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Abstract
Lumpy skin disease (LSD) is a devastating viral disease of cattle which has recently spread from Africa into the countries of the
Middle East. The aim of the present study was to investigate the relationships among lumpy skin disease viruses (LSDV) isolated
from different regions of Iran and the origin and spread of these viruses. In this study, a total of 234 blood samples from clinically
affected animals from four provinces in the northwest of Iran were screened for LSDVusing polymerase chain reaction (PCR). From
80 positive samples for LSDV detected by PCR, the partial P32 gene (759 bp) of 12 isolates were sequenced and phylogenetically
analyzed. LSD viruses were grouped in three subclusters with an overall 97.1–100% nucleotide identity. LSDVs isolated from Gilan
showed lowest nucleotide identity with the other LSDVs. Four isolates of LSDV including KO-1, EA-1, EA-3, and WA-3 showed
100% similarity with each other and also with the Neethling strain. Phylogenetic analysis indicated that the identified LSDVs were
closely related to each other and had high-sequence homology with other LSDV isolates from Africa. It was concluded that LSD
outbreak probably occurred in the northwest of Iran by LSDVs entering the country from Iraq and P32 nucleotide sequence
information obtained in the present study is a valuable resource in understanding the genetic nature and molecular epidemiology
of local LSDV isolates which can be used for future vaccine development based on the circulating strains in the region.
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Introduction

Lumpy skin disease (LSD) is a major infectious disease of
cattle, causing mild to severe symptoms in infected animals
(Abera et al. 2015; Tuppurainen and Oura 2012; Tuppurainen
et al. 2017). The disease is of great economic importance in
both beef and dairy industries (Kumar 2011) due to its impact
on the reduction in milk production, abortion, infertility, loss
of condition, and damage to the hide (Tuppurainen et al.
2017). The causative agent of LSD is lumpy skin disease virus

(LSDV), a DNA virus of the Poxviridae family and of the
genus Capripoxvirus (CaPV). LSDV is closely related to the
other two viruses of the genus Capripoxvirus including sheep
pox virus (SPPV) and goat pox virus (GTPV) with high anti-
genic resemblance and genome identities of at least 96%
(Babiuk et al. 2008).

LSD is widespread across Africa and occurs at regular in-
tervals in endemic areas causing particularly severe outbreaks
in the horn of Africa (Tuppurainen et al. 2017). Until 2012,
LSD occurred sporadically in the Middle East region.
However, since 2012, outbreaks of LSD have been reported
in Israel, Syria, Lebanon, Jordan, Turkey, Iraq, Iran,
Azerbaijan, Kuwait, and Saudi Arabia (Al-Salihi and Hassan
2015; Ben-Gera et al. 2015; Kasem et al. 2018; Mercier et al.
2018; Sameea Yousefi et al. 2016; Sevik and Dogan 2017).
Recently, LSD has been aggressively spreading in the
European Union, with its first incursions reported in Greece,
Russia, Dagestan, and Chechnya despite excessive vaccina-
tion campaigns carried out in these regions, raising concerns
that the disease will continue to spread to Europe and Asia
(Agianniotaki et al. 2017b; Salnikov et al. 2018; Tuppurainen
et al. 2014; Tuppurainen et al. 2017).
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Conventional serological methods cannot distinguish
SPPV, GTPV, and LSDV. Thus, the most commonly used
technique for differentiating these viruses is PCR (Zhou et
al. 2012). Restriction endonuclease analysis (REA) of the ge-
nomic DNA of SPPV, GTPV, and LSDV viruses has earlier
shown that these viruses are genetically closely related but are
barely distinguishable. However, according to the OIE (2016),
REA is not always a reliable technique due to recombination
events in the viral genome. Recently, a duplex real-time PCR
method has been used for the specific detection and differen-
tiation of both wild-type LSDV and Neethling/SIS vaccine
viruses (Agianniotaki et al. 2017a). Furthermore, genomic
analyses of SPPV, GTPV, and LSDV viruses have revealed
that they share considerable homology with each other
(Tulman et al. 2002); however, genome sequencing has shown
that CaPVs are phylogenetically distinct (Lamien et al. 2011;
Le Goff et al. 2009). Therefore, sequence information and
phylogenetic analysis can be used in differentiating and eluci-
dating the genetic relatedness of these viruses (Zhou et al.
2012).

