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&A% S BoHV-1 gG /tk /gDl BoHV-1 gG /tk /gD5" &Y
RIKAZEMHFGERE
ERBEY NBFY kFEY AT BEEY KEEY BEE’ 523V

(1. Aol Re: R A ERE AL Wide L 430070)
(2. Pl R Es IR 2A B AL BRI 430070)

W OE:. (B8] A4 E0EAE Kb BoHV-1 B4, &K EXTiZ %6 s k2 5 Bz
LEG, AL T AT IR T BoHV-19G /tk 2 B #: % 7% %, 578 it 4% BoHV-1 #= BoHV-5
89 % 5 R RITA9HEZ G gD BN R A5 4 54N BoHV-19G Itk 49 tk 12 &, #MAET T47%
# BOHV-1gG /tk /gD"#= BoHV-1 gG /tk /gD5". A#F7 89 B 49 7 T 3R 49 1% & 40 9% 42 AR R 89
Ao An S, 5 R BT BOHV-1 437 /) A2 BOHV-5 8 X AR 71, vA AT & b 4 A 3k bd 4%
FHFAE KAFCEG. [Fx)4A 30 R AKTG RITHMIL R 64, HpEEMFFKE.
TS RIE AR YL AR RN F Ao 5 B2 HE A AS M AT 22 A MR AE L 32AF 28 d )5 4 542 F wt BoHV-1
Fa wt BOHV-5 3 AR #4750 E, Sl id s RERILER ., RENE. FIEHE. REARFfu
PR B SR BATRI AR ARR A4 ELISA. & A= 52 3 Fa o JB) ot A% 4 8L 0 3 78 K -
xt & 40 gm A SR R AT IR . (4R ] 34 BoHV-1gG /tk /gD 4= BoHV-1 gG /tk /gD5" /& %
AR BN E W RER, RREHFNL, FEWAL RSB 2| HE; BoHV-1 G /tk 4:4F
A — R R BB mAE. KFEE, BoHV-19G /tk /gD = BoHV-1 gG /tk /gD5" =T ARk, 7
16 RAER . BEHEA AR EFTHARHE, A A2 BoHV-1 6454 /1 vh B BoHV-5 49 & L
¥ AR E. 5 BoHV-1gG /tk 78k, BoHV-1 gG /tk /gD 4= BoHV-1 gG /tk /gD5" %, % i % £
ZK-Feh F Fadik . ELISA kA% PBMC 3878, [44#1 BoHV-1 gG /tk /gD"#= BoHV-1
gG /tk /gD5" 24 M B 4T, FIAF, 5 BoHV-19G /tk #8kL, %ERMFERE.

X#8i7: BoHV-1, BoHV-5, W, Tmi, &G gD, SERME
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Safety, immunogenicity of BoHV-1 gG /tk /gD* and BoHV-1
gG /tk /gD5" in rabbits

LI Han-Xiong*? LIU Rui-Ning*? ZHANG Fang** ZHU Jie"?* HOU Gui-Xian*?
CHEN Ying-Yu*®* CHEN Jian-Guo® GUO Ai-Zhen**

(1. Sate Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University,
Wuhan, Hubei 430070, China)
(2. College of Veterinary Medicine, Huazhong Agricultural University, Wuhan, Hubei 430070, China)

Abstract: [Objective] Infectious bovine rhinotracheitis (IBR) is caused by BoHV-1 and there is no
commercialized marker vaccine against IBR in China. Based on the previously constructed
BoHV-1 gG /tk™ gene-deleted vaccine in this lab, the glycoprotein gD extracellular region sequence
which served as the best immunogenicity in BoHV-1 and BoHV-5 was further inserted into the site
where tk is located and recombinant virus strains BoHV-1 gG /tk /gD* and BoHV-1 gG /tk /gD5"
were successfully constrcuted. This paper aimed to evaluate the immunogenicity and safety of
recombinant virus strains in rabbits and protection against both BoHV-1 and BoHV-5 for
development of more effective vaccines against BoHV-1 and BoHV-5 infection. [Methods] The
30 rabbits were divided into 6 groups and vaccinated and challenged by nasal inoculation. After
strains were vaccinated, their safety was evaluated by clinical symptoms, temperature, virus
shedding. Then the rabbits were challenged with either wt BoHV-1 or wt BoHV-5 at the 28" day after
vaccination. The protection was evaluated by clinical signs, temperature, virus shedding,
histopathology, isolation and identification of virus. Besides, the immunogenicity was studied by
neutralization test, indirect-ELISA and specific PBMC proliferative response. [Results] The rabbits
vaccinated with BoHV-1 gG /tk /gD"* and BoHV-1 gG /tk /gD5" didn’t show clinical signs, nasal virus
shedding and viral surviva in lung tissues. One rabbit vaccinated with BoHV-1 gG /tk* had viral
survival in lung tissues. After challenge, both strains BoHV-1 gG /tk /gD* and BoHV-1 gG /tk /gD5"
could diminish the clinical signs and nasal virus shedding and maintain the good structure of lung
tissues indicating the protection against BoHV-1 and cross-protection against BoHV-5 were
improved. Besides, BoHV-1 gG /tk /gD" and BoHV-1 gG /tk /gD5" induced stronger neutralization
and ELISA antibodies and PBMC proliferation compared with BoHV-1 gG /tk". [Conclusion]
BoHV-1 gG /tk /gD" and BoHV-1 gG /tk /gD5" are safe and could induce higher levels of immune
response than BoHV-1 gG /tk™ strain.

