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HI¥: AHEIT S A2 B3 B A B IBR JAT R, 97Tt BoHV-1 B I I RE iR 1%, E UL
Fehli BV TR BoHV-1 gl /gB 3R RIGh R B ) 22 2k S JEVE S ORI 00T, oA etk
LS R IIPI1E 5 AR AR B AR AR S

FiE: (D) RGREPEMM, J7J7. PubMed S%dE1E, KIE N NHERRIRAE ST IR IR, iz
FI R 4.3.0 B fF K "meta""metafor" #2 7> G AT Ge T 40 BT, BABATRE 2R B BoHV-1 J& s IO RAT REIE &
SRR A 2 o R X T BEL SE 40 1 X T IBRV MLE AT R A A, 5840F Meta 43 #7 7 pH b 3
X SR I = mATRE . (2D ¥ 12 3k IBRV HUAABI LR PG [ T3S R A e B - BB AL 3 i S 28, L
VA ERIKE S AN A IR, A 3 ko R AN FIS A EAT BoHV-1 W5, WEHFIEAN
1070 TCIDso/mL 4 mL/k o SRR B IPRADIR PPy Sl HERE R IN L FIAS I 5% A il 4 240 2]
TR, SR BN FBERRAR IR RCR T TR E AL BoH V-1 2 I G Y (1 S A 2
BB, (3) 12 3k IBRV HUARBIVEME BRRELA-RENL /A e dl . Beagd. [FIHIBCGEE R 2 & R
AL TR R ZH, AR 3 Sk o e LU AMER ALIE BoH V-1 gl/gE~ X3 K 6 2 % 1 4 mL/3k (1070 TCIDso/mL),
W B E KT 5 BoHV-1 5858k 4 mL/3k (1070 TCIDso/mL) . %% 28 KJm, X5y 2 A 1
T X} B AL S AR R 71 & BoHV- 1 SRtk @ s RiE . IGACER . S HEdE, AR i i
R FIPLR . gB/gE P, IFN-vy/IL-4 KF, 456 G B e ImRR L. HERE K4 210 # A8
o, LRGN BoHV-1 gl /gE WAL PRI e 8 W (1) 22 4k o Ao J5i itk 5 S (R 20T

iR (D @Rk, LN 112 KGR, WA EA MIEREA 122,738 4. 701 8o,
FKEEHE BoHV- 1 LR SR FETER N 32%. WAHS TSR SR, X b, SR s (49%),
AL AR (20%) 5 % (69%) « TH (61%) . HislE (62%) ANEMITX, EK (7%) « =
(10%) MNARIATIX; Sfb b, PR PN SRR E (41%) , FARAK (17%) 5 & J57% -, ELISA
PH# 8% & (37%) , RT-PCR 8l (3%) o Hradlbasif & as Rk | mimAT Rk, 4= IBRV
PUA L PHTE R 65.67%.  (2) ZHFH kI S 2 A4S 26 U RE Jo AR IR G E Pk 41.0°C i A, FEBE S AYIG R
FEAR, s HERE R AR R AN HE R B v T A PR 4. R S s B 2H 212 I % W il 4 21 2 Ok
ML BHE R A A sy, S AR MG 2 A OR8G5 . RMEIMREIRIED « Wadls
VLR 2HL PR e A A IR 2 & T PROAEAR I R I B e, 5 v IRAAAH L, RS2 % 7.
(3) BEARIGHAN], Sy AT 2P R S BT AT B S G PR S o R I, 2 S HE R BT )L HE
BRI I AR T Mo, P vk e 0B Bk RS . e AL AR R I B R 1 g [E]
1R . g% fa 14 K, GPEAFTHEEA (3/3) ¥R gB Fetedisk, HAEREARI TR i
RATIE] gE RS IEUAR . 40 F RS R EIR, IFN-y5 IL-4 43 SITE Gy G 58 5 RAIEE 7 Kik
PR, 25 14 REARKE FIRLKT . G B4 B0 5 I IR 2 5 2 Ao B4 B3 2%
o P HHERRIE(E Y 2.87 1gTCIDsomL™!, & KT A HA B EE XS R ZH 1) 4.1 1gTCIDso-mL™", HE#
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Abstract

