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Abstract

recombination events.

Background: Lumpy skin disease (LSD) is an acute or subacute infectious disease caused by lumpy skin disease
virus (LSDV) of genus Capripoxvirus. The outbreaks of LSD were confirmed in the Yili area of the Xinjiang autonomous
region in August 2019 and the Fujian province in June 2020. We detected LSDV in our daily monitoring work, then
isolated, identified and sequenced the virus, and analyzed the whole genome characteristics of the isolated strain.

Results: Whole genome sequencing revealed that the strains isolated were all LSDV and were named as LSDV
XJ201901 and LSDV FJ2019. The results showed that the identity based on whole genome sequences between LSDV
XJ201901 and LSDV FJ2019 was 100% and the identity based on whole genome sequences between the two isolated
strains and the global LSDV strains was 97.28%-99.99%, with the strain LSDV72/PrachuapKhiriKhan/Thailand/2021
(99.99%) having the highest sequence identity. Analysis of potential recombination events revealed that a total of

18 potential recombination events were identified in strains LSDV XJ201901 and LSDV FJ2019. The two strains are a
recombination of Neethling vaccine LW 1959 (GeneBank: AF409138.1) with KSGP 0240 (GeneBank: KX683219.1). It
was observed that Neethling vaccine LW 1959 (11/18) and KSGP 0240 (10/18) are involved in most of the potential

Conclusions: The virus isolate in this study was LSDV and was identified as a vaccine recombinant strain. The most
likely potential parent strains of the two strains in this study are Neethling vaccine LW 1959 and KSGP 0240. The strains
in this study are very similar to those isolated in East and Southeast Asia since 2019.
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Background

Lumpy skin disease (LSD) is an acute or subacute infec-
tious disease caused by lumpy skin disease virus (LSDV)
of genus Capripoxvirus in Poxviridae. Cattle are the nat-
ural host of LSDYV, and all kinds of cattle are susceptible
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to LSDV [1]. LSDV infection can lead to weight loss, sig-
nificant reduction of milk production and even death in
cattle. The mortality rate of cattle infected with LSDV
was up to 10% and even 20%, causing serious economic
losses and affecting international trade [2]. Water buf-
falos [3], antelope [4] and giraffe can also be infected
with LSDV. LSD is a notifiable disease stipulated by the
World Organization for Animal Health (OIE, 2017) and
1 of the 15 class I infectious diseases stipulated by List of
imported animal quarantine diseases of the China. LSD
was first observed in 1929 in Zambia in East Africa [5],
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from where it spread across the African continent and
beyond the Sahara Desert. LSD spread to Israel in the
Middle East in 1989 [6]. It continued to be prevalent in
Africa and the Middle East in the following 30 years,
with local epidemics in some regions. The outbreak of
LSD was reported in Greece, Turkey, Russia and East-
ern Europe in 2015 [7-10], and spread to Bulgaria, Mac-
edonia, Serbia, Niger, Albania, Montenegro, Nigeria and
other countries a year later [10]. From 2017 to 2018, LSD
continued to move eastward along the border between
Russia and Kazakhstan and gradually approached Xin-
jiang in China. The risk of LSDV being introduced into
China is great, which poses a serious threat to China [11].
In August 2019, China reported the first case of LSD
epidemic, which occurred in Yili, Xinjiang [12]. Since
then, other provinces in western and eastern China have
reported LSD outbreaks. LSD has become a new threat
to China’s cattle industry.

LSDV is a double stranded DNA virus with a genome
size of 145-156kb. It is composed of the central core cod-
ing region and the same inverted terminal repeat (ITR)
with a length of 2.4kb on both sides. The GC content
in LSDV genome was only 27% [13], showing a regular
and uniform distribution. The LSDV genome contains
156 ORFs encoding proteins of 53 to 2,027 amino acids
[14]. LSDV has high genomic identity with goatpox virus
(GTPV)and sheeppox virus (SPPV), more than 98%. The
protein encoded by ORF36 (gene RPO30) plays a role in
DNA-directed 5’-3’ RNA polymerase activity. The GPCR
protein encoded by ORF11 (gene GPCR) is a predicted
chemockine receptor, which plays a role in the tropism
of the virus host. Both of these two genes are frequently
used for homology analysis and molecular biological
detection between different strains [15]. However, there
are only a few methods to identify and detect three
poxviruses of the genus Capripoxvirus due to the high
sequence identity of LSDV, GPTV and SPPV. The meth-
ods of distinguishing between the tree Capripoxviruses
are based on genetic characterizations [16].

