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ABSTRACT

A serogroup-specific polymerase
chain reaction (PCR) assay and iso-
late identification strategies (restric-
tion endonuclease analysis (REA)
and nucleotide sequencing) were
developed for the detection of North
American isolates of epizootic haem-
orrhagic disease virus (EHDV). PCR
primers (EHDV-pr4, EHDV-prS5)
were designed to hybridize to the
L3 gene of a North American isolate
of EHDV serotype 1. Total nucleic
acid was extracted from prepara-
tions of infected tissue culture and
PCR was performed using a cDNA-
PCR kit, according to the manufac-
turer’s specifications. The PCR
assay generated a 459 base pair
product from North American iso-
lates of EHDV serotypes 1 and 2,
while bluetongue virus (BTYV)
serotypes 10, 11, 13, and 17, and cell
controls, failed to demonstrate PCR
products. Slight modifications
allowed for the PCR detection of
EHDV-1 and -2 in white-tailed deer
blood (Odocoileus virginiatus); PCR
fragments were not amplified from
uninfected deer blood. A number of
restriction endonucleases and
sequencing primers were evaluated
for their utility in isolate identifica-
tion experiments. Specifically, REA
employing HincllI and cycle sequenc-
ing with an internal primer (EHDV-
1-pr3) proved most successful for
identifying isolate-specific genome
markers. The techniques presented
are expected to prove valuable for
rapid and specific detection of pos-
sible future EHDY incursions in
wild and domestic animal species.

RESUME

Un test d’amplification en chaine
par la polymérase (ACP) et des
stragégies d’identification (analyse
des fragments de restriction et
séquencage) ont été développés
pour détecter différents sérotypes
du virus de la maladie hémorra-
gique du cerf (VMHC). Des amorces
pour ACP, (EHDV-prd4, EHDV-pr5)
ont été créées de facon a ce qu’elles
s’hybrident au gene L3 de ’isolat
nord-américain VMHC sérotype 1.
Des extraits d’acides nucléiques
provenant de préparation de cul-
tures cellulaires infectées ont subi le
test ACP utilisant une trousse
d’amplification d’ADN complémen-
taire selon les recommendations du
manufacturier. Le test a généré un
fragment d’ADN long de 459 paires
de bases pour VMHC-1 et -2, mais
aucun produit n’a été amplifié a par-
tir du virus de la fi¢vre catarrhale
(sérotypes 10, 11, 13 et 17) ni dans
les témoins cellulaires. Quelques
modifications au test ont permis la
détection du VMHC types 1 et 2
dans le sang de cerf de virginie
(Odocoileus virginiatus). La perfor-
mance de plusieurs enzymes de
restriction et amorces de séquencage
a été évaluée lors d’expériences
d’identification des isolats. L ana-
lyse par restriction utilisant I’enzyme
Hincll et le séquencage a I’aide de
I’amorce interne EHDV-1-pr3 se
sont avérés des plus utiles pour
Pidentification de marqueurs
génomiques spécifiques aux isolats.
Les techniques proposées se mon-
treront probablement utiles pour la
détection rapide et spécifique du
VMHC lors d’incursions chez les
animaux sauvages et domestiques.

INTRODUCTION

Epizootic haemorrhagic disease
virus (EHDV) is a member of the
Orbivirus genus of the family
Reoviridae. EHDV possesses typical
orbivirus morphology (1,2), consist-
ing of an amorphous outer layer of
structural proteins VP2 and VPS5, and
an inner capsid layer containing
2 major structural proteins, VP3 and
VP7, and 3 minor proteins, VP1, VP4,
and VP6. Three nonstructural proteins
have been identified; NS1, NS2, and
NS3. Within the inner core are 10 seg-
ments of double-stranded RNA, each
of which encodes for a major poly-
peptide (3).

Eight EHDV serotypes are recog-
nized by the serum neutralization test
(4). In North America, EHDV types 1
and 2 are present; however in Canada,
only the type 2 virus has been recog-
nized (5). Canadian outbreaks of
EHDYV occur occasionally; the last
outbreak was reportedly transported
northwards by wind currents which
carried infected gnats of the genus
Culicoides (6). Under natural condi-
tions, EHDV infects several species
of ruminants, but clinical signs occur
mostly in wild ungulates such as
white-tailed deer, mule deer, and
antelope. In these species, the infec-
tion is very debilitating and often fatal
(7-9). In livestock species, the infec-
tion is generally inapparent or very
mild (10).

