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ABSTRACT: The present review aims to show the main
aspects related to bluetongue virus (BTV) infection in sheep.
The bluetongue (BT) is a viral, infectious, and non-contagious
disease caused by a virus (BTV) of the Orbivirus genus, transmited
by a hematophagous vector of the Culicoides genus, to domestic
and wild ruminants, mainly to sheep, the most susceptible species.
It is caused by the association of endemic with climate conditions,
with high temperatures and humidity. Economic loss is directly
linked to death, abortion, weight loss, loss of milk, and meat
production, and, indirectly, to the restriction on the export of
animals and their by-products. The study concludes that the BTV
is worldwidely spread, and probably persists due to the warm and
humid climate that leads to the proliferation of Culicoides sp.,
being necessary to adopt measures that reduce the risk factors
associated to the BTV infection.
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RESUMO: A presente revisio objetivou apresentar os principais
aspectos relacionados 2 infeccio causada pelo virus da lingua azul
em ovinos. A lingua azul é uma doenca viral, infecciosa e nio conta-
giosa, causada por um virus (BTV) do género Orbivirus, transmitida
por meio de vetores hematdfagos do género Culicoides a ruminantes
domésticos e selvagens, principalmente aos ovinos, a espécie mais sus-
ceptivel. A infecgio ocorre de forma endémica, associada a condigées
climdticas com elevada temperatura e umidade. As perdas econ6émi-
cas estdo ligadas diretamente & morte, ao abortamento, 2 perda de
peso, & perda na produgio de leite e carne, e, indiretamente, devido
a restrigdo na exportagdo de animais e seus subprodutos. O estudo
conclui que a lingua azul estd disseminada mundialmente e persiste,
provavelmente, devido ao clima quente e imido que propicia a proli-
feracao de Culicoides sp., sendo necessdrio adotar medidas que dimi-
nuam os fatores de risco associados 2 infeccao pelo virus.

PALAVRAS-CHAVE: Culicoides; Orbivirus; IDGA; ELISAc.
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INTRODUCTION

Sheep farming was spread to practically all continents, due
to the adaptive ability of the species to the different climatic
conditions. In Brazil, trends for sheep production were proven
highly feasible and promising, seen that the herd is growing
greatly in recent years.

As to the important socioeconomic increase in the Brazilian
sheep farming, the health security of the productive chain is
fundamental. It is known that the occurence of virus is com-
mon in sheep, and loss due to this occurrence are common
(SOUZA et al., 2010). Among these diseases, the bluetongue
(BT), a compulsory disease (OIE, 2018) stands out, and eco-
nomic impacts are associated to the decrease in production
and increased mortality in animals (COSTA et al., 20006).

The economic loss due to this disease was not expressed
in exact numbers, but the estimate is US$300 million a year.
However, there is little data about it in Brazil. Loss is both
direct, such as death, abortions, weigh loss, or reduced milk
yield and meat efficiency, and indirect, as a result of export
restrictions for live animals and their by-products (TOMICH
et al., 2009).

The BT, is an infectious and non-contagious disease, caused
by the bluetongue virus (BTV). This virus is a member of the
Orbivirus genus and is transmitted to the ruminants by biting
midges of the Culicoides genus NOAMAN; ARZANI, 2016).

Opver the last ten years in Brazil, several sero-epidemio-
logical studies demonstrated the presence of the virus in dif-
ferent regions (TOMICH et al., 2009; ALVES et al., 2009;
NOGUEIRA et al., 2009; SOUZA et al., 2010; MOTA et al.,
2011; DORNELES et al., 2012; PINHEIRO et al., 2013;
MORAES etal., 2015; NEGRI FILHO et al., 2016; ARAU]O
etal., 2017; SBIZERA et al., 2017). Serological tests consist
mainly of agar gel immunodiffusion (AGID) and competi-
tive enzyme immunoassay (ELISAc). Despite the high occur-
rence in some Brazilian regions, there are few reports of clini-
cal cases, which indicates that the virus is spread silently by
the Brazilian herds (NOGUEIRA et al., 2009).

