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Abstract

Lumpy skin disease, which is caused by lumpy skin disease virus, is among the major health problems affecting
the livestock industry of most African countries. Skin lesions are the major sources of infection; although the virus is
evacuated via different body secretions and excretions including semen. Thus, susceptible hosts contract the virus
principally by mechanical means from hematophagous arthropods, including biting flies, mosquitoes and ticks.
Transstadial and transovarial persistence in varies species of ticks is also possible. Following infection,
characteristic lumpy skin disease lesions may explode from 7 to 14 days post infection under experimental
conditions whereas in natural cases it takes 2 to 5 weeks. Lumpy skin disease is manifested by distinguishing firm,
circumscribed, few (mild forms) to multiple (severe forms) skin nodules, which sometimes involve mucous
membranes of respiratory system, urogenital system and other internal organs. Subsequently, milk production
lessen, abortion, temporary or permanent sterility, damage to hide and deaths will occur which further contribute to a
momentous economic loss in cattle producing countries. Therefore, large-scale vaccination combined with other
appropriate control measures are the most effective way of limiting the spread and economic impact due to lumpy
skin disease. This review is designed with the aim of providing, latest information on the biology of lumpy skin
disease virus, mechanism of spread, clinical and pathological features of lumpy skin disease.
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Introduction
Capripoxvirus (CaPVs) is one of the eight genera within the

Chordopoxvirinae subfamily of the Poxviridae and is comprised of
Lumpy Skin Disease Virus (LSDV), Sheep Pox Virus (SPPV), and Goat
Pox Virus (GTPV). These viruses are responsible for most
economically significant diseases of domestic ruminants in Africa and
Asia [1]. CaPV infections have specific geographic distributions [2,3].
SPPV and GTPV is endemic in most African countries, the Middle
East, central Asia and the Indian subcontinent. In contrast, LSDV
occurs largely in southern, central, eastern and western Africa [4-7]; its
occurrence in north Sahara desert and outside the African continent
was confirmed for the first time in Egypt and Israel between 1988 and
1989, and was reported again in 2006, 2011 and 2014 in Egypt [8-10].
LSD occurrences have also been reported in the Middle Eastern,
European and west Asian regions [11-13]. In 2015 and 2016 the disease
spread to south-east Europe, the Balkans and the Caucasus [14].

Lumpy skin disease is caused by lumpy skin disease virus (LSDV)
for which Neethling strain is the prototype. The principal method of
transmission is mechanical by arthropod vectors [15,16]. Temporally
LSD is shown to be aggregated during the warm and humid months of
the year Gari et al. which is directly associated with vector abundance
[17]. These authors also revealed the role of husbandry practices such
as commingling of animals at communal grazing and watering points
in the transmission of LSDV.

LSDV has a limited host range and does not complete its replication
cycle in non-ruminant hosts [18]. Besides, LSD has not been reported
in sheep and goats even when kept in a close contact with infected

cattle although typical skin lesions, without systemic disease, have been
produced experimentally in sheep, goats, giraffes, impalas, and Grant’s
gazelles [2]. Natural cases of lumpy skin disease were recorded in water
buffalo (Bubalis bubalis) during an outbreak in Egypt in 1988, but
morbidity was much lower than for cattle (1.6% vs. 30.8%) [16,19,20].
Among cattle Bos taurus is more susceptible to clinical disease than
Bos indicus; the Asian buffalo has also been reported to be susceptible
[14,21]. Cattle breeds of both sexes and all ages are susceptible to
LSDV, but there is some evidence to support that young animal may be
more susceptible to the severe form of the disease [22,23].

LSD symptoms in cattle are mild to severe; characterized by fever,
multiple skin nodules covering the neck, back, perineum, tail, limbs
and genital organs, the mucous membranes; the lesion may also
involve subcutaneous tissues and sometimes musculature and internal
organs. Affected animals also exhibit lameness, emaciation and
cessation of milk production. Edema of limbs and brisket, and
lymphadenitis are highly prominent and sometimes affected animals
may die. In addition, pneumonia is a common sequel in animals with
lesions in the mouth and respiratory tract [11,24].

