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LSDV strains around the world
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LSDV strains around the world
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LSDV strains around the world
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LSDV strains around the world
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LSDV strains around the world
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LSDV strains around the world
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Whole Genome Phylogeny and Genomic Evolution ‘» Site of first detection of LSD

Floris C. Breman *, Andy Haegeman, Nina Kredi¢, Wannes Philips and Nick De Regge



Pathogenesis

« Disease severity varies between animals

severe LSD cases — mild LSD cases — subclinical animals — no productive infection

« 30 to 50% diseased animals in experimental settings
« Morbidity: 10 to 45%; Mortality: 1-5%
« Self limiting disease

« No-carrier status, no latency



Differential diagnosis

Bovine herpes mammillitis (=pseudo-lumpy skin disease) (bovine herpesvirus 2)
Bovine papular stomatitis (parapoxvirus)

Pseudocowpox (parapoxvirus)

Vaccinia virus and cowpox virus (orthopoxvirus)

» Cage

Dermatophilosis Bovine herpesvirus 2
Demodicosis

Insect bites, tick bites
Besnoitiosis

Rinderpest

Hypoderma bovis infection

Photosensitization

Urticaria

Pseudocowpox

Onchocercosis

» Clinical diagnosis: passive and active surveillance; not always straightforward,
mild cases, asymptomatic cases, production system, other pathogens, ...

» Importance of laboratory diagnosis




LSDV diagnosis: sample selection

Diagnostic samples: blood, saliva, ocular-nasal discharge, nodules, scabs, crusts, semen

/ . . . .
Wound crusts = Ideal to confirm clinical picture EFSA 2018
*  High viral load, long time positive Viraemia (PCR)- == ‘
0 *  Suited for virus isolation and PCR =
1]
e Easyto collect E. Skin_lesion (PCR)- +—@————
. ]
* No need for the most sensitive test 2
g Fever- hm——

*  High risk of contamination
Q e  Extracare is needed in sampling and handling Antibodies (ELISA)- *
* Change gloves, also during field collection

0 50 100 150
Days post-infection
v" Nodule and skin lesion

*  Similar remarks as wound crusts
* Need to take a biopt, change biopsy needles
poxvirus infection

v
~

0 *  Suited for virus isolation and PCR Skin nodules 39.days
* Easytocollect

Dried scabs Several years if kept at -20°C
Blood 5-16 days
Q *  Viremia is limited in time and often low T poawa At
¢ More sensitive tests are needed Eyedischarge Duration of infectivity not known
Semen 22 days to 42 days
v Swabs (buccal' nasal) Milk Duration of infectivity not known
* Similar remarks as for blood Urine and feces Duration of infectivity not known

e Potential for environmental contamination
(Babiuk. 2008, Dietze et al, 2018, |rons et al.. 2005, Tuppurainen et al., 2005, Weis, 1968)

*  Risky to determine individual status



Laboratory diagnosis - virology
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Laboratory diagnosis - virology

m il sequencing
| |

m

Virus Pan Spec'lej-s DIVA Pen-side PralftlEl
isolation capripox specific PCR test genome WGS
PCR sequencing
pan capripox PCR assays Species specific PCR assays
. Detect LSDV, SPPV, GTPV . Differentiates between LSDV, SPPV and GTPV
. Bowden et al, 2008 . Lamien et al, 2011
*+ Haegeman et al, 2013 «  Wolffetal, 2021
* ID.Vet capripox triplex assay + Galaye et al, 2015 & 2017
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Haegeman et
al, 2013
D5R
Pan capripox

Agianniotaki
etal, 2017
GPCR
DIVA assay

Vidanovic
et al, 2021
EEV and LW8
DIVA assay

Agianniotaki
etal, 2021
EEV
Wild type assay

Sprygin
etal, 2018
ORF008
Vaccine type assay

Haegeman
etal, 2023
ORF133-ORF144
DIVA assay

KX683219/LSDV/KSGP0240/Kenya/1974
100 | NC/003027/LSDV/NI-2490/Kenya/1958
AF325528/LSDV/Neethiing/NI-2490/Kenya/1958
100 [ MNO72619/LSDV/Kenya/1958
AF409137/LSDV/Warmbath/SouthAfirca/1999 . q 7 .
KY702007/LSDV/Bujanovac/Serbia/2016 LSDV + Wwild Wild Wild Not Wild
MT643825/LSDV/249/Bulgaria/2016 type type type detected type
KY829023/LSDV/Evros/Greece/2015
MH893760/LSDV/Dagestan/Russia/2015
MN642592/L SDV/Kubash/Kazakhstan/2016
KX894508/LSDV/155920/srael/2012
MN995838/1 SDV/pendik/ Turkev/2014
Cluster 2 @ MT134042/LSDV/Udmurtiya/Russia/’2019 Vaccine
. A MW355944/1 SDV/GDO1/China/2020 LSDV +
Rec.strains ,—w'_ [
100

