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Summary
South America (SA) has the ideal climatic conditions for occurrence of Bluetongue virus 
(BTV) and other orbiviruses. Based on serological evidence of BTV circulation, the virus is 
widespread across SA. However, little knowledge has been acquired about BTV origin and 
distribution, and circulation of specific serotypes is almost non‑existent. The first barrier 
to a better understanding of Bluetongue (BT) in SA concerns its recognition in the field, as 
most infections of seropositive ruminants are unapparent in endemic areas. There are few 
reports on BTV isolation in SA, many of them from viraemic asymptomatic animals. Among 
the known competent BTV vectors, Culicoides insignis is the most abundant species in SA. 
However, information about biological characteristics and competence of various other 
Culicoides species described in SA is missing. The few reports on BT outbreaks lead to an 
underestimation of the disease impact on the continent economy. To overcome these major 
gaps, it is necessary to: improve diagnostic structure and disease recognition in the field; 
identify BTV serotypes and their distribution in different SA areas; and to study the biology 
and epidemiology of Culicoides. Furthermore, it is important to have a surveillance system for 
BT, as well as contingency plans for possible outbreaks in SA. 
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Riassunto
Il Sud America (SA) ha condizioni climatiche ideali per favorire la presenza del virus della 
Bluetongue (BTV) e di altri orbivirus. Studi sierologici mostrano che il virus della Bluetongue 
(BTV) è diffuso in tutta il SA. Tuttavia, non si sa molto sull'origine del virus, la sua distribuzione 
e la circolazione dei sierotipi specifici. Uno dei principali ostacoli che ha favorito questa 
carenza di informazione è la difficoltà diagnostica, in quanto nelle aree endemiche molte 
infezioni decorrono in forma asintomatica. I pochi casi di isolamento di BTV in questi territori 
derivano da animali viremici asintomatici. Culicoides insignis è la specie più abbondante 
tra i vettori competenti del BTV in SA. Le informazioni sulle caratteristiche biologiche e le 
competenze di altre specie di Culicoides presenti sono esigue. La mancanza di informazione 
sui focolai di Bluetongue non permette un'accurata valutazione dell'impatto della malattia 
sull'economia del continente. Per colmare queste lacune è necessario migliorare le strutture 
e le capacità diagnostiche in campo, identificare i sierotipi di BTV e la loro distribuzione 
nelle varie regioni del SA, conoscere la diffusione, l'abbondanza e la competenza vettoriale 
dei Culicoides presenti in SA. È inoltre di fondamentale importanza adottare un sistema di 
sorveglianza per la malattia e piani di emergenza per gestire eventuali focolai.
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Il virus della Bluetongue e altri orbivirus in Sud America: lacune e sfide
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Peru indicate that BTV is present in both countries, 
but the small number of sampled animals does 
make it difficult to assess prevalence (Lopez et  al. 
1985, Mantilla 1998, Merino Mena 2011). Regarding 
Bolivia and Paraguay, there are no available data. The 
BT status of these countries on OIE web page was 
“disease suspected, but not confirmed”, from 2005 to 
2007 in Paraguay, and from 2008 to the first semester 
of 2010 in Bolivia, respectively. Between 2010 
and 2011, the OIE status of Bolivia was “confirmed 
infection but no clinical disease” (OIE 2015). Also, 
in Bolivia, a serological survey was done on grey 
brocket deer (Mazana gouazoubira), which did not 
reveal any seropositive animal of the 17 sampled, 
(Deem et al. 2005). Table I shows a summary about 
BTV serosurveys in domestic ruminants in SA.

Regarding BTV serosurveys on camelids in SA, there 
are reports from Argentina (Karesh et al. 1998, Puntel 
et  al. 1999, Marcoppido et  al. 2010, Marcopiddo 
et  al. 2011), Chile (Lager 2004), and Peru (Rivera 
et  al. 1987). Seropositive alpacas (21%) were only 
detected in Peru (Rivera et al. 1987).

