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Abstract

:

Lumpy skin disease is one of the fast-spreading viral diseases of cattle and buffalo that can potentially cause severe economic impact. Lesotho experienced LSD for the first time in 1947 and episodes of outbreaks occurred throughout the decades. In this study, eighteen specimens were collected from LSD-clinically diseased cattle between 2020 and 2022 from Mafeteng, Leribe, Maseru, Berea, and Mohales’ Hoek districts of Lesotho. A total of 11 DNA samples were analyzed by PCR and sequencing of the extracellular enveloped virus (EEV) glycoprotein, G-protein-coupled chemokine receptor (GPCR), 30 kDa RNA polymerase subunit (RPO30), and B22R genes. All nucleotide sequences of the above-mentioned genes confirmed that the PCR amplicons of clinical samples are truly LSDV, as they were identical to respective LSDV isolates on the NCBI GenBank. Two of the elevem samples were further characterized by whole-genome sequencing. The analysis, based on both CaPV marker genes and complete genome sequences, revealed that the LSDV isolates from Lesotho cluster with the NW-like LSDVs, which includes the commonly circulating LSDV field isolates from Africa, the Middle East, the Balkans, Turkey, and Eastern Europe.
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1. Introduction


Lumpy skin disease (LSD) is a highly contagious, transboundary, and fast-spreading viral disease causing significant economic losses in the livestock industry in Africa, parts of Europe, and Asia [1,2]. This disease is caused by LSD virus (LSDV), a double-stranded DNA virus with a genome length of 151 kbp belonging to the family Poxviridae Genus Capripoxvirus, which also comprises goatpox virus (GTPV) and sheeppox virus (SPPV) [3,4,5]. Lumpy skin disease was first discovered in Zambia in 1929 [6]. The disease later spread to the rest of the African continent (excluding Algeria, Morocco, and Tunisia), into the Middle East, Southeastern Europe, Central Asia, South Asia, Russia, Turkey, and China [7,8,9,10,11]. The disease mainly affects cattle but also wild mammalian species, including giraffes, impalas, water buffaloes, and camels [12,13,14,15,16]. In cattle, the disease is characterized by fever (39–41 °C), nodular lesions on the skin and mucus membrane, swelling of lymph nodes, and the formation of cutaneous coalescing firm nodules that develop into necrotic cores [17]. The disease causes a considerable reduction in milk production, loss of body weight, and sometimes death in cattle [18,19].



In endemic areas, LSD morbidity and mortality rate is estimated to be 10% (varies between 3% and 85%) and 1–3%, respectively [20]. Several risk factors, including low-host immunity, introduction of new animals, lack of biosecurity measures, proximity to wildlife mammalian species, especially buffalo, free movement of animals, and contact between infected animals and susceptible hosts, contribute to the spread of LSDV [21,22,23]. The transmission of LSDV is mainly by biting and blood-feeding arthropod vectors that include Tabanidae, Muscidae, and Glossina species [24,25,26]. Long-distance transmission, such as between farms and countries, is associated with the movement of infected asymptomatic animals and vectors during trade [27]. Currently, there is no specific cure or treatment for LSD [28]. However, agents such as ivermectin have shown therapeutic potential for the treatment of LSD in cattle [29]. While vaccination is regarded as the most effective control measure, its combination with strict animal and vector control yields better results [30].



Several DNA-based tests have been developed for detecting and differentiating LSDV strains and other Capripoxvirus species with a high level of accuracy [31,32,33]. These tests are based on detecting unique genetic markers or specific DNA sequences characteristic of LSDV strains or Capripoxvirus species [34]. By comparing these gene sequences, scientists can accurately distinguish between LSDV strains and identify LSDV from GTPV and SPPV [35,36]. Moreover, these tests can also be used to determine virulence, track and identify the origin of the LSDV, and monitor vaccine efficacy and quality [37,38]. Commonly used genetic markers, either as complete genes or partial gene sequences, include B22R, G-protein-coupled receptor (GPCR), extracellular enveloped virus (EEV) glycoprotein, P32 antigen, and RNA polymerase 30kDa subunit (RPO30) [39,40,41]. Whole-genome sequencing offers a platform for analyzing the entire genome with more resolution when compared to single-gene analysis [42,43,44]. With the advent of second- and third-generation sequencing technology, there has been an increase in research and publications on the complete genome of LSDV over the past two decades [45,46]. This provides helpful information for vaccine quality, LSDV surveillance, and research, thereby increasing knowledge on disease prevention and control [3,6,47,48].