In susceptible species, infection
with EHDV needs to be differentiated
from infection with bluetongue virus
(BTV), a related orbivirus, which
causes disease in sheep and also
causes serious effects on the livestock
industry due to limitations on export
of animals, semen, and embryos from
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infected regions. Current diagnostic
protocols for detection of these
viruses involve the isolation of virus
in cell culture (EHDV), or in embry-
onated chicken eggs, or sheep (BTV),
followed by virus typing using the
serum neutralization test (11). The
above procedures are costly, time-
consuming and require animal usage.

Polymerase chain reaction (PCR)
assays (12) have been developed for
the detection of many pathogens with
the intent of circumventing the inherent
drawbacks of conventional diagnostic
methods. Recent reports describe the
detection of EHDV-1 and -2 using PCR
primers derived from NS-1 gene
sequences (13,14). Nucleic acid
sequence comparisons of the L3 gene,
which encodes the serogroup-reactive
protein VP3 (15), reveal that this gene
is also highly conserved in their respec-
tive serogroup (16-20). Indeed, Aus-
tralian isolates of EHDV (serotypes
2,5,6, and 7) have been amplified using
a pair of L3 gene-based primers (21).
This report illustrates the application of
PCR amoplification of North American
isolates of EHDV, and the development
of timely confirmatory and isolate
identification protocols for use in the
event of an outbreak.

MATERIALS AND METHODS

VIRUSES

Tissue culture EHDV and BTV ref-
erence viruses, originally donated by
Dr. J.E. Pearson, (National Veterinary
Services Laboratory (NVSL), Ames,
Iowa) were propagated either in
BHK-21 or Vero cells. Cells were
grown in minimum essential medium
in Earle’s balanced salt solution sup-
plemented with 10% fetal bovine
serum (FBS), 200 m ML-glutamine,
10 mM of nonessential amino acids,
and 110 mg/mL Na pyruvate. Peni-
cillin (100 IU/mL) and streptomycin
(100pg/mL) were included in the
medium. The FBS was shown to be
free of bovine viral diarrhea virus
(BVDV), by immunoperoxidase anal-
ysis of bovine turbinate cells following
5 tissue culture passages in complete
medium, as described above. The FBS
was also negative for antibodies to
BTV, EHDV, and BVDV, using either
ELISA (BTV), or serum neutralization
(EHDYV and BVDV), tests.
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Blood from 2 EHDV-infected
Cervidae (white-tailed deer, Odocoi-
leus virginiatus; EHDV-1: 5 d post-
infection, EHDV-2: 9 d postinfection)
was collected using EDTA as the anti-
coagulant, and the blood cells were
washed with PBS prior to storage at
4°C. The deer blood was donated by
Dr. E. Howerth, (Department of
Pathology, College of Medicine, Uni-
versity of Georgia, Athens, Georgia).
To confirm the presence of EHDV in
the deer blood specimens, the virus
was passaged twice on BHK-21
monolayers, then identified as EHDV
or BTV using specific monoclonal
antibodies in an indirect immunoper-
oxidase assay (11). Noninfected
Cervidae blood was used as a nega-
tive control sample.

HARVESTING OF NUCLEIC ACID

Tissue cultures were infected
according to established protocols.
Following complete destruction of the
monolayer, cells were harvested by
scraping and centrifugation. Cells
were lysed by 2 freeze/thaw cycles,
followed by treatment with 0.1
mg/mL proteinase K and 1% (final
concentration) SDS at 37°C for 1 h.
Total cell nucleic acid was extracted
with a single treatment with
phenol:chloroform: isoamyl alcohol
(25:24:1) and concentrated by ethanol
precipitation in the presence of
sodium acetate (final concentration of
0.3 M, pH 5.5). Nucleic acid pellets
were resuspended in H,O and stored
at —70°C. Retrieval of nucleic acid
from specimens of washed Cervidae
blood cells was performed essentially
as above. However, the red blood cells
were initially concentrated by centrifu-
gation at 12 000 X g for 5 min. The
pellet was resuspended in 500 pL
phosphate buffered saline (pH 7.2),
then subjected to proteinase K treat-
ment for 3 h, followed by 2 cycles of
phenol extraction. Prior to PCR test-
ing, blood samples were treated at
95°C for 10 min, to reduce porphyrin
inhibition.

