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B (Mycobacterium avium subsp. paratuberculosis) K Z.(23.64%) . 2) R % R Z I BHIR A 45 4e , L F 2
Ik 9% % (Bovine astrovirus, BAstV) 4 & 3K 5% # Bovine coronavirus, BCoV) .4 # 3K % # Bovine rotavirus, BRoV)
A= BToV /& 7 3b et 5% &, 5 8 4 11,3620 .19. 32%6 .19. 32% #» 52.00% ; BVDV & 46 3 M b & 5k #% (31.55%0)
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Surveillance and epidemiological analysis of pathogens
associated with calf diarrhea in northern regions

GU Yinping', LIU Yuxin', WANG Haijie', ZHANG Wandi', MA Wenge',

YU Yueyang', ZUO Xuezhi', DAI Haiyue*", WU Wenxue'"
(1. College of Veterinary Medicine , China Agricultural University, Beijing 100193, China;
2. College of Biology and Agriculture, Jiamusi University, Jiamusi 154007, China)

Abstract To characterize the epidemiological profiles of major pathogens associated with calf diarrhea in northern
China, 1 623 clinical samples were collected from diarrheic dairy calves on large-scale dairy farms between 2019

and 2024. Real-time quantitative PCR (gqPCR) was used to determine the prevalence of major enteric pathogens,
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and enzyme-linked immunosorbent assay (ELISA) was employed to detect antibodies against bovine viral
diarrhea virus (BVDV). Spatial and seasonal variations in pathogen distribution were systematically analyzed.
The results showed that: 1) Among viral pathogens, bovine norovirus (BNoV) showed the highest prevalence
(41.10%), followed by bovine torovirus (BToV) (20.55%). Among bacterial pathogens, Escherichia coli was
most frequently detected (36.25%), followed by Mycobacterium avium subsp. paratuberculosis (23.64%).
2) Spatially, Distinct geographic distribution patterns were observed across pathogens. The highest prevalence
rates of bovine astrovirus (BAstV), bovine coronavirus (BCoV), bovine rotavirus (BRoV), and BToV were
recorded in Hebei Province (11.36%, 19.32%, 19.32%, and 52. 00%, respectively). BVDV exhibited the highest
prevalence in Beijing (31.55%), whereas E. coli, Clostridium perfringens (C. perfringens), MAP, and BNoV
were most prevalent in Tianjin. 3) In terms of time, BAstV, BCoV, and BRoV infections occurred predominantly
in autumn and winter, while BVDV was more frequently detected in spring and summer. 4) Mixed infections were
common among diarrheic dairy calves. Single-virus infections accounted for 57. 87% of virus-positive cases;
among co-infections, dual infections represented the predominant form. 5) Serological survey of BVDV indicated
that the antibody positivity rate of BVDV was 85. 26% in northern China. In conclusion, calf diarrhea on large-
scale dairy farms in northern China is characterized by the co-circulation of multiple enteric pathogens and
frequent co-infections, with pronounced geographic and seasonal variation in pathogen prevalence. These
findings provide updated epidemiological evidence on major calf diarrhea-associated pathogens and support
targeted surveillance and integrated disease control strategies.

Keywords calf diarrhea; viral pathogens; bacterial pathogens; mixed infection; epidemiological investigation
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W AR TS N A BR IR AR M K B0 AT S — A TPk
i, BB A K S DL R R R AT R L
E RV RY o e R A, S R
T R B E IR DL K AR PN 3SR DN % UM
Ko GBS B AR Y FE AR R R
Ji 7 (Bovine astrovirus, BAstV) |4+ %k 7 4 18 15 W
# (Bovine viral diarrhea virus, BVDV) 4= IR 95 8
(Bovine coronavirus, BCoV) . 4= % Ik %% # (Bovine
rotavirus, BRoV) | 4 ¥ ifi i # (Bovine torovirus,
BToV) .4 {J% % (Bovine norovirus, BNoV) |4}
4] 77 % 5 (Bovine nebovirus, BNeV) | K I T &
(Escherichia coli) .\ ¥% 11 & (Salmonella) .77 X I K
W (Clostridium perfringens) LA K 8l 45 4% 43 ¥ KT 5
(Mycobacterium avium subsp. paratuberculosis)'*™* .
— WU XF 2022 48 7 b G5 A4 4 A I8 TS T R Y 2 AR
GrpT R, A B A S R R R R
27.2% A ARG g A M X B R R, R R
B R 27.5% A 25.2% , H o4 B M o & o W
BT Z W 8ok, K E BCoV B R AN
18%~30.8% , BRoV i 35.7%~46% , BNoV J
2%~25%"%, Zhu % i N B 22 5L AL F
4545 AN 16S I ¥ AR L 58 S FR A 7 1120 £y 3¢
A b U 191 B AR IR TS M O e B, H
BAstV 2y 10.4% . BVDV 3.2% . BCoV 12.2% .