Morbidity and mortality of LSD can vary considerably depending
on the breed of cattle, the immunological status of the population,
insect vectors involved in the transmission and isolates of the virus. In
endemic areas morbidity is usually around 10% and mortality ranges
between 1% and 3% [2,5]. In addition the incidence of LSD in Holstein
Friesian and crossbred cattle was found to be significantly higher than
in local zebu [25]. Recently, Abera and Elhaig showed that the
prevalence of LSD is higher in adult cattle but, they observed no
statistically significant association between the age groups in which
they are equally exposed to risk [10,26]. Furthermore, LSD results in
overwhelming economic losses due to severe reduction in milk yield,
reduced hide quality, chronic debility, weight loss, infertility, abortion
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and death. It also considered as notifiable disease, and in endemic
countries, it results in serious restrictions to international trade
[2,7,27]. The financial cost of clinical LSD has been computed by Gari
et al. in Ethiopia and, the average financial cost in infected herds was
estimated to be 6.43 USD per head for local zebu and 58 USD per head
for Holstein Friesian or crossbred cattle [25]. Therefore, this review is
aimed to highlight the biology of LSDV, mechanism of spread, clinical
and pathological features of lumpy skin disease in cattle.

Biology of LSDV
The family Poxviridae contains the largest viruses which are able to

cause disease naturally in most domestic animals, except in dogs. It is
divided into two subfamilies, Chordopoxvirinae, the poxviruses of
vertebrates, and Entomopoxvirinae, the poxviruses of insects (Figure
1) [28]. The family Poxviridae is featured by its large and complex
genome consisting of a single, linear molecule of double stranded DNA
(ds DNA) approximately coding for 200 proteins. The ends are ligated
to each other so the DNA molecule is continuous, without free ends.
Poxviruses are the only DNA viruses known to complete their
replication cycle in the cytoplasm. In the cytoplasm, the dsDNA is
used as a template for both mRNA production (for translation of
proteins) and copies of the genome for progeny virions; viral enzymes
largely mediate both processes. As the virions are large and complex,
the mechanism associated with virion assembly is largely unknown.
Virions are released from the cell by budding. Poxviridae families
possess at least 10 major antigens with a common nucleoprotein
antigen, which accounts for cross-reactivity among species. There are
at least 10 viral enzymes contained within the virus particle, many of
which function in nucleic acid metabolism and genome replication
[29].

Capripoxvirus is the most economically significant in the Poxviridae
family affecting domestic ruminants in Africa and Asia [1,30]. It
comprises Lumpy skin disease virus (LSDV), Sheep pox virus (SPPV),
and Goat pox virus (GTPV). They are ds DNA viruses containing
around 150 kilo base pairs (Kbp) and are relatively large (230-260 nm).
Their capsid or nucleocapsid is brick- or oval-shaped containing the
genome and lateral bodies. There is extensive DNA cross-hybridization
between species which account for serologic cross-reaction and cross-
protection among members [30,31]. The LSDV is enveloped DNA
virus, with 151-kbp genome and consists of a central coding region
bounded by identical 2.4 kbp inverted terminal repeats and contains
156 putative genes. The virus encodes 30 homologues of poxviral
proteins known to be structural or nonstructural which is antigenically
and genetically closely related to sheep pox virus (SPPV) and goat pox
virus (GTPV) with nucleotide sequence identities of 96% between
species [32,33]. Although Capripoxviruses are generally considered to
be host specific, SPPV and GTPV strains can naturally or
experimentally cross-infect and cause disease in both host species. In
contrast LSDV can experimentally infect sheep and goats, but no
natural infection of sheep and goats with LSDV has been described so
far [34].

