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ABSTRACT

Racl.ll and Kentucky D are classical virulent strains of equine
hepesvirus-1 (EHV-1) which are worldwide used for vaccine
manufacture. These two strains are the parent strains of commercial
vaccines. The present study were applied in the Laboratory of
Veterinary Microbiology, Faculty of Applied Biological Sciences, Gifu
University, ,Japan in 2006. We compared the two strains with the
reference strain Ab4P using Long and accurate PCR (LA-PCR)
Restriction Fragment Length Polymorphism (RFLP) for the EHV-1
whole genomic DNA using eight different types of restriction enzymes
(Sacl, Sspl, Nael, Apal, EcoRI Hincll, Bglll, and Stul) which digest
the whole genome into 600 fragments. Digests were electrophoresed
on an agarose gel of the appropriate concentration. Restriction maps

of RacLil and Kentucky D genomic DNA in comparison to Ab4p
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revealed no restriction sites differences except in one fragment
(Fragment 12) which corresponds to nt 104,320 to 111,287 in the
genome sequence of the standard Ab4p strain and includes a part of
ORF62, the intergenic region between ORFs 62-63, and a portion of
ORF63. and by sequencing we found that the intergenic region
between ORFs 62-63 (IGR) revealed that the RacLl1 and Kentucky D
strains show sequence length difference between all examined strains.
The increased length of fragment 12 of RacL11l was found to be due to
the presence of 10 copies of 5'-GGCTAGCGCTAACGCTAG-3' while
the Kentucky D and Ab4p sequences contained 4 copies and 3 copies,
respectively. Using more restriction enzymes for future RFLP

comparison is recommended.
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INTRODUCTION

" EHV-1 causes abortion, respiratory disease, neonatal deaths and
neurological disorders in horses (Allen and bryans, 1986). The EHV-1
genome has been characterized as a linear double-stranded DNA
molecule. The complete DNA sequence of a British isolate, Ab4p, has
‘been determined (Telford et al., 1992). The genome is 150,223 bp
containing 80 open reading frames. Since four open reading frames are
duplicated, the genome contains at least 76 distinct genes. Researchers
classified various field strains of EHV-1 according to restriction site
mapping, plaque characteristics in cell cultures and clinical
" manifestations in experimentally infected hamsters (Doll et al., 1954;
Hiibert et al., 1996; Pagamjav ef al., 2005; Studdert et al., 1992).
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There are at least two major groups of EHV-1 based on DNA
clectropherotype patterns, designated type P and type B (dllen et
al.,1985; Allen and Bryans, 1986). The majority of archival strains from
aborted fetuses in Kentucky prior to 1981 were type P. However, by
1983 type B had displaced P as the predominant cause of abortion. In
Canada and Australia, type B has also been isolated from aborted fetuses
(Nagy et al., 1997; Studdert et al., 1992). In Japan, although type P
accounted for the majority of isolates from aborted fetuses, type B virus
was first isolated from an imported pregnant mare in 1994, and type B
virus has been isolated occasionally since 1997 and has caused epidemics
of abortion in the same district in Japan. EHV-1 P and B genotypes were
found to be differentiated by RFLP (Matsumura et al, 1992). The
virulence of the B and P types of EHV-1 Japanese isolates in hamsters
were previously tested (Pagamjav et al., 2005) and it was found that all
EHV-1 B strains were non virulent while EHV-1P strains were virulent,
mildly virulent or non virulent. The determinants of virulence and
pathogenicity of EHV-1 various isolates are still unknown and need to be
investigated. Allen et al. (1985) found that, by restriction endonuclease
characterization of the DNA of 317 isolates of equine abortion virus
(EHV-1) from 176 epizootically unrelated outbreaks of equine virus
abortion occurring over 24 yéars in Kentucky, an epizootic pattern
difference and variation of the virus have emerged. Matsumura et al.
(1992) reported the homogeneity of EHV-1 isolates in Japan, showing all
" of EHV-1 isolates in Japan examined had the same DNA fingerprints
after digestion with Bami—II, Bgill, and EcoR1 with slight variations in

repeat sequences. We attempted to identify DNA genomic differences
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between Racl.11 and Kentucky D with that of Abdp by restriction site
mapping analysis. Racl.11 and Kentucky D, both strains are wild type

