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Abstract

A strain of virus was successfully isolated from a Demei sheep with typical symptoms of sheep pox virus
(SPPV) in Shanxi province in China (SPPV-Shanxi) and identified using hematoxylin and eosin staining,
electron microscopy, neutralization testing, and PCR. Identification results proved a SPPV-Shanxi
infection in the sheep. The full-length P32 gene (an immunogenic envelope protein of Capripoxvirus)
and the SPV64 gene (the L5R allele in SPPV) were cloned and sequenced. Phylogenetic trees were
constructed based on the nucleotide and amino acid sequences of the two genes. Based on the
phylogenetic tree, the SPPV-Shanxi isolate clustered together with AV40 (a Chinese vaccine strain) was
closer to FJ748487 (SPPV India isolate) and AY077834 (SPPV Kazakhstan isolate). The amino acid
sequence analysis revealed several unique amino acid substitutions between the SPPV-Shanxi isolate and
other isolates. This is the first report that an outbreak of SPPV occurred in Shanxi province in China.
There are no reports on the molecular characterization of SPPV-Shanxi isolates based on P32 and
SPV64 genes. Our findings may provide the information on the genotype of the etiologic prevalence
responsible for the SPPV outbreak in Shanxi province.
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Introduction
Sheep pox virus (SPPV) belongs to the Capripoxvirus genus of
the Poxviridae family. Goat pox virus (GTPV) and Lumpy
Skin Disease Virus (LSDV) of cattle [1] also are members of
the Capripoxvirus genus. SPPV can cause significant economic
losses if not properly controlled.

SPPV causes systemic diseases characterized by the fever, skin
nodules, respiratory and gastrointestinal tract lesions, and
lymph node enlargement. SPPV is a direct cause of high
mortality [2], which approaches 100% in native animals [3]
and sheep pox is categorized as a reportable disease by the
World Organization for Animal Health (OIE).

Geographic regions affected by sheep pox and goat pox have
been mainly limited to Africa and middle Asia in the last 50
years [4-7], but extended to Bangladesh in 1984 [8] and India
[9,10], and more recently to Yemen, Vietnam [11] and
Mongolia [12]. Repeated incursions have been reported in
Greece and in southern Europe [1].

Capripoxviruses are double-stranded DNA viruses with
genomes approximately 150 kb in size [13]. P32 is one of the
structural proteins shared by all Capripoxviruses. P32 contains
major antigenic determinants [14], which are important for the
pathogenicity, diagnosis, prevention, and control of
capripoxvirus infections. The fourth membrane protein, which
exists in all poxviruses and is encoded by the L5R gene, is
necessary for cell entry, cell-cell fusion, plaque formation, and
infectious virion production [15]. The L5R allele in SPPV is
the gene for a putative membrane protein (SPV64) [16], which
has a function similar to the protein encoded by L5R and might
be associated with viral infection and virulence.

AV40, a strain of SPPV, has been used for vaccine production
in China since 1959 [17]. We reported previously that the
morbidity and mortality reached 61% (183/300) and 15%
(45/300), respectively, when a SPPV infection broke out in a
herd of three hundred 1 y old non-vaccinated Demei sheep in
Shanxi in 2010, which was identified as SPPV-Shanxi. The
full-length P32 genes and partial SPV64 genes were amplified
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by PCR from SPPV-Shanxi and AV40, then phylogenetic
analysis was performed among AV40, SPPV-Shanxi, and other
20 isolates. The findings may provide further information
about the genotype of the SPPV prevalence in Shanxi province
and the molecular characteristics of various SPPV strains.

Materials and Methods

Isolation of lamb testis cell
Nodular and papular lesions from infected sheep were washed
with 1.5 ml of Phosphate Buffered Saline (PBS), then
homogenized and directly inoculated to Lamb Testis (LT) cell
preparations. Primary LT cells were isolated and cultured using
routine cell culture techniques [18]. We harvested the virus by
centrifugation, followed by repeated freezing and thawing of
the culture. The virus was named SPPV-Shanxi and stored at
-20°C as the antigen for all subsequent experiments.