A great deal of research and knowledge development is currently being conducted on the characterization of circulating LSDV strains based on partial and complete gene sequencing in sub-Saharan countries, including South Africa, Namibia, Botswana, and Zimbabwe [49,50,51]. Lesotho experienced the first outbreaks of LSD in cattle as early as 1947, followed by intermittent outbreaks throughout the following decades [52,53]. However, there is a lack of scientific information regarding the genetic and genomic characteristics of LSDV isolates associated with the outbreak episodes in the country. Therefore, this study sought to provide information regarding the genetic and genomic characteristics of the Lesotho LSDV isolates to improve the management of this disease.




2. Materials and Methods


2.1. Study Area


The study was conducted in various villages in five districts of Lesotho (Figure 1), namely Berea, Maseru, Leribe, Mohales’ Hoek, and Mafeteng, during the months of January, February, and March of 2020 and 2022. The study population comprised 18 cattle that manifested LSD clinical signs and symptoms. All sampled cattle were not previously vaccinated against LSD.




2.2. Sample Collection


A total of 18 skin scrapings of suspected LSD nodule signs were collected using separate specimen bottles bearing unique animal identities and transported to the Central Veterinary Laboratory for processing and analysis following necessary biosafety and biosecurity procedures. The recorded information included the place of collection, date, and coordinates (Table S1).




2.3. Sample Extraction and Processing


The skin scrapings were ground in 2 mL phosphate-buffered saline (PBS) and centrifuged for 10 min at 590× g before the extraction of DNA using an RNeasy Plus Mini Kit (Qiagen, Hilden, Germantown, MD, USA) as directed by the manufacturer.




2.4. DNA Amplification


Real-time PCR was used to screen the 18 samples according to published literature [54]. A total volume of 20 μL PCR master mix containing 10 μL of BioRad iQ Supermix, 6.7 μL nuclease-free water, 0.4 μL (20 pmol/μL) of the primers CaPV074-F1: AAAACGGTATATAGAGTTAA and CaPV074-R1: AAATGAAACCAATGGATGGGGATA), 0.5 μL (10 pmol/μL) of the probe CapV074P1; Fam-TGGCTCATAGATTTCCT and 2 μL of DNA was run under the following program: initial denaturation at 95 °C for 10 min, followed by 40 cycles of 95 °C for 15 s and 60 °C for 60 s.




2.5. Amplification and Sequencing of Selected CaPV Genes


Four selected CaPV-marker genes (B22R, EEV glycoprotein, GPCR, and RPO30) were amplified and sequenced according to published literature using the primers shown in Table 1 [35,36,40]. The PCR products were analyzed on a 2% agarose gel in 1X TAE buffer and visualized under UV light. The PCR products were purified and sent for Sanger sequencing from both directions using forward and reverse primers at LGC Genomics (Berlin, Germany).




2.6. Whole-Genome Sequencing of LSDV


Whole genome sequencing was performed using Ion S5 technology, following the previously published procedure [55]. Briefly, LSDV-positive DNA (~100 ng) from two samples from Lesotho was enzymatically fragmented into 200 bp lengths using Ion shear Plus reagents, then adapters and barcodes were ligated using the Ion Xpress™ Plus Fragment Library Kit and the Ion Xpress barcode adapters (Thermo Fisher Scientific, Berlin, NH, USA). Following size selection using Pippin Prep (Sage Science, Inc., Beverly, MA, USA), the libraries were amplified for eight cycles using Platinum™ PCR SuperMix high-fidelity and library amplification primer mix supplied with the Ion Xpress™ Plus Fragment Library Kit. Equimolar amounts of the barcoded libraries were pooled (100 pM) for automated template preparation using the Ion 540™ Kit-Chef (Thermo Fisher Scientific, USA) and chip leading with the Ion Chef™ Instrument (Thermo Fisher Scientific, USA). Sequencing was performed with 500 flows which generated 200 bp reads on an Ion S5™ Next-generation sequencing system (Thermo Fisher Scientific, USA).