PCR PRIMERS

Published nucleic sequence infor-
mation for the L3 gene of a North
American isolate of EHDV-1 (20) was
analysed for the derivation of PCR
primers (EHDV-pr4 and EHDV-pr5).

Furthermore, it was predicted that
these primers were suitable for the
amplification of an Australian
EHDV-2, based on published data
(20). The primer pair was comple-
mentary to sequences at nucleotide
positions 648 to 668 (5'-GTATAT-
CGCATATACAATCGG-3’) and 1086
to 1106 (5'-CATTCTTTCACCCGG-
ATCTAT-3’). Prior to primer synthe-
sis, nucleotide sequences contained in
GenBank (Intelligenetics, Mountain
View, California) using the Pustell
Sequence Analysis Program (IBI,
New Haven, Connecticut) were
reviewed to ensure that cross-
hybridization with other viruses was
unlikely. Primers were synthesized on a
PCR-Mate Model 391 (Applied Biosys-
tems, Foster City, California) then
eluted from the columns with fresh
ammonium hydroxide, concentrated
with butanol, and dried to a pellet in a
speed-vac (Savant, Farmingdale, New
York). Primer concentrations were
determined using the “Saran-wrap”
method (22), by comparing to an MS2
primer control (Invitrogen, San Diego,
California). Analysis of the biochemi-
cal properties of the primers utilized
the Gene Runner software package
(Hastings Software Inc., Hastings on
Hudson, New York).

REVERSE TRANSCRIPTION—-POLY-
MERASE CHAIN REACTION (RT-PCR)

To avoid test compromise due to
false-positive reactions, separate work
areas and supplies for reagent prepara-
tion, sample set-up and reaction analy-
sis were designated. A single tube
RT-PCR was performed using
reagents supplied in a cDNA Cycle kit
(Invitrogen), according to the manu-
facturer’s specifications. Briefly,
nucleic acid was denatured at room
temperature for 5 min with 20 mM
(final concentration) methyl-mercury
hydroxide, then inactivated with
140 mM B-mercaptoethanol (final con-
centration). An RT mix containing
0.5 units/pL RNase inhibitor, 50 ng/ nL
random primers, 1.25 mM dNTPs,
0.25 units/pL avian reverse transcrip-
tase, and 5X RT buffer was added.
Final buffer concentration in this
reaction step was 10 mM Tris-HCI,
pH 8.3, 40 mM KCI and 10 mM
MgCl,. The solution volume during
the RT step was 20 pL. Tubes were
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Figure 1. Detection of EHDV in deer blood
using PCR. White-tailed deer blood infected
with EHDV-1 and -2 were subjected to
EHDYV PCR as described in Materials and
methods. Lane a: $X174/Haelll size stan-
dard; lanes b, c: EHDV-1 and -2 infected
deer blood; lanes d, e: uninfected deer blood
and reagent negative controls; lane f:
EHDV-1 peositive control.

transferred to a Coy thermal cycler
(Diamed Lab Supplies, Mississauga,
Ontario) and the mixture was incu-
bated at 42°C for 1 h, followed by
enzyme denaturation at 95°C for
5 min. While the mixture remained at
80°C, PCR reagents were added to
produce a mixture with a final volume
of 50 pL and final concentrations of
10 mM Tris-HCI, pH 8.3, 46 mM
KCl, 6 mM MgCl,, 1.3 png/pL gelatin,
0.2 mM dNTPs, 2 ng/pL EHDV-
specific primers and 0.5 units/pL
Amplitaq polymerase (Perkin-Elmer,
Mississauga, Ontario). The thermal-
cycling program included 40 cycles of
1 min denaturation at 94°C, 1 min of
primer annealing at 53°C, and 2 min
of extension at 72°C, and a similar
final cycle, except with a 10 min
extension period. Subsequently, 20%
of the amplification product was ana-
lyzed on 3% NuSieve/1% SeaKem
agarose (FMC/Mandel, Guelph,
Ontario) containing 0.5 pg/mL ethid-
ium bromide. Gels were electro-
phoresed at 50 V for 2 h in tris-
acetate-EDTA buffer, also containing
0.5 pg/mL ethidium bromide. Bands
were visualized with 2 UV light source
and compared to $X174-Haelll size
standards (BRL, Burlington, Ontario).