LSDV is remarkably stable for long periods at ambient temperature,
especially in dried scabs. It can persist in necrotic skin nodules for up
to 33 days or longer, desiccated crusts for up to 35 days, and at least 18
days in air-dried hides. It can remain viable for long periods in the
environment. The virus is vulnerable to sunlight and detergents
containing lipid solvents, but in dark environmental conditions, such
as contaminated animal sheds, it can persist for several months. The
virus can be inactivated at temperature of 55°C for 2 hours and 65°C

for 30 minutes. In contrast it can be recovered from skin nodules kept
at –80°C for 10 years and infected tissue culture fluid stored at 4°C for
6 months. It is susceptible to highly alkaline or acid pH but, no
significant reduction in titer when held at pH 6.6-8.6 for 5 days at
37°C. The virus is susceptible to ether (20%), chloroform, formalin
(1%), phenol (2% for 15 minutes), sodium hypochlorite (2-3%), iodine
compounds (1:33 dilution) and quaternary ammonium compounds
(0.5%) [16].

Figure 1: Poxviridae diagrammatic presentation. Source: [28].

Transmission and Pathogenesis

Transmission
Risk factors and sources of infection: In most of Sub Saharan Africa,

the disease has been observed to appear following the seasonal rains,
when there is always an increase in the population of different
arthropod species. The onset of frosts in South Africa and Egypt results
in a great fall in the number of cases of LSD, which virtually disappears
over the winter to reappear again in the spring and summer. The
outbreak in Egypt in 1989 is also associated with abundance of
arthropod vector during summer, despite the total restrictions of
animal movements. Further it spreads to Israel some 80-200 km away
from active foci of LSD in Egypt, which indicates aerial movement of
biting insects had occurred [1,24]. A study investigating the risk factors
associated with the spread of LSD in Ethiopia showed that warm and
humid agro-climate, conditions supporting abundance of vector
population, was associated with a higher prevalence of LSD [17]. In
addition it was shown that husbandry practices such as communal
grazing and watering points, introduction of new animals to a herd are
associated with the occurrence of LSD whereas cattle movements was
not associated with the occurrence of the disease. This suggests that
imposition of quarantines only does not prevent the spread of LSD
infection as the aerial movement of vectors can significantly contribute
to the blowout [24,31].

The most important source of infection to healthy animals is
considered to be skin lesions or nodules since the virus persists in the
lesions or scabs for long periods of time and has strong tropism to
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dermal tissues [5]. The virus is also excreted via blood, nasal and
lachrymal secretions, saliva, semen, and milk of infected animals
(transmissible to suckling calves) that may be sources of infection to
other susceptible cattle. Nodules that appear on the mucous
membranes of the eyes, nose, mouth, rectum, udder and genitalia also
ulcerate and shed sufficient viruses, which can serve as sources of
infections [5,7]. Viraemic animals also play significant role as a source
of infection especially that may last for up to two weeks [27].
Consequently, the hosts contract the virus via biting from blood-
feeding arthropods, including biting flies, mosquitoes and ticks.
Though rare, transmission also occurs through direct contact, and can
also spread from contaminated feed and water [35]. Transmission or
spread can also occur iatrogenically during mass vaccination in which
single syringe and needle is used in several animals. Under this
situation the needle can acquire the virus from crusts and other skin
lesions and inoculate into healthy animals (possible means of spread
has been summarized in Figure 2 below) [27].