The P32 protein is a highly antigenic structural protein of
all strains of CaPVs which has been used in serological detec-
tion of these viruses (Carn et al. 1994; Heine et al. 1999; OIE
2016; Tian et al. 2010). Therefore, P32 has been reported as an
important antigen in the pathogenicity and diagnosis of
CaPVs (Tian et al. 2010). In a number of studies, P32 gene
has been used as a candidate gene for detection and molecular
characterization of capripoxviruses (El-Kholy et al. 2008;
Hosamani et al. 2004; Mafirakureva et al. 2017; Zhao et al.
2017). In a recent study by Mafirakureva et al. (2017), it was
reported that phylogenetic analysis of LSDV isolates based on
P32 gene could be a reliable tool in determining the origin of
the LSDV isolates.

In 2014, the outbreaks of LSD have been reported in
northwestern provinces of Iran, causing major economic
losses due its mortality and reduction in milk production
(Sameea Yousefi et al. 2016). Because of high antigenic ho-
mology and cross-protection between sheep pox, goat pox,
and LSD viruses (Kitching 2003), attenuated SPPV and
GTPV vaccines, such as KSGP O-240, Yugoslavian RM65,
and Romanian SPPV strains, have been used against LSDV
in Iran. Since there was no information about the genotypic
nature of the LSDVs circulating in the region and the neigh-
boring countries, it was of great importance to reveal the
origin and relatedness of LSDV isolates with those in the
other countries. The present study was designed to investigate
the genetic nature of circulating LSDVs in the regions where
outbreaks of LSD occurred and to determine the phylogenetic
relatedness of the isolated LSDVs. The P32 gene of a number
of 12 detected LSDVs were amplified and sequenced. The
results revealed the circulation of LSDVs in the northwest of
Iran, which were genetically related to each other by more
than 99% identity.

Materials and methods

Blood sample collection

During the outbreak of LSD between 2014 and 2015 in dif-
ferent regions of Iran, blood samples were collected from 234
cattle (122 clinically diseased and 112 nonclinically diseased)
from four provinces including West Azerbaijan, East
Azerbaijan, Kurdistan, and Gilan as it was reported in our
previous study (Sameea Yousefi et al. 2016). An amount of
whole blood (3 ml) was collected in EDTA-coated tube from
each animal. Blood samples were immediately transferred to
the central laboratory at the Faculty of Veterinary Medicine,
Urmia University. Blood samples were kept at − 20 °C until
they were used for viral DNA extraction.

DNA extraction

Total DNAwas extracted from 200 μl of blood samples using
a NucleoSpin® Blood Kit (Macherey-Nagel, Germany) ac-
cording to the instructions specified by the kit manufacturer.
Extracted DNA was quantified using NanoDrop 2000c
(Thermo Scientific, USA).

PCR

PCR-based detection of LSDVs was performed using two
primer pairs described by Tageldin et al. (2014). The first pair
of primers, including DW-TK (5′-GCC GAT AAC ATA
TATAGA CCC-3′) and OP49 (5′-GTG CTA TCT AGTGCA
GCTAT-3′), was used to amplify a 434-bp fragment from all
CaPVs, and the second pair of primers, consisting of L132F
(5′-CAC TTC CCT TTTAAGC-3′) and L132R (5′-CAT
TCTACA ATC TCC ATGCG-3′), was used to amplify a
492-bp fragment which was specific for LSDV. The initial
primer pair used for virus identification is homologous to the
regions of LSDV thymidine kinase (TK) gene, which am-
plifies genomic fragment between positions 56698–57132.
The second primer pair binds to the ORF132 gene which is
unique to LSDV. The PCR reactions were prepared in a total
volume of 25 μl mixtures containing 50–100 ng genomic
DNA; 0.5 μM of each primer; 50 μM of each ATP, CTP,
GTP, and TTP, 2 mM MgCl2; 2.5 units of SmarTaq DNA
polymerase (SinaClon, Iran); and 2.5 μl 10× PCR buffer.
The PCR reactions were performed using a QB Cycler® gra-
dient thermal cycler (Quanta Biotech, England) under the fol-
lowing thermal condition: initial denaturation for 90 s at
95 °C, followed by 35 cycles of denaturation (45 s at
95 °C), primer annealing (45 s at 56 °C), and strand extension
(60 s at 72 °C), ending with a final strand extension step for
7 min at 72 °C. These conditions were used for both primer
pairs (Tageldin et al. 2014). The resultant PCR products were
separated in 1.5% (w/v) agarose gel containing SimplySafe
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(EURx, Poland) 2.5 μl/50 ml gel for 1 h at 75 Vand visualized
under UV transilluminator.