RESTRICTION ENDONUCLEASE
ANALYSIS (REA) OF PCR PRODUCTS

Putative restriction maps were pro-
duced by the Pustell Sequence Analysis

Figure 2. EHDV PCR Specificity Assay.
EHDYV primers were assessed for serogroup
specificity, using the PCR assays described in
Materials and methods. Lane a: Vero cell
control; lane b: BTV positive control with
BTV primers; lanes c—f: BTV serotypes 10,
11, 13 and 17, respectively, with EHDV
primers; lane g: $X174/Haelll size standard.

Program (IBI), utilizing the published
L3 gene sequence for EHDV (19,20).
A spectrum of restriction endonucle-
ases (BRL) was employed; however,
digestion of the PCR products with
Hincll, Kpnl, Maelll and Taql were
expected to allow differentiation of
EHDV-1 and -2. Unpurified PCR
product (representing approximately
200 ng EHDV-specific fragment) was
used in these experiments. All reac-
tions were performed for 2 h at 37°C,
except that Tagl incubations were
held at 65°C.

NUCLEIC ACID SEQUENCING OF PCR
PRODUCTS

Definitive confirmation of the
amplification products was pursued
by DNA sequencing using the EHDV
PCR (EHDV-pr4, EHDV-pr5)
primers, or from an internal primer
(EHDV-1-pr3; 5'-TGG TCC AGT
TGT AGT AAT-3’"), which hybrid-
ized to nucleotides 963-980 of the
L3 gene of EHDV serotype 1. PCR
templates that had been selected for
cloning were purified by electro-
phoresis in 1% LMP agarose (BRL,
Burlington, Ontario) followed by
DNA extraction using the Magic
PCR-Prep system (Promega, Nepean,
Ontario) according to the manufac-
turer’s instructions. Nucleic acid con-
centration was determined by compar-
ing to a set of known standards using
ethidium bromide quantitation (22).

194 bp p
118 bp P

Figure 3. Representative REA of EHDV PCR
products. EHDV-1 and -2 PCR products
were digested as described in Material and
methods. Lane a: $X174/Haelll size stan-
dard; lanes b-d: EHDV-1 digested with
Hincll, Rsal and Tagql, respectively; e-g:
EHDV-2 digested with Hincll, Rsal and
Taql, respectively; lane h: uncut EHDV
control.

Sequencing data were generated using
the fmol DNA sequencing system
(Promega), according to the manufac-
turer’s specifications. Briefly,
10 pmol of primer was radiolabelled
with y-3P- dATP in the presence of
50 mM Tris-HC1, 10 mM MgCl,,
5 mM DTT, 0.1 mM spermidine and
8 units polynucleotide kinase. Exten-
sion products were produced in a
reaction mixture containing 40 pmol
template, 1.5 pmol labelled primer,
50 mM Tris-HCI, 2 mM MgCl, and
5 units sequencing grade Tagq poly-
merase (Promega). One-fourth of the
mixture was transferred to the appro-
priate dd/dNTP mix and extension/
termination products were generated
using a thermal cycler. Annealing
temperatures of 53°C (EHDV-pr4, 5),
or 42°C (EHDV-1-pr3) were used in
the cycling program. Sequencing data
was determined by autoradiography
following electrophoresis in 6% poly-
acrylamide/8 M urea gel, using tris-
borate-EDTA buffer, and transfer to
3MM Whatmann filter paper.
Nucleotides sequences were analyzed
with the IBI Pustell sequence analysis
program.

RESULTS

PCR primers amplified both EHDV
North American serotypes 1 and 2
propagated in vitro (data not shown).
In addition, viral nucleic acid was
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detected in infected white-tailed deer
blood (Fig. 1). Virus was isolated by
conventional means (i.e., tissue cul-
ture passages followed by immunoper-
oxidase staining) from the EHDV-1
sample only. Primer cross-hybridiza-
tion was not apparent with tissue cul-
ture control (Fig. 2, lane a) and deer
blood control (Fig. 1, lane d) samples
subjected to EHDV PCR protocols. In
addition, the primers did not amplify
sequences from within the BTV
serogroup, as the EHDV primer pair
failed to amplify the BTV sero-
types 10, 11, 13, and 17 (Fig. 2). The
presence of amplifiable BTV template
was confirmed by subjecting a similar
sample to a BTV PCR assay (26;
Fig. 2, lane b).

