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Abstract

Lumpy skin disease (LSD) is an infectious, eruptive,
occasionally fatal disease of cattle caused by a virus of the
family Poxviridae (genus Capripox), which is sometimes also
termed as Neethling virus. LSD does not have a high fatality
rate, usually less than 10%. LSD has an economical
importance because of permanent damage to hides, the
prolonged debilitating effect especially in severely affected
animals with consequent losses resulting from reduced
weight gain, temporary or permanent cessation of milk
production as a result of mastitis, temporary or permanent
infertility or even sterility in bulls as a consequence of
orchitis, and abortion in approximately 10% of infected
pregnant cows.
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Introduction

Lumpy skin disease (LSD) is an exhausted viral disease that
characterised by high economic losses due to chronic debility in
affected animals, reduced milk production, poor growth,
infertility, abortion, and sometimes death. Moreover, severe and
permanent damage can occur to hides, decreasing their
commercial value. The more susceptible breeds to LSD infection
are related to fine-skinned breeds such as Holstein Friesian (HF)
and Jersey breeds [1,2]. In addition, the disease disrupts the
trade in cattle and their products from LSD endemic countries
[3]. LSD was initially restricted to countries in sub-Saharan
Africa, although, there were unconfirmed reports of the disease
in cattle in Oman and Kuwait [4,5]. Since 2000, LSD outbreaks
have been reported across the Middle East and it is highly likely
the disease will become endemic at least in parts of the Region.
Incursion of LSD was reported for the first time in Turkey and
Iraq in 2013, indicating that the disease has a potential for

further spread to the European Union and Caucasus Region, as
well as to Asia [6].

Currently, it is widely accepted that LSD is transmitted
mechanically by blood-feeding insects such as mosquitoes and
stable flies [7]. This is supported by earlier observations that
associated most outbreaks with high abundance of biting flies
such as in areas along water courses and during wet seasons [8].

History

The clinical syndrome of LSD was first described in Zambia in
1929. Initially, it was considered to be the result of either
poisoning or a hypersensitivity to insect bites. More cases also
occur between 1943 and 1945 in Botswana (Bechuanaland),
Zimbabwe (Southern Rhodesia) and the Republic of South
Africa. A panzootic infection in South Africa affected
approximately 8 million cattle till 1949 and consequently
incurred enormous economic losses [8-10].

LSD was first found and diagnosed in East Africa (Kenya) in
1957, Sudan in 1972, and in West Africa in 1974. Tanzania,
Kenya, Zimbabwe, Somalia and the Cameroon, also reported an
outbreaks of epizootic LSD between 1981 and 1986 with
mortality rates of 20% in affected cattle [11]. The disease was
restricted to some countries in sub-Saharan Africa between
1929 to 1986 [12].

The LSD also reported in Asian countries such as Kuwait in
1986 [13]. Later on, other countries such as United Arab
Emirates, Arab Republic of Yemen, and Democratic People’s
Republic of Yemen also confirmed or suspected some cases of
LSD [14].

Similarly, in the 1989 Israel outbreak of capripox is thought to
have been the result of infected Stomoxys calcitrans being
carried on the wind from Ismailiya in Egypt [15]. LSD virus
infection in cattle was also found in 1992 in Saudi Arabia [16].
Moreover, LSD infection reported in Egypt in 2006, as a result of
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importing infected cattle from the African Horn countries [17]
and the disease spreads surprisingly swiftly throughout the
whole country in spite of an extensive vaccination program. In
the same year, LSD was again reported in Israel, and the Israel
authorities speculated that the LSD virus may have already been
circulating in other Middle Eastern countries [18]. LSD outbreaks
have been reported in the Middle Eastern region since 1990.
According to the World Organization from Animal Health (OIE),
LSD has been found in Kuwait (1991), Lebanon (1993), Yemen
(1995), United Arab Emirates (2000), Bahrain (2003), Israel
(2006) and Oman (2010) [19].

Etiology

Mature capripoxvirions have a more oval profile and larger
lateral bodies than orthopoxvirions [20]. Their average size is 320
x 260 nm [21].

The LSD virus grows and propagated to a high level in a wide
variety of cell cultures such as lamb and calf kidneys, adrenal
and thyroid glands, muscle and testes. Sheep embryonic kidneys
and lungs, rabbit fetal kidneys and skin, chicken embryo
fibroblasts, adult vervet monkey and baby hamster kidneys and
primary cell cultures of bovine dermis and equine lungs are also
used for that purpose [22].