Although BTV seems to be widespread in SA, 
the available information about BTV serotypes 
distribution is very limited. Some initial data was 
obtained from seroneutralization tests, using AGID 

Bluetongue and other orbiviruses 
distribution in South America
South America (SA) has an extreme geographic 
and climatic variation, which contributes to a large 
number of biomes with an unparalleled number of 
plants and animal species. Basically, the continent 
can be divided in 4 climate zones: 

•	 tropical spanning on areas close to the equator, 
with high daily temperatures throughout the 
year and an extreme amount of precipitation; 

•	 temperate, which is located South of the Tropic 
of Capricorn, where it is possible to find a great 
range of temperature variation throughout the 
year, also with cold Winters; 

•	 arid climates, which are found in deserts, 
coastal areas, and Northwest areas in Brazil; 

•	 cold region extending in the Southern end of 
Argentina and Chile, with dry seasons and high 
winds. Some of these climates are extremely 
cold, whereas others are extremely hot but 
with very little precipitation (Pinto et al. 2008).

Based on vector distribution and climatic and 
environmental conditions, the epidemiology of 
Bluetongue virus (BTV) can be categorised into 
zones: endemic, epidemic, and incursion zones. 
The endemic zone lies in tropical climates where 
competent Culicoides spp. are actively spreading 
viruses throughout the year. Bluetongue disease 
(BT) is rarely observed in this zone. The epidemic 
zone is located in temperate climates, where 
competent Culicoides spp. appear during the warm 
season and disease occurrences are observed 
seasonally. The incursion zones are those where BT 
appears every decade or so, associated with climatic 
changes (Gibbs and Greiner 1994). So, considering 
the good conditions for Culicoides survival and 
the distribution of BTV in the world, it is possible 
to conclude that the majority of SA territory could 
harbour the disease. However, little is known about 
BTV and other orbiviruses in SA. 

Since the first description of BTV in SA in 1978 
(Silva 1978), with the only exception of Uruguay 
(OIE 2015), at least an indirect evidence of BTV has 
been found in all SA countries. Figure 1 summarises 
BTV serological data in domestic ruminants in SA, 
found in the literature of the past 30 years. Dark 
blue areas, indicating high BTV seroprevalence, are 
found in tropical and subtropical areas. As expected, 
serological surveys indicated a lot of seronegative 
animals in the temperate and cold zones in the 
South of Brazil, Argentina, and Chile. Another area 
with very low seroprevalence is located in the 
Northeast of Brazil, which, despite being located in 
a tropical zone, is a very hot and dry region of the 
country. Serological studies done in Ecuador and 

Figure 1. Serological prevalence rates for bluetongue virus (BTV) in 
domestic ruminants in South America. The BTV seropositivity rate is 
indicated by blue gradient fill.
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in French Guiana. Serotypes 4 and 12 were 
isolated from outbreaks affecting sheep from the 
South and Southeast of Brazil (Clavijo et  al. 2002, 
Antoniassi et al. 2010, Balaro et al. 2014). Serotypes 
2, 13, and 17 have been detected in symptomatic 
sheep and goats in the French Guiana (Viarouge 
et  al. 2014). Furthermore, serotype 4 was isolated 
from asymptomatic cattle in Argentina and Brazil 
(Groocock and Campbell 1982, Gorsch et  al. 2002, 
Legisa et al. 2013) and serotypes 1, 2, 10, 12, 13, 17, 

positive sera. Serotypes 1, 2, 4, 6, 10, 12, 13, 14, 17, and 
19 were identified in Brazil (Silva 1978, Cunha 1990), 
while serotypes 12, 14, and 17 (Homan et al. 1985c) 
were detected in Colombia. In a study conducted by 
Gumm and colleagues (Gumm et al. 1984), serotypes 
14 and 17 were identified in Guiana, and serotypes 6, 
14, and 17 were detected in Suriname. 

BTV serotypes were only identified by real time 
polymerase chain reaction (RT‑PCR) and virus 
isolation in Brazil, Argentina, and more recently, 

Table I. Bluetongue virus serological studies in domestic ruminants from South America.