Utilizing a variety of restriction
endonucleases, REA of the EHDV-1
PCR product was consistent with what
was anticipated (Fig. 3, Table I), based
on previous EHDV-1 nucleotide
sequence data (20). In addition, the
EHDV-2 BamHI, Hincll and Rsal
digestion patterns were expected (19).
However, Tagl and Kpnl did not digest
EHDV-2 in the manner which was sug-
gested by the sequence information for
an Australian isolate of EHDV-2. Iso-
lates of the EHDV serotypes could be
distinguished by the Hincll (Fig. 3,
lanes b and e) pattern. The restriction
endonuclease, Maelll repeatedly gen-
erated a partial digest, in spite of
extended incubation times. Specimens
of in vitro- and in vivo-propagated
viruses revealed identical PCR product
restriction maps (data not shown).

Portions of EHDV-1 (nucleotides
679-1062) and -2 (nucleotides
688-1062) PCR products were
sequenced (Table II) with the down-
stream PCR primer (EHDV-pr5) and
the internal primer (EHDV-1-pr3).
Autoradiograms were not legible
using the upstream PCR primer
(EHDV-pr4), in spite of lowering the
annealing temperature to 50°C. The
nucleotide sequence of the EHDV-1
PCR product was identical to that pre-
viously published (20). In the region
sequenced, comparisons between the
EHDV-1 and -2 PCR sequences
revealed nucleotide and amino acid
homologies of 97% and 98% respec-
tively. In spite of a 78% nucleotide
sequence homology between the
EHDV-2 PCR product and published
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TABLE 1. Observed and anticipated frag-
ment sizes following REA of EHDV PCR
products

Observed fragment sizes
(base pairs), see Fig. 3

Enzyme EHDV-1 EHDV-2

BamH1 459 459

Hincll 303,156 459

Kpnl 459 459 (204, 255)°

Maelll  Partial Partial
(21,49,389) (57,117, 285)

Rsal 45,160,254 45,162,254

Tagl 35,424 35,424 (107, 352)

*Fragment size predicted from published
sequence data (19, 20)

Australian EHDV-2 data (19), the
majority of mutations were silent,
resulting in amino acid sequence
homology of 96%. The sequence
information generated from the par-
ticular North American EHDV-2 iso-
late studied was identical to an
Alberta isolate of EHDV-2, pre-
sented in the EMBL database under
the identifier E2L3US, submitted by
Cheney et al. (23).

DISCUSSION

A North American serotype-specific
assay for detection of EHDV isolates
was developed and found suitable for
amplification from tissue culture fluids
or directly from deer blood. Supportive
technologies (REA and nucleotide
sequencing) were devised for confir-
mation of the identity of the PCR prod-
uct and as a means of isolate identifi-
cation. Classical isolation techniques
revealed presence of EHDV infection
in the blood from an EHDV-1-inocu-
lated deer, while the presence of an
orbivirus in the EHDV-2 blood sample
could not be confirmed in our labora-
tory. Both the infected and control deer
specimens were contaminated with
yeast, most likely due to the length of
time the blood had been stored at 4°C.
Therefore, prior to isolation attempts,
the blood was filtered, which perhaps
hindered the ability to isolate virus.
This finding highlights an advantage of
PCR methods: samples contaminated
with other microbes, such as bacteria
or yeast, are still amenable to pathogen
detection via PCR. The titer of EHDV
in the deer blood was too low to allow
for sensitivity comparisons between

PCR and conventional tests from
in vivo samples. However, sensitivity
of the PCR assay was <1 TCID,, from
tissue culture fluids (data not shown).
It is anticipated that this level of detec-
tion could be improved with the use of
ancillary tests, such as Southern blot
hybridization (13) or nested PCR (14).
Restriction endonuclease analysis
and nucleotide sequencing were uti-
lized as confirmatory tests in the
assay development. It was found that
these methods could also discriminate
between isolates of EHDV-1 and -2.
The partial digest observed following
digestion with Maelll may be indica-
tive of residual endonuclease binding
to the DNA. Evaluation of procedures
designed to disrupt the protein-
nucleic acid bonds, such as phenol
extraction or addition of SDS, may be
warranted. The Kpnl and Tagql restric-
tion patterns for EHDV-2 were not
anticipated. The fact that the pub-
lished sequence information relates to
an Australian isolate of EHDV-2 may
explain these deviations in the REA
and sequencing data generated with a
North American EHDV-2 isolate.
Indeed, phylogenetic analyses reveal
that an American isolate of EHDV-1
differs from the Australian EHDV
group (21). It is likely that North
American EHDV-2 is somewhat
phylogenetically removed from its
Australian counterpart. In the VP3
region analyzed, the North American
EHDV-2 was more similar to the
North American EHDV-1 than to an
Australian EHDV-2 (19). These
observations support the hypothesis
that viruses within a given topotype
evolve from a common ancestor.
Experiments that utilized the down-
stream PCR and internal primers as a
cycle sequencing primer demonstrated
that both EHDV-1 and -2 PCR prod-
ucts were genuine. The upstream
primer was not a suitable reagent for
generating nucleotide sequences. This
oligonucleotide possessed 4 hairpin,
3 bulge and 3 internal loops, including
1 internal loop with a T, of 92.8°C,
which could have prevented primer
annealing during sequencing proce-
dures. In contrast, analysis revealed no
significant secondary structures in the
downstream primer. It is suggested
that the differences in the molecular
behavior between the PCR primers



