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Abstract

Lumpy Skin Disease Virus (LSDV) is a highly contagious, transboundary pathogen that affects cattle,
causing significant economic losses, particularly in Africa and Asia. While the virus was originally
endemic to sub-Saharan Africa, it has rapidly spread to Europe, the Middle East, and Asia,
necessitating comprehensive genomic surveillance. Despite LSDV’s African origins, genomic data
from West and Central Africa remain scarce, limiting insights into regional viral evolution and
vaccine compatibility. In this study, we used molecular detection, sequencing, and comparative
genomic analysis to characterise LSDV strains circulating in Nigeria, Cameroon, and the Republic of
Benin. Phylogenetic evaluation revealed that LSDV strains from Nigeria and Cameroon cluster
within the classical 1.2 lineage, but do not align with known sub-lineages, suggesting the presence of
a novel West/Central African sub-lineage. Functional genomic analysis identified mutations in genes
encoding ankyrin repeat kelch-like proteins, and envelope proteins known for immune evasion, as
well as virulence-associated genes, raising concerns about vaccine effectiveness. Furthermore, the
detection of LSDV in flesh flies (Sarcophaga spp.) underlines their potential role in virus transmission.
These findings highlight the importance of genomic monitoring and targeted surveillance or
polyvalent vaccines to address emerging variants, and improve disease control strategies.

Keywords: Lumpy Skin Disease Virus (LSDV); genomic analysis; phylogenetic analysis; SNP
mutations; vaccine efficacy; vector transmission; Africa; poxviruses; ankyrin repeat proteins;
kelch-like proteins

1. Introduction

Lumpy Skin Disease Virus (LSDV) is a transboundary pathogen affecting cattle and causing
significant economic losses, particularly in Africa and Asia. The disease leads to decreased milk
production, hide damage, reproductive failures, and high treatment and vaccination costs [1,2]. In
regions where livestock forms a central component of rural livelihoods and food security, such as
sub-Saharan Africa, these impacts are especially devastating [3]. The global economic burden of
LSDV has intensified with its expansion beyond Africa, with outbreaks in Asia alone estimated to
have caused losses of approximately USD 1.45 billion [4]. In Ethiopia, median losses per dead animal
were valued at USD 375, with herd-level losses reaching USD 1176 [5], while the 2022 outbreak in
Pakistan affected over 5 million farmers [1].
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Initially endemic to sub-Saharan Africa, LSDV has now been reported across the Middle East,
Asia, and Europe, with a rapid geographic expansion observed since 2012, when more than 98% of
outbreaks were recorded [2]. Recent outbreaks in countries such as Russia [6], China [7], Turkey [8],
and Nigeria [9] highlight its widespread distribution. Environmental factors such as temperature,
precipitation, vector abundance, and land use influence its transmission patterns [10]. Additionally,
informal livestock trade and genetic recombination have contributed to its continued spread [11].

LSDV is primarily vector-transmitted, with mosquitoes [12,13], stable flies [14,15], and ticks
[16,17] identified as key mechanical vectors. While direct transmission between cattle is considered
rare, seasonal outbreaks often coincide with peak vector activity [2]. There is also emerging evidence
for venereal, airborne, and alimentary transmission [18]. Clinically, LSD presents with fever, nodular
skin lesions, emaciation, and reproductive failure, leading to substantial morbidity [19].

Vaccination remains the most effective control strategy, but vaccine efficacy varies by region and
strain. In Ethiopia, the Kenyan sheep pox vaccine (KS1 O-180) showed limited effectiveness, with
reproduction ratios nearly identical between vaccinated and unvaccinated cattle [5]. Other studies
have also reported vaccine failures in dairy herds [20]. In contrast, the Neethling vaccine strain (This
is a specific strain of LSDV that has been selected and attenuated for use in vaccines), demonstrated
significantly better protection in Israel and parts of Europe, with an average efficacy of 79.8% during
the 2016-2017 Balkan epidemic [21,22]. However, the emergence of new LSDV variants due to genetic
mutations and recombination, especially between vaccine and field strains, has raised concerns about
current vaccine efficacy [23-25].