The prevention and control of LSD mainly rely on live
attenuated vaccine for immunization in LSD endemic
countries. Many attenuated strains including cell pas-
sage attenuated strains and genetically modified attenu-
ated strains, such as LSDV Neethling, KSGP O-240 and
LSDV_WBO005KO, were used for the prevention and
control of LSDV. Although LSD vaccine is widely used to
control the outbreak of epidemic diseases, the reinfection
of immunized animals still exists [17].

Since 2019, at least seven provinces have reported
LSD outbreaks in China according to publicly available
official data [12] (http://www.xmsyj.moa.gov.cn/yqfb/
202007/t20200715_6348686.htm). Several LSDV strains
have been isolated and reported in China until 2022. We
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detected LSDV in our daily monitoring work, then iso-
lated, identified and sequenced the virus, and analyzed
the whole genome characteristics of the isolated strain.

Results

Virus isolation and identification

The disease material suspected of being infected with
LSDV was homogenized and centrifuged, and the super-
natant was inoculated with LT cells in order to isolate the
virus. The cells were observed day by day onto a micro-
scope until CPE was observed. LT cells contracted and
became round, and a large number of cytopathic effect
(CPE) appeared after infection with LSDV (Fig. 2B). The
cells were repeatedly frozen and thawed for 3 times after
6 days of virus infection and the total DNA was extracted
for qPCR with primers and probe listed in Table 1. The
results of qPCR showed that the isolated virus was LSDV
(results not shown).

Whole genome sequencing and sequence analysis

Whole genome sequencing was performed using Illu-
mina nextseq 500 and mapped to China/GD01/2020
(Genebank: MW355944). Two strains of LSDV involved
in this study have been submitted to NCBI, one of which
is named LSDV XJ201901 (Genebank: OM984485)
and the other is named LSDV FJ2019 (Genebank:
0OM984486). The reference sequences were downloaded
from NCBI and the sequence alignment was performed
by Mega X. The results showed that the identity based on
whole genome sequences between LSDV XJ201901 and
LSDV FJ2019 was 100%. The identity based on whole
genome sequences between the China strains and other
reference sequences was 97.28%-99.99%, with the strain
LSDV72/PrachuapKhiriKhan/Thailand/2021(GeneBank:
ON152411.1) having the highest identity (Fig. 3A). In
addition, two important genes RP030 and GPCR in
LSDV were also used for identity analysis (Fig. 3B and C).
The similarity between LSDV XJ201901 or LSDV FJ2019
and the global LSDV strains based on GPCR was 95.52%-
100%. The strains with the highest identity with strains in
this study based on GPCR are strains isolated in China,
Vietnam and Thailand since 2019. The similarity between
LSDV XJ201901 or LSDV FJ2019 and the global LSDV
strains based on RP030 was 97.70%-100%. The strains
with the highest identity with strains in this study based

Table 1 Primers used for gPCR

Primer Sequence

5" -TGAATTAGTGTTGTTTCTTC-3'
5'-GGGAATCCTCAAGATAGTTCG-3'
5'-FAM-TGCCGCAAAATGTCGA-MGB-3'

Forward primer
Reverse primer
Probe
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on RPO30 are also strains isolated in China, Vietnam and
Thailand since 2019.

All global LSDV strains of LSDV were divided into dif-
ferent groups according to the results of sequence align-
ment. The group of cluster 1.1, cluster 1.2 and the strains
before 2019 were used to analyse the gene recombination
events involved LSDV X]J201901 and LSDV FJ2019 using
RDP4 and Simplot. 18 potential recombination events
were predicted in LSDV XJ201901 and LSDV FJ2019 by
RDP4 algorithm The potential strains involved in gene
recombination events were shown in the Fig. 4 and Fig. 5.
All strains involved in potential recombination events are
listed in Table 2. Neethling vaccine LW 1959 (11/18) and
KSGP 0240 (10/18) are involved in most of the potential
recombination events by counting. There were 5 recom-
bination events directly related to the two strains, which
is the largest number of all forecast recombination.

