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Bovine herpesvirus

- Bovine herpesvirus-1 (BHV-1)

» Infectious Bovine Rhinotracheitis (IBR)

- Cattle industry: suffers losses of more than $500
million/year



Molecular basics

- Family: Herpesviridae
= Subfamily: Alphaherpesvirinae

- Large, double-stranded DNA virus
= Genome size: 136kb

- Consists of:
» Core containing linear ds DNA
= Icosahedral capsid
= Envelope with viral glycoprotein spikes

- BHV-1: lifelong latent infection in TG of host
= Virus reactivation: can infect others in the herd



BHV-1 Vaccine

Bovine

Bovi-Shield* GOLD 5

- Efficacious BHV-1 vaccine used for yéars

- Recently, BHV-1 vaccine related abortion
reported in increasing number of herds

- Pfizer: PregGuard (MLV Vaccines)

»+ 2011: Wyoming
+ 2012: UC Davis (California), Texas A&M, and
Cornell (New York)




BHV-1 Vaccine-related abortion

- Rise of vaccine-related abortion may be result of
several factors:



Question?

- Is the abortion caused by the vaccine?



Objectives

1. Sequence BHV-1 isolates from abortion cases
and compare them to wild type BHV-1 virus
and BHV-1 vaccine DNA genome

2. Establish strain specific nucleotide
polymorphism (SSNP) profiles to assist
diagnosis of BHV-1 infection



Approaches

- TK, gE, and gG are unique genes in BHV-1 wild
type and vaccine strains

- Compare the above genes between vaccine
strains and abortion isolates by PCR-DNA
sequence
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BEK Cell Cultures & Virus Infection

- Bovine Embryonic Kidney - Infected with virus isolate
Cells: maintained monolayer - Examined for cytopathic effect
in flasks (deterioration of monolayer

cells)
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Study Design: PCR Primers

Envelope proteins s

(gB-gN)

- Amplified regions coding for: _
» Thymidine Kinase (TK) o
- Involved in viral virulence ) ' -
- gF
» Required for direct cell-to-cell
cell junctions

ugG

- Contributes to viral entry and attachment
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Nucleocapsid



|l
Study Design: PCR Results

200bp -

300bp 451bp

MM: Molecular Marker MM: Molecular Marker
1: T739073 1: T596-042
2: T754-753 2: T739-073
3: E754-753 3: T754-753
4:'T742-308 4: E754-753

5: L6064-914 5: T742-308



|l
Study Design: PCR Results

400bp =2
500bp

MM 12 3 4 5 -

MM: Molecular Marker MM: Molecular Marker
1: PG-BHV-1 1: L675-940
2: E737-501 2: T519-200
3: T737-501 3: T739-073
4: E739-051 4: E739-051

5: 1739-051 5: 1739051
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Consensus ::ﬂ! p-lg

Identity

Ce 1. TK(P1) Ackcad ek dekecocedee
Le 2.1BR-1-11-12.. *ACECG( ckdeEcccedce
te 3.BR2LARY.. :Ackccddecdekdekcccedce

R lt . TK R1 Ce 4. IBR-4LARY.. AlckECGdc ckdekcccedeck

eSults. Le 5.1BR-6370-P.. AMmE C G} ml: el G cc ¢ dJmm
Ce 6.1BR-675-940... *ACEC G ckdekccocedce
te 7.1BR-694-513.. *Ackccddecdekdefcccedce
te 8.1BR-7212-P.. *ACEC G« sdekcccedc
. Ce 9. IBR-8-4-11_.. *AcEC G zdekcccedecE

- Sequenced 35 isolates wioirari= HcfccddicdafdcEccocdon

Ce 11.1BR-AB44-6.. *ACEC GG« zdekccecedec
. . te 12.1BR-BP1_.. *Ackccddecds sdekcccedec
° SlletltllthIl, te 13.1BR-BG1:T.. “ACEC G sdekccccedee

. . te 14.1BR-C-P1_. AcEccdc sdekcccedomp
b+ 15, IBR-E596-0... *ACEC G Y sdekccccedec
IHSGI’thIl, Deletion Ce 16.1BR-E739-0.. *ACEC GG« f-dckcccedcc
Ce 17.1BR-E737-5.. *AlcEC G zdeckccccdee
Le 18.1BR-E754-7.. *AcEC G deckcccedee