For phylogenetic analysis, the third set of primers was de-
signed based on the P32 gene of the CaPVs sequences re-
trieved from GenBank. The third set of designed primers,
including P32-F (5′-TCGTTGGTCGCGAAATTTCAG-3′)
and P32-R (5′-GAGCCATCCATTTTCCAACTCT-3′),
targeted a fragment of 759 bp in size between positions
65163 and 65921 based on LSDV strain NI-2490 genome
(accession no. AF325528.1). The PCR reaction was prepared
as previously described. Amplification was performed using
35 cycles of incubation at 95 °C for 45 s, 56 °C for 45 s, and
72 °C for 65 s, with a final extension at 72 °C for 5 min.

Purification of PCR products

PCR products were purified using a gel purification kit (Gent
Bio, Taiwan) in line with the manufacturer’s instructions.

Nucleotide sequencing and phylogenetic analysis

Purified P32 gene PCR products from each LSDV and two
vaccines which are used against LSD in Iran (SPPVand GPV
vaccines) along with P32-F primer were sent to Macrogen
Company (South Korea) for nucleotide sequencing using
BigDye v.3.1 chemistry in 23 ABI 3730XLs genetic analyzer.
Nucleotide sequences of P32 genes from LSDVs were
searched in the GenBank database (National Centre for
Biotechnology Information, Rockville Pike, Bethesda, MD)
using the advanced BLASTsimilarity search option (available
at http://www.ncbi.nlm.nih.gov) discovering whether the
obtained sequences belonged to CaPV genus. Nucleotide
sequences from the present study were aligned and
compared with the P32 gene sequences of other LSDV,
SPPV, and GPV viruses retrieved from GenBank using
Clustal W. A phylogenetic tree was generated using the
maximum-likelihood method based on the Tamura-Nei model
(Tamura and Nei 1993) in MEGA v.6.0 software (Tamura et
al. 2013). Estimates of similarities between sequences were
also calculated using the maximum composite likelihood
model (Tamura et al. 2004). Nucleotide sequences of P32
gene for all 12 LSDV isolates were submitted to the
GenBank database under accession numbers KX960769–
KX960782.

Results

Field LSDVs

From a total of 234 screened cattle for LSDV, 80 (34.1%)
cattle were positive using PCR test. A number of 12 detected
LSDVs from examined cattle, belonging to four northwestern

provinces including Gilan (four isolates SH-1, SH-2, SH-3,
and SH-4), West Azerbaijan (three isolates WA-1, WA-2,
and WA-3), East Azerbaijan (four isolates EA-1, EA-2, EA-
3, and EA-4), and Kurdistan (one isolate KO-1), were chosen
for phylogenetic analysis.

PCR

A fragment of 434 bp in size was amplified from all LSDVs
using the first pair of primers confirming the genus
Capripoxvirus (Fig. 1). Amplification of the 494-bp PCR
products using the second pair of primers was unsuccessful
for a number of isolates (data not shown). Therefore, the third
pair of primers targeting P32 gene was designed and a frag-
ment of 759 bp in size of P32 gene was amplified from all
LSDVs and two SPPVand GTPV vaccines (Fig. 2).

