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Abstract

The highly contagious Lumpy skin disease (LSD) virus has been rapidly spreading
across South and East Asia, posing a grave threat to cattle populations in the region.
LSD initially emerged in Bangladesh during July 2019, starting in the Chattogram
district and rapidly spreading across the entire country. To investigate cases of LSD
in cattle, a comprehensive study was conducted in various districts of Bangladesh,
including Natore, Kurigram, Dinajpur, Dhaka, and Mymensingh. A total of 58
samples comprising blood, skin scraping, buccal swabs, and nasal swabs were
collected for analysis. In order to identify LSDV, the DNA was isolated from the
processed samples, and a conentional PCR method was employed utilizing the
specific primer designed for the 'P-32 Gene' gene. Out of the blood samples tested,
only 29.17 percent yielded a positive result for LSDV, whereas a substantial 80
percent of the skin samples tested positive. This suggests that skin scrapings are a
viable specimen for LSD diagnosis using PCR. Five positive samples were partially
sequenced utilizing the "ANK Gene" for molecular characterization. Bangladeshi
isolates have a strong association with LSDV Kenyan (KSGP 0240, NI-2490)
strains and Indian isolates (Ranchi, 2019) strains, based on multiple sequence
alignment and phylogenetic analysis. Additionally, the sequencing of all the
samples from the five research sites were almost identical, suggesting that a single
strain is probably spreading throughout the nation. These findings emphasize the
need for continuous monitoring of the genetic makeup and molecular epidemiology
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Introduction protection against different strains. The size of the
LSDV genome is approximately 151 kilobase pairs
(kbp), which includes a central coding region and
houses a total of 156 potential genes. Comparison

Lumpy skin disease (LSD) is a disease of cattle and
water buffalo caused by Ilumpy skin disease
virus (LSDV). LSDV is belongs to genus : X
capripoxvirus of subfamily Poxviridae. Other two of LSDV with chordopoxviruses of other genera
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susceptible to this disease. The disease is
characterized by elevated body temperature,
numerous nodules in skin, necrotic plaques in the
respiratory tract and oral cavity. The intensity of an
iliness can range from mild to life-threatening. The
exact reasons behind why some cattle experience
mild symptoms while others experience severe
symptoms are currently not understood. LSD was
first described from Zambia in 1929, but the virus
was isolated in 1940 (Alexander et al., 1957,
Babiuk et al., 2008). In subsequent years, the virus
gradually expanded its reach across Africa and the
Middle East. By 2015, reports of the virus emerged
from Greece, the Caucasus, and Russia. The
subsequent year saw the continued expansion of its
reach towards the east, extending into the Balkans,
moving northwards towards Moscow, and
stretching westward into Kazakhstan (Agianniotaki
et al., 2017, EFSA, 2018). The first occurrence of
the disease in Bangladesh was documented at a
farm in Karnaphuli Upazila, Chattagram, in July
2019. Subsequently, it rapidly disseminated across
the entire country (DLS, 2019). There is currently
an ongoing spread of LSD in various regions of the
country. The Fisheries and Livestock Ministry has
instructed the Livestock Department to swiftly
implement necessary actions to avert the outbreak
of LSD among cattle. The virus was also reported
from India and China in August 2019 (DLS 2019).

LSD is classified as a cross-border disease that
impacts animals, with the ability to rapidly spread
across international borders and escalate into a
widespread epidemic. Consequently, it necessitates
collaborative efforts on a regional level to
effectively prevent, control, and eliminate the
disease. According to current global perspectives, it
is widely acknowledged that this disease is rapidly
emerging and holds significant consequences. The
disease listed by OIE in “List A” due to its rapid
spread and severe economic losses. From
Bangladesh the disease was reported to OIE on
September 2019. Although the mortality is low
(about 10%) but it has severe economic
consequences. Because it leads prolonged
debilitating effects in severely afflicted animals
including permanent skin damage, reduced milk
production, reduced weight-gain, and sometimes
associated with mastitis, orchitis which results in
infertility or even sterility in bulls. In approximately
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10 percent of gestating cows, the occurrence of
infection may lead to abortion. The occurrence of
LSD outbreaks can have significant socio-economic
effects for small-scale farmers who rely heavily on
cattle/buffalo  farming for their livelihoods.
Furthermore, expenses are incurred from
implementing expensive control methods, such as
complete or partial eradication of affected animals
and subsequent requirements for compensation,
farm cleaning, and disinfection. Other costs include
medical care for affected animals, vector control,
increased laboratory operations (diagnostic tools,
reagents, and equipment) as well as heightened
expenses for monitoring and surveillance. In areas
where cattle are commonly employed for
agricultural labor as well as for social and religious
events, imposing limitations on these traditional
practices can lead to both economic and social
upheaval. There is a higher risk of virus
contamination in hides compared to meat or milk,
and the OIE Terrestrial Animal Health Code has
provided specific guidelines for importing hides
from countries affected by LSD. LSDV is believed
to be primarily transmitted through the bites of
insects. Mosquitoes of the Aedes and Culex genera,
as well as Ixodid ticks, have been found to carry the
virus during certain outbreaks. It is unlikely that
direct contact between animals plays a significant
role in the spread of the virus. Infection through
milk and semen is possible. The transportation of
infected cattle can also play a notable role in the
dissemination of LSD  across extensive
geographical areas. The presence of the typical skin
nodules is strongly suggestive of LSD and can be
confirmed by detecting virus DNA or antibodies
(Lamien et al., 2011, Agianniotaki et al., 2017,
Menasherow et al., 2014; Vidanovic et al., 2016).
The risk factor of LSDV in Bangladesh is still hazy
and no study have been done yet on this. So
molecular characterization of LSDV is very
necessary for this time in Bangladesh.

