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Abstract: [Objective] The outbreaks of infectious bovine rhinotracheitis (IBR) have been reported
in multiple regions across China. To systematically characterize the molecular features and
biological properties of the predominant strains of infectious bovine rhinotracheitis virus (IBRV)
and provide etiological insights for evidence-based prevention and control against IBR. [Methods]
We collected the bovine lung tissue for detection of common bovine respiratory viruses by PCR.
Viral isolation was performed with MDBK cells, and then metagenomic sequencing was conducted
to determine and analyze complete genome sequences of the viruses. Viruses were purified via the
plaque assay and subcultured to the 9th generation (F9) for determination of the 50% tissue culture
infectious dose (TCIDsg), monitoring of one-step growth kinetics, and observation of viral particle
morphology via electron microscopy. Two IBRV-seronegative healthy adults of cattle were
intranasally inoculated with the F9 suspension (2.5 mL/nostril), while one additional head of cattle
was housed in close contact. The clinical manifestations were monitored, including body
temperature fluctuations and viral shedding dynamics. [Results] PCR detection revealed the
presence of both IBRV and bovine coronavirus (BCoV) in the bovine lung tissue. After inoculation
into MDBK cells, obvious cytopathic effects were observed at the third passage. Metagenomic
sequencing confirmed the virus as IBRV, with a whole genome length of 134 678 bp. This isolate
was designated as IBRV GSLT/04/2024. The TCIDs, of F9 was 10°° TCIDso/mL, and no mutation
was detected in the gB, gC, gD, or gE gene. Based on the gC gene and whole genome sequences,
this strain was classified into the IBRV 1.2b subtype lineage. Viral shedding began on day 5 post-
inoculation in the inoculated cattle and on day 10 in the contact cattle, lasting for approximately
10 days. The amount of viral shedding followed the order of nasal swabs>oral swabs>rectal swabs>
ocular swabs. On day 30 post-inoculation, IBRV genes were only detected in the colon tissue. IBR-
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specific antibodies were detected on approximately day 7 in the inoculated cattle and on day 10 in
the contact cattle. [Conclusion] We successfully isolated a novel IBRV subtype 1.2b strain with
high infectivity in adult cattle. The findings provide epidemiological and etiological evidence to
trace the recent surge in IBRV prevalence across China.

Keywords: infectious bovine rhinotracheitis virus; isolation; identification; genetic variation

analysis

Al e Pk B R R (infectious bovine
rhinotracheitis, IBR) /2 i - & Ye Mk 838 R IR 5
(infectious bovine rhinotracheitis virus, IBRV)5| &
) —Fh2E 2k . Sk REfbEE e, ol
PR L0 B s IR e B R, IR E S R
TREYMEYEP, IBRV SR NN ERR SRS
AER EEE RAR —, WS HAM A . R
FUp B D[R] B X 3R B 2R 7l A g B A S A
BB KRERG . IBRV AT 3 A 0 s A Bl 8 A=A
JRYY ) RS E T = X, B K
BMG ., EREBEZEHMIEREN, WL K
KRR, FEAREEREYY, X R
BEME LUAR B fk IBRV 9 £ 2R . Gl E
IBRV WAL BRI — A 2
AT, ™ HE g A4 i gy, bR
B R R, AR AR B R4 T
KB 2024 44 [ 3B sh W R R 55 48T
KB, IBRWIETHRiE 7.89%; AWFTE/ NS KL
th IBRV UL 4 437, RN 15%-20%,
AR AL RALIT 100%, 1 % LU B4 RIER N
13%. HIEAT UL, HETNRATHY IBRV AP 245
AlRg Bl TR AR e . Rk, AT X
A-HE IBRV TR AR A, I 5 fh 92 v S e By 45
TAE