The occurrence of BT in Brazil is most likely associated
to climatic conditions, because most of the Brazilian territory
has high temperatures and humidity levels, conditions that
favor the multiplication and maintence of the haematopha-

gous vectors (COSTA et al., 2006; LOBATO et al., 2015).

LITERATURE REVIEW

BT is an infectious and non-contagious disease caused by
the BTV. This virus is a member of the Orbivirus genus and
is transmitted to domestic and wild ruminants NOAMAN;
ARZANI, 2016), especially sheep, the most susceptible species.

BT was first recorded at the end of the 19* and early 20*
centuries, although farmers in South Africa recognized the
disease since the introduction of European’s sheep breeds, in
the 18" century. BT was first referred to as ‘malaria catarrhal
fever’ and ‘epizootic catarrh of sheep’ by researchers in South
Africa (MACLACHLAN, 2004).

The ‘bluetongue’ name is derived from the African word
‘blauwtong’, used by african farmers to describe the cyanotic
tongue of some severely affected sheep (MACLACHLAN,
2004). DU TOIT (1944) confirmed that Culicoides spp. are
the biological vectors of the BTV, when demonstrated that
Culicoides imicola had been fed on the BTV infected sheep,
and could transmit the disease to healthy sheep after an incu-
bation period of several days in the insects.

BT was thought to be confined to the African continent.
In 1943, however, the first well-documented epidemic of BT
outside Africa occurred in sheep in Cyprus, an island coun-
try located in the Mediterranean (MACLACHLAN, 2004).

The disease was recognised in Israel (1949), and in the US
States of Texas and California soon thereafter (1952). In Europe,
a large endemic broke out on the Iberian Peninsula in Portugal
(1956) and Spain (1957), where 179 thousand sheep died.
Subsequently, the BT was recognised in the Middle East: with
reports in Pakistan (1959), and India (1963). In 1977, it first
appeared in Australia (MACLACHLAN, 2004). In 1998,
the BT caused the death of more than one million sheep in
Europe (PURSE et al., 2005). The identification in America,
Asia and Europe confirmed that BT is an emerging disease
and could devastate herds in the various regions of the globe.
For this reason, the World Organisation for Animal Health
(OIE) has classified BT as a compulsory disease (ACEVEDO
etal., 2016).

With the recent spread of the disease to previously unaf-
fected regions of Northern Europe, and the incursion of sev-
eral additional serotypes into the US Southeastern regions and
Northern Australia, BT has risen again, in proeminence, as
one of the most significant livestock diseases of the 21* cen-
tury (COETZEE et al., 2012).

In South America, the first descriptions of BTV infec-
tion were reported by SILVA (1978), in Brazil, who described
antibodies against the BTV in sheep and cattle from the state
of Sao Paulo. In 1980, the BTV was isolated in the USA in 8
out of 60 bulls coming from Brazil, that were kept in quaran-
tine (GROOCOCK; CAMPBELL, 1982). Since then, there
is serological evidence for the presence of the BTV in Peru,
Argentina, Brazil, Ecuador, Chile, and Colombia (CLAVIJO
et al., 2002).

Thus, it is evident that the BTV is reported in tropical
and subtropical regions all over the world, also present in
many temperate regions, of latitudes between 40°N and 35°S
(COETZEE etal., 2012), except in Antarctica (NOAMAN;
ARZANI, 2016).
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In Brazil, an outbreak was first reported in the country
and South America (LAGER, 2004) in 2001, in the state of
Parand, involving 130 sheep, 4 goats, and 70 seroreagent cattle,
of which eight sheep and one goat presented clinical signs of
the disease. In 2002, three outbreaks of the disease were also
detected in Parand, one involving goats, and the other two
involving goats and sheep (LAGER, 2004). Since then, sev-
eral serological studies on the various ruminant species show
that the BTV is spreading throughout the country (Table 1),
in 11 Brazilian states.