Keywords: BoHV-1, BoHV-5, Vaccine, Recombinant virus, Glycoprotein gD, Immunogenicity

2017, Vol .44, No.12

A AR e Pk 5 S R B (Infectious bovine
rhinotracheitis virus, IBRV), R4 [ 1Y
(Bovine herpesvirus-1, BoHV-1), HA—fiiiEa .,
e Rl N DI #r, I BT 20k 1.1, 1.2a
Ml 1.2b 25 3FHSLH AL, BoHV-1 &Y J5ml 54
fEYubE BS54 (Infectious bovine rhinotracheitis,
IBR), iz e hmt . IG5 A 3 R
ER—Fh B | B PErE et [FmF, BoHV-1
JE A W W B 25 A AIE (Bovine respiratory disease
complex, BRDC)H (1) Z —, JEYL4J5 AT i

RAE =2, AN BT . 1956 4 Madin S5 11k
MRS 4385 ) BoHV-112, 1964 4F: Huck Z58fA
BoHV-1 J& Toismdd. b5, R FiFZEE
At X5 BoHV-1 BF5% (2 A HHOCHE , IF
I 2 (AN TR 2 AL AN 7 i L R 55 F R K i 2 43
B3] T BoHV-1, BoHV-1 FEXF A FHIEE X 7=
Evill Y G S ONIS) A I S e S A =3 A= N
LT, (NS EAAERT HE AL 30 123804
Pt

Rk TE 5 B (Bovine herpesvirus-5, BoHV-5),
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BFR BoHV-1.3, J5 544k BoHV-5, JEULdfg %L
SIS, WYY AT E S R BoHV-5
HA W3, Hgm k™ st ol 5 ks 0
BoHV-1 il BoHV-5 HAT— & B IMLIF 758 X,
KAz BoHV-5 JEYL i [ 2858 i 1] BoHV-1 % v i
7B, A BoHV-1 %t BoHV-5 B4 58 AR
P R HATFRE G BoHV-5 YLk
I, A TR O G AR R IR, R RR B
BFARR,

HAy, CATRMF] . PRk, FH22 . FlEE . 2522 A
T - AE LA I GG R AR R R . R s FE
A EEIRS S AELE A RMEARER T 0w, (FORIBUH R
I3 PRPEA B T BT E R, HRRN FH T BE R4
R E RS X , Bk, 765 —SPRdR s i E R
B X R R g e P 5 s e 1. SR DR gl g
BHAEARIN, AT X R R e, A
e R IBRARBRIT P B SR 1 o Sk bric
BT 1 B A 1 R DRUR A T B S SRS

BoHV-1 fegfid =k 12 M EE, Hph
10 FBEE (9B, gC. gD. gE. gG. gH. gl. gL.
oM Fl gK), F35h 2 FvEL B T gN Fil UsO B #b
FfbE . X 12 i s, X gB. gD. gH.
gL il gK 5 FPE IR EAE KT, HAR 78
EORARTERRERZE . A K NEUR Iy &R,
EI4)E FLE KA T8, O e bRic 4 759,
0 TS Z bR g g | g2
k9% gD LAy BoHV-1 ASMEFEA LR, 5
HoAth SRR (A EL, EFXTREEE 1 gD 7=
ProAH AR ™ fE A R A S
UER, WEEE oD REfSS I 9B, oC HaskdtH
GAES O U iRl

A S 2 i A A X BoHV-1 gG Al tk & [R F
Trohak, fEHEUR IR AR Ty, 414k
SCIGTERE , BoHV-1 gG /tk & R Bl de bR AT DL 77 A |
IR (R 1 o B A B i A S A
X BOHV-5 28 ARSI Ty, 43 114 15 7R 055 il 2

H oD BAESMXFH 535l A BoHV-1 gG /tk [ tk
(', B E T HADREE BoHV-1 gG /tk /gD ™Al
BoHV-1 gG /tk /gD5" . AT 53 #9 H ) 7E F PF Ak
BoHV-1 gG /tk /gD*#il BoHV-1 gG /tk /gD5"7E %
A DN IR 22 A PR R B 8 B, O 2 1 0
BoHV-5 J&JL (1238 AR T .
1 ME5ETE
11 SKIE#HY
111 FESFHK. @R HY . TR
BoHV-1 gG /tk /gD5 1 BoHV-1 gG /tk /gD", JL[A
BRI FE R BoHV-1 gG /tk . wt BoHV-1 (GenBank #
%5 AJO04801). wt BoHV-5 (GenBank %5t '5
AY 261359) 1 i A 52 5 % R 47 . BoHV-1 gG /tk th
th JE R Ak, BRI B R 63 26064 339 nt
(1080 bp), H:H I XA 63 441-64 073 nt,
633 bp; BoHV-1 gG /tk 1 gG FL[A 4 KL i
2, FE{IE A 117 337-118 671 nt (1 335 bp), fk
Je[X 8l 117 337-118 671 nt, 1 335 bp; BoHV-1
gG /tk /gD gD FE[H A wt BoHV-1 gD s X 5
H1, JEHE A 118 896-120 149 nt (1 254 bp), §~
H4X 8k 118 896-119 975 nt, 1 1 080 bp; BoHV-1
gG /tk /gD5"H gD5 JE[H ok wt BoHV-5 gD 41 X 7
§1, LR E N 121 129-122 382 nt (1 254 bp), §~
X 8y 121 129-122 208 nt, 4t 1 080 bp, BoHV-1
gG /tk /gD F1 BoHV-1 gG /tk /gD5 1) gD LA {7
FHEARE tk 7 E 63 441-64 073 nt,

4R MDBK, HAS SIS 3 {047

RTE 1.5 kg A 47 A MEPE SPF % H AR K H- R
30 K, W HALE L sh o bl o SEgeih Al
el RAESL g sy, ARl KA e IE
7 5y 245 HZAUBO-2015-005.,
112 EFERFIFALEE: DNA Marker, PrimeSTAR
HS DNA E4&Tif . dNTP Mixture 1 5xPrimeSTAR
Buffer, i 5 A= W) TR (Ri%) A BRA Rl E-hife 19G
HRP, 5[ Southern Biotech /A F 5 ALYk S 4%
RAMEBI IR I, o B2 0 W B RT s ARJ s
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BilgbE, S5 Amresco Al BRI, HER
M PUZE A TR BT BR A 5 B s A7) &
%t & A (Concanavain A, Con A), 3 [
Sigma-Aldrich 22w ; 5 DNA $2EUAR &, KR
AR ALt AR A W], BCA il e Rl &
Hh [ g A ME LR R BRA R R A 43
B, SR AEYEARIBM AR A E XTT Ay
BEAGIR A £, Abnova /sl

WG . YR AR R4S, JERUAE
M RAX R A PR W 5 PCR 78X, Jbat Z- A
B A IR A R F] 5 A KA, S EE AT PR
AN BERBUR ZR S, SEE ProteinSimple AH] 5 &
OAL, SEARTEREAG RA ] B ELOHL, SEE D
T R R A W s KA, dbRiN—A R
AT BFFRY, Hit Tecan 247,
1.2 @KW E
121 #EMIIKE: % 30 HHAKH AR
B 6 2, HAPER RIS R R R B R, A
g 1R
122 EHEFRHFREMMAR: L LA 9 ANEAK
i, SR IRAEAR , AR HIRA . e B