LSDV has a large double-stranded DNA genome of approximately 151 kilobase pairs, encoding
about 156 genes involved in replication, immune evasion, and host range [26]. Although genetically
conserved, LSDV displays sufficient diversity through mutations and recombination to result in
distinct viral lineages with different epidemiological profiles [27]. Recombinant strains have
demonstrated altered transmission routes and enhanced oronasal spread, complicating control
efforts. Studies in Uganda and Nigeria have shown genetic similarities between African and Eurasian
strains [28], and genomic analysis of LSDV isolates from India and Bangladesh revealed close
similarity to historical Kenyan strains, suggesting a common exotic source [29], emphasizing the need
for continuous genomic monitoring.

Despite the African origin of LSDV and its continued burden in African cattle populations, there
is a notable shortage of complete genome sequences from West and Central Africa. To date, only one
full genome has been reported from this region, limiting our understanding of local viral diversity
and hindering efforts to assess vaccine compatibility and strain evolution. Given the increased
frequency and severity of outbreaks, it is essential to fill this knowledge gap through regional
genomic surveillance and characterization.

This study aims to address this gap by characterising LSDV strains circulating in Nigeria,
Cameroon, and the Benin Republic. Through molecular detection, sequencing, and comparative
genomic analysis, we provide insights into the evolutionary dynamics of LSDV in West and Central
Africa and their implications for disease control and vaccine development.

2. Materials and Methods

2.1. Animal Sample Collection

Samples were collected from cattle from three countries (Nigeria, Cameroon and Benin). Nigeria
shares boundaries with both Cameroon and Benin. The sampled animals were from farms, cattle
markets and abattoirs. These locations were areas where contact or local veterinarians reported cases
of cattle with pox-like lesions. The sampling activity was done by experienced veterinarians who
purposefully sampled animals with skin nodules of varying sizes, severity and stages and typical of
LSD. Samples collected include skin scabs, nodule aspirates, and oral and nasal swabs (the oral and
nasal swabs were pooled into one sample for each animal). Collected samples were stored in
DNA/RNA shields and transferred into mobile freezers (-4 °C). Then, they were transported to the
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Institute for Genomics and Global Health (IGH), Redeemer’s University, Ede, Nigeria, and stored at
-80 °C until laboratory analysis.
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Figure 1. Map of Africa highlighting the study area.

2.2. Fly Collection and Processing

Flies were also collected from sampled sites. The flies were captured using fine-mesh scoop
nets and baited conical traps containing FLY IN BAIT® and decomposing organic matter. Captured
flies were immediately transferred into labelled zip lock bags and transported in an ice box to
maintain the cold chain. Upon arrival at the laboratory, samples were stored at —20°C. Identification
was carried out based on morphological characteristics, including sex differentiation and species
classification using key features of the head, thorax, abdomen, and general body structure. Processed
flies were grouped into pools, each consisting of 10 flies of the same sex and species (fly type). All
pools were stored in 1.5 ml safe-lock Eppendorf® tubes containing 500 pl of RNA/DNA Shield for
downstream molecular analysis.

2.3. DNA Extraction and gPCR

The extraction process utilised the QIAamp DNA Mini kit from Qiagen (Hilden, Germany) in
accordance with the manufacturer's instructions. The methodologies varied depending on the sample
type, particularly involving the homogenisation of skin scabs. A TagMan-based qRT-PCR analysis
was conducted using specific primers (LSDV-F: TGAATTAGTGTTGITTCTTC; LSDV-R:
GGGAATCCTCAAGATAGTTCG) and a probe (LSDV-P: FAM-TGCCGCAAAATGTCGA-MGB) to
target the P32 gene of the LSD virus. RT-PCR amplifications were performed in a 25 ul reaction mix
containing 5 pl of extracted sample nucleic acid or template controls, along with 20 pl of the prepared
master mix. The PCR master mix comprised 6.25 pl of TaqPath 1-Step RT-qPCR reaction mix, 1 pl of
each primer, 0.5 ul of probe, and 11.25 ul of nuclease-free water. The thermocycling conditions for
the PCR were set at 50 °c for 2 minutes, followed by 95 °c for 5 minutes, and then 40 amplification
cycles (95 °c for 15 seconds, 58 °c for 15 seconds). The reaction was performed on a Lightcycler 96 by
Roche Sequencing, and a CT value <40 was considered a positive sample.

2.4. Library Construction, Hybridisation Capture and Sequencing

We performed library construction following the methods used by [30]. Libraries were
constructed using the Twist library preparation kits (Twist Biosciences, USA). The indexed libraries
were pooled and then set up for liquid hybridisation capture using the VirCapSeq-VERT probe by
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employing the Twist Fast Hybridisation Reagents (Twist Biosciences, USA). The enriched and
purified pools were quantified and thereafter normalised. Paired-end sequencing was carried out
using a P3 (300-cycle) cartridge and flowcell on the Illumina NextSeq 2000 instruments (Illumina, San
Diego, CA, USA).

