
ik 76.2%. 60.5%. 63.2%. 45.4%, BEURPHIESR
BRI Bk 82.2%. 75.0%. 85.7% . 89.3%!'),
AHFFERIH RT-PCR FARX % 4 Fioii ik 4T 17
e R A, g5 Rt R T IBRV, BVDV,
BPIV-3. BRSV iX 4 Fl e 7E 3K E A 4= HE i
SAFTEAN R FERE AT o 17 ELAE B AT PR
WL A AERR 4R, BRSV Ml BVDV [ A7 13
AL, BAPERS 2253508 7.82%F1 7.26%. %
B 3 [ A A R G PR £ A R B s vh ks
BRSV #l BVDV 1E b B 45 i 42 5 .

AN, AL AT BVDV 5 BRSV 3t
YRR B, X GV EE AR aE )
—3, X 4 FREELE IR IR L AEETR A B 1
B, IR R A R i R A IS 2 F 8
TAFRLE AT TR, £ 20 St al S e A il
T 5 A 2k B e SR A L

T A X T e A R T B 25 A AE
o3 B 1) R AOE T, ARBIE SR I R AS R AT T 0
REMI RS, JREE T HAKM A . R ILAE T R
R RET, BVDV S 1d %, BPIV-3 Jy C %I,
H Al E N TR BVDV % 1 804 BPIV-3

FEON ARY C A, i B AIRED, Xt
AT 25 R — 2

Zi BTk, ARWFITER TR fER . T
B4 X0 755 3% BRDC 3 B0 2214 R A
WATHGL, i BRDC IR 3 E T S 24k 5,
1M HL 53 B RS B B AR S T N B AT B
BAL, RERSVE MAMISCE TSGR, A
B 47 19 1 PR L P A1 1
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