Assessment of infection efficiency using H and E
staining
LT cells were cultured in 24-well tissue culture plates with a 5
mm2 glass coverslip in each well, and infected with 200 μl of
SPPV-Shanxi. When Cytopathic Effect (CPE) was observed,
the cells were stained with H & E, then detected under a light
microscope for cytoplasmic inclusions. Non-inoculated LT
cells were used as negative controls.

Electron microscope studies
SPPV-Shanxi were stained using phosphotungstic acid, then
applied to a carbon-coated formvar film on a 400-mesh copper
grid. The grid was examined under a GEOL 1400 transmission
electron microscope to investigate the surface structure of the
viruses.

Neutralization testing
LT cells were grown on a 6-well tissue culture plate. The
sheeppox antiserum (supplied by the China Institute of
Veterinary Control) was diluted 1:5 in DMEM. Two hundred
microliters of the virus were mixed with sheep pox antiserum
in an equal volume (1:1), and 200 μl of standard sera, 200 μl of
the SPPV-Shanxi, and 200 μl of DMEM were added separately
to 4 wells. The plate was incubated at 37°C for 1 h, and
observed under a microscope.

DNA extraction
The viral DNA was extracted using the E.Z.N.A. Mag-Bind
Viral DNA/RNA Kit (Omega Bio-Tek, Inc.,) and eluted in 50
μl of DNA elution buffer according to the manufacturer’s
instructions, then stored at -20°C until use.

PCR
Samples prepared as described above were used as templates.
The primers were synthesized by AuGCT Biotechnology
Synthesis Lab. The primers for SPPV-Shanxi P32 were as

follows: forward, 5’-
CGGGATCCACCATGGCAGATATCCCATTATA-3’; and
reverse, 5’-
GGAATTCCTAAATTATATACGTAAATAACATAC-3’). The
forward and reverse primers for SPPV-Shanxi SPV64 were 5’-
AACGAAAAGTTATCAGTC-3’ and 3’-
GTTAATAGATACTTGCTG- 5’, respectively. The program for
P32 and SPV64 amplification was as follows: 95°C
denaturation for 10 min; 35 cycles at 95°C for 45 s, 56°C for
60 s (for SPV64, this step was at 49°C for 60 s), and 72°C for
80 s, then 72°C for 10 min. The DNA extracted from
uninfected cells and supernatants were used as negative
controls. Amplicons were visualized by electrophoresis in 1%
agarose gels.

Cloning and DNA sequencing
The amplicons of the P32 and SPV64 genes were cloned into
the pMD-18T vector (Takara, Dalian, China) and transformed
into E. coli DH5α. The selected positive clones for sequencing
were sent to TaKaRa Biotechnology (Dalian) Co., Ltd. The
complete sequences of these two genes were submitted to the
NCBI GenBank database and assigned accession numbers
HM770955 and HM802211 (both are referred to as the Shanxi
isolate), and the accession numbers for the AV40 strain were
HQ607368 and HQ620556, respectively.

Phylogenetic analysis
Sequence comparison of SPPV-Shanxi to the other available
Capripoxvirus sequences in the Genbank database was
performed using the online BLAST program. Sequence
identities of nucleotides, as well as those of amino acids, were
analyzed using ClustalW2 Online. The deduced amino acid
sequence was assembled into a multiple sequence alignment. A
phylogenetic tree derived from nucleotide sequences was
constructed for the Capripoxvirus using the maximum
likelihood method of MEGA (version 5.0.1).