Country Region Species/technique/number of 
samples Seroprevalence References

Argentina

Corrientes, Missiones provinces Sentinel cattle/cELISA, 21.5%  Gorsch et al. 2002

Corrientes province
Missiones province

Cattle/AGID/2853 (1995-1996); 543 
(1998)

Sheep/AGID/435(1998)

Missiones - Cattle: 40.7% (1995-
1996); 35.88% (1998); Sheep: 95% 

(1998);
Corrientes - Cattle: 0.7% (1995-

1996); 2.7% (1998); Sheep: 3.13% 
(1998)

Lager 2004

Bolivia NA* NA

Disease suspected, but not 
confirmed (2008-2010)

Confirmed infection, but no clinical 
disease (2010-2011)

OIE 2015 

Brazil See Figure 1 See figure 1 See figure 1 See Figure 1

Chile
Tenth Region Cattle/AGID/1752

Sheep/AGID/500
Cattle: 19.6%
Sheep: 1.6% Tamayo et al. 1985

NA Cattle and sheep No seropositve animals Lager 2004

Colombia

Córdoba, Antioquia and Medelin Cattle/AGID/635 51.81% Homan et al. 1985a, 
1985b

Antioquia
Dairy cattle/AGID and SN/86 (cows);

29 (calves and heifers);
Zebu cattle/AGID and SN/49

Dairy cattle: 55.81% (cows); 96.55% 
(calves and heifers)
Zebu cattle: 77.5%

Homan et al. 1985c

Ecuador

El Oro province Cattle /AGID/87 10.3% Lopez et al. 1985

NA Goat/AGID/NA 7.4% Mantilla 1998 
Manabi, Beaterio and Tandapi 

provinces Sheep/AGID/NA 8% Merino Mena 2011

French 
Guiana

NA Cattle, sheep and goats/AGID and VI/NA 100% Lancelot et al. 1989
Saint-Laurent, Sinnamary, Matiti-

Cayenne, Kaw Cattle and buffalos/cELISA,/122 Cattle and buffaloes: 85% (cELISA) Viarouge et al. 2014

Guiana Many regions
Cattle/AGID/719
Sheep/AGID/387
Goats/AGID/255

56% (cattle); 50% (sheep); 40% 
(goats) Gibbs et al. 1983

Paraguay NA NA Disease suspected, but not 
confirmed (2005-2007) OIE 2015 

Peru North, central and south areas Sheep/AGID/34 55.88% Rosadio et al. 1984

Suriname Many regions
Cattle/AGID/451
Sheep/AGID/77
Goats/AGID/68

82% (cattle); 88% (sheep); 91% 
(goats) Gibbs et al. 1983

Uruguay NA NA Never reported OIE 2015

Venezuela

NA Cattle/NA/NA 56.4% (1973-1983) and 43.3% 
(1988-1990) Siger et al. 1990

Zulia state Cattle/NA/1543 62.39% Perez Barrientos et al. 
1995 

Aragua state Cattle/AGID and cELISA/NA
Sentinel cattle/AGID and cELISA/47

74.8% (AGID) and 94.7% (cELISA);
89.4% (AGID) and 100% (cELISA)

Gonzalez and Perez 
2001

* NA = not available data/information
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other endemic diseases that have similar clinical 
aspect, it is possible to assume that clinical cases 
are underreported. Mild clinical signs of BT were 
identified in sheep and goats in French Guiana 
(Viarouge et al. 2014), however, outbreaks of BT and 
EHD have been described only in Brazil (Clavijo et al. 
2002, Antoniassi et al. 2010, Favero et al. 2013, Balaro 
et al. 2014). The few clinical reports of BT in SA are 
summarised as follows: 

•	 The first report of an outbreak of BT with clinical 
disease occurred in Curitiba, Parana State, Brazil, 
in April 2001. Twenty‑one sheep and 1 goat 
had clinical signs that were consistent with a 
diagnosis of BT. Two sheep and 1 goat died from 
the disease. Bluetongue virus was detected 
in tissues of some animals using RT‑PCR. 
Virus isolation and immunoperoxidase assay 
confirmed the diagnostic. Virus neutralisation 
(VN) test was used to type the BTV isolate, and 
BTV‑12 was identified (Clavijo et al. 2002). 

