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ABSTRACT. Lumpy skin disease (LSD) is a transboundary viral infectious disease in cattle caused by 
a Capripoxvirus. LSD has been recently introduced in some Asian countries. However, in Mongolia, 
no report of LSD is publicly available. We clinically examined LSD symptoms in 1,034 cattle from 
4 soum (district) in Dornod province in Mongolia. Sixty-one cattle of them were confirmed with 
symptoms of LSD and then viral P32 gene was detected by a PCR. The overall prevalence of LSD in 
cattle was 5.9%. Females odds ratios (OR)=2.27 than males, adults (>2.5-years-old, OR=3.68) than 
young (1–2.5-years-old) and calves (<1-year-old) were at higher risks for LSD cases in Mongolia, 
while locations near the tube well and pond water are major risk areas for viral transmission due to 
density of insects often is high. For virus isolation, skin nodule tissue samples of 4 cattle located in 
four distinct soums were used for viral propagation using the MDBK cell line. Internal terminal repeat 
region and RPO30 gene of 4 Mongolian isolates were amplified and sequenced. In the phylogenetic 
trees, Mongolian LSDVs (2021) were clustered together with the Chinese (2020) and Vietnamese 
isolates (2020). This is the first report alarming the LSD outbreak in Mongolia that was confirmed 
by our study. The newly isolated viruses would be a useful base for developing diagnostic tools and 
inactivated vaccine technology. A large-scale study of LSD is next priority for establishing successful 
control strategy of further disease outbreak.
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Lumpy skin disease (LSD) is a viral disease in cattle caused by Capripoxvirus, a member of the family Poxviridae [29]. The clinical 
symptoms of LSD include fever, nodules up to 5 cm in diameter that primarily appear on the head, neck, abdomen, inguinal area, udder, 
perineum, genitalia, and finally cover all over the body [5]. A morbidity is often documented in 5% and 45% cattle, while mortality 
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rate sometimes reaches 10% [3, 32]. Notably, LSD is the one of the transboundary diseases which is listed in the World Organization 
for Animal Health (OIE). The most significant mode of transmission has been suggested to be via the mechanical transmission by 
various blood-feeding vectors, such as mosquitoes, flies, and ticks [24, 33]. Thus, movement of virus-infected animals should be 
restricted to reduce the risks of transmission [18]. After the first report of LSD in Zambia in 1929, LSD virus (LSDV) fast spread in 
not only cattle and also in buffalo in several Africa, the Middle East, and European countries [30, 34]. In some Asian countries, LSD 
outbreaks have been documented in India [14], Bangladesh [13], Vietnam [27], Thailand [4], and China [21].

More recently, LSDV has been firstly reported in Russia, in 2015 [25] and in China, in 2019 [21] which are neighboring countries 
to Mongolia. However, no report is publicly available in Mongolia, except Mongolian the State Central Veterinary Laboratory (SCVL) 
confirmed a few cases of LSD in cattle in Dornod province in Mongolia, August, 2021, thereby Mongolian the General Authority 
for Veterinary Services (GAVS) reported LSD cases to the OIE (https://wahis.woah.org/#/dashboards/country-or-disease-dashboard). 
Therefore, it is urgently needed to investigate LSD outbreak in Mongolia, especially in Dornod province for current prevalence and 
potential risk factors of LSD. In the present study, we have conducted a cross-sectional study to disclose outbreak of LSD in Mongolian 
cattle populations in Dornod province in Mongolia.

MATERIALS AND METHODS

Sample collection
Skin nodule tissue samples of cattle were collected according to GAVS guidelines (A/224) and a scientific committee approval 

(21/05/01) of the Institute of Veterinary Medicine, Mongolia. In addition, herders were questioned by a questionnaire including general 
knowledge of LSD, possible contact with viral transmission, activating blood-sucking insect, water source and so on. In the cross 
sectional study, cattle in Chuluunkhoroot, Dashbalbar, Gurvanzagal, and Bulgan soums (district) in Dornod province were involved 
from 19th of September until 2nd of October, 2021 (Fig. 1). If presence of nodules on skin of head, neck, and any part of the body, 
scar on the udder, nasal mucosa and oedema were considered as clinical symptoms of LSD in each cattle, skin nodule tissue samples 
of each cattle suspected with LSD were collected for further laboratory examination. Skin nodule tissue samples were stored in −20°C 

Fig. 1. Map of Dornod province, Mongolia. Gray highlighted areas indicate the sampling areas in this study.
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until use for DNA extraction or virus isolation, otherwise a few of tissue samples was preserved in 10% neutral buffered formalin for 
pathological examination.