Discussion

Two strains of LSDV were isolated in this study, and their
genome characteristics were analyzed after sequencing.
Homology analysis showed that the nucleotide similarity
of the two isolates LSDV XJ201901 and LSDV FJ2019 was
100% and the global LSDV strains with the highest simi-
larity was LSDV72/PrachuapKhiriKhan/Thailand/2021
(99.99%). Interestingly, the isolates in this study are very
similar to LSDV isolated in China, Vietnam and Thai-
land since 2019. But the strain before 2019 with the
highest identity with the two isolates is LSDV/Russia/
Udmurtiya/2019 (99.46%), which was vaccine-like strain
considered as recombinant strain [18]. It is worth noting
that the strain KZ-Kostanay-2018 isolated from Kazakh-
stan also belongs to vaccine like strain according to
homology analysis (Fig. 2). The sequence identity between
KZ-Kostanay-2018 and other strains in this paper ranges
from 97.44% to 99.42%. It was found that KZ-Kosta-
nay-2018 strain show the highest similarity when com-
pared with LSDV XJ201901 and LSDV FJ2019, which
can explain why LSDV X]J201901 was separated from the
cattle in Chinese border near Kazakhstan. Subsequent
gene recombination analysis confirmed the presence of at
least 18 gene recombination events in the isolates LSDV
XJ201901 and LSDV FJ2019 in further analysis, of which
2 events were related to KZ-Kostanay-2018. However,
the strains that contribute most to gene recombination
are strains Neethling vaccine LW 1959 and KSGP 0240
(Fig. 5). The identity between the isolated strains and the
global LSDV strains based on RP030 gene ranged from
97.70% to 100%, which are exactly the same as the strains
isolated in China, Vietnam and Thailand since 2019.
However, it should also be noted that the highest identity
with the RP030 gene of the strain before 2019 is 99.67%,
which are the six strains including Neethling vaccine LW
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1959 and Cro2016 and other four vaccine strains on the
same branch. The sequence identity between the isolated
strains and the global LSDV strains based on GPCR gene
ranged from 95.52% to 100%, which also are the same as
the strains isolated in China, Vietnam and Thailand since
2019. The highest sequence identity with the GPCR gene
of the strain before 2019 is 99.12%, among which the
three strains including KSGP 0240, Kenya and Neeth-
ling 2490 have the highest identity. In addition, GTPV
and SPPV isolated from China were also used for homol-
ogy analysis, but the isolates in this paper have less iden-
tity with GTPV and SPPV comparing with LSDV. Gene
recombination events associated with GTPV and SPPV
were also not predicted.

The vaccines used for immune prevention against
LSDV are mainly field strains attenuated by cell culture
at present. LSDV Neethling live attenuated vaccine is
one of the earliest successfully developed vaccines [19].
It can not only prevent the occurrence of LSD, but also
play an important role in controlling the outbreak of
LSD. Immunization with live Neethling vaccine results
in lifelong immunity for most immunized cattle. In
addition, the group immunity produced by immuniza-
tion farms can also provide indirect protection for sur-
rounding cattle farms. However, cows vaccinated with
the live Neethling strain developed nodules and symp-
toms of lower viral load, which resulted in reduced milk
production. Vaccine virus strains can also be isolated
from animals after vaccination with Neethling vac-
cine [20]. It indicates that although LSDV Neethling
live attenuated vaccine has been attenuated, there are
still safety problems [21]. The viral secretion or excre-
tion of vaccinated animals may be one of the important
reasons for the recombination of LSDV. Border animal
trade and insect vector transmission may also aggravate
the transmission and recombination of LSDV [22]. The
emergence of recombinant LSDV will make the preven-
tion and control of LSD more difficult. LSD genome
is huge and the probability of recombination events is
high. The emergence of recombinant virus will make the
epidemic situation of LSD more difficult to predict and
prevent and also make it difficult to isolate and identify
the virus. The recombinant virus leads to more subacute
symptoms, which will lead to the decline of production
performance of infected animals [1].

