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ANIMAL PRODUCTION AND HEALTH SECTION
JOINT FAO/IAEA DIVISION

Our Mandate is to Assist MS to improve livestock productivity

through:

« Efficient use of locally available feed resources,

» Adeguate management practices and efficient reproductive
/' breeding programmes,
Development of proactive disease prevention and control
measures

using nuclear and nuclear-related technologies

Examples: Irradiated vaccines / stable isotopes /[ early an

rapid detection platforms

Jidinl FAOAAEN Diwigioe
e e o ol A e



CAPRIPOXVIRUSES: NOMENCLATURE

Sheep and
goat poxvirus
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Sheep poxvirus ..
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- |
Lumpy skin
disease virus

> Nomenclature based on the host of origin
> Several reports indicate the involvement of both
sheep and goats in the same outbreak

GEOGRAPHICAL DISTRIBUTION OF
CAPRIPOXVIRUSES

After 2010-

Lumpy: skin disease
Sheep pox and goat pox
Sheep pox /goat pox and lumpy skin disease

Not present/ or no information




GTPV, SPPV AND LSDV DISPLAY GENETIC
DIFFERENCES

Serology.
» Infections cannot be distinguished clinically or serologically:
Experimental
» Some strains recovered from sheep can infect goats and
some goat isolates caniinfect sheep and produce severe
disease
» Experimentally each strain can cross infect all three species
Genetic
Comparison of their genomes show! the existence of 3
genetically distinct species:
« SPPV
« GTPV
« LSDV

SPECIMENS FOR THE LABORATORY

> Skin biopsies, swab samples for virus iselation; histopathelogy, and
electron microscopy. and molecular detection.

> Samplesishipment: ice (within 2 days), or dry ice if'a lenger shipmenttime
IS reguired.

> Serum samples for serology: fiemjacute and chronicicases and 2 to13

weeks! after the first appearance of skin lesions.




VIRUS ISOLATION AND PROPAGATION

O Primary cells fromibovine/ovine origin

> Foetallbovine testicle or Lambitesticle,
foetal bevine kidney or lamb kidney;,
foetal bovine dermis cell cultures

O Cellflines:
> VERO, MDBK, ESH-L, OA3.Ts

infected Vero, cell

O Chorieallantoic membrane (EAM)

Non Infected nLSDV. Herbivac

VIRUS ISOLATION AND PROPAGATION
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TABLE 3 Primary isolation of LSD virus using three different cell lines (CPE at 80 %}

Sample no. I LT FBS ‘ FBM
199 1# passage—6 days | 1% passage—8 days | 2™ passage—5 days | |
257 1¥ passage—6 days = 1% passage—=6 days | 1° passage—8 days

275 1¥ passage—5 days @ 1* passage—6 days | 2" passage —4 days
—— l




SEROLOGY

> Virus neutralization
> Indirect fluerescent antibody test (Garilet al 2008)
> Capripox antibedy ELISA (noet currently recommended by; OIE)

Few assays under investigation (Heine et al., 1999; Tian et al., 201.0; Babiuk
et al., 2009; Bowden et al., 2009;)

»> Western blot

> Agar gel immunodiffusion tests: not veny'sensitive (Mangana-Vougiouka,
210]0]0))

Limitation: not optimal for large scale screening
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HISTOPATHOLOGY

HsViiR
INFECTIOUS DISEASE

Pathology and Viral Antigen Distribution following
Experimental Infection of Sheep and Goats
with Capripoxvirus

C. Embury-Hysts 5. Bablek™ | L. Manosay’, S, Gaseke', T. R Bowden ,
D0 Royle and ], Copps”
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MOLECULAR DIAGNOSIS : GENERAL
CAPRIPOXVIRUS DETECTION METHODS

A gel-based PCR'is described in the OIE manual LSD chapter (Ireland
and Binepall 1998, Tuppurainen et al 2005)

Real time PCR: Balinsky et al., 2008; Bowden, et al 2008, validated by,
Stubbs et al 2010;, Haegeman et al 201.3.

LAMP PCR: Murray: et al 2013 and Das et al 2013.

Field-Ready Nucleic Acid Extraction and Real-Time PCR Platform
(Amson, 2015).

Only'LSDV. based detection (Stram, 2008)

MOLECULAR DIAGNOSIS : GENERAL
CAPRIPOXVIRUS DETECTION METHODS

Commercial Kits:
Techne: with and internal controll (1C)
Genesig® Standard Kit
Genesig® Advance Kit (LSDV116 RNA polymerase subunit), IC
Tetracoere

Biosellal




MOLECULAR DIAGNOSIS: CAPRIPOXVIRUS
SPECIES DIFFERENTIATION

1 2 3 45 6 78 910 11 12 1314 1516 17 18 19 20 21
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GTPV SPPV

Classical PCR:
Can differentiate sheep poexvirus from goat poxvirus

MOLECULAR DIAGNOSIS: CAPRIPOXVIRUS
SPECIES DIFFERENTIATION

DUAL HYBRIDIZATION' PROBES ASSAY (FERET)
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LC480
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MOLECULAR DIAGNOSIS: CAPRIPOXVIRUS
SPECIES DIFFERENTIATION