The role of vectors: Evidence from different sources elucidated that
LSDV can be mechanically transmitted by a variety of hematophagous
arthropod vectors. Alike high morbidities are seen where mosquito
populations are abundant and associated with warm and humid
weather conditions, with 50-60% attack rates; and low, 5-15%
morbidity in arid environments where there are fewer potential
mechanical vectors [15,24,35]. Recent studies in ticks have shown
transstadial and transovarial persistence of LSDV in Rhipicephalus
decoloratus, Rhipicephalus appendiculatus and Amblyomma
hebraeum, and mechanical or intrastadial transmission by
Rhipicephalus appendiculatus and Amblyomma hebraeum [36-38].
On the other hand, mechanical transmission of LSDV has been
experimentally demonstrated in female Aedes aegypti mosquitoes;
however, clinical disease recorded in most of the animals exposed to
infected mosquitoes was generally of a mild nature [39]. In the
mechanical mode of transmission, the virus is transmitted via
contaminated mouth parts of vectors without actual replication of the
virus in the arthropod cells or tissues. Aedes aegypti has been
incriminated in airborne transmission over long distance in disease
free areas, which is thought to complicate the control measures by
movement restriction [27]. The virus has been also recovered from
Stomoxys, Biomyia, Musca, Culicoides and Glossina species that may
have a potential to transmit LSD, as all feed voraciously upon domestic
cattle [21,40]. Although the virus was detected in Anopheles stephensi,
Culex quinquefascuatus, Stomoxy calcitrans and Culicoides
nebeculosis, attempts to transmit LSD mechanically to susceptible
animal is failed [41]. In recent times, the potential role of the
Culicoides spp. in the transmission of LSDV was investigated by Sevik
and Dogan and revealed that Culicoides punctatus could have played
role in transmitting LSDV during 2014-2015 outbreak in Turkey [42].
Therefore, it is clear that various arthropods feeding on cattle can
transmit the LSDV and spread the virus.

Other means of transmission: Another attempts to transmit LSDV
via the manual handling of infected animals immediately prior to
contact with susceptible cattle, or keeping naive and infected animals
in the same pen, failed. This leads to the conclusion that direct or
indirect contact between infected and susceptible animals is an
inefficient method of transmission [27,31]. In previous reports
transmission of LSDV through semen (natural mating or artificial
insemination) has not been experimentally demonstrated, but LSDV
has been isolated from semen of experimentally infected bulls [40,43].
Conversely, a recent study by Annandale et al. showed that
experimental transmission of LSDV via semen from infected cattle is

possible; however, whether this also occurs during natural mating or
artificial insemination needs further investigation [44].

Figure 2: Schematic summary of LSD spread [27].

Pathogenesis
There have been few studies conducted on the pathogenesis of LSD 

in cattle [34]. In the generalized form there is viremia and fever, 
followed by localization in the skin and development of inflammatory 
nodules [20]. Following Subcutaneous or intradermal inoculation of 
cattle with LSDV, localized swelling at the site of inoculation developed 
4 to 7 DPI which is varying in size from 1 to 3 cm and covering up to 
approximately 25% of the skin surface. Enlargement of the regional 
lymph nodes and generalized eruption of skin nodules usually follows 
7 to 19 DPI. Viremia and Low levels of viral shedding in oral and nasal 
secretions was detectable between 6 and 15, and 12 and 18 DPI, 
respectively following febrile reaction. LSDV is also demonstrated in 
saliva, semen and skin nodules for at least 11, 42 and 39 days after the 
development of fever, respectively [3,22]. Viral replication in 
microphages, fibroblasts, pericytes, endothelial cells and probably 
other cells in blood vessel and lymph vessel walls causes vasculitis and 
lymphagitis in some vessels in affected areas, while thrombosis and 
infarction may result in severe cases [3]. In natural infection, very 
young calves, lactating cows, and malnourished animals seem to 
develop more severe disease that may be due to an impaired humoral 
immunity. Antibodies was detectable 21 DPI using serum 
neutralization tests [5]. Immunity after recovery from natural infection 
is life-long; calves of immune cows acquire maternal antibody and are 
resistant to clinical disease for about six months [22,45]. Eventually, 
affected animals clear the infection and there is no known carrier state 
for LSDV [27].