2.7. Sequence and Phylogenetic Analysis of CaPV-Marker Genes


The Sanger sequencing raw reads were assembled using Vector NTI software (Invitrogen) v11.5. Additional CaPVs sequences of each of the targeted genes were retrieved from GenBank for comparative analysis. MEGA X was used to perform multiple sequence alignments for each gene dataset, and for phylogenetic reconstructions. For the neighbor-joining tree construction of the RPO30 and GPCR genes, the evolutionary distances were computed using the Maximum Composite Likelihood method with resampling 1000 times [56]. The phylogenetic trees were visualized and annotated using the Interactive Tree of Life (ITOL) tool [57]. The multiple sequence alignments of the partial EEV glycoprotein and B22R genes were produced and visualized using BioEdit v7.2.5.




2.8. Whole-Genome Reconstruction, Annotation, and SNP Analysis of the Lesotho LSDV Isolate


The adaptors were directly removed from the raw read files using the torrent suite software and then quality-filtered using fastq-mcf v1.04.676 using a Phred score cut-off of 20, and the reads of 50 bp to 250 bp lengths were selected (ea-utils). After assessing the read quality with FastQC (v. 011.5), de novo assemblies were performed on a subset of the selected reads using SPAdes (v3.11.1), Unicycler (v0.5.0), and Megahit (v1.2.9). Since the BLAST search identified LSDV_NW-LW (AF409137) as one of the most suitable references, its genome was used for reference-guided assembly of the cleaned raw reads using bowtie2 (2.3.4.1). BCFtools (v1.9) was used to generate Mpileup files from the mapped cleaned raw reads, for variant calling and for consensus calling. Vcfutils.pl (VCFtools v0.1.16) and seqtk (v1.3.106) were used to create consensus sequences with a Phred score of 20. The reference-guided and de novo assemblies were compared after alignment with Mafft (v7.453), the mapping quality was assessed with Qualimap (v.2.2.1), and the alignments were visualized using IGV [58].



The open reading frames (ORFs) of Lesotho LSDV genomes were predicted with GATU using LSDV_NW-LW (AF409137) as a reference genome (Tcherepanov 2006). The complete genome sequences of LSDV_Lesotho_Lac1 and LSDV_Lesotho_490 were submitted to GenBank under the accession numbers PP065789 and PP065788, respectively. To compare the genomes of LSDVs from Lesotho to publicly available LSDVs, the completed dataset with 48 genome sequences was aligned using MAFFT. The single-nucleotide polymorphisms (SNPs), relative to the LSDV RefSeq genome (LSDV_NI-2490, AF325528), were extracted using adegenet package in R. The alignment file was first converted into a genlight object using the function fasta2genlight [59]. The distribution and density of the extracted LSDV SNPs were visualized as heatmap and a discriminant analysis of Principal Component Analysis (DAPCA) was performed. In addition, a phylogenetic network of the aligned LSDV genomes was constructed on the PopART program, using the median-joining network algorithm with epsilon set to zero [60].





3. Results


3.1. Investigation of the LSD Outbreak and Clinical Signs


A total of 18 cattle from various villages in five districts in the lowlands zone of Lesotho, including Mafeteng, Maseru, Mohales’ Hoek, Leribe, and Berea districts, showed typical LSD clinical signs and symptoms. These clinical signs and symptoms include fever, enlargement of lymph nodes, firm circumscribed nodules on the skin, and ulcerative lesions, particularly on the mucous membranes of the mouth. As shown in Figure 2, cases include different breeds of cattle of all ages and sexes.