Results

Cytopathic effect
The clinical symptoms and the observed macroscopic lesions
of the infected sheep were consistent with that of SPPV
infection (Figure 1A). Infected LT cells appeared more
elongated, grew in a more orderly style after 40 h of SPPV
infection, and exhibited considerable morphologic
heterogeneity (i.e., larger in size and eosinophilic
intracytoplasmic inclusions in the infected LT cells; Figure
1B). Some LT cells showed symptoms of stress, featured by
vacuolation and swelling. After experimental viral infection,
the CPE was observed the 5th d after inoculation. Individual LT
cells were refractory and had a ragged appearance, sphericity,
and pyknosis, retraction of the cell membranes from
surrounding cells, and cell detachment (Figure 1C (the arrow
shows that the individual LT cells became spherical and larger
in size, and inclusion bodies are noted)). On d 8, the CPE can
be observed in most cells. The monolayer was destroyed as the
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infected cells became rounded. Eventually, 80% cells detached
from the surface after 10 d. Most of the cells became
disconnected from other cells and the culture fluid became
turbid.

Figure 1. Representative clinical cases of SPPV-Shanxi virus
infection in a Demei sheep. (A) Sheep showing multiple nodular
lesions on the head and lips. (B) Uninfected LT cells appeared
elongated and grew in an orderly fashion after 40 h. (C) Eosinophilic
intracytoplasmic inclusions in the LT cells infected by SPPV (H & E
stain). (D) LT cells infected with SPPV became refractory and ragged
in appearance with rounding and pyknosis, gathered with retraction
of the cell membranes from surrounding cells, and cell detachment.
The arrow shows inclusion bodies (IB). (E) Electron
microphotograph showing the characteristic morphology of an SPPV
virion (bar=200 nm).

Virus identification by light and electron microscopy
After histological H&E staining, many eosinophilic
intracytoplasmic inclusions were observed in the SPPV-
infected LT cells (Figure 1C). Negatively-stained SPPV
observed under electron microscopy revealed the presence of
brick-shaped Orthopoxvirus particles 220-280 nm in length
and 180-190 nm in width (Figure 1E). The virus particles had
an oval- or rectangular-shaped particle containing a central
core which ruled out the involvement of Parapoxvirus
infection because parapoxviruses have superficial tubular
structures [19].

Results of the neutralization test
Based on NT, after 5 d of incubation, with the exception of the
wells inoculated with 200 μl of SPPV-Shanxi, the other three
wells had negative results. This indicated the presence of SPPV
antigen in the samples.

PCR results
The full-length SPPV-Shanxi P32 gene, with an expected size
of 1013 bp (Figure 2A), was amplified from the Shanxi isolate,
the AV40 strain, and the CPE-positive LT cells. PCR also
yielded an expected 155 bp amplification of the partial
sequence of the SPV64 gene of the SPPV-Shanxi and AV40
strains (Figure 2B).

Figure 2. Amplication of major envelope genes (SPPV P32 and
SPV64) by PCR. (A) Lane 1: PCR product (1013 bp) of the SPPV-
Shanxi isolate containing the complete coding region of the SPPV
P32 gene; Lane 2: blank control; Lane 3: PCR product (1013 bp) of
the SPPV strain AV40 containing the complete coding region of the
SPPV P32 gene (arrow); M: DL2000 DNA marker (bp). (B) Lane 1:
PCR product (155 bp) of the SPPV-Shanxi isolate contains the
complete coding region of the SPV64 gene; Lane 2: blank control;
Lane 3: PCR product (155 bp) of the SPPV strain AV40 containing
the complete coding region of the SPV64 gene (arrow); M: DL2000
DNA marker (bp).

Results of phylogenetic studies
Phylogenetic analysis was performed using MEGA (version
5.0.1) and the maximum likelihood method. To determine the
phylogenetic relationship between the full-length P32 and
SPV64 genes, we compared DNA sequences obtained by PCR
amplification with corresponding sequences, including SPPV,
GTPV, and LSDV in the GenBank (Tables 1 and 2). The results
of phylogenetic studies of the P32 and SPV64 gene showed
that the SPPV-Shanxi and AV40 strains belonged to the same
branch and SPPV-Shanxi was close to FJ748487 (SPPV, India,
Figure 3) and AY077834 (SPPV, Kazakhstan; Figures 4).
Additionally, the Shanxi isolate shared 97%~99% and
99%~100% identity with other SPPVs, 96%~98% positives
and 97%~98% identity with GTPVs, and 96%~98% positives
and 97%~98% identity with LSDVs. We conclude that the
outbreak was caused by a SPPV.