The development of cytopathic effects may take up to 11 days
during primary isolation [23]. There is only one serotype of LSD
virus which is very closely related serologically to the virus of
sheep and goat pox (SGP), in which it cannot be distinguished
easily by routine virus neutralization tests [24].

It has been found that LSD virus strains are essentially
identical with each other and with a Kenyan strain (O 240/KS
sheep and goat pox virus (SGPV) using restriction endonuclease
studies of capripox virus. Other strains of SGPV from Kenya were
different from the O 240/KSGP strain but similar to each other
and resemble strains of SGPV from the Arabian Peninsula. The
Kenyan group of SGPV strain showed differences when
compared with strains from India, Iraqg, and Nigeria [25]. The LSD
virus is very resistant and well tolerated to most of physical and
chemical agents. The virus can remain in necrotic skin for more
than 1 month, while remains viable in lesions in air-dried hides
for more than 2 weeks at ambient temperature [26].

Epidemiology and Transmission

Most of LSD virus infections are thought to be transmitted
through insects [8,26,27]. Pox viruses are highly resistant and
can remain viable in infected tissue for more than 120 days or
probably longer time. The virus is also found in blood, nasal
discharge, lacrimal secretion, semen and saliva, which
considered as main sources for LSD transmission [28].

The virus transmission is likely to be mechanical, although
there is no enough data demonstrating a particular insect
species as a vector of LSD virus transmission. However, the virus
has been isolated from Stomoxys, Biomyia fasciata, Tabanidae,
Glossina and Culicoides species [28]. The role of all these insects
in the transmission of LSD remains to be evaluated in the
laboratory and under field conditions [29].
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Cross-protection between LSD virus and sheep or goat pox
viruses has been exploited by the use of sheep pox virus for the
immunization of cattle against LSD in Kenya and in the Middle
East. LSD virus is remarkably stable that can be recovered from
necrotic skin nodules kept at -80°C for 10 years and from
infected tissue culture stored at 4°C for 6 months.

Imported Bostaurus breeds such as Friesian cattle with
necrotic skin nodules usually show more severe signs of the
disease than thick-skinned indigenous breeds such as Afrikaner
and Afrikaner cross-breeds. Although, all age-groups are
susceptible, but cows in the peak of lactation as well as young
animals show more severe clinical disease [30].

Incubation Period

The incubation period is ranged between 2 to 5 weeks in the
field, while after experimental infection by intradermal
inoculation, a skin lesion containing virus more probably
develops at the injection area within 1-3 weeks [31].

Host susceptibility

Host susceptibility, dose and route of virus inoculation affect
the severity of disease. Both male and female, all age groups
and various species and breeds of cattle are considered to be at
risk and can get LSD infection, which may followed by severe
and serious complications. Among more famous breeds,
Bostaurus breeds of cattle are more susceptible for the disease
than Bosindicus breeds, although younger animals often
affecting and show more severe disease than adult ones [32].

The disease is started with the onset of fever almost 1 week
after entering the virus. It has been found that infection with
LSD virus is not leading to the characteristics in cattle [26,33].

Pathogenesis

Intradermal or subcutaneous inoculation of cattle with LSD
virus results in the swelling at the site of injection after about 1
week and enlargement of the regional lymph nodes, while
generalized eruption of skin nodules usually occurs 7-19 days
after injection. Following intradermal inoculation of cattle with
LSDV, about 40-50% of animals will only develop a localized
lesion at the site of inoculation or no clinical signs at all, whereas
those that have been inoculated intravenously are more inclined
to develop generalized lesions and more severe disease [2].

LSD virus in experimentally infected cattle was demonstrated
in saliva 11 days after the development of fever, in semen after
22 days, and in skin nodules after 33 days, while the virus not
found in urine or faeces. Viremia occurred after the initial febrile
reaction and persisted for at least 4 days [34].

Various types of cells such as Pericytes, fibroblasts, epithelial
and endothelial cells can be infected by the virus. Viral
replication in pericytes, endothelial cells and probably some
cells in blood vessel and lymph vessel walls results in severe
vasculitis and lymphangitis in affected areas. In severe cases
infarction may also result [35,36].
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Viral concentrations at the skin nodules, lymph nodes, liver,
kidneys, skeletal muscle, saliva and semen of infected animals
however, have not been determined [37,38].