DNA extraction and PCR detection of virus
DNA was extracted from skin nodule tissue samples using an Instant Virus RNA/DNA Kit (Roboscreen GmbH, Leipzig, Germany) 

according to the manufacturer’s instruction. PCR detection of Capripoxvirus P32 gene was followed as previously described [16]. 
Briefly, a 18 μL of milli-Q water containing 1 μM each of forward (5′-TCCGAGCTCTTTCCTGATTTTTCTTACTAT-3′) and reverse 
(5′-TATGGTACCTAAATTATATACGTAAATAAC-3′) primers was added into a PCR tube containing powdered DNA polymerase, 
dNTPs, MgCl2, KCl, Tris-HCl, and stabilizer and tracking dye (Bioneer, Daejeon, Korea), and finally 2 μL of the extracted DNA was 
added in the tube. PCR was performed by an initial denaturation at 95°C for 2 min, following 34 cycles at 95°C for 45 sec, 50°C 
for 50 sec, and 72°C for 1 min, and the final extension at 72°C for 2 min. A 5 μL of PCR product was run in 1.5% agarose gel and 
then stained with 0.05% ethidium bromide (Sigma- Aldrich, St. Louis, MO, USA). The expected size was 192 bp to be considered as 
positive as amplicons for LSDV P32 gene.

Virus isolation
All laboratory activities were conducted in Biosafety level-3 laboratory of SCVL, Mongolia. Skin nodule tissue samples of at 

least a cattle from each soum was used for virus isolation. Briefly, tissue samples were homogenized and then followed 3 cycles of 
freezing and thawing processes. After centrifugation at 1,500 rpm for 10 min, a supernatant was retrieved and filtrated. Resultant skin 
suspensions were inoculated in Madin-Darby bovine kidney (MDBK) cell line and then incubated at 37°C in an atmosphere 5% CO2 
for at least 6 days.

DNA sequencing and phylogenetic analysis
Amplification of an inverted terminal repeat (ITR) region and RPO30 gene were performed using forward 

GTGGAAGCCAATTAAGTAGA-3′) and reverse (5′-GTAAGAGGGACATTAGTTCT-3′), and outer forward 
(5′-CAGCTGTTTGTTTACATTTGATTTTT-3′), inner forward (5′- TTTGAACACATTTTATTCCAAAAAG-3′), inner reverse (5′- 
TCGTATAGAAACAAGCCTTTAATAGA-3′), and outer reverse (5′-AACCTACATGCATAAACAGAAGC-3′) primers, respectively, 
as previously described [12, 26]. The amplicons of the ITR region and RPO30 gene were extracted from 1.5% agarose gel using a 
Qiaquick Gel Extraction kit (Qiagen, Redwood, CA, USA). Purified amplicons were sequenced using a BigDye Terminator V3.1 
Cycle Sequencing Kit (Applied Biosystems, Waltham, CA, USA). Nucleotide sequences of LSDV, sheep pox and goat pox viruses 
were retrieved from GenBank. Phylogenetic trees were reconstructed by a MEGA 7 software using Neighbor-Joining method [20].

Histopathological examination
Skin nodule tissue samples were fixed by a 10% neutral buffered formalin, and then embedded in paraffin. Paraffin sections were 

stained with a conventional hematoxylin and eosin staining. Necrosis, inflammatory cell infiltration, and inclusion bodies were observed 
under a light microscopy (×100 magnification).

Statistical analysis
Age of cattle was categorized as calf ≤1 year; young 1–2.5 years; adult 2.5–4 years. All herders involved in questionnaire for further 

analysis of the risk factors of LSD. All the epidemiological data was double entered and cleaned in Microsoft Office Excel 2010 
(Microsoft Co., Redmond, Washington, USA). Univariable and multivariable analysis were performed using SPSS version 26 (IBM, 
Chicago, IL, USA). Categorical variables were compared using Fisher’s exact test and the χ2 test. A statically significant difference 
was considered when the P-values were ˂0.05. Adjusted odds ratios (OR) and the 95% confidence intervals (CIs) for LSD risk factors 
were analyzed using a univariate and multivariable logistic regression.

RESULTS

Clinical diagnosis
A total 1,034 cattle were physically examined for symptoms of LSD including presence of nodules on skin of head, neck, and any 

part of the body, scar on the udder, nasal mucosa and oedema. Sixty-one cattle presented at least a clinical sign (Fig. 2). Skin nodule 
tissue were sampled from the 61 cattle for further PCR detection and histopathological examination of LSD.

