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ABSTRACT
Lumpy Skin Disease (LSD) is an infectious disease in cattle caused by the Lumpy Skin Disease Virus by the Poxviridae 
family. Historically, LSD was first documented in Northern Rhodesia (now Zambia) in 1929 as a symptom of bug 
bite poisoning or hypersensitivity, described as pseudo-urticaria. This disease, which causes widespread malaise and 
persistent weakness, is a serious, economically devastating, and reportable condition that lowers cattle output. The 
illness starts as a biphasic fever. After fever, emaciation, ocular discharge, and agalactia, the clinical signs of a minor 
infection develop as one or two nodular lumps appear 2–3 days later. In particular, the skin of the muzzle, back, 
nostrils, legs, scrotum, eyelids, lower ears, nasal, perineum, oral mucosa, and tail display painful, hyperemic, nodular 
lesions. A number of diagnostic methods, such as virus isolation in cell culture, transmission electron microscopy, 
immunohistochemistry, direct and indirect fluorescent antibody testing, agar gel immunodiffusion, enzyme-linked 
immunosorbent assay, western blotting, and serum neutralization test (SNT), are used to confirm the clinical diagnosis. 
This disease is spread by arthropods such as flies, mosquitoes, and ticks. It is most common during the rainy season, 
when there is a high number of biting insects, and it declines during the dry season. LSD has direct and indirect 
economic impacts on livestock and the industry. Since there is no effective antiviral medication to treat LSD, the only 
viable method of disease containment is vaccination.
Keywords: Cattle, Disease, LSD, Nodules, Virus.

Introduction
Lumpy Skin Disease (LSD) is an infectious disease 
in cattle caused by the Lumpy Skin Disease Virus 
(LSDV) from the Poxviridae family (Ratyotha et al., 
2022). There are other names for this disease, including 
Neethling’s virus illness, exanthema nodularis bovis, 
and pseudourticaria (Namazi and Tafti, 2021). The 
cattle industry sector is greatly impacted economically 
by this disease, which results in chronic weakness 
in affected cows, reduced milk output, miscarriage, 
temporary or permanent sterility, skin damage, and 
death (Akther et al., 2023). Nodular lesions on the skin 

and mucous membranes are the most typical clinical 
signs (Datten et  al., 2023). Infected cattle frequently 
have skin nodular lesions on the outside of their bodies, 
including the head, neck, back, perineum, chest, and 
other parts (Liang et al., 2022). Although this disease 
can affect cattle of any age or breed, it primarily affects 
young cattle and animals that are at the height of 
lactation (Wilhelm and Ward, 2023).
This disease is spread by arthropods such as flies, 
mosquitoes, and ticks. It is most common during the 
rainy season, when there is a high number of biting 
insects, and it declines during the dry season (Sprygin 
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et  al., 2019). LSDV can travel long distances, even 
across continents, if quarantine regulations are 
loosened and infected animals are transferred from 
one farm to another (Ratyotha et al., 2022). Notably, 
epidemiological evidence of zoonotic infection is 
lacking. Tests such as polymerase chain reaction (PCR), 
enzyme-linked immunosorbent assay (ELISA), serum 
neutralization test (SNT), and transmission electron 
microscopy (TEM) are used to provide conclusive 
diagnoses (Rouby and Aboulsoud, 2016).
The incubation period for LSD is 2–5 weeks after 
infection with the virus, and the first lesions appear at 
the site of inoculation 2–3 days later. The first sign is 
fever, which is followed in two days by the formation 
of skin and mucous membrane nodules (Tuppurainen 
et al., 2015). LSD does not include a specific treatment. 
To alleviate clinical symptoms and manage any ensuing 
problems, infected animals should receive supportive 
care (Liang et al., 2022). Little is known about effective 
LSD prevention strategies. It is strongly recommended 
that diseased animals be kept in quarantine, that they 
be sacrificed, and that their mobility be restricted (Eom 
et al., 2023). 
The World Organization for Animal Health’s 
International Epizootic Office has added LSD to its list 
of diseases that need to be reported (Akther et al., 2023). 
Although it is endemic in African nations, reports of 
this disease have recently come from other parts of the 
world (Tuppurainen et al., 2021). Later, LSD made its 
way to Yemen, Kuwait, and Oman (Datten et al., 2023). 
Currently, this disease has emerged as a very major 
threat to large ruminant livestock in Asia, Europe, and 
the Middle East (Anwar et al., 2022).
The disease’s recurrent outbreaks and resurgence 
in different regions of the world underscore the 
significance of reassessing the disease’s biology, 
virus transmission methods, and modern preventive 
and adaptive management strategies. The purpose of 
this review article is to explain the etiology, history, 
epidemiology, pathogenesis, immune response, 
clinical symptoms, diagnosis, differential diagnosis, 
transmission, host range, risk factors, zoonotic potential, 
economic impact, treatment, vaccination, and control 
of LSD. Planning for efficient disease management in 
a timely manner requires an understanding of the risks 
associated with LSDs in livestock husbandry.
Etiology
The virus that causes LSD illness is a member of the 
family Poxviridae, genus Capripoxvirus (CaPV), and 
subfamily Chordopoxvirinae (Akther et  al., 2023). 
The LSD-causing virus is oval in shape, 230–260 
nm in diameter, has a lipid envelope, replicates in the 
cytoplasm, and has a double-stranded DNA genome 
of approximately 151 kbp in length (Namazi and 
Tafti, 2021). It is believed to contain 156 genes and 
comprises a central coding region surrounded by 
identical inverted terminal repeats that are 2.4 kbp 
long (Rouby et  al., 2024). When comparing LSD 