BRV 8.8% . BToV 5.0% . BNeV 6.9% . BNoV
4.7, AN Ve IR WA TS AR b s AR IR A
BRI B O W . BRI R, BAStV . BVDV |
BCoV. BRV. BToV ., BNoV ., BNeV #l E. coli.
Salmonella . C. perfringens J¢ MAP 1¢ 3% [ 4 4+
AT, B 2R G g, HE BT X TX
11 B2 20 835 5 it i) e I B s A B o AR, A
W5 Z b T 8 Oy, A0 T05 b IXR G Wi AT
R A AR

(BT — $2 A2, 3 280 SRR 5| 1 28 A IR TS i
PR AR B e DL X 43, HVR A B e — 25 n il 2 Wie
M52 AV o 1% G012 Wi 7 vk CAn g i A4 43 15 ) X DL S
PP o Y S PR O A A B R e v B
I HE AT S0 12 W o 2 E S 9% SE & PCR
(Quantitative real-time PCR, qPCR) & Bl A4S [n] Y 2¢
DGR R I PR3 22 4> JEL AR A, B DA 3 380 1) TR 5 JRk
e AF 00, b B — ARG B0 5 ol PR T 5K, JC HE T
TAT I 2 VA A b ORHE R R A Y O A T AR ISk, 2
H qPCR BA REUE & R SR A, )2
o7 FH 22 ol g DTG W00 R RS Ak T A B 5 A
BA S Z A N7 1 RS R O T ML TR Y 2 B qPCR A
W T7 1%, SR 2 19 T00 A0 B a3t 1 SC B R R S
R X T 2 O SRR T L SR i ER S g5 0 Y
{5 (Enzyme linked immunosorbent assay, ELISA)
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I Sl Wy A PN LA AT U sl 0 S R A R A
fih 3zt 32 DL o PRI I B A B 3 e 8 ]
T I 3 B4 R A A AR R R R A O . %O ik
A A B0, AR TR, © BT BT T AR R AR i
fifi 5, BVDV {14 s I e J2 s A 52 431

AN X IR A F 1 8l 25 5 I e X 2 4
JEE figp BT 11 b2 A TS AH S L A T AR AL A A%
MK 5 BVDV L3 STRER & 2087, 5 7E T g db s
M DX 2 T AR S DAY TR AT BUR , TR AN E T M X
2293 JEUHK At 0 A AN 2 A B A IR TS ARG U2
LR BRI S

1 #MBERE

1.1 HREXER

20194F 5 H —2024 4 7 1, WAt st R HE Tt
PG e VR AR TR N SRR SRR T
1623 3 R &b, FL3E MLAE 1 002 45 L ZEKE 535 17 L 4R
T 49 03 LA S FLAFE & CB AW 100 JRBIF 5 W 10
Oy VTS B W17 A0 37 4y, BT A AR & T ks i,
T —80 CHR-AT , AR R HEAR S Mk

Jii A T qPCR A I 4T A% R 19 1 216 43 A i

YR A ARG TS B U B 2 R I KR
HETE K B BN Ik AR #RUUAR . 0T BVDV it
PRSI 1 407 3 ML AE B0k A R R B WIFL R IEAT 2
HRBER A
1.2 EZA

77 DNA/RNA 20K &, W [ V95 b it
2L W R R AT PR 2 W) 5 40 TR Ak DY 2 DNA $i2 i
R &L W A e 5t R AR A AL BT BR 2 7 s HiScript
I1 U" One Step qRT-PCR Probe i 5 & , 14 H 7 &
VA ME R A W) BB By AT BR 2N W 5 A B 1R R TS 0 7
UK IR &, M A b5 2 8 LA R A IR
Al . BAstV.BVDV .BCoV .BRoV .BToV .BNoV .,
BNeV | E. coli.Salmonella.C. perfringens Fl MAP
FH A 0 249 el Al DR 25 8l W % 27 e 3l 0 92 s
PR S W7 S 50 % 5 E AR AF
1.3 SI¥REERITE A

BAstV.BVDV BCoV .BRoV .BToV .BNoV .
BNeV . E. coli.Salmonella. C. perfringens ¥l MAP
SIS BAMESL RN X B R A AR
ZAEA TAY TR CEE R ARA RS . 7l
YR P A 3 1.