Objective: This study aims to clarify the epidemiological pattern of infectious bovine
rhinotracheitis (IBR) in cattle herds in China and screen the optimal challenge route for establishing a
calf infection model of bovine herpesvirus 1 (BoHV-1). On this basis, the safety, immunogenicity and
protective efficacy of the constructed BoHV-1 gl/gE~ gene-deleted vaccine were evaluated, so as to
provide theoretical basis and technical support for the prevention, control and eradication of IBR.

Methods: (1) Relevant literature was retrieved from databases including CNKI, Wanfang, and
PubMed. Studies were screened according to inclusion and exclusion criteria. Statistical analysis was
performed using R software (version 4.3.0) with the “meta” and “metafor” packages to clarify the
epidemiological characteristics and key influencing factors of BoHV-1 infection in cattle in China.
Meanwhile, a seroepidemiological survey of IBRV was conducted in parts of northern Xinjiang, to verify
the high prevalence of BoHV-1 in the northwestern region and Xinjiang revealed by the meta-analysis. (2)
Twelve Simmental crossbred calves negative for IBRV antibodies were randomly divided into intranasal
challenge group, intramuscular challenge group, intravenous challenge group, and blank control group,
with 3 calves per group. BoHV-1 challenge was administered via different routes at a dose of 107
TCIDso/mL, 4 mL per head. The infection efficiency of different challenge routes was comprehensively
compared through body temperature monitoring, clinical symptom scoring, nasal virus shedding
detection, necropsy observation, and histopathological examination of lung tissue, so as to screen the
optimal challenge route for stably establishing a BoHV-1 infection model in calves. (3) Twelve healthy
IBRV antibody-negative calves were randomly assigned to an immunized group, a challenge-only group,
a simultaneous challenge control group, and an untreated control group, with 3 calves per group. Calves
in the immunized group were intramuscularly injected with 4 mL of BoHV-1 gl/gE~ double-gene
deletion vaccine (107° TCIDs¢/mL) in the neck. Calves in the challenge-only group were intravenously
injected with 4 mL of virulent BoHV-1 strain (107° TCIDs¢/mL) via the jugular vein. At 28 days
post-immunization, the immunized group and the simultaneous challenge control group were challenged
with the same dose of virulent BoHV-1. The safety, immunogenicity, and immune protective efficacy of
the BoHV-1 gl/gE~ double-gene deletion vaccine were comprehensively evaluated by monitoring body
temperature, clinical signs, nasal virus shedding, detecting serum neutralizing antibodies, gB/gE
antibodies, IFN-y and IL-4 levels, combined with clinical manifestations, virus shedding, and
histopathological changes of lung tissue after immunization and challenge.

Results: (1) After retrieval and screening, a total of 112 articles were included, involving 122,738