3.2. Molecular Diagnosis of LSDV


As shown in Table 2, the CaPV genome was detected in all 18 samples analyzed by RT-PCR using the Bowden et al. [54] protocol. Only 11 samples with Cq values less than 25 were sequenced.




3.3. Sequence and Phylogenetic Analysis of the Targeted CaPV Genes


The 11 positive samples with Cq values below 25 were successfully amplified and sequenced for RPO30 (n = 9), GPCR (n = 9), EEV glycoprotein (n = 9), and B22R (n = 4) genes, and as well as two complete genome sequences (Tables S2 and S3. Multiple sequence alignments of the four targets showed that all the LSDV samples from Lesotho are 100% identical. Phylogenetic analysis based on the complete RPO30 and GPCR gene sequences clustered the LSDV samples from Lesotho with NW-like LSDVs within Cluster II, together with the commonly circulating LSDV field isolates encountered in Africa, the Middle East, and Europe (Figure 3).



The multiple sequence alignment of the partial EEV glycoprotein gene and the B22R reiterated that LSDV isolates from Lesotho are identical to commonly circulating LSDV field isolates. In addition, the EEV sequences of Lesotho samples showed a 27-nucleotide insertion similar to LSDV field isolates, differentiating them from LSDV Neethling-derived vaccines. In contrast, the B22R alignment showed a nucleotide insertion at position 102 and 745 only in LSDV Neethling-derived vaccines and LSDV KSGP-0240 vaccine, respectively (Figure 4).




3.4. LSDV Whole Genome Analysis


The assembled LSDV genomes of LSDV_Lesotho_Lac1 and LSDV_Lesotho_490 samples were 150,908 bp long, with a mean coverage of 164.59 +/− 47.19 and 605.81 +/− 222.21, respectively. Both genomes were 100% identical and comprised 160 predicted ORFs. A total of 147 of the predicted ORFs were 100% homologous to LSDV_NW-LW isolate (AF409137.1), and the remaining 13 ORFs shared between 77.8 and 99.9% homology. The NCBI nucleotide blast search using the Lesotho LSDV whole genome showed that the Lesotho isolates shared 99.95% nucleotide identity to LSDV_NW-LW reference isolate (AF409137.1), as well as other commonly circulating LSDV field isolates such as LSDV_Pendik (MN995838.1), LSDV_Serbia/2016 (KY702007.1), LSDV_Evros/GR/15 (KY829023.3), and LSDV_210/BUL/16 (MT643825.1).



Furthermore, heatmap and PCA analysis based on the SNP index of the aligned LSDV genomes relative to the LSDV_NI-2490 (AF325528.1) genome revealed the seven clusters of LSDV genotypes: NI-like (ancient LSDVs), NW-like (common field isolates), Neethling-like LSDVs, and four recombinant–LSDV clusters. The heatmap, PCA scatterplot, and the neighbor-joining tree clustered the Lesotho LSDV isolates with the NW-like LSDV genotypes (Figure 5).



In addition, phylogenetic network analysis of the aligned LSDV genomes using PopART software clustered the Lesotho LSDV isolates with NW-like LSDVs (Figure 6).





4. Discussion


Lumpy skin disease remains a serious threat to the global livestock industry due to its ability to spread fast and the emergence of new LSDV strains [11,61,62,63]. The virus has been detected in other mammalian wildlife species with typical clinical symptoms, suggesting that the virus has acquired the ability to infect a broader range of hosts and cause disease [64,65]. Since the first outbreak in Lesotho, LSD surveillance was only based on clinical diagnosis. While clinical diagnosis is essential, it is prone to inaccurate diagnosis since LSD shares common symptoms with other diseases, such as pseudo-lumpy skin disease, cutaneous leucosis, and dermatophilus infection [8]. Moreover, the disease may be missed, given that some animals remain asymptomatic while harboring the virus and unknowingly spreading the virus to other susceptible animals [66]. This may make it difficult to control the spread of the virus and adds complexity in understanding and developing effective preventive measures.