Materials and Methods
Study area and samples collection

A total of 48 blood samples were collected from
Dinajpur and Kurigram in 2020 and 10 samples
(blood-10, skin nodules-10, and Buccal-10 and
nasal swabs-10) from Natore and Dhaka (Dhamrai)
in 2021. Samples were collected from cattle
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showing clinical signs suspected to be LSD. The
blood samples were collected in tubes containing
anticoagulants. Skin nodules were obtained by
washing the infected area with clean water and then
removing hairs with a sterilized scalpel blade.
Buccal and nasal swabs were collected aseptically
into swab collection tubes containing MEM. The
samples were then transported in double-walled
iceboxes to the Animal Biotechnology division of
the National Institute of Biotechnology (NIB). All
the samples were stored at -20 °© C until further
analysis.

Sample Processing

For skin samples, a thin layer of skin was cut in a
sterile manner using a sterile blade and chopped
into small pieces. After weighing they were
macerated using mortar and pestle and a suspension
(10% wiv) was made with PBS-pH 7.4 containing
antibiotic and antimycotic solution. Then the tissue
homogenates were centrifuged at 1000 rpm for 7
minutes and the supernatant was collected in a
sterile aliquot for LSDV isolation and
identification.

Viral DNA Extraction

DNA was extracted from blood (Ghatak et al.,
2013), skin samples (Markoulatos et al., 2000),
swabs (Ghatak et al., 2013), and infected CAM
(Sambrook et al., 1989) and stored at -20 °C until
used in PCR.

Molecular identification

A conventional PCR was applied for the initial
detection of the LSDV using capripoxvirus-specific
primers (Sharawi and Abd EI-Rahim, 2011)
targeting partial P-32 gene (Table 1).

PCR reaction was performed on a 12.5 pl reaction
scale. The reaction consisted of 6.25 pl of 2x master
mix (2x Tag Master-Mix (Dye), CWBIO), 1ul
sample (~ 100 ngDNA), 0.5ul forward primer (20
pmol), 0.5ul reverse primer (20 pmol) and 4.25 pl
molecular grade nuclease-free  water. The
amplification was conducted in a thermal cycler
(Biometra Tone-Analytik Jena, Germany) applying
the following conditions: initial denaturation at
95°C for 5 mins, 40 cycles of denaturation at 94°C

for 1 min, annealing at 50°C for 1 min, and
extension at 72°C for 1 min and a final extension
period is 72°C for 5 min. DNA from commercially
available LSDV vaccine (Lympyvax®) was used as
a positive control. PCR products were run in 1.5%
and visualized under a UV transilluminator.

Amplification and nucleotide sequencing for
molecular characterization

The PCR products were separated by gel
electrophoresis (1.5% gel) and then purified using a
PCR purification kit (Purelink™, Thermo Fisher
Scientific) according to manufacturer instructions.
Sequencing was performed using an automated
DNA sequencer 3110 Genetic Analyzer (Applied
Biosystems, USA) and edited with SeqEscape V2.7
software. ANK gene was amplified employing
primer pairs according to Kumar et al., 2021 in a
50 pl volume.

Phylogenetic Analysis

The ANK gene sequences were edited to 636 bp
respectively using BioEdit software version 7.2.5
and they were used for phylogenetic analysis. The
reference sequences for other LSDVs, GTPVs, and
SPPVs used in this study were retrieved from the
GenBank database. For comparative analysis,
multiple sequence alignment was done using the
MUSCLE algorithm in MEGA 11. The neighbor-
joining method was used along with the Tamura 3-
parameter method to construct the phylogenetic
trees and bootstrap analysis was used with 1,000
replicates to estimate the reliability of phylogenetic
relationships.

Results and Discussion
Outbreak investigation and clinical signs

The most common clinical signs observed in the
LSD-suspected animals from all four districts
(Kurigram, Dinajpur, Natore, Dhaka) were firm
nodules of various sizes on the skin of the neck,
head, perineum, udder, teats, and sometimes
throughout the whole body; fever; loss of appetite;
depression; nasal and ocular discharge, etc. In some
of the infected cattle, the nodules were seen as
ulcerated and sometimes indurated. Nasal discharge
was present in only a few (10/58) animals.
According to OIE, on 22nd July 2019 from among
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360 susceptible cattle presenting external clinical
signs of LSD, 66 (18.33%) were identified as
affected by LSDV. Later performing real-time
PCR, a true scenario of LSD outbreak had been
revealed by Central Disease Investigation
Laboratory (CDIL). The recent and unprecedented
spread of LSDV in Bangladesh and several other
countries underscores the critical need for increased
research into this rapidly emerging pathogen.