virulent strains of EHV-1 that were isolaﬁed from aborted horse fetuses
by newborn hamster inoculation (Studde;'t et al, 1992). These two
strains are parent strains of commercial vaccines. RacL.11 was isolated in
Poland and Kentucky D was isolated in USA and both of them are P
genotype. Strain RacL.11, a highly virulent isolate was obtained from an
aborted foal (Mayr et al, 1968). It was found that the annual incidence
of EHV-1 abortion in Kentucky's thoroughbred broodmare population
due to Kentucky I?_ strain started in 1957 until the present time, and the
incidence was very high from 1957-1981 until wide spread vaccination
of the disease began in 1981 (Allen and Bryans, 1986; Hiibert et al.,
1996). The purpose of this study is the Investigation of the cause of the
higher pathogenicity of RacL11l and Kentucky D as wild type virulent
strains of EHV-1 in hamster model. Little information is available about
the correlation between genomic structure and expression of specific
pathogenicity in various EHV-1 strains. Identification of the DNA
genomic differences between wild type virulent strains of EHV-1
Racl.11l and Kentucky D (found to be hepatopathogenic in hamster
model) with that of Japanese field horse isolates and Ab4p (found to be
non hepatopathogenic in hamster model) strains of eqUiﬁe herpes virus
type 1 (EHV-1). Identification of gene(s) which may play some roles in
inducing hepatopathogenicity in hamsters inoculated by RacL1l and
Kentucky D strains of EHV:1 by restriction fragment length
polymorphism (RFLP). | ’ )
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MATERIALS AND METHODS

Equine Herpesvirus-1 strains:

EHV-1 strains used in this study were RacL.11, Kentucky D and
Ab4p. Abdp was kindly provided by Dr. A. J. Davison, Glasgow
University, UK. RacL11 and Kentucky D were kindly provided by Dr.
N. Osterrieder, Cornell University, USA. Racl.11, Kentucky D, Abdp
were passaged twice in fetal horse kidney (FHK) cells in the Laboratory
of Veterinary Microbiology, Faculty of Applied Biological Sciences,
Gifu University, ,Japan after arrival and the strains were propagated as
described previously (Pagamjav et al., 2005).

Virus propagation and DNA extraction:

Rabbit Kidney (RK13) cells were grown in Eagle’s Minimum
Essential Medium (Eagle’s MEM) (Nissui, Tokyo, Japan) supplemented
with 100 IU/ml penicillin, 100 pg/ml streptomycin and 5% fetal bovine
serum (FBS). Viruses were propagated by inoculation in fetal horse
kidney cells (FHK) at low multiplicity of infection (moi) 0.01. Total
DNA was extracted from infected FHK cells when about 90% of the
cells showed the cytopathic effect (CPE) by phenol chloroform method
(previously described (Desai, et al., 1993). DNA concentration and
purity was evaluated with Gene Quant II (Amersham Pharmacia, Tokyo,
Japan).

PCR Amplification:

The PCR amplification primers were designed (Table 1) and sent to
Dragon Genomics (Yokkaichi, Mie, Japan). The PCR reaction mixture

and PCR program were standardized to specifically amplify each
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enomic fragment without presence of any unspecific PCR product as
tollows. Each genomic DNA sample was amplified by PCR using 1 pl
of DNA in 50 pl reaction mixture consisting of 13.5 ul distilled water, 8
ul dNTP mixture, 25 pl 2x GC buffer 1, 1 pl of each primer( 100
pmol), LA-Taq enzyme 0.5 pl (TAKARA Bio INC., JAPAN). The
amplification program was denaturation at 95 °C for 1 minute followed
by 30 cycles of denaturation at 94 °C for 20 seconds, annealing at 53 °c

for 30 seconds and extension at 72 °C for 45 seconds (TAKARA
| Biomedicals.). Each Amplified product was precipitated by ethanol,
resﬁSpended in 30 pl of T.E. buffer and stored for at least 24 hours at 4
OC until use. DNA was quantified by gel electrophoresis using a 100 bp
DNA ladder markers (TAKARA Bio INC., JAPAN- code no. 3407A) in
0.9%.agarose gel Tris.

phosphate -EDTA buffer:

Restriction mapping and sequencing. Total DNA was extracted
from infected FHK cells by the phenol chloroform method as described
previously. Long and accurate PCR (LA-PCR) for the EHV-1 genome
was performed as described previously (Pagamjav et al., 2005). The LA-
PCR products were digested with eight restriction enzymes (Sacl, Sspl,
Nael, Apal, EcoRl, Hincll, Bglll, and Stul). Digests were
electrophoresedon an agarose gel of the appropriate concentration. DNA
sequencing was examined by Dragon Genomics Inc., Mie, Japan.
Computer programs, GENETYX-MAC/ATSQ, GENETYX' -MAC,

phredPhrap and consed were used for DNA sequence asseml;ly and

analyses.
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Table (1): Primers used for LA-PCR RFLP. Eighteen pairs of primers. Fragments.
b

