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LSDV genome

• Not segmented, dsDNA

• Size: 150 to 160 kbp  +/- 150 putative genes

• High nucleotide identity between SPPV, GTPV, LSDV: +/- 96%
Tageldin et al 2014

Tulman et al. 2001
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LSDV epidemiology till 2017
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Poxviruses have low mutation rate



LSDV epidemiology till 2017

classical wild type strains

Adapted from Ma et al, 2022 – based on full genome sequences

recombinant wild type strains

Vaccine 

strains

Classical field 

strains

Recombinant field 

strains

 Recombinant strains cluster more closely to vaccine 

strains, but behave as wild type field strains
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Neethling

vaccine

strains
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LSDV epidemiology 2019-2022
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Recombinant LSDV strains

Neethling vaccine

KSGP-O-240

Recombinant

strains

LSDV recombinants

Single recombination

> 120 recombination events



!

Recombinant LSDV strains - origin

• Natural recombination in the field? Safety of LAV LSDV vaccines?

• Posterior vaccine control of LSDV vaccine used in Kazakhstan before the emergence of 

recombinant strains 



150 kbp

13 24 5 6

4. Partial genome sequencing

• Region 1, 2, 3 1 clone sequenced Field type GTPV

• Region 6 1 clone sequenced LSDV

24 clone sequenced• Region 4 Field type GTPV + Field type LSDV + 

Neethling vaccine

22 clone sequenced• Region 5 Field type LSDV + Neethling vaccine

Recombinant LSDV strains - origin

• Neethling vaccine LSDV

• Field type LSDV

• Field type GTPV

• Suggestive for presence of 

recombinants 



5. Full length genome sequencing of two vaccine batches using Illumina 

Recombinant LSDV strains - origin

• De novo assembly failed

• Mapping reads using perfect mode

• Iterative assembly strategy

- Presence of neethling strain

- Presence of KSGP-O-240

- Presence of GTPV

- Clear differences in constitution between both vaccine batches

- Presence of neethling strain

- Presence of KSGP-O-240

- Presence of GTPV

- Presence of recombinant strains



5. Full length genome sequencing

Recombinant LSDV strains - origin

• Neethling like LSDV vaccine strain

• KSGP-like LSDV vaccine strain

• Sudan-like GTPV strain

• Multiple recombinant strains (almost) identical to recently

described recombinant vaccine-like strains

• Most likely source of recombinant strains in the field

• Highlights importance of an independent vaccine quality 

control

• Conclusion

One specific badly produced and insufficiently controlled LSDV vaccine was 

responsible for the release of recombinant LSDV strains in the field
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Recombinant LSDV strains - diagnostics
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• New DIVA test under development at EURL: 

- ‘recombinant’ and ‘classical’ field strains identified as wild type strains           

- Neethling based vaccine strains identified as vaccine strains

- in silico: ok!

- validation parameters: ok!

• Combination with existing DIVA test will allow to downstream differentiate 

‘recombinant’ from ‘classical’ field LSDV strains

FAM HEX

Recombinant field strain

Classical field strain
Vaccine strain

Recombinant LSDV strains - diagnostics



 Impact vaccine efficacy?

 Impact transmission?

Recombinant LSDV strains – pathogenesis, 

transmission, vaccine efficacy

 Impact pathogenesis-virulence?
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