Phylogenetic analysis and estimated identity
between P32 gene sequences of CaPVs

A phylogenetic tree was constructed based on the nucleotide
sequences of P32 gene (717 bp) of CaPVs. Since there was a
limited number of P32 gene nucleotide sequences correspond-
ing to the region we sequenced in the GenBank, we used P32
gene nucleotide sequences from SPPV and GTPV viruses in
phylogenetic analysis. LSDV, SPPV, and GTPV viruses were
clustered in distinct and separate clusters, confirming the ge-
notypic differences among these three members of CaPVs
genus in spite of high conserve nature of their genome. All
12 viruses detected from examined cattle in the present study
were closely clustered with LSDVreported from other parts of
the world. LSDVs in the generated phylogenetic tree were
grouped into three subclusters. Subcluster I-a had four isolates
from three neighboring provinces (West and East Azerbaijan
and Kurdistan) and two isolates fromKenya and South Africa,
subcluster I-b had all isolates from Gilan Province and one

Fig. 1 Amplification of a fragment of 434 bp in size from a number of
examined cattle. PCR products were run in 1.5% agarose gel. Lane 1,
molecular ladder 100 bp (SinaClon, Iran); lanes 2–4, positive samples
(SH-1, WA-1, and EA-1) from examined cattle; lane 5, positive control
(SPPV vaccine); lane 6, negative control
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isolate fromWest Azerbaijan, and subcluster I-c included two
isolates from East and West Azerbaijan and the Neethling
strain from South Africa (Fig. 3). LSDVs from Gilan were
closely clustered with each other, almost far from other
LSDVs that belonged to other provinces.

The estimated sequence identity between P32 sequences of
CaPVs revealed an overall 92.6–100% nucleotide resem-
blance among these viruses. LSDV isolates and two SPPV
and GTPV vaccines in the present study showed 96.7–100%
similarity in their P32 gene nucleotide sequences. The P32
nucleotide similarity percentage between LSDVs from Iran
and other countries varied from 97.1 to 100%. LSDVs from
Gilan (SH-1, SH-2, SH-3, and SH-4) showed the lowest iden-
tity with other LSDVs detected in this study. Interestingly, P32
gene of four LSDVs including KO-1, EA-1, EA-3, and WA-3
showed 100% similarity with each other and also with the
Neethling strain of LSDV from Kenya and South Africa
(Table 1).

Discussion

Detailed knowledge of viral genomes is recently used
for vaccine design strategies since such information al-
lows researchers to analyze the origin and conservation
of genes among the circulating LSDV at a certain region
(Tuppurainen et al. 2017). Since the northwest of Iran has
common borders with four countries including Iraq, Turkey,
Armenia, and the Republic of Azerbaijan, investigating the
origins of LSDV is of great epidemiological importance. In
the present study, cattle with and without LSD symptomswere
investigated for the presence of LSDV using PCR. While a
number of 80 cattle were positive for LSDVs in the initial

PCR, the second PCR, which was employed to detect specif-
ically LSDVs, failed to detect LSDV in a number of positive
samples. Low specificity of employed primers for Iranian
LSDV could be the reason for this PCR failure. A number
of 12 detected LSDVs from the examined animals were fur-
ther characterized based on their P32 gene nucleotide se-
quences. Phylogenetic tree and sequence identity analyses
were used to evaluate the genetic nature of detected LSDVs
in cattle from the northwest of Iran, where disease outbreak
was reported for the first time. Before the outbreak of LSD in
Iran, the disease was reported by OIE in Iraq. Therefore, as it
was speculated in our previous work (Sameea Yousefi et al.
2016), LSD could have entered Iran by the uncontrolled
movements of infected animals between the two countries.

Despite high-sequence homology between CaPVs
(Tulman et al. 2002) alignment and phylogenetic analysis of
P32 gene sequences, grouped LSDVs, SPPVs, and GTPVs in
three distinct clusters confirm the findings of previous studies
(Hosamani et al. 2004; Mafirakureva et al. 2017; Zhou et al.
2012). In LSDV cluster, all isolates belonging to Gilan
Province were closely subclustered with each other far from
other LSDVs (except for one isolate WA-1) from other prov-
inces, revealing the possibility of different genetic nature of
the virus even in the same country. Based on the phylogenetic
analysis of P32 gene, most of the field strains of LSDVs clus-
tered far from LSDV-Neethling vaccine, indicating the possi-
bility of using this gene as a candidate for differentiating vac-
cine strains of LSDV from field isolates. Furthermore, com-
parative analyses of the phylogenetic trees constructed based
on GPCR (Gelaye et al. 2015; Le Goff et al. 2009; Salnikov et
al. 2018; Su et al. 2015; Zhou et al. 2012), RPO30 (Lamien et
al. 2011; Su et al. 2015), and P32 genes (Mafirakureva et al.
2017) of LSDV demonstrate that P32 gene was a better can-
didate gene for illustrating genetic variation between LSDVs.