Primer Position Seguence ‘ Tm*C || GC% ||
0-F 831- 858 ITGTCCATCGTTCTGAAACACCCATTGCC - 64.0 50.0
1-F 2,227-2,306 rIGC'I'TGAGGTGGCGGAACTTATGCGGGTGTACTCCT 71.2 57.1
1-R 15,034-15,004 JACGCCCACTCCCACCACTACCTCCTATTCAC lj9.4 581
2-F 12,042-12,074 JTCTGCTCGCGCTCTCCATCTCTCACCACACTCA 1 70.3 57.6
2-R || 24,225-24,193 FAGCCAGATAGAGAGCCCGGTGAAGACICGTGT —I 70.3 57.6
3-F { 22,072-22,104 ICTCGCGGGCATTTTTGTACCACCGCAGCTTGAC n 703 57.6
3-R || 34,265-34,233 MAGCGCCCCCGAGGTTAAGATITCAGCGTCCQIT 70.3 576
4-F 30,926-30,961 kGTCCGCTGAATAAAGTCTAGGTGGTCGA’GGATGTC 699 528
4-R 41,177-41,145 |ICTTTGCGGC’1'T CCACCACCTCGCGCAGAATATG 703 I 57.6
5-F 41,139-41, l69—|[GCTACCCATATTCTGCGCGAGGTGGTGGAAG 694 58.1
5-R 51,877-31.841 IITAACC AAGACCGCACGCCCCCAACCTAAACGCAACT 70.8 54.1
6-F 50,572-50,604 “’CGCC ACAACCTCCCGCTCATATCTCTCGAACAC 688 514
7-F 60.31 3—60,3;"0GCACTATTCGGACGCACCCTAGACCACTITGAC 70.2 559
T-R || 74,673-74,641 ]ICTGAAGCGCGGGGGTGTAACTGTGCATGT AAGC 70.3 576
8-F 70,217-70,249 VPCCGCTTTACCACGCCCTACCTT ATCCTACACG 703 n 576
8-R 82,519-82,487 "GC'I'TGCGCGAGTGGAACGGTCAGCGGAAATAGT 703 H 576 i
9-F 80.772-80,805 llCTGATGGCC'IGGGTACTTCAAACT(.':GGGCCAATAG 70.2 l 359
9-R g 91,710-91.676 {TGGTAGACGCGGTAGCCAATCCACGCCGAAGCAAA 712 ﬂ 571
10-F || 90.893-90927 JTTTCCCACCACCCCCTTGACGACTATCTATCTACGGCAT 70.3 H 54.3
10-A || 98,562-98,524 L‘\CAGATGGCAAAACCCCTCTGATTGAC’IT CGTGCTCCAC 0.5 H 513
10-B || 97.018-97.053 “CAGGT[TACGGAGCCGTFGAC'ITCGACGCACT GTAA 699 528
10-R l05.6]6-105,583IITCCCCCTCCTGGTCGGCGTATMGGGATCTGACI' 714 58.8
11-F 104.320-104,354'ICTAC GAGTTTGTGAGACCAGAGACCACGCAGGAGG 712 57.1
TI-R J111.287-11 l,25]IlfCGACCCAGAAGATACGAGCGATGAAACCAGCACAGA 70.8 54.1
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’;n: Position Sequence Tm*C || GC%
12.F [i108,665- 108,696“CAGTTCGAGCCTAGCCCAGCAGCGCATAAACC 70.5 59.4
12-R }|113,940-1 13,90%[60CGTTGTATCTAGCAGCCCACGTTCC”[TAT‘I‘GCTCACA 70.5 513
13-F M13,776-11 3,8D;II;.CCCGCCCATCAACCCGCCCAGTAAACAAAGAC 70.3 37.6
13-R [j122,136-122, IOOHGACT GCGTATCGCTTTCGCTGCTAGACCACT 70.8 54.1
14-F 3119,389-119,42HTTTCGCCTCCCCCCCGCTCCAACCAATTAGAAC 70.3 57.6
14-R i30, 157-130,125CGTGGTCGTAGCAGAGGTAGTCGAGGCTGAAAC ‘ 70.3 57146
15-F §125251-1 25,283kiT1‘GTGCAGGGCT AGGCGGTGGTGGGTGTAAA l 70.3 57.6
15-R {139,895-139,86 iHATGCT CTTCTGCGCGTACTGGTGCTGCCTGGGACA 724 60.1