®1 SRR FT

Table 1 Primer and probe sequence

K EIRZER 15 (5 —>3") FEHIR /N /bp
Gene Primer name Primer sequence(5’'—>3") Product length
BAstV-F ACGTTCGTCCTCGATGT
ORF1 BAstV-R TTCTCAGAYCTGTCRTGCA 113
BAstV-P FAM-GGCCTCCACAAAGCG-MGB
BVDV-F CAGGGTAGTCGTCAGTGGTTCG
5'UTR BVDV-R GGCTGTATTCGTAGCGGTTGGT 141
BVDV-P HEX-CCACGTGGACGAGGG-MGB
BCoV-F TTGACGGTGTCTTCTGGG
N BCoV-R GTGCCAGGCGGAAACCTA 115
BCoV-P TexasRed-CCCAAGTAGCGATGAGG-MGB
BRoV-F GTGACATCTGTTAGACAAGAATACG
VP6 BRoV-R ATACACGCTGCAAGTTATCCTC 121
BRoV-P CY5-CGATACCAGTTGGACCAGT-MGB
BNoV-F ATGARGTTCAGAAGAAGCG
RdRp BNoV-R CCGATCTTGATGGGGAGCT 127
BNoV-P FAM-CCATGGCGGCCCTGATCACA-MGB
BToV-F TATATGGCGCGGTTTGGAG
M BToV-R AGGCCCAATARCCWGTAAAG 104
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#1 (8
HH EIE/ B I 51 (57 —>37) FEYI RN /bp
Gene Primer name Primer sequence(5'—>3") Product length
VIC-ATWGCCTATTGGTGGCTTCCCAGT
BToV-P
ATG-MGB
BNeV-F GCGCTCTGCTKGACCTAAC
RARp BNeV-R CGCGGGCTTCTTCTAGAGA 152
BNeV-P ROX-CCTCGGCGTTCCGTGTGGGACCA-MGB
E. coli-F GCGGAAGGCTATTTCAACGAT
irp2 E. coli-R GATTGTGCCATCTGGCCAGTA 114
E. coli-P FAM-CCTGCGTAGCGAGCA-MGB

Salmonella-F
fimy Salmonella-R
Salmonella-P

GGAAAGACACCGCCGTTTAA
ACCGGCAAGGCATAATTGAG 120
VIC-CAGATATTTGATCGCCTTGAG-MGB

C. perfringens-F
PLC C. perfringens-R
C. perfringens-P

ACTCCATATCATCCTGCTAATGTTACTG
TTTTGCAACCTGCTGTGTTTATTT 115
CY5-TTGATAGCGCAGGACAT-MGB

MAP-F
MAP-R
MAP-P

ISMav2

GAGGTGCTCTTTGATGCGATCT
ACGGCCGCTAAGGAACTCA 113
TexasRed-CCGGCAAAATCGA-MGB

1.4 HEmaE

FEAERE & o Z AR L PBS AT 3R B, I
SRR 3V ,4°C,10 000 g, B 0> 10 min, B E ¥ F A
i SR A TR R T .

IR i B JLAF B W R R L 3K R 4°C,
10 000 g, B.0> 10 min, B 35 FH AR DA% iR B2 B o

B4R 3 W 1 4°C L, 10 000 g, 5.0 10 min, Jit
T R o DA TR B B o A R ek B R
SV BERAE R FE S YR T —80 °Cs
1.5 qPCR#& iR i% B

R A5 S 56 22 A N7 0 VS O PR/ 22 T S I ¢
e E BRI T 3%, qPCR AR 5 20 pl B4R 2 pl
2X One Step U" Mix 10 pL.,One Step U" Enzyme-
Mix 1 pL %R B RS 1 %4 0.4 pl 48 %F 0.2 plL |
RNase-free ddH,O #h & & 20 pL. £ {4k )5 qPCR
P18 & F . 55 C R 5 5 min 95 CHUAE 1 5 min;
95°CAE M 30 s, 38 k 30 s, 72°CHEf# 10 s, 3£ 40 1R
W37 CHRMTRE., i M 3AEE .
1.6 ELISA# U BVDV #i{k

W SR B B Y 407 13 2 28 1785 e R A8 B M IR TS
o BE PG D 3 50 5 U Y A5 9 R AR 2D TR R R E O
AT R AN G R . BT R B3 A

1.7 Zit55%

R 5 $ 4 SR I Origin 2024 85 44 it 17 2 K 48 3t
S AT, i SPSS 26. 0 B H Y R 5 K 56 43 #r AS [
b DX RS T B IR 2 S A L o

