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Orf virus (ORFV), the prototype of the genus parapoxvirus (PPV), is the cause of contagious ec-
thyma, a common viral skin disease of domestic and wild small ruminants with a worldwide distribu-
tion. This disease is endemic in Iran and it is sometimes difficult to differentiate it from similar dis-
eases, especially sheep pox, goat pox and peste des petits ruminants (PPR). In this study 50 muzzle
crusts were collected from involved sheep and goats from Shiraz suburb during 2011-2012 and PCR
was carried out for molecular detection. Twenty-five (50%) of 50 scab specimens were orf positive, 4
(8%) were pox virus positive and 1 (2%) was positive for PPRV. The PCR products were sequenced
for nucleotide analysis. Furthermore, orf virus phylogenetic analysis based on 045 gene demonstrated
a high degree of identity with other ORFV strains, although there was a slight diversity among the
nucleotide sequences. Our study showed that the role of ORFV was greater than the other two viruses

for causing muzzle crusts. This is the first molecular study of ORFV in Iran.
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INTRODUCTION

Contagious ecthyma, also called Orf, is a
common viral disease which is caused by
a parapox virus (Family Poxviridae, Sub-
family Chordopoxvirinae) (Gallina et al.,
2008). Parapox viruses (PPVs) affect a
wide range of species including sheep,
goats, wild ruminants and less commonly,
human beings, cattle and dogs (Guo et al.,
2003; Tryland et al., 2005). The Orf virus
has been commonly found throughout the
world (Zhang et al., 2010). Clinically, the
disease is characterised by proliferative
and self-resolving lesions around the
muzzle and lips of involved animals (de
la Concha-Bermejillo et al., 2003; Zhao et
al., 2010). Cases of persistent contagious
ecthyma with secondary bacterial infec-

tions or myasis have been reported (Guo
et al., 2003). Morbidity may be very high
in the young animals but mortality is usu-
ally low (Lojkic et al., 2010). Transmis-
sion typically occurs by direct contact or
via handling contaminated animal pro-
ducts (Abrahao et al., 2009). The disease
has an economic impact on sheep and
goats due to decreases in production, un-
willingness to nurse, eat, or walk, failure
to thrive and more susceptibility to adven-
titious bacterial infections due to immune
suppression (Housawi et al., 2008; Zhang
etal., 2010).

Sheeppox and goatpox are character-
ised by fever, generalised pock lesions in
the skin, internal lesions and death. The
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viruses belong to the genus Capripoxvirus
in the family Poxviridae. (Chu et al.,
2011). A very high morbidity and morta-
lity rate, especially in young animals was
reported (Zhou et al., 2012).

Peste des petites ruminants (PPR) is a
contagious disease of sheep and goats
caused by the PPR virus (PPRV), a mem-
ber of the genus Morbillivirus in the fa-
mily Paramyxoviridae (Luka et al., 2012).
PPR also leads to heavy morbidity and
mortality and economic losses (Malik et
al.,2011).

The goal of this study was molecular
detection and nucleotide analysis of orf,
PPR, and capripox viruses causing muz-
zle crusts of small ruminants in Shiraz
suburb.

MATERIALS AND METHODS

Clinical samples

The clinical signs and macroscopic le-
sions were observed in 50 suspected
sheep and goats with muzzle crusts from
different geographical locations of Fars
province during 2011-2012. All infected
animals had wart-like, scabby lesions on
the muzzle, lips and oral mucosa to vari-
able degrees. Tissue samples were col-
lected and stored in a —70 °C freezer. The
frozen tissue samples (100 mg) were
ground to fine powder under liquid nitro-
gen. Fifty mg of this was used for DNA
extraction.

DNA extraction

DNA was extracted from the samples
using an AccuPrep Genomic DNA Ex-
traction Kit (BIONEER, Korea), accord-
ing to the manufacturer’s instructions. A
lyophilised freeze-dried live sheeppox
vaccine was used for DNA extraction
positive control. The extracted DNAs
were stored at —70 °C.
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RNA extraction

The frozen tissue sample powders (50
mg) were homogenised in 1 mL of RNX-
PLUS solution (Cinnagen, Iran) and the
procedure was carried out according to
the manufacturer’s instructions. A lyophi-
lised freeze-dried live PPR vaccine was
used as a reference virus in this stage. The
extracted RNAs were kept at —70 °C until
used.