Economic loss is directly associated with the disease, due
to high morbidity and mortality rates, and to indirect loss,
caused by commercial restrictions on ruminants and their
by-products, by vaccination vector control and treatment of
clinically affected animals. Because of such loss, costs asso-
ciated with BT exceed approximately U$3 billion per year
worldwide (COETZEE et al., 2012).

In Brazil, BALARO et al. (2014b) studied the costs of
an outbreak of the BTV in sheep, in 2013, in the state of Rio

de Janeiro, and over a six-month period U$6.700 were spent
directly and indirectly to treat the disease.

BTV belongs to the genus Orbivirus in the family Reoviridae,
and, until today, 27 serotypes are identified worldwide
(JENCKEL et al., 2015). Morphologically, this is a non-envel-
oped virus with an icosahedral organisation, its viral genome
consists of 10 double stranded RNA segments encoding for
non-structural proteins (NS1 — NS4), and seven structural
proteins (VP1 — VP7) (ROY, 2008).

The outer layer consists mainly of two viral proteins (VP):
VP2, and VP5. VP2 determines the serotype and is responsible
for receptor binding, haemagglutination, and stimulation of
host-specific immunity. VP5 interacts with the host cell mem-
brane and demonstrated a lower humoral response. The mid-
dle layer is formed by VP7, which is the main determinant of
serotype especificity and also provides na epitope in tests, such
as ELISAc for detecting antibodies against the BTV, in addi-
tion to mediating surface fixation, penetration, and infection
of insect cells (ROY, 2008). The innermost layer consists of

Table 1. Number of seropositive animals for bluetongue virus detected in Brazil, from 2000 to 2017, according to author, year,

Brazilian state, test used, and animal species.

Author Year State
MELO et al. 2000 PB
COSTA et al. 2001 RJ
KONRAD et al. 2003 MG
COSTA et al. 2006 RS
COSTA et al. 2006 RS
ALVES et al. 2009 PB
NOGUEIRA et al. 2009 SP
NOGUEIRA et al. 2009 SP
TOMICH et al. 2009 MS
TOMICH et al. 2009 MS
TOMICH et al. 2009 MS
SOUZA et al. 2010 BA
MOTA et al. 2011 PB
MOTA et al. 2011 PB
DORNELES et al. 2012 DF
PINHEIRO et al. 2013 CE
BALARO et al. 2014a RJ
MORAES et al. 2015 SC
LIMA et al. 2016 MG
MATOS et al. 2016a RJ
NEGRI FILHO et al. 2016 PR
NEGRI FILHO et al. 2016 PR
ARAUJO et al. 2017 PR
SBIZERA et al. 2017 PR (SC?)

Source: compiled data from Brazilian articles.

Test! Specie (%) seropositive/sampling
AGID Bovine 4.38(6/137)
AGID Bovine 62.02 (169/282)
AGID Bovine 59.51 (776/1304)
AGID Bovine 0.60(8/1272)
AGID Ovine 0.16(2/1331)
AGID Ovine 8.40 (43/506)
AGID Ovine 65 (651/1002)
ELISAc Ovine 74.10(742/1002)
AGID Bovine 42(92/219)
AGIDE Ovine 10.90 (6/55)
AGID Deer 0(49)
AGID Ovine 0.43 (2/469)
AGID Ovine 4.30 (2/40)
AGID Goat 3.90(2/41)
AGID Ovine 52.37 (389/606)
AGID Ovine 27.30(74/271)
AGID Ovine 81.40(79/97)
AGID Deer 3.10(1/32)
AGID Sheep (outbreak) 64.28 (9/14)
AGID Sheep (outbreak) 80(86/107)
ELISAc Bovine 100 (633/633)
VN Bovine 64.61(409/633)
AGID Bovine 34.30(224/653)
AGID Ovine 31.19(34/109)

'AGID: agar gel immunodiffusion; ELISAc: competitive enzyme immunoassay; VN: virusneutralization; 2SC: south central mesoregion.
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the proteins VP3, VP1, VP4, and VP6, involved in the tran-
scription and replication of viral RNA (RAO et al., 2017).

