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Lumpy skin disease virus (LSDV) causes an economically important disease in cattle. Here, we report the complete genome se-
quences of three LSDV strains obtained directly from the live attenuated vaccines: Lumpyvax (MSD Animal Health), Herbivac LS
(Deltamune) and Lumpy Skin Disease Vaccine (Onderstepoort Biological Products).

Received 20 September 2016 Accepted 22 September 2016 Published 10 November 2016

Citation Mathijs E, Vandenbussche F, Haegeman A, King A, Nthangeni B, Potgieter C, Maartens L, Van Borm S, De Clercq K. 2016. Complete genome sequences of the
Neethling-like lumpy skin disease virus strains obtained directly from three commercial live attenuated vaccines. Genome Announc 4(6):e01255-16.
doi:10.1128/genomeA.01255-16.

Copyright © 2016 Mathijs et al. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International license.

Address correspondence to Steven Van Borm, steven.vanborm@coda-cerva.be.

Lumpy skin disease (LSD) is an economically important dis-
ease in cattle caused by lumpy skin disease virus (LSDV), a

member of the Capripoxvirus genus. Historically restricted to
Africa, the disease has conquered the Middle East and has been
making its way into Europe since 2014 –2015 (1). Vaccination
plays a key role to control the spread of the disease. Here we report
the complete genome sequences of three LSDV strains obtained
directly from commercial batches of three live attenuated vac-
cines: Lumpyvax (MSD Animal Health), Herbivac LS (Delta-
mune), and Lumpy Skin Disease Vaccine (Onderstepoort Biolog-
ical Products—OBP).

Freeze-dried vaccine pellets were dissolved in 3 mL phosphate-
buffered saline (PBS) and DNA was purified using a Puregene
Core Kit A (Qiagen) according to the manufacturer’s instruc-
tions. Presequencing enrichment was performed through an in-
house long-range PCR methodology covering the entire genome
with overlapping ~5.5-kb amplicons. P6-C4 sequencing was per-
formed on one single-molecule real-time (SMRT) cell on a PacBio
RSII sequencer (Pacific Biosciences) at the Genomics Core UZ
Leuven (Belgium).

Consensus amplicon sequences were obtained from the reads
using the Long_Amplicon_Analysis protocol (default parameters;
Pacific Biosciences) in SMRT Portal version 2.3.0 (Pacific Biosci-
ences). These amplicons were further assembled into unique con-
tigs using iAssembler software (2). Discrepancies with previously
published LSDV genomes were confirmed by Sanger sequencing.
The protein-coding genes were predicted by NCBI ORF-Finder
(http://www.ncbi.nlm.nih.gov/orffinder/) and by GATU relative
to the Neethling vaccine LW 1959 sequence (AF409138) (3, 4).

The amplicon sequences of the virus strains from Lumpy-
vax, Herbivac LS, and Lumpy Skin Disease Vaccine (OBP) as-
sembled into double-stranded, linear DNA contiguous se-

quences of 150,480 bp, 150,529 bp, and 150,508 bp, respectively.
The nucleotide composition of all genomes is 25.91% G�C,
evenly distributed. The genomes of all three strains share 99.9%
homology with each other but also with the LSDV strain
Neethling vaccine LW 1959. All three vaccine strains differ from
LW 1959 by two amino acid modifications (T/M in gene LW056
and V/A in gene LW116) and two single-nucleotide deletions that
do not affect the coding sequence. Lumpyvax and Herbivac LS
both have an additional amino acid difference in gene LW037
(G/V). Additionally, Herbivac LS exhibits two single-nucleotide
deletions of which one causes a frameshift that truncates gene
LW134a (2,166 instead of 6,075 nucleotides [nt]). LSD vaccine
OBP contains an 18-nt deletion in the terminal noncoding region
and another three single-nucleotide insertions/deletions that do
not affect the coding sequence.

Accession number(s). The complete genome sequences of the
Neethling-like LSDV vaccine strains from Lumpyvax, Herbivac
LS, and LSD vaccine have been deposited in GenBank under ac-
cession numbers KX764643, KX764644, and KX764645, respec-
tively.

ACKNOWLEDGMENTS

We thank Maria Vastag and Orkun Ozhelvaci for their technical assis-
tance.

FUNDING INFORMATION
The research that yielded these results was funded by the Bill and
Melinda Gates Foundation (Grant Agreement; Investment ID
OPP1126866), the European Union FP7 project RAPIDIA-FIELD (grant
number FP7-289364), the Belgian Federal Public Service of Health, Food
Chain Safety and Environment through the contract RT 15/3 LUMPY
SKIN 1, and the Veterinary and Agrochemical Research Centre (CODA-
CERVA), Ukkel, Belgium.

crossmark

Genome AnnouncementsNovember/December 2016 Volume 4 Issue 6 e01255-16 genomea.asm.org 1

http://crossmark.crossref.org/dialog/?doi=10.1128/genomeA.01255-16&domain=pdf&date_stamp=2016-11-10
http://genomea.asm.org


REFERENCES
1. Beard PM. 2016. Lumpy skin disease: a direct threat to Europe. Vet Rec

178:557–558. http://dx.doi.org/10.1136/vr.i2800.
2. Zheng Y, Zhao L, Gao J, Fei Z. 2011. iAssembler: a package for de novo

assembly of Roche-454/Sanger transcriptome sequences. BMC Bioinfor-
matics 12:453. http://dx.doi.org/10.1186/1471-2105-12-453.

3. Tcherepanov V, Ehlers A, Upton C. 2006. Genome annotation transfer

utility (GATU): rapid annotation of viral genomes using a closely related
reference genome. BMC Genomics 7:150. http://dx.doi.org/10.1186/1471
-2164-7-150.

4. Kara PD, Afonso CL, Wallace DB, Kutish GF, Abolnik C, Lu Z, Vreede
FT, Taljaard LC, Zsak A, Viljoen GJ, Rock DL. 2003. Comparative
sequence analysis of the South African vaccine strain and two virulent field
isolates of lumpy skin disease virus. Arch Virol 148:1335–1356.

Mathijs et al.

Genome Announcements2 genomea.asm.org November/December 2016 Volume 4 Issue 6 e01255-16

http://genomea.asm.org

	Complete Genome Sequences of the Neethling-Like Lumpy Skin Disease Virus Strains Obtained Directly from Three Commercial Live Attenuated Vaccines
	Accession number(s). 
	ACKNOWLEDGMENTS

	REFERENCES

