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Role of Ixodid (Hard) Tick in the Transmission of Lumpy Skin Disease
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Abstract | The aim of this study is to investigate the potential role of ixodid (hard) ticks in the transmission
of lumpy skin disease (LSD), which is an economically important disease of cattle and is caused by the LSD
virus (LSDV'). LSD is endemic in most countries of Africa and Middle East and can be transmitted either
by mechanical as well as intrastadial and transstadial routes. Since capripoxviruses are serologically iden-
tical, their specific identification relies exclusively on the use of molecular tools. In this study, we analysed
the G-protein-coupled chemokine receptor (GPCR) genes of two LSDV isolates from Ixodid (hard) ticks
(Amblyomma hebracum) in Egypt. Multiple alignments of the nucleotide sequences revealed that both iso-
lates had nine nucleotide mutations in comparison with the local reference strain, LSDV-Egypt/89 Ismalia.
Compared with the GPCR sequences of SPV and GPV strains, 21 nucleotide insertion and 12 nucleotides
deletions were identified in the GPCR genes of our isolates and other LSDVs. The amino acid sequences
of GPCR genes of our isolates contained the unique signature of LSDV (A11, T12, T34, S99 and P199).
Phylogenetic analyses showed that the GPCR genes of LSDVs identified from ticks were closest genetically
to the previously detected LSDVs from infected ruminants, indicating a potential role of Ixodid ticks for
transmission of LSDV. This study showed the role of A. hebraeum ticks for transmission of LSDV. So, tick
control is a crucial part, which should be included as a part of LSDV control measures in endemic countries.
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Lumpy skin disease virus (LSDV) is a Capripoxvi-
rus (CaPV) that belongs to the subfamily Chor-
dopoxvirinae of Poxviridae, the largest of animal vi-
ruses (Murphy, 1999). The average size of LSDV is
length 294+20 nm and width 26222 nm (Kitching
and Smale, 1986). LSDV genome is double-stranded
DNA of 151 kbp. LSD is considered an Office Inter-
national des Epizooties (OIE) - listed disease, has the
potential for rapid spread and ability to cause severe
economic losses (OIE, 2015). The disease is endemic
in central, southern Africa and different Middle East

countries while absent in Asia (Diallo and Viljoen
2007; Babiuk et al., 2008). LSD was first reported in
Egypt in 1988 via cattle importation from Somalia
(House et al., 1990; Ali et al., 1990). Recent LSD
outbreaks were reported in 2006 after an apparent ab-
sence of 17 years most probably due to importation of
infected cattle from the African Horn countries (El

Kholy et al., 2008).

'The possible introduction of new strains of LSDV by
the uninterrupted movement of animals across bor-
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ders is amajor constant threat. Yet, in case of there is
no history for introduction into the infected herds, the
assumption of infection will be related to blood-feeding
arthropods (flies and ticks) (Yeruham et al., 1994). Al-
though many insect species are likely to be mechan-
ical vectors of LSDV, no other clinical transmission
trials on possible insect vectors of LSDV have been
carried out. So, it is necessary to fully understand the
role of different arthropod species in transmission of
LSDV in order to effectively control the spread of the
disease. Therefore, an important question still remain:
does the virus replicate in tick cells? The vector capac-
ity of hard ticks has recently been under intense inves-
tigation. Mechanical transmission of LSDV by male
ticks was demonstrated (Tuppurainen et al., 2013b).
Arthropod vectors are the main route of transmis-
sion of LSDV either by direct or indirect contact be-
tween infected animals (Carn and Kitching, 1995).
Tick species identified as vectors for transmission of
LSDV. Till now the method of lumpy skin disease
virus transmission — a growing problem in herds in
Africa and the Near East — has not been fully under-
stood and mostly been associated with flying insects
(Lubinga et al., 2014).

Rapid and specific diagnosis of the disease as well
as rapid implementation of control measures is very
important to control the transboundary transmission
and spread of the disease (Carn, 1993). PCR-based
diagnosis is superior to other techniques in terms of
sensitivity and speed (IMercer et al., 2007). The key
objective of this study is to detect LSDV from ticks
collected over the skin of clinically infected cattle and wa-
ter buffalo based on molecular basis for the G-protein
coupled chemokine receptor (GPCR) gene, for host
range phylogeny of CaPVs that will support the host-
range discrimination. The complete nucleotide se-
quences of the CaPV genomes are 97% identical to
each other. The CaPV homologue of G-protein-cou-
pled chemokine receptor (GPCR) gene may play a
role in the cell proliferative lesions and immunosup-
pression induced by CaPV infections. It was previous-
ly shown to be one of the most variable genes within

the CaPVs (Tulman et al., 2002).

