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Abstract

BACKGROUND: Lumpy skin disease (LSD) is a significant viral disease of cattle sometimes found in Iran.

OBJECTIVES: The aim of this study was the molecular detection of LSD virus (LSDV) and the determination of their
relationship with other Iranian isolates. Moreover, the origin and spread of these viruses were evaluated.

METHODS: The lymph node samples taken from clinically affected cattle from the Kurdistan province of Iran were tested
for LSDV using the polymerase chain reaction (PCR).

RESULTS: The partial P32 gene of LSDV was detected by PCR, sequenced, and phylogenetically analyzed. The LSDV's
detected in the present study were 42.98%-100% similar to other LSDVs of Iran.

CONCLUSIONS: Iranian LSDV isolates in this research had the highest similarity to the isolates found in the Indian
regions. However, they showed the lowest nucleotide identity with the countries located in the west and southwest of Iran,
namely Turkey and Saudi Arabia LSDVs. It could be concluded that these viruses have entered Iran from the eastern
borders. It seems that the monitoring of the country borders should be taken into consideration. Further studies should be
carried out on LSDV pathogenesis and molecular epidemiology.
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Introduction

Lumpy skin disease virus (LSDV) is a double-
stranded DNA virus that belongs to the genus
Capripoxvirus of the Poxviridae family. The
LSDV is one of the major poxviral diseases that

cause considerable economic damages because
of reduced milk production, increased abortion
rates, diminished weight gain, elevated susce-
ptibility to secondary bacterial infections, and
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high mortality (MacLachlan and Dubovi,
2017). Clinical signs of LSDV in cattle are fe-
ver and nodular skin lesions that can spread on
the body. Generalized lymphadenitis and
edema of the limbs may also occur.

The LSDV was first recognized in 1929 in di-
verse animals in Zambia and other African
countries (Tuppurainen and Oura, 2012). The
LSDV was observed in the Middle East in
1989, and since then, several outbreaks have
occurred, and there is a risk of LSDV becoming
endemic in some countries in the region (Oie,
2010). Before 2012, the disease was reported
sporadically in the Middle East. However, the
incidence of the disease has increased in many
countries since 2012 (Al-Salihi and Hassan,
2015; Ben-Gera et al., 2015; Kasem et al.,
2018; Mercier et al., 2018; Sameea Yousefi et
al., 2017; Sevik and Dogan, 2017). The LSDV
outbreaks were reported in the northwestern
provinces of Iran in 2014. The disease leads to
detrimental economic effects due to animal
mortality, reduced milk production, and health
costs (Sameea Yousefi et al., 2017).

The results of another study showed the pres-
ence of LSDVs in the northwest of Iran, which
were genetically related to each other with
more than 99% identity (Yousefi ef al., 2018).
Sameea Yousefi et al. studied the relationships
between LSDVs isolated from different regions
of Iran. Phylogenetic analysis revealed a high
sequence similarity between LSDVs in Iran
and African isolates. They suggested that
LSDVs had entered Iran from Iraq (Yousefi et
al., 2018).

In the present study, the diagnosis of LSD was
based on clinical signs that were confirmed by
the polymerase chain reaction (PCR) detection
of Capripoxvirus infection. In the clinical ex-
amination of the cattle with LSDV, skin
nodules, superficial lymph node enlargement,
and loss of appetite were the most frequent
symptoms. Other signs included fever, edema
in various body parts, and mucosal discharge. A
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large number of studies have documented the
same symptoms in natural (Agag et al., 1992;
Body et al., 2012; El-Neweshy et al., 2013) or
experimental infections (Osuagwuh et al.,
2007). PCR is the common diagnostic method
for this disease (Zhou et al., 2012). The P32
gene is a structural protein suitable for molecu-
lar detection and phylogenetic analysis (OIE,
2016; Tian et al., 2010). Furthermore, the P32
antigen plays an essential role in disease patho-
genesis and the production of antibodies
against Capripoxviruses (El-Kholy et al., 2008;
Hosamani et al., 2004; Mafirakureva et al.,
2017; Tian et al., 2010; Zhao et al., 2017). In a
recent study, it was reported that tracing the
origin of LSDV isolates using the P32 gene
could be reliable in phylogenetic studies
(Mafirakureva et al., 2017).

Materials and Methods

Sample Collection

During the onset of LSD in two cattle herds in
Kurdistan, Iran in January 2020, lymph node
samples were collected from dead cows and
transferred to the laboratory under cold chain
conditions. Phosphate-buffered saline solution
and sterile homogenizer were used to prepare a
homogenate of the sampled tissues (100 mg).
The suspensions were centrifuged and the su-
pernatant was collected for viral DNA
extraction.

DNA Extraction

Total DNA was extracted from samples accord-
ing to the instructions of the manufact-urer of
the commercial extraction Kit (Sina-Clon Co.,
Iran).