Identification and phylogenetic analysis of the sheep pox virus Shanxi isolate

Biomed Res 2018 Volume 29 Issue 3 525



Figure 3. Phylogenetic analysis of different Capripoxviruses based on
the nucleotide sequence of SPPV P32 gene. The phylogenetic
relationship was constructed using the maximum likelihood method of
MEGA (version 5.0.1) The Shanxi province isolate has accession
number HM770955 and the AV40 strain has accession number
HQ607368 in GenBank. The scale bar beneath the tree indicates the
amino acid substitution per site.

Figure 4. Phylogenetic analysis of different Capripoxviruses based on
the nucleotide sequence of the SPPV and SPV64 genes. The
phylogenetic relationship was constructed using the maximum
likelihood method of MEGA (version 5.0.1). The Shanxi province
isolate has accession number HM802211 and the AV40 strain has
accession number HQ620556 in GenBank. The scale bar beneath the
tree indicates the amino acid substitution per site.

Sequence analysis
Sequence analysis results also demonstrated that the P32 and
SPV64 genes between the SPPV-Shanxi isolate and the AV40
strain shared 98% and 99% identity, respectively, which
indicated that the relationship was close. The length of the
SPPV P32 gene (972 bp) was identical with the P32 gene of
some SPPV isolates and the P32 gene of all cattle poxvirus
isolates, but was 3 bp longer than most P32 genes of GTPV
isolates Analyses based on the deduced amino acid sequences
revealed 10 unique substitutions (D26, N46, D54, L62, A93,
S132, I134, H136, I290, and I323) in the Shanxi isolate, which
were sequentially G26, K46, none, F62, V93, L132, T134,

Y136 (Figure 5a) M290 (Figure 5b), and V323 (Figure 5c) in
other isolates, respectively. In the deduced amino acid
sequence of the SPPV P32 gene of SPPV-Shanxi, 7 unique
substitutions (F48, L58, G72, R153, E168, N253, and F281)
were found, while in AV40 the unique substitutions were L48,
I58, A72, D153, D168, Y253, and L281. There was only one
amino acid difference between T145 in the SPPV-Shanxi and
C145 in the AV40 strain. In addition, the deduced amino acid
sequences of the P32 and SPV64 genes between the AV40
strain and other isolates showed few differences. In the case of
the P32 gene, the differences were D26, D54, and I143 in the
AV40 strain and were G26, none, and T134 in the others. With
respect to the SPV64 gene, the difference was L49 in AV40 and
V49 in others (Figure 6).

Figure 5. Alignment of the partial amino acid sequences of P32 genes
from SPPV (a), GTPV (b), and LSDV (c). The accession number of
SPPV-Shanxi is HM770955 and the AV40 strain is HQ607368.

Figure 6. Alignment of the partial amino acid sequences of SPV64
genes from SPPV, GTPV, and LSDV. The accession number of SPPV-
Shanxi is HM802211 and the AV40 strain is HQ620556.

Table 1. SPPV P32 genes of Capripoxviruses used in phylogenetic
analysis.
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Gene accession
number

Length (bp) Species of
Capripoxvirus

Country of
isolation

HM770955 972 SPPV China

HQ607368 972 SPPV China

 FJ748487.1 972 SPPV India

AY077834.1 972 SPPV Kazakhstan

AY368684.1 972 SPPV India

DQ153225.1 972 SPPV India

EU835938.1 972 SPPV India

DQ153223.1 928 SPPV India

DQ153219.1 918 SPPV Not
available

AY077836.1 972 GTPV Kazakhstan

FJ748488.1 969 GTPV India

EU625263.1 969 GTPV Viet Nam

EF522177.1 969 GTPV China

EF514890.1 969 GTPV China

AY159333.1 969 GTPV India

EU625262.1 969 GTPV Yemen

EF514889.1 969 GTPV China

AF124516.1 969 LSDV Not
available

AF325528.1 972 LSDV Not
available

AF409137.1 972 LSDV South Africa

AF409138.1 972 LSDV South Africa

Table 2. SPV64 genes of Capripoxviruses used in phylogenetic
analysis.