IBRV J& T 4 H &G 2 9 5 1 & (bovine
herpesvirus 1, BoHV-1), & ¥ % % # F#t
(Herpesviridae)/K J& Ji £ J& (Varicellovirus) i 57114,
B — PP A SEBLA NS DNA i #E, HAEE
Bl 5AGE 3 W4, AGeEAE N 80-120 nm,
IR EE BN 150-200 nm, S IE b IRRSE
FLBELIN Ry A~ T ik 01, IR e K 2

138 kb, HH — > 47 K ¥ 51 X (unique long
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IR) Fll 2K % J2 ] i & J¥ 4] IX (terminal repeat
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UL X 4t 6 b (gB. gC. gH. gL. gK
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5, BoHV-1 BI0] 732 4 FpiE AL . BoHV-1.1,
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BEHHZEH BoHV-5"),

g K B AR H A b XA IBRV A TR 3
TR S A= 1 e S AL G Re . AR
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%, RGBS WAL, BEBERL ., H 14 K
Jﬁ?ﬁHﬁ‘%t LYY 10%. KA HIME |
S BRI SEHR, Rz
B E TR
1.2 RN, AR EZER

VEH 3 3k 2 HSERRBUER 11214, H IBR
s SRR N 5 o B3V 5 4R ' 40 iR (MDBK) H
Al B 2 B 22 N B Y T AR A L
FastPure® Viral DNA/RNA Mini Kit, HiScript II
One Step RT-PCR Kit, [ 5% i MEFE A= PR Bk
WA BT 3 LA Tag® with GC Buffer,
Tag™ . Probe gPCR Mix MultiPlus, TaRaKa /%
7] ; Rabbit anti Bovine IgG A%< YCHUAR(FITC 45
i), ZEBR KA DMEM Bifedt | G4 v
Hﬁﬂi@ Gibco /A 7]; IDEXX IBR gB X3 Bt

A £, IDEXX AH,

1.3 S|¥EIt5 &R

PL GenBank % 4% FE H 16453/07 TN # Bk
(OR211605.1) W JE A J7 51y 2%, i ] Primer
Premier 5 {1511 gB. gC. gD Fll gE R4
19 R A S DA 2R IBRV SLHT
e R PCR KGN s it AT il , 514915
BREF Y i A T A TR () e A BRA Al A

<1 IBRVERE EFNZHENA S |50 ERETFT)
Table 1

Premix

B, SRR 1 s
1.4 ‘AAMRLIE R ZERIRE

P E AR AL A 2 # EX"‘%ﬁF
IZHE, IACK TR A e ib 5853 WS Je . 1] PBS
ZZE MR (pH 7.4)F% 1:3-1:5 FL A9l %@{ﬁzo R
YRRl 3 Y 4 °C. 5 000 r/min 2.0 10 min, HY
300 uL [V %, {1 FastPure® Viral DNA/RNA
Mini Kit #2505 DNA/RNA, $524E A 8 2 Bk )
Rl R TS
1.5 PCR &N

R A5 e PRAE PR A s, 8 DL 2 I

SRR YL 1Y SE 5 = 2 W ke U 5| ik 4T PCRY
RT-PCR ¥4, FrH5I¥) W4 2. DNA Ji5#: PCR
AR &R (25 pL):
2.0 plus dye) 12.5 uL, . TUF5147(10 mmol/L)

Premix Taq (LA Tagq version

% 0.5uL, 2 2 uL, KFEK9.5uL, PCR X
MR : 95 °CHiZE 14 5 min; 94 °CZE4% 1 min,

60 °CiR ‘K 45's, 72 °CIEfH 30 s, HL 35 MFIF;
72 °CZFEAH 10 min, RNA J5E RT-PCR SZ W {4
% (25 uL): 2xOne Step Mix (Dye Plus) 12.5 uL,
One Step Enzyme Mix 1.5 pL, [ . TI#5149
(10 mmol/L)#% 1 pL, #%M& 3 uL, KK 6 pL.
RT-PCR W F2J¥ : 50 °CJ % 5% 30 min; 94 °C