W IRES L Szt FERELRT, H
BRI SRR, SRR RS IE T 5 A
5% fERF R Y DMEM P, A REEG-80 °C FRA7-

1.2.3 EEEYHS wt BoHV-1 B9 R : $:Fh 28 d
Jo, SR wt BoHV-1 #Ef 70y, sl
4x107 PFU, I o BRI AR, WS RAE IR
FHERRESKT, Sl FREF LR 122, B
21 d JE XL TR, SRBOGG . BFL B Bl
R = SRR 28T A T R 4 S I PCR %7 , W Jiti2e
U A L) B, JEA T A S0 B2 UL O
% BRI PR A FRA F).

124 | FBHSF wt BoHV-5 MR :
A 1.2.3,

1.3 M7k

1.3.1 REMESFERN: KK HRZH MDBK
0 H BRI AL S 4 1:3-1:4 FLBIMEAt, Rk H
YK L Q0% e AT A HL . BEIR AR AN, 4 FD
(R I &2 K (Multiplication of infection, MOI)H
0.1, WLEL4H 7% (Cytopathogenic effect, CPE).
HER G 3-4d, 458 40 AR B ISR 4 LB 5740
B354 B —80 °C % Eh 2 YK, 4 °C. 5000 r/min
B0 5 min, BRI, BB 4 °C. 5 000 r/min
B0 10min, B EVE; YW 4°C. 25000 r/min
FEEC 2 h, 35 BE, R R0 (5 B AT
b 5-10 min, UiHER 1xPBS 2% MimiE iR .
1xPBS 2z il 75 fife 15 w3k AR h Rl KA
T 5.

#1 #ARBAR
Tablel Therabbit experimental scheme
2051 FEF bR K bl Btk K bl
Groups Inoculative material Number Dose (PFU) Challenging material Number Dose (PFU)

1 BoHV-1 gG /tk /gD* 6 4x10’ wt BoHV-1 3 4x10’
wt BoHV-5 3 4x10’
2 BoHV-1 gG /tk /gD5" 6 4x10" wt BoHV-1 3 4x10"
wt BoHV-5 3 4x10’
3 BoHV-1 gG /tk~ 6 4x10’ wt BoHV-1 3 4x10’
wt BoHV-5 3 4x10’

wt BoHV-1 3 4x10’ - - -
5 DMEM (BH:%HR) 6 - wt BoHV-1 3 4x10’
wt BoHV-5 3 4x107

6 DMEM (%5 X HR) 3 - DMEM 3 -

T RTTEAE)E 28 d TG
Note: The rabbits were challenged at the 28" day after vaccination.
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132 BPRBLARSNIE: 8 1 g £AHAHH
FCABFEEAL R, K5 1% A4 4 M35 A 590 3T
) DMEM 3 mL It ABFEEAL N, BEE ¥ 55 4 °C.
5000 r/min &> 5 min B0 5 B3 #F 0.22 pm
TEAITUERRTA, 7035580 °C IRAT . HFHFEE 5 4l
SO RRAL 2 S EL 200 pL 3R 24 L MDBK
Ui, AR 2 4L, & 37°C. 5% CO  Kisf
e, 2h JE#MInAE KK 800 L, & 37 °C. 5%
CO, K5 FRAaRE TR 4 d, WAL AL ; 2 5 B AL WA,
WLEE A ML 7% .

133 fREFEREALIZERNT PCR &: £xfEA
5TE oG Al tk BNIEIR BRI, BETHIRREAS IS |
Yy, E4HEE BoHV-1 gG /tk . BoHV-1 gG /tk /gD*
1l BoHV-1 gG /tk /gD5" %} gG #E4 7 T 43k Rk
DG b RS 5 2T 9G BRI AGSMI 5tk LA
RS ERA B E S LT thk BRI R X AR
M 2). PCRY G WA/ N354T . BoHV-1 B
BEfK 9G %72 PCR ¥k 9G 4 5Ll (1 335 bp) Fik
P48 i BR (524 bp), AR/l 1859 bp; tk
FERA K/ 868 bp, EZHMEEE BoHV-1
gG /tk_. BoHV-1 gG /tk /gD #1 BoHV-1 gG /tk /gD5"
K oG BRI LA T Ak ]I, PCR 7 HIR/INA
524 bp; HELHJKTE BoHV-1 gG /tk H tk L & 4B T
T2k (633 bp), PCR #7741k /NJy 235 bp; H
ZHJi#E BoHV-1 gG /tk /gD" Al BoHV-1 gG /tk /gD5"
)tk FER & T 384351t (633 bp), [RIEHZEIE R 3
A THEE T oD Mush X ¥ 41(1 080 bp), PCR 4

PRk VA 1315 bp,

B E L), 11 A% DNA $BUL5 &
FEHC DNA, 5 0E A5 B e R G i B 5 kA 7,
DNA #HEU5#4F PCR %% . PCR PHYEXT R A
BoHV-1gG /tk 5 BHM:XTEE R ddH,O. PCR S i fA&
Z W Ktk 2.0 ul, 5xPrime STAR buffer (Mg plus)
5uL, dNTP mixture (% 2.5 mmol/L) 2 uL, [ Fiif
514 (10 mmol/L)%% 0.5 uL, PrimeSTAR HS DNA
Polymerase (2.5 U/uL) 0.25 pL , fill ddH,0 % 25 L .
PCR [ ¥ 144 . 95 °C 5 min; 94 °C 1 min, 60 °C
45s, 72 °C 3.5 min, 35 fE¥; 72 °C 10 min,
16 °C 20 min, PCR 45 f5 17 1%B Ba e b
TKEEE .