PCR for orf virus detection

A partial sequence of the 045 gene was
amplified by PCR wusing the primers
045F-045R (Table 1) (Kottaridi et al.,
2006). PCR was performed in 20 pL vol-
ume containing 5 pL extracted DNA, 1x
reaction buffer, 0.2 mM of dNTPs, 2 mM
of MgCl,, 0.5 pmol/pL. of each primer
and 1U of Taq DNA polymerase. The
programme consisted of an initial denatu-
ration at 95 °C for 5 min, followed by 39
cycles at 95 °C for 15 s, 47 °C for 15 s
and 74 °C for 15 s; the amplification was
completed with a final extension in 78 °C
for 15 min.

PCR for poxvirus detection

The capripoxvirus fusion gene was ampli-
fied using CPVF and CPVR primers (Ta-
ble 1) with the following programme: an
initial cycle at 94 °C for 5 min, 50 °C for
30 s, 72 °C for 1 min followed by 34 cy-
cles at 94 °C for 1 min, 55 °C for 40 s, 72
°C for 1 min and a final elongation step at
72 °C for 5 min (Ireland & Binepal,
1998). The reaction mixture (20 uL) con-
tained 1x PCR buffer, 1.5 mM of MgCl,,
0.2 mM of dNTPs, 0.5 pmol/uL of each
primer, 1 unit of Taqg DNA polymerase
and 5 pL of template DNA.
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Table 1. The oligonucleotide sequences were used in different PCRs.

Name Purposes Target Sequence (5" —3")

045 Forward 045 gene CCTACTTCTCGGAGTTCAGC

045 Reverse 045 gene GCAGCACTTCTCCTCGTAG

NP3 Forward NP gene TCTCGGAAATCGCCTCACAGACTG
NP, Reverse NP gene CCTCCTCCTGGTCCTCCAGAATCT
CPVF Forward Fusion gene  ATGGACAGAGCTTTATCA

CPVR Reverse Fusion gene ~ TCATAGTGTTGTACTTCG

Single stranded cDNA synthesis and PCR
for PPRV detection

Five pL of extracted RNA was subjected
for cDNA synthesis using BIONEER
AccuPower™ RT PreMix kit (Korea).
The DNA fragment of 353 bp targeting
the nucleo-protein (NP) gene was ampli-
fied by PCR with the set of primers NP3
and NP4 (Table 1). The reaction was car-
ried out in a volume of 25 pL containing
I1x PCR buffer, 2.5 mM of MgCl,, 0.2
mM of dNTPs, 0.4 pmol/uL of each
primer, 1U of Taq DNA polymerase and
5 pL of cDNA template. The programme
consisted of an initial denaturation at 95
°C for 5 min followed by 34 cycles of
denaturation at 94 °C for 30 s, annealing
at 62.5 °C for 30 s, extension at 72°C for
30 s and termination by a final extension
of 2 min at 72 °C. All PCR amplicons
were analysed by electrophoresis on 1%
agarose stained with ethidium bromide.
Amplified product was visualised under
UV light.

Sequencing

The positive PCR products of CPV and
PPRV as well as 5 samples of ORFV
were sequenced (BIONEER, Korea). The
sequence identities of nucleotides (nt)
were analysed using the Clustal W
method (Thompson et al., 1994). Com-
parison of the ORFV, PPRV and CPV
sequences with those available in the

BIVM, 16, No 3

GenBank database was separately per-
formed for each virus using the online
BLAST programme (http:
//www.ncbi.nlm.nih.gov/blast/Blast. cgi).
The accession numbers of sequences that
have been submitted to GenBank are:
KC534486 (Orf-Shirazl), KC534487
(Orf-Shiraz2), KC534488 (Orf-Shiraz3),
KC534489  (Orf-Shiraz4), KC534490
(Orf-Shiraz5), KC607874 (Pox-Shirazl),
KC534492 (PPR-Shirazl). Phylogenetic
tree derived from nt sequences was con-
structed for orf virus using the neighbour-
joining (NJ) method of MEGA4 software
(Tamura et al., 2007).

