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Definizione

• Febbre catarrale degli ovini o bluetongue 

• Malattia notificabile OIE UE

• Malattia infettiva non contagiosa, trasmessa da insetti

• Ruminanti domestici e selvatici

• Sintomi da asintomatica a morte

Variabilità: specie, razza, sierotipo, fase produttiva

• Ruolo epidemiologico dei bovini / malattia clinica ovini



• Grandi perdite economiche

• + Dirette: + malattia clinica (calo produzioni)

• +++ Indirette: restrizioni alle movimentazioni di animali

• In ‘70, ban export bovine semen USA: 24.000.000 USD/year

• 2007, BTV-8 : 1,4 billions USD in France 

• 2007, BTV-8: 845 millions € in Ned

Importanza socio-economica



Cenni storici

1881 Hutcheon first description SA Merinos

1906 Theiler hypotized viral etiology

1908 first L-A vaccines by Theiler (BTV4)

1924 (o 43) 1st description out of Africa: Cyprus

1943 Du Toit confirmed role Culicoides

1956 1st Europe: Portugal and Spain (BTV10)



BLUETONGUE DISTRIBUTION

1990 vs 2021



BLUETONGUE DISTRIBUTION

1990 vs 2021



BTV OCCURRENCE

1943-2017 
Source: OIE-

BT-Labnet 



OVERALL BTV OCCURRENCE

IN EUROPE AND IN THE MEDITERRANEAN BASIN 

2000-2017

9 viruses: BTV1, BTV2, BTV3 , BTV4 , BTV6 , BTV8 , BTV9 , BTV11 , BTV14 , BTV16

Source: OIE-

BT-Labnet 



Family: Reoviridae

Eziologia

Genus: Orbivirus  (ex arbo)

Serogroup: BT, AHS, EHD, EE

Photo: IZSAM

University 

Wisconsin



non-enveloped 

double-stranded RNA virus

10 segments of RNA

Encodes 11 proteins 4 NS and 7 VP

Inactivated by:

<pH 3 e >pH 8

β-propiolactone

Iodophors and other phenolic compound

labile at –20°C
inactivated at 50°C 3 hrs and 15 min at 60° C

Stable at 

room temperature (for 25 years)

stable when with proteins (blood at 20° C)

Eziologia



Source: Polly Roy et al. Nature Reviews Microbiology 7, 120-128 (2009)

• VP7: Relevant to the identification of 
serogroup (BT virus) 

• VP2: Relevant to the identification of 
the serotype of BTV 

Eziologia



• 24 traditional serotypes +7…
• partially correlated each other (in vitro cross-reactions and 

in vivo cross-protection)

Source: Peter Mertens oral presentation

Eziologia



Source: Virus Taxonomy

2015, Pages 441, 443-569, 571-595, 

597-605

Eziologia



• BTV 25 TOV        goat                 clinically healthy 

• BTV 26 Kuwait  sheep&goat    mild clinical signs 

• BTV 27 Corsica  goat                  clinically healthy

Phylogenetic tree of segment 2, (strains available in GenBank)

Source: Zientara, oral presentation

Nuovi sierotipi



Nuovi sierotipi

• not pathogen

• goat reservoir

• Not transmitted by Culicoides

• horizontal transmission between goats (direct contact)

• Long term persistence (in goats up to 19 months)



Source: Lorusso, 

IZSAM

Eziologia



Source: Lorusso, 

IZSAM

Eziologia



Natural Cycle

Interaction among

Vector

Virus

Ruminant host

Environment

Temperature

Umidity

Pedology soil type

Predominant Winds

Source: Tabachnick, 2010



EPISYSTEMS

• Distinct strains of BTV (virus topotypes) vectored by different 
species of Culicoides occur in specific regions of the world

• Topotypes of BTV and the vector species that occur within each 
episystem up to present times have been relatively stable, despite 
extensive and ongoing trade and movement of ruminants 
between individual episystems.