Primers and probe sequences for IBRV genome amplification and diagnostic test

GIL/ A Bik7)E2]l FBUREE
Primers name Primer sequences (5'—3") Fragment length (bp)
gB-F1 GGGCGGAACTACACGGAGGGCAT 3153
gB-R2 CACCGCGCGCCAAACATAAGTAAAG

gC-F ACGAAAACTACGACGAGGCCCGCG 1962
gC-R TTCTGCGTCGGGGCCTGCTGGGTCT

gD-F CCAACGTTGGTGCGCCTGTCG 1578
gD-R CACCATCCAGAGCAACAGGCACCG

gE-F TCGCTCGCGTGTGTCTTGGTTTCTG 2098
gE-R GGACTCTCCATGCCTTCGAAGC

IBRV-F TGTGGACCTAAACCTCACGGT 20
IBRV-R GTAGTCGAGCAGACCCGTGTC 20
IBRV-Probe FAM-AGGACCGCGAGTTCTTGCCGC-TANRA 20
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xR HIBERERSERAFTIRASY
Table 2 Primers used for amplifying potential viral

genome sequences

PR SIS FrBORE
Pathogens Primer sequences (5—3) Fragment

name length (bp)

IBRV F: CGCCTCCAGAGCGACTCGAG 381
R: AAGGAGAACATCGCGCCGTA

BVDV  F: CTCTGCTGTACATGGCACAT 524
R: GAGCAGCTGZZTGACCCATA

BCoV F: GGACCCAAGTAGCGATGAGG 457
R: CGAGTTCTGCAAGAATGGGG

BRSV F: TACAGACATGACGCACCTGACT 287

R: GCAAAGATTCCTTCTACCCTACT

WA 3 min; 94 °CAEPE 455, 57 °CiR Kk 45 s,
72 °CHEH 1 min, 3t 35 MG ; 72 CCAAE fif
5min. PCR ;=¥)%: 2% LR HEE LIk T )
H Y257 # FH DNA R BelRliofsnl & alife, g
TAEY) TR ) et A7 FRAA 7] 5 Bl
1.6 m™ETESHK

2R il 0 2O S B R B RS, 4 °C.
5000 r/min 5.0 10 min B¢ 3%, JoE g 4
fh MDBK 4iifits, 37 °CWZBff 2 h J5 B #75 2% Hf
2 M3 A 2% ALY DMEM 3555 5645595 3-4 d.
W 20 M 5 FR W R RS AR A, TR 40 L IS i
I 725 R0V (cytopathic effects, CPE) J& #E 47 9% 75 4l
ko KIS R B R 107°-107°, 43 lld%
Fh 2= K i MDBK 4 I8 19 6 fL AR, 500 pL/AL,
37 °CHWZfff 1.5 h, M5 H PBS BEA I 2 Uk,
12 I 1% I ARG I (2% KM s B AR e 5
2xDMEM 1% 3& 3L 4% 1:1 1R 5), 42 °C Hi ),
2 mL/AL. FREEFEJEH-F A &+ 37 °ClaAs, &
SEERSE 48 h, P2 IR 0.002%
PELTIR 1% Bifg ks, 1.5 mL/AfL, 4kZeds35E 24 h;
PR Zs BESEA T 75 00, Fo5 0 M AR B[R] RS
Je PEAT W0 P I R B A0 o [ R R 2 it i 2
LV ER TIPS o WA T 5 22 S R ALy
1.7 TCIDsyNE

A AtESS, K FO 1URaE 2 500 mL,

iz HECH B 1500 52 7 75 TCIDso, AFANFR B
B2, FREEMEE 72 h, idsk CPE Sid, iEat
Reed-Muench #1144 IBRV GSLT/04/2024 £ F9
£ TCIDso fH
1.8 —ZHEKHZENE