te 19.1BR-L513_.. *AcEccdde zdeckcccedecl

Ce 20.IBR-L6046-.. " AGEC GEC ele o4 e¥aloete (el B

te 21.1BR-L6064-.. *ACECcd e zdckccccdeck

be 22.BR-LN513.. *AlcECGdcC sdekcccedecE

te 23.1BR-LN604... *AeECcdde sdekcccedecE

Ce 24.IBR-PG-BH.. *ACEC G« cEkdeEcccedeck

Le 25.1BR-PLAC.. :AlCEC G« ckdecEcccedecE

te 26.1BR-T322_.. AckccddecdekdekeccedecE

te 27.1BR-T5192.. *Ackceddecdekdeccccdeck

ce 28.1BR-T599_.. AckccddecdekdekeccedecE

te 29.BR-E702-. Ackccddecdml:deckcccedeck

te 30.1BR-T702-2.. 2AckccddecdekdekeccedecE

te 31.1BR-T737-5.. 2AckcedgecdekdekeccedecE

te 32.1BR-T730-0.. *AckccdgecdepdekeccedecE

te 33 1BR-T730-0.. *AckccddecdekdekeccedecE

Le 34.IBR-T742-3.. “AICECG( CAGEJQGEGCCGECGE

te 35 1BR-T754-7.. *AckcoddecdepdekeccedecE

ee 36.1BR99-11_.. “Ackceddecdekdekeccedeck




Results: TK R2

- Sequenced 11 isolates
» Deletion, Substitution, Insertion

150 160
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ACACCCTGTTCGOGGOGE
ACACCCTGTTCGOGGOGE
ACACCCTGTTCOGOGGOGE
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. IER-PLACE... TGO RACACCC TG TTCOGCGECGC
IBR-Lungat... CTGCGRRACACCCTETTCG GGG C
IBR-98-11-1... ] I E ACACCCTGTTCGCGGOGE
IBR-TS88-P ... LT=CE ACACCCTGTTCGOGGOGE

IBR-T322-P... T RACACCCTET TOG OGO

10. IBR-8-4-11- .. GCGOGE
11, IBR-LN513.. GCoclcc
12 IBR-694-51... CCCCl GG

TR RACACCCTETTOG OGO
NGO RACACCCTETTOGCGE OGO
NGO RACACCC TG TTCOGCGECGC
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Results: gE

- Sequenced 31
isolates

» Substitution,
Insertion,
Deletion

Consensus

Identity

L+ 1. gE(P3)

L+ 2. IBR-1-11-12...
L+ 3. IBR-2-Laryn...

C+ 4 IBR-4-Laryn...

L+ 5 IBR-519-200...
Ce 6. IBR-6370-P...

C+ 7.IBR-644-644
C+ 8. IBR-675-940...
C+ 9 IBR-694-513...
C+ 10.IBR-7212-P...
L+ 11.|IBR-8-4-11-_..
C+ 12.IBR-99-11_.

L+ 13. IBR-A-P7_...

C+ 14 IBR-B-P7_...

C+ 15 IBR-BG1-P...
C+ 16. IBR-C-P7_...
L+ 17.|IBR-E-596-...
C+ 18. IBR-E-702-...
C+ 19 IBR-E-737-...
C+ 20.|1BR-E-739-...
L+ 21.IBR-E754-...

Ce 22 IBR-LE6046-...
Ce 23. IBR-L6064-. ..
Ce 24 IBR-LN513...
L+ 25 IBR-Lung5...
L+ 26. IBR-T-596-...
Ce 27.IBR-T-702-...
Ce 28.IBR-T-737-...
Ce 29 IBR-T-739-...
C+ 30.IBR-T322-...

C+ 31.IBR-T599-. ..

Ce 32.IBR-T739-0...

ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGAQE
ACTCTTTIGOGGATGACGAL
ACTCTTTIGOGGATGACGA

ACTCTTTIGOGGATGACGA
ACTCTTTIGOSGGATGACGA
ACTCTTTIGOGGATGACGAC
ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGA
AGRCTCTTTTGOGGATGACGA
ARCTCTTTIGOGGATGACGAQA
AGRCTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGAL
ACTCTTTIGOGGATGACGA
ACTCTTTIGOSGGATGACGA
ACTCTTTIGOGGATGACGAQE
ACTCTTTIGOSGGATGACGAL
ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGAL
ACTCTTTIGOGGATGACGAC
ACTCTTTIGOGGATGACGAL
ACTCTTTIGOGGATGACGAQE
ACTCTTTIGOGGATGACGAL
ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGAL
ACTCTTTIGOGGATGACGAQA
ACTCTTTTIGOSGGATGACGA
ACTCTTTIGOGGATGACGA
ACTCTTTIGOGGATGACGA




Results: ¢gG

- Sequenced 34
isolates

- Deletion, Insertion

Consensus
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L& 1.
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gG(P4)

IBR-PG-BHV1_15..
IBR-BG1:10_1529.
IBR-1-11-12-P9_1.
IBR-2Larynx-P9_1.

. IBR-4Larynx-P9_1.
.IBR-519-200-P9_1
. IBR-675-940-P9_1

IBR-675-940-P9_1

.IBR-694-513-P9_...
.IBR-738-073-P9_...

.IBR-8-4-11-P9_1.
.IBR-99-11-P9_15
. IBR-A644-644-P .