bovine serum samples from across China. The analysis showed that the overall positive rate of BoHV- 1
antibodies in Chinese cattle herds was 32%. Subgroup analysis revealed that geographically, the positive
rate was highest in Central China (49%) and lowest in North China (20%); high-prevalence areas
included Anhui (69%), Ningxia (61%) and Xinjiang (62%), while low-prevalence areas included
Chongqing (7%) and Yunnan (10%). By breed, yaks had the highest positive rate (41%) and yellow cattle
the lowest (17%). By detection method, ELISA had the highest positive rate (37%) and RT-PCR the
lowest (3%). A survey in northern Xinjiang verified the high-prevalence characteristic, with an overall
positive rate of 65.67% for IBRV antibodies in local cattle herds. (2) Calves in the jugular intravenous
injection group exhibited a peak body temperature of approximately 41.0 °C after challenge,
accompanied by typical clinical symptoms. The duration and titer of nasal shedding were both higher
than those in the other two groups. Necropsy and histopathological examination showed diffuse dark red
to dark purple consolidation in lung tissue, presenting typical interstitial pneumonia lesions (widened
pulmonary interstitium and massive inflammatory cell infiltration). Calves in the intranasal and
intramuscular injection groups showed no obvious abnormalities in body temperature or clinical signs,
with no significant differences compared with the blank control group. (3) During the entire experiment,
no obvious clinical abnormalities were observed in calves of the immunized group. The duration and
peak titer of nasal shedding in this group were significantly lower than those in the challenge-only group,
and the virulence of the vaccine strain was markedly attenuated compared with the virulent strain. Calves
in the immunized group exhibited a favorable immune recall response. At 14 days post-immunization,
gB-specific antibodies were detected in all calves (3/3) in the immunized group, while no gE-specific
antibodies were detected throughout the experiment. Cytokine detection showed that IFN-y and IL-4
peaked at 5 and 7 days post-immunization, respectively, and returned to baseline levels by day 14. After
challenge, clinical symptom scores of immunized calves showed no significant difference from those of
the blank control group. The peak shedding titer in the immunized group was 2.87 1gTCIDso'mL ™!,
significantly lower than 4.1 1gTCIDso-mL"! in the challenge control group at the same time point, with a
shedding duration of 7 days. Pathological examination indicated that lung tissue of immunized calves
was basically normal without interstitial pneumonia lesions; in contrast, obvious interstitial pneumonia
injury was observed in lung tissue of the challenge control group.

Conclusion: In this study, the epidemiological pattern of infectious bovine rhinotracheitis (IBR) in
China was systematically elucidated through meta-analysis, confirming significant differences in
prevalence among regions, cattle breeds, and detection methods. A local epidemiological survey in
northern Xinjiang further verified the high-prevalence characteristics of northwestern China and Xinjiang
revealed by the meta-analysis, and identified large-scale farms and dairy cattle populations in this region

as high-risk targets for IBR infection. By comparing three challenge routes, jugular intravenous injection

v



was screened as the optimal route for establishing a BoHV-1 calf infection model, which was
successfully constructed and provided important support for subsequent studies on pathogenic
mechanisms and the development of vaccines and antiviral drugs. The constructed BoHV-1 gl-/gE~
double gene-deleted vaccine exhibited satisfactory safety, excellent immunogenicity, and significant
protective efficacy. In addition, it allows differential diagnosis between vaccination and wild-type virus
infection through gE antibody detection, making it a promising candidate vaccine for the prevention and
control of IBR with high practical application value. In summary, this study provides important scientific
evidence and key technical support for the establishment of an integrated IBR prevention and control
system in China, and lays a solid foundation for the advancement of relevant prevention and control
work in the future.
Key words: BoHV-1; Meta- analysis; epidemiological investigation; infection route; vaccine

evaluation.



I ettt ettt ettt sns I
AADSTIACT ...t s et s st s nt s nnnnnnnnnnnnnnnnn 111
BEITLEBTAIER oo IX

