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Abstract

Lumpy skin disease (LSD) is an economically important infection since the presence of the disease affects cattle health and export of cattle
products. It is caused by capripoxvirus and shows characteristic skin lesions in infected cattle. The disease was first reported in Zambia, in 1929. It
then spread to Africa, Middle East and recently to European countries like Greece and Bulgaria. The first Turkish outbreak of LSD was reported in
2013 in Kahramanmaras, Turkey. Until now, many cattle are affected and the disease spread to farms located in different parts of Turkey. After the
first outbreak, rapid diagnostic methods have been used in order to identify disease outbreaks. Control and eradication programs have been applied
by The Ministry of Food, Agriculture and Livestock of Republic of Turkey including contingency plan, culling and compulsory vaccination
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Abbreviations: LSD: Lumpy Skin Disease; LSDV: Lumpy Skin Disease Virus; IFAT: Indirect Fluorescin Antibody Test; VN: Virus Neutralization; GPCR:
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Description and History of Lumpy Skin Disease (LSD)

Lumpy skin disease (LSD) is a viral disease of cattle and
buffaloes with characteristic skin lesions. Cattle health and trade
are severely affected and therefore it is an emerging, economically
important disease and potential treat to many countries [1-3].
The disease was first reported in Zambia in 1929 [2]. It was then
spread to Africa, Middle East and recently to Caucasus and Balkan
countries posing emerging risk to Europe and other countries
(Figure 1) [2]. The first Turkish outbreak of LSD was reported
in 2013 in Kahramanmaras, Turkey. Until now, many cattle were
affected in different regions of Turkey [4,5].

Figure 1: Geographical presence of lumpy skin disease,
OIE data [2].

Etiological agent

Lumpy skin disease virus (LSDV) isa double-stranded DNA virus
in the capripoxvirus genus of subfamily chordopoxvirinae within the
family of poxviridae. It is an enveloped virus and has a genome size
about 150 kbp coding for 147 genes. The genome is conserved and
has 97% of similarity with the goatpox and sheeppox viruses. Cross-
reactions between poxvirus species have been well established [6].
Therefore, these viruses cannot be distinguished by serological
tests. They can only be differentiated by molecular analyses. Results
of the molecular analyses have indicated that LSDV was found to
be closer to goatpox than sheeppox. LSDV is considered to be 1
serotype called Neethling virus and used as reference strain [6].
The LSDV is very much resistant to environmental conditions. It
may remain stabilized 18 and 35 days in the diried hide and skin
lesions, respectively. It is sensitive to sunlight and lipid solvents. It
can be inactivated by heating at 55 °C for 2 hours and at 65 °C for
30 minutes [7].

Clinical signs

LSDV cause characteristic skin lesions in infected cattle (Figure
2). Subclinical and clinical infections occur. At present, there is no
carrier stage. Vectors can transmit the virus from the subclinical
cattle without skin lesions [2]. Incubation period is 1 to 4 weeks
and viraemia may last about 12 days [2]. Fever (40 °C -41.5 °C)
and depression seen 1 to 4 weeks after the virus entry and may
last for 4 to 14 days [8]. Secretions in the eye, mouth and nose may
be increased and sometimes can be purulent. Lesions may occur
in the mucosal sites. Lymph nodes are enlarged and after the fever
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the characteristic skin lesions (Figure 2) around 1 to 5 cm are seen
(Figure 2). These lesions may be erosive and bleeding (Figure 2, on

the right). This type of lesions attract flies and poses high risk to
spread the virus.

Figure 2: Skin lesions seen in cattle infected with LSDV (Original cases, Turkey). Right hand size indicates that some lesions
can be erosive and pose great risk for spreading the virus by attracting flies.

In addition to characteristic skin lesions seen in infected cattle
with LSDV, abortions, infertility, emaciation, decrease in milk
and meat production, severe damage of hide have been observed
causing significant economical losses as well as badly affected trade
because of notification of the disease [9].

Diagnosis

Clinical appearance of the skin lesions makes suspicion of
LSD. However, laboratory analyses are necessary for definitive
diagnosis. Electron microscopy, virus isolation, serological and
molecular tests have been used for the laboratory analyses of LSDV
[10]. The main problem for LSD diagnosis is the differentiating
infected from vaccinated animals as well as to detect subclinical
animals. Serological tests are not sufficient to do that [11]. New
diagnostic tests are necessary to differentiate vaccinated animals
from infected as well as to detect subclinically infected animals.