2.5. Statistical Analysis

Statistical analysis to determine the level of significance on the rate of positivity across sampled
countries and the sample types was carried out using IBM SPSS 27. P value <0.05 was considered
significant.

2.6. Bioinformatics Analysis

The FastQ files generated from sequencing were first taken through FastQC to check for the
quality of the reads. Afterwards, the reads were trimmed using Trimmomatic to remove poor-quality
reads and adapters. This was followed by taxonomic classification using Kraken2. The pre-processed
reads were aligned to the reference genome (NC003027) using BWA (Burrows-Wheeler Aligner).
Finally, a consensus genome was generated using iVar. This involved aligning the BAM files, variant
calling, and constructing a high-confidence consensus sequence with a read depth of 10x set as the
cut-off.

Phylogenetic analysis was done using a final dataset of 34 sequences, consisting of the 2 newly
assembled LSDV sequences from this study (with completeness > 90% as compared to the reference
genome- NC003027) and 32 sequences retrieved from the NCBI virus database. These 32 sequences
were selected as representatives from the different LSDV clusters as outlined by [31]. The multiple
sequence alignment was performed using the online MAFFT tool (MAFFT alignment and
NJ/UPGMA). The maximum likelihood tree was constructed using IQTREE2 and iTOL (Interactive
Tree of Life) was used for visualisation and annotation.

Variant analysis was done to identify single-nucleotide polymorphisms (SNPs or single-base
substitutions) and Indels using NUCmer version 3.1. NUCmer (part of MUMmer) was used for
pairwise alignment, comparing the 2 newly assembled Cameroonian genomes and 4 representatives
of the established sub-lineages of the 1.2 LSDV cluster [31] to the LSDV reference genome
(NC003027). To refine the alignment data from NUCmer, Delta-filter (a built-in post-processing tool
in MUMmer) was used to keep high-quality matches and to eliminate weak alignments. Additionally,
AWK (a text-processing tool) was used to remove ambiguous SNPs, ensuring high-quality variant
calls.

A custom-built SnpEff was used for genetic variant annotation and functional impact
predictions. The unique variants within the two Cameroonian genomes from our study were
identified, and their position in the ORFs as well as their effect were evaluated. The result generated
from NUCmer and SnpEff was converted to CSV files, and visualisations were done using R.

3. Results

3.1. Sample Distribution

A total of 172 Cattle were sampled across the three countries. In Cameroon, 57 cattle were
sampled from eight farms and one cattle market. In Benin Republic, 55 cattle were sampled from nine
farms. In Nigeria, 60 cattle were sampled from two abattoirs. Overall, swabs constituted the largest
proportion of sample types collected (53.5%), followed by skin scabs (43.1%) and nodule aspirates
(3.4%). In Benin Republic and Nigeria no nodule aspirates was collected. In Cameroon, nodule
aspirates were collected from 10 (10.6%) animals (Table 1). The distribution of pooled fly samples
varied across the three countries (Table 2). Five fly pools each from Nigeria and Cameroon were
analysed, while 31 pools of flies from the Benin Republic were analysed.
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Table 1. Distribution of sample types collected from suspected cases of LSD in Cattle across Benin Republic,

Cameroon, and Nigeria.

Country Nodule I;S)P irate (n, Skin Scab (n, %) Cs)l;:ist (ia;:)l Total (n, %)
Benin Rep 0 (0) 40 (48.2) 43 (51.8) 83 (27.9)
Cameroon 10 (10.6) 28 (29.8) 56 (59.6) 94 (31.6)
Nigeria 0 (0) 60 (50.0) 60 (50) 120 (40.4)
Total 10 (3.4) 128 (43.1) 159 (53.5) 297 (100.0)

Table 2. Detection of LSDV DNA in pools of different fly species collected from sampled sites.