RESULTS

Twenty-five (50%) of the 50 scab speci-
mens were positive for ORFV. The PCR
amplicons of approximately 393 bp were
obtained from the reactions (Fig. 1). The
target gene (viral fusion gene) of poxvirus
was amplified by PCR which produced an
amplicon of 446 bp in size only in 4 (8%)
of the samples. Of these, 2 samples were
also orf virus positive (Fig. 2). Finally,
just one (2%) sample produced the expec-
ted amplification product of 353 bp with
the NP3/NP4 primers for PPRV (Fig. 3).
The partial sequences (393 bp) of the
045 gene of orf virus were compared with
the 9 sequences representing ORFV, Pse-
udocowpox virus (PCPV) and Bovine Pa-
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393 bp

M1 2 3 4 5 67 8 910 1112 13 14 15 16 17 18 19 20

Fig. 1. Amplification of ORFV 045 gene by PCR. Lane M: 100 bp DNA ladder;
lane 1: positive control, lane 2: blank; lanes 3-9, 11, 12 & 19:
negative samples; lanes 10, 13-18, 20: positive samples.

pular Stomatitis Virus (BPSV) available
in the GenBank database. The percentage
of nucleotide sequences identity between
all strains/isolates was in the range of 89—
99% and the phylogenetic relationship is
presented in Fig. 4. Besides, the compari-
son of the orf virus sequences demon-
strated a high degree of identity among
our isolates and others (Table 2) and iden-
tity at the nucleotide level ranged from
98% to 99%.

Fig. 2. Amplification of capripoxvirus fusion
gene by PCR. Lane M: 100 bp DNA ladder;
lanes 1, 3 & 4: positive samples; lane 2:
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blank; lane 5: positive control.

The phylogenetic analysis based on
the 393 bp nucleotide sequences of 045
genes has revealed that two strains, DSM
1 including the isolates Shiraz 1,3,4,5 and
DSM 2 including Shiraz-2 isolate were
obtained. The grouping pattern of all
parapoxviruses (ORFV, PCPV and
BPSV) formed separate clusters. Our
strains (DSM 1 and 2) were grouped with
ORFYV strains from NEW Zealand, the
USA, Egypt and Germany (Fig. 4). The
partial CPV gene of the amplified positive
specimens were sequenced (KC607874)
and subjected to similarity analysis. The
results shared a close relationship with
other capripoxvirus isolates from different
regions (Table 3) and Blast program
showed a maximum of 98% identity with
goatpox  virus  strain  G20-LKV
(AY077836). Sequencing of the partial
NP gene (353 bp) of PPRV (KC534492)
revealed 100% homology with PPRV
strain Nigeria/75/1 (HQ197753) (Table 4).

DISCUSSION

Contagious ecthyma is endemic all over
the world but is rarely reported in the li-
terature because of its low morbidity and

BJVM, 16, No 3
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8 9 M 10

353 bp

Fig. 3. Amplification of PPRV NP gene by RT-PCR. Lane M: 100 bp DNA ladder;
lane 1: positive sample, lanes 2—8: negative samples, lane 9: blank; lane 10: positive control.

65/ NZ2 VLTF-1 Late transcription factor

61 Orf virus strain OV-IA82
53 DSM1(Shiraz1-3-4-5)
—— Orf virus strain OV-SA00
100 55 Orf virus strain D1701
08 L] DSM2(Shiraz2)
63 Egypt 2006 orf isolate
Pseudocowpox virus strain VR634

Pseudocowpox virus strain PCPV776 late t
9
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—_
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Bovine papular stomatitis virus strain B

Fig. 4. Phylogenetic tree of different parapoxvirus strains based on the
nucleotide sequences of 045 genes by using the neighbour-joining methods in Mega4 software.