B IBRV GSLT/04/2024 t% F9 {0588, LA
1 MOI %75 45 # MDBK 400, 2% T4 )5
2.4, 8, 12, 18, 24, 30 1 48 h WA EE ;
FEMERRD 2-3 W, $% 1.7 P57 20 2 4% it
[B] U BE TCIDso, il — A 4K M 2 DLAf 2 B
FEISCFET ]
1.9 gB. gC. gD FgE EEFFRY g5
vaKi

U 9 AR 75 W B2 UK # DNA, 4351
5] ¥%f gB-F1/gB-R2, gC-F/gC-R., gD-F/gD-R,
gE-F/gE-R ¥EATH ML PCR 9714 . PCR 1Ak £
(50 pL): 2xGC Buffer 25 pL, LA Taq (5 U/uL)
0.5 uL, dNTPs Mix 8 uL, MgCL 2 puL, k. T
514710 mmol/L)4% 1 uL, ikt DNA 2 uL, K
7K 10.5 uLo PCR W &2 ¥ 95 °C il 4%
5 min; 94 °C7Z% ¥ 1 min, 65 °CiE ‘K 1 min,
72 °CHEMH 3 min, £ 35 NEIR; 72 CCLKLEfH
5min, PCR F=¥)%: 1% SR HHEE RS L KA S
afifblml B 407, 264 T A TR () B0y
AIRAFM Y, 2B AR U5 I 75 52 M0 s B = 2L
UL AR, I 3F— 20 00 2 o B B 3
(R
1.10 FEERE2FIEEHL ST

KR T S AL A AR, B DA A Jili ik 241
ZUrh A 1 IBRV 23 4P 55 16 FR5EHEM
IR TR B 21 )5 81 Je gC (UL44)5E
FIF DNA STAR %X Fil MEGA 10 # {4 Lt X343
Br, WEERGELBW, oz EREEE, =
ZRRE B 3.
.11 FENTFESTHEENE

¥ 500 mL F9 i 2 I 2 R fill 2-3 I,
TE 4°C. 10 000 r/min #.0> 1 h, KBR4IEEH,
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Table 3 Reference strains information of herpesvirus

FE PR stk g3 B HhL FE 3 b GenBank & %5
Current type Prototype strain Discretely Gene analyzed GenBank accession number
Bovine herpesvirus ~ MN2 USA Complete genome MG407776.1
type | C14 CSU 034-10640 USA Complete genome MH598936.1
MN1 USA Complete genome MG407775.1
IBR/225/2012/M-24 India Complete genome PQ658045.1
Bovine herpesvirus ~ Cooper Sweden Complete genome AJ004801.1
subtype 1.1 NVSL challenge 97-11 USA Complete genome NC063268.1
MNS5 USA UL44 KJ652525.1
Bovine herpesvirus SMO023 USA Complete genome KM258882.1
subtype 1.2 SP1777 USA Complete genome KM258883.1
B589 Australia Complete genome KM258881.1
BHV SHIJS China Complete genome OP035381.1
SV265 Brazil UL44 DQ173718.1
LNI 2018 China UL44 MT179815.1
LN2 2019 China UL44 MT179816.1
JL12016 China UL44 MT179813.1
JL2 2017 China UL44 MT179814.1
HL4 2019 China UL44 MT179811.1
EVIl4 Brazil UL44 DQ173739.1
HL3 2018 China UL44 MT179810.1
UY2002 Uruguay UL44 DQ173731.1
NM4 2019 China UL44 MT179820.1
NM2 2016 China UL44 MT179818.1
HL2 2019 China UL44 MT179809.1
HL5 2019 China UL44 MT179812.1
HLI1 2016 China UL44 MT179808.1
NM3 2017 China UL44 MT179819.1
Bovine herpesvirus 166/84 Argentina Complete genome MZ364295.1
type 5 A663 Argentina Complete genome MW829288.1
ISO 97/45 Brazil Complete genome KY549446.1
India/2018/Bhilwar India Complete genome PP897810.1
Bovine herpesvirus CIZFZR Germany Complete genome MTRg62163.1
type 2 Riems 8/85 Germany Complete genome MT862164.1