PCR detection of virus P32 gene
All collected skin nodules samples of 61 cattle were confirmed as a positive for LSDV using a PCR targeting on partial P32 gene 

(192 bp). The prevalence of LSD by soums were 6.8% in Chuluunkhoroot, 5.6% in Gurvanzagal, 9.8% in Dashbalbar, and 2.3% in 
Bulgan of Dornod province (Table 1). The overall prevalence of LSD was 5.9%.

Risk factors associated with the occurrence of LSD
Univariate logistic regression showed that adjusted OR of having the disease in animals in Dashbalbar soum was 4.84 (CI: 1.44–

13.95) times higher than that in animals in Bulgan soum, while no statistically significant difference of risks of LSD was calculated 
between Bulgan, Gurvanzagal, and Chuluunkhoroot soums (Table 1). Female (OR=2.27, CI: 1.06–4.83) and adult (OR=3.68, CI: 
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1.72–7.86) animals were at higher risk of contracting the disease than males, young and calves, respectively. The univariable analysis 
showed that locations near tube well and pond water, were potentially risk areas for disease transmission. There was no significant 
effect of introducing new animal in a population for disease transmission.

Fig. 2. Clinical presentation of lumpy skin disease (LSD) in cattle, Dornod province of Mongolia, 2021. (A) Nodular lesions of LSD affected cow. 
(B) Characteristic ‘inverted conical zone’ of necrosis and so-called a sit fasts lesion. (C) Oedema. (D) Lumps and scar on the udder.

Table 1. Risk factors associated with lumpy skin disease in cattle from the Dornod province in Mongolia following a univariable 
logistic regression analysis

Variables Category Total 
number

Positive 
number

Negative 
number

Positive rate  
(%) OR 95% CI P-value

Soum (District) Chuluunkhoroot 192 13 179 6.8 2.97 0.95–9.31 0.080
Gurvanzagal 532 30 502 5.6 2.45 0.85–7.05 0.131
Dashbalbar 142 14 128 9.8 4.84 1.44–13.95 0.010
Bulgan 168 4 164 2.3 Ref

Sex Female 778 53 725 7.3 2.26 1.06–4.83 0.040
Male 256 8 248 3.2 Ref

Age Adult 552 52 500 10.4 3.67 1.72–7.85 ˂0.001
Young 191 1 190 0.5 0.18 0.02–1.50 0.155
Calf 291 8 283 2.8 Ref

Water source Pond 459 32 427 7.5 4.59 1.60–13.13 0.003
Tube well 326 25 301 8.3 5.08 1.74–14.81 0.001
River 249 4 245 1.6 Ref

Introduction of new 
animal

Yes 0 0
No 1,034 61 973 5.9 Ref

CI, confidence interval; OR, odds ratio; Ref, reference.
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Since the univariable analysis showed P-values <0.2 for all variables, except introducing new animal, multivariable analysis was 
performed using four variables including soum, sex, age, and locations near water sources. In the multivariable model, females 
(OR=2.40, CI: 1.12–5.16) showed a significantly higher risk of LSD occurrence as compared to males (Table 2). On the contrary, adult 
animals (OR=0.05, CI: 0.01–0.37) and locations near tube well (OR=0.16, CI: 0.06–0.48) and pond (OR=0.19, CI: 0.07–0.54) had a 
significantly lower risk of contracting the disease when compared to that of their counterparts. There were not specific factors of LSD 
in different soums. LSD prevalence in females and adults was higher than that observed in males and young and calves, respectively, 
in the four areas, whereas positive ratios of LSD by water source were varied among the four areas (Supplementary Table 1).

On the other hand, questionnaire of potential symptoms of LSD and risk factors was completed from a total 53 owners of cattle 
involved in the present study. Most herders (n=46, or 86.8%) had no idea why their cattle had developed LSD. The remaining herders 
believed reasons that infected cattle were mixed with uninfected ones in grazing and water drinking areas (n=4, 7.5%) or that the 
disease was mainly spread by insects (n=3, 5.6%).

Isolation and phylogenetic analysis of Mongolian LSDV
Four days after viral inoculation of the MDBK cell line, specific cytopathic effect (CPE) was observed clearly in cell culture. 

Four virus isolates (each isolate from each soum) showed with high titre (104.8–105.5 TCID50/mL). DNA was extracted from these 
isolates and then the ITR region and RPO30 gene were amplified successfully. The nucleotide sequences of the Mongolian isolates 
were deposited into the GenBank under accession numbers OL692420, OL692421, OM802504, and OM802505 (the ITR region) and 
OM897116, OM897117, OM897118, and OM897119 (RPO30 gene). The phylogenetic analysis of the ITR region and RPO30 gene 
of the LSDV revealed that these LSDVs were closely related to viruses isolated in China (MN598007 and MW355944) in 2019 and 
2020, respectively, and Vietnamese isolates (MZ577076) in 2020 (Fig. 3A and 3B).