Immunity after recovery from a natural infection is life-long in
most survivor cattle; calves from immunized dam acquire
maternal antibody and are resistant to clinical disease for about
6 months [35].

Clinical signs and pathological observations

Skin nodules about 0.5-5 cm in diameter in whole skin or
subcutaneous tissue and swollen superficial lymph nodes
especially subscapular and precrural lymph nodes are the main
symptoms of LSD infection in most animals [39]. These nodules
can also affect the nasal, oral, ocular, and genital mucosa. Their
number may range from a few to several hundreds. Cutaneous
lesions may resolve rapidly or may indurate and persist as hard
lumps, or become sequestrated to leave deep ulcers partly filled
with granulation tissue, which often suppurates [40].

Papules most easily seen in hairless areas of perineum, udder,
inner ear, muzzle and eyelids [41], which leads to the
development of ulcerative lesions with excessive salivation,
lacrimation and nasal discharge that may contain LSD virus [42].

Some of the infected cattle may develop oedematous swelling
of one or more legs and show lameness. This virus infection is
more severe in cows at the peak of lactation and causes a sharp
drop in milk production due to high fever (40-41°C) and
secondary bacterial mastitis [39].

If extensive necrosis occurs in the upper respiratory tract,
secondary infected necrotic tissue may be inhaled, resulting in
pneumonia. Stenosis of the trachea following healing of lesions
with scar tissue formation few weeks or even months after
infection has been described [43].

Pathological lesions

Extensive post mortem lesions are appearing of deep nodules
in the skin that penetrate into the subcutaneous tissues and
adjacent muscles that results in vacuities, necrosis, oedema,
congestion with haemorrhage. The mucous membranes of the
oral and nasal cavities, pharynx, epiglottis, tongue, nasal cavity,
trachea, lungs, testicles and urinary bladder may also contain
lesions. Enlargement of the superficial lymph nodes with
bronchopneumonia are more pronounced in infected cattle
(Figures 1 and 2) [44].

Severe cases of infected cattle with LSD are characterised by
edema and areas of focal lobular atelectasis in lungs; pleuritis
with enlargement of the mediastinal lymph nodes. Synovitis and
tendosynovitis with fibrin in the synovial fluid may also see [45].
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Figure 1: Nodules in lungs (A), Lesions in the m/m throughout
the GIT (B) (CFSPH, 2011).
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Figure 2: loss in income because of lower production (deaths,
milk and meat, abortions, lowered breeding potential, and
damage to valuable hides), and the costs of drugs to treat sick
animals.

Diagnosis

At present time, no commercial diagnostic test kits for LSD
virus detection are available yet [19]. Thus, the tentative
diagnosis of LSD is usually based on the characteristic clinical
signs, differential diagnosis, and the clinical diagnosis which is
confirmed by laboratory tests using conventional polymerase
chain reaction (PCR) techniques [46].

LSD should be suspected clinically when there are
characteristic skin nodules, fever and enlargement of superficial
lymph nodes [44]. The lumps on the skin follows within 2 days
which may appear anywhere on the body from the nose to the
tail. Same characteristic lesions appear in the mucosa of the
mouth, vagina and conjunctiva. A purulent nasal and ocular
discharge are not rare [34].

Laboratory confirmation of LSD virus can be done very rapidly
using a PCR method specific for Capri poxviruses or by the
demonstration of typical Capri pox virions in biopsy material or
desiccated crusts using the transmission electron microscopy
(TEM) [12]. Routine diagnostic techniques are described in the
OIE Manual of Diagnostic Tests and Vaccines [44,47,48].

Capri poxvirus is distinguished from Para poxvirus, which
causes bovine popular stomatitis and pseudo cowpox, but
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cannot be distinguished morphologically from cowpox and
vaccine virus infections of bovine [32].

Confirmation of LSD in a new area requires virus isolation and
identification [19]. LSD virus can propagate in bovine, caprine or
ovine cell cultures; especially lamb testis cells [51]. The
cytopathic effect and the intra-cytoplasmic location of inclusion
bodies can be used to distinguish LSD virus from the herpes
virus, the causative agent of pseudo lumpy skin disease.
Recently, direct immunofluorescence, virus neutralization test,
enzyme-linked immunosorbent assay (ELISA) and immune
blotting (Western blotting) can be used for the identification of
LSD virus antigens in infected animals. However, the immunity to
LSD infection is predominantly cell mediated, thus the virus
neutralization test is not sufficiently sensitive to identify animals
with LSD virus due to low level of neutralizing antibody
development.