BB LB BT oo 1
L1 T B e 1
LT JR REFIE oottt 1

1.1.2 BoHV-1 BEEBEM R ETERIBTRE oot 1

1.2 IBRV B FIINFEITIIIR oo 2
L2 BN R T S A0 oo 2

12,2 B R AT S 0 B oo 3

1.3 BERTIMIRET et 4
1.3.1 ZREIHIREEFERY oo 4

1.3.2 BERENMIRERY .o 4

14 IBRV FEEIERINIK oot 5
1.4.1 1RGSR S RIEIERIR oo 5

1.4.2 BB TR AU ST R oo 6

1.5 BEBTEEBISE N oo 7

28 2 F HE IBRIRITHHE Meta S RFBUMXIUEZIE .o, 9
2.1 FE IBR FEATIEIL Meta 23T oo, 10
2.0 BRI R T T35 oo 10

2.2 FBILEIB DU IBR FRITIHRFVIE oo 12

2. 2. B S T30 e 12

23 B R et 13
231 Meta S3HIEEIR oo 13

2.3.2 dLEBERSTHIIX IBRV B PHMEZERAMEER ..o, 17

24 T oottt 19
2.4.1 HEHE IBRV BAERITEERRITRE oo, 19

242 FEIGFHFEE IBRV BREEFREMER ..o, 19

2.4.3 AR FEZEXT IBRV PR ZR A0 AR RMALEDL ..o 20

2.4.4 IBRV RITRUMIIR A 4FIE AL 7 XBIFEZE WL oo 20

Vi



25 N ettt ettt e et e et et e e et e e ereann 21

583 F BoHV-1 4 RRRBIBIEIRIRIFIE oo e 22
B B et 23
311 HHBARITRER ..ot 23
312 SEBETIH oo 23
313 B T s 23
304 B BE GRS e 24

32 JT I ettt 25
3.2.1 BOHV-1 JBEE R TR ..o 25
322 BHSESAENER BoHV-1 BELIE ..o 25
3.2.3 ASRYSM SIEERIEIRTESY oo 25
324 BUEIREREHEE BT oo, 26
325 BURRTER ..ooooooeeeeeeeeeeeeeeeee et 26
3.2.6 FRIBLALIFE IS HE 2B oo 26

3 BB R ettt 26
331 PRIBBER THRIRSIRARZEFTET oo 28
332 ARIEIEE T BETHED oo, 29
3.3.3 BB RAEIR BB LE R e 30
3.3.4 HANERAEREFMBALTRIBELZRHE oo 31

B BT oottt 31
3.4.1 NEHSIERHBRTBEEZHULHE oo 31
3.4.2 BRBKESTRRAIRBIMRIEFFHESIEAREN oo 32
343 BER M SHESIRAIIRARTRIEELZR ..o 33

35 N et 34
58 4 F BoHV-1 gl/gE MEREFREEE R EMEMTT oo 35
A1 SEBEIEEE oo 36
A4.1.1 FEBERRFNITEBERR oo 36
B.1.2 SEEETIHD oot 36
A.1.3 TR T oot 36
B4 T BE oo 37

TRy = b7~ OO 37
42,1 BRI BB B AR oo 37
B2.2 FIESEDE oo, 37
423 BIERIBITITT oo 38

Vil



B3 BEBR oo 40
A3.1 BARGBIESEIY oo, 40

432 GIERIBITTN oot 42

433 BRI EHURERESEIR oo 44

B4 TR oottt 48
441 B FERBREEEAIR BTN s 49

B2 BRI R TE T T oo 49

443 DIVA TREESEE BTN .ooooooeeeeeeeeeeeeeeeeee e, 49

444 PBEGETES Th1/Th2 REBHFUE .oooovoeoeeeeeeeeeeeeeeee e, 50

445 FBIEIRIFBLTTIRIN oo, 50

A5 IINEE ettt 51

B Nl B oo 52
e vl OO OO OO 53
B ettt 66
B BB T e 67

VI



SR AR

FiEE S JETH AR AR
IBR Infectious Bovine Rhinotracheitis B YNBSS R
Infectious Bovine Rhinotracheitis
IBRV AR B UE R
Virus
BoHV-1 Bovine Herpesvirus 1 ISR 1
IN Intranasal route bl i 4%
M Intramuscular route NS
v Intravenous route K A
CPE cytopathic effect 2 0 S A%
TCIDso tissue culture infectious dose 50 PR S IR G
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1.1 fRIEZ

1.1.1 fRIESFM

AL Gt BSR4 4 (Infectious Bovine Rhinotracheitis, IBR) J&H4-afdZ i ag 1 A4
(Bovine alphaherpesvirus- 1, BoHV-1) 5l &K SR MEAL e, A0 4 R GE 5
ZEAE (Bovine Respiratory Disease Complex, BRDC) 3B JH 2 —, ZRIIf K LR
WERER 5 B PEAG Ry F BRI, P ARPIRGE R A ARG E Y R IR Y 25 22 h ks
AL, R AR E Y S O ARG R R, g R Ak Bl B R & SRR 2R BoH V-1,
HA PR SEE 2 evR . BT PR R A 2 7 X R BT ES8r, RE kT
J& (Bovine alphaherpesvirus) 434 BoHV-1 2 BoHV-6 S AMALF, HAK 45 200 5
(BUHV) . ‘FiaZime (BEHV) ML GVEMOETESNAIE R (IPVV) 5