Clinical Manifestations and Pathology

Clinical manifestations
The time between inoculation and first observation of generalized

clinical signs ranges from 7 to 14 days in experimentally infected cattle,
irrespective of the route of infection [21] and between 2 to 5 weeks in
natural cases [21,45]. LSD can be classified into mild and severe forms
based on the number of lumps (nodules) and occurrence of
complications, dose of the inoculum as well as the susceptibility of the
host and the density of insect population. Accordingly appearance of
one or two lumps (Figure 3B) or nodules within 2 days after onset of
the fever (1 to 5 cm in diameter), depression, anorexia, excessive
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salivation, ocular and nasal discharge, agalactia and emaciation are
clinical manifestation of mildly affected cattle. Also, nodular lesions
which is painful and hyperemic may be observed on the animal body
especially in the skin of the muzzle, nares, back, legs, scrotum,
perineum, eyelids, lower ear, nasal and oral mucosa, and tail [9]. In
severe cases that may persist for 7-12 days, continuous high pyrexia
(40-41.5°C), serious depression, anorexia and a characteristic several
(more than hundreds) nodules and usually fairly uniform in size in the
same animal, all over the animal body is observed (Figure 3A) [40].

Figure 3: Characteristic LSD nodular lesion indicating severity:
Lesion covering the whole body in severe form (A) and LSD with
few skin nodules in mild form (B), adapted from [46,47].

The nodules are firm and slightly raised above the surrounding
normal skin from which they are often separated by a narrow ring of
hemorrhage (Figure 4A). They involve the epidermis, dermis, adjacent
subcutis and musculature. Nodules may disappear, but they may
persist as hard lumps or become moist, necrotic, and slough or
ulcerated (Figure 4B). Lesions where skin is lost may remain visible for
long periods. When lesions coalesce, large areas of raw tissue can be
exposed, and these are susceptible to invasion with screwworm fly
larvae [20]. The sloughed away lesion may create a hole of full skin
thickness and characteristic lesion of “inverted conical zone” of
necrosis, known as “sit fast” (Figure 4C) [48].

Figure 4: Distinguishing lesions of LSD: Raised and separated
narrow ring of hemorrhage” (A), skin lesions leaving ulcer (B) and
“sit fast” like “inverted conical zone” of necrosis (C), adapted from
[46,48].

Affected animals also exhibit excessive salivation, lacrimation, nasal
discharge and emaciation due to necrotic plaques and typical LSD

lesions in oral cavity, conjunctiva and nasal cavity, respectively.
Enlargement of superficial lymph nodes and lymphadenopathy are also
feature of LSD. In addition, lactating cow’s milk production may lessen
and mastitis occurs and possibly abortion in some pregnant cows;
calves with extensive skin lesions, presumably acquired by intrauterine
infection may be delivered. Swelling of the testicles and orchitis are
also occurring in infected bulls. Following lesions in reproductive
organs, temporary or permanent sterility may occur in bulls and cows
[20]. Edematous and inflammatory swellings of the brisket (Figure 5B),
face (Figure 5A) and one or more limbs may be seen and can severely
restrict movement (Figure 5C), deep ulcerative skin lesions, keratitis
(unilateral or bilateral) are also seen in some of infected cows
[9-12,23]. Pox lesions may also be present in the pharynx, larynx,
trachea, lungs and throughout the alimentary tract. The lesions in the
respiratory tract are often followed by pneumonia [5].

Figure 5: Edematous and inflammatory swelling on different parts
of the body; on the face (A), brisket (B) and limb (C) of affected
cattle adapted from [23,48].

Severe cases of LSD are highly characteristic and easy to recognize,
but early stages of infection and mild cases may be confusing with
other diseases affecting the skin. For instance Pseudo lumpy skin
disease also known as Allerton virus caused by bovine herpes virus-2
(BHV) has related skin lesions with LSD and requires laboratory
confirmation to distinguish. Pseudo lumpy skin disease has circular
superficial lesions which may cover the entire body and up to 2 cm in
diameter. It has distinctive intact central area (Figure 6B) and raised
edges, accompanied by loss of hair. Urticaria, Streptotrichosis
(Dermatophilus congolensis infection), ringworm, Hypoderma bovis
infection, photosensitization, bovine papular stomatitis, foot and
mouth disease, bovine viral diarrhea, and malignant catarrhal fever are
all considered as differential diagnosis of LSD [20,27,47].
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Figure 6: Illustrative clinical feature of LSD (A) and BHV (B), with
characteristic intact central area (blue arrow).