SRJF B BEL HEAT KRV 4R 41k IBRV B 1,12 (GRS

T, FH PBS FEoMAMRAALIR EERL TS, R % MDBK 41 K025, 35kt
BRI QR AL IR N, A B BRI, 7 PBS WAMRMEIR A 3 Y. H 1 MOI i 1%
BT N SR TERL T ATE S ARV 2, 5 R A AR B A a7 X BRAL(BA
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PEXTIR), K40 E T 37 °C. 5% CO, K534
BigR 120 Ja, I EE (PSR : P =1 D) 7RI
T 30 min; JH& 0.1% Triton X-100 /it PBST
VEVRAE % U5 R IE% 15 min; A BB (R 5%
BSA % PBST %), T 37°CH&E 1h; FIMA
IBRV M1, BHEEAF TGRS —PT, 4 O F SR
)5 A BAE S TR, AR 1gG 15
e, T 37 °CHEE 1 h; FH DAPI 7528 0 N 4
15 min, DL BT A #AE S ¥ PBS 2k
S5min, B 3K, JIA PBS J5 &8 B9 ik
B Mg,
1.13 R4S

i F] IDEXX IBR gB X3 i AAH6 il 32 771 4 Al
PCR Jy ik, ¥EH IBRV HUiA R Ry
JBAMERY 3 Sk BUAE AR AT IR MRl e . Horp
2 3k 4 LAY 87 S HE AP IBRV GSLT/04/2024 4k
FO fCi#E, MaAfLEM 25 mL, WESERN
10°° TCIDsy/mL, 75 1 kA&, #fpE5 3 K
TR AR, B HERE AU B INAEAE AL, WL
USRI ARRE AR, HELEMER 27 d, AS[E] BT
A, BRARESKT . T, 0T
RIS 7 DA S Ol . Mo 5 30 KJE AT
HA e ko, RESNEAAHLZ, Kl IBRV Ak
o KM TagMan #R51 90 5 PCR #1700
FERFZI . AR &R (20 pL): Probe qPCR Mix
MultiPlus 10 pL, . Fi#51 4 (10 pmol/L) 4%
0.4 puL, K %F 0.8 pL, Rox Reference Dye II
(50x) 0.4 uL, #%PR 2 uL, KHEK 6 L, JZ W
. 95 °CHUEE 20 s; 95 °CAEME 15, 55 °CiR
k 30s, 72°CHEfH 30s, 3t 45 MEHR, AR
anH A 3 K. ] IDEXX IBR gB X3 HufAss il
15| o TR 7S I R SN 0 Y W - R/ K 2 N i
WrR TR A () R .

oo NCXA450 — FE i A 450
Pl = NCxXA450

«100% (1)

2 HER50HT

2.1 HLMMRRISKIEISE

i 2 51X e . <. BT
FME S 2H S AT 52 00 22 Wk I . H Dk 45 2R
FWT, MRS 49 1 HY IBRV FI BCoV H AY
SR &, FBR/NSHEZR 3G ST
FUMLRAEA P AEAE IBRV L[N, [HAIXT 455,
H Uk RIS . B EYE A B P45 48 NCBI W
uli BLAST ¥, i & IBRV Il BCoV %A .
456 2 PR R R BOR R, HEDZ IR 4T
T-H) EEWFE AT AE N IBRV, #FHHkAr44 N IBRV
GSLT/04/2024 ¥k,
2.2 EERFBRFFINEFSEEHFL T