•	 In February 2002, an outbreak affecting goats, 
with the death of 13 animals, occurred in Parana 
State. In the following month, 2  outbreaks 
affecting 29 sheep (18 died) and 13 goats 
(9 died) occurred in the same state. There is no 
information confirming BTV diagnosis and the 
serotype involved in these 3 outbreaks (Lager 
2004, OIE 2015).

•	 In March and April of 2009, 2 outbreaks 
occurred in Rio Grande do Sul, in the South of 
Brazil, in 2 farms, affecting sheep. On the first 
farm, 14 sheep of both sexes and different ages 
showed clinical signs suggestive of BT. Eight of 
them died and had lesions compatible with 
the disease. On the second farm, in April, 2009, 
1 young male showed clinical signs and lesions 

and 24 were isolated from domestic ruminants in 
French Guiana (Viarouge et  al. 2014). Serotypes 4, 
8, 10, and 16 were identified in semen of 2 healthy 
bulls from the southeast of Brazil (Gasparini et  al. 
unpublished data).

Only few reports are available on Epizootic 
haemorrhagic disease (EHD), caused by the Epizootic 
haemorrhagic disease virus (EHDV). Serotypes 1 and 
2 were identified by seroneutralization in Colombia, 
Guiana, and Suriname (Gumm et al. 1984, Homan et al. 
1985). The only report of an outbreak of EHD, affecting 
deer, is from Brazil (Favero et al. 2013). Viarouge and 
colleagues (Viarouge et  al. 2014) reported EHDV‑1 
isolation and EHDV‑6 genome identification from 
asymptomatic cattle in French Guiana. These studies 
indicate that EHDV circulates in domestic and wild 
ruminants in SA. Table II summarises the studies 
about EHDV identification in SA. 

A new orbivirus, the Peruvian horse sickness virus 
(PHSV), was isolated from horses in an outbreak of 
neurological disease, in 1997, in Peru (Attoui et  al. 
2009). In the same year, Rioja virus, lately recognised 
as Yanan virus‑1, was also isolated in Peru from an 
outbreak of neurological disease in donkeys, cattle, 
sheep, and dogs (Attoui et  al. 2009). The isolation 
of new orbiviruses in SA brought attention to the 
diversity of orbivirus species and BTV serotypes that 
may still need to be identified in the continent.

Occurrence of clinical disease
Considering that much of the SA territory is located 
in an endemic area for the occurrence of both 
BT and EHD, it is expected that clinical disease is 
rarely observed. Moreover, considering the great 
variability of clinical signs and the large number of 

Table II. Epizootic haemorrhagic disease virus identification in South America.

Country Region Species/technique/number of 
samples Seroprevalence References

Brazil
São Paulo Cattle, sheep, goat and wild ruminants/

ELISA/? 39% (EHDV); 39% (EHDV and BTV) Pandolfi et al. 1998a

São Paulo and Mato Grosso do Sul Deer (Blastocerus dichotomus)/ELISA/81 74% (EHDV); 60% (EHDV and BTV) Pandolfi et al. 1998b

Colombia Antioquia
Dairy cattle/AGID and SN/86 (cows);

29 (calves and heifers);
Zebu cattle/AGID and SN/49

Dairy cattle: 10.47% (EHDV-1); 
2.33% (EHDV-2) (cows); 20.69% 

(calves and heifers);
Zebu cattle: 6.12% (EHDV-1); 2.04% 

(EHDV-2)

Homan et al. 1985c

French 
Guiana

Saint-Laurent, Sinnamary, Matiti-
Cayenne, Kaw

Cattle and buffalos/ELISA, RT-PCR and 
VI/122

ELISA: 60% (EHDV) and 38.52% 
(EHDV and BTV);

RT-PCR: 40% (EHDV) and 39% (EHDV 
and BTV)

Viarouge et al. 2014

Guiana Many regions Cattle/SN/48
Sheep and goats/SN/NA*

Cattle: 27.08% (EHDV-1); 4.17% 
(EHDV-2); 4.17% (Ibaraki virus);
Sheep and goats: no seropositive 

animals

Gumm et al. 1984

* NA = not available data/information
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that also suggested BT. The diagnosis of BTV‑12 
was confirmed by RT‑PCR and sequencing 
(Antoniassi et al. 2010).