minimal economic consequences (Zhao et
al., 2010). In Fars province, more cases
of ecthyma in sheep and goat populations
has been observed over the past several
years, but no specific vaccination has
been implemented to control this disease.
Contagious ecthyma may become a seri-
ous problem in young, stressed, immuno-
suppressed or overcrowded animals
(Buttner & Rziha, 2002). The differential
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diagnosis of the diseases causing crusts in
small ruminants like contagious ecthyma,
pox and PPR which have, in some cases,
similar clinical symptoms may be a prob-
lem. With the development of molecular
biology, the PCR technique has met the
demands for specific and sensitive diag-
nosis of orf virus infection in the field
specimens from affected animals (Lojkic
et al., 2010; Zhao et al., 2010). The pre-
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Table 2. Nucleotide sequence of the 045 ORFV gene of 5 isolates and comparison with the same
sequences from others available in GenBank. Nucleotides identical with the Orf-Shirazl isolate are

indicated with dots; hyphens stand for nucleotides absent in certain isolates.
1 50
Orf-Shirazl TCCTACTTCT CGGAGTTCAG CGAGGAGGAA TCGGTGAACG TGGACGTCGG
Orf-Shirazd ... ... i i iiae cieaaaan- C et e
Orf-Shirazs ..... ... .. i eieeaaann C e e
Orf-Shiraz2 ... ... .. .. (i eieeaann TC e e
OV-SAO0 - iiiiir cemeeeeeee emmeaaaa L IO
Orf-Shiraz3 ... ... .i. f i ceaaaan- T e ee e eeaaa T..
NZ2 === i i ie aeeeaaa- TC i et e
51 100
Orf-Shirazl CGATGGACTC ATGTACATAT TCGCGGCGCT GGGCGGGTCC GTGAACATCT
Orf-Shirazd ... e e e e e aaaaan meeeaaaan
Orf-Shirazs ... . e e eee e e memeeaaae memaaaaaa
Orf-Shiraz2 ... ... e e eecacaae ceeaaaan T oo eeeeaas
OV-SAO0 . .iiiiiis cemmeeeeae emeeaas A e e
Orf-Shirazd ... i e e e e temeaaaae mmeaaaaan
Nz2 ..... et e e e e e eaee e e aeaae eeeeeaaaaa
101 150
Orf-Shirazl GGACCATCGT GCCGCTCAGC GCGAGCGTGG TATACGACGG CGATGTCAGC
Orf-Shirazd ... e e e e e e aaaan meeeaaaan
Orf-Shirazs ... . e e eeeceee e memeeaaae e
Orf-Shiraz2 ... . e e ececece emeaeaae memmaaaaaa
OV=SAO0 .o iii e e e e e e e e e e e e e e e ee e e e eeeee emeeeaaaaa
Orf-Shiraz3 ... ... .i. fiiiiiae cieaaan- T e e e
74
151 200
Orf-Shirazl CGCGTGTTCA ACCTGCCCGT GCTCAAGGTG AAGGCCTGTC TGTGCAGCTT
Orf-Shirazd ... i e o e e e emaaaan meeaaaaan
Orf-Shirazs ... . e e eeecece e mememaaae memaaaaan
Orf-Shiraz2 ... . e e ececece emeaeaae mmmaaaaaa
OV=SAO0 oo ii e f e e e e e eeee e e e e e e e eee e e eeeee emeeeaaaaa
Orf-Shirazd ... i e e e emaaaaae mmeaaaaan
NZ2 e e e e e e e e eae eeeeeeaae eemaeaaaaa

201 250
Orf-Shirazl CCACCCCGAC TCGGTGGTGA GCCTGGAGCC CGACCTCGAG GACAACGTGG
Orf-Shirazd ... e e e d e emeaaaan mmeeaaaan
Orf-Shirazb ... . e e eeecece e e emaaae mmmaaaaan
Orf-Shiraz2 ... . e e ececece mmeaeaaae mmmaaaaaa
OV=SAD0 it iii e f e e e e e e e e e e e e e e eee e e e e emmeeaaaaa
Orf-Shirazd ... i e e e eecae eeaaaaan mmeaaaaan
74

Orf-Shirazl TGCGGCTCTC GAGCCACCAC GTGGTCAGCG TGGACTGCGA CAACGAGCCC
Orf-Shirazd ... e i e e e emeaaaan meeeaaaan
Orf-Shirazs ... . e e eeeceee e e emaaae memaaaaaa
Orf-Shiraz2 ... . e e ececece emeaeaae mmeaaaaan
L0 s 7 0 0
Orf-Shirazd ... i i i e e eeaaaaan mmeaaaaan
7407

