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LSDV epidemiology till 2017

classical wild type strains

Classical field 

strains

Vaccine strains
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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

Subgroup 1.2:

Subgroup 1.1:

KSGP O 240

a.o.

Neethling

vaccine

strains



Saratov

TyumenUdmurtia

Kostanay Khabarovsk

LSDV epidemiology 2019-2022

recombinant wild type strains

classical wild type strains

Classical field

strains

Recombinant

field strains

Vaccine strains

Subgroup 1.2:

Subgroup 1.1:

KSGP O 240
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Neethling

vaccine

strains

?



Recombinant LSDV strains

Neethling vaccine

KSGP-O-240

Recombinant

strains

LSDV recombinants

Single recombination

> 120 recombination events



Vaccine quality control: PCRs, partial sequencing, 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

• 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 



Vaccine quality control: PCRs, partial sequencing, 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

• 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 

One specific badly produced and insufficiently controlled LSDV vaccine was 

responsible for the release of recombinant LSDV strains in the field

Highlights that efforts need to be done to stimulate a 

thorough vaccine batch quality control
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Pan capripox
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et al, 2017
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Recombinant LSDV strains - diagnostics

DIVA PCRpan-capripox

PCR
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• Wild type reaction

Recombinant LSDV strains - diagnostics



• Vaccine type reaction

Recombinant LSDV strains - diagnostics



• Diagnostic sensitivity and specificity 

• Analytical sensitivity

• No cross reaction with other viruses

• Limited cross reactions with SPPV and GTPV in pure cell cultures

• Co-detection of wild type and vaccine strains

• Good intra and inter run variability

FAM

Recombinant field strain

Classical field strain
Vaccine strain

Recombinant LSDV strains - diagnostics

HEX

Wild type reaction Vaccine reaction



35 NRL

28
serology and 

virology

20 EU

8 Non EU

6
Virology only

3 EU
3 Non EU

1

Serology only

1 EU

24 EU

11 Non EU

Proficiency test capripox viruses 2022

• Serology

• Virology: - capripox virus DNA detection

- species differentiation

- wild type vs vaccine type 



For the detection of specific antibodies to capripox virus in bovine and ovine sera, 28 out 

of 29 participating laboratories achieved a satisfactory performance on all tests

For the detection of capripox virus nucleic acid in the PT samples, 

33 out of 34 participating laboratories achieved a satisfactory performance on all of their 

PCR tests. 1 out of 34 participating laboratories achieved a satisfactory on one of their 

PCR tests and an unsatisfactory performance on the two other PCR tests.

Proficiency test capripox viruses 2022

For the differentiation of capripox virus species, 17 out of 22 participating laboratories 

achieved a satisfactory performance, 2 out of 22 participating laboratories achieved an 

unsatisfactory performance, misclassifying 1 (no complete dataset) and 5 samples, and

3 out of 22 participating laboratories did not submit a complete dataset and could 

therefore be not awarded a satisfactory performance



For the differentiation between capripox virus vaccine and field strains, 10 out of 22

participating laboratories achieved a satisfactory performance, 11 out of 22 participating 

laboratories achieved did not submit a complete dataset and could therefore be not 

awarded a satisfactory performance, 1 out of 22 participating laboratories achieved an 

unsatisfactory performance, misclassifying 6 samples

Proficiency test capripox viruses 2022

Sample ID REP Expected results
# of 

GTPV

# of LSDV 

Wild

# of LSDV 

Vaccine

# of 

SPPV 

Wild

# of 

SPPV 

Vacci

ne

# of 

NEG # of 

ND
%

TP1 1 GTPV 6 0 0 0 0 10 6 27

TP2 1 LSDV Wild 0 21 0 0 0 1 0 96 

TP3 1 SPPV Wild 0 0 0 10 0 7 5 45 

TP4 2 LSDV Wild 0 42 0 0 0 2 0 96 

VP1 1 LSDV 0 2 11 0 0 3 6 59 

VP2 1 LSDV Vaccine 0 0 21 0 0 0 1 96 

BP1 1 SPPV Vaccine 0 0 0 0 10 7 5 45 

BP2 1 LSDV Wild 0 21 0 0 0 1 0 96 

BN1 1 NEG 0 0 0 0 0 19 3 86



 Impact on vaccine efficacy and LSDV control?

In vivo experiment planned to look at efficacy of homologous LAV against

a challenge with a recombinant strain.

Recombinant LSDV strains – vaccine efficacy



 Vaccination

 Most commonly used: Live attenuated vaccines (LAV)

 Homologous vaccines (based up LSDV)

 Heterologous vaccines (based up SPPV, GTPV)

 Recent: inactivated vaccines

 Homologous vaccines (based up LSDV)  

Duration of immunity induced by LSDV vaccines

Information available on safety 

and efficacy

Duration of protective 

immunity



 LAV: Lumpyvax (MSD Animal Health) 

 Inac: (MCI Santé Animale)

-12 m -6 m 0 m

LSDV Inac 12 
LSDV Inac 6 

Challenge

LSDV con2

-18 m -12 m -6 m 0 m

Challenge

LSDV LAV 18 LSDV LAV 12 LSDV LAV 6

LSDV con1

†

Challenge: LSD/OA3-Ts.MORAN;

titer 6.5 TCID50/ml

Duration of immunity induced by LSDV vaccines



 No nodule formation

 Almost no clinical scoring

PROTECTED NOT 

PROTECTED

 Nodule formation in LSDV Inac 12 (2/6)

 Clinical scoring in 2 animals LSDV Inac 12

Live attenuated vaccine Inactivated vaccine

Total clinical scoring

 Only 1 vaccination necessary

 Limited side effects upon vaccination

 Complete protection for at least 1,5 years

 Prime/boost vaccination necessary

 Almost no side effects upon vaccination

 Complete protection up to six month, but not 

after one year

Duration of immunity induced by LSDV vaccines



LSDV transmission by Stomoxys calcitrans

Stomoxys calcitrans

Clinical diseased 

cattle

Subclinical 

diseased cattle

Mass 

exposure

Laboratory fed 

flies

Limited 

exposure

donors

acceptors

#flies
Mass 

exposure

Mass 

exposure

https://goatsheepcow.com/
https://goatsheepcow.com/
https://goatsheepcow.com/
https://goatsheepcow.com/


Sheeppox virus

 Confirmation diagnostics

 Whole genome sequencing SPPV strain

 Spanish SPPV isolate obtained

 EUVET mission

 Vaccine safety study SPPV vaccine

 Vaccine safety/efficacy study alternative 

SHPP vaccines

 Development of a SPPV infection model using 

intranasal inoculation

 SPPV inactivation in milk



Contact: nick.deregge@sciensano.be
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