BT Transmission

Photo Source: PLoS Biol. 2008 Aug; 6(8): e210. 



• Ticks, sheep keds (melophagus ovine)

• In utero

• Mechanical (surgical equipment and needles)

• Horizontal (contact)

– demonstrated in BTV 2, 8, 26

– hypotized in BTV25

• Venereal?

• ingestion of infected material (carnivores or calves)

BT Transmission

Only culicoides ?



TRANSMISSION
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PATHOGENESIS IN BOVINE

vector
INFECTION

Source: 

IZSAM



Viraemia in bovine

Mean Viraemia titers in bovine challenged with different dose of BTV-8

0

1

2

3

4

5

6

7

0 2 5 7 9 12 14 16 19 21 23 26 29 33 35 37 39 41 43 46

Days post infection

V
ir

a
e
m

ia
 L

o
g

1
0
 (

T
C

ID
5

0
/m

l)

10 3̂ TCID50/ml 10 TCID50/ml 10 6̂ TCID50/ml
Source: 

IZSAM



PATHOGENESIS IN SHEEP
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BT Pathogenesis

Interaction virus-host
Strictly associated to cells

Protected from N Ab

Virus in RBC fold of membrane and platelet

It provokes the coagulation process -> damage endotelium

severe oedema in the subcutaneous layer of the facial skin (A)

severe haemorrhages on the subcutaneous aspect of the skin (B)

Both prescapular lymph nodes were markedly enlarged and 

haemorrhagic (C)

Trachea and bronchus)contained serous fluid or froth (D)

interstitial oedema was observed in the lung tissue (E-F).

Source: Involvement of the skin during bluetongue virus infection and replication in the 

ruminant host

Darpel et al, Veterinary Research 2012 43:40



Morbidity/Mortality: Sheep

• Sheep

– Severity of disease varies

• Breed

• Strain of virus

• Environmental stress

– Morbidity

• As high as 100%

– Mortality

• Usually 0 to 30%

Photo: A flock of sheep. USDA ARS



Morbidity/Mortality: 

Other Species

• Cattle, goats

– Morbidity: up to 5%

– Death is rare

• Deer, antelope

– Severe infection

– Morbidity

• Up to 100%

– Mortality

• 80 to 90%

Photo: (Top)  Alice Welch/USDA; (Middle): www.wikimedia-commons.org ; (Bottom): Bob Nichols/USDA



Clinical outbreaks – data

2000-2002

REGION Outbreaks

No. of sheep 

in diseased 

flocks

No. of 

diseased 

animals

No. of dead 

animals

No. of killed 

animals

2000-2001

CALABRIA 589 89,166 15,676 1,011 16,485

SARDINIA 6,264 1,360,614 246,908 46,993 213,863

SICILY 16 1,760 175 106 94

TOTAL (2000-2001) 6,869 1,451,540 262,759 48,110 230,442

2001-2002
BASILICATA 63 4,766 152 16 -

CALABRIA 427 52,722 10,176 236 9,877

CAMPANIA 1 64 3 2 -

LATIUM 62 23,040 431 69 356

SARDINIA 6,090 1,294,365 239,178 72,502 159,636

SICILY 6 853 29 29 -

TUSCANY 158 33,988 693 119 560

TOTAL (2001-2002) 6,807 1,409,798 250,662 72,973 170,429

Source: 

IZSAM



Numbers 2015

Source: OIE Wahis



IMPACT OF BT

Depends on

- Condition for virus persistence

- Wheather

- Density susceptible animal

- Importance of trade

- Mainly sending

- Or receiving animals

- Virus serotype

- Susceptible population

- Mainly ovine 

- Mainly bovine





Source: www.earthobservatory.nasa.gov/NaturalHazards

Where from:

– Animal movements

– Transportation of animal products ?

– Inanimate (aeroplanes? ships?)

– Passive windborne transport of infected vectors

– Anthropogenic drivers  ?