A-16-FJ135,545-135,583ICCTCGGGCACAAAATCATCACTCCTCATCCATCTGTAGC 70.5 513
-16-R! 146,028-145,99% CTCGAACACCATGCGGACCAGAGCGTTGTAC L 70.3 57.6

17-F §144,025-144,05 CTTGGCACTCCTTCTTCGGCTTGCGGAGGTAA ﬂ 712 571
17-R 4,344-4,3_10 -IFGTTGTGTCGCCTCT GCCGCTTGACCTGACTTGGA H 72.4 L 60.1
— =

RESULTS
Restriction fragment length polymorphism (RFLP):

A comparison of about 600 restriction sites in RacL.11, Kentucky
D, and Ab4p genome showed no significant differences, although the
LA-PCR of fragment 12 was longer in RacL.11 than in Kentucky D and
Abdp. The LA-PCR of fragment 12 corresponds to nt 104,320 to 111,287
in the genome sequence of Ab4p and includes a part of ORF62, the
intergenic region between QRFs 62-63, and a portion of ORF63. The
increased length of fragment 12 of RacL11 was found to be due to the
presence of 10 copies of 5'-GGCTAGCGCTAACGCTAG-3' while the
Kentucky D and —Ab4p sequences contained 4 copies and 3 copies,
respectively (Fig. 1,2,3).
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Fig. (1): LA-PCR amplification products of each genome of RacL.11,Kentucky
D and Ab4P by\Agar gel electrophoresis.

LA- PCR amplified products of the whole genomic DNA of Ab4p, Racl11, and Kentucky D
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Fig. (2): LA-PCR amplification products of each genome of Racl.11,Kentucky
D and Ab4P by Agar gel electrophoresis.
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Fig. (3): Sequence comparison showing difference in length of the intergenic
area between ORF 62-63.

Sequence comparison result of the intergenic region
between ORF's 62-63
Abdp 108927 TTTCACAATTCAATAGAATCATAAATTTAACTTT GGCGCTAGCGCTAACGCTAG
GGCTAG

Kentucky D401 TTTCACAATTCAATAGAATCATAAATT TAACTTT GGCGCTAGCGCTAACGCTAG
GGCTAG

Racl11 401 TTTCACAATTCAATAGAATCATAAATTTAACTTT GGCGCTAGCGCTAACGCTAG
GGCTAG

Abdp 108987 CGCTAACGCTAG GGCTAGCGCTAACGCTAG
Kantucky D481 CGCTAACGCTAG GGCTAGCGCTAACGCTAG GGCTAGCGCTAACGCTAG ———ro

Racl11 461 CGCTAACGCTAG GGCTAGCGCTAACGCTAG GGCTAGCGCTAACGCTAG
TGGCTAGCAGCT ’

Absp
Kentucky D

Racl11 821 AACGCTAG GGCTAGCGCTAACGCTAG GGCTAGCGCTAACGCTAG
GGCTAGCGCTAACGCT

Abdp 109000 — GGCTAGCAATGAGGCTGGCCAC
Kantucky D509 GGCTAGCAATGAGGCTGGCCAC

Racl11 581 AG GGCTAGCGCTAACGCTAG GGCTAGCGCTAACGCTAG
GGCTAGCAATGAGGCTGGCCAC

DISCUSSION

Previous studies have utilized DNA restriction fragment length
polymorphism (RFLP) to separate field isolates of EHV-1 into subgroups
according to characteristic restriction enzyme site changes and the
presence of variable numbers of copies of short sequence repeats. These
studies demonstrated a relatively low frequency of genetic polymorphism
for EHV-1 and suggested that distinct strains of EHV-1 do  exist in the
field (Allen et al., 1985; Binns et al., 1993; Goodman et al., 2007;
Guanggang et al., 2010; Osterrieder N;, Davis-Poynter N McCann et
al., 1995; Palfi and Christensen, 1995; van Maanen et al., 2001).
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However, the relative lack of variation of EHV-1 sequences between
strains has resulted in too few RFLP variants to be identified for detailed
epidemiological studies. Furthermore, although such analyses may be
used for tracing the genetic relatedness of strains, they allow
identification only of those genetic changes resulting in restriction
fragment variation, rather than the majority of changes that do not affect

restriction cleavage sites.