Orf-Shirazl GTGGCGCACC GCACGAACAC CGCCATCTGC CTGGGCATTA ACCAGCGCAA
Orf-Shirazd ... e e i e e e aaaae meeeaaaan
Orf-Shirazs ... . e e eeeceee e eememaaae memaaaaan
Orf-Shiraz2 ... ... e e eeceaaae cmeaaan Co et
OV-SAO0 ..l i i e e e e eaaae emeaaaaa C. coie .
Orf-Shirazd ... i e i e e e emeaaaaae mmeaaaaan
NZ2 e e e e e e e e ememmemeee emmemaaaana
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Table 2 (cont'd). Nucleotide sequence of the 045 ORFV gene of 5 isolates and comparison with the
same sequences from others available in GenBank. Nucleotides identical with the Orf-Shirazl isolate
are indicated with dots; hyphens stand for nucleotides absent in certain isolates.

351
Orf-Shirazl GTCCTACGTG TTCAACTTCC GGCGCTACGA GGAGAAGTGC TGC

393

Orf-Shiraz4
Orf-Shirazb
Orf-Shiraz2
0V-SA00
Orf-Shiraz3
NZ2

Table 3. Comparison of nucleotide sequences of the CPV gene of 3 capripoxvirus isolates. Nucleo-
tides identical with the Pox-Shirazl isolate are indicated with dots; hyphens stand for nucleotides
absent in NISKHI strain.

1 50
Pox-Shirazl ATGGACAGAG CTTTATCAAT CTTTCCAGGC GACGATGATG AAACCAATGA
G20-LKV L . L
NISKHI  _.......... O
51 100
Pox-Shirazl AAGAAATATA AATCACAGAG AGAAAACTAG TAATGATCAC GGTCATTATG
G20-LKV L . T .. N CICT R CR
NESKHI o it i it e maaan mmeaeaaan
101 150
Pox-Shirazl AAGATAATCT TTTGGAATTA AGCGATGAAG AACCCAATAT GATAAAAATA
G20-LKV . ...... Al ... C o e e
NESKHI i i it i i it e maaan ameaeaaan
151 200
Pox-Shirazl AAAAATGATA TTAAGAAAAT AATTAATGAA AGATATAGCA GTTATATTTC
G20-LKV i e e e e e e
NISKHI _......... A )
201 250
Pox-Shirazl TATCAACGAC GATGAAATTT CTAACATTTT AAAAGATTCG TTCATTAGTA
G20-LKV i e e eee e eeaeaaa
NESKHI o i it ittt e maaas ameaeaaan
251 300
Pox-Shirazl ACGAAGAAAT GCAAATAAAA GATTTTGTTT TAAGACTGTT AGTATTAGAA
G20-LKV i e e eee e eeeaeaaa
NISKHI  .......... A e e TG, Tooooo....
301 350
Pox-Shirazl AAACTATTTC AAACGTCAGT AAAAGAATGC AATTCACTAA AAAATATTAT
G20-LKV i e e e e e eeeaeaaa
NISKHI  _.......... AL il e
351 400
Pox-Shirazl TAAAAGATTA GAAAATCATA TAGAAACTAT TAGAAAAAAT ATGATTGTTT
G20-LKV i e e eee e eeeaeaaa
NISKHI .. .. ooo.. R
401 447
Pox-Shirazl TAACAAAAAA GGTAGATTTT CAAACAGG.C GAAGTACAAC ACTATGA
G20-LKV i i e A e e
NISKHI . i oo AA L To.o.. -—
BJVM, 16, No 3 165
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Table 4. Comparison of nucleotide sequences of the NP gene of 4 PPRV isolates. Nucleotides iden-
tical with the PPR-Shirazl isolate are indicated with dots; hyphens stand for nucleotides absent in

certain isolates.