Histopathology
Skin tissues were collected from cattle with LSD symptoms. Histopathological examination showed that there were widespread 

necrosis involving cutis and sub-cutis, with infiltration of macrophages, lymphocytes, and a few neutrophils (Fig. 4). These inflammatory 
cells appeared to infiltrate the surrounding area of central amorphous necrosis. Some cells with vacuolar degeneration contained 
intracytoplasmic eosinophilic inclusion bodies, indicating poxvirus infection, although their cell types were difficult to identify.

DISCUSSION

Lumpy skin disease is the one of the global threats impacting cattle industries. Once LSDV emerged in non-endemic area, it rapidly 
spread neighboring regions through hematophagous arthropod vectors, but density of insect in the area is a major important risk 
factor [7, 22]. Although few cases of LSDV has been confirmed in Dornod province in Mongolia by SCVL before our study, disease 
outbreak has not been well recorded. Therefore, the present cross-sectional study of clinical LSD infection was urgently conducted 
in Dornod province. In our study, although, no death was recorded during sampling period (September-October, 2021), the clinical 
prevalence of LSD in cattle was ~6% (61/1,034) that leads a huge economic losses including restrictions on international trade of 
live animals and losses animal products such as milk, meat, hide, and so on. Diagnosis of LSD is mainly based on clinical signs, but 
some virus-infected cattle do not present any apparent clinical symptoms [9, 30, 31]. For instance, one third of the infected cattle 
were not presenting clinical symptoms, despite being viremia [31]. Therefore, more extensive epidemiolocal studies using laboratory 
diagnoses of LSD are required such as nucleic acid amplification test (NAAT) and virus isolation. In this study, we only focused the 
affected cattle with clinical symptoms of LSD but further investigation should be conducted using seroprevalence of LSD, NAATs and 

Table 2. Risk factors associated with lumpy skin disease in cattle from the Dornod province in Mongolia 
following a multivariable logistic regression analysis

Variables Level Estimates SEM OR 95% CI P-value
Intercept 4.739 1.335 0.000
Soum (District) Chuluunkhoroot 0.241 0.828 1.27 0.25–6.44 0.771

Dashbalbar 0.319 0.874 1.37 0.24–7.62 0.715
Gurvanzagal 1.039 0.839 2.82 0.54–14.62 0.215
Bulgan (Ref)

Sex Female 0.877 0.390 2.40 1.11–5.16 0.025
Male (Ref)

Age Adult −2.979 1.016 0.05 0.01–0.37 0.003
Young −1.553 1.067 0.21 0.02–1.71 0.146
Calf (Ref)

Water source Tube well −1.822 0.549 0.16 0.05–0.47 0.001
Pond −1.679 0.540 0.18 0.06–0.53 0.002
River (Ref)

CI, confidence interval; OR, odds ratio.
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virus isolation for current viral infection in all cattle. During the LSD outbreak in Mongolia, control measures including restriction 
of affected animal movement and culling of the affected animals were conducted. Also, susceptible cattle were vaccinated using live 
attenuated sheep pox vaccine (Perego strain, 10 times greater dose recommended for sheep) which is produced by Biocombinat LLC, 
Mongolia. For vector control measure, repellent chemicals and smoky fire were used to reduce insects attack.

In Dornod province, all animals in each soum shared their pasture and the main water source. Native Mongolian cattle breeds, 
grazed on the pasture they were raised, are dominant. It is noteworthy that insects were excessively abundant in 2021 as compared to 
that was in the last few years. This might be explained by the amount of rainfall in Dornod was higher between June and September 
when compared to that was recorded in this same area for the last few years. During LSD outbreak, average of daily temperatures was 
21°C, whereas cases of LSD were no longer occurred when the cold season (October) begun, which is consistent with previous studies 
[6, 25] period. This indicates that there is risk of the disease spreading in Mongolia during the summer time (average temperature, 
22°C), when the vector is abundant, suggesting that an arthropod’s role in virus transmission in Mongolia.

Main prevention and control measures for LSD include vaccination, stamping out, quarantine, educating herders and public 
awareness [23]. In the present study, most of the herders had no knowledge about the disease, its transmission routes and primary 
prevention method. Thus, until LSD diagnosed by local veterinarians, no isolation of affected animals was implemented that might 
expand LSD outbreak in Dornod province. However, the disease prevalence is influenced by numerous factors including season, 
geographical location, pasture types, climatic factors, abundance of the vectors, and animal movement [15, 17].