1.34 RAHBLAAEEIBYH &A% UE 21d
JE IR AR, 4%2 RFEEREE 24 h DLk, f
H RO HLUE T4, T KGN, 7T5%I5H 4 h,
85%iik5 2 h, 90%iFKE 2h, 95%iFitE 1h, /K2
i 1 30 min, Jo/KZEE 1 30 min, 52K 5-10 min, —.
K 15-10min, —HZK 11 5-10 min, #%511h, &%
[ 1h, 3% 101 he BELR B IAE, Rrifse
(7] 22 R 2 2 DA 7K 5 PR R e PR L T ) oK
FAAIHAE IS X fFRZE . T-20 °C R TR G2
A, SEE SR AL IEHE R IR AR
HEEtr g T A R PLEYT R, FE 4 pm,
I A7 T FHL 40 °C IE/K EXGHgUR Y-, FZ
BB B, IRt 60 °C MU NS F . K
5T I A S B H R IR

*2 PCRIEMNEHRSAAY

Table2 Theprimersused toidentify recombinant virusesin this study

5191555 GenBank %518 5| e FERAESE R A X 3
ST 3149551 ST SR - N BRI
. HeIR o GenBank HPALE SR ATY L ocation of
Primer Sequence (5'—3') . ) . .
Source accession No. | ocation of primer (nt) Location of gene (nt) deleted gene (nt)
BoHV-1gG BoHV-1 P1: CCGACCGCCTCC AJ004801 117 102-117 126 117 337-118 671 117 337-118671
2|y gG I'F  TACACCAGATGCT
BoHV-L  jijysy P2 GGGTGTAGGCAA  AJ004801 118 937-118 961
4G primer GCTCACCGCAACG
BoHV-1 BoHV-1  P3: ACGGGCTGGGA AJ004801 63 315-63 338 63 260-64 339 63 441-64 073
k24 tk kGis:  AAGACAACAACGG
BoHV-1 4y P4: GCGGACACGTC AJ004801 64 161-64 182
tk primer CAGCACGAACA

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



2972 e Y274 Microbiol. China

2017, Vol .44, No.12

1.35 E2EHEAN: )N-80°C FHUH BT, K
il 2 Y5, 5000 r/min Z5.00 3 min BB, $#%
Fi R Fh 2= MDBK 4UfiiF & 2 ho FIREETR, 2%(%
V5 SETE R 2xDMEM (LIRS, RS
WEE [ 5, 78 COL 5 F-4a T 5% 48 h, L E 2 h,
FRLPE S MPRE, 455580 05 h, X
ZEPEH TR

1.3.6 FRANFLAREIAEI: SR E R 4 e ARk
A6 I L 375 o 7 R AN e e A Sz 6 i
S5 55~ wt BoHV-1 5, wt BoHV-5, 4l ffi  MDBK .,
PEALSEIE 25, 2 AN T BE . AL A Bl A2 T
100 L, FBe 100 ub, 3L 4 £L; k2% [ U % i
fid & 100, 10, 1. O TCIDso/50 pL ik /= ,
MRRERE RN 2 L, B AN BB 50 L,
YR 100 pL, B 50 uL;  FH (B )M X R
B AL A A e e B A 9 A o BH (B ) 1 i 3
100 TCIDso/50 L J5 8¢ B 4% 50 pL, 4=
100 pL, 4 4L, MyEERtEXT B R Y IS
W 1AL, AEFLMFER R M 50 pL | FRR 50 pL
T 100 UL, FEAS N RIS ST I 2544 T,
Fic i Reed-Muench 753545 L3 Hh AL
DLREII ] 50%LH i A A5 55 22 114 L T8 ot i 4 756 132y
TZ LI () H BTSN

1.3.7 [B#%ELISA il BoHV #ifhk: 2% ELISA
FHAAREM i AL, B ATk
ZRAFUNTR : ER TR IS wt BoHV-1 A wt
BoHV-5 Atk 5371 3.2 ng/fLFI 1.6 ng/fL, —
PUBAERRRE N 1400, WEFIHRIN Lh, —HifiReE
Sk 1:20000; il FHL @G B sk 1, 100 pL/AL,
4°C 2L, PREIYE 3 k=3 min; il 5%ffi A 44
4, 200 uL/fL, 37°C HM Lh, FEMHA®, V&
[ b 0 B 4 i o R il 3R, R B R 2 X
H, 100 pL/fL, 37 °CHkE 1 h, PR L; mA
1:20 000 f5H Féf —4, 100 pL/L, 37 °C & 30 min,
PRI s A TMB Y A 1 B, L4 50 uL,
w28 10 min, NZEE 50 uL/AL, 630 nm 1
il %E ODggo fH.-

1.3.8  SME ML A% ARG FE 7K T B AGI . fe AU
EL A o 2 T A i T PBMCs 2055, #4218 BCA
I R S UL B TS wt BoHV-1 Jiaik
FURBEROIIAE . ¥ wt BoHV-1 a5k T A 96 FLHk
P THURRRN, R e TV R 20 pL/mlL,
[R] Hs 5% B B X B AR LR A 1 pg/mL 9 Con A,
FIMEXTRE . RPMI-1640 55755, Bulssfilii . BRPEXT
HE R P XS B8 2 N EEE, Z a4 96 LRI &
37 °C B 5-411(5% CO,)H555 72 h? #5535 72 h J5 fdi
FHXTT 2 s s A ) e fIBUE 1 96 FLAR
PBM Cs 4 7KGl .
14 FitFEDWHE

Bl geit=7 i il GrapHpad prism 5.0 it
5 22 93T P (Two-Way ANOVA 55) 73477
Hr: P>0.05 #nEF AR, P<0.05 #nEHFT
F (*), P <0.01(+*)Hl P<0.00L(+##)Fn 2 54K i %

2 BRS04
21 EHFRHFHEESUE

h TR E A R RS R TR, RN
BEREASHEA T T YR B SR, g5 R, EAUR
7 BoHV-1 gG /tk /gDl BoHV-1 gG /tk /gD5", 3
AJp§EE BoHV-1 gG /tk il wt BoHV-1 [ 84T
BIREY, etk A2, BAR—, B
PR A TSR B, TR 2R A ST
AR OER B IE N IITE A5, R Rk B K/ NI
165 nm Aifq, ¥IFFA BoHV-1 Ji 841 Ay HE A
FRAE(E 1)
22 HEFRFHRESHEMR