In the current study, 18 clinical cases of LSD were identified based on typical clinical signs from the five districts and the capripoxvirus genome was amplified by real-time PCR. Furthermore, the presence of LSDV was successfully confirmed in 11 Lesotho samples by amplifying and sequencing four LSDV genetic markers, namely B22R, GPCR, EEV glycoprotein, and RPO30 [35,36,40]. The results further underscore the importance of clinical diagnosis in the surveillance of LSD. Moreover, phylogenetic analysis based on GPCR and RPO30 gene sequences divided the Capripox genus into three groups based on species but also formed two clusters of LSDVs: cluster I and cluster II. All Lesotho LSDV isolates belonged to cluster II and are related to other classical LSDV field strains from various countries, including South Africa, Bulgaria, Kenya, Nigeria, Ethiopia, Sudan, Turkey, and Russia [67]. It is essential to note that the GPCR sequences of the Lesotho LSDVs formed a separate subclade distinct from the recombinant LSDV strain sequence subclade within cluster ll.



B22R is a gene marker used for LSDV confirmation and differentiation between vaccines and field strains [68,69]. The differentiation is based on unique single-nucleotide insertions present in the B22R gene of vaccine strains only, which is absent in field strains [40]. The B22R gene multiple sequence alignments showed 100% identity among Lesotho isolates and the common field isolates circulating in cattle and wildlife populations in the neighboring countries, including South Africa. These findings are consistent with study findings in Nepal and Myanmar, where the B22R gene was applied to differentiate vaccine strains from field type based on the single-nucleotide insertion [40,41]. However, the marker is not capable of distinguishing field strains from recombinant vaccine isolates such as LSDV Russia/Saratova/2017 (MH646674) and LSDV Udmurtya/Russia/2018 (MT134042) [61,62].



The EEV glycoprotein gene is encoded by ORF LSDV126 and plays a significant role in viral attachment to the host cells and the subsequent entry of the virus into these cells [43]. The LSDV EEV glycoprotein gene is one of the most reliable and popular genetic markers used for distinguishing LSDV field strains from vaccine strains in several studies, based on the deletion of 27 bp only in the vaccine strains [70,71]. In the current study, EEV glycoprotein multiple sequence alignment showed two subgroups: field strains with the insertion of 27 bp and vaccine strains (and the recent LSDV recombinants) without the insertion. The findings are consistent with molecular studies conducted on LSDV in Nigeria, Nepal, and Ethiopia [40,72]. Therefore, based on analyses of the four LSDV gene markers, it is evident that all Lesotho isolates likely share common ancestry and belong to the field-type strains. The isolates also exhibit similarities to LSDV isolates from South Africa, Sudan, Kenya, and other countries rather than recombinant strains or vaccine strains [73]. Moreover, the results further strengthen confidence in the reliability and accuracy of LSDV gene markers in the detection and diagnosis of LSDV infections.



The genomes of LSDV_Lesotho_Lac1 (Accession number PP065789) and LSDV_Lesotho_490 (Accession number P065788) are both 150,908bp long and exhibit 100% identity. This remarkable degree of similarity strongly suggests common ancestral origin for these isolates. Furthermore, the results suggest the possibility of long-distance transmission of the disease, since the isolates were collected from Maseru and Leribe districts that are separated by two intermediate districts at distance of over 80 kilometers apart. Both genomes contained a total of 160 predicted ORFs that represent a 95% coding density and encode different proteins that play critical roles in LSDV life cycle and host interaction [43]. Out of 160 ORFs, 147 ORFs exhibited 100% homology, while the remaining 13 ORF homology ranges between 77.8 and 99.9%, with classical field strains isolated from severely infected calves in South Africa in 1999 [74]. The genetic similarity between Lesotho and South Africa LSDV isolates provides evidence of historical linkage, indicating that the virus has been transmitted between the two countries, either through the movement of infected animals or flying vectors, considering the geographical proximity of the two countries. A BLAST analysis using the whole genome revealed that the Lesotho LSDV isolates exhibited 99.95% identity with LSDV_NW_LW (AF409137) from South Africa. These findings agree with those obtained in the ORF-analysis in this study, which further indicates that there was virus transboundary transmission between the two countries, and that Lesotho isolates belong to classical LSDV field strains and not to vaccine or recombinant strains.