POSSIBLE ROUTES OF INTRODUCTION

OF BTV IN EUROPE 

SINCE 1998 

Source: EFSA, 2007. Adapted from Peter Mertens, Institute for Animal Health



BTV3…



Arthropod vector

Class: Insecta

Order: Diptera

Suborder : Nematocera         

Family: Ceratopogonidae

Genus: Culicoides

AMONG 1400 SPECIES EXISTING 

< 3% 

ARE CERTAIN OR SUSPECTED VECTORS OF BT

Source: 

IZSAM



Source: //www.aboutbluetongue.com/Pages/InsectVector.aspx



Vector movement

Adults Culicoides :

– actively (some hundreds meters)

– passively through winds:

•Surface winds-> 10-50 Km

•Altitude winds-> hundreds Km



If virus reaches salivar glands

• % infection in midges depends on viremia

– C. imicola: 24%  con BTV6; 30%  con BTV3

• Midges are infected all life long (3-6 weeks)

• Every midge could infect an animal every 3 days

• No transovarial nor transtadial transmission



CULICOIDES

Main vectors:

C. imicola (Africa, Mediterranean basin)

C. obsoletus (Cyprus, 1977; Bulgaria, 1999; Italy, 2002; 

Northern Europe, 2006)

C. pulicaris (Italy, 2002)

C. dewulfi (Northern Europe, 2006)

C. brevitarsis, C. fulvus, C. oxystoma, C. 
peregrinus (Australia)

C. variipennis, C. insignis (North America)



LARVAL HABITAT
Midges have different reproduction habitats according to 

their species:

– C. imicola needs terreno umido (fango) esposto al sole (argilla)

– C. obsoletus breeds in shadowy areas (woods)

– C. chiopterus dewulfi breeds in feces (bovine or horses)



C. imicola
100 catches more abundant

Obsoletus Complex
100 catches more abundant

Obsoletus Complex vs C. imicola 

forest coverage

Source: 

IZSAM



BLACK LIGHT TRAP

glass fan

UV tube

netCulicoides

Source: 

IZSAM



Where to put the trap ?

Sardegna 2000: 1st outbreak BT (20,000 Imicola 1 night). Trap needs to stay close to the restaurant…

Source: 

IZSAM



Puglia. Few Imicola/night

Where to put the trap ?

Source: 

IZSAM



Obsoletus complex

Captured inside cattleshed

Active also during 
daylight

Resistant to low 
temperature

Can live more than 3 
months



Catch analysis: morfological exam

• - Obsoletus 
Complex

• Pulicaris Complex

• C. dewulfi

• C. chiopterus

• PCR

• C. obsoletus s.s.

• C. scoticus

• C. montanus

midges             CULICOIDES
• C. imicola

• others

Source: 

IZSAM



How identify Culicoides?

(wings of 5 different spp)



And in winter ?



• In August 2006, a new BTV serotype (BTV-8) was detected in 

the Netherlands, France, Belgium and Germany 

• The origin and mean of introduction are still unknown

BTV 8 OCCURRENCE IN EUROPE 

FROM 2006 TO 2009

2006

2007

2008

2009



source: Purse in NATURE 2005

"Climate change and the 

recent emergence of 

bluetongue in Europe"



• individuals surviving for up to three months at 10 °C in 

the laboratory 

• C. imicola eggs survive 2 months <6°C
• C. imicola adults survive 2 weeks -1,5 °C
• Adults <12°C not active

• Death only if 0°C > 7 days

• most species of Culicoides at northern latitudes 

survive the winter as larvae
Kelso et al, 2014

And in winter ?



OVERWINTER IN VECTOR

vertical transmission 

reported negative results 

Inside buildings, conditions sufficiently warm for blood-feeding all year round 

OVERWINTER IN RUMINANT

chronic or latent infection , transplacenta, horizontal transmission

OTHER

unknown reservoir

(white-tailed deer and elk)

oral transmission between mammalian hosts (consume placental material following a birth)

Carnivores can also become infected after ingesting infected meat and organs 

BTV can also be spread mechanically between animals by humans, for example through contamination of vaccines

Plos Biol. 2008 Aug; 6(8): e210. 