BoHV-1 SE4 8, AH 73 J@ A R R 4E I 2461,

BoHV-1 &R T ZEkIE, EHF 150~220 nm, HAMEHN AT, K500,
FENE R TR B 2 8 T I T T JOOR e A IR R, R FE N IE TR R PR G,
F 162 Nk, FHEANAE; O HXEE DNA S5 &E A . ZRHEHS 73 Ml
BElEHE (ORF) , Horp 33 AMNE ML FTFEER . 36 NMAAELFREER, gt 15 MRS E
H5 33 Mg E Aarsl, EMEAEE gk gCy gB %% 10 FiiEE A, gB. gC. gD
gE WM& 5 DIRewt L IR, YW ORI R IE RGP RIS, AEEK
PRI HERE 10,

BoHV-1 FEZMIRE KR, "R & EEEMLRE, VR G RERIE B R
5| S IR G, BE 5 T AR T = X85 S 2 L 2R W Rl RF SR IR 000, R 18
Oy RS N T, R A0S IE R EH R, RO & B AR
BROV, 2 B AR B S0 I SE g s 744 R G T e ) o, BeMh B A0S 24~48
/NPT H B AR AE (CPED Bl. BoHV-1 XFAMIAEEG — @ P11, 4°CrlfRAF 1
ANHHFEERE, -7T0°CA KR HED 3, (EX VUK, S6°CHEE 21 708 Al 58 4K
i, RAENEA S W TR SR AN TR U4 15T,

1.1.2 BoHV-1 EFEEM R ETEHRLER

BoHV-1 {2k K20 B A aftd 2200 5 S AL O S5 MR AIE, 2 i KRR X (UL A s



B1E % BAFAEMEFILT
REIX (US) AR, =3 N E R P51 (IR 73, US XKk A7 7E & 1 & 751 (TR).
CA T FTUE SR, 3K SRR AE A 5 D] 2H 45 1) £ 7 B 5 R 4 52 1) B AR IR G Fr J o S5 4 o
HA KRR . MmEmEMESEAT, Tk (ULS3) LK gC (UL44) . gB (UL27).
gD (US6) Z5HR I BRI S i1 Hr gB. ¢C. gD M1 gE 72 H &t i 512
W EORTE R H R AZ 0 B S,

eB EERREBRM LRARTIEED, wIDEFAEH L TERN. ZEAERE
W B TE FARRL . A RIERLE Y S AR A SR, B HE BRI 2 S B0 58
R AR YRS, [FIRE, gB SE R R, TR RNV N R EE s, TR
RO A AR, 5 R AP AR IR e 5 A G e L, A SV LA 28 T T R P B 2
(7377 e e

gC HHRBEER M LB EHm RN, MigEF IR FEN, (HENFEER
BEEE A, R R RS TE AR T 2RSS G SR A, IR G, ¢C HE
A S E E A RIE C3b SZAR I E AN MM 1 v = R I, X RE S Sm s Bum i
T, RS ROBORNIR G N, 5 T AR G928 -5 4T L 2 00 L 85 11,

gD B EN T & 71 kDa WSS 1, mfD e RO Hl0 75 B2 8, 7R 2t S
RN G SEBY B AT F gD BRI 005 55 B nT REPR A T- 2SR T, HJGIE 58 sk
P55, GIEIRMET T, gD 8 E5 S A4 G g% B 2R 5 B 5 R S 1] 3R T ¢B
M gC HH, HAwEPARIMERIHEPAEES), CRCN IBRV I RALE 5% 5+
M2 W5 ) R R0

gE B TR LIPS ERE 2 1, iDL RO AR TR R, F AT
TEFRZ AN IR 318 . B AR, BRR gE JE R AT B 2 BRI 25 1 4 8 B3 A R /K SF
B, b2 {20 M A2 I AE B B AR AR BE IR 5520 oB R /R L 0 i R 1T R 0k
B, BRI T AU, BATC 42 T DIVA % B DR R G
FEBNW) 4 RS 7 B a0,