PCR

The PCR was performed using the primers de-
scribed by Ireland and Binepal (Ireland and
Binepal, 1998). The primers were designed to
amplify a specific segment of 192 bp. The se-
quences of forward and reverse primers for
PCR amplification were 5-TTTCCTGATT-
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TTTCTTACTAT-3" and 5'-AAATTATATACG
TAAATAAC-3’, respectively.

The PCR was carried out with a total volume of
25 pL containing 2.5 pLL genomic DNA, 1 puL
of each primer, 12.5 puL of Taq DNA Polymer-
ase Master Mix RED (Amplicon, Denmark),
and 8 pL of distilled water. The PCR reactions
were conducted under the following thermal
conditions: initial denat-uration for 2 min at
94°C, followed by 40 cycles of denaturation
(50 s at 94°C), primer annealing (50 s at 50°C),
and strand extension (60 s at 72°C), ending
with a final strand extension step for 10 min at
72°C. The PCR products were visualized in
1.5% (w/v) agarose gel under a UV transillumi-
nator.

DNA Sequencing and Phylogenetic Analy-
sis

All samples were evaluated by PCR and the
PCR products of positive samples were se-
quenced (Bioneer Co., Korea). Sequences were
aligned using ClustalW pairwise alignment. Se-
quences of reference strains and other detected
LSDVs were obtained from the NCBI database.
Analysis was performed using the neighbor-
joining statistical method with 1000 bootstrap
replications based on the distance and phyloge-
netic tree of LSDVs isolates. Sequences were
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selected from the close strains of the virus in
different countries based on location, time, and
the results of genetic analysis. The sequences of
identified LSDVs in this study were submitted
in GenBank under the accession numbers
MT050465 and MT050466.

Results

Molecular Detection

Viral DNAs specific for LSDV were found in
all samples. In the current investigation, a 192
bp fragment of the P32 gene was amplified and
matched with the published articles on the P32
gene.

Sequence Analysis

By sequencing the fragments of 192 bp of PCR
products, the partial P32 gene was identified,
which encodes the antigenic structural protein.
The nucleotide alignment of the sequences
showed a similarity of 42.98%-100% between
the two selected LSDV sequences and other
Iranian strains of the LSDYV isolates (Table 1).
Phylogenetically, four distinct clusters were in-
dicated in the constructed tree of the P32 gene.
In the present study, the identified strains of the
LSDVs belonged to the second cluster, which
contains other isolates of the virus from India

(Figure 1).

Table 1. The similarity matrix calculated using Mega 7 for the LSDVs and other Iranian selected LSDVs based on the

partial P32 gene sequences.

1 2 3 4 5 6 7 8 9 10 11
1 Lumpy skin_disease virus_strain UT- #Hit
Samira-Hamid1 i
) Lumpy skin disease virus strain UT- 98.
Samira-Hamid 2 77
3 Sheeppox virus_isolate SPPV- 98. 98.
GL(KT438551.1) 63 63
4 Sheeppox_vi- 98. 98. 100
rus_strain SPPV/SA5/2016(MG232386.1) 63 63 .00
5 Sheeppox_vi- 98. 98. 100 100
rus_strain_204/14(MH924596.1) 63 63 .00 .00
6 Lumpy skin disease virus isolate LSDV-  45. 45, 48. 48. 48.
WA-1(KX960778) 06 96 28 28 28
7 Lumpy skin disease virus_isolate GPV- 45. 45, 48. 48. 48. 99.
Vaccine-Gorgan(KX960782) 06 96 28 28 28 41
3 Lumpy skin disease virus isolate ShPV- 43. 44. 46. 46. 46. 97. 97.
Vaccine-RM65(KX960781) 83 72 90 90 90 65 06
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1 2 3 4 5 6 7 8 9 10 11

Lumpy skin disease virus isolate LSDV-  43. 44. 46. 46. 46. 98. 97. 95.

? EA-4(KX960772) 83 72 90 90 90 24 65 88

1 Lumpy skin disease virus strain Ku- 43. 42, 43, 43, 43. 46. 47. 46. 46.

0  bash/KAZ/16(MN642592.1) 48 98 93 93 93 34 15 34 34

1 Lumpy skin disease virus_iso- 43. 42, 43, 43, 43. 46. 47. 46. 46. (1)0
1 late Kenya(MN072619.1) 48 98 93 93 93 34 15 34 34 0'0

& LSDY isolate LSDV-EA-1/2017 /ran{kxB60763)
LSDY P32 antigen/1999/Australia(AF124516)
LS50 isolate LSOW-EA-2/201 7 lran(bKEB807 70)
& LSDY isolate LSDVSEA-3/2017 ran(kX360771)
& LSDY isolate LSDV-KO-1/201/ran(kX96077 3)
® LS50 isolate LSDW-5H-1/2017lran(kXEE07 7 4)
LS50 isolate LSOW-5SH-2/2017//lran(KXB807 75)
& LSDY isolate LSDW-SH-3/2017 ran(kX3E07 7E)
& LSDY isolate LSDV-SH-4/2017 Aran{kx860777)
LS50 isolate LSDW-WA-1/201 7 ran(kKXEE07 78)
& LSDY isolate LSDWSWA-2/2017 Aran(kXOE0773)
& LS50V isolate LSDWSWWA-3/201 7 Aran(kXOE0780)
& LSDY isolate GPY-Vaccine-Gorgan/2017 Aran{kx960782)

oy | LDV isnlale LSDV Egypt/AHRE1Minya/201B(MN271745)