GARERV R N B 5, wt BoHV-1 T8 X} IR
HAEES 8 RAKIR N 38.8°C, ik Tt iR F-HMH
0.5 °C DAk, A2 ] o5 25 21 S R A T 35 AE
FME 05 °C EFIRMEN, MIRMEhA R
(P>0.05) (/& 2).#F BoHV-1 gG /tk /gD*#1 BoHV-1
oG /tk /gD5"Ji5 JC B S ity LA RCRE R , SR £ AR
1EH s 4R BoHV-1 gG /tk Ji A — R Ao Hil7e 5
FIGES 3K, 45 5 RHISS 7 KEJEA OBk i 0
YW, REFKKIER , FHREIER .
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FERE XY 6 45 1-9 KA X UEf el
FE, 6 AR B T REAR S AN B HE R
23 EHEBREHMMTEREENAR
231 |IEIEHS wt BoHV-1 B Wily wt
BoHV-1 5, BoHV-1 gG /tk /gD5 M4 7ESS 2. 20
A1 21 KAKHR 4504 39.0, 39.0 A1 38.9 °C, kT4
BHAESF1E 0.5 °C LU L, BoHV-19G /tk /gD™
FREHTESS 9 RIKIR N 405 °C, & THBHAR E1Y
fH 0.5 °C Ak, LA E] 545 4 S i AR I 2R
SFYIE 05 °C B FIRMEN, RN R E

(P>0.05) (1 3). W#i)E, &AMIGAAEIR F 24D
FERIR T . AR AEGR 3). BeiAUR, SAR%
REVCREAIAR LG, 2R B S e IO AR IR R L
BoHV-1 ¢G /tk /gD . BoHV-1 g¢G /tk /gD5" #iI
BoHV-1 gG /tk™ 3 Al 75 S e g i ) BUING AAE
SR B S350 4. 10 F1 8 d, i B XU D[R]
oD MBI = TR gD, Bt wt BoHV-1 5
7E 6 AR R S EHER M S . kTR S
(SR A DTN SN LN N = S R L E 228 v
1T PCRYSE , S5 RIS I BiK#5

B 1 fARRFENTRIES B FRRIENE
Figurel Observation of recombinant viral particleswith transmission electron microscope after negative staining
. A: BoHV-1gG /tk /gD*; B: BoHV-1gG /tk /gD5"; C: BoHV-1gG /tk ; D: wt BoHV-1. H A2l 855 S48 1 R B S8 4 e B
LT, TEEHTLE R TR el R BRI SERE (M R 7. Bar=200 nm.
Note: A: BoHV-1 gG /tk /gD"; B: BoHV-1 gG /tk /gD5"; C: BoHV-1 gG /tk"; D: wt BoHV-1. The red arrow refers to intact envelope of the
virus particles; The blue arrow refers to no envelope or incomplete envelope of the virus particles. Bar=200 nm.

—e-BoHV-1 gG/tk /gD*

-=- BoHV-1 gG/tk /gD5*

—*=BoHV-1 gG/tk”
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= Average—0.5
------ Average+0.5
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2 REMEHFEEL
Figure2 Rectal temperature changesin rabbits after infection
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—=-BoHV-1 gG/tk/gD* —=-Blank control

-=-BoHV-1 gG/tk /gD5* - Average
—+-BoHV-1gG/tke - Average—0.3
41.0- -=-Unvaccinated control -~ Average+0.5

4051
00+ A&
305
39.0F £
385

Rectal temperature (°C)

01 23 4567 89 1011121314 151617 18 19 20 21
Time of post challenge (d)
B3 %{k5E wt BoHV-1 IE STk ihsk
Figure3 Rectal temperature changesin rabbits after challenge with wt BoHV-1

0 WEHRAH 0K, FRBRSAMRIRZERA B E(P>0.05).
Note: The day of virus challenge was 0 d. The difference of body temperature in each group was not significant (P>0.05).

%= 3 wt BoHV-1 W &FF BlE R GEIR

Table3 Theclinical signs after challenge with wt BoHV-1

205 G e RAE AR HF RS R] Il PRAEARAF L2 T 8]
Groups Serial number Time of clinical sign occurrence (d) Clinical sign duration (d)

BoHV-1 gG /tk /gD #:Fh 4l 1 12 4
BoHV-1 gG /tk /gD" vaccination group 0 0

3 0 0
BoHV-1 gG /tk /gD5 4 1 5 9
BoHV-1 gG /tk /gD5" vaccination group 5 17 1

3 0 0
BoHV-1 gG /tk 2 1 14 4
BoHV-1 gG /tk™ vaccination group 5 17 4

3 0 0
RSB 1 2 4
DMEM gourp > 7 3

8 0 0
23 IV BRA 1 0 0
Blank control group 5 0 0

3 0 0

7E wt BoHV-1 (7 21 d Ji, BARAHIa R EL BoHV-1gG /tk $ERh2H il i 25447 S8 i 3a , il
HHIELH A AT PR, JFHE SRR LS. MRERR OGS (K] 4B Fil 4C) . AR4% P H 2H 55 15 1 I
5 B/R, BoHV-19G /tk /gD M AIILEF L SR IE 3 I g # B 44 5%, A KRB IRFE I 4l i
PARFFEEE, M RE A WA ZBIR, I AR PEAN MR AE S N (8] 4D).  TEH X R d i
WRELFEANAL (& 4A). BoHV-1gG /tk /gDS R4l fn  S5M R FEEEE, M Joik ELRE AN i (] 4E).
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232 #{EIMBREHFS wt BoHV-5 BRI : 1L
i wt BOHV-5 Ji&7, 45 Hif [1] 5 45 24 AR AR AR A FE
FEHME 05 °C B NBREN, KRR
(P>0.05) (&l 5). M Ei)A, AL ARAEIR £ 2 ALHG
TS AT WEmE 25 (% 4). BoHV-1 gG /tk /gD" .