Genome detection using Capri pox virus-specific primers for
the attachment protein and fusion protein a gene has been
reported, and several conventional and real-time PCR methods
have been established to be used on blood, tissue and semen
specimens [32].

Cross-reactions occur with bovine papular stomatitis and
pseudo cowpox virus when agar gel immune diffusion test is
used [44].

Indirect Fluorescent Antibody Test (IFAT) demonstrated to be
suitable for use in retrospective serological surveys in a study
carried out in Ethiopia, and it was evaluated test for accuracy
[49]. The IFAT is a serological test for Capri pox Virus. It was used
to detect serum antibody against Capri pox virus and
differentiate serological positive and negative animals.

Differential diagnosis

Misdiagnosis of skin lumps and misreporting of infection have
probably been common over the years due to veterinarians not
having previous experience of the disease [51].

Although severe LSD is highly characteristic, but milder forms
can be confused and misdiagnosed with numerous diseases and
infections such as pseudo lumpy skin disease (Bovine Herpes
virus), bovine papular stomatitis (Para poxvirus), pseudo cowpox
(Para  poxvirus), Vaccinia virus and Cowpox virus
(Orthopoxviruses) infections, dermatophilosis, insect or tick
bites, besnoitiosis, rinderpest, demodicosis, Hypoderma bovis
infection, photosensitisation, urticaria, cutaneous tuberculosis
and onchocercosis [52].

Economic importance of the disease

Lumpy skin disease is considered as an economically
important disease of cattle; serious economic losses can follow
outbreaks that have a high morbidity and can produce a chronic
debility in infected cattle [50]. The economic losses due to this
disease is due to reduced milk production, in appetite and
weight loss, poor growth, abortion, infertility, skin damage and
pneumonia especially in animals with | mouth and respiratory
tract lesions [32].
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Even though, the morbidity and mortality rates of LSD are
usually low, it is an economically important disease of cattle in
Africa because of the prolonged loss of productivity of dairy and
beef cattle, use of the animals for traction, decrease in body
weight, mastitis, severe orchitis, which may result in temporary
infertility and sometimes permanent sterility. Furthermore, LSD
induced economic losses due to reduction of wool and meat
qualities [53].

Currently, there is one project in Ethiopia (NAHDIC with
integration of NVI and MoA) on improvement of the efficacy of
LSD vaccines. Capri pox viruses are classified as potential agents
for agro terrorism and listed as notifiable diseases, since they
cause serious economic losses [54].

Treatment

Till this moment, no specific antiviral treatment for LSD
infection has been found. Sick animals should be removed from
the herd and follow supportive treatment such as antibiotics,
anti-inflammatory drugs, and vitamin injections. These therapies
are usually the chances for the development of secondary
bacterial infections, inflammation and fever, and thus improving
the appetite of the animal [55].

Generally, animals infected with LSD will recover as mortality
is usually less than 3%. If secondary bacterial infection
developed, complete recovery may takes more than 6 months or
longer [26].

Control and prevention

The biting flies and certain tick species are probably the most
important method of transmission of the disease, control by
quarantine and movement control is generally not very
effective. In endemic areas, control is therefore essentially
confined to immunoprophylaxis [30].

Two approaches to immunization against LSD have been
followed. In South Africa, the Neethling strain of LSD was
attenuated by 20 passages on the chorio-allantoic membranes
of hens' eggs, but the vaccine virus is now propagated in cell
culture [56].

In Kenya, the vaccine produced from sheep or goat pox
viruses produces a solid immunity in cattle to LSD. This vaccine
has the disadvantage that it can only be used in countries where
sheep pox or goat pox is endemic as the vaccine could otherwise
provide a source of infection for the susceptible sheep and goat
populations.

Susceptible adult cattle should be vaccinated annually to
ensure adequate protection against LSD. Approximately 50% of
cattle develop swelling that is 10-20 mm in diameter at the point
of inoculation, and this may be accompanied by a temporary
drop in milk yield in dairy cows. The swelling disappear within a
few weeks. Calves under 6 months whose dams were either
naturally infected or immunized should not be vaccinated in
order to preclude interference from maternal antibody.
However, calves born from susceptible cows are very susceptible
and should be vaccinated to prevent outbreaks [30].
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