Number of LSDV PCR

Country Type of Fly Pools Positive pool Ilustration
Green Bottle Fly 2 0 b
House Fly 1 0 %
Cameroon
Blue Bottle Fly 1 0 #
Flesh Fly 1 1* P
House Fly 2 0 %
Nigeria Green Bottle Fly 1 0 ?
Black Scavenger Fly 1 0 >,
Tachinid Fly 1 0 -
House Fly 8 0 ‘
Picture Wing Fly 3 0 b
Flesh Fly 4 0 P
Green Bottle Fly 4 0 e
Picture Wing Fly 2 0 ‘%‘i:
Benin Republic Tachinid Fly 2 0 R\
WA
Sweat Fly 1 0 /-
Black Scavenger Fly 1 0 -h
Syrphid Fly 2 0 wy
Horn Fly 3 0 %
Blue Bottle Fly 1 0 #

3.2. PCR Result

An animal was confirmed positive when one of the samples collected from that animal tested
positive by PCR. Fourteen animals (14/172, 8.1%) had at least one sample test positive with five of
these animals testing positive in more than one sample type. Positive animals were from three farms
(3/8) and one cattle market (1/1) in Cameroon, one farm (1/9) in Benin Republic and one abattoir (1/2)
in Nigeria. Among the countries studied, Cameroon had the highest positivity rate, with 17 out of 94
samples testing positive (18.1%). In contrast, Nigeria and the Benin Republic showed significantly

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0214.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 August 2025 d0i:10.20944/preprints202508.0214.v1

6 of 18

(x2=31.4, p<0.001) lower LSDV PCR positivity rates of 0.8% (1/120) and 1.2% (1/83), respectively
compared to Cameroon (Table 3). PCR results also varied by sample type. Skin scabs showed the
highest positivity rate of 9.4% (12/128) among the sample types (table 3). However, the association
between sample type and PCR positivity was not statistically significant (x2=3.9, p=0.139). Of the 41
fly pools tested by PCR, only one fly pool (flesh fly pool from Cameroon) tested positive for LSDV
by PCR (Table 2).

Table 3. Association between country, sample type, and LSDV positivity among clinically suspected cattle

cases.
Category Variable Total (n=297) Positive %Positivity X2 P value
Benin Rep 83 1 1.2 314 <0.001
Country Cameroon 94 17 18.1
Nigeria 120 1 0.8
Nodule aspirate 10 1 10 3.9 0.139
Sample type Skin scab 128 12 9.4
Oral & Nasal 159 6 18
Swab

3.3. Sequencing and Phylogenetic Analysis

Of the 28 samples sequenced, 15 tested positive for LSD by PCR, but 13 of the 28 sequenced
samples had reads mapping to LSDV. Among these, two samples exhibited genome completeness
exceeding 90% when compared to the reference genome LSDV NI-2490 (NC003027). Notably, one
sample with LSDV reads was PCR-negative, although the read count was substantially low, whereas
three PCR-positive samples did not yield any LSDV reads through sequencing. The two samples with
genome completeness above 90% were collected from Cameroon.

The maximum likelihood tree (Figure 2) was constructed using 34 sequences, including two
from Cameroon (>90% completeness) and 32 from the NCBI virus database. LSDV strains are sorted
into 7 clusters, with clusters 1.1 and 1.2 being the classical strains and clusters 2.1 to 2.5 containing
vaccine recombinant strains. Phylogenetic analysis shows that the two Cameroon genomes cluster
together within cluster 1.2 and are closely related to other African strains but are distantly related to
classical strains in cluster 1.1 and vaccine recombinant strains. These two sequences form a clade with
the only LSDV strain (whole genome) from Nigeria available on NCBI (OK318001). This shows that
the Nigerian strain is the most closely related to the two sequences from this study.

Being the most divergent of the 7 LSDV clusters, a maximum likelihood tree focusing on cluster
1.2 was constructed to focus on its three established sub-lineages (Figure 3). However, our sequences
from Cameroon, together with the sequence from Nigeria, do not all fit into any of the three sub-
lineages of cluster 1.2. This suggests that while the LSDV strains from Nigeria and Cameroon might
be closely related to the strains from Southern Africa, and some strains from Europe, Asia and the
Middle East, these three strains appear slightly distinct from other strains within cluster 1.2. Hence,
we suggest that these three strains could belong to a separate sub-lineage and could be tagged the
Western/Central African sub-lineage within the LSDV 1.2 cluster.
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Figure 2. Phylogenetic Analysis of LSDV Genomes including study samples from Cameroon.
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Figure 3. Phylogenetic Analysis of LSDV Cluster 1.2 Including study samples from Cameroon.