LSD can be transmitted in a variety of ways, includ-
ing contact transmission, insect vector transmission,
semen and lactation transmission. Although the attenu-
ated vaccine strain has safety problems, it was consid-
ered that vaccine is the most effective measure for the
prevention and control of LSD due to the lack of insect
vector control means [8, 23]. It is generally believed
that vaccines have indeed played an important role in
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Fig. 1 Map of Yili Kazak Autonomous Prefecture of Xinjiang Uygur Autonomous Region and Changting city of Fujian Province

many countries. However, the vaccine like strains iso-
lated from diseased cattle suggest that the attenuated
vaccine is prone to recombination and even return to
strong virulence. The emergence of vaccine like strains
not only leads to side effects such as mild fever, but
also leads to typical clinical symptoms and even death
of infected cattle. The strain of Neethling vaccine LW

1959, Crol6and the isolated strains in this study are all
vaccine like strains, which lead to typical clinical symp-
tom. The isolated vaccine like strains are all recom-
binant strains caused by KSGP 0240 strain or similar
strains at present. There is no recombinant vaccine virus
caused by the use of sheep pox vaccine. However, there
has been reports of contamination of GTPV in LSDV

Fig. 2 Normal LT cells (A) and LT cells infected with LSDV (B)
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Fig. 3 Phylogenetic analysis between isolated strain and the global LSDV strains based on the whole genomic sequences (A), GPCR gene (B)
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vaccine vials during production [24], which will pose a
more severe challenge to the prevention and control of

in this study are very similar to those isolated in East and
Southeast Asia since 2019.

LSDV. This study mainly discussed the recombination of

KSGP 0240-like strain predicted by Mega X, RDP4 and
Simplot. It was suggested that the countries and regions
immunized with sheep pox should pay attention to the

recombination of sheep pox vaccine.

Conclusion

The virus isolate in this study was LSDV and was iden-
tified as a vaccine recombinant strain. The most likely
potential parent strains of the two strains in this study are
Neethling vaccine LW 1959 and KSGP 0240. The strains

Materials and methods

Study design

An epidemiological study on LSDV was conducted from
2019 to 2020, and samples from Yili Kazak Autonomous
Prefecture in the Xinjiang Uygur Autonomous Region
and Changting city of in the Fujian Province were col-
lected (Fig. 1). Figure 1 below shows a map of the Yili
Kazak Autonomous Prefecture in the Xinjiang and
Changting city in the Fujian Province where the study
was conducted.

Query: LSDV X1201901 & LSOV F12019
|

- ksGP 0240 - LSOVRussia/Saratou2017

B

099

aLsoves0ie

= Neething vaccine LW 1959 W KSGP 0240

Query: LSDV XJ201601 & LSOV F2019
'

w.mw 2000 bp, Step: 10 bp, Gapstrip: on, Kimura (2-parameter), T: 2.0

]
|
2o 2owr |
£ £
o Zos I
oss] | 0ss I
: 10ded Yrvreo I 1 el e | |
osa oot ose 550 s
4 100 - e I
"D loo  susodbssss o2l lobth I I sl s % | I dmallooios 1
s3] | Window: 3000 bp, Step: 10 bp, Gapstrp: on, Kimura (3-parameter), T/ 2.0 093] || Window: 2000 bp, $tep: 10 bp, Gapstrip: on, Kimura (2-parameter), TH: 2.0 083 \Window: 2000 bp, Step: 10 bp, Bapstrp: on, Kimura (2-parameten), TR:20 | |
T 2 w 4 S 6 79 s S 100 Ho B0 10 130 150 kon) T 2 % 40 % 6 7o & s 10 to 120 50 1o 150 (en) T 2 % 4 s e 7o s s 100 o 10 130 10 130 (on)
Sosiion Sositon Poston
o LSOV O ALSDVEROTD m asiznote [EP—— Comy: LSOV KI20901 BLSOV 2019 LSOV RumsA 010 MRKGSP G20 Guer: LSOV XZ0190 BLSOVFIIG  mmKE Ky 2018 Nesing v LW 1059
D g E w o F o : e
ase 0o o
I
ase os8 oss
I 1
Zoar I 2o Zoer |
£ £ ]
Eos I Eowe Eose 1
095 I 095 095 I
1L, 1
oes e o ot iz