Molecular detection of LSDV

About 172 bp product from the P-32 gene of
capripoxvirus was amplified and a representative
image is shown in Figure 1. The expected amplicon
size that was detected in the clinical samples of 22
cattle out of 58, which was around 37.93 % of the
total number of cattle. The amplified fragments
were further confirmed by sequencing. The findings
were consistent with prior studies that confirmed
the feasibility of utilizing PCR for detecting LSDV
in various types of samples, including biopsy
samples, tissue culture, skin, blood, and semen
(Awad et al., 2010). This Skin nodules and scabs
provided more obvious bands (80 %) than blood
samples (29.17%) indicating their high virus
concentration. The outcomes were consistent with
expectations in agreement with Carn & Kitching,
1995, who stated that the viral concentration in the
nodules is significantly higher than the virus that is
present in the bloodstream during viremia. As a
result, skin nodule can be regarded as more suitable
sample for LSDV detection. Additionally, scabs are
the greatest sample material because they are
simple to collect and do not require local
anesthesia, and withstand long transport in different
temperatures. The buccal and nasal swab used in
this study did not show any positive result though
skin scabs from the same animals showed positive
bands. It might be possible that virus concentration
was not enough in the swab samples. More studies
including swab samples are required for
confirmation.

Sequencing of ANK and Phylogenetic Analysis

For each corresponding gene, every sequence from
the four study regions showed 100% identity among
each other and they clustered together in their
respective phylogenetic trees. Moreover, all the
sequences of capripoxviruses obtained from
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GenBank could be classified into three distinct
clusters of LSDV, GTPV and SPPV (Figure 2).
Phylogenetic analysis revealed that despite having
highly conserved regions these three species were
classified into three distinct clusters of LSDV,
GTPV, and SPPV indicating they have significant
genetic differences among themselves (Tulman et
al., 2002).

Analysis of ANK Gene

In the analysis of Ankyrin Repeat, the nucleotide
sequence homology between LSDV isolates from
this present study and LSDV field strains from
other countries were in the range of 98.59% to
100% and the highest homology was found with
Kenyan strains and one Indian Isolate. As enough
isolates from India were not present in the database,
the comparison couldn’t be made properly. Amino
acid sequence alignment of this gene showed
several sequence differences at different positions.
Among them, at position 71 asparagine (N71) was
found in all LSDVs from Bangladesh, Kenya, India,
and one Russian and Kazakhstan isolate whereas
lysine (K71) was found instead in all other analyzed
field-strains from Africa, the Middle East, and
Europe (Figure 3). In the Phylogenetic tree analysis
of Ankyrin repeat, isolates from the present study
were also tightly clustered with Neethling 2490 and
KSGP 0240 Kenyan strains and one Indian isolate
available in the database. Other isolates from
Europe, The Middle East, and Africa showed slight
genetic differences forming another clade though
they shared the same node with the isolates from
this study and also were present in the same
subgroup I. Kenyan LSDV strains such as LSDV
KSGP 0240, LSDV NI2490 (1958), and LSDV
Kenya (1950, but not sequenced until recently)
caused LSD outbreaks in Kenya in the past (Tulman
etal., 2001).

Conclusion

Lumpy Skin Disease was recognized as the primary
cattle health issue, resulting in significant economic
loss due to decreased weight gain, permanent
damage to hides, loss of milk production, a
prolonged debilitating clinical course, temporary or
permanent infertility, or even sterility in bulls, and
abortion of pregnant cows. In the study area,
Farmers and dairy farm owners were well aware of
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LSD, as it caused a moderate increase in morbidity
and mortality, which may have resulted in direct
and indirect economic losses.

PCR can be used for the efficient and rapid
diagnosis of this disease and also it doesn’t require
any specific reagents that cannot be obtained
commercially. In this study, Skin samples showed a
higher percentage of positive results than blood
samples indicating a higher concentration of this
virus in the skin nodule rather than in blood. So,
skin scabs may be used for the identification of this
disease which is also easy to collect.

Again, this study also confirmed that the LSDV
strains causing 2019 outbreaks in Bangladesh and
India are very similar, suggesting a common exotic
source of LSDV introduction. They are also very
similar to the historical LSDV KSGP 0240-like
field strains from Kenya but are different from
contemporary field strains circulating in Africa, the
Middle East, Central Asia, and Europe and some
Vaccines strains from South Africa. It may be
possible that this disease entered Bangladesh from
India but how such disease was encountered in
India is still unknown, most probably by the import
of animals or animal products from Africa.
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