3.4. Comparative Genomic Analysis of Cameroonian LSDV Genomes Reveals SNP and Indel Variations

To characterise the genetic diversity of LSDV strains circulating in Cameroon, two whole
genomes from this study (designated CAYDCAT29 and CAYDCAT30) were analysed. These were
compared to four representative genomes from established sub-lineages of the LSDV cluster 1.2:
Dagestan2015, Warmbaths 2000, Nigeria2018, and Israel2012. All 6 genomes were compared to the
LSDV reference genome (NC003027) to obtain variant reports using NUCmer.

Quantification of the single-base substitutions (SNPs), insertions, and deletions in each sequence
(Table 4) revealed that the two newly assembled Cameroonian LSDV genomes displayed relatively
low mutations compared to the other 4 reference representatives. CAYDCAT29 showed 124 single-
base substitutions, 14 insertions, and 22 deletions, while CAYDCAT30 showed a modestly higher
number of substitutions (n = 136), with 24 insertions and 25 deletions. Among the genome
representatives, Dagestan2015 showed the highest number of single-base substitutions (n = 147),
suggesting a more divergent lineage within cluster 1.2. Warmbaths2000 showed the highest number
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of insertions (n = 78), while Israel2012 presented the highest number of deletions (n = 45). These
differences reflect distinct evolutionary trajectories within the cluster.

A total of 101 unique SNP positions were identified across the six genomes, spanning both
coding and non-coding regions. SNP heatmap plots (Figure 4ab) revealed a high degree of
conservation between the Cameroonian genomes. CAYDCAT29 and CAYDCAT30 exhibited nearly
identical SNP signatures, further supporting their close relationship. Notably, several SNPs were
conserved between the Cameroonian LSDV genomes and Nigeria2018, suggesting a shared sub-
lineage or recent common ancestor.

To explore overall genomic similarity, we constructed a heatmap (Figure 5) using the Jaccard
similarity coefficient, which quantifies the proportion of shared SNPs relative to the total set of
unique SNPs between genome pairs. This approach captures both convergent and divergent SNP
signatures across the genomes. CAYDCAT29 and CAYDCAT30 exhibited the highest similarity
(>85%), consistent with a shared origin. Both genomes also have close SNP patterns with Nigeria2018
(Jaccard similarity between 75 and 85%), further supporting their placement within a Central/West
African subset of LSDV cluster 1.2. In contrast, Warmbaths2000, Israel2012, and especially
Dagestan2015 showed lower similarity to the Cameroonian LSDV genomes (Jaccard indices <62%),
suggesting more distant evolutionary relationships. These patterns confirm that the Cameroonian
strains are genetically distinct but most closely related to Nigeria2018, supporting the hypothesis of
regional continuity in virus evolution within cluster 1.2.

Table 4. Summary of sequence variations across LSDV genomes.

Strain Single Base Substitutions or SNPs Insertions  Deletions
AF409137.1_Warmbaths2000 123 78 24
CAYDCAT?29 124 14 22
CAYDCAT30 136 24 25
KX894508.1_Israel2012 134 39 45
MHS893760.2_Dagestan2015 147 20 15
OK318001.1_Nigeria2018 134 44 25
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Figure 4. (a,b) - SNP heatmaps showing 101 genomic positions with variation across the six compared LSDV
genomes. Each column represents an individual genome, and each row represents a SNP locus (each nucleotide
is represented by a specific colour and NA is used when an SNP is absent). CAYDCAT29 and CAYDCAT30
share nearly identical SNP patterns and overlap significantly with Nigeria2018, indicating close genetic

relatedness.
SNP Similarity Heatmap
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Figure 5. Pairwise SNP similarity heatmap scores based on the Jaccard index, calculated from shared and unique
SNPs across all genome pairs. CAYDCAT29 and CAYDCAT30 exhibit the highest similarity (0.898), followed by
Nigeria2018. Lower similarity values with Warmbaths2000, Israel2012, and Dagestan2015 reflect divergent sub-

lineages.

3.5. Functional Impact of Genetic Variation in Cameroonian LSDV Genomes

To assess the functional characteristics of the genetic variations in the Cameroonian LSDV
genomes, we examined the distribution of mutations across affected genes and their potential
functional consequences. A total of 82 genes in CAYDCAT29 and 81 genes in CAYDCAT30 were
found to contain at least one sequence variant (Table 5). Among these, 23 genes in CAYDCAT?29 and
25 genes in CAYDCAT30 harboured two or more mutations. Furthermore, 35 genes in CAYDCAT29
and 37 genes in CAYDCAT30 encoded non-synonymous mutations and only one gene, LSDV154,
was uniquely mutated in CAYDCAT29, while no genes were uniquely affected in CAYDCAT30.
Overall, 126 and 133 mutations were functionally annotated in CAYDCAT29 and CAYDCAT30,
respectively. The most prevalent class of coding variation was synonymous substitutions (n = 86 in
CAYDCAT29; n =85 in CAYDCAT30), followed by missense mutations (n =40 and 43, respectively).
Notably, a single stop-gained mutation was observed in CAYDCAT30 but absent in CAYDCAT?29.
Additionally, both genomes carried a small number of upstream gene variants (n=3 in CAYDCAT?29;
n=4in CAYDCAT30).