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazil
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N

PPR-Shirazl
Nigeria/75/1
Shiraz101
PRADESH95N
Consensus

1
TTCTCGGAAA

51

101

151

301

TCGCCTCACA

GACTGGGGAT

GAACGAACCG

50
TTAGAGGGAC

sent study has demonstrated for the first
time the characteristics of sheep and goat
contagious ecthyma in Fars province,
Iran. The only study of contagious ec-
thyma carried out in Iran was performed
as a pathological case report and reviewed
by Nourani & Maleki (2006). We have
analysed 50 suspected clinical samples for
the presence of ORFV DNA by PCR
method and the results showed 50% posi-
tivity. Conducting NCBI nucleotide
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BLAST on 5 orf virus DNA sequences to
search for highly similar DNA sequences
revealed 99% homology with ORFV
strain NZ2, ORFV OV-SA00 and the
strain OV-IA 82. This homology was
more significant than with other PPV
members, including PCPV (94-97%) and
BPSV (89-90%). On the basis of derived
phylogenetic tree, two ORFV strains
(DSM1 and DSM2) were obtained. There
was a high degree of identity among

BJVM, 16, No 3



DSM1 strain and NZ2, OV-IA82, OV-
SA00 and D1701. Furthermore, DSM2
was more homologous to Egypt 2006 orf
isolate. The similarity of ORFV strains to
PCPV is higher than that to the BPSV
strain (Fig. 4). To prevent the spread of
the disease, both infected animals and
new ones should be quarantined.

Goat and sheep pox are endemic in
Iran, giving rise to economic losses such
as abortion, decreasing milk production
and damage to wool and hides. These
diseases are classified as a notifiable
problem by the World Organization for
Animal Health (2000). There is no spe-
cialised vaccination for contagious ec-
thyma in Iran. In vaccinated or previously
infected animals, reinfection may occur
several months later (Mazur et al., 2000).
Reinfection and remaining dormant
agents within the soil and environment for
at least 12 years makes eradicating the
virus from the flocks difficult (Wilson &
Mcfarlane, 2012). Because of cross sero-
logical reaction between capripox virus
and parapox virus, an unequivocal differ-
entiation should be implemented with
molecular techniques. Hence, PCR is used
as a simple, rapid, specific and sensitive
assay (Varshovi et al., 2009). In this
study, a PCR assay based on amplifying a
fragment of fusion gene was applied to
identify capripoxvirus in the samples.
Four of 50 (8%) samples were positive.
Of these, 2 samples were also orf virus
positive. Sequence analysis of the Pox-
Shirazl (KC607874) showed 98% iden-
tity compared to G20-LKV strain from
the USA. Vaccination and minimizing
transportation stress are some of the ma-
jor control measures to reduce losses due
to sheep and goat pox (Ireland &
Binepal., 1998). In Iran, goat pox vaccine
is free and is part of governmental plans.
This attenuated live vaccine along with
Anthrax vaccine is impregnated simulta-

BIVM, 16, No 3
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neously on goats and lambs which are
older than 6 months once a year. Never-
theless, prevention of the disease would
be difficult because Capripox virus re-
mains viable on the wool or hair of previ-
ously infected animals for several months.
Moreover, the infectivity is resistant to
the environmental conditions (Garner et
al., 2000, Mohammed Ali et al., 2004).

PPR is another disease that is endemic
in Iran with huge economic losses and
rapidly fatal in young animals (Abdollah-
pour et al., 2006). Furthermore, it has
been identified as an immunosuppressive
disease. So regarding high productivity
losses in small ruminants, outbreaks of
the disease should be carefully monitored.
This disease is clinically similar to orf
infection, so a reliable and rapid differen-
tial diagnosis based on molecular assays
has to be made between these two dis-
eases. In the present study a PCR method
using NP3-NP4 primers was carried out
(Couacy-Hymann et al., 2002) to amplify
NP gene for detection of PPRV. Only one
sample (2%) was positive. PPRV sequen-
ce identities of nucleotides were analysed
by the Clustal W method. It was found
that our isolate (Shirazl) had 100% ho-
mology with the strain Nigeria/75/1
(HQ197753). PPR vaccination in Iran is
practiced where the disease is established
and it provides good immunity. Because
of the close relationship of PPR virus to
rinderpest virus, the attenuated rinderpest
virus was used as a vaccine, but with the
current efforts to eradicate rinderpest
worldwide, it is no longer used.

In conclusion, ORFV, CPV and PPRV
have an important role on forming muzzle
crusts in small ruminants of Fars prov-
ince, Iran, although ORFV has the more
considerable role in this matter. More-
over, phylogenetic analysis had revealed
that the sequence diversity of the gene
045 of ORFV deserves attention. Further,
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struggle to detect the other causative
agents of muzzle crusts like bluetongue
virus would be necessary.
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