LSDY isolate LSDY Egypt/AHRI-S/Beheira/2017 (MN271749)
LED%isolate LSDY Egypt/AHRF1SF aiyurm 201 5(MM27T1754)
LSO Egypt/AHRI21/Menoufia/2013(MMN27 1755)
GTPY ¥emen (Sanaa/1983) IMYV{EUE25262.1)
GTPVstrain ZVGs/2014/China (KJ026560.1)
@ LSDY isolate LSDW-EA-4/2017 Aran{kxB60772)
SPPY 2004/ ndialAY368684.1)
SPPY isolate Pune-08/200%/India(FJ5582029.1)
SPPY strain GanSuHMA2/2012/China(KFEE1977.1)
SPPY strain Shanxif2010 /China (HM770255.1)
SPPY strain Zabaikalsk{/2014/Russia(KCB47056.1)
SPPY strain Av40/2011/China(HQE07368.1)
& LS50 isolate ShPV-vaccine-RMES/2017 Aran(kX360781)
GTPY isolate “iet Mam (Minh Thuan/2008) IMYW(EUE25263.1)
{GTF'VIZDDMInma(AW:SQSSS 1
SPPY strain 204142018/ Tunisia(MHI24596.1)
W LSDY strain UT-Samira-Harmid 2/ 2019/ ran(MTOS046E)
W LSDY strain UT-Samira-Harmid /20194 ran (MTOS0465)

62

63|

SPPY strain SPPW/EASL2016/2018/Saudi Arabia(MG232386.1)
SPPY isolate SPPY-GL2017/China(kKT438551.1)
| SPPY JBRA222/Australia(AF 124517 1)

99l LSDV isalate By Sharkia2018(MKK451967)
99| LSDWMW-LWY isolate Meethling Warmbaths LW/2006/South Africa: Warmbaths(AF409137.1)

i ILsDv isalate Meethling vaccine LW 1959/2003/South AfticalAF409138.1)
LSDY isolate Egypt/MansouralB201 1/Egypt(GQ202146.1)
SPPY isolate Saudi Arahia/2012(MMNO72630.1)
SPPY isolate Saudi Arabia vaccine/2019(MNO72E27.1)
SPPY izolate Turkey vaccine/2019/Canada(MMNO72631.1)
LSD% strain Herbivac LS batch 008/2019/5outh AfricalMi<441838.1)
1LSD\/ strain LSD%/RussiafSaratow2017 (MHBAEE74.1)
L=D% strain Kubash/KAZMB/2019/Kazakhstan(MNE42592.1)

0.2

LSDY isolate Kenya/2019/Canada (MNO72613.1) Figure 1. Neighbor—joining tree show-
— LSDY isolate 155920/2012/2018(X594508.1) ing the relationships between the

LSD%/Russia/Dagestan/2015(MHB93760.2)

LSDY isolate Evros/GR/ 5/2017/Greece(KY529023.3) LSDVs (squres) and other selected

LSDY SERBIA/Bujanovac/2016/2017/Balkan(ky702007 1) LSD viruses based on the partial P32

LEDY strain KSGP 0240/2016/Kenya(kx683219.1)

LSD% MI-2490 isolate Meethling 2490/2006/Kenya(AF325528.1)
LSO isolate Rus1/2016/Zimbabwe(kX033505)

LSO isolate MysB/2016/Zimbabwe(kX033503)

LEDY isolate Mut13/2016/Zimbabwe(KX033495)

LSDY isolate Mut11/2016/Zimbabwe(X033496)

gene.
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Discussion

The LSDYV is a contagious viral disease that in-
fects cattle. In this study, two herds of cattle
were sampled to assess the LSDV. Dead cattle
were also studied for the presence of LSDVs by
PCR. Among the studied animals, two LSDV
cases were identified based on the P32 gene,
were examined for phylogeny, and the phylo-
genetic tree was drawn.

The phylogenetic tree shows four groups as fol-
low: Group 1 is related to the Iranian isolates
that were reported in the past years (circles),
Group 2 belongs to the LSDVs detected in the
current study (squares), and Groups 3 and 4 re-
fer to other isolates from other countries,
especially in the west of Iran (Figure 1). Nucle-
otide sequence analysis of these isolates
showed 99.98% similarity with LSDV strains
from different regions of India. However, phy-
logenetic trees of LSDVs from Turkey, Saudi
Arabia, Russia, Serbia, and Kenya had separate
clusters from LSDVs in this study (Table 1).
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