LSDV can grove in cell cultures and embryonated chicken eggs.
Lamb testis cells and bovine epidermal cells are generally used to
culture LSDV with cytopathic effects in 7 days after inoculation
by using the skin and blood of infected animals. It can also be
adapted to VERO cells [12,13]. For serological analyses, agar gel
immunediffusion, ELISA, indirect fluorescin antibody test (IFAT),
virus neutralization (VN) and western immuneblotting are used
[13]. Antibodies to LSDV can be detected by VN test after 21 days
of infection [9]. Antibodies to LSDV were detected by ELISA in 56%
and 11.1% of the clinically infected and fevered cows, respectively
[10]. The disadvantageous of serological tests is that vaccinated
animals cannot be differentiated from infected animals as well as
other poxviruses [9-11].

PCR and real time PCR have been used for molecular detection
of LSDV in samples taken from skin lesions, blood, saliva, milk
and semen [10,11,14-18]. Viral DNA can be detected in the skin
lesions by PCR for 42 days [9] and 92 days [14] after experimental
infection. Primers targeting g-protein-coupled chemokine receptor
(GPCR), rpo30, p32 and ORF 132 gene are frequently used in PCR
[13,14]. Prob based real time PCR has also been developed. A real
time PCR has been assessed in order to detect and differentiate

capripoxviruses [11]. Recently, a real time PCR was developed to
differentiate vaccine and field strains [19].

Epidemiology

LSD is a disease of cattle (bos taurus and bos indicus) and
buffaloes. However, it was shown that wild ruminants like Giraffe,
Gazelle and Antelope are sensitive to LSDV infection [2]. Animal to
animal transmission by close contact is minimal. Arthropod vectors
play major role in transmission and spread of LSDV. Aedes aegypti
mosquito for LSDV [20] and stomoxys calcitrans transmission for
SPPV have been reported [21]. Horn flies, horse flies, midges also
reported to transmit the virus. Novel evidence on the role of hard
ticks has been found [22]. Virus can be transmitted by intradermal
and intravenous injections. Therefore, iatrogenic transmission
through injections and other applications have been occuring as
well as human playing important role in spreading the virus [2].

Infected animals may harbour the virus in the skin lesions up
to 39 days post infection [14]. LSDV has been found in cutaneous
lesions, saliva, nasal discharge, milk, semen, muscles, and hides.
Although, there is no report that LSDV transmitted through
contact to body fluids but play important role in virus spread to
the environment [2,9]. Dogs, cats as well as wild carnivores may
play particular role in spreading the virus while carrying and eating
the dead animals (personal comment). This point needs to be
investigated. Subclinically and clinically affected animals are being
transported to other parts of the country is another risk to spread
the virus to different places [3].

Lumpy skin disease was first seen in Zambia in 1929 [2]. It was
then occurred in Bostwana and Zimbabwe between 1943 and 1945
indicating the infectious behavior of the disease. In 1949, in South
Africa, about 8.000.000 cattle were affected by LSD [2,3,23,24].
After 1956, LSDV spread more or less to Africa continent as well
as Madagascar and remained in Africa until 1986 [23]. It was then
spread to Egypt in 1989 and nearly whole country had LSD cases
and 1499 deaths were reported [3,10,23]. In 1989, LSD cases
were reported in Israel indicating the virus spread outside the
African continent. In both, Egypt and Israel, cattle were vaccinated
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with sheep poxvirus to control the infection. However, LSD cases
remerged in Egyptand Israel in 2006 [2,3,10]. After these outbreaks
and Syrian conflict, the LSD virus spread to Middle East countries
and Turkey. First case of LSD was seen in Kahramanmaras, Turkey
in 2013, August [5]. LSD cases have been reported now in Iran,
Azerbaijan, Georgia and Balkan countries like Greece, Bulgaria
and Macedonia posing high risk to bordering countries in Europe
[2,3,25,26] (Figure 3).

Lumpy skin disease in Near Eastern and European countries
2013 - 2016
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Figure 3: Lumpy skin disease in near eastern and European
Countries 2013-2016. OIE data as of 01.07.2016 (from the
report of European Commission, 2016
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Figure 4: Number of outbreaks reported in 2013-2014 and
vaccination coverage (RM-65 sheep pox strain) in Turkish
provinces [30,31]. Tick bars (blue) show the number of
out breaks in provinces. Thin bars (red) are the % vaccine
coverage.