TABLE II. Nucleotide sequence of a portion of EHDV-2 and -1 PCR products, and comparison with an Australian isolate of EHDV-2
(EHD2VP3AUS). Nonsilent mutations, represented by lower case letters, are depicted relative to the EHDV-2 PCR product sequence

688
EHDV-2 PCR CC GTT CAA TTG GAA GAG TTG CGC GGA GCG GTG ACA TGG CTT
EHDV-1 PCR A G
EHD2VP3AUS® G A G A G cg ac G
729
EHDV-2 PCR GAG CGT CTG GGG AAA CGA AAA CGC ATG ACT TIT TCA CAA GAA
EHDV-1 PCR c
EHD2VP3AUS A AA A g T C G ¢] G
771
EHDV-2 PCR TTT CTA ACA GAT TTT AGA CGT GCA GAT ACG ATT TGG GTA CTG
EHDV-1 PCR t A
EHD2VP3AUS C C A G A TA
813
EHDV-2 PCR GCG TTG AGG CTG CCA GCC AAC cCcA CGC GTG ATT TGG GAT GTA
EHDV-1 PCR
EHD2VP3AUS A A ca TA A T C T A cg
855
EHDV-2 PCR CCG AGG TGT TCA ATT GCA AAT TTG ATA ATG AAT ATA GCG ACG
EHDV-1 PCR '
EHD2VP3AUS C A A C CA C C A
897
EHDV-2 PCR TGC TTA CCG ACA GGA GAA TAT GTT TCA CCC AAT CCT CGT ATA
EHDV-1 PCR G C
EHD2VP3AUS A A T A A A T
939
EHDV-2 PCR GCT TCA ATC ACA TTG ACA CAA AGA ATT ACT ACA ACT GGA CCA
EHDV-1 PCR G G
EHD2VP3AUS A A G CT C G A G G C T T
981
EHDV-2 PCR TTT GCT ATA TTA ACG GGA TCA ACG CCA ACG GCA CAA CAA TTA
EHDV-1 PCR
EHD2VP3AUS T T G C T C T
1023 1062
EHDV-2 PCR GAT GAC GTA AGA AAG ATA TAC TTA GCG TTG ATG TIT CCA G
EHDV-1 PCR T G
EHD2VP3AUS C T G G A T A A
* Based on Gould and Pritchard (1991)
caused the variation in utility in cycle be an alternative to the time-consuming ACKNOWLEDGMENTS

sequencing experiments.

This report outlines a PCR-based
technique for rapid and specific detec-
tion and identification of North
American isolates of EHDV and the
rapid differentiation from BTV. The
rapidity of amplification and support-
ive technologies, such as REA or
sequencing, makes these tests attrac-
tive to veterinary diagnosticians as
confirmatory tests for the PCR assay,
as well as generating novel sequence
data for isolate identification. These
protocols could serve as valuable
tools for expeditious isolate identifi-
cation, especially in evaluations of the
index case in any future incursions.
These methods have the potential to

amplification and identification of
virus in cell culture. Minimizing the
delay between sample submission to a
diagnostic laboratory and acquisition
of results is especially of benefit during
epizootics. Due to gene segment reas-
sortment among orbivirus of various
serotypes (24,25), an inference of
serotype can not be made based on
VP3 REA and/or sequencing analysis;
rather an additional PCR based on
serotype-specific VP2 sequences will
be required. Additional studies with a
larger number of North American
field isolates are in progress prior to
transferring these methods to a diag-
nostic setting.
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