Due to the nature of the segmented genomes the virus
may suffer resorption of its segments when there is a concomi-
tante infection by two strains of the same virus. In these cases,
the newly replicated genomic segments are irregularly redis-
tributed into the viral progeny, resulting in virions containing
a mixture of segments of the two parental viruses. From an
evolutionary point of view, resorption results in a very rapid
genetic and phenotypic alteration (FLORES, 2007).

Serotypes present antigenic variations and the interac-
tion between each serotype, and the host is not totally clear,
since cross-reactions with other orbiviruses in the serological
AGID test are observed (COSTA et al., 2006), probably due
to the low specificity of the test.

In Brazil, the first virus isolation involved serotype 4, in
the cattle exported to the USA, in 1980. In the outbreak of
2001, CLAVIJO et al. (2002) isolated serotype 12 from sheep
and goats in the state of Parand. Subsequently, several studies
were carried out to identify the serotype involved in outbreaks
in Brazil. In 2009, ANTONIASSI et al. (2010) isolated sero-
type 12 in sheep in the state of Rio Grande do Sul. BALARO
et al. (2014a) isolated serotype 4 in sheep in the state of Rio
de Janeiro. In 2014, serotype 17 was identified in Rio Grande
do Sul (MATOS et al., 2016b). In 2015 and 2016, serotypes
3,14, 18, 19, and 22 were isolated after the deaths of Bororos
deer in an ecological reserve in the city of Foz do Iguact, state
of Parand (OIE, 2016). LIMA et al. (2016) detected serotype
4 in sheep from the state of Minas Gerais.

The virus is inactivated at 50°C for 3 hours, 60°C for
15 minutes, at a pH lesser than 6, or higher than 8, and in
the presence of common disinfectants, such as phenolic and
iodophors agents. However, the virus can remain ineffective
for years in blood stored at -20°C (OIE, 2013).

The BTV can naturally infect domestic ruminants, such
as cattle, sheep, goats and buffaloes, and wild ruminants,
including cervids and camelids (COETZEE et al., 2012).
Nonetheless, the clinical disease is more common in sheep
and deer. Vectors are fundamental for the maintenance and
transmission of the BTV, considering that the infection is
non-contagious (MACLACHLAN, 2004).

The BTV is primarily transmited by a hematophagous
insect of the genus Culicoides, and 1.400 species have been
already been globally described, of which 96% are obligatorily
fed on mammals and birds worldwide, from the sea level up to
an altitude of four thousand meters (TRINDADE et al., 2010).
In Brazil, these midges are called “maruim”, “mosquito-pdl-
vora’, or “mosquitos-do-mangue” (BANDEIRA etal., 2017).

The distribution of the species is associated with local
environmental conditions, such as temperature, humidity,
wind speed, and precipitation, and these midges require semi-
aquatic environments, such as manure, mud, wet and organic

soil substrates for egg laying and larva development (PURSE

etal., 2015; BANDEIRA et al., 2017). In this way, the trans-
mission of the disease occurs in several regions: intensive and
extensive agricutural environments, forests and woodlands,
and periurban areas (PURSE et al., 2015).

Only females are haematophagous and are infected by
ingesting blood from the infected host. The virus crosses the
intestinal wall, replicates and spreads through the tissues and
salivary glands, where viral replication continues. After the
virus replicates itself in the salivar glands, transmission may
occur. The period as from the infection to transmission varies
from 10 to 15 days, and, once infected, vectors will remain
lifelong (MELLOR, 2000).

The Culicoides spp. are more active at sunrise and sunset.
However, climatic factors, such as temperature, wind, and
rainfall can affect adult survival and activity (PURSE et al.,
2015). The average life span of these vectors is three months,
adults usually live from 10 to 20 days, and can survive for a
maximum of 90 days in colder regions (MELLOR, 2000).