viruses to other genera of Chordopoxviruses, 146 
conserved protein-coding genes were found to be 
involved in nucleotide metabolism, DNA replication, 
protein processing, virion structure creation, virulence, 
host range, and mRNA transcription and biogenesis 
(Tulman et al., 2001). Despite being phylogenetically 
distinct, this virus shares a high degree of genomic 
similarity (96%) with sheeppox and goatpox viruses 
(Tulman et  al., 2002). The vaccine and LSD viruses 
share a similar morphological structure when observed 
under an electron microscope (Liang et  al., 2022). 
Viruses can multiply in primary cells, including 
fibroblasts in chicken embryos, lung and kidney cells 
in sheep embryos, and kidney or testis cells in sheep 
and cattle (Rhazi et al., 2021). Furthermore, this virus 
can replicate in the kidney cells of cows and infant 
hamsters, although the pathological alterations are 
gradual. In contrast, the virus cannot reproduce in 
African green monkeys (Wolff et al., 2020b).
LSDV is stable under alkaline conditions and can 
thrive at pH 6.6–8.6 (Eom et al., 2023). The virus can 
live for 33 days in necrotic skin nodules, 35 days in 
dry scabs, 6 months in infected tissue shielded from 
sunlight, and 18 days in dry skin at room temperature 
(Kumar et  al., 2021). Most LSDVs may be rendered 
inactive at 55°C for two hours and 65°C for half an 
hour; however, their tolerance to high temperatures 
is variable (Podshibyakin et  al., 2024). Additionally, 
this virus is susceptible to detergents containing lipid 
solvents and extremely basic or acidic solutions (Das 
et al., 2021). This virus is also vulnerable to dilution 
of iodine compounds, 2% phenol, 1% formalin, 
chloroform, 2%–3% sodium hypochlorite, ether, 0.5% 
quaternary ammonium, and UV light at 55°C for 1 hour 
(Moda et al., 2024).
History
Historically, LSD was first documented in Northern 
Rhodesia (now Zambia) in 1929 as a symptom of 
bug bite poisoning or hypersensitivity, described 
as “pseudo-urticaria” (Mazloum et  al., 2023). The 
historical-critical events associated with  LSD are 
mapped in Figure 1 from the very first time it was 
detected to date with a global timeline, regional spread, 
and reporting of notable outbreaks. Between 1943 and 
1945, the Republic of South Africa, Botswana, and 
Zimbabwe (Southern Rhodesia) reported instances of 
contagious COVID-19 (Mafirakureva et  al., 2017). 
Mozambique was in the east by 1946, followed by 
Angola and Zaire in 1950, Madagascar in 1954, and 
Namibia, Tanzania, and Uganda in 1956 with the 
disease’s spread (Elhaig et  al., 2017). Numerous 
African countries have studied this virus during the 
ensuing 20 years. 
In 1957, LSD made its debut in Kenya, and it reemerged 
in 1977 (Davies, 1982). Another African nation, Sudan, 
reported the unexpected emergence of the LSD in 
1971, after a 14-year lapse (Ali and Obeid, 1977). 
In 1973, an LSD inflow occurred in Chad and Niger, 
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which contributed significantly to the 1974 pandemic 
in Nigeria (Wolff et al., 2021). The LSD was initially 
identified in Ethiopia in 1983 and progressively 
expanded to practically every area and agroecological 
zone in the nation (Gari et al., 2012). Between 1950 
and 1985, numerous investigations documented a 
number of isolated LSD events in Tanzania, Kenya, 
Zimbabwe, Somalia, and Cameroon, with spontaneous 
reemergences in other African nations over the same 
time frame (Akther et al., 2023). 
The first documented LSD outbreak outside the Sub-
Saharan region occurred in Egypt in 1988 (Rouby 
et al., 2021). LSD was first recorded in Oman in 1984, 
and the epizootic disease resurfaced in 2009, despite 
minor outbreaks with unverified cases (Tageldin et al., 
2014). In Kuwait, the disease was initially discovered 
in 1986, and it resurfaced in 1991 (Azeem et al., 2022). 
Furthermore, the predominance of LSD was initially 
noted in 1993 in Lebanon, 1995 in Yemen, 2000 in the 
United Arab Emirates, 1993 and again in 2002–2003 in 
Bahrain, 2009 in Oman, and 2013 in Saudi Arabia and 
Iraq (Alkhamis and VanderWaal, 2016). 
The importance of exposing hosts to pathogens in 
an environment that supports disease spread and 
transmission cannot be overstated (Bianchini et  al., 
2023). LSD is more common in low-lying areas and near 
watercourses, especially during summer and autumn 
(Allepuz et al., 2019). This disease is considered a case 
of poisoning or a hypersensitivity reaction to insect 