Pathology
Gross pathological lesions: Skin nodules are usually uniform in size,

firm round and raised, but some may fuse into large irregular and
circumscribed plaques, when incised the surface of the nodule is
reddish-gray and edematous in the sub-cutis layer. A necrotic lesion
which is circular in nature may be observed in different parts of
alimentary, respiratory and urogenital tract (Figure 7). For instance,
muzzle, nasal cavity, larynx, trachea, bronchi, inside of lips, gingiva,
dental pad, abomasum, uterus, vagina, teats, udder and testes may be
involved [12,27]. Regional lymph nodes become enlarged (up to 10
times than their usual size), edematous, congested and having pyaemic
foci, in addition to local cellulitis [9]. Pleuritis and enlargement of
mediastinal lymph nodes are also involved in severe cases. The LSD
typical nodular lesions also encompass the musculature and the fascia
over limb and appear grey-white surrounded by red inflammatory
tissue. Furthermore, the lesions are separated from the necrotic
epithelium far from the healthy tissue and leave an ulcer that slowly
heals by granulation. Severely infected animals may show secondary
bacterial pneumonia, tracheal stenosis, acute and chronic orchitis,
mastitis with secondary bacterial infection, and similar lesions in the
female reproductive tract [49].

Figure 7: Internal lumpy skin lesions: Ulcerative lesions in the oral
cavity (A) and cross-section of skin lesion (B); lesions in the trachea
(C) and gall bladder (D), adapted from [27].

Histopathological findings: Histopathological findings of the LSD
are typical and provide a basis for diagnosis. The pathognomonic LSD

lesion eosinophilic intracytoplasmic inclusion bodies may be detected
microscopically in the keratinocytes, macrophages, endothelial cells
and pericytes from skin nodules in addition to ballooning and
degeneration of the cell layers. Inflammatory cells including
macrophages, lymphocyte and eosinophils are infiltrated the affected
area. In addition, widespread vasculitis which reflects the viral tropism
for endothelial cells is seen histologically [20,50]. If there is muscular
damage during the course of LSD, histopathologically sever coagulative
necrosis in subcutaneous muscle may be observed [51].

Hematological and serum biochemical changes: Hematological and
serum biochemical analysis of animals naturally and experimentally
infected by LSDV were recently studied and described [46,51,52]. The
results of Neamat-Allah, revealed that there is a significant decrease in
red blood cells, hemoglobin, packed cell volume, and mean
corpuscular hemoglobin concentration with a significant increase in
mean corpuscular volume in experimentally infected animals which is
interpreted as a macrocytic hypochromic anemia [46]. On the other
side leucogram results showed leucopenia and lymphopenia which
may be due to viral infection and granulocytic leukocytosis which
could be due to secondary acute bacterial infections, especially
pyogenic bacterial infections. LSD was also reported to be associated
with inflammatory thrombocytopenia, hyperfibrinogenemia,
decreased creatinine concentration, hyperchloremia and hyperkalemia
in naturally infected cattle [52]. Neamat-Allah and Abutarbush studies
showed the existence of a significant decrease in total protein and
albumin in serum, however; there was a significant increase in
globulin, especially gamma globulins in LSD infected cows [46,52]. In
addition the results of Sevik et al. on serum biochemical analysis of
LSD infected cattle showed that aspartate aminotransferase and
alkaline phosphatase increase in addition to globulin protein and
creatinine concentrations [51]. Finally, the studies concluded that the
alteration in serum biochemical analysis might be due to liver and
kidney failures, severe inflammatory process and disease complications
such as anorexia and reduced muscle mass during LSDV infection.