Similarly, the Lesotho isolates are also 99.95% identical to other commonly circulating LSDV field isolates in Russia, Serbia, Greece, and Bulgaria. The remarkable similarity observed among these isolates is intriguing, especially considering the substantial geographical separation between the locations where the viruses were isolated. This observation could indicate a limited genetic diversity among field strains, possibly stemming from a shared ancestral lineage or common ancestry of the isolates. Therefore, investigation is needed to determine whether this genetic similarity is due to a recent common ancestor, or it has been maintained over long period of time. Understanding the origins and spread of these isolates could provide valuable insights into the virus’s evolution and potential for future outbreaks.



Interestingly, the phylogenetic network and the heatmap and PCA analysis based on SNP index revealed seven clusters of LSDV genotypes and clustered the Lesotho isolates with NW_LSDVs. This suggests a diverse genetic landscape among LSDV genotypes, with distinct groups representing both ancient and contemporary strains. The presence of recombinant–LSDV clusters further highlights the potential for genetic exchange and evolution within the LSDV population. Further investigation is needed to understand the implications of these clusters on the epidemiology and pathogenicity of LSDVs. Furthermore, the clustering of Lesotho isolates in NW_LSDVs (isolates collected between 2015 and 2018) indicates possible transmission routes and spread of the virus across multiple countries. The next LSDV cluster close to the Lesotho isolates was the NI-like LSDVs, which include the historical strains, while the furthest cluster was the Neethling-like isolates from the 1950s and 1990s.



The presence of field-type LSDV strains in Lesotho and other neighboring countries presents a regional collaboration opportunity in the Southern Africa region, by sharing information, resources, and expertise for effective management of LSD [43,75]. The Lesotho LSDV isolates cluster with the commonly circulating LSDV field isolates; therefore, several vaccines, such as Neethling vaccine strains, LSD SIS Neethling-type strain, and live attenuated LSDV, which have proven effective and safe in the control of LSD in several other countries, including South Africa, can also be used in Lesotho [76]. It is important for the country to consider implementing vaccination programs using these proven vaccines to effectively control and eradicate the disease [77,78,79]. Additionally, since the LSD vaccines used worldwide are mostly live attenuated, the continuous monitoring of the genetic characteristics of isolates can help in investigating LSD outbreaks in vaccinated herds. Further, intensive studies are needed to better understand the epidemiology of this disease in wildlife and other domestic animals.



In conclusion, the prevalence of LSDV was successfully confirmed by observation of clinical signs and use of DNA-based protocols in the current study. The obtained isolates were successfully characterized by molecular techniques, and based on a multi-targeted PCR approach, all identified cases in five districts of Lesotho were caused by LSDV field strains. This is the first study to conduct genetic detection and characterization of LSDV in Lesotho. Further studies are needed to improve understanding of LSDV, including the role of wildlife and domestic animals in the transmission of the virus. Data generated in this study will contribute to improving LSD management practices in Lesotho.
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Figure 1. Specimen collection sites for detection and characterization of LSDV. The sampled villages are highlighted by red dots. 






Figure 1. Specimen collection sites for detection and characterization of LSDV. The sampled villages are highlighted by red dots.



[image: Viruses 16 00762 g001]







[image: Viruses 16 00762 g002] 