bites due to the large numbers of biting insects at that 
time (Padha and Sofi, 2023).
The illness has been reported in numerous nations 
worldwide. The first documented sporadic LSD 
occurrences occurred in 2015 in several European 
countries, including Greece, Albania, and the Russian 
Federation (Anwar et al., 2022). A significant epidemic 
occurred in Russia in 2017, and cases have been 
reported in a number of continental European nations 
(Byadovskaya et al., 2022). The majority of these cases 
have been effectively contained through widespread 
vaccination campaigns and appropriate management 
strategies. Although Georgia began vaccinating 
livestock in 2014 after an epidemic in neighboring 
Azerbaijan, an outbreak was documented in 2016 
and reappeared in 2018 with six further outbreaks 
(Zeynalova et al., 2016). Meanwhile, outbreaks of LSD 
were documented in eight Balkan nations (Albania, 
Serbia, Kosovo, Greece, Bulgaria, and the former 
Yugoslav Republic of Macedonia), with a higher 
frequency in border regions (European Food Safety 
Authority, 2018).
LSD has been a significant issue for Asian nations since 
2019 and is one of the main risks to the continent’s 
food security and animal health (Li et al., 2023). The 
significance of LSD was highlighted by reports of a 
severe outbreak in Bangladesh in July 2019, and the 
ensuing outbreak in 2020 further demonstrated this 
(Uddin et al., 2024). Since then, numerous epidemics 
have been documented throughout Asia, including 

Fig. 1. Historical timeline of key events in lumpy skin disease (LSD) from 1929 to the present.
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concurrent outbreaks in China and India (Lu et  al., 
2019; Manjunathareddy et al., 2024). LSD has spread 
quickly and widely throughout the nation, with 
outbreaks now occurring often. In 2020, outbreaks 
occurred in June, July, September, October, and 
November in Nepal, Bhutan, Sri Lanka, Vietnam, and 
Malaysia, respectively (Akther et al., 2023). In 2021, 
the World Organization for Animal Health reported one 
outbreak in Thailand in April, one in the Laos People’s 
Democratic Republic in May, and one in Pakistan in 
November (Saltykov et al., 2022). In March 2022, LSD 
was confirmed in Indonesia (Sendow et  al., 2024). 
The emergence and reemergence of LSDs are quite 
concerning, particularly in light of the fact that recent 
outbreaks do not exhibit a distinct pattern that has been 
previously documented.
Epidemiology
Developing control and prevention efforts can 
benefit from an understanding of the epidemiological 
characteristics of LSDs in infections, hosts, and the 
environment. LSDV does not infect nonruminant hosts 
and has a restricted host range. This virus can infect 
cattle, buffalo, and other wild ruminants (Ratyotha 
et al., 2022). Sendow et al. (2024) claimed that local 
cattle, Channel Nation cattle, and Friesland Holstein 
cattle could all contract LSD. In addition to the fact that 
buffalo always bury themselves in water or mud during 
the summer to lessen the likelihood of being attacked by 
insect vectors, cows have a greater morbidity rate than 
buffalo because buffalo have thick skin that makes it 
difficult for the LSD-spreading vector to puncture them 
(Di Felice et  al., 2024). Furthermore, the LSD virus 
can infect wild animals, including giraffes, Thomson’s 
gazelles (Gazella thomsoni), and impala (Aepyceros 
melampus) (Ratyotha et  al., 2022). Although there 
have been no reports of natural infection, LSDV has 
been shown to infect sheep and goats in experiments 
(Mazloum et al., 2023).
Although LSDV can affect animals of any age, it is 
more likely to affect young animals. This is consistent 
with a study by Elhaig et al. (2017), which reported no 
discernible variations in the prevalence of LSD by age 
or sex among the 450 cows analyzed in Egypt. Moudgil 
et  al. (2024) asserted that juvenile animals are more 
susceptible to disease than adult animals. Compared 
with adult animals, this virus can cause a significant 
mortality rate in young animals. The morbidity rate of 
this disease ranges from 5% to 45% and occasionally 
even 100%. Even if the death rate is less than 10%, 
it might reach 40% (Dubey et  al., 2023). Numerous 
factors, including geographic location, climate, 
husbandry management, nutritional state, immune 
status, overall animal health, livestock type, virulence, 
population size, and insect vector distribution, 
influence variations in LSD mortality and morbidity 
rates (Akther et al., 2023). 