BoHV-1 gG /tk /gD5". BoHV-1 gG /tk IR sy
BELL A TP A5 S MO I AE AR 1) Bt ) 43
%1, 0, 14f116d, UiB] BoHV-1 gG /tk /gD5"
Xf BoHV-5 Bl i S e R a8 R i i . Mok wit
BoHV-5 JS7E 6 ZH A A4 ARAGHI 247 S HF R LA

4 575 wt BoHV-1 IEFMIEE L MFRIEFUR(ARE-FRLALEE)
Figure4 Histopathological examination of lungs after challenge with wtBoHV-1 (HE stain)
T: A: BoHV-19G /tk /gD #:fh4H; B: BoHV-1gG /tk /gD5":fh4H; C: BoHV-19G itk #FhdH; D. RIEFEEWBEH; E: =
FIXTERLL. Ye@sh . Aiuiiie, iR,

Note: A: BoHV-1 gG /tk /gD vaccination group; B: BoHV-1 gG /tk /gD5" vaccination group; C: BoHV-1 gG /tk™ vaccination group; D:
DMEM group; E: Blank control group. Dyeing results: Nucleus was blue, cytoplasm was red.

-e-BoHV-1 gG/tk/gD* -o- Blank control

1.0r —=BoHV-1 gG/tk/gD5" - Average
' “*-BoHV-1 gG/tk- = Average—0.5

—~ -gUnvaccinated control ... Averaget0.5
& 405¢
B 40.0
Q
&
§ 395
=
2 390

385

01 23 4567 89 1011121314 151617 18 19 20 21
Time of post challenge (d)

5 Bf3& wt BoHV-5 EFRKET Lk

Figure5 Rectal temperature changesin rabbits after challenge with wt BoHV-5
W WEHRNE OR, SR ERSAHRIRERA B E(P>0.05).

Note: The day of virus challenge was 0 d. The difference of body temperature in each group was not significant (P>0.05).
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wt BoHV-5 W# 21.d Ji5 , B et m Ol
R AT P T, P BEH ORI WSS . &5
7R, BoHV-1 gG /tk /gD #1 BoHV-1 gG /tk /gD5"
PRI G ISR S, Bl RERS GO 2 (K 6A I
6B). BoHV-1 gG /tk 7 4 fili 6 25 44 fe YR 45 Ay 7™

&, R, Mt A X E R (& 6B F1 6C).
AN G TR Y wt BoHV-5 S FEELH 4 1 3 Bl
JREER, M5 AR (& 6D). 25 X IR
Iy Ls R sE e, Ml rE, ERARE, JokEAE
LI E (%] 6E).

* 4 %E wt BoHV-5 K& /IGRGER

Table4 Theclinical signs after challenge with wt BoHV-5

205 Gt 6 RAEIA: 3 B ] i PRAE AR A 2 5 1]
Groups Serial number Time of clinical sign occurrence (d) Clinical sign duration (d)

BoHV-1 gG /tk /gD*#:F4H 1 9 1
BoHV-1 gG /tk /gD" vaccination group 2 0 0

3 0 0
BOHV-1 gG /tk /gD5 {44 1 0 g
BoHV-1 gG /tk /gD5" vaccination group 2 0 0

3 0 0
BoHV-1 gG /tk #F4H 1 7 5
BoHV-1 gG /tk™ vaccination group 2 7 9

3 0 0
RATEBCRA 1 3 6
DMEM gourp 2 1 10

3 0 0
25 X R ZH 1 0 0
Blank control group 2 0 0

3 0 0

E 6 %3 wt BoHV-5 HRAMIHELMKRIEEZNE(HAER-FLLEE)
Figure6 Histopathological examination of of lungs after challenge with wtBoHV-5 (HE stain)
F: A: BoHV-19G /tk /gD R4 ; B: BoHV-10G /tk /gD5™ 4 ; C: BoHV-19G itk R4 D: REMEMMIEY; E: &
FIGTIRAL Yoot AMMORGHEES, ANMLRRLT A,
Note: A: BoHV-1 gG /tk /gD" vaccination group; B: BoHV-1 gG /tk /gD5" vaccination group; C: BoHV-1 gG /tk~ vaccination group; D:
DMEM group; E: Blank control group. Dyeing results: Nucleus was blue, cytoplasm was red.
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BEEE J5 42 3 F MDBK, Hfs 2 Ik,
BoHV-1 gG /tk #Z Fl 4 A7 — H G AR il 20 5 5]
WaEE, WK 7 9kiE 6 R, (i BoHV-19G % &
I (PUP2XT LA TYEE , MM E % 9 1
Fl|— 2% 524 bp K/NOFEF PR SR, 5 R
H8 BoHV-1 gG /tk 45 FLAHAF
24 ERFRFHREREFR
241 HFIGTARKEI DRI AR Y I R] T
T, BoHV-1 gG /tk /gD il BoHV-1 gG /tk /gD5"#%
FhZH 4> WIAERERN G 28 14 KANEE 21 KITUAKI 2]
BoHV-1 frAnfiiA, il 1:8 Fil 1:5; SRIMAHIS
th BoHV-1 oG /tk #FhZH 7E42F1 5 28 d N ARAG N 3]
BoHV-1 AU 4, 5 BoHV-1 gG /tk /gD Fll
BoHV-1 gG /tk /gD5" % Fli 21 22 5+ &} # (P<0.001)
iy wt BoHV-1 1 wt BoHV-5 Ji5, BoHV-1 gG'/
tk /gDl BoHV-1 gG /tk /gD5 4/ 41 (%) BoHV-1
Ml BoHV-5 HRIH AR 2 2k FAEas, 5
BoHV-1 gG /tk #4225+ & 2 (P<0.001), DL I

M1 234567 8910111213141516

bp

7 PCR 1l % fiitE 4R & & P BV R BAZER

Figure 7 Detection of viral nucleic acid in blind passage
culture of rabbit lung tissueswith PCR

. M: DL2000 marker; 1-3: BoHV-1gG /tk /gD BfliH fifizH
YU EREAS ; 4-6: BOHV-1 gG /tk R IMiZH 4L AL REAS ; 7-9:
BoHV-1 gG /tk /gD5 H R 4L ZH 4L 14 AE A ; 10-12: Adfhiz
WU RSB AR 5 1314 25 U6 BRI 4L AL RE AR 5
15: BHPEXTAE BoHV-19G /tk; 16: ddH.,O.

Note: M: DL2000 marker; 1-3: BoHV-1 gG /tk /gD" vaccination
group blind passage culture of lung tissues; 4-6: BoHV-1 gG /tk
vaccination group blind passage culture of lung tissues, 7-9:
BoHV-1 gG /tk /gD5" vaccination group blind passage culture of
lung tissues; 10-12: DMEM group blind passage culture of lung
tissues; 13—14: Blank control group blind passage culture of lung
tissues; 15: Positive control BoHV-1 gG /tk ; 16: ddH.0.