In the present study, two pools (3 ticks/ each) adult
male Ixodid (hard) tick (A. hebraeum) samples were
collected over the skin of infected cattle and water
buffalo belonging to a herd in a village in the Nile
delta (Sharkia governorate) during the 2014 LSD
outbreak in Egypt. Ticks were washed three times

to reduce possible surface contamination by the vi-
rus, thereby increasing the confidence that the virus
detected passed through the larval tissues. Madin
Darby Bovine Kidney (MDBK) cell line was used for
virus isolation (OIE, 2015). Extraction of DNA from
tick homogenates was based on the protocol used by
Tuppurainen et al. (2005). Proteins were digested by
adding 25ul of proteinase K (Vivantis, Malaysia) to
samples followed by incubation at 56° C for overnight
(tick homogenate). Genomic DNA was extracted
and purified by GF1- tissue DNA extraction kit (Vi-
vantis, Malaysia). The entire GPCR gene was ampli-
fied using the designed primers to amplify nucleotide
6961-8119 of the genome, (L.e Goff et al. 2009). Two
additional primers were positioned internally for se-
quencing (Le Goff et al., 2009). All primers were syn-
thesized by Metabion International AG (Germany).
PCR was carried out using the DreamTaq Green
PCR Master Mix (2X) (Thermo Scientific, USA) ac-

cording to the manufacturing instructions.

PCR products were directly sequenced in both ori-
entations by the dideoxy chain-termination method
using the amplification primers described above. The
nucleotide and amino acid sequences of this gene
were aligned using Bioedit (Hall, 1999) and BLAST
2.0 search program (National center for Biotech-
nology Information (NCBI) (Altschul et al., 1997).
Phylogenetic analysis was carried out by means of the
neighbour-joining method (Saitou and Nei, 1987).
Dissimilarities and edge length of dissimilarities be-
tween the sequences were first determined with Bi-
oedit software (Hall, 1999). Tree construction was
based on the unweighted neighbour-joining method
proposed by Gascuel (1997). Trees were generated
with the MEGA 5 program (Tamura et al., 2013).

'The culturing of the tick homogenates in MDBK cell
culture for three passages was not enough to induce
observed CPE in this study. Conventional PCR were
used for confirmative the potential role of Ixodid ticks
tor transmission of LSDV's. Viral DNAs were detect-
ed in the two isolates by PCR that indicates that PCR
could serve as a rapid, effective and specific method
for laboratory confirmation of CaPVs.

'The obtained nucleotide sequences of the full length
GPCR gene of LSDVss reported in this study revealed
an open reading frame (ORF) of 1135 bp. The se-
quences were aligned with the GPCR gene sequences

of CaPVs available in the GeneBank using Clus tal-

June 2017 | Volume 4 | Issue 3 | Page 47

%0 g
Sols Links
OResearchers



OPEN 8 ACCESS

Hosts and Viruses

LEDY Egypt 3 Bsmalin isclue
LEDY hdah hadsia 34 211
LEDY bolaw LSD Sk (M T ., ..
LEDH isslmis Wi B! 001

LEDY boduie Al B2 2801

LEDY Hodmw Asdanea B0 311

LEDH visctine Mgt Rialibe L

LEDY Dariia Duafors isslir L

LI0Y lsdatt LSOV TURKTT IR0

LED lsadwie Egy

LEW pruin Epge VEICT 000

LSO pewia K VRICT ] M1

GITY inodmbe WY1 (01 3 AC ol TACK

GATY ioduie Mrwied_[M]_00 i ] A i s LG TACE

TP ol Chagud 00 512 AC il TACE

GTFY inodmie a0 _i010 AC vilie s TACK !
GIPY (aoais Niakd 040000 | T e W T R
GIFY inodmie friae 57 AC vilra s TACE

GTPY Chad 708 inbatw GTFVE e : AC .. . Lol TACE

TP Vewery B3 bodate TN 14 oL TAEE

GTFY g & Garpge balaie GT L= C g TACGE

GIPY Turiery 88 Dumicll bmbuin . . . . PR A e e e e L e e R
GTPY Dmard homluae GTFVY : 14 oL TACE

GTFY Baricioa Brasge W bwhin . . . . : | el L. TACE

Y inn Bwmaanig Fane B L L L -4 s

STPY swernin Ramipes P35 : -

SAFY wrain Srinagur SOES .. i1 A

SOPY fuslaie Maksrackers Gt . . : : =N

STFY isoduir Oiisha 1§ 1

EIPY T _8H L3P bolwic B e .