1.2 IBRV ERINRITIR

1.2.1 ESNRITE S

IBRV 2ER A0 V2, Sty BRHUR]. 2522 55 /D0 Sd it ik By 42 S IR R 12,
ZHEFTIZ IR 20T 20 2D 50 FARLEACE T RN, Uiy 2 M- 32 K DA
WRERE R A G4, A 2 N AR A% etk S8 98 1956 4F Madin 55 3 493 e Hp
I3 B H E R BoHV-1, BRI )5 22280, H AT IBR O R 2 ERE KINERIRAT, WOAH
W H A it e B AR, AL AR IR ARk FE I B AL G



B15 g BAFAEREFMRY
I 25 A B I B IBRV (AT 22 5%, 2022 4 Karimi ZEXH B 76 SR
BEAE A BoR, IBRV BUAPMERIE 65%, $2/R 40 a5 imRe, Syt e
THEFPIVER R 38.7%, T E R G2 4 B P M2 =18 83%(23: 241, RPN HI X - BEHTAABH 14 22
14%~60%, I 51 KM 36%~48%, 12 I 63%~86%!; E[J A= F S A4 i i BH P
41%l1,
XUEHPER B, IBRV (EAEKVGHE N MRATY B, 5 E PR 2 AR DL R4 H s X3
WIZFIE T B VIR EEN A S H@AERME ST, Mt mEshh
SRR R AL AR TR, Y B AT BT

1.22 EBRRITES %

IBRV N E SN R, NSRRI O HEASC. 20 g 70 AR E o AE it
FURP A= i 20 55, 1981 A JAl 22 i &5 MU 78 22 3k 1 00 2 B b 3 B Y 2 7k BoH V-1,
UESEAZ00 75 3R Y U 425 DR ARPIRGEE IR O 3, S EBERAL, FIHARZ 2%
B, FEUREPOEY EL B2 8E ARG, FRE O IBR S EEH 14 K
FHICP= b AR IUH .

I A ML 2 595 JR 22 R A2 D B A FR [E IBRV JRATHFAE, 2005 G MR K FI Y 33E H A
A FLR B B R, REHAIMSKRAE N RS RFEEAEAERY; 2006 X WS 14 11 /M8 5E
UG AR A SR, PUAFIMES 46.0%127); 2008 /85 29 ME . HIGX . HEET
(17 1300 AR MIEFEAKL I A, ~FIIPHMER 35.8%, UFSL 8 O 4 [ PR/ A28

X 3 AT £ 2 7n FeE IBRV AT AEE ] WIS ZE , 78 2009-2012 Fi &S5 R EIR,
IR R E R s (66.7%) , HilfE (47.62%) « LT (37.3%) « i (29.5%) X
2, W BB AR BEBH M A 100%02-32; 2014-2016 SR 45 R Bon, Frasdb 8 (87.4%)
i (57.8%) « AR (26.67%) St 7= 5 W 3E 03351, 95 J SR [F) 08 . 2015-2019
EFFHREET IBRV 5 J5 FH I F 4 15%061; 2016-2021 4EZRJLHIX 81 AN &I 43 AL i
FEAH, R PHMER 13.25%07,

R 5 e S BSR4 B B A 3R ] IBRV AT A% O REAIE « 4 B A I3 HAAR BH 4 2 42%,
o3 JEBH P 15%; BERZE SR 1, A4 (46%) 584 (43%) BRYLR B E mTHF (14%),
A2 W SRR ARG R (58%) R LIEIRARE (33%) [ 1.76 %; #ulspAn b,
AL S PaAbH X T 2R G ER 48%, WE M TARIL (24%) « B (27%) KVir (33%),
HrsE. NS EIUE M IRAT R 50%, BRI, Hr % A IKT 20%; I, 2013
o A BRI RN 32%FHE 43%, MATAAIMNE.