Culicoides are between 1 and 3 mm, and, because of their
size, they can disperse on flights, ranging from a short distance,
with less than five kilometers, to windy movements, reaching
hundreds of kilometers (PURSE et al., 2015).

Another important epidemiological factor in the BTV
transmission is the possible preference of some species of
Culicoides for a specific host, because several species prefer-
entially feed on cattle (TOMICH et al., 2009).

Culicoides spp. are also responsible for the transmission to
ruminants of other viruses of importance in veterinary medi-
cine, such as the epizootic hemorrhagic disease (EHD) in deer,
and the Schmallenberg virus (SBV) (PURSE et al., 2015).

The species of Culicoides that transmit the BTV in various
regions around the world are very different (MACLACHLAN,
2004); Culicoides sonorensis is identified in North America;
Culicoides imicola, in Africa and Southern Europe; Culicoides
Sfulvus and Culicoides brevitarsis in Australia; Culicoides pusillus
and Culicoides insignis in Southern USA, Central and South
America; Culicoides obsoletus, and probably Culicoides pulicaris,
were recently implicated as potential vectors in Northern
Europe (LAGER, 2004; CARVALHO; SILVA, 2014).

According to BANDEIRA etal. (2017) there are more than
100 species of Culicoides known in Brazil, but information on
the abundance and distribution of these insects is still limited.
CARVALHO; SILVA (2014) demonstrated Culicoides insignis
as the most abundant specie in the country’s Northeastern
region. In 2013, in Rio de Janeiro, MATOS et al. (2016a)
identified, mainly, Culicoides pusillus and Culicoides insignis.

Based on vector distribution and environmental cli-
matical conditions, LOBATO et al. (2015) classified the BT
into four zones: endemic zones, located in regions of tropi-
cal climates, where Culicoides spp. and the virus are present
during the entire year, without the occurence of the disease,
but with possible infection; epidemic zones, where there is
the presence of the vector during hot seasons, the infection
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and/or disease in these areas is focal, and the clinical disease
can occur in the form of outbreaks, when climatic conditions
allow the dissemination of biting midges; incursion zones,
where the disease appears sporadically, usually when infected
Culicoides are transported to these areas through the wind or
due to climatic changes; free zones, correspond to the territory
where the disease has never been reported, and the possibility
of occurence is remote, because the temperate climate prevents
the vector from circulating on the environment.

Considering the great survival conditions for Culicoides
and the distribution of the BTV in the world, we can con-
clude that the Brazilian territory can host the BT disease in
all its extension (LOBATO et al., 2015).

Although Culicoides are the main transmitters of BT, other
forms of transmission are documented. In sheep and cattle,
transmissions through semen has been reported; however,
the infection only occurs when the animal is viremic and the
semen is probably associated with traces of blood infected with
the virus from the genital tract (KIRSCHVINK et al., 2009).

Placental transmission has already been reported in
cattle, sheep and dogs. SAEGERMAN et al. (2011) stud-
ied 476 sheep and 26 aborted fetuses for seven months, and
they concluded that transplacental infection occurs in ani-
mals naturally infected with the BTV serotype 8. Congenital
infection has also been reported in countries such as the USA
and South Africa, and it was associated to the use of modified
live vacines involving serotypes 10, 11, 13, and 17, causing
abortion, congenital abnormalities, and the birth of viremic
animals (ANTONTIASSI et al., 2010).

Serological evidence indicates that lions, cheetahs, wild
dogs, jackals, and hyenas have antibodies to the BTV, which
is suggestive of infection by feeding from a carcass of infected
ruminants. There is no evidence that these animals are impor-
tant to the natural cycle of the disease yet. (MACLACHLAN
etal., 2009). WILBUR et al. (1994) reported the contamina-
tion of a vaccine with the BTV, causing the abortion of preg-
nant dogs and even death. DUBOVT et al. (2013) reported two
cases of abortion in female dogs with a probable Culicoide-
related infection. This fact suggests that dogs may possibly
act as host for BT.