Pathogenesis
Poxviruses are generally epitheliotropic and can cause 
local or systemic disease (Modise et  al., 2021). The 
initial viral replication occurs at the site of entry into 
the host. In systemic infection, further viral replication 
occurs in draining lymph nodes, followed by viremia 
and further viral replication in various organs, including 
the liver, spleen, and lungs (Khan et  al., 2023). The 
latter multiplication leads to the development of 
secondary viremia and subsequent infection and the 
development of diffuse focal lesions on the skin (Liang 
et al., 2022). Virus replication occurs in the cytoplasm 
of the cell (Tulman et  al., 2001). Virus particles are 
enveloped as mature virus particles move to the Golgi 
complex; however, most particles are not enveloped 
and are released through cell disruption (Schlosser-
Perrin et al., 2023). Both enveloped and nonenveloped 
particles are infectious. 
LSD is characterized by fever and rapid spread of several 
small skin nodules (Adamu et al., 2024). Viral particles 
pass through the bloodstream and cause widespread 
lymphadenitis (Ren et al., 2023). Following the initial 
fever, viremia develops for four days. Viral replication 
in specific tissues, including fibroblasts, pericytes, 
and endothelial cells of lymphatic and blood arteries, 
causes subsequent skin lesions (Sanz-Bernardo et al., 
2020). Acute skin injury can cause histopathological 
alterations, such as necrosis, edema, thrombosis, 
vasculitis, lymphangitis, and infarction (Gharban et al., 
2019). There are nodules in the muscular fascia and 
subcutaneous tissue (Di Giuseppe et al., 2024). There 
is edema, congestion, and bleeding in the surrounding 
tissues of the dermis, epidermis, and core muscle, along 
with swollen lymph nodes (Manjunathareddy et  al., 
2024). Special formations known as “sit-fasts,” or 
necrotic cores isolated from the surrounding skin, are 
typically observed on a variety of body areas that are 
susceptible to ulceration (Datten et al., 2023). Lower 
levels of lymphocyte diffusion and phagocytic mobility 
were observed in the host’s immunological condition 
during the 14 days following infection (Neamat-Allah, 
2015).
Underweight animals, dairy cattle, and newborn calves 
seem to be more vulnerable to natural infection, perhaps 
as a result of compromised humoral immunity (Fay 
et al., 2022). Lifelong immunity has been demonstrated 
in animals that have recovered from natural viral 
infection. Because of maternally acquired antibodies, 
calves from infected dams are resistant to clinical illness 
for around six months (Namazi and Tafti, 2021). There 
is no known carrier status of LSDV, and infected animals 
recover from the virus. LSDV causes lymphangitis 
and vasculitis by infiltrating a range of cell types, 
including epithelial and endothelial cells, pericytes, 
and fibroblasts. However, the precise pathogenesis 
of lesions associated with cutaneous disease is not as 
well understood as that of the sheeppox virus (Sanz-
Bernardo et  al., 2020). Edema and necrosis occur 
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during the acute phase of vasculitis and lymphangitis, 
along with thrombosis and infarction (Ratyotha et al., 
2022). Initially, neutrophils and macrophages penetrate 
the lesion; fibroblasts, lymphocytes, plasma cells, 
and macrophages progressively replace these cells 
(Manjunathareddy et al., 2024).
Immune response
Following natural or experimental infection, LSD 
stimulates cellular immunity and antibody production. 
The degree of clinical disease severity may influence 
the amount of antibody produced; animals with severe 
sickness and skin lesions typically have higher antibody 
levels because the high levels of viral antigen induce a 
B cell response (Mazloum et al., 2023). Nevertheless, 
after infection, some subclinically infected animals 
do not produce detectable antibody levels. Serum 
transfer tests have shown that antibodies by themselves 
can prevent infection with the CaPV (Tuppurainen 
et  al., 2017). Regretfully, specific antibodies to the 
CaPV in cattle were not used in this investigation. 
An inactivated LSDV vaccination that may produce 
antibody responses and protect against experimental 
infection further illustrates the importance of antibody 
responses in LSDV protection (Haegeman et al., 2023).
The ability of a live attenuated vaccination to 
protect animals against LSDV without a detectable 
antibody response revealed the importance of cellular 
immunity in defending animals against LSDV 
(Dhanda et  al., 2024). Since research on CD4+ and 
CD8+ T-lymphocyte depletion in cattle has not been 
conducted, it is unknown how important these T cells 
are to the protection that results from immunization 
with live attenuated vaccines (Davis et  al., 2024). A 
weak response in either immunity can be compensated 
for, according to current experimental research, which 
indicates that immunity to LSDV is a combination 
of cellular and antibody immunological responses 
(Milovanović et al., 2019).
Clinical symptoms
This disease takes 2–5 weeks to incubate in natural 
settings, whereas it takes 7–14 days in experimental 
settings (Wolff et al., 2020a). There are three types of 
LSD: chronic, subacute, and acute. The illness starts 
as biphasic fever (Di Felice et al., 2024). After fever, 
emaciation, ocular discharge, and agalactia, the clinical 
signs of a minor infection develop as one or two nodular 
lumps appear 2–3 days later (Datten et al., 2023). In 
particular, the skin of the muzzle, back, nostrils, legs, 
scrotum, eyelids, lower ears, nasal, perineum, and oral 
mucosa, and tail display painful, hyperemic, nodular 
lesions (Pandey et al., 2022). 
In severe cases, the stage lasts for 7–12 days and 
involves the development of over 100 nodules on the 
skin over the body (Kumar et  al., 2021). A narrow 
hemorrhagic ring separates the firm and slightly 
elevated nodules from the surrounding skin. The nodules 
involve the dermis, epidermis, adjacent subcutis, and 
muscle (Amin et al., 2021). Subsequently, the lesions 