• Virus continues to evolve

– New genetic characteristics

– Viral recombination exchanging genoma in 

• different virus in the same cell

• Reassortant in progenie

• Epidemiology

– Climate change

– Anthropogenic drivers, notably role of 

‘laboratory’ or live attenuated strains

Sfide per il futuro



EU-Response to BT

• DATA

– Siman, Wahis, ADNS, grey

– Surveillance data

• LEGISLATION: 
– Council Directive 2000/75/EC

– Commission Regulation (EC) No 1266/2007

– AHL

– Commission Decisions: Approval of programmes  (monitoring, vaccination)

– Opinions of EFSA

– OIE Terrestrial Animal Health Code





OIE

• BTV isolated from a ruminant 

or camelid

• antigen or RNA in samples + 

clinical signs consistent with 

bluetongue, or + epidem

linked to a suspected or 

confirmed case

• antibodies to structural or 

nonstructural proteins of BTV 

(not a consequence of 

vaccination + clinical signs 

consistent with bluetongue, 

or + epidem linked to a 

suspected or confirmed case

17522

Caso SOSPETTO: 

sintomo riferibile + dati 

epidemiologici 

(sieroconversione sospetta non 

genera più restrizione)

Caso CONFERMATO:

- sieroconversione entro 60 gg 

dal prelievo precedente

- clinica anche da sola se 

epidemia

- PCR

- isolamento del virus

Definizione di CASO

1266/2007

• clinical signs consistent with 

bluetongue

• sentinel animal seroconverted

• BT virus isolated

• animal positive to serological 

tests

• antigen or RNA specific 

identified

AND epidemiological data indicate 

that this is the result of virus 

circulation in the holding and not the 

result of the introduction of 

vaccinated or seropositive animals 

from RZ



Surveillance



1. CLINICAL surveillance 

2. SEROLOGICAL and VIROLOGICAL surveillance on domestic 

ruminants (mainly cattle)

3. ENTOMOLOGICAL surveillance

4. Supplementary measures: wildlife surveillance, etc

SORVEGLIANZA DELLA BT



CLINICAL SURVEILLANCE

• Passiva (sensibilità max in early/introduced detection)

• should always be confirmed by laboratory testing

• Allevatore chiama la Asl?

SEROLOGICAL SURVEILLANCE

• one of the most effective methods of detecting BTV 

• cattle are the most sensitive indicator species

• sentinels should be individually identified

• possible to use sera collected for other survey purposes (WND) or abattoir

• cross reaction in country where BT present for many years

• Antibodies against BTV. Positive test results can have four possible causes:
– natural infection (how old ?)

– vaccination

– maternal antibodies

SORVEGLIANZA DELLA BT



Surveillance strategies

SENTINEL animals

•preferred strategy for BTV surveillance for years (oggi sierotipo)

•groups of unexposed animals at fixed locations and sampled regularly

[animals of known source and history of exposure] 

•to avoid bias, sentinel groups should comprise animals selected to be of 
similar age and susceptibility to BTV infection

•frequency of sampling will depend on 
 if virus isolation is required, sentinels should be sampled at sufficiently frequent intervals to 

ensure that samples are collected during the period of viraemia (40-60 days)

 Settaggio rilevazione precoce



– serum bank to allow retrospective studies

– necessary to differentiate newly infected animals from the seropositive 

animals due to past exposure to the virus. 

– autochthonous animals (low turnover; reproduction better than fattening)

– once a sentinel has seroconverted, it should not be tested again new 

sentinels replacing such useless sentinels

– the adoption of restriction measures only on the infected holding might be 

a disincentive to the farmers to notify disease signs (funds)

Surveillance strategies

SENTINEL animals



SEROLOGICAL SURVEILLANCE: tests to be used

– Basic test: serological test recommended for surveillance is the c-ELISA. 