Authors show that is possible for the BTV to be transmit-
ted by the direct contact between infected animals (BATTEN
etal., 2014), and in an experimental study other authors sug-
gested that the reuse of contaminated needles can transmit
the BTV (DARPEL et al., 2016).

It is important to emphasize that some factors influence
the severity of the infection, such as: nutritional and immune
status, stress, high temperatures (MACLACHLAN, 2004),
sheep’s age, and breed. In Brazil, for example, some sheep
breeds proved to be more susceptible to the BTV, such as
Lacaune, Texel, Hampshire Down, Corriedale, and Santa Inés
(LOBATO et al., 2015), as well as Merino and Poll Dorset
breeds in Europe (MACLACHLAN et al., 2009).

After haematophage performed by a infected midge, the
virus is transported by the host dendritic cells from the skin
to the local lymph nodes, and then, it spreads to the blood
circulation, inducing a primary viremia. Initially, the virus
is associated to all blood elements and it becomes associated
exclusively to erythocytes (MACLACHLAN et al., 2009).

Pathogenesis is characterized by damage to small endote-
lial cells, resulting in tissue infarctation. The vasoactive media-
tors induced by viral replication worsen the endothelium and
interfere with the function, thus allowing for increased vascu-
lar permeability, which leads to the development of edema,
vascular thrombosis, tissue infarctation, necrosis, and hemor-
rhage (COETZEE et al., 2012).

The pathogenesis of the infection is similar in all rumi-
nants; however, the severity of the disease is variable in these
species, and cattle and goats are more resistant to the clinical
disease. MACLACHLAN (2004), seeking to explain this clini-
cal diversity among species, infected the pulmonary micro-
vascular endothelial cells of sheep and cattle, and observed
that there was more endothelial activation in bovine, with the
increased transcription of genes encoding a variety of vasoac-
tive and inflammatory mediators, and increase expression in
cell surface adhesion molecules. In sheep, minimal activation
of endothelial cells occured suggesting that there are differ-
ences in the immune response and interactions of the virus
with the surface of red blood cells between species.

The BTV viremia in sheep has an average from 14 to
54 days; in goats, from 19 to 54 days; and in cattle, from 60
to 100 days. Despite this, there is no evidence of truly persis-
tent BTV infection in domestic ruminants (MACLACHLAN
et al., 2009).

Ruminants infected with the BTV develop a fast and high
antibody response to a variety of viral proteins. Serotype spe-
cific neutralizing antibodies are directed against VP2 and can
be detected by the serum neutralizing test. Antibodies directed
against VP7, and other structural and non-structural proteins
can be detected with serotype reactive assays, such as: AGID,
and ELISAc (MACLACHLAN et al., 2009).

After the virus is inoculated into the ruminants by bit-
ing midge there will be viral replication and the BTV appears
in bloodstream (MACLACHLAN et al., 2009). The clinical
signs are highly variable even in susceptible species, such as
sheep, reflecting inherent differences in the susceptibility of
different sheep breeds (ACEVEDO et al., 2016).

In sheep, viremia peak lasts approximately seven days
and is accompanied by fever (39.5 — 40.8°C). Several clini-
cal signs have been observed in outbreaks: depression, apa-
thy and prostration; tachypnea; hyperemia and congestion
of oral and nasal mucosa; serous nasal discharge, which may
become mucopurulent and form crusts; lacrimation; excessive
salivation; submandibular oedema and oeoedema of the lips,
face, tongue, and eyelid; petechiae in the oral and conjuctive
mucosa; hemorrhages and erosions of the lips; erosions, and
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oral ulcers (CLAVIJO et al., 2002; DARPEL et al., 2007;
MACLACHLAN et al., 2009).