transform into exuding papules, vesicles, and pustules 
before gradually crusting over (Ratyotha et  al., 
2022). Lesions heal quite slowly. Lesions gradually 
form on the mucous membranes of the mouth, vulva, 
respiratory tract, and nose. After 2–3 weeks, the skin 
lesions become harder and necrotic, which causes 
discomfort to the animals, and they become reluctant 
to move (Gupta et al., 2020).
Septicemia may result from bacterial and screwworm 
fly invasion caused by the lesion’s characteristic 
“sitfast”-shaped hole, which is created as the peels of 
the lesion (Al-Salihi, 2014). Animals with this infection 
also exhibit widespread lymph node enlargement. 
Lesions of skin disease exhibit bulging epithelial 
cell degeneration and eosinophilic intracytoplasmic 
inclusion bodies on histopathology (Parvin et  al., 
2022). Pneumonia is a side effect of LSDs that occurs 
when animals inhale necrotic material (Shumilova 
et  al., 2023). The acute stage of infection is when 
abortion occurs. Another effect of this illness in male 
and female animals is infertility (Hasib et al., 2021). 
Female animals spend a lot of time in anestrus. Male-
infected animals with genital sores also stay sterile 
for months (Bianchini et al., 2023). Recovery is very 
slow due to secondary bacterial infections, pneumonia, 
mastitis, and fly attacks in necrotic lesions, which leave 
deep holes in the body (Murti et al., 2024). 
Diagnosis
Typical clinical symptoms are typically used to make a 
preliminary diagnosis of LSD. A number of diagnostic 
methods, such as virus isolation in cell culture, TEM, 
immunohistochemistry, direct and indirect fluorescent 
antibody testing, agar gel immunodiffusion, ELISA, 
western blotting, and SNT, are used to confirm the 
clinical diagnosis (Amin et  al., 2021). Among the 
molecular diagnostic techniques employed are dot 
blot hybridization, real-time PCR, and conventional 
PCR (Elhaig et  al., 2017). LSDV can be cultured in 
a variety of tissue cultures: sheep and calf kidney 
cells, sheep kidney cells, sheep and calf adrenal, and 
thyroid cultures, sheep and calf fetal muscle cells, 
rabbit fetal kidney and skin cells, sheep and calf testis 
cells, sheep embryonic kidney and lung cells, chicken 
embryo fibroblasts, on the chorioallantoic membrane 
of embryonated chicken eggs, African green monkey 
(Vero) kidney cells, baby hamster kidney cells, primary 
cell cultures of the bovine dermis, and horse lung 
cells (Alemu, 2024). The formation of the cytopathic 
effect, which is characterized by rounding, shrinking, 
and shedding of cells to give the monolayer a moth-
eaten appearance, can take up to 14 days after primary 
isolation (Kumar et al., 2021).
The gold standard and most specific serological test 
for identifying LSDV antibodies is SNT, although it 
takes a long time to do (Krešić et  al., 2020). When 
interpreting results, it is always important to consider 
the sensitivity of SNT in the presence of low amounts 
of neutralizing antibodies in the tested serum, as 
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documented previously (Ntombela et  al., 2023). As 
a result, a negative test result does not necessarily 
indicate that the animal has not encountered the 
virus. SNT’s specificity and sensitivity were 97% and 
78%, respectively (Senthilkumar et al., 2024). This is 
because a cell-mediated immune response is primarily 
triggered by LSDV infection. LSDV can be detected 
using fluorescence antibody methods. However, 
there is a possibility that this method will react with 
other Parapoxviruses (Zeedan et  al., 2019). SNT has 
not been shown to exhibit such cross-reactions. In 
addition, this method is not as specific as SNT. Western 
blotting is another method for reliably detecting LSDV 
with sensitivity and specificity, but it is costly and 
necessitates specialized equipment and expertise to 
conduct (Chapman et al., 2021). 
Differential diagnosis
Numerous illnesses have symptoms that resemble those 
of LSD. Veterinarians must make an honest diagnosis 
to guarantee basic preventive measures for sensitive 
livestock. Many illnesses, including pseudo-scabiei, 
bovine viral diarrhea/mucosal disease, demodicosis 
(Demodex), photosensitization, malignant catarrhal 
fever of the bovine, besnoitiosis, insect bite allergy, 
pseudo-cowpox, oncocercariasis, urticaria, infectious 
tuberculosis, Rinderpest, and vaccinia virus/cowpox, 
can be mistaken for LSD (Sukoco et al., 2023). 
Transmission
LSDs can harm wild ruminants, cattle, and buffalo 
(Akther et al., 2023). Goats and sheep do not appear to 
be affected by this virus. Indirect transmission is less 
common in LSD, and it occurs only in recombinant 
LSDV strains. In dry scabs, LSDV can survive for 
extended periods at room temperature (Liang et  al., 
2022). According to reports, the virus can live for at 
least 18 days in air-dried skin, up to 33 days or longer 
in necrotic skin nodules, and up to 35 days in dry crusts 
(Guyassa, 2022). This virus can be rendered inactive 
by heating it to 55°C for two hours and then to 65°C 
for half an hour. Because the virus remains in lesions 
or scabs for extended periods, skin lesions are believed 
to be the primary source of infection (Kumar et  al., 
2021). Additionally, the virus is expelled from milk 
(which can infect nursing calves), saliva, semen, nasal 
secretions, tears, and blood (Ratyotha et  al., 2022). 
In addition to contaminated food and water, LSDV 
can spread directly in the later stages of the disease 
through saliva, nasal secretions, and semen, as well 
as by arthropods, particularly blood-sucking insects 
(Annandale et al., 2014). Numerous studies have found 
no positive relationship between infection rates and 
cattle density, suggesting that indirect transmission of 
the virus is more significant than direct transmission, 
at least in the early stages of the disease (Ochwo et al., 
2019; Bianchini et al., 2023). This suggests that several 
vector species, especially blood-sucking insects, are 
involved in the virus’s dissemination, as the majority 