4ERFEW], BoHV-1gG /tk /gD #:F4H It BoHV-1
oG /tk /gD5" H: R AL BE 5 L AN E BoHV-1 HpAIdL
{4, 11 H. BoHV-1 gG /tk /gD*#1 BoHV-1 gG /tk /gD5"
k. BoHV-1 oG /tk REH#7H1i%S: BoHV-1 1 BoHV-5
HRIBTIA A (] 8).

2.4.2 [8]3#% ELISA &l BoHV-1 #7 BoHV-5 #ifxk:
M3 21 T 1:400 R, SR 142 ELISA A6l BoHV-1
FESMEPUAR, 458N, M5 BoHV-1gG /tk /gD*

A 40 e BoHV-1gG/TK/gD*  ***
36 -mBoHV-1gG/TK/gD5*
32+ -4« BoHV-1gG/TK"
281 -¥wtBoHV-1
2 24| 8 Unvaccinated control
g) 20k -&- Blank control
g16f
=12k
8 L
4+
o)L= ]
0 7 14 21 28 35 42 49
Time of post vaccination (d)
B 48 I TK-/eD*
-e- BoHV-1 gG/TK /gD
33 [ = BoHV-1 gG/TK /gD5"
36 * BoHV-1gG/TK"
5 32k - wt BoHV-1 *okok
S 5g L -8 Unvaccinated control
Z 54 L -e Blank control
S20F
S 16+
12 -
8 L
4+
0

0 7 14 21 28 35 42 49
Time of post vaccination (d)

8 HiKFRINFAIAKE

Figure8 Neutralization antibody levelsin the rabbits

T A: Gl 28 d JFEGE wt BoHV-1; B: fafkdifl 28 d
JEiti wt BoHV-5. #EF5, BoHV-1 gG /tk /gD™ % Fl 4 Fn
BoHV-1 gG /tk /gD5 4540 L BoHV-1 gG /tk 20 4H Al 4
R E) B i, H 25 5 B 3% (P<0.001); ¥di BoHV-1 il
BoHV-5J5, &4 HhHIHTA/K-Of 722 57 . 25 (P<0.001).

Note: A: Rabbits were challenged with wt BoHV-1 at the 28" day
after vaccination; B: Rabbits were challenged with wt BoHV-5 at
the 28" day after vaccination. Neutralizing antibodies were
detected earlier in BoHV-1 gG /tk /gD and BoHV-1 gG /tk /gD5"
vaccination group than BoHV-1 gG /tk™ after vaccination (P<0.001).
The level of neutralizing antibody in each group remained
significantly different after BoHV-1 or BoHV-5 challenge (P<0.001).

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



2978 e Y274 Microbiol. China

2017, Vol .44, No.12

F1 BoHV-1 gG /tk /gD5 141 ) BoHV-1 55k bt
A7) ODexo HfR 153524 1.14 F1 0.96, BoHV-1
oGk M4l 085, SEHAREERFEF
(P<0.001) . “EHr 45 R KW, M5 BoHV-1
gG /tk /gD* #l BoHV-1 g¢G /tk /gD5" [, BoHV-1
oG /tk RE 47 H1E T BoHV-1 F SRk

i wt BoHV-1 J5, BoHV-1 gG/tk /gD*,
BoHV-1 gG /tk /gD5" #ll BoHV-1 gG /tk % Fl 41 1
BoHV-1 F§ 5 A V-4 ODego (R F1iAF) 0.793 5,
0.717 8 #1 0.697 7, 2R A% (P>0.05). Hii wt
BoHV-5 Ji7, BoHV-1 gG /tk /gD" . BoHV-1 gG /tk /gD5"
Al BoHV-1 gG /tk #5411 BoHV-5 7 tHi A
4 ODgso fE f 25145 1.368 0, 1.038 0 #1 0.949 0,
BoHV-1 gG /tk /gD #FiZ ¥ BoHV-5 i 5PEdiik
KPR TS, BERT BoHV-1 gG /tk /gD5"
F1 BoHV-1 gG /tk #8141 (P<0.001) (& 9).

243 EMEHNE M A% 40 A 1 A 7K T B9 A -
XTT 2500 &0 &1 Jil i A% 200 e A 0 5 3 45 2R i
7, ERNE S 14 K BoHV-1gG /tk /gD # P 4H 1Y
b JE I A% A 3 58 P KK B2 R T BoHV-1
oG /tk /gD5" 2 Fl 41 Al BoHV-1 gG /tk 4% F 41
(P<0.001)., #%Fh)5%5 21 X BoHV-19G /tk /gD" .
BoHV-1 gG /tk /gD5 il BoHV-1 gG /tk 42 Fh £ ()
A JE I A% A0 M 3G B KV d R, P44 ODeso fH )
>4 0.25, 0.17 #1 0.16.

Yl wt BoHV-1 )54 14 K, BoHV-1 gG /tk /gD" .
BoHV-1 gG /tk /gD5 il BoHV-1 gG /tk 42 F#1£H () 41
Je it BAZ A B 5 K- ODesofE 53512 0.67.,0.77
f110.24, BoHV-1 gG /tk /gD"#il BoHV-1 gG /tk /gD5"
FEFhZH 5 2 5 T BoHV-1 gG /tk $3:F14H (P<0.001);
Yrili wtBoHV-5 J5 BoHV-1 gG /tk /gD*. BoHV-1
oG /tk /gD5" Fl BoHV-1 gG /tk $EFh 4 il &b if 2
AL 57K F-F-34) ODggo {5 1143714 0.53.,0.60
F10.12, BoHV-1 gG /tk /gD #il BoHV-1 gG /tk /gD5"
TEW G 14 KME 21 KEEET BoHV-1
oG /tk $F2H (P<0.001) (/& 10).