Table 5. Functional classification of genetic variants in Cameroonian LSDV genomes.

Metric / Variant Type CAYDCAT29 CAYDCAT30
missense_variant 40 43
stop_gained 0 1
synonymous_variant 86 85
upstream_gene_variant 3 4
Number of genes with variations 82 81
Unique genes with variations 1 (LSDV154) 0
Genes with >2 variations 23 25
Genes with non-synonymous variations 35 37
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Furthermore, our study identified several genes harbouring missense variants that may
influence viral gene expression and immune suppression. Missense variants were observed in genes
encoding ankyrin repeat proteins LSDV012 and LSDV145, which have been reported to inhibit
interferon-induced proteins, particularly IFIT1, thereby enhancing viral replication [32]. Similarly,
mutations were identified in LSDV144 and LSDV151, which encode kelch-like proteins involved in
protein-protein interactions that facilitate immune evasion [33]. Missense variants were also detected
in LSDV140, homologous to poxvirus N1R/p28, which is known to suppress apoptosis and promote
viral virulence [34]. Additionally, the phospholipase-D-like protein LSDV146 plays a role in viral
dissemination [35,36] also exhibited missense variation.

Among structural proteins, our study identified missense variants in the gene encoding the
putative extracellular enveloped virus (EEV) maturation protein LSDV027, which is essential for viral
dissemination as inferred from UniProt. Similarly, missense variants were found in the virion core
protein genes LSDV041 and LSDV103, which undergo proteolytic processing during the transition
from immature virion to mature virion [26,33,37]. Missense variants were also present in LSDV073
and LSDV075, which encode putative viral membrane proteins with putative roles involving viral
entry, membrane fusion, and virion assembly [33].

Several genes encoding viral enzymes also had mutations (missense variants). These mutations
can potentially affect viral transcription and replication. Variants were observed in LSDV036 and
LSDV119, which encode RNA polymerase subunits and are involved in viral mRNA synthesis [26].
Missense variations were also present in LSDV079 and LSDV089, which encode mRNA-capping
enzyme subunits responsible for ensuring mRNA stability and efficient translation [38]. Additionally,
missense variants were detected in LSDV066, a thymidine kinase essential for nucleotide metabolism
and viral replication [39], and LSDV133, a DNA ligase-like protein that plays a role in genome
integrity by repairing and ligating DNA strands [40].

Our study also identified upstream gene variants in several essential viral genes. Variants were
observed in LSDV015, which encodes an IL-18 binding protein known to modulate immune
responses by inhibiting IL-18 activity [41]. Upstream variants were also present in LSDV025, which
encodes a serine/threonine kinase involved in viral replication [42]. Additionally, mutations were
found in LSDV057 and LSDV100, which encode a putative virion core protein and an intracellular
mature virus membrane protein, respectively, potentially influencing virion assembly and infectivity
[43,44].

Gene Variations in Sample CAYDCAT29
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Figure 6. Gene variation profile in sample CAYDCAT?29. Distribution of gene variants across all genes, showing

the count of missense_variant, stop_gained, synonymous_variant, and upstream_gene_variant.
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Gene Variations in Sample CAYDCAT30

5SS 5555555555555 5555555555555555555559555S

5-

4-

3 Variant Type

[ missense_variant

B stop_gained

. synonymous_variant
upstream_gene_variant

Count

2222222232222222532225%

DV
DV
DV
DV
DV
DV

S5555
[aYatataral

Gene

Figure 7. Gene variation profile in sample CAYDCAT30. Distribution of gene variants across all genes, showing

the count of missense_variant, stop_gained, synonymous_variant, and upstream_gene_variant.

4. Discussion

This study revealed LSDV in cattle from Benin Republic, Cameroon, and Nigeria. Despite low
percentage positivity, we added two new LSDV genomes in the global database and identified a
potentially new West and Central Africa sub-lineage of the virus. Only the Nigerian strain of LSDV
in the GenBank is closely related to the sequences from this study.