of LSD outbreaks take place during the summer when 
arthropod activity is at its highest.
The transmission routes of LSD among cattle are 
depicted in Figure 2. This explains the disease’s 
repercussions for populations that are not sick, as well 
as the vector and nonvector channels that aid in its 
transmission. Direct contact through body fluids such 
as the mouth, nose, eyes, milk, semen, and intrauterine 
fluids is considered nonvector transmission. Indirect 
transmission occurs through contaminated objects and 
medical equipment, which can serve as fomites for the 
virus (Aleksandr et al., 2020). Although sharing feeding 
and watering facilities can be dangerous, newborn 
calves are particularly susceptible to infection by 
coming into contact with their mothers’ contaminated 
bodily fluids (Eom et al., 2023). LSDV spreads mostly 
through vector transmission, which is made possible 
by blood-feeding insects that bite people to spread 
the virus from infected animals (Sprygin et al., 2019). 
While the movement of sick livestock can generate 
outbreaks in new places, such transmission can occur 
at a limited, localized level within herds or over 
large territories (Mat et  al., 2021). Therefore, these 
transmission methods increase the amount of LSD that 
uninfected cow herds are exposed to, creating ongoing 
problems for disease containment and control.
Hard ticks may play a role in the spread of viruses, as 
reported by several studies (Lubinga et al., 2015; El-
Ansary et al., 2022; Zeedan et al., 2024). Hemocytes, 
salivary glands, and the midgut are among the tick 
organs that contain LSDV and viral antigens (Lubinga 
et  al., 2014). Additionally, molecular evidence 
indicates that ticks transmit the virus mechanically 
and transstadially (El-Ansary et al., 2022). However, 
the rapid emergence of broad epidemics cannot be 
explained by their extended attachment to the host. 
As a result, ticks appear to serve as virus reservoirs 
(Tuppurainen et al., 2013).
The only dipteran that can completely spread the virus 
to vulnerable animals is Aedes aegypti (Riana et  al., 
2024). The virus cannot be spread by mosquitoes such 
as Anopheles stephensi Liston, Culex quinquefasciatus 
Say, and Culicoides nubeculosus (Chihota et al., 2003). 
The transmission of LSDV to susceptible animals has 
not been successful despite the fact that Stomoxys 
calcitrans has been observed in LSD outbreaks and 
has infected sheep and goats with the CaPV (Mazloum 
et  al., 2023). Given that LSDV has been found in 
Culicoides punctatus, it could contribute to the 
spread of viruses (Paslaru et al., 2022). Additionally, 
the probability of transmission was reported to be 
strongly connected with the ratio of biting insects to 
the host population (Owada et  al., 2024). PCR and 
virus isolation, experimental investigations showed 
that LSDV was persistent in bovine semen (Irons 
et  al., 2005). Furthermore, the virus is transferred to 
inseminated heifers through semen (Annandale et al., 
2014).