Economic Importance of LSD
The morbidity and mortality rate of LSD varies widely, depending

on the presence of insect vectors and host susceptibility. Generally high
milk-producing European cattle breeds are highly susceptible and
severely affected compared to indigenous African and Asian animals.
The morbidity rate of the disease may ranges from 3% to 85% and in
endemic areas it is usually around 10%. Although the disease is not
associated with high mortalities (1-3%), the economic losses
accompanying LSD eruption is higher. It results in great economic
losses due to decreased feed intake, milk production, weight
conversion, abortion and infertility, and damaged hides. In addition,
the disease is an important notifiable disease and hampers the
international trade [31,48,53]. Lumpy skin disease virus is recently
considered as a potential agent of agro terrorism because of its
endowed ability to spread out of Africa to the outside world [47].
Abutarbush et al. study during an outbreak in Jordan estimated the
average cost of supportive antibiotic treatment to be 27.9 British
pounds per head [48]. The financial cost of clinical LSD based on
questionnaire survey distributed to livestock farmers, in Oromia
regional state of Ethiopia, was studied [25]. The annual financial cost
included the average production losses, due to morbidity and mortality
arising from milk loss, beef loss, traction power loss, and treatment
and vaccination costs at the herd level. The average financial cost in
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infected herds was estimated to be 6.43 USD per head for local zebu
and 58 USD per head for Holstein Friesian or crossbred cattle [25].

Diagnostic Techniques
The diagnosis of LSD can be established based on the typical clinical

signs or generalized nodular skin lesions and enlarged superficial
lymph nodes in affected animals combined with laboratory
confirmation of the presence of the virus or antigen. For laboratory
confirmation various diagnostic techniques (Table 1) which require
different types of samples need to be performed. The gold standard
method for the detection of capripox viral antigen and antibody are
electron microscopy examination and serum or virus neutralization
tests, respectively [36].

The clinical diagnosis of LSD can be confirmed using conventional
or real-time PCR methods [10,36,45]. When compared to real-time
PCR, gel-based PCR is more time and labor consuming. However, it is
a cheap, reliable method and useful in countries with limited resources

[36]. A study to compare the different diagnostic tests in
experimentally infected cattle was conducted and specified PCR was a
fast and sensitive method in demonstrating viral DNA in blood and
skin samples [45]. However, it is time consuming to use for instance,
viremia was detected from 1-12 days using virus isolation, while 4–11
days using PCR. LSDV will grow in tissue culture of bovine, ovine or
caprine origin, although primary or secondary culture of bovine
dermis cells or lamb testis cells are considered to be the most
susceptible [14]. It causes characteristic cytopathic effect and
intracytoplasmic inclusion bodies and is distinct from BHV-2 which
producing syncytia and intranuclear inclusion bodies [5].

The host immunity against LSDV is mainly cell mediated and
therefore, serological testing may not be sensitive enough to detect
mild and long-standing infections or antibodies in vaccinated animals.
Antibody ELISAs have been developed with limited success [36].
Indirect fluorescent antibody test (IFAT) can be used for LSD
diagnosis and screening however, the test requires longer time and may
be more costly as compared to ELISA technique [54].

Test Purpose Methods Epidemiological
investigation

Screening prior
to movement

Contribute to
eradication

Confirmation in
clinical cases

Prevalence of
infection
surveillance

Immune status
in individual
animals or
populations post
vaccination

Agent identification

Virus isolation + ++ + +++ + –

PCR ++ +++ ++ +++ + –

Electron
microscopy – – – + – –

Detection of
immune response

IFAT + + + + + +

VN ++ ++ ++ ++ ++ ++

Table 1: Key:+++=recommended method; ++ = suitable method; + = may be used in some situations, but cost, reliability, or other factors severely
limits its application; – =not appropriate for this purpose; although not all of the tests listed as category +++ or ++ have undergone formal
validation, their routine nature and the fact that they have been used widely without dubious results, makes them acceptable. PCR=polymerase
chain reaction; VN=virus neutralization; IFAT=indirect fluorescent antibody test, adapted from OIE.