R FT Y 5 S s IR H A OO 22 (8] B P AR
SCHR >R JH Z % 43 At (Multiple correspondence
analysis, MCA) X} 43248 5 64T T B 4t 5 v LAk 53
B o MCA i i 5 T 7 B 85 09 5 3% 0 72 ik 56 50
) F) O 28 5 23 31 2 s ), DL e 5 TR) A B 0L
W72 g 2 ) 8 S I 5 8, 5 ] T 22 A e 2R AR AR Y
R AR F, HLAS R Bl 2 1E 2 o A B
A AN Z= 45 I SRR AR 2 4 O o e
& MCA 13 ] 2511 o P<<0.05 3R 7R 22 5 W3
P<<0. 01 R/n 22 52 1 W 2

2 ERG5SMW

2.1 BEHEEREFKRHER

i 3 qPCR J5 3 %F 1 216 443 e R A A% F 17 9 B
R, A2 W AR 5T o 0K D 4% 44 B o, 4599 A T 4%
WA 5 R 2PN R EERE T, BNoV
A B #E (41.10%) , H Rk S BToV (20.55%) .
BVDV (12.12%) , H 400k 8 K R AR T 10% .
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Table 2 Detection results of pathogen in diarrheal calves

5 BEA R/
Pathogen Total samples
BAstV 892
BCoV 892
BRoV 892
BVDV 1205
BNoV 73
BToV 73
BNeV 25
E. coli 80
Salmonella 80
C. perfringens 80
MAP 55
&1t Total 1216

PR ¥/ 1y R AR/ %
Positive count Nucleic acid positive rate

26 2.91

73 8.18

61 6.84
146 12.12

30 41.10

15 20. 55

0 0.00

29 36. 25

3 3.75

14 17.50

13 23.64
178 14. 64

JEIE A N L E. coli H EBEEURF (36.25%)
MAP (23.64%) Fl C. perfringens (17.50%) K 2,
Salmonellaf¥ 3. 75% . &5 R F M, £ AR R PFEAUF Y
A R TS g ) TP PR TR L BNOV Ol 3 41
PERJE R L E. coli h E BEEOWR B, H A [R5 B Y
it R 2= R K,
2.2 BHEEREREASBELER

TE AT IR VS s i 2 B qPCR A I (9 178 £ BH 4
FEAC TR 11 Fhog IR TR A B gL A DU 25 SR DL & 1. Al 1
7R, BR O B R G 1 O B Ol R L R R
57.87%(103/178) , ZH &Y IR Z , 2l 24. 1696 (43/
178), = U . A &#H N FEEG N e
6.74% (11/178) .8.99% (16/178) .1.69% (3/178)
M1.12% (2/178) o fF —H YL b, e w2
BCoV FI BNoV IR G 8 Yy, i thik 46.51%6(20/43) 5
H W & BCoV #1 BRoV IR & & 4t ,  13.95%
(6/20), =HHEYrh , BAstV+BCoV+BRoV i i}
B R 27.27%(3/11) ;BAstV+BCoV+BNoV
M BVDV+BCoV+BRoV K i & # H 18.18%
(2/11), WEEKY:F ,BRoVH+E. coli+MAP+C.
perfringens kit F 5 5, 68. 750 (11/16) , Hox 3
A — 1 T o S R SR R A
A AL 2~3Fh o b 45 2% W 3R = b Oy M DX A 1E
Y5 FH G i 2 B A2 A TR A B B

2.3 AAZEHEFEEHFEBRLER

R R 5 MBS I A 2R Y M A R A AR A T L
FH A A K BAstV .BVDV .BCoV .BRoV
R A5 53 B A T] 251 A A BB TS 3 B T A R e 1 1L
N 2 T 7, 4% 2740 A0 35 D IR B HLAG) HE 23R 43 301 O
HE HZE N BVDV, 45l R 18.70% (75/401) i
21.18% (54/255) , # 2 BRoV 18.72% (35/187),
£ 7% BCoV 18.55% (41/221) . MCA 43 H7 45 5% I,
F 3, BT 5 R [R) e R 2 A 2 ) A 7 O
(2(9)=73 658.38, P<<0.01). K 37 %, % %
85 2 A7 B R AR L R BAstV H
BCoV FERLEFTHINEI , 54 R B EL, #n
ELAER RS BVDV A THE =4 R, 55=%
PR AH T 3R R 78/ 2= ML b i i 3R A
B s BCoV I T4 R B, 54 Z i g M, R B 7E
AR R A5 AR B R TS A O R
(BAstV .BVDV .BCoV .BRoV) (&4t 5w 17 B A
e i 2 (P<<0. 01) Y 2= 15 M 43 A R AE AN [ 995 T 44
FERRE BT R B B R R A
2.4 AEMREFESREBRLEBFRL