•	 From January to April 2013, dairy ewes from a 
farm in Vassouras, Rio de Janeiro State, Brazil, 
presented clinical and pathological findings 
suggestive of BTV. BTV‑4 was identified after 
molecular analysis. 

•	 From January to October 2014, 7 outbreaks 
affecting sheep occurred in 5 towns in Rio 
Grande do Sul (RS), Brazil. The mortality rate 
varied from 1.7% to 56%. The major clinical 
signs observed were dyspnoea with nasal 
discharge and laminitis. The major lesions 
observed were pneumonia, haemorrhage of 
the pulmonary artery, and esophagitis with 
ulcers, all suggestive of BT. BTV‑4 was identified 
as the involved serotype in all farms. This was 
the first report of BTV‑4 circulation associated 
with clinical signs in RS state (Guimarães et al. 
unpublished data). 

•	 Viarouge and colleagues (Viarouge et al. 2014) 
described clinical disease compatible with BT in 
sheep and a goat in French Guiana. Three sheep 
showed clinical signs such as conjunctivitis, 
nasal flow, ulcerative crusting on the lips, 
haemorrhagic ulcer on posterior cloves (crown), 
dry scabs around the eyes and on the head, and 
facial oedema. One goat showed inflammation 
of the vulva and crusting at the corners of the 
lips. The serotypes identified by RT‑PCR from 
these animals were: BTV‑2, BTV‑13, and BTV‑17.

•	 In February 2008, at a Zoo in Santa Catarina 
State, Brazil, 1 gray brocket deer (Mazama 
gouazoubira) died five days after presenting 
sublingual swelling, drooling, lethargy, 
prostration, glossitis, slight cyanosis, and 
blood on the perineum. Seventeen days 
later, a 1‑year‑old male pygmy brocket deer 
(Mazama nana) from the same zoo suddenly 
died. Infection by EHDV was detected by 
RT‑PCR, and confirmed by virus isolation and 
immunoperoxidase assay (Favero et al. 2013).  

Figure 2 summarises orbivirus identification in SA 
from symptomatic and asymptomatic animals.

Vector distribution
Many gaps related to the information about the 
orbiviruses vectors in SA exist. Because Culicoides 
pusillus have been described as the main biological 
vector of orbivirus in Central America (Mo et  al. 
1994), they are believed to be responsible for 
orbiviruses transmission in SA too, although BTV 
and/or EHDV have never been isolated from any 
vector in this continent.

A great number of Culicoides species has been 
described in SA, but the most abundant and more 
often reported is Culicoides insignis. Other frequently 
reported species in different countries of the 
continent are Culicoides foxi, Culicoides paraenses, 
Culicoides venezuelence, Culicoides lahillei, Culicoides 
leopoldoi and Culicoides limai. However, their role on 
orbiviruses transmission is still unknown. Culicoides 
pusillus does not seem to be as important in SA as 
it is in Central and North America. This species has 
been described together with many others that 
were captured in small numbers, such as Culicoides 
debilipalpis, Culicoides acotylus, Culicoides antunesi, 
Culicoides betesi, Culicoides bimaculatus, Culicoides 
brasilianum, Culicoides bricenoi, Culicoides claviesi, 
Culicoides crucifer, Culicoides debilipalpis, Culicoides 
denisae, Culicoides diabolicus, Culicoides duartei, 
Culicoides flavivenula, Culicoides guyanensis, 
Culicoides horticula, Culicoides maruim, Culicoides 
lutzi, Culicoides paraignacioi, Culicoides paramaruim, 
Culicoides pausienfuscatus, Culicoides phlebotomus, 
Culicoides plaumanni, Culicoides recifei, Culicoides 
todatangae, Culicoides uniradialis, Culicoides viartei 
(Gorsch et al. 2002, Ronderos et al. 2003, Corrêa et al. 
2007, Aybar et al. 2010, Carvalho and Silva 2014).