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com 
N. Hidayatik et al.� Open Veterinary Journal, (2025), Vol. 15(2): 541-555

547

Host range
Susceptible hosts include buffalo (Bubalus bubalis) 
and cattle (Bos taurus and Bos indicus) (Eom et  al., 
2023). Native cattle breeds are less vulnerable than B. 
taurus. All ages of animals are vulnerable, but calves 
are particularly vulnerable and develop lesions in as 
little as 24 to 48 hours (Fay et al., 2022). Natural wild 
animals are immune to infection, but experimental 
infection causes clinical lesions in Thomson’s gazelle, 
Arabian oryx (Oryx leucoryx), springbok (Antidorcas 
marsupialis), giraffe (Giraffe camelopardalis), and 
impala (A. melampus) (Bianchini et  al., 2023). The 
contribution of wildlife to the spread and upkeep of 
LSDV is typically small. Additionally, humans are 
immune to the virus.
Risk factors
Warm and humid weather, environments that sustain 
large populations of vectors, like those following 
periodic rains, and the addition of additional animals 
to the herd are risk factors linked to the development 
of LSD (Issimov et  al., 2022). Other risk variables 
that have been identified as potentially increasing 
the occurrence of the disease include herd size, 
vector population, distance to lakes, herd migration, 
transportation of diseased animals to disease-free 
areas, shared pastures, and water supplies (Namazi and 
Tafti, 2021). Furthermore, wind strength and direction 
probably play a role in the virus’s dissemination 

(Sprygin et al., 2019). This disease can affect cattle of 
all sexes, of any age, and of any variety. Furthermore, 
age, gender, management type, average annual rainfall, 
and common water supply are risk factors linked to 
LSDV seropositivity (Hailu et al., 2014).
Zoonotic potential
There is currently no scientific evidence that a skin 
condition characterized by bumps is a zoonotic 
illness that can infect humans or animals. LSDV 
can spread to nursing calves during the infectious 
phase by contaminated milk or skin sores on the teats 
(Rittipornlertrak et  al., 2024). Nevertheless, there is 
no evidence that milk can infect people with LSDV. 
However, to prevent many other foodborne diseases, it 
is advised to adhere to fundamental food hygiene rules, 
such as properly boiling milk (Gallo et al., 2020). 
Economic impact
Numerous significant sectors and businesses have 
documented the direct or indirect economic impact 
of LSD. In South Asia, home to 21% of the world’s 
dairy herd, the most obvious and significant effect 
directly associated with LSD is a severe drop in 
milk production (Vinitchaikul et  al., 2023). A study 
conducted in Turkey found that the average milk output 
of impacted cows decreased by 159 liters per lactation 
(Tuppurainen and Oura, 2012). Although there is a 
chance that meat will contract secondary bacterial 
infections, meat from cattle infected with LSDV is not 

Fig. 2. Transmission pathways of lumpy skin disease virus.
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forbidden from entering the food chain. In Ethiopia, 
LSDV infection has been linked to estimated yearly 
decreases in beef production of 1.2% and 6.2% among 
native breeds and Friesian cattle, respectively (Molla 
et al., 2017). Furthermore, a raw cowhide’s value may 
be lowered by any cracks, lesions, or scars, as is the 
situation with hides from animals exposed to high 
levels of LSD (Khattab et al., 2022). The high quality 
of Bangladeshi cowhide is well known, and the country 
exports 3.5% of its leather annually, with 56% of the 
leather coming from cows (Hasib et  al., 2021). The 
same is true for India, which ranks ninth globally in 
exports and generates $8,500 million annually from the 
sale of leather and cowhide goods (Kumar and Tripathi, 
2022). Lameness and fever made it impossible to use 
animals for forced labor. Reduced conception rates can 
arise from artificial insemination of breeding cattle 
with diseased bull semen, which can spread LSD 
(Givens, 2018). Additionally, a number of health issues 
that affect bulls, such as mastitis, orchitis, abortion, and 
infertility, result in significant financial losses for ranch 
owners.
LSD’s indirect economic effects of LSDs are estimated 
for culling, trade restrictions, vaccination, quarantine, 
and treatment expenses, feed and labor costs, and 
agricultural biosecurity (Molla et al., 2017). In addition 
to the lengthy fattening period, farm owners must incur 
additional expenses for feed supplements for ailing 
animals during the recuperation phase (Das et  al., 
2021). The projected cost of treating afflicted livestock 
with broad-spectrum antibiotics and anti-inflammatory 
medications for LSD in Jordan is $35.04 (Abutarbush 
et al., 2015). Large numbers of afflicted animals may 
occasionally need to be put down, as was the case in 
Greece and Bulgaria, where Bulgaria experienced the 
worst economic catastrophe, with each herd costing 
approximately US$8,000 (Agianniotaki et  al., 2017; 
Casal et  al., 2018). Because LSD is a transboundary 
infectious disease, there is a good chance that it will 
spread quickly through the channels of production 
and commercialization (Eom et al., 2023). Taking into 
account the degree of culling and the quantity of bulls 
at risk, a risk assessment study for LSD carried out at 
the Ethiopian bull market calculated the financial loss 
to be US$667,785.6 (Alemayehu et  al., 2013). Cost-
effective quarantine is not always the best option for 
MLPs. Manual work, animal nutrition, diagnostic 
testing, disposing of positive test findings, and other 
expenses are all included in the estimated $145,000 
cost of quarantine in the United States (Eom et  al., 
2023).
Treatment
Since there is no effective antiviral medication to treat 
LSD, the only viable method of disease containment 
is vaccination. In epidemic settings, LSD prophylaxis 
is rarely tried outside of symptomatic and supportive 
treatments like antibiotics to prevent secondary 
bacterial infections in abraded skin and wound healing 