N TA) T8 9 JELAE AN ) # DX BH A SO TA] i 4
i ,BAstV .BCoV .BRoV #l BToV 7E i Jt f %
B, 11.36% (10/88) . 19.32% (17/88) .
19.32% (17/88) f1 52.00% (13/25) . BVDV fE 1t
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Ca) g BE G S TR A SR e 1 0 5 (o) o 7 5 20 TR S T 0 5 (o0 MR i DR 5 IR g o 1

—H )Y Dual infection

= FEJRYL Triple infection
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Y T /%Y Quadruple infection
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_ o HutH®R/% Positive rate

(a) Mixed infections of virus; (b) Mixed infections of virus and bacteria; (¢) Proportion of diarrhea pathogens mixed infection.
1 BHEEHREREBEREAERHER

Fig. 1 Positive detection of mixed pathogen infections in calf diarrhea
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Fig. 2 Detection results of four calf diarrhea viruses in different seasons
x3 FRAEHEEFESHEMERHBERMIMCALER
Table 3 MCA results of positive detection of calf diarrhea viruses in different seasons
4t & AT 5 E {788 B He A/ %% SRR/ %
Dimension Singular value Inertness  Proportion of inertia ~ Cumulative inertia ratio
1 13.196 7 174.152 9 72.35 72.35
2 8.1455 66.348 8 27.56 99.91
3 0.460 5 0.2120 0.09 100. 00
it Total 240.713 7 100. 00
4t g o i 22 Rorgit = B E
Dimension Standard deviation Chi-square statistics Conspicuousness
1 13.196 7 73 658.382 4 <<0.01
2 8.1455
3 0.460 5
Bt Total

TP PE R R B, b 31.55% (124/393) . E. coli. AT 7K AL R AR YR RE A G 0 485 7

C. perfringens MAP Fl BNoV 7£ K H A& R e,
43 %k 100% (11/11) L 100% (11/11) ,100% (11/
1D HI27.08% (13/25) . Salmonella 17 AL ¥ %
e, b 10%6(3/30) o (HAS T R M2 A IF 98 K it
Hb X FEA S AL 1103, FEAR A AT B, Ul E. ol
C. perfringens e MAP i tH 2234 5 100 % , iZ 45 R AF
TE— 52 PR SR M, J0 3k 58 2R 3 K HE M X B AR i

2.5 BVDVMEFAE

RAEM 407 1ML 3 A& K BVDV BT 44 BH 1
3476y, BHYEFR N 85. 26 % . ZEUEH 5 AW 5 BVDV

PR PR A TE W 22 5 o A DY R 2% bR il
P4 BA P 3 e L 240 10096 (10/10, 30/300 5 7 R4

FH A R A, M 68. 83% (53/77) s Hi 448 14y v, i 4t

9 91.25%(219/240) , B e 1124 7076 (35/50) ¢



236 Okl Ko 2026 4 % 31 %
1251 :
: A JEHTE Positive
Lar LA @ Z=75 Season
' BRV
075 |
I
I
0.50 d
= |
—~ A
Lo 025f | Jre
ag =
ﬁ N Eé I
L @ e g i e
& A sl Py BCV
™ E _025F  BVDV s e
=] 1
I
-0.50| |
! A
! BAstV
-0.75 . 1 " 1 " |
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
HFEL (71.8%)
Dimension 1 (71.8%)
B3 ARZEVFE 4TSS R SR H B MCA XARE
Fig. 3 MCA double plot of positive detection between different seasons and four calf diarrhea viruses
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HE

A TS BT A AR R ROR ) SR AT iR
fEE— MBS AR R XY, R
JERG H 258 5 24y 2 (R AE A S A DG L BR R T
F ] BETE B A MBS A DG TR 0 A% B AT ok #E E
A . AW BAStV IEL K R, ol fig
HATEL THOIRERMAC, LXK 4 Z
IR R 5% 5 175 R B A v L, S BOMLAAR S v ) g
Bt , DT 184 o SR J g LR o {HH AT E T BAstV 2
WA RMRET R D, MR E 2K K
0 [B A AT 90 7 10 KA I DL B . AR B AR A R
M ,BVDVIERE B H R B & TRAS,Z
SR GBI IRE T MG -8, R, —
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