Window: 2000 bp, Step: 10 bp, Gapstrp: onf Kimura (2-parameter), Th: 2.0

95980 poTe

Window: 2000 bp, Step: 10 bp, Gapstrp: on, Kimua (2-parameter), TA2.0

T 20 W 40 S0 60 70 8 0 100 10 120 130 140 150 (op)
osition

Query: LSOV Fi019

100
- /WV‘WW
09

1959

®

Similarty
8 g

119834 12062
Window: 2000 bp, Step: 10 bp, Gapsirip: on, Kimura (2-paramete), Th: 20

10 20 30 40

Similarty

Query: LSDV X1201001 8 LSOV F2019

‘Window: 2000 bp, Step: 10 bp, Gapstrip: on, Kimura (2-parameter), TA: 20| |

S0 60 7o 80 9 100 10 120 130 140 150 (kop) 1 20 30 40 50 60 70 8 90 100 110 120 130 140 150 (kbp)
osition tion

Post

- 1550202012 Query LSDV X1201901 & LSOV Fi2019

= Neething vaccine LW 1959
int

148851 150923
Window: 2000 bp, Step: 10 bp, Gapstrp: en, Kimura (2-parameter), T 20 1

1 20 30 40 50 60 70 8 90 100 110 120 130 140 150 (kbp)
Position

10 20 30 40

Fig. 4 Potential gene recombination events. All global LSDV strains were divided into 3 groups to analyse the gene recombination events involved
in LSDV isolates using RDP4 and Simplot. Possible reorganization events and locations are marked in the figure

50 60 70 80 90 100 110 120 130 140 150 (kbp) 1 20 30 40 50 60 70 8 90 100 110 120 130 140 150 (kbp)
Position Position




Li et al. BMC Veterinary Research (2022) 18:426

Page 7 of 9

A

Neethling vaccine LW 1959&KSGP 0240
LSDV/Russia/Saratov/2017&KSGP 0240
Neethling vaccine LW 1959&LSDV/Russia/Dagestan/2015
Neethling vaccine LW 1959&KZ-Kostanay-2018

Neethling vaccine LW 1959&LSDV/Russia/Saratov/2017
Neethling vaccine LW 1959&155920/2012
LSDV/Russia/Udmurtiya/2019&KSGP 0240
LSDV/Russia/Udmurtiya/2019&LSDV/Russia/Dagestan/2015
LSDV/Russia/Saratov/2017&155920/2012

Neethling vaccine LW 1959 -
KSGP 0240 -
LSDV/Russia/Saratov/2017
LSDV/Russia/Dagestan/2015 A
LSDV/Russia/Udmurtiya/2019 A
KZ-Kostanay-2018 -
155920/2012 A

Fig. 5 Statistics of gene recombination events. The potential strains involved in gene recombination events are counted (A) and shown in the
figure and different combinations of strains were labelled with different colour (B)
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Sampling of slaughter slabs and cattle

The diseased skin scabbed tissue was collected from dis-
eased cattle in the cattle farm of Qapqal Xibe Autono-
mous County, Yili, Xinjiang Uygur Autonomous Region
and Changting, Fujian. 65 samples were taken from a Yili
cattle farm and 11 samples were taken from Changting
cattle farm. Each cow is numbered, and the numbered
information and biological data of the cow are recorded
on paper and folded.

Sample transport and storage

After collection, scabbed samples were immediately
transported to the district veterinary laboratory for
temporary storage in a fridge at 4°C within 2h. Later,
samples were transported (in an icebox at 4°C) to Pro-
vincial Department of Agriculture of Xinjiang Uygur

Autonomous Region and Fujian Province and stored
in a—20°C freezer. The transportation of samples was
approved by Xinjiang Uygur Autonomous Region and
Fujian Provincial Department of Agriculture. The sam-
ples were packaged in an ice box containing ice packs
at 4°C, where upon arrival they were placed in a—80°C
freezer for subsequent DNA extraction.

DNA extraction and real-time PCR (qPCR)

The samples were thawed in the biosafety level II labo-
ratory at room temperature. A small part of the sample
was cut off and put into a 2ml EP tube. After adding
500 pL PBS, it was fully homogenized Lysing Matrix
Tubes (MP Biomedicals) using 3D Cryogenic Grinder
(Shanghai Jingxin Industrial Development). The super-
natant was separated by centrifugation which was used
for DNA extraction. DNA extraction was performed by
Magnetic Viral DNA/RNA Extraction Kit (Tianlong,
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China) according to the manufacturer’s protocol. A
real-time (quantitative) PCR was performed using the
ChamQ Geno-SNP Probe Master Mix (Vazyme, China).
qPCR was performed in a Roche® LightCycler 480PCR
System. Primers and probes refer to national standard
code for Chinese characters (Table 1) in ‘Diagnostic
techniques for Lumpy skin disease’ (GB/T 39602-2020).