INVERTEDIDUAL HYBRIDIZATION PROBES ASSAY

lessocssodosssbosmedocesdd

The accumulation of the PCR products
results ina decrease of fluerescence.

mx3005p, CEX, Chreomo4, miniopticen, 1Q5, Rotor gene 6000,
ABI 7500, ABl' QuantStudio 6, LE480

MOLECULAR DIAGNOSIS: CAPRIPOXVIRUS
SPECIES DIFFERENTIATION

INVERTED DUAL HYBRIDIZATION PROBESIASSAY
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Tm values of the negative melting peaks obtained
are used to determine CaPVs genotype

Differentiates allithree capripoxyviruses




MOLECULAR DIAGNOSIS: CAPRIPOXVIRUS

SPECIES DIFFERENTIATION
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Development of a Cost-Effective Method for Compatibility
Capripoxvirus Genotyping Using Snapback Primer and 5 CEX
dsONA Intercalating Dye RotorGene 6000,
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it The melting of the probe

Wl element of the snapback

0 hairpin provides targeted
] genotyping.
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Differentiates all three capripoxviruses GTPV (58.00, 72.50),
SPPV. (562.50, 72.50) and LSDV. (51.50, 73.50)

DIFFERENTIAL DIAGNOSIS

LSD Sheep pox and goat pox

> (PSR s Kinlaaase B Peste des petits ruminants

. . > Parasitic pneumonia
Bovine papular stamatitis ~ P

Pseudocowpox » Caseous lymphadenitis

. Insect bites
Vaccinia and Cowpox

Contagious exthyma

Insect or tick bites Blustor.gus

’

a A -
Dermatophiloesis

>

’

Hypoderma bovis infection Wlysolls denmiils

Phoetosensitisation Shzsp Soes

. > Mange
Cutaneous tuberculosis g

> Photsensitization




DIFFERENTIAL DIAGNOSIS

Compatibility.

= CEX
SCIENTIFIC REP?RTS RotorGene 6000,
LE480
A novel HRM forthe ’ :
sir:ultanoous‘dses::ctic:n and ABI QuantStudio 6

differentiation of eight poxviruses
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DIFFERENTIAL DIAGNOSIS

Cuprripniru
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Cogwipeean, Paptewveils mulocsds and
MW OLAIMAQ CAROTOA LDSO0RS {530 )
COPRTV LTI

L o S Pt et e
B




MOLECULAR DIVA

SPPV. vaccine/SPPV Eield

1: Haegeman et al., 2016 (real time PCR and gel based PCR to differentiate
SPPV wild-type in'Morocco from/SPPV. vaccine

2: In preparation (IAEA)real time PCR and gel based to differentiate
SRRV fieldiisolates from SPPV vaccines

MOLECULAR DIVA

LSDV. vaccine/lLSDbV Field

1. LSDV126 EEV gene: 27 nucleotides difference

Menasherow: et al., 2014 gel based PCR
Israeli wild type versus neethling vaccine

Menasherow et al., 2016: gPCR, HRM based
Israeli wild type versus neethling vaccine

Dejan et al., 2016, gPCR, probes-based
European isolates versus Neethling
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MOLECULAR DIVA

Astvrat Reweer s

LSDV vaccine/LSbV Field : e .

Gelaye et al., 2015: Sequencing based
LSDV. KS1 vaccine/ Ethiopian isolates
Works far LSDV. Neethling vaccines
Versus European isolates

MOLECULAR DIVA

SPPV.vaccine/lLSDV Field

Tuppurainen et al., 2014: R
gPCR for genetyping

Characterzzation of sheep pox virus vacome for catthe agamst lumgry skin O i
G e virus

Brva SM Tappurameen , Consline A Pranen ', Katwzyre Bachunck-Sanbonwsics *, Wick | Bioraks
Shaet Araar Mark B ersack ', Chates b Larien’. Adsra Dolo
frier PN

Kenyavac (KSGP'0-240) = LSDV.
The Jovivac RMB65 strain = SPPV.
Romanian strainiinthe Saudi Arabian
Sheep Pox Vaccine = SPPV
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MOLECULAR EPIDEMIOLOGY

Capripoxvirus P32/ gene, Hosamani et al., 2004

Amplification of the fragment of about 1025 bp containing thefulllP32 gene
Size of the gene: 969 for GTPV and LSDV, 972 for SPPV.
Gene seguence extracted for phylogeny:

MOLECULAR EPIDEMIOLOGY

LSDV002 gene: unknown function, Stram et al., 2008
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MOLECULAR EPIDEMIOLOGY

Capnporerus G-proten-coupled chemokine
receplon: 8 host-range gens sutable for vrus
arimal origin discermnation

1 Chates € w1 K Pantiebt

Gene seguence

Size of the gene: extracted for

1046/ for GTPV. and I8 phylogeny
LSDV :

1025 for SPPV and
some GTPVs

MOLECULAR EPIDEMIOLOGY

- ———— e T - —— - - LSDV group

OTPV group)