A —8-BoHV-1 gG/TK /gD* —¥wt BoHV-1
—& BoHV-1 gG/TK/gD5' = Unvaccinated control
-©- Blank control

1.3~ —&BoHV-1gG/TK-
&Rk

Q
)

0 7 14 21 28 35 42 49
Time of post vaccination (d)

B —8-BoHV-1 gG/TK/gD* —¥-wt BoHV-1
-& BoHV-1 gG/TK-/gD5* -B-Unvaccinated control
1.6  —& BoHV-1gG/TK" -&-Blank control s

1.4
1.2

1.0
Q08

630

(@)

0.6
04
02 7 @8

0 O 1 1 1 ¥ % W
’ 0 7 14 21 28 35 42 49
Time of post vaccination (d)

9 ELISA # %K1 BoHV-1 #$i BoHV-5 #iik
K

Figure 9 Anti-BoHV-1 and Anti-BoHV-5 antibody levels
in rabbits detected with ELISA

T A GidEfh 28 d 5 Xl wt BoHV-1; B: fffdifh 28 d
JEW T wt BoHV-5. i, #FE BoHV-1 gG /tk /gD”
BRI A1 BoHV-1 gG /tk /gD5 R 2417 4 (1) BoHV-1 47t 14 it
F T BoHV-1 gG /tk # #1141 (P<0.001); ¥ BoHV-5 )5,
BoHV-1 gG /tk /gD #:FP2H 11 BoHV-5 Hiik B2 T BoHV-1
oG /tk $%F4H (P<0.001).

Note: A: Rabbits were challenged with wt BoHV-1 at the 28"
day after vaccination; B: Rabbits were challenged with wt
BoHV-5 at the 28" day after vaccination. The result showed that
BoHV-1 antibodies produced by BoHV-1 gG/tk /gD* and
BoHV-1 gG/tk /gD5" vaccination group were significantly
higher than BoHV-1 gG /tk™ after vaccination (P<0.001). After
BoHV-5 challenge, BoHV-5 antibodies in BoHV-1 gG /tk /gD*
vaccination group were significantly higher than BoHV-1 gG /tk™
(P<0.001).
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A (o EE@BOHV-1 gG/tk /gD’ ad
BoHV-1 gG/tk/gD5*
ox BoHV-1 gG/tk™

. 0.7F o wi BoHV-1

< 06} Unvaccinated control
Blank control

AdA Ak SE A EEI; & b
0 7 14 21 28 35 42 49
Time of post vaccination (d)

Kok

B i
0.8 B BoHV-1 gG/tk/gD* oY
&% BoHV-1 gG/tk /gD5* B
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zzan Unvaccinated control
Blank control
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Figure 10 The stimulation index of PBMCs from rabbits
after stimulation

T A JUAHEERD 28 dJE X wt BoHV-1; B: fuffdEFh 28 d
JE Bk wt BoHV-5. 55 /R, )5 BoHV-19G /tk /gD
ZHR BOHV-1 gG /tk /gD5 422 2H bk B4 41 Ay 184 A /K SF- 8 3 g
F BoHV-1 gG /tk ##h2H(P<0.001); Xifi BoHV-1 ll BoHV-5
J5i . A LH I B A RS B K T 22 5 1 3 (P<0.001).

Note: A: Rabbits were challenged with wt BoHV-1 at the 28" day
after vaccination; B: Rabbits were challenged with wt BoHV-5 at
the 28" day after vaccination. The result showed that the level of
lymphocyte proliferation in BoHV-1 gG /tk /gD* and BoHV-1
gG /tk /gD5" vaccination group was significantly higher than that
in BoHV-1 gG /tk” (P<0.001). After challenge with BoHV-1 and
BoHV-5, the difference of lymphocyte proliferation level in each
group was significant (P<0.001).

3 Wit

oD & BoHV-1 fufls [ hF 7R 1, et 3
B A (A G e 2R S 2 R S
FH AT BoHV-1 R EsE, Hr s DNA
PEWT . BRI AR A BoHV-1 i
oD HEAh X AT R H S5, ATy BoHV-1

JEYAR PR 112 T HLAE N BoHV-5 YRz
SRR O AR WS TR M Y BoHV-1
oG Itk i 8, 76 3 41 B 5k PR A1 b 1 i — #5 D
BoHV-1 & BoHV-5 gD &K, A& S AEHE & aE X
VR 1 RURISFUR 5 RUM S (a1 . AiRilge It
ARUESE TR -
31 JENEEHDIRS T EARSHREREMY
BoHV-1 F1 BoHV-5 [ & 1 gD iK%y 417 4~
GHERRAL, H—Fehky 79.996%Y, Aszghalk Rk
W, B R A R 11 gD IARX 511> i
A BoHV-1gG /tk 1% tk v # /5 ,BoHV-1 gG /tk /gD*
il BoHV-1 gG /tk /gD5" i) fa i JE b4 i , B AL
Y501 oD JRBEHEFNS, REERAGII R Ak, H
SPE M AAZ ARG FE A, JUIHR RIS S FE K
S0 T HOEARE BoHV-1 gG 1tk ; ZHZ12278 4k,
WUESENFE DL gD H 41 BRI X O )i (A il 2
LURAPVE AT, 47T HE Ak BoHV-19G /tk
ZE LR, BN gD HALE R G I G
TEXHE DL oD HE 4k a5, S [A) I 18 gD 1) BoHV-1
HARE Y S L T R 5 B gD 1Y BoHV-1
HAEE, 11 HLAR N 5 R EEHR AL R AT 58 SR
32 WENEER D EARSHRIFHR SN
o 1K 4 F BoHV-1 oG /tk /gD* Al BoHV-1
oG /tk /gD5" 5 34k BoHV-1 gG /tk Ji, 4] s
SRR TE A (H 0.5 °C EFBRIEN, %H
B Gy WS Z2 A I RAEAR i HBCA HER R
UiH BoHV-1 gG /tk /gD" 1 BoHV-1 gG /tk /gD5" )
Gtk R . BUER A S RS B, X
— H BoHV-1 gG /tk HzF o i il ZH 2L E 20 M 154
PRy R, HIER RN ] BoHV-1 G /tk
SREEILIR . ULIH gD WUFE DB AT #5 1 & aE R AT
Zi F ik, BoHV-1 gG/tk /gD #l BoHV-1
oG /tk /gD5" % &M R 4f, 5 BoHV-1gG /tk ML,
BoHV-1 gG /tk /gD*#11 BoHV-1 gG /tk /gD5 %} A
(R I B 5 4R, [N BoHV-5 $AtActyi
AR T, NI A AR R | BR AT R H A ek
B — 7 i AT .
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