A ¢PCR master mix containing 3.5pL double dis-
tilled water, 1.25 pL of 10 uM Forward, 1.25 pL of 10 uM
reverse primers, 1.5 L of 10uM probe and 12.5pl of
ChamQ Geno-SNP Probe Master Mix (Vazyme, China)
was completely mixed by tapping the tube and a quick
short spin for one reaction. The components of the
master mix were adjusted to suit the number of sam-
ples. The contents of the master mix tube were mixed
thoroughly and dispensed 20 pl to each labeled sample
and control tubes. An DNA template of 5pl was then
dispensed to each tube with a master mix. The tubes
were placed in a Roche® LightCycler 480PCR System
and the program which includes apre-heating at 95°C
for 5min, denaturation at 95°C for 30seconds and
annealing at 60°C for 15seconds was started. This was
repeated for 40cycles with preheating occurring just
once. The total DNA was extracted by Magnetic Viral
DNA/RNA Extraction Kit (Tianlong, China) according
to the instruction manual.

Data analysis

Strain identification was determined by plotting ampli-
fication curves of fluorescence signal detected versus
cycle threshold values (Ct). Cycle threshold values of <37
were considered positive and Ct value > 37 were taken as
negative.

Virus isolation and identification

The Lamb testis (LT) primary cells were preserved in
our laboratory. The cell culture medium was MEM
(Gibco, US) containing 10% FBS (Thermo, US) and 2%
penicillin-streptomycin. LT cell culture medium for
virus isolation contained 10% (V/V) penicillin-strep-
tomycin. All live virus-related operations involved
in this study were performed in a biosafety level III
laboratory.

The aseptically collected diseased bovine skin tis-
sue samples were grounded and resuspended with PBS
containing 10% penicillin-streptomycin. After cen-
trifugation, the supernatant was taken and inoculated
onto LT cells. After 2 hours, the cells were cultured
with MEM containing 10% FBS until cytopathic effect
(CPE) appeared. Then the cell culture was harvested,
repeatedly frozen and thawed for 3 times, and then cen-
trifuged to collect the supernatant as the virus stock
solution.
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Genomic sequencing

The extracted total DNA genome was handed over to
Beijing Novogene for next-generation sequencing. And
the sequence is spliced using the software of Geneious
prime 2022.0.1 with the strain of China/GD01/2020
(Genebank: MW355944) as reference genome.

Phylogenetic analysis

The reference sequences of LSDV were downloaded from
NCBI and the sequence alignment of sequenced strains
and the reference sequences was conducted by Mega X
with the Maximum likehood method and General Time
Reversible model with genome, Hasegawa-Kishino-Yano
model with RPO30 gene and Tamura-Nei model with
GPCR gene. Phylogeny test is performed using Bootstrap
method for replicating 1000 times.

Recombination analysis

The software of RDP4 was used to align and analyse the
recombination of LSDV in this study with other reference
sequences. The software of Simplot was used to find the
potential recombinant events.

Acknowledgements

We acknowledge the support received from official veterinary institutions at all
levels in Xinjiang Uygur Autonomous Region and Fujian Province. We thank own-
ers of slaughter slabs and the butchers for their voluntary consent in this study.

Authors’ contributions

Zhiliang Wang, Xiaodong Wu, Jinming LI designed the study; Shan Liu,
Mingxia Gong collected the data; Lin Li, Shan LIU, Mingxia Gong performed
molecular assays; Zhenzhong Wang and Chuanxiang Qi contributed to
interpretation of results and wrote the manuscript; all authors reviewed and
approved the final manuscript for submission.

Funding
This study was supported by National Key Research and Development Pro-
gram of China (grant number 2021YFD1801300).