Figure 2. Orbiviruses isolation and identification in South America 
(1980‑2014).
1 Groocock and Campbell 1982, 2 Clavijo et al. 2002, 3 Gorsch et al. 2002, 4 Attoui et al. 
2009, 5 Antoniassi et al. 2010, 6 Favero et al. 2013, 7 Legisa et al. 2013, 8 Balaro et al. 2014, 
9 Gasparini et al. unpublished data, 10 Guimarães et al. unpublished data, 11 Rosa et al. 
unpublished data, 12 Viarouge et al. 2014.
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the time required for oogenesis and oviposition 
in Culicoides females, as there is a decrease in the 
time necessary to digest a blood meal (Mullens and 
Holbrook 1991). Therefore, higher temperatures 
may increase the biting rate, thus augmenting the 
possibility of BTV transmission between vector 
and host. Moreover, higher larval development 
temperatures may increase the competence of 
Culicoides for one or two generations, or even 
induce competence in otherwise non‑competent 
species, as a consequence of the “leaky gut” 
phenomenon (Mellor 2000, Mellor et  al. 2000). 
Environmental temperature also has a direct effect 
on BTV replication rate in the insect, as the activity of 
the viral RNA‑polymerase is positively influenced by 
temperature. Bluetongue virus requires a minimum 
temperature between 10°C and 15°C to replicate 
inside the Culicoides vector (Wilson and Mellor 
2009, Carpenter et  al. 2011). Therefore, at higher 
temperatures, BTV replication rate increases, thus 
reducing the time required for the virus to reach the 
salivary glands (the extrinsic incubation period, EIP). 
A shorter EIP may further increase the proportion of 
vectors that would be able to transmit the virus to 
the next host (Wilson and Mellor 2008).

Climate changes occur in SA, although there is 
little consensus on the impact that these will have. 
There is a general agreement on the increase of 
2‑4 degrees of the average temperature in the 
continent until the end of this century (Nobre 
et  al. 2004). Associated with that, a change of the 
precipitation pattern in some areas has also been 
envisaged. This may change Culicoides distribution, 
and consequently, BTV and related orbiviruses 
distribution may also change. 

Temperatures in SA have been forecasted to change 
in the range of 0.4°C to 1.8°C by 2020 and between 
1.0°C and 7.5°C by 2080 (Magrim et  al. 2007). 
The annual precipitation average is projected to 
decrease in Northern SA, near the Caribbean coasts, 
and in large part of Brazil, Chile, and Argentina, while 
it is expected to increase in Colombia, Ecuador, 
Peru, around the equator, and in South‑Eastern 
SA. Emerging diseases, including food‑borne and 
vector‑borne diseases, are expected to increase and 
have an impact on human and animal health (Pinto 
et al. 2008). 

Economic impact
As important information related to the disease 
occurrence is missing, it is very difficult to assess 
precisely the economic losses caused by BTV and 
related orbivirus in SA. Indirect losses caused by 
trade restrictions imposed by importing countries for 
live animals, semen, embryos, and products derived 
from ruminants will cause a major economic impact 

Susceptible host
South America has an important role in ruminant 
production in the world and presents a great number 
of orbiviruses susceptible hosts concentrated in 
endemic and epidemic areas.

Ruminant species and breeds were introduced in 
SA originally by the first European settlers and were 
forced to be adapted to the climatic and vegetation 
conditions. In the 20th century, mainly from the 70’s 
to the 90’s, there was an increase in the importation 
of highly productive breeds of sheep and goat to 
ensure genetic improvement for meat and milk 
production in SA. In Brazil, for example, from 1987 
to 2006, live small ruminants were mainly imported 
from many European countries, as well as from 
Australia, New Zealand, and North America1.