– ELISA shows highest sensitivity and reduced cost

– In addition, samples from the seroconverted animals may be tested 
with SN and/or PCR and/or other virological or serological methods to 
further confirm the serotype circulating in the zone

– Ex. France PCR

PCR detect viraemia (40-60d) or infection tail (100d)



Fig. 2. Application of laboratory tests in 

virological surveillance

Fig. 1. Application of laboratory tests 

in serological surveillance



ENTOMOLOGICAL SURVEILLANCE

• permanent traps determine 
– population dynamics

– abundance

– over-wintering features (Seasonally free)

• non-permanent traps define 
– geographical distribution

• The use of a vector surveillance system to detect the presence of 
circulating virus is not recommended as a routine procedure as the 
typically low vector infection rates mean that such detections can be 
rare. NO as WND

SORVEGLIANZA DELLA BT



• risk assessment

LA BT in ITALIA

Scenarios

1.Control of disease with direct prophylaxis 

measures only; 

2.Vaccination of sheep and goats in PZs; 

3.Vaccination of all domestic ruminants (sheep, 

goats, cattle and buffaloes) in PZs



Vaccination of sheep and goats only:

Expected number of secondary cases 

(# of primary cases=10)
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Vaccination of all ruminants:

Expected number of secondary cases 

(# of primary cases=10)

Source: 

IZSAM
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Serological surveillance in Italy

• B - LOW RISK
– 1600 km2 each cell

– 148 sentinel animals (i.e. 185/2000 km2)

– 8-10 herds

– Period
• Every 60 dd (Jan-Apr)

• Every 30 dd (May-Dec)

• A – HIGH RISK
– 400 km2 each cell

– 58 sentinel animals (i.e. 290/2000 km2)

– 5-8 herds

– Period
• Every 30 dd (Jan-Apr)

• Every 15 dd (May-Dec)

A

B

A

B

LA BT in ITALIA



• If 

• A farm is in a grid cell of 40x40 km 

• all the sentinel animals in the cell react negative to 
the BT tests, 

• given the sample size used

it means that

with 95% probability, during the previous month, in that 
cell the incidence of BT has been below the design 
incidence (derived from the affected areas of southern Europe) or 
possibly nil,

or, in other words

the nearest BTV circulation is more than 20 km apart

Surveillance strategies:

Epidemiological unit



Serological surveillance in Italy

After BTV8 epidemics, whole national teriitory was considered AREA A



• ZONA INFETTA

– Infected area:

• all Municipalities within a buffer of 20 km of radius from an 

infected farm

INFECTED AREAINFECTED FARM 20 KM BUFFER

Uso della sorveglianza per definire zone 

soggette a restrizioni



74

Year
No. of tested 

animals

No. of ELISA 

tests

No. of virus 

neutralization tests
No. of RT-PCR

2009 62 705 476 327 105 472 6 577

2010 53 915 397 347 30  734 1 664

2011 51 068 361 736 20 952 1 012

2012 39 677 266 959 11 277 1 156

2013 35 657 255 436 25 585 1 304

2014 31 352 243 519 63 819 3 321

•Laboratory tests performed on sentinel 

animals (cattle, sheep and goats) in Italy

•(*) For each sample tested by VN, the presence of antibodies against 8/9 serotypes is checked: 

BTV-1, BTV-2, BTV-3, BTV-4, BTV-6, BTV-8, BTV-9, BTV-14, BTV-15, BTV-16

Serological surveillance in Italy

Source: 

IZSAM



Entomological surveillance in Italy

• Location of permanent

black-light traps

– 1600 km2 each cell

– 1 trap and 1 catch per week in 

each cell

– More than 250 black-light traps 

all over Italy (weekly)

Source: 

IZSAM



The 1st re-planning of bluetongue 

surveillance in Italy

• A Monte Carlo simulation model

• The aim was to simulate:

– expected number of animals to seroconvert and to be detected upon 
subsequent testing