Availability of data and materials

All the samples and PCR products for this paper are stored at Biosafety level Il
Laboratory of China Animal Health and Epidemiology Center, Qingdao, China
and can be obtained upon request. The whole genome sequences of LSDV
XJ201901 and LSDV FJ2019 have been submitted to NCBI, one of which is
named LSDV XJ201901 (Genebank: OM984485) and the other is named LSDV
FJ2019 (Genebank: OM984486).

Lumpy skin disease virus strain LSDV XJ201901, complete genome - Nucleo-
tide - NCBI (nih.gov)

UNVERIFIED: Lumpy skin disease virus strain LSDV FJ2019, complete genome -
Nucleotide - NCBI (nih.gov)

Declarations

Ethics approval and consent to participate

The author states that the ethical policy required by the journal has been
complied with. This study was conducted according to the animal welfare
guidelines of the World Organization for Animal Health and approved by
China Animal Health and Epidemiology Center. The collection of samples
has been approved by the farmers. The authors confirm that all methods are
reported in accordance with ARRIVE guidelines (https://arriveguidelines.org)
for the reporting of animal experiments.


http://nih.gov
http://nih.gov
https://arriveguidelines.org

Li et al. BMC Veterinary Research (2022) 18:426

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

!China Animal Health and Epidemiology Center, Qingdao 266032, Shandong,
China. 2MOE Joint International Research Laboratory for Animal Health

and Food Safety/Nanjing Agricultural University, Nanjing 210095, Jiangsu,
China.

Received: 23 May 2022 Accepted: 4 October 2022
Published online: 07 December 2022

References

1. Khan YR, Ali A, Hussain K, ljaz M, Rabbani AH, Khan RL, et al. A review:
Surveillance of lumpy skin disease (LSD) a growing problem in Asia.
Microb Pathog. 2021;158:105050.

2. Sprygin A, Artyuchova E, Babin Y, Prutnikov P, Kostrova E, Byadovskaya
O, et al. Epidemiological characterization of lumpy skin disease out-
breaks in Russia in 2016. Transbound Emerg Dis. 2018;65(6):1514-21.

3. Yanyan Z, Jingyuan Z, Jinjin Y, Jinmei Y, Xun H, Lijuan M, et al. Identifica-
tion of a natural variant of African swine fever virus in China Chinese. J
Vet Sci. 2021;41(02):199-207.

4. DaoTD,Tran LH, Nguyen HD, Hoang TT, Nguyen GH, Tran KVD, et al. Char-
acterization of Lumpy skin disease virus isolated from a giraffe in Vietnam.
Transbound Emerg Dis. 2022,69:e3268-72.

5. Davies FG. Observations on the epidemiology of lumpy skin disease in
Kenya. J Hyg (Lond). 1982;88(1):95-102.

6. Rweyemamu M, Paskin R, Benkirane A, Martin V, Roeder P, Wojciechowski
K. Emerging Diseases of Africa and the Middle East. Ann N'Y Acad Sci.
2000;,916(1):61-70.

7. Tasioudi KE, Antoniou SE, lliadou P, Sachpatzidis A, Plevraki E, Agianniotaki
El, et al. Emergence of Lumpy Skin Disease in Greece, 2015. Transbound
Emerg Dis. 2016;63(3):260-5.

8. Sprygin A, Pestova Y, Prutnikov P, Kononov A. Detection of vaccine-like
lumpy skin disease virus in cattle and Musca domestica L. flies in an
outbreak of lumpy skin disease in Russia in 2017. Transbound Emerg Dis.
2018,65(5):1137-44.

9. Sevik M, Dogan M. Epidemiological and Molecular Studies on Lumpy Skin
Disease Outbreaks in Turkey during 2014-2015. Transbound Emerg Dis.
2017,64(4):1268-79.

10. European Food Safety A. Lumpy skin disease: I. Data collection and analy-
sis. EFSA J. 2017;15(4).e04773.

11. Yingxue S, Alexandrov T, Jiande S, Xueguang Z, Rong W, Jiming C. Early
Warning Information and Risk Management of Lumpy Skin Disease.
China Animal Health Inspection. 2019;36(04):44-8.

12. Lu G, Xie J, Luo J, Shao R, Jia K, Li S. Lumpy skin disease outbreaks in
China, since 3 August 2019. Transbound Emerg Dis. 2021;68(2):216-9.