Gene accession
number

Length (bp) Species of
Capripoxvirus

Country of
isolation

HM802211 155 SPPV China

HQ620556 155 SPPV China

AF325528 155 LSDV Kenya

AF409137 155 LSDV Kenya

AY077834 155 SPPV Kazakhstan

AY077833 155 SPPV Kazakhstan

AY077832 155 SPPV Turkey

AY077836 155 GTPV Not
available

AY077835 155 GTPV Not
available

DQ145512 155 GTPV China

AF409138 155 LSDV South Africa

Discussion
According to previous reports, outbreaks of sheep pox mainly
occurred in Africa and middle Asia [4-7]. Capripox was widely
epidemic in northwest, central, and southern China from
2000-2009 [20]. As a northern province in China, the
information of outbreaks of sheep pox in the Shanxi area in
recent years were incomplete. In the current study, a natural
outbreak of the SPPV occurred in Shanxi province was
reported. Diagnosis of the Capripoxvirus was initially based on
clinical symptoms, followed by laboratory confirmation. In this
research, the SPPV-Shanxi were identified by multiple
methods. The CPE was inhibited by SPPV-specific antiserum.
When cultured in LT cells, the viruses presented typical CPEs
[21]. Electron microscopy showed the viruses were brick-
shaped, containing a central core which ruled out the
involvement of Parapoxvirus infection because parapoxviruses
are covered with a continuous filament [22,23]. The results of
NT further confirmed that the disease outbreaks in Shanxi
province were due to infection of the SPPV.

Based on alignment and phylogenetic analyses of the P32
gene, all strains were separated into three groups (Figure 3). In
the first group, we found that the HM770955-Shanxi isolate
(SPPV, China) and HQ607368-AV40 (SPPV, a Chinese SPPV
vaccine strain) belonged to the same group. In addition, the
SPPV and GTPV groups were all comprised of Chinese, and
southern and central Asian strains. With respect to alignment
of the amino acid residues, we found that the HM770955-
Shanxi isolate, HQ607368-AV40, and FJ748487.1 (SPPV,
India) have the same amino acid sequences, which revealed
there might be a close relationship between the Shanxi isolate,
Chinese SPPV vaccine AV40, and India isolate. In addition, we
observed that all LSDVs (AF124516.1, AF32528.1,
AF409137.1, and AF409138.1) represented a peculiar
phenylalanine at position 49 instead of leucine, which exists in
SPPVs and GTPVs. Moreover, we found that only FJ748488.1
(SPPV, India) had a glycine at the 26 position, which is the
same as GTPVs. Whether or not glycine at position 49 is a
signal of GTPV or it was derived from eastern or southern Asia
might require more evidence.

Based on alignment and phylogenetic analyses of the SPV64
gene, all strains were divided into two groups (Figure 4).
Although the Shanxi isolate HM802211 and AV40 strain
HQ620556 were in separate groups, both had the same amino
acid residues as SPPVs, GTPVs, and LSDVs. The remaining
strain, AY077832 (SPPV, Turkey), had a different amino acid
sequence and this finding might indicate that the SPPV-Shanxi
isolate HM802211 was not derived from western Asia.

Hence, detection of the sequence of the P32 and SPV64 genes
of the SPPV-Shanxi isolate revealed that the SPPV-Shanxi
isolate is different from all previously published Capripoxvirus
sequences. Our research may provide valuable epidemic
evidence in Shanxi province and useful information on the
genotype of SPPV-Shanxi. Furthermore, the efficiency of the
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PCR method in characterization of Capripoxvirus was
confirmed. In addition, the outcomes might further assist us to
explore the specificity of determinants of SPPV-Shanxi on the
basis of molecular biology research.
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