– expected number of herds in which at least one animal seroconverts to 
BTV and for the animal to be detected upon subsequent testing

• The following two groups of scenarios were considered:

– a decrease in the number of sentinel herds (sentinel herds = 100, 90, 80, 70, 60, 

50, 40, 30, 20, 10), and a constant number of sentinel animals per herd (sentinel 

animals = 12)

– a decrease in the number of sentinel animals per herd (sentinel animals = 12, 11, 

10, 9, 8, 7, 6, 5, 4), and a constant number of sentinel herds (sentinel herds = 100)



Results: decrease in the number of

sentinel herds

Source: 

IZSAM



Results: decrease in the number of 

sentinel animals

Source: 

IZSAM



Vaccination in the EU in 2016





Source: Min

Salute

Source: 

SIMAN

Ultimi 2 anni: restrizioni vs circolazione virale





















• 2001 BTV2 epidemics

• 2002-2006 BTV-16 and BTV2 sporadic

• 2013/2014 epidemics 352 outbreaks (77% Cl Ou, 23% SC) (83% ovine)

• BTV1 

• in 151 Municipalities . Almost 95% holding infected or buffer 4km

La Ricerca dell’IZSLT: after natural BT 
epidemics are sheep protected ?



SURVEY 1.0 Around Outbreak

• Kind of study: cross-sectional

• Area target: municipalities with at least 2 confirmed outbreak (77 with 285)

• sub-areas target stratified by LHU 

• Design of study:

– Denominator ovine and caprine in BDN

– C-Elisa

– Exp P= 60%

– SE= 5%

– CL= 95%

• Stratified sample by No heads per Municipalities

• No tested head per holdings= 4/6

– Number to reveal at least 1 positive if seroprev intraherd>= 0.60

– Simple Random holdings selection.

– No infected holdings

– No vaccination holdings



SURVEY 2.0 – In Outbreak

• Kind of study: cross-sectional

• Area target: holdings ovine confirmed outbreak

• Design of study:

– 40 holdings * 30 Animals

– C-Elisa

– Exp P= 60%

– SE= 5%

– CL= 95%

• Stratified sample by LHU outbreaks

– Simple Random holdings selection

– No vaccination holdings



IZSLT SURVEY RESULTS
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● LAZIO e TOSCANA in restrizione per BTV1 e BTV4

biennio 2019-2020 circolazione virale limitata

Nel Lazio – fine 2020 – molti focolai clinici

● nuova normativa prevede condizioni per movimentare gli ovini molto meno restrittive

eliminate le restrizioni bovini e caprini

favoriti scambi commerciali, ma potenziale diffusione

● sorveglianza sierologica ed entomologica gestita con alcune difficoltà

● vaccinazione volontaria e a carico dell’allevatore (costi/benefici)
polizze assicurative? 

● L’ampia variabilità delle caratteristiche delle epidemie dal 2013 al 2020 e l’assenza di 
associazione con campagne vaccinali o biosicurezza aziendale, rendono difficile 

l’individuazione di trend utili all’applicazione di strategie di controllo

CONSIDERAZIONI CONCLUSIVE



AHS e BT

• Article 6

• When BT presence is 

confirmed, the official 

veterinarian shall proceed 

with the slaughter deemed 

necessary to prevent 

extension of the epidemic



Nuovo approccio è un depotenziamento

Necessity of 1 policy in EU but very different MS situations. 3 zones:

epidemic/mid/endemic

Non più esotica in Med basin, non si parli di eradicazione

Chiarire il ruolo dei determinant antropogenici di malattia BTV 8, 6, 11

Informare allevatori del cambio di strategia

CONSIDERAZIONI CONCLUSIVE



• Bt is a problem with many dimensions:

– Production

– Veterinary

– Scientific

– Environmental

– Climatic

– Economic

– Trade

– Political

CONSIDERAZIONI CONCLUSIVE



Thanks for your attention

andrea.carvelli@izslt.it