We compared restriction maps among RacL11, Kentucky D and
Abdp. DNA fingerprints of RacL11 and Kentucky D by BamH1 were
reported to be varied from that of Abdp (dllen and Bryans, 1986;
Hiibert et al., 1996; Osterrieder et al.,, 1996). Racl.11 and Kentucky D
are known to be EHV-1 P genotype (Allen and Bryans, 1986). However,
restriction maps with 8 restriction enzymes used in the present study did
not show any genomic differences that could explain the higher
pathogenicity of RacL11 and Kentucky D strains. The only difference
that we found was a difference in the number of repeat sequences in the
intergenic region of ORF62 and ORF63. Restriction maps with 8
restriction enzymes used in the present study did not show any genetic
differences that could explain the higher pathogenicity of Racl.11 and
~ Kentucky D strains. The EHV-1 modified live-vaccine strain RacH
(256th passage on porcine embryonic kidney cells) was investigated by
RFLP analysis and compared to representative plaque isolates of the 12th
passage (Racl.11, Racl.22) and 185th passage (RacM24, RacM36)
(Nugent et al., 2006). The restriction patterns of all Rac plague isolates
differed from that of the reference strain Ab4p with missing of BamHI

restriction site and 0.1 kbp at the left UL terminus. [.osses of restriction
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sites without deletions were observed in some Rac derivatives such as
RacH, RacM24, RacM36, and RacL22. Identical deletions of 0.85 kbp in \
size was found in both copies of inverted repeat (IR) regions of RacH
(Hiibert et al., 1996). Thus drastic changes such as deletion, inversion
and insertion of certain size sequences might not occur as a result of
passage in baby hamsters in their genomes. Using LA-RFLP with 8
enzymes which although divide every genomic DNA into 600 fragments
seems to be not enough to detect minor variability in genomic sequence
and so, more enzymes are required for analysis in future work. DNA
genomic restriction sites examined by using eight restriction enzymes
were reserved among all studied strains of equine herpesvirus 1 (EHV-
1). In conclusion LA-PCR RFLP. However, restriction maps with 8
restriction enzymes used in the present study did not show any genetic
differences that could. explain the higher pathogenicity of RacL11 and
Kentucky D strains. The only difference that I found was a difference in
the number of repeat sequences in the intergenic region of ORF62 and
ORF63. Using more restriction enzymes for future RFLP comparison is

recommended.
REFERENCES

- Allen, G. P., and Bryans, J. T. (1986). Molecular epizootiology,
pathogenesis and prophylaxis of equine herpesvirus-1 infections. Vet.
Microbiol. Immunol. 2:78-144.

- Allen, G. P., Yeargan, M. R., Turtinen, L. W., and Bryans, J. T.
(1985). A new field strain of equine abortus virus (equine.herpesvirus-
1) among Kentucky horses. American Journal of Veterinary Research,
46: 138-140.

Kafrelsheikh Vet. Med. J. Vol. 8 No. 1 (2010)

129



Molecular Comparative Study On Different Strains Of ...

Allen, G. P., Yeargan, M. R., Turtinen, L. W., Bryans, J. T. and
MecCollum. W. H. (1983). Molecular epizootiologic studieé of equine
herpesvirus-1 infections by restriction endonuclease fingerprinting of
viral DNA. Am. J. Vet. Res. 44:263-271.

Binns, M. M., McCann, S., Zhang, L., Wood, J. and Mumford, J. A.
(1994). Molecular epidemiology of EHV-1 and EHV4: a search for
variable restriction sites, p. 237-241. In H. Nakajima and W.
Plowright (ed.), Equine infectious diseases VII. Proceedings of the
Seventh International Conference on Equine Infectious Diseases.
R&W Publications, Newmarket, United Kingdom.

Desai, P., Deluca, N. A., Glorioso, J. C., and Person, S. (1993).
Mutations in Herpes simplex virus type 1 genes encoding VP5 and
VP23 abrogate capsid Formation and cleavage of replicated DNA. J.
Virol. 67:1357-1364.

Doll, E. R., Richards, M. G., and Wallace, M. E. (1954). Cultivation
of the equine influenza virus in suckling Syrian hamsters: its similarity

to the equine abortion virus. Cornell Veterinarian 44:133-137.