In addition to edema, the tongue may become cyanotic and
protude out of the mouth, generating problems in swallowing
and episodes of regurgitation (ANTONIASSI et al., 2010).
This can cause anorexia, weight loss, and weakness to the ani-
mal that generates ruminal stasis. In some cases, hemorrhagic
diarrhea is observed. Pulmonay edema can lead to dyspnea
and death due to secondary pneumonia. Damage to hooves,
such as hyperemia, and petechiae of the coronary bands can
be observed, mainly in posterior limbs. The animal may be
reluctant to move, and various degrees of lameness are observed
(DARPEL et al., 2007). Falling wool and dermatites may also
occur (MACLACHLAN et al., 2009).

Inflammation and petechial haemorrhage of the scrotum,
epididymis inflammation, testicular degeneration, and alteration
in semen may occur (KIRSCHVINK et al., 2009). There may
also occur abortion, fetal mummification, lamb birth of weak,
or congenitally defective animals, and severe impairment of the
central nervous system (SAEGERMAN et al., 2011).

Most animals with acute infectation die 14 days after the
onset of clinical signs, and mortality among susceptible sheep
ranges from 2 to 30%. Animals that recover from the disease
normally demonstrate a prolonged recovery period, during
which they can show loss of and reduction in fertility, milk
production, and quality of wool (COETZEE et al., 2012).

Despite the high levels of the BTV in blood, the infec-
tion is usually asymptomatic in cattle, goats and wild rumi-
nants, and these species are considered hosts for the BTV due
to proctated viremia.

Goats are also considered resistant to the disease and pres-
ent mild clinical signs. Facial and tongue oedema, nasal dis-
charge, wounds and crusts on the snout and lips, and erythema
of the udder have been reported (DERCKSEN et al., 2007).

Pathological findings include decreased globular volume
and leucopenia, which progresses to neutrophilic leukocytosis
and possible lymphopenia.

Skeletal myopathy, caused by the clinical disease, is reflected
in increased levels of creatine phosphokinase (CPK) and aspar-
tate aminotransferase (AST) (ANTONIASSI et al., 2010).
ANTONIASSI et al. (2010) and BALARO et al. (2014a)
noted the presence of disseminated intravascular coagulation
(DIC) in disease outbreaks in sheep.

Necropsy findings reveal hyperemia, hemorrhage, erosion,
and ulceration of the mucosa of the upper gastrointestinal
tract and nasal cavity. The presence of petechiae, ecchymosis,
or hemorrhage in the pulmonary artery was observed in sev-
eral cases of the disease (BALARO et al., 2014a; LIMA et al.,
2016), as well as necrosis of the heart muscle MACLACHLAN
etal., 2009). It is also possible to observe edema and hemor-
rhage in lymph nodes; hemorrhage in subcutaneous tissue;
pulmonary edema with abundant foam in trachea; pleural
and/or pericardial effusion; facial oedema, submandibular

and abdominal wall muscle oedema (MACLACHLAN etal.,
2009; KATSOULOS et al., 2016).

In Brazil, BT is part of the list of notifiable vesicular
diseases, according to normative instruction No. 50 of the
Ministry of Agriculture, Livestock and Food Supply (MAPA)
(BRASIL, 2013).

Early clinical diagnosis leads to a fast implementation of
control measures. However, no clinical signs are pathogno-
monic, and any disease that causes hemorrhage or edema can
be mistaken for BTV.

The severity of clinical signs may vary considerably and
may be influenced by individual and species variations, such
as age, serotype differences, host immune status, climatic con-
dition, and property management (MACLACHLAN, 2004).

The definitive diagnosis of BT can only be confirmed
with a laboratory analysis, by virus isolation through inocula-
tion in sheep, embryonated eggs, or cell cultures; by identifi-
cation of the agent, through virus-neutralization (VN); or by
the detection of specific antibodies, using the ELISAc, agar gel
immunodifusion (AGID) and complement fixation (CF) tests.
Molecular biology techniques can also be used by the RT-PCR
method (CLAVIJO et al., 2002; LAGER, 2004; OIE, 2018).