The genomic analysis identified a new subgroup of Cameroonian and Nigerian strains within
the classic LSDV cluster 1.2, suggesting a unique evolutionary sub-lineage specific to West and
Central Africa [45]. Recent studies have revealed increased diversity within the LSDV cluster 1.2 [46].
Furthermore, several strains within the 1.2 cluster, such as the Pendik Turkey strain in 2014/2015 [8]
and the Evros strain in Greece and Turkey [47], have been attributed to various outbreaks across
Eurasia and South Asia. Moreover, historical analysis suggests that cluster 1.1 strains have been
displaced by cluster 1.2 strains in South Africa, with an estimated substitution rate of 7.4 x 10-6
substitutions/site/year [48]. The rapid pace of LSDV mutations supports the diversity of sub-clusters
within the 1.2 cluster, and this could mean changes in the virulence of the pathogen, transmission
dynamics, or immune response in affected cattle populations. This has great implications for vaccine
effectiveness and the ability of several regions to curb outbreak cases. For this reason, we suggest the
need for polyvalent vaccines or regionally-based vaccines coupled with effective control of
transboundary cattle movement. Our findings also highlight the value of whole-genome sequencing
in uncovering regional diversity and the need to revisit current classification strategies, which put
underrepresented African strains into consideration. By doing so, better genomic and genetic
information can be gathered to support the development of effective vaccines.

The findings from our study further revealed a relatively low number of substitutions and indels
among the Cameroonian and Nigerian LSDV genomes, suggesting sgenomic conservation and
evolutionary stability within this regional sub-lineage. Conversely, marked divergence from strains
in Europe, Asia, and Southern Africa reflects the continuous evolution of the strains in these regions.
For example, multiple strains from South Africa belong to clusters 1.1 and 1.2 [49], and LSDV strains
from Russia, India, and China have representatives across multiple LSDV clusters [46,50,51]. This
could explain the relatively low report of mortality and morbidity associated with LSDV in the
western and central African region [52] due to better adaptation among host animals as opposed to
the recurrent outbreaks within Eurasia and Asia [2,53], where recent outbreaks, especially in
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Southeast Asia, have shown unusually high mortality rates [54]. However, given that this study was
a one off, with limited full genomes assembled, there is a need for continued surveillance in Western
and Central Africa to detect the true epidemiological picture of the disease in this region, as well as
the need for broader African genomic datasets to better define LSDV’s global diversity and inform
phylogeographic analyses.

The identification of non-synonymous mutations in several LSDV genes, particularly those
involved in immune modulation and antigen presentation, carries important implications for vaccine
design. Key mutated genes identified in this study, including LSDV012, LSDV144, LSDV145, and
LSDV151, encode ankyrin repeats and kelch-like proteins. These proteins are known to suppress host
immune factors, such as interferon-induced proteins like IFIT1, facilitating immune evasion [32].
Similar mutations have been observed in other LSDV strains. Unique Kenyan-like LSDV strains
circulating in India exhibited truncated versions of kelch-like proteins encoded by LSD_019 and
LSD_144, which may influence virulence and host range [55]. Supporting this, a functional study in
sheeppox virus demonstrated that deletion of the kelch-like gene SPPV-019, a homolog of LSDV019,
led to marked in vivo attenuation, with infected sheep exhibiting dramatically reduced clinical
symptoms, viremia, and virus shedding, showing the role of kelch-like genes in regulating
capripoxvirus virulence and immune modulation [56]. This could imply that strains carrying this
truncation or deletion in the kelch protein gene are relatively less virulent. Moreover, the role of kelch
protein deletion in reducing virulence of the virus makes it important in vaccine design. A recent
study demonstrated that vaccinia virus strains lacking the C2 kelch-like gene not only exhibited
attenuation in vivo but also induced a stronger CD8* T cell memory response and improved
protection against viral challenge, compared to control strains retaining the gene [57]. These findings
highlight the functional significance of kelch-domain proteins in immune modulation and virulence,
and their deletion offers a promising strategy for the design of live attenuated vaccines that are both
safer and more immunogenic.