sprays (Datten et  al., 2023). Although little feedback 
exists, intravenous hydration treatment and anti-
inflammatory medications may be administered to 
boost hunger (Liang et al., 2022). 
Vaccination
Vaccination is a successful and efficient way to 
manage LSD. According to Tuppurainen et al. (2020), 
vaccination is the only method that can stop the spread 
of the LSD virus in both endemic and newly infected 
areas. The majority of LSD vaccines currently on the 
market are live attenuated vaccines based on strains 
of the LSD virus, goatpox virus (GTPV), or sheeppox 
virus (SPPV) (Vandenbussche et  al., 2022). On the 
other hand, the first inactivated vaccination was 
just released. Compared with live attenuated LSD 
virus vaccines, GTPV/SPPV-based vaccines are less 
effective; nevertheless, they do not result in fever 
or the development of clinical symptoms following 
vaccination (Sprygin et  al., 2020). Although live 
vaccinations help prevent disease and can generate a 
robust and sustained immune response, they can also 
result in modest symptoms, including skin lesions and 
local inflammation (Datten et al., 2023).
Using live attenuated vaccines that are either 
homologous (the Neethling strain of LSDV) or 
heterologous (sheeppox virus or goatpox virus), 
animals can be protected against LSDV infection due 
to the genus CaPV’s known ability to provide cross-
protection (Morgenstern and Klement, 2020). The 
following vaccine strains are commercially available: 
goat pox vaccine virus (KSGP) O-240 and O-180, 
Yugoslavian sheep pox (SPP) virus RM65, CaPV, 
which include the Romanian SPP virus, Kenyan goat 
and sheep pox viruses, and Neethling virus LSD strain 
(Tuppurainen et al., 2014). According to Tekilegiorgis 
and Tamir (2019), the SPPV vaccine in the Middle East 
and Horn of Africa had unfavorable effects on cattle 
following vaccination and only partially protected 
them.
In contrast, Gari et al. (2015) showed that neither the 
Kenyan goat and sheep pox vaccination (strain vaccine 
(KSGP) O-180) nor the Ethiopian Neethling virus 
vaccine could protect cattle against LSD. Meanwhile, 
cows can be protected from LSD by goat pox. These 
findings, however, are in contrast to those of a study 
by Hakobyan et  al. (2023), which found that the 
heterologous vaccine (sheep poxvirus) used in Armenia 
protects 86.09% of the cow population and has no 
negative effects on the cattle. Vaccine failure has been 
attributed to a number of factors, including low vaccine 
titers, vaccination of animals that are experiencing a 
temporary incubation period for the disease, handling, 
and storage errors, and differences between the vaccine 
strain and the virus strain that infects animals in the 
field (Bamouh et al., 2021). 
Control
LSDs can be prevented from spreading by 
implementing stringent quarantine regulations, vector 
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management strategies, and restrictions on cattle 
movement (Akther et al., 2023). Vectors can contribute 
to the mechanical spread of illness; in fact, blood-
sucking insect vectors are mostly responsible for 
the dissemination of LSDV; hence, it is important to 
regulate their reproduction and spread (Sprygin et al., 
2019). Vector control techniques include the use of 
ectoparasites, pesticides, and vector traps (Socha et al., 
2022). According to Punyapornwithaya et al. (2023), 
effective vector management can mechanically reduce 
disease transmission rates; however, this is not the case 
for large-scale livestock management.
Additionally, widespread pesticide use may upset 
the natural equilibrium and harm beneficial insects 
like honey bees (Tudi et  al., 2021). As a result, 
environmentally friendly vector control measures must 
be taken, such as reducing vector reproduction by 
cleaning up excrement and preventing water collection 
in the cage and its surroundings and members (Wilson 
et  al., 2020). In addition to vectors, contaminated 
equipment and animals with disease can spread disease 
(Akther et al., 2023). It is possible to confine the animal 
population and sterilize the cages and equipment more 
thoroughly before an outbreak occurs. The spread of 
LSDs can be stopped by limiting animal movements 
or requiring animals to be quarantined before being 
imported for a minimum of 3–4 weeks (European Food 
Safety Authority et al., 2018). 

Conclusion
LSD poses a significant economic threat to the cattle 
industry because of its impact on animal health and 
productivity, necessitating urgent attention to its 
management and prevention strategies. Understanding 
the disease’s transmission and clinical manifestations 
and effective control measures are crucial for 
safeguarding livestock and mitigating its widespread 
effects.
Future works
The scientific community has taken notice of recurrent 
LSD breakouts in susceptible areas. Therefore, the 
widespread implementation of emergency preparedness 
is necessary to stop the spread of this cross-border 
disease. To prevent the onset and spread of infectious 
diseases, attention should be paid to vector control, 
movement limitations, stringent quarantine, improved 
vaccination programs, appropriate animal care, and 
general farm cleanliness management. Therefore, 
more research is required to determine the origin of the 
infection, identify the causative agent through genetic 
detection and characterization, and then examine the 
ecology and epidemiology of LSDV.
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