XoF £ Jii R 2H 2R A T 5 2 R R 2 T M
fdi 1] DNBSEQ-17 Ml ¢ F- 5 I J7 , V- 243 2 1K
FE R 1328, il ok B Am o A B3 o A I {1
7 Q5. IBRV GSLT/04/2024 #f4= 3K 4K &y
134 678 bp, & KR 102 729 bp 9 UL X,
11 451 bp 1Y IR X Lk K 20 498 bp A US X, #
JH DNA STAR # {41 Clustal W 77143 #7 IBRV
GSLT/04/2024 k5 16 thZ% itk a2 K 4751
AR . 25 R BoR, H eI 47 5
IBRV GSLT/04/2024 ¥k 453"k BoHV-1.2 W %Y &
PRATREZ — D HT N 40 Sk, 525 MR
B2 AL ME N 46.7% - 99.3%, Hirh 5 %
SM023 FI SP1777 BRARRIME fe sy, HR R
BHV SHJS £k . A B589 #4 F15E [F MN2
PR, APEL R 99.2%, H1E[E Riems 8/85 #iAH
IVERAR(46.7%). BAE R BEWANE 1 iR
23 RENSESH

7t MDBK 4iffl EH %255 3 X, 24 h 4l
A D, SR AT S AR RN (CPE), - 230k 41 i [
a5 P SRAE A IR, B UK LR B
23 (EIE ) o XFER 3 AR s 3= M 4 25 Bl AL
B, FAF44Y IBRV GSLT/04/2024 ¥k .
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[BoHV-l.Z OP035381.1
BoHV-1.2 KM258881.1 |
[BoHV-l.Z KM258882.1 | 2
BoHV-1.2 KM258883.1 r:g
—- GSLT/04/2024 *
- BoHV-1 MG407776.1
BoHV-1 MG407775.1 —
BoHV-1.1 NC063268.1 é
BoHV-1.1 AJ004801.1 é’
BoHV-1 MH598936.1
BoHV-1 PQ658045.1
[BOHV-S MW829288.1 A
| BoHV-5 MZ7364295.1 >
BoHV-5 PP897810.1 E
BoHV-5 KY549446.1 o
— BoHV-2 MT862163.1 =
L BoHV-2 MT862164.1 E
479 1 1 1 1 1 1 1 1 1 ]
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Nucleotide substitutions (x100)
Bl ET4EPHREIREFEEBEFINENEELER
Figure 1 The phylogenetic tree based on the complete genome sequences of the subfamily Herpesviridae.
2.4 TCIDsy FI—HE K ERZ&NE E 60,
HUIBRV GSLT/04/2024 #R%5 9 fURKHE, #& £ 5]
10 L RAURR R 107, AR MRERE(107°-10T) T
ep D.VUr
e 8 fL, [FIRfiE 8 fLIE W A ) I, & =
. 5 45F
I3 do WA 3K, BOFHESHR G — =
PR, SERE 2 iR, SRR, M E WST8 12 18 24 30 48

M FL 40 B A= KB %, R A Reed-Muench 5715
IBRV GSLT/04/2024 t4 % 9 {5 8 ) TCIDso A
10>° TCIDsy/mL.
2.5 gB. gC. gD # gE EEF5|7Hh
K2 9 fUWTERY gB. gC. gD Ml gE FEN
AP Gy, 255 SR H S I 2002 () IBRV
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Figure 2 One-step growth kinetics of the IBRV
GSLT/04/2024 strain.
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Figure 3 The phylogenetic tree of the IBRV GSLT/04/2024 strain based on the gC genes of the reference strains.
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GSLT/04/2024 strain (25 000x).
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Figure 6 Results of fluorescent antibody testing in
bovine serum from animal infection experiments (200x).
A: Immunofluorescence results of wells incubated
with IBRV antibody-positive bovine serum; B: DAPI
staining results of wells reacted with IBRV antibody-
positive bovine serum; C: Immunofluorescence
results of wells incubated with IBRV antibody-

negative bovine serum.
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Figure 7 Nasal mucosal ulceration in experimental

animals.
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Figure 9 Test results of viral load and antibody levels in bovine tissues and serum. A: Nasal swabs; B: Oral

swabs; C: Anal swabs; D: Ocular swabs; E: Serum; F: Serum antibody level.
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