Additionally, the study demonstrated that the Cameroonian strains do not fall into established
sub-lineages, indicating genomic divergence from strains used for the development of vaccines such
as the Neethling strain [58]. If the immunodominant regions of the virus, especially within the
envelope proteins and core virion proteins, have accumulated substantial mutations, current vaccines
may offer reduced protection. For instance, LSDV027, a gene encoding the extracellular enveloped
virus (EEV) maturation protein, is key for virus dissemination and immune recognition [59].
Experimental data from vaccinia virus provides further support for this concern. A study by [60]
found that the introduction of a single amino acid mutation in the B5R EEV envelope glycoprotein
(WR.c3) induced lower titers of antibodies, suggesting that alterations in EEV surface proteins may
impair humoral immune responses. This further supports the need for polyvalent vaccines or
regionally-based vaccines coupled with effective control of transboundary cattle movement.

Missense mutations identified in key virulence-associated genes (LSDV140 and LSDV146)
suggest potential modulation of the virus's pathogenic behaviour. The LSDV140 gene, a homologue
of the N1R/p28 protein found in other poxviruses, is known to suppress host cell apoptosis, thereby
promoting viral survival [34]. Mutations in this gene may either enhance or impair its anti-apoptotic
function, potentially influencing the severity and duration of infection. Similarly, LSDV146, which
encodes a phospholipase-D-like protein involved in viral dissemination, could influence the
efficiency of intra-host spread [35,36]. Changes in this gene may affect how extensively the virus
invades host tissues, thereby shaping the clinical presentation of the disease. Collectively, these
mutations may make the strain more virulent. A strain that replicates more rapidly and suppresses
immune detection may elicit a weaker immune response while also causing more severe disease,
thereby complicating efforts to achieve effective immunisation and long-term protection. It should
however, be noted that while all these mutations could potentially affect the virulence of the virus or
its immunogenic activities, functional studies are required to directly link these mutations to
phenotypic changes.
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Most positive samples were skin scabs, with the lowest positivity seen in oral/nasal swabs. This
adds to the report that skin scabs could be the most reliable sample for LSDV detection [7,61]. This
implies that while it would be easy to collect oral/nasal swabs, their lower yield suggests they should
be complemented with other sample types in outbreak investigations.

SDV was also detected in flesh flies (Sarcophaga spp). Although various arthropods have been
linked to LSDV transmission, this is the first report of LSDV in flesh flies. Due to their feeding on
exposed wounds [62], it suggests other arthropods might also mechanically transmit LSD. Therefore,
comprehensive vector control strategies are essential to prevent LSDV spread, especially in regions
where arthropods are primary vectors, during disease outbreaks.

5. Conclusions

In conclusion, our study identified further divergence within the 1.2 cluster with the possibility
of a western/central African sub-lineage. Moreover, the presence of high-impact mutations in genes
necessary for viral replication and immunogenicity suggests the ability of these Cameroonian strains
to evade host immune responses and the limitations of current vaccines in this region. Our study
also identified flesh flies as a novel arthropod involved in LSDV transmission. We, therefore,
recommend the development of polyvalent vaccines that take into consideration the peculiarities in
the antigenicity of the different LSDV strains circulating in the different regions of the world where
LSDV outbreaks have been recorded. It is important to note that sampling in Nigeria was done in
one southwestern state and in abattoirs alone. Therefore, the result from this study might not reflect
the true picture of the epidemiology of LSDV in Nigeria.

6. Patents

This section is not mandatory but may be added if there are patents resulting from the work
reported in this manuscript.
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Abbreviations

The following abbreviations are used in this manuscript:

Abbreviation Full Meaning

LSDV Lumpy Skin Disease Virus

DNA Deoxyribonucleic Acid

RNA Ribonucleic Acid

qPCR Quantitative Polymerase Chain Reaction
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qRT-PCR Quantitative Reverse Transcriptase PCR

CT Cycle Threshold

EEV Extracellular Enveloped Virus

ORF Open Reading Frame

SNP Single-Nucleotide Polymorphism

Indel Insertion or Deletion Mutation

NCBI National Center for Biotechnology Information
MAFFT Multiple Alignment using Fast Fourier Transform
IQTREE2 Efficient software for phylogenomic inference
iTOL Interactive Tree of Life

BWA Burrows-Wheeler Aligner

NUCmer Nucleotide MUMmer (alignment software)
SnpEff SNP Effect Predictor

PCR Polymerase Chain Reaction

SPSS Statistical Package for the Social Sciences
MUMmer Maximal Unique Match aligner

AWK A pattern scanning and processing language
VirCapSeq-VERT Virus Capture Sequencing for Vertebrates
IGH Institute of Genomics and Global Health
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