Goodman L. B., Loregian, A., Perkins, G. A., Nugent, J., Buckles, E.
L., Mercorelli , B., Kydd, J. H., Palu, G., Smith, K. C., Osterrieder,
N., Davis-Poynter, N. (2007}. A point mutation in a herpesvirus
polymerase determines neuropathogenicity. PLoS Pathog.3(11): el60.

Guanggang, M. A., Chengping, L. U. and Klaus Osterrieder K.
(2010). Residue 752 in DNA polymerase of equine herpesvirus type |
(EHV-1) is nonessential for virus growth in vitro. J Gen Viro.l
DOI 10.1099/vir.0.018036-0.

Kafrelsheikh Vet. Med. J. Vol. § No. 1 {2010)

130



Yasser Mohamed Ghanem et., al.

Hiibert, P. H., Birkenmaier, S., Rziha, H. J., and Osterrieder, N.
(1996). Alterations in the eql}ine herpesvirus type-1 (EHV-1) strain
-RacH during attenuation. Zentralbl. Veterinarmed. B. 43:1-14.

* Kirisawa, R., Ohmori, H., Iwai, H. and Kawakami, Y. (1993). The
genomic diversity among equine herpesvirus-1 strains isolated in
Japan. Arch. Virol. 129:11-22.

Matsumura, T.,Sugiura, T.,Imagawa, H., Fukunaga, Y., and Kamada,
M. (1992). Epizootiological aspects of type 1 and type 4 equine
herpesvirus infections among horse populations. J. Vet. Med. Sci.
54:207-211. |

Mayr, A., Pette, J., Petzoldt, K., and Wagener, K. (1968). Studies on
the development of a live vaccine against rhinopneumonitis (mare
abortion) of horses. Zentbl. Vetmed. Reihe B 15:406-418. (In
German.). |

McCann, S. H. E., Mumford, J. A. and Binns, M. M. (1995).
Development of PCR assays to detect genetic variation amongst
equine herpesvirus-1 isolates as an aid to epidemiological
mnvestigation. J. Virol. Methods 52:183-194

Nagy, E., Idamakanti, N., and Carman, S. (1997). Restriction
endonuclease analysis of equine herpesvirus-1 isolates recovered in
Ontario, 1986-1992, from aborted, stillborn, and neonatal foals. J. Vet.
Diagn. Invest. 9:143-184.

Nugent, J., Birch-Machin, 1., Smith, K. C., Mumford, J. A., Swann,
Z., Newton, J. R., Bowden, R. J., Allen, G. P., and Davis-Poynter,
N. (2006). Virol. 80(8):4047-4060.

Kafrelsheikh Vet. Med. J. Vol. 8 No. 1 (2010)

131



Molecular Comparative Study On Different Strains Of ...

Osterrieder, N.,Neubauer,A.,Brandmuller, C.,Braun, B., Kaaden, O.
I}., and Baines, J. D. (1996). The equine herpesvirus 1 glycoprotein
gp21/22a, the Herpes simplex virus type 1 gM homolog, is involved in
virus penetration and cell-to-cell spread of virions. J. Virol. 70:4110-
4115.

Pagamjav, O., Sakata, T., Matsumura, T., Yamaguchi, T., and
Fukushi, H. (2005). Natural recombinant between equine herpes virus
1 and 4 in the ICP4 gene. Microbiol. Immunol. 49:167-179.

Palfi, V., and Christensen, L. S. (1995). Analyses of restriction
fragment patterns (RFPs) and pathogenicity in baby mice of equine
herpesvirus 1 and 4 (EHV-1 and EHV-4) strains circulating in Danish
horses. Vet. Microbiol. 47:199-204

Studdert, M. J., Crable, B. S., and Ficorilli, N. (1992). The molecular
Epidemiology of equine herpesvirus 1 (equine abortion virus) in
Australia 1975 to 1989. Aust. Vet. J. 69(5):104-111.

Telford, E. A., Watson, M. S., McBride, K., and Davison, A. (1992).
The DNA sequence of equine herpesvirus-1. Virology 189:304-316.

van Maanen,C.,Sloet van Oldruitenborgh-Oosterbaan, M. M., Damen,
E. A., and Derksen, A. G. (2001). Neurological disease associated
with EHV-l-infection in a niding school: clinical and virological
characteristics. Equine Vet. J. 33:191-196.

Kafrelsheikh Vet Med. 3. Vol 8 No. 1{2610)

132