. IBR-E596-042-P...
.IBR-E702-215-P...
.IBR-E737-501-P...
. IBR-E739-051-P...
. IBR-E754-753-P...
. IBR-L6046-914-...
.IBR-LE6064-914-...
. IBR-LG6064-914-...
.IBR-LN513-P9_1..
.IBR-LNG046-914...
. IBR-LN739-073-...
.IBR-Lung513-P9...

. IBR-PLACENTA...

.IBR-T322-P9_15...
.IBR-T519-200--P...
. IBR-T596-042-P...
.IBR-T598-P9_15...
.IBR-T702-215-P...
. IBR-T738-051-P...
.IBR-T739-073-P...
.IBR-T738-073-P...
.IBR-T742-308-P...
.IBR-T742-308-P...
.IBR-T754-753-P...

=EGGGE

C W CEGECCH
S O GGEECC(
vCC( YOl GEECK
WCC( + (G CC

CCG GGCC(

- N

e N \

IPAPHY

i el et e
- |
‘P.' 'S

ccC ECGEECK
\EE {4 &
WO CEGEECC
RS
W GECCH
W CGEGGECCL
WO
ACCU( =CGGGEE C(
WOC SGGECC
VO SGEGECC
WO SCGGEEC O
VENCE yCGGGC CX

| Haleleletatel

- — "~y

sCGGGC C(

T T A

\C C( EECO
\CC =GGECC(
\C G

T AT T

T AT A A

CCRGAATCGCTGQT
JGAATCGCTGT

C§GAATCGCTGTGA
FGAATCGCTGT
CPGAATCGCT G

FCAATCGCTGTGA
CRGAATCGCTGTGA

CPGAATCGCTGOTGA
CCRGAATCGCTGTGA
CRGAATCGCTGATGA
PGAATCGCTGTGA

(' _@AATCGCTGL’ TG

GAATCGCTGOQTGA
GAATCGCTGTGA
GAATCGCTGOTG

=
&
p

.
-

I

—~

FaY

l-l”
=

GAATCGCTGT(

,\
T

.
-
.

Qi

GAATCGCTGTC

Fa

=

Qi
I

.
F o

-

G
T

GAATCGCTGTG
GAATCGCTGJT
GAATCGCTGJT
GAATCGCTGTGA
GAATCGCTGTGA

&
lr‘

.
>IN

I

G100

ll:‘

CPGAATCGCTGOQTGA
FGAATCGCTGOTGA

GAATCGCTGTGA
GAATCGCTGTGA
GAATCGCTGTGA

FGAATCGCTGQTGA
CPGAATCGCTGTGA

GAATCGCTGTGA

JGAATCGCTGTGA

GAATCGCTG(TGA
GAATCGCTGOTGA

GAATCGCTGJTGA
GAATCGCTGTGA
GAATCGCTGJTGA
GAATCGCTGTGA

2
"-\‘




Results: Wild Type vs. Isolates

CA Bovine PregGuard Total
26) 3) 1) (5) |Shield (1) (37)

11'< | Insertion
1160 Deletion
Substitution

|/C Insertion
Deletion
Substitution
Insertion
Deletion
Substitution
Insertion
Deletion

T
R2

Substitution

24/24
4/24
2/5

5/5

4/22
26/26
2/26

3/3

3/3

1/1

1/1

5/5
1/5
5/5

1/5
1/5
1/5
2/2

2/2

1/1

1/1

1/1

35/35

6/11

5/31

1/1
34/34



Results: Isolates vs. Vaccine

TX %A% NY CA Total
(26) [(3) (1) (5) (35)

11'< | Insertion
1160 Deletion
Substitution

Insertion
Deletion
Substitution
Insertion
Deletion
Substitution
Insertion
Deletion

TK
R2

Substitution

4/24

2/5

5/5

4/22

2/26

1/5
5/5

1/5
1/5
1/5
2/2

2/2

5/11

5/30

TK R1 and gG: most
isolates identical to
vaccine strains (which
were different than the

wild type)

TK R2: BoviShield
Vaccine exhibited 2
mutations found in no
other isolates,
PregGuard Vaccine, or

wild type



Results Summary

- TK R1: 100% of isolates different than wild type

- TK R2: 54.5% of isolates different than wild type

- gE: 16.1% of isolates different than wild type

- gG: 100% of isolates different than wild type



Conclusion and Discussion

- All the abortion isolates are different from the TK gene of
wild types virus and many have similar TK gene
sequence as the vaccine strain

- Not all the abortion isolates have the same genetic
variation

- The abortion isolates may have been derived from the
vaccine strain or other variant strains

- Mutations in TK, gE, and gG may lead these abortion
isolates to be more virulent



Future Direction

- Examine the mutations in protein coding region
and identify the epitope of the viral protein
affected by those mutations discovered in our
study

- Design primers to capture variations among
different isolates
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