LSD outbreaks in Turkey started in august 2013 [5], in
Kahramanmaras after the outbreaks seen in Lebanon, Jordan and
Israel in 2012 [1-3]. It was then spread quickly to neighboring
localities and 18 outbreaks seen OIE data, [24,27,28] (Figure 4).
In 2014, the number of outbreaks was 784 [29,30]. In 2015, LSD
was spread all over the country occurring 510 outbreaks (OIE
Data [4,31]). In 2016, the number of outbreaks and cases were
decreased after the control measures taken by the Ministry of Food
Agriculture and Livestock of Turkish Republic (OIE Data [4,31]).
According to the data submitted to OIE, the highest morbidity and
mortality rates in Turkey were 68% and 30%, respectively [5,29].
The lethality rate was about 45%. The morbidity and mortality rates

were higher in 2013 but decreased after the infection was being
notifiable and after vaccination started in 2014. The high number of
cases was seen in vector season between July and November [5,29].

Control and Eradication

Three control measures have been applied and scientific data
indicated that these measures are found to be effective to control
LSD [31]. These are:

I. Removal of infection by disinfection, vaccination, vector
control, detection of subclinically infected animals, carcass
disposal and culling infected animals.

II. Movement control by quarantine, animal movement
control, zoning and control of imported animals and their
products.

III. Networking and information by rising the awareness and
education, epidemiological investigations, rapid diagnosis and
rapid notification. Amongst these control measures, removal of
infection (I) plays major role in controlling LSD [31].

Vaccination seems to be the most effective way to control LSD
at present as well as disinfection, vector control, carcass disposal,
culling infected animals, quarantine, animal movement control
and rapid notification. In addition, there is need to produce new
vaccines which are effective and safe.

Control of LSD in Turkey

Because of the antigenic similarities between the capripox
viruses, sheep poxvirus has been used in immunization of cattle
to control LSDV infections in cattle [32-34]. The compulsory
vaccination of cattle started in Turkey in 2014 in high risk areas
closer to the first outbreaks occurred. In this vaccination regime,
1 dose of sheep poxvirus vaccine was administered to a cattle.
This vaccine was prepared from the local sheep poxvirus after
65 passages. This vaccine contains at least TCID,, 10>° viruses
per dose and it is still currently in use against LSD in Turkey . In
2014, 1.590.757 cattle were vaccinated in the East and South East
Anatolia region [35]. Animal movement and trade also restricted
in those areas. Biosecurtiy measures, quarantine (30 days),
culling and animal movement restriction were put in to force [4].
In 2015, all cattle were planned to be vaccinated in country wise.
In this vaccination regime, 3 dose of sheep poxvirus vaccine was
administered into cattle. About 8.125.947cattle were vaccinated
in Turkey, in 2015 and 9.846.506 cattle in 2016 [35]. The reason
for the spread of LSD virus in 2015 might be due to the usage of
1 dose sheep poxvirus vaccine in cattle. This point indicates the
importance of dose of vaccine to control LSD as well as vaccine
strain used in vaccine. The sheep poxvirus vaccine can be used
up to 10 doses higher in cattle. Therefore, recently, 5 dose of the
sheep poxvirus vaccine has been recommended by the European
Commision to be used in countries facing LSDV. More importantly, it
is advisable that local strains of LSD should be used in vaccination.
It has been suggested that a single vaccine can be used for all
capripoxvirus infections because of antigenic similarities [32].
However, the findings by Gelaye & others [34] indicated that local
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vaccines should be developed and host-specific vaccines should be
used to control LSD outbreaks. In addition, from the experiences in
Turkey, time of vaccination (before the vector season starting) and
farmers support affect the success of vaccination.

Conclusion

LSD is a widespread disease and global treat for cattle industry.
Vaccination seems to be the most effective way to control LSD in
combination with biosecurity, vector control, quarantine and
animal movement control. However, spread of vaccine strain to the
environment and occurrence of possible mutations in the vaccine
strain should be thought. Also there is always need to produce
vaccine from local strains of LSDV as well as the optimal dose of
vaccine used. The vaccine should be effective and safe.

Experiences and suggestions

I Vaccination is the most important preventive measure
along with biosecurity.

ii.  Triple amount of attenuated sheep poxvirus seems to be
working in vaccination but higher doses need to be evaluated.

iii. Rate of vaccination (up to 100%) and vaccination time
(before the vector activity) is important.

iv.. A DIVA vaccine is urgently needed.
v.  Clinical and field survey must be performed periodically.

vi. Early diagnosis, quarantine and culling are other control
measures which should be applied urgently.

vii. Control of animal movement very important especially for
sub clinically infected and in the incubation period animals.
viii. Vector control, in the field and even in the aircrafts and
ships.

ix. New reservoirs and animals (dogs, cats and wild
carnivores) possibly playing roll in spread of the virus needs to
be investigated.
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