Recently, the sequencing of GPCR and P32 genes has been
used to identify and characterize LSDVs from SPPV and
GTPV (Mafirakureva et al. 2017; Salnikov et al. 2018).
Phylogenetic analysis of different LSDV isolates using P32
gene revealed two subclusters in the examined LSDVs
(Mafirakureva et al. 2017), generating a better picture of dif-
ferences between LSDVs than the phylogenetic analysis
based on GPCR gene in which all LSDVs clustered together
(Salnikov et al. 2018). In the present study, examined LSDVs
were divided into three subclusters, which it was due to the
sequencing of a larger part of P32 gene (717 bp) in compari-
son with Mafirakureva et al.’s work (2017), in which they
sequenced a smaller part of the P32 gene (192 bp).

Nucleotide sequence similarity data showed that the
identified LSDVs from three different provinces were
identical. Moreover, these isolates enjoyed 100% similar-
ity with two other LSDV strains from Kenya and South
Africa, revealing a high conserved nature of LSDV ge-
nome despite virus circulation in different geographical

Fig. 2 Amplification of a fragment of 759 bp in size from three examined
cattle. PCR products were run in 1.5% agarose gel. Lane 1, molecular
ladder 100 bp (SinaClon, Iran); lanes 2–4, positive samples (SH-1,WA-1,
and EA-1) from examined cattle

1854 Trop Anim Health Prod (2018) 50:1851–1858



locations. However, phylogenetic tree constructed based
on P32 gene of LSDVs from the northwestern region of
Iran showed that LSDVs from Gilan Province (SH-1,
SH-2, SH-3, and SH-4) were clustered separately from
the other LSDVs isolated from neighboring provinces in
Iran. Phylogenetic analysis of the 12 LSDV isolates
based on the nucleotide sequence of the P32 gene

showed that these 12 isolates could be grouped into three
distinct subclusters. Subcluster I-a had the Iranian iso-
lates from three different provinces, while all LSDV iso-
lates from Gilan were placed in the subcluster I-b. This
reveals that different strains of LSDV could be in circu-
lation in Iran. This finding is congruent with those re-
ported by Mafirakureva et al. (2017).
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Fig. 3 Phylogenetic analysis of LSDVs detected in the present study and
CaPVs (LSDV, SPPV, and GTPV) from GenBank by maximum
likelihood method in MEGA6. The percentage of trees in which the
associated taxa clustered together is shown next to the branches. The

tree is drawn to scale, with branch lengths measured in the number of
substitutions per site. The analysis involved 29 nucleotide sequences.
Codon positions were first + second + third + noncoding. All positions
containing gaps and missing data were eliminated
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In a previous study by Stram et al. (2008), a fragment of
466 bp in size of LSDV genome termini was used for the
detection and phylogenetic analysis of CaPVs. They showed
that the constructed phylogenetic tree was able to distinguish
among various CaPVs but failed to differentiate different iso-
lates even though the surveyed region is one of the most di-
vergent regions of the viral genome. However, in our study,
the generated phylogenetic tree based on P32 gene was able to
not only differentiate different CaPVs but also roughly distin-
guish LSDVs originated from one of the examined regions.
This finding reveals that P32 gene is a better marker than
LSDV genome termini for distinguishing between different
CaPVs and isolates.

Conclusion

In conclusion, this study found that LSDV keeps circulating in
different provinces in Iran. Moreover, as described in this
study, P32 nucleotide sequences of LSDV provide insights
regarding the genotypic nature of circulating LSDV strains
in the northwest of Iran for the first time. This information
could be of paramount importance for tracking the origins of
the viruses and future studies and efforts on vaccine develop-
ment against LSDV.
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