SV Tumisi BFLOP2 belaw S .. .. i : &

TCALACAAATC

CTCAGTGTALT
L ETCAGTGTART
CICAGTIGTAAT
CTCAGTGTAS
LLETCAMGTETAN
CTCaGTGTAL
L ETCAGTGTA
ETEAETGETAL

T

Lk

4

CTCAGTLT
LLETEAGTGT

CTECAGTETA
LCTCAGTCTAATT
< CTCACTACALTT
L CTCACTAGAATT
o CTCAGTAGAKTT
L CTCARTAGAATT
- CTCABTAGAATT
LETCADTAQAATT
LLCTCADTAGAATT

i

T

I
I
Tt
it
IT.1
I
T
it
T

les e tstatstatsatatala
o

Figure 1: The multiple alignments of first 115 nucleotides of the obtained nucleotide sequences of LSDV G-protein-coupled chemokine receptor
genes of LSDVs detected from ticks along with sequences of published CaPVs on GeneBank. Ihe figure shows addition of a 21 nucleotide frag-
ment (from position 31 to 51) and deletion of a 12 nucleotide fragment (from position 87 to 98) in LSDVs when compared with sequences of

sheep poxvirus and goat poxvirus.
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Figure 2: The multiple alignments of the deduced amino acids of G-protein-coupled chemokine receptor gene of LSDV isolates from ticks along
with sequences of reference LSDVs retrieved from GeneBank show the unique signature of LSDV (A11, T12, T34, §99 and P199).

W2  (http://www.ebi.ac.uk/Tools/msa/clustalw2/).
'The multiple alignments of the nucleotides sequenc-
esrevealed that MF156212 Egypt VRLCU-2_2014
differed from MF156211 Egypt_VRLCU_2014
isolate at four positions: T82A, C241T, C543A and
C1085T, while tissue culture-adapted Egypt_89 Is-
malia strain differed from MF156212 Egypt_VRL-
CU-2_2014 isolate at four positions; T82A, T111A,
C241T and C1085T and three position difference;
A86G, T111A, A700T with MF156211 Egypt_

VRLCU_2014 isolate (Figure 2). The multiple align-
ments of the deduced amino acids of G-protein-cou-
pled chemokine receptor gene of LSDV isolates in
this study along with sequences of reference revealed
that the unique signature of LSDV (A11, T12, T34,
S99 and P199) (Figure 2).

'The phylogenetic tree from the alignment of the se-
quenced viruses and references CaPVs available in

GeneBank was constructed. Phylogeny of CaPVs
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based on the alignment of the nucleotide sequences
of the GPCR genes revealed that three closely relat-
ed genetic clusters consisting of LSDVs, GPVs and
SPVs lineages (Figure 3). Our two LSDV isolates
were segregated into LSDV lineage and were clos-
est genetically. It appeared that LSDV and GPV were
more genetically related to each other than to SPV.
'The phylogenetic analysis did not reveal distinct dis-
tance in the diversity between the vaccine and virulent

strains of LSDV (Egypt_89 Ismalia strain) (Figure 3).

The natural hosts for capripoxviruses (CaPVs) are
ruminants, including cattle, sheep and goats. CaPVs
are subdivided into three virus species according to
their host origins: sheep poxvirus (SPPV), goat poxvi-
rus (GTPV) and lumpy skin disease virus (LSDV) of
cattle. CaPVs are generally considered to be host-spe-
cific, leading to outbreaks in one preferred host. This
is partially true since some SPPV and GTPV isolates
are capable of causing severe diseases in both sheep
and goats (Kitching et al., 1989). Although, CaPVs
are antigenically closely related; restriction enzyme
pattern analysis, cross-hybridization studies and,
more recently, nucleic acid sequencing have shown
that nearly all CaPVs can be grouped according to
their host origins (Kitching et al.,; 1989, Tulman et al.,
2002).

Transmission of LSDV may occur either mechanical-
ly by mouth parts or intrastadially — if the virus sur-
vives in the salivary gland. Nuttal et al. (1994) showed
that the main route of virus transmitted by infected
ticks via saliva secreted during feeding of ticks. Blood
meal of ticks occur in the last 24 hours before de-
tached from host , therefore, the virus move from di-
gestion of blood in the midgut. This allow the virus
to be transmitted easily in the tick cell (Sonenshine,
1991). Therefore, the aim of the present study was to
detect and molecular characterize LSDV in Ticks
collected from cattle and water buffalo in Sharkia
governorate demonstrating typical lesions of LSDV
based on PCR, sequencing and phylogeny.