10

Cluster 1.2

10

>

Vaccine type - Vaccine Type .
Saratov not Not or wild

— @ MHB46674/LSDV/SaratoviRussia/2017 type detected detected | not detected type

MN636839/LSDV/Onderstepoort/SouthAfrica/1991
MNB36840/LSDV/Potchefstroom/SouthAfrica/1993
100| MNB636838/LSDV/Polokwane/SouthAfrica/1993
MN636843/LSDV/Onderstepoort/SouthAfrica/1997
MN636842/L SDV/Potchefstroom2202/SouthAfrica/1993 A 5
MNB38841/LSDV/Potchefstroom2201/SouthAfiica/t993 | LSDV + | Yaccine | Vaccine Not Vaccine
100 | KX764645/LSDV/Neethiing-vaccine-OBP/SouthAfirca type type detected type type
AF409138/LSDV/Neethling/vaccine/LW1959/SouthAfric:
MK441838/LSDV/Herbivac/LS/vaccine/SouthAfrica
MG972412/L.SDV/Cro2016/Croatia/2016
KX764644/LSDV/Neethling-Herbivac/vaccine/SouthAfirc
KX764643/LSDV/SIS-Lumpyvax/vaccine/SouthAfirca/19
| AY077835.1/Goatpox virus/Pellor/Kazakhstan/2020
100 | AY077836/Goatpox virus/G20-LKV/Kazakhstan/2020

100

Vaccine

Cluster 1.1

10

=)

DIVA PCRs are important to differentiate adverse reactions after vaccination from clinical disease induced by virulent field
strains: * Multiple DIVA PCRs exist

+ All have specific set-up, fit for purpose in specific epidemiological context Eviruses .

+ DIVA test selection depends on knowledge of locally circulating strains

Development and Validation of a New DIVA Real-Time PCR
Allowing to Differentiate Wild-Type Lumpy Skin Disease Virus
Strains, Including the Asian Recombinant Strains,

from Neethling-Based Vaccine Strains

« 2.5 recombinant strains seem predominant in SE Asian epidemic —

Andy Haegeman *(), Ilse De Leeuw !, Wannes Philips 2 and Nick De Regge !




Laboratory diagnos

pan-capripox

PCR
T ) e
Pan capripox ORF133 - ORF144
DIVA assay
KX683219/LSDV/KSGP0240/Kenya/1974
100 | NC/003027/LSDV/NI-2490/Kenya/1958 - Agianniotaki
AF325528/L SDV/Neethiing/NI-2490/Kenya/1958 Existing otan 2o
ol 100 [ MNO72619/LSDV/Kenya/1958 DIVAs DIVA assay
< AF409137/LSDV/Warmbath/SouthAfirca/1999 .
— KY702007/L.SDV/Bujanovac/Serbia/2016 LSDV + Wild
o 1 06] MT643825/LSDVI249/Bulgariai2016 type | -
T KY829023/L SDV/Evros/Greece/2015 Vaccine WT-
E e MH893760/LSDV.'Dagestan/RussmiZOj 5 Si g na| si g n a|
O ’7 MNB42592/L SDV/Kubash/Kazakhstan/2016
KX894508/LSDV/155920/srael/2012
MN995838/L SDV/pendik/ Turkev/2014
U)' ® MKWZILSDVN&MW&IRMOW Wild w
. MW355944/L SDV/GD01/China/2020 + . .
o 100 l — @ MHB46674/LSDV/SaratoviRussia/2017 LSbv type - Recombinant Classical
= 1MN636839/L SDV/Onderstepoort/SouthAfrica/1991 wild type wild type
MNG636840/LSDV/Potchefstroom/SouthAfrica/1993
100| MNB38838/L SDV/Polokwane/SouthAfrica/1993
- 100 MN636843/LSDV/Onderstepoort/SouthAfrica/ 1997
Fi MNB636842/L SDV/Potchefstroom2202/SouthAfrica/1993 Vaceine
. MN636841/LSDV/Potchefstroom2201/SouthAfrica/1993 LSDV +
() 100 | KX764645/LSDV/Neethling-vaccine-OBP/SouthAfirca type .
47 AF409138/L SDV/Neethling/vac cine/LW1959/SouthAfric: viruses Wvl\ngy
=) MK441838/LSDV/Herbivac/LS/vaccine/SouthAfrica
(@) 100| MG972412/LSDV/Cro2016/Croatia/2016 Ariicle
KX764644/LSDV/Neethling-Herbivac/vaccine/SouthAfirc Development and Validation of a New DIVA Real-Time PCR
KX764643/LSDV/SIS-Lumpyvax/vaccine/SouthAfirca/19 Allowing to Differentiate Wild-Type Lumpy Skin Disease Virus
| | AY077835.1/Goatpox virus/Pellor/Kazakhstan/2020 Strains, Incll.lding the Asiar.l Recom.binant Strains,
100 | AY077836/Goatpox virus/G20-LKV/Kazakhstan/2020 from Neethling-Based Vaccine Strains

Andy Haegeman 1, Ilse De Leeuw !, Wannes Philips  and Nick De Regge !