Figure 2. Nodules characteristic of lumpy skin disease on cattle from (A) HaMalelu village of Maseru district, (B) Sefikeng village in Berea district, (C) Ntlama village in Berea district, and (D) HaMotemekoane village in Maseru district. The photos were taken after sample collection in February 2022. 
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Figure 3. Neighbor-joining tree based on the complete (A) RPO30 and (B) GPCR gene sequences of CaPVs. The evolutionary distances were computed using the Maximum Composite Likelihood method with 1000 bootstrap replicates on MEGA X and visualized on iTOL. LSDV isolates from Lesotho are written in blue-colored font. 
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Figure 4. Multiple sequence alignment (Lesotho-isolated highlighted in blue-colored font) of (A) partial sequences of EEV glycoprotein gene showing a 27-nucleotide deletion (highlighted in block) that is absent in Lesotho isolates and (B) partial sequences of B22R gene showing the nucleotide insertion (in blocks) in LSDV_Neethling and LSDV_KSGPO-240 vaccines that are absent in Lesotho isolates. The dots indicate the identical nucleotides in the alignment. 
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Figure 5. SNP analysis of LSDV whole-genome alignment. Lesotho isolates are labelled in red. (A) SNP distribution heatmap, (B) PCA-scatter plot, and (C) neighbor-joining tree based on the PCA scores of the SNP data. 
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Figure 6. Median-joining phylogenetic network based on LSDV whole-genome sequences using the PopART program, showing the Lesotho LSDVs (in red) clustering with NW-like LSDVs. The number of mutations between each genome is labelled. 
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Table 1. PCR primers used in this study with sequence, fragment size, and references.
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Primer ID

	
Primer Sequence (3′ to 5′)

	
Fragment Size bp

	
Publisher






	
CpRPO30-OL1F

	
CAGCTGTTTGTTTACATTTGATTTTT

	
554

	
[36]




	
CpRPO30-OL1R

	
TCGTATAGAAACAAGCCTTTAATAGA




	
CpRPO30-OL2F

	
TTTGAACACATTTTATTCCAAAAAG

	
520




	
CpRPO30-OL2R

	
AACCTACATGCATAAACAGAAGC




	
CpGPCR-OL1F

	
TGAAAAATTAATCCATTCTTCTAAACA

	
617




	
CpGPCR-OL1R

	
TCATGTATTTTATAACGATAATGCAAA




	
CpGPCR-OL2F

	
TTAGCGGTATAATCATTCCAAATA

	
603




	
CpGPCR-OL2R

	
GCGATGATTATGATGATTATGAAGTG




	
CpGPCR-OL3F

	
CACAATTATATTTCCAAATAATCCAA

	
684




	
CpGPCR-OL3R

	
TGTACATGTGTAATTTTAATGTTCGTA




	
EEVGly-F

	
ATGGGAATAGTATCTGTTGTATACG

	
866–931

	
[35]




	
EEVGly-R

	
ATGGGAATAGTATCTGTTGTATACG




	
B22R_CaPVFw

	
TCATTTTCTTCTAGTTCCGACGA

	
863

	
[40]




	
B22R_CaPVRv

	
TTCGTTGATGATAAATAACTGGAAA











 





Table 2. Description of the analyzed DNA samples showing the location, collection date, and Cq values.
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	Sample
	Collection Date
	Location
	Cq Bowden





	LSD_Leso_484
	16 January 2022
	Maseru
	23.9



	LSD_Leso_490
	16 January 2022
	Leribe
	19.0



	LSD_Leso_LAC1
	16 January 2022
	Maseru
	18.3



	LSD_Leso_LAC2
	16 January 2022
	Maseru
	21.9



	LSD_Leso_Sefikeng
	16 January 2021
	Berea
	22.2



	LSD_Leso_87.2
	23 February 2022
	Mohales’ Hoek
	23.5



	LSD_Leso_485
	17 January 2022
	Maseru
	24.0



	LSD_Leso_489
	26 January 2022
	Maseru
	24.7



	LSD_Leso_584
	5 February 2022
	Maseru
	25.0



	LSD_Leso_Ntlama
	20 February 2021
	Berea
	24.1



	LSD_Leso_Tsakholo
	12 March 2021
	Mafeteng
	23.4



	LSD_Leso_506
	11 February 2022
	Berea
	25.0



	LSD_Leso_585
	5 January 2022
	Berea
	24.9



	LSD_Leso_601
	17 March 2022
	Mafeteng
	26.3



	LSD_Leso_88
	6 February 2022
	Maseru
	27.2



	LSD_Leso_480
	19 January 2021
	Leribe
	29.0



	LSD_Leso_605
	20 January 2022
	Leribe
	28.0



	LSD_Leso_604
	17 January 2022
	Maseru
	27.4
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