The ticks in this study were collected over infected
animals with LSDV typical lesions, it is not surprising
to detect the virus in ticks as in previous studies they
verified the survival of LSDV in ticks even in the ab-
sence of disease symptoms (Tuppranine et al., 2011).
Also, Ticks feed on skin lesion in viremic cattle were
found positive for the presence of viral DNA of LSD
when tested by PCR (Tuppranine et al., 2005). Taken

together, it was expected to detect LSDV in ticks and
this could represents the main source of mechanical
transmission of LSDV. As we did homogenation of
the ticks’ tissue, we are not able to determine the ori-
gin of the virus from either the outer surface of ticks
or the damaged tissue and or blood of ticks. However,
multiplication of the virus in tick tissue is not con-
firmed, DNA extracted from the ticks may be of live
or dead virus particles. Although, the number of sam-
ples used in this study was limited, the study indicates
the important role of ticks in transmission of LSDV.

'The significant of the present study in detection of the
virus in ticks from field samples indicating the trans-
mission of LSDV in ticks. The culturing of the tick
homogenates in MDBK cell culture for three passag-
es was not enough to induce observed CPE in this
study. Several reason for such observation: first, the
samples may need further cell culture passages. Sec-
ond the physiological stage in ticks where discrepan-
cies in virus titers (Lubinga et al., 2014). Likewise, the
survival of LSDV in ticks depends on susceptibility
of tick organs to infection that not undergo histol-
ysis (Labuda and Nuttall, 2004). Hence, it could be
possible that the virus detected in the ticks was dead.
Previous studies have shown variations in genetic de-
terminants important for virus replication between
ticks and mammalian hosts (Mitzel et al., 2008). The
infection rate of LSDV in ticks was 100% (Kaufman
and Nuttal, 2003; Lubinga et al., 2014). Therefore,
we expect that ticks is the source of virus infection in
the present study. Still, the geographical distribution
of LSD differs markedly from that of sheep and goat
pox, which tend to coexist over most of their distribu-
tion range. Likewise, the exact pattern of circulation
of CaPVs between cattle, sheep and goats remains
still need more studies and clarifications that has long
been hampered by the lack of differential identifica-

tion tools.

Recent studies have shown that the three CaPVs can
be distinguished genetically (e Goff et al., 2005;
Tulman et al., 2002). The Q2/3L gene, which encodes
a homologue of a GPCR (Glycoprotein Chemokine
Receptor) (Tulman et al., 2001), known to be a sin-
gle copy gene located in the left terminus of the ge-
nome,is likely to affect the virus virulence (Tulman et
al., 2002; Kara et al., 2003). The GPCR gene is one of
the most variable genes within CaPVs that originally
acquired from their host and adapted them for their
viral benefits for control of the host antiviral responses
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Figure 3: The phylogenetic tree based on G-protein-coupled chemokine receptor (GPCR) nucleotides sequences of LSDV isolates from ticks
with other CaPVs which retrieved from the GeneBank database.
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and may play a role in the cell proliferation lesions
and immunosuppression induced by CaPVs (Tulman
et al., 2002; Kara et al., 2003; Le Goff et al., 2009).
'The GPCR gene LSDV isolates collected from ticks
over infected cattle and water buffalo as a host dis-
criminative gene were amplified by PCR followed by
sequencing and phylogeny.

During the course of GPCRs evolution, herpes- and
poxviruses have probably acquired their chemokine
receptor genes from their hosts. Although still largely
unknown, the pathogenic effects of such virally encod-
ed GPCRs may include increased cell trafficking and
proliferation, cell lysis, and cytokine down regulation
(Rosenkilde et al., 2008). Because it was previously
shown to be one of the most variable genes within the
CaPVs (Tulman et al.,, 2002), we supposed that this
gene would be a suitable target for genetic discrim-
ination between ruminant poxviruses. Phylogeny on
this gene reported here confirms that the CaPVs can
be divided into three distinct lineages; GTPV, SPPV
and LSDV (Tulman et al., 2002) where our isolates
are related to LSDV lineage.

In conclusion, this study highlights the significant of
hard ticks in the transmission of LSDV. Ticks act as
reservoirs for LSDV, as the virus can persist in these
external parasites during periods between epidemics.
This disease is of economic importance due to the
damage it can cause to the skin, the reduced milk and
meat production and lowered fertility of cattle. Ticks
consider an important component of lumpy skin dis-
ease control to ensure that these parasites do not con-
tribute to the spread of the virus to other parts of the
world. The change of climate due to global warming is
making it possible for ticks to successfully survive and
may be able to transmit the virus, and this may require
a series of approaches to control, such as the aerial and
ground application of insecticides; and treatment of
cattle with either a systemic insecticide, or a topical
insecticide that will repel insects and or reduce the
population of target insects as well as housing for an-
imals might also be considered.
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