Treatment, Prevention and Control
The treatment of LSD is only symptomatic and targeted at

preventing secondary bacterial complications using antimicrobial
therapy [48]. Treatment trials performed by Salib and Osman, with the
aim of preventing LSD complications and saving life has been
successful using combination of antimicrobials, anti-inflammatory,
supportive therapy and anti-septic solutions [9]. The complications
encountered during the trial including corneal opacity (keratitis),
mastitis, dysentery, lameness, pneumonia and myasis have been
recovered within 3 days to 2 weeks. However, the treatment of LSD (its
complications) is costly as well as does not ensure full recovery
therefore; prevention is more beneficial to avoid the substantial
economic losses due to hide damages, loss of milk due to mastitis and
loss of animal product due to death, abortion, fever and myiasis. Gari
et al. study on epidemiological aspects and financial impact of lumpy
skin diseases in Ethiopia illuminates the importance of vaccination in
controlling LSD in endemic areas [25]. The authors also enumerates
vaccination can enable the financial costs due to LSD to be reduced by
17% per head in local zebu herds and 31% per head in Holstein
Friesian or crossbred herds.

Therefore vaccination is the only effective method to control the
disease in endemic areas as movement restrictions and removal of
affected animals alone are usually not effective. Effective vaccines
against LSD exist and the sooner they are used the less severe the
economic impact of an outbreak is likely to be [27]. Members of the
capripoxvirus are known to provide cross protection. Hence,
homologous (Neethling LSDV strain) and Heterologous (sheep pox or
goat pox virus) live attenuated vaccines can all be used to protect cattle
against LSD infection [16]. Commercially available capripoxvirus
(CaPV) vaccine strains include LSDV Neethling strain, Kenyan sheep
and goat pox virus (KSGPV) O-240 and O-180 strains, Yugoslavian
RM65 sheep pox (SPP) strain, Romanian SPP, and Gorgan goat pox
(GTP) strains [47]. Recently, a study by Gari et al. on efficacy of three
CaPV strains against LSD in Ethiopia revealed that the Gorgan GTP
vaccine can effectively protect cattle against LSDV and that the
Neethling and KSGP O-180 vaccine were incompetent and suggests
the need for further molecular characterization for those ineffective
vaccines [55]. In countries previously free of LSD and which use sheep
pox vaccine to protect sheep against sheep pox, it is recommended to
use the same vaccine during LSD outbreaks, because of potential safety
issues associated with the live attenuated LSDV vaccine use [15]. In
addition, rapid confirmation of a clinical diagnosis is essential so that
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eradication measures, such as quarantine, slaughter-out of affected and
in-contact animals, proper disposal of carcasses, cleaning and
disinfection of the premises and insect control can be implemented as
soon as possible during the eruption [20,45]. Moreover, rigorous
import restrictions on livestock, carcasses, hides, and semen from
endemic areas must be in place in disease free areas.

Conclusion and Recommendations
Lumpy skin disease (LSD), which is a vector borne disease caused

by genus CaPV, is previously restricted to sub-Saharan Africa.
However, in recent times it is slowly invading new territories including
Europe. Clinically the disease is characterized by distinctive nodular
lesions principally on the skin and underlying tissues of affected
animals with occasional involvement of different parts of the body
including; conjunctiva, alimentary, respiratory and urogenital tracts.
The lesions consequently, results in overwhelming economic losses due
to reduced hide quality, chronic debility, reduced milk yield, weight
loss, infertility, abortion and death. These may also impose dramatic
effects on rural livelihoods, which are strongly dependent on cattle,
with significant production losses. Disease consequences are also
devastating at national level since its presence has triggered strict trade
restrictions. Therefore, in order to come across these alarming
situations, the following recommendations are forwarded;

• Clinico-hematological and biochemical profile of cattle affected by
LSD need to be identified in addition to typical clinical signs.

• Accurate on time diagnosis is needed for control measurements.
• Annual vaccination strategy with homologous strain of the LSDV

is obligatory in endemic areas.
• Vector control and animal movement restriction during active

period of insect movement is important.
• Bulls used for breeding need to be diagnosed for LSDV.
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