Size of the Gene:

SPPV group

606 for GTPV and LSDV:

585 for SPPV
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PRACTICAL APPLICATIONS

CHARACTERISATION OF OUTBREAKISOLATES

Strain name

GTPV. Saudi' Arabia/93
SPPV. OMAN/84

SPPV KS-1

LSDV. RSA 06 Springbok
LSDV. RSA/00 OP126402

Origin
Saudi Arabia
Oman
Kenya
South Africa
South Africa

Species of origin

Goat
Sheep
Sheep
Springbok
Springbok

SPPV
GTPV
LSDV

LSDV
LSDV

Genotyping result

Goat SPPV
GTPV.
GTPV
GTPV
GTPV

GTPV

GTPV Nigeria goat vaccine
058/2011

059/2011

Akaki/2008

Metekel/2010

Chagni ©06/2012

Nigeria
Kenya Sheep
Kenya Sheep
Ethiopia Sheep
Ethiopia Sheep

Ethiopia Sheep

Evidence of cross infections by: capripoxviruses

PRACTICAL APPLICATIONS

CHARACTERISATION
OF VACCINE SEED

Group 1 very close —7
to KSI (7 vaccines)

® CaPV PANV/

@ CaPV PANVACS
@ CaPV PANVACA
@ CaPV PANVAC
| AF325528-LSDV-NI-2490-Neethling-24§
GU119932.1-SPPV-KS-1

@ CaPV PANVACID

@ CaPV PANVAC3
® CaPV PA

[ |GUTTE46.1-LSDV-Burkina-Banfora

| AF409137-LSDV-NW LW-Neethling Warmbaths-LW

U119944.1-LSDV-Sudan/9-Atbara
(GU119945.1-LSDV-RSA/07-Brahman

1T 54-Haden

LSDV

Group 2 close to Lumpy —7

skin disease virusisolate
Neethling vaccine LW

1959 (2 vaccines)

@ CaPV PANVACY
| 99| ® caPv PANVAC2

ling-LW1959
GU119940.1-GTPV-Turkey/98-Denizli
AYO77835.1.GTPV-Pellor
AYO77836.1-GTPV-G20-LKV
GU119933.1-GTPV-Oman/84

99| GU119927.1-GTPV-Yemen/83

g7 GUT19934.1SPPV-Oman/ss

69 GU119935.1-GTPV-Ghana

{ GU119925.1-GTPV-Saudi-Arabial93

GTPV

87| AY077833.1-SPPV-A
GUT19916.1-SPPV-Turkeyl98-Van2
AYOTT834.1-SPPV-NISKHI
—oq| GU119923.1-SPPV-Turkey/98-Denizli
4 CUORA1SPP-igeraT?
GU119928.1-GTPV-vaccine-Nigeria/99
701 GU119926.1-SPPV-Senegal-Sangalcam/ss
GU119920.1-SPPV-Algerial93 Dielfa
|AY077832-SPPV-10700-99-TU-V02127
|® CaPV PANVACE
62 GU119929.1-SPPV-Morocco-vaccine
'® CaPV PANVACT1
YP 27418.1. i

SPPV




PRACTICAL APPLICATIONS

OUTBREAKINVESTIGATION INVACCINATED ELOCKS

Vibrdbos i o o gy Cvnaion

ORIGINAL ARTICLE

Adverse Reactions to Field Vaccination Against Lumpy Skin
Disease in Jordan

SN Abtaudh ', W, M, Hananedy’, W Ramaden’, O MCAT Sepab’, AR Mnagar ' 1 G A 2o
N4 Ks ', K Bachuewt-lan *and E S M. Tuppurainen®

. . Species-specific PCR

Generalised lesions i | y

caused by an e s andiseguencing of the

unlabelled vaccine v i3 X B
GPCR genes showed

the viaceine to

DECISION TREE FOR CAPRIPOX SCREENING

Real time PCR

y ST—
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GPCR or GPCR or
RPO30 RPO30
sequencing sequencing

Full genome sequencing
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Capacity building

o 22 countries supported

o 36 Laberatery Experts trained on laboratory tests
and procedures specific for LSD and Capripox
detection and typing (IAEA / APHIS)

o A Regional werkshop on LSD (November 2016)

Technology transfer

One protocol for DNA extraction

Two laboratory PCR test SOPs selected for virus detection,
evaluated and distributed to affected and at-risk MS

Three rapid Capripox genotyping SOPs developed and
validated'in APHL distributed to/MS

One SOP for purificationiof PCR products (to be
seguenced) distributed to MS

Two sequencing protocols to genetically characterize and
trace LSD virus standardized and presented to MS
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CONCLUSIONS

Viral isolationican be done in primary. cells of bovine and

ovine origin

Serology Is mainly VNT but time consuming;, ELISA highly.

needed.

It is possible to quickly assess the genotype of CaPV
outbreak isolates

It IS Important to genotype both field isolates and vaccines
strains

Gene seguencing is needed to rule to out vaccine

involvement when an outbreak oeccurs in a vaccinated AE;
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