Among viral isolation tests, the most sensitive method is
the inoculation in embryonated chicken eggs (OIE, 2018).
Among serological tests, the most commonly used are ELISAc
and AGID (SOUZA et al., 2010). Antibodies appear from five
to fifteen days after infection; however, they do not persist for
the animal’s entire life (MACLACHLAN, 2004), being a per-
sistent virus only in vectors (MACLACHLAN et al., 2009).
Thus, positive serological results only confirm that the animal
was previously infected with the BTV (MACLACHLAN, 2004).

AGID, assimple and economical test, is one of the stand-
art tests recommended by the OIE for certifying animals for
international ruminant transit, since 1982. This test detects
antibodies to VP7, but one of its disadvantages is the possi-
bility of cross-reacting against other Orbiviruses, such as the
EHD (OIE, 2018). Unfortunately, AGID can only deter-
mine positive or negative animals, and it does not identify
the serotypes present (COSTA et al., 2006), thus being a
test of low specificity (OIE, 2018) and sensitivity (WARD;
THURMOND, 1995).

ELISAc was developed to detect BT V-specific antibodies,
focused on the VP7 protein, without detecting cross-reactive
antibodies against other Orbiviruses (OIE, 2018). This is a fast
method, that allows defining the serum or plasma antibody
at the beggining of the 6" day after infection (KOUMBATI
et al., 1999). Several studies have demonstrated differences
between serum prevalences detected by AGID and ELISAc
worldwide, in distinct species (REDDINGTON etal., 19915
KOUMBATI et al., 1999; SHRINGI; SHRINGI, 2005;
NOGUEIRA et al., 2009), and show that, compared to other
serological tests, ELISAc shows high sensivity and specificity
for BT (NOAMAN; ARZANI, 2016; OIE, 2018).
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The reverse transcription polymerase chain reaction quan-
titative in real time (RT-PCR) has been widely used to diag-
nose the BTV, because it allows identifying the serotype and
detects the BTV’s RNA in samples up to six months after
infection (ANTHONY et al., 2007).

Other diagnosis methods are avaible, including the immu-
nofluorescence test, immunospot testing, indirect peroxidase
and anti peroxidase identifcation, or serotyping with the virus
seroneutralization, microtiter neutralization, and fluorescence
inhibition test. They are nonetheless rarely used (OIE, 2018).

In small ruminants, various diseases can be mistaken for
BT, such as: foot-and-mouth-disease; contagious ecthyma;
vesicular stomatitis; peste des petits ruminants; sheep pox;
pneumonia; hepatogenic photosensitization caused by plant
intoxication and mycotoxins; Rift Valley fever; parasitic gastro-
enteritis; salmonellosis; infectious pustular dermatites; podo-
dermatitis; ulcerative dermatites; polyarthritis; white muscle
disease associated to selenium and vitamin E deficiency; and
EHD (WILLIAMSON et al., 2008).

There is no specific therapy for BT, and a symptomatic
treatment must be performed. ANTONIASSI et al. (2010)
reported the recovery of sheep after sodium dipyrone, peni-
cilina and dexamethasone acetate administration, whereas
BALARO et al. (2014a) reported an improvement in clinical
signs of sheep after streptomycin with penicilina administration.

Imports of countries with BT infections should be imme-
diatly banned as a priority measure, followed by monitoring
farms that breed domestic ruminants, with clinical examination
and serological tests (SPERLOVA; ZENDULKOVA, 2011).

The omnipresent distribution of biting midges, unvaccinated
wild, and domestic ruminants makes it impossible to eradicate
the BTV. Thus, control becomes an important measure to limit
the economic impacts of such disease (COETZEE etal., 2012).

Some procedures that limit the exposure of animals to
Culicoides bites include avoiding contact with low-humid
pasture, stabling animals between dusk and down, and using
insect repellents on animals (COETZEE et al., 2012).

Although cattle are considered hosts for the BTV, due
to prolonged viremia, concomitante grazing with sheep is
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