Risk factors analysis suggests that females were more prone to contract LSD compared to males, and animals within the reproduceable 
age, between 3–10 years old, were most susceptible. It has been suggested that the yearly pregnancy and calving, as well as the reduced 
amount of feed supplies compared to their actual requirement influence the susceptibility to the disease [17]. Related to the Mongolian 
climate and pasture-based herding, Mongolian cattle become pregnant in the fall and give birth in spring. Pregnant cattle face a harsh 
climate during winter and spring, which require them to spend more energy for fetal development [28]. In Mongolia the milking 
period is in summer and fall. Calves do not go on pasture together with the cows, and they stay near the herder’s house. Thus, young 
cattle do not share water sources and pasture with adult cattle, and they might be better protected from flies and mosquitoes. These 
factors may influence to the low prevalence of LSD infection among young cattle. According to the other studies, LSD morbidity in 

Fig. 3. Phylogenetic analysis of lumpy skin disease virus isolates from the Dornod province in Mongolia based on the partial nucleotide sequences 
of the inverted terminal repeat region (A) and partial RPO30 gene (B). The neighbor-joining method was used to construct a phylogenetic trees 
using MEGA 7 software.
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calves were low, which might be related to separate pasture from adult cattle and keeping at homestead where there is a low number 
of insect vectors [2], which is similar to the conditions of this study. The Bulgan soum has the most rivers, while prevalence of LSD 
was lowest (2.3%). As compared to Bulgan soum, other 3 soums (Chuluunkhoroot, Gurvanzagal, and Dashbalbar) have more ponds 
and tube wells, formed everywhere due to heavy rainy area, but and these 3 soums have fewer rivers. Having high morbidity rates in 
these 3 soums (5.6–9.8%) suggest that water resources such as ponds and tube wells are associated with a higher risk of contracting 
the disease than river water. It implies that the significant difference in LSD prevalence between soums could be at least in part 
attributed to water source availability. Previous studies suggest that the sharing watering points of ponds and tube wells allow contact 
and intermingling of different herds, which is leading the risk of exposure and enhance the virus transmission through the speculated 
mechanical vectors such as fly and mosquitoes [8, 19]. Also, contamination of the pasture and water could be considerable risk factor 
in communal grazing and watering point utilization despite the fact that contagious transmission is considered to be an inefficient 
transmission route [11].

LSDV infects MDBK cell line as our established 4 isolates showed strong cytopathic properties on this cell line. Sequencing analysis 
of the ITR region and RPO30 gene of our isolates revealed that Mongolian isolates shared 100% identity to Chinese, Vietnamese, 
Russia, and Kazakhstan isolates, indicating DNA fragments are highly conserved among these isolates. However, Mongolian isolates 
were clustered together with Chinese and Vietnamese isolates in phylogenetic trees, suggesting that Mongolian isolates are originated 
from Chinese isolates due to China is a neighboring country to Mongolia. It is noteworthy that any international live animal trade was 
completely prohibited between Mongolia and China during COVID-19 pandemic and up to date.

Histopathological examination of skin samples showed widespread necrosis involving cutis and sub-cutis, with infiltration of 
macrophages, lymphocytes, and a few neutrophils, as well as some cells with vacuolar degeneration containing intracytoplasmic 
eosinophilic inclusion bodies, indicating poxvirus infection. Overall, lesions observed in this study were usually associated with only 
acute-phase infections which consistent with a previous report [1]. Main characteristics of Capripoxvirus infection are the CPE and 
the intracytoplasmic inclusion bodies [10].

In summary, we investigated the first outbreak of LSD and risk factors, which are important knowledge and factors to consider 
when developing a strategy to combat further LSD outbreaks in Mongolian native cattle. Furthermore, our LSDV isolates are critical 
for the development of diagnostic kits and viable LSD vaccine candidates in Mongolia. LSD outbreaks occurred during the summer, 
which could indicate the role of a blood-sucking insect in LSDV transmission. To prevent future LSD outbreaks in Mongolia, it is 

Fig. 4. Histopathological feature of lumpy skin disease in the skin of cattle. (A) Widespread necrosis of subcutis. (B) Inflammatory cell 
infiltration around the necrotic lesion. (C) Infiltration of inflammatory cells morphologically suggestive of macrophages, lymphocytes, and 
neutrophils. (D) Intracytoplasmic inclusion bodies (arrows) in cells showing ballooning degeneration. Haematoxylin and eosin staining.
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critical to investigate the prevalence of LSDV across the country and implement a well-designed vaccination program. To reduce the 
risk of LSDV transmission in Mongolia, herders should receive proper awareness and education that would reduce virus-infected 
animal movement between provinces.
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