LSDV genome sequencing

Partial genome sequencing
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Journal of Virological Methods

Protocols

A robust, cost-effective and widely applicable whole-genome sequencing =)
protocol for capripoxviruses

Elisabeth Mathijs *, Andy Haegeman, Kris De Clercq, Steven Van Borm, Frank Vandenbussche

Whole genome sequencing long-range PCR Library prep  PacBi@ {J)NANOPORE

Technologies




LSDV genome sequencing

Partial genome sequencing Whole genome sequencing

« GPCR

«  RPO30

*  DNA_pol
+ P32

+ RPO132
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Advisable to use WGS for monitoring of emerging LSDV strains




Virological workflow at WOAH RL

Pan Capx RT-PCR panel — Haegeman et al. 2013

|

|

|

|
Species differentiation |
*  Wolff et al, 2021 |
* Lamienetal, 2011 I
¥

}

DIVA PCR
* Haegeman et al, 2023
Agianniotaki et al, 2017 & 2021
* Vidanovic et al, 2021

A 4

Virus isolation

|
|
|
|
|
|
|
4

A 4

Phylogenetic sequencing
(Sanger)
* Haegeman et al, 2021

Next generation
sequencing (WGS)
With enrichment
Without enrichment

4
-5  phylogeny




Laboratory diagnosis - serology

v Serum/serology

« Easy to collect
» Antibodies can remain present for a prolonged period of time

» Suitable for screening/surveillance/post-vaccination
monitoring

* Not suitable for early detection
° « Can take multiple weeks before seroconversion is detected
* Depends on the method used



Laboratory diagnosis - serology

Serology




Laboratory diagnosis - serology

Advantages Disadvantages

- Reliable (gold standard) - Live virus
- 2 approaches - Time and costs
- CPE effect ! Not virus specific
- Early detection - Experience
- Fast results if plates - Live virus
prepared - More sensitive to sample
- Highly sensitivity quality
- Commercially available - Less sensitive then VNT and
- Easytodo IPMA, not for early detection
- High throughput
- Good sensitivity / specificity
Western Blot - High specific - Difficult
- High sensitive - Expensive
- High sensitivity - Cross reaction
- Flexible (other - Time and costs

dyes/microscopes)



LSDV diagnostics: serology

Virus neutralization tests — IPMA — ELISA

4

antibodies

19-28 d /

)

- >/ ELISA +
o /
- - |/ VNT +
9-14 d /
-/ IPMA +

)

L

=

Infection: most animals found ‘+’ in IPMA, VNT, ELISA

">

time

Vaccination: most animals found ‘+’ in IPMA, VNT; only +/- 50% ‘+’ in ELISA



vaccination

LSDV diagnostics: serology

LAV1-1 LAV1-2 LAV1-3 LAV1-4 LAV1-5 LAV1-6 LAV1-7

IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA
0dpv NEG 3,667 NEG 3,771131 NEG 1,482445 NEG 6,63199 NEG 0,338 NEG 1,638 NEG -0,858
7 dpv NEG 0,494 NEG NEG -4,447 NEG NEG 0,286 NEG 4,811 NEG 0,182

3,941121

LAV2-1 LAV2-2 LAV2-3 LAV2-4 LAV2-5 LAV2-6 LAV2-7
IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA
0dpv NEG 2,003 NEG -5,436 NEG -2,627 NEG -0,130 NEG 6,892 NEG 0,442 NEG -0,182

infection

INF1 INF2 INF3 INF4 INF5 INF6 INF7 INF8
IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA IPMA ELISA
0dpi NEG 5,488 NEG -0,026 NEG 0,910 NEG -3,407 NEG -0,130 NEG -0,234 NEG 1,534 NEG 0,234
3 dpi NEG N/A NEG N/A NEG N/A NEG N/A NEG N/A NEG N/A NEG N/A NEG N/A
NEG

27,88192

100

u |[PMA ELISA

m [PMA mELISA

dpv

h OO ©
o O O

% positive animals
N
o
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o
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Post vaccination monitoring

No DIVA vaccines available — vaccinated and infected animals cannot be
differentiated based on serology

Important to keep good and complete records of vaccinated animals

Important to implement passive and active LSDV clinical surveillance upon
vaccination to ensure early detection of new cases

Limitations for serological surveillance for post vaccination monitoring




Post vaccination monitoring

4
antibodies e
® R o
) v G o - | 2
/‘---- = o LOD ELISA
; J J ! —
3w 3m 6m 12m 18m tme

1. ELISA is most convenient test for PVM, but only around 50% of vaccinated animals develop
antibody levels above the LOD of the commercial ELISA. 2 to 3 months post vaccination is
best moment to measure efficacy of LSD vaccination

2. Vaccine induced antibodies might disappear over time although ELISA positive animals

have been detected at 18m post vaccination under experimental conditions (unpublished EURL
results)

3. Protection against challenge is not dependent on ELISA antibody detection
in challenged animals, indicating role of CMI.
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