13. Lafar S, Zro K, Ennaji MM. Chapter 28 - Capripoxvirus Diseases: Current
Updates and Developed Strategies for Control. In: Ennaji MM, editor.
Emerging and Reemerging Viral Pathogens. edn. ed: Academic Press;
2020. p. 635-55. https://www.sciencedirect.com/science/article/pii/
B9780128194003000284.

14. Tulman ER, Afonso CL, Lu Z, Zsak L, Sur JH, Sandybaev NT, et al. The
genomes of sheeppox and goatpox viruses. J Virol. 2002;76(12):6054-61.

15. Sudhakar SB, Mishra N, Kalaiyarasu S, Jhade SK, Singh VP. Genetic and
phylogenetic analysis of lumpy skin disease viruses (LSDV) isolated from
the first and subsequent field outbreaks in India during 2019 reveals
close proximity with unique signatures of historical Kenyan NI-2490/
Kenya/KSGP-like field strains. Transbound Emerg Dis. 2022,69(4).e451-62.

16. Lamien CE, Lelenta M, Goger W, Silber R, Tuppurainen E, Matijevic M, et al.
Real time PCR method for simultaneous detection, quantitation and dif-
ferentiation of capripoxviruses. J Virol Methods. 2011;171(1):134-40.

17. Kara PD, Afonso CL, Wallace DB, Kutish GF, Abolnik C, Lu Z, et al.
Comparative sequence analysis of the South African vaccine strain
and two virulent field isolates of Lumpy skin disease virus. Arch Virol.
2003;148(7):1335-56.

Page 9 of 9

18. Sprygin A, Van Schalkwyk A, Shumilova I, Nesterov A, Kononova S, Prut-
nikov P, et al. Full-length genome characterization of a novel recombinant
vaccine-like lumpy skin disease virus strain detected during the climatic
winter in Russia, 2019. Arch Virol. 2020;165(11):2675-7.

19. Klement E, Broglia A, Antoniou S-E, Tsiamadis V, Plevraki E, Petrovi¢ T,
et al. Neethling vaccine proved highly effective in controlling lumpy skin
disease epidemics in the Balkans. Prev Vet Med. 2020;181:104595.

20. Agianniotaki El, Mathijs E, Vandenbussche F, Tasioudi KE, Haegeman A,
lliadou P, Chaintoutis SC, Dovas Cl, Van Borm S, Chondrokouki ED et al:
Complete Genome Sequence of the Lumpy Skin Disease Virus Isolated
from the First Reported Case in Greece in 2015. In: Genome Announc. vol.
5;2017.

21. Katsoulos PD, Chaintoutis SC, Dovas Cl, Polizopoulou ZS, Brellou GD,
Agianniotaki El, et al. Investigation on the incidence of adverse reactions,
viraemia and haematological changes following field immunization of
cattle using a live attenuated vaccine against lumpy skin disease. Trans-
bound Emerg Dis. 2018;65(1):174-85.

22. Sprygin A, Pestova Y, Wallace DB, Tuppurainen E, Kononov AV.
Transmission of lumpy skin disease virus: A short review. Virus Res.
2019;269:197637.

23. Sprygin A, Babin'Y, Pestova Y, Kononova S, Wallace DB, Van Schalkwyk
A, et al. Analysis and insights into recombination signals in lumpy skin
disease virus recovered in the field. PLoS One. 2018;13(12):e0207480.

24. Haegeman A, De Leeuw |, Saduakassova M, Van Campe W, Aerts L, Philips
W, et al. The Importance of Quality Control of LSDV Live Attenuated Vac-
cines for Its Safe Application in the Field. Vaccines (Basel). 2021;9(9):1019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.sciencedirect.com/science/article/pii/B9780128194003000284
https://www.sciencedirect.com/science/article/pii/B9780128194003000284

	Genetic analysis of genome sequence characteristics of two lumpy skin disease viruses isolated from China
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Virus isolation and identification
	Whole genome sequencing and sequence analysis

	Discussion
	Conclusion
	Materials and methods
	Study design
	Sampling of slaughter slabs and cattle
	Sample transport and storage
	DNA extraction and real-time PCR (qPCR)
	Data analysis
	Virus isolation and identification
	Genomic sequencing
	Phylogenetic analysis
	Recombination analysis

	Acknowledgements
	References