To date, there are many mixed ruminant breeds and 
it is necessary to know their susceptibility to BTV. 
In Brazil, sheep breeds reported to be susceptible 
to BT clinical disease are Lacaune, Texel, Hampshire 
Down, Corriedale, and Santa Ines, which is a 
Brazilian breed (Antoniassi et  al. 2010, Balaro et  al. 
2014). In French Guiana, sheep and goat breeds 
affected were Martinik and Creole, respectively 
(Viarouge et al. 2014).

In SA, camelid species are important mainly for wool 
production, such as llamas, alpacas, vicunas, and 
guanacos. Although serological surveys tried to find 
BTV antibodies in these species, all of them were 
negative (Karesh et al. 1998, Puntel et al. 1999, Lager 
2004), with the exception of a study in Peru where 
a seropositivity of 21% was found in alpacas (Rivera 
et al. 1987).

Although prevalence studies in cattle and buffalo 
indicate a high level of seropositivity (Cunha 1990, 
Lage et al. 1996, Melo et al. 2000, Konrad et al. 2003, 
Venditti 2009, Martins et  al. 2011), clinical signs 
associated with BTV or EHDV infections in these 
species have never been reported in the continent. 

Climate changes
There is increasing evidence that climate changes 
are influencing the distribution pattern of 
insect‑borne pathogens such as BTV, as shown by 
its Northward expansion in Europe since the late 
1990s (Purse et  al. 2005, Purse et  al. 2008, Wilson 
and Mellor 2008, Mardulyn et  al. 2013). Due to 
their small size and poikilothermy, Culicoides are 
particularly susceptible to climate change (Wilson 
and Mellor 2008). Higher temperature reduces 

1  AliceWeb/MIDC. System of Analysis of Foreign Trade Information. 
Ministry of Development, Industry and Foreign Trade, Brazil. http://
aliceweb.mdic.gov.br//menu/index/item/aliceweb# accessed on 29 
October 2014.
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challenge. As BTV and EHDV symptomatic animals 
seem to be a rare event in the continent, sentinel 
and asymptomatic animals should be considered as 
a target for virological surveillance. One important 
point is to improve the clinical surveillance for 
identification of BT and EHD in the field. Due to 
the wide variation in terms of clinical signs, it could 
be assumed that there are many clinical cases 
underreported or misdiagnosed with other endemic 
diseases. Veterinarians must include these diseases 
in differential diagnosis of diseases that affect 
domestic and wild ruminants. Moreover, disease 
reporting must be improved to enable a better 
understanding of its distribution and economic 
impact, as well as, the readiness for an early 
response, prevention, and intervention measures in 
susceptible livestock, wildlife, and vectors biology.

To support these actions, diagnostic structures must 
be improved, not only to detect diseases caused by 
orbiviruses, but also to be able to differ them from 
other endemic diseases. It is important to have 
laboratories that can offer orbiviruses serologic 
and etiologic diagnostic tests to identify the viruses 
rapidly. Molecular characterization of isolates can 
help with valuable epidemiologic information about 
virus circulation and origin and elucidate BTV and 
other orbiviruses epidemiology in the continent.

Vector’s identification, surveillance and study of 
biological and behavioural characteristics are also 
essential. It is important to determine seasonal 
occurrence and abundance, which could be 
correlated with the risk of disease occurrence. 
Because arthropods are highly sensitive to 
environmental and seasonal temperatures, the range 
of vector‑borne diseases can be highly affected 
by climate change. The impact of these changes 
in the distribution of viruses is unknown, so it is 
important to connect the orbivirus research groups 
with geographic/climatic factor research groups. It 
is important to link climate data with surveillance 
systems with the aim of better understand the 
spatial and temporal positions of pathogens, host, 
vectors and their interactions.

So far, only a few research groups in SA are 
systematically working with orbiviruses and 
Culicoides. In this sense, investigation and training on 
these topics must be stimulated. Finally, the major 
challenge may be to join a multidisciplinary team 
to work together. Farmers, veterinarians, animal 
health authorities, epidemiologists, entomologists, 
biologists, meteorologists, virologists, and 
economists should all contribute with their expertise 
to improve our overall knowledge of BTV and related 
orbiviruses in SA.  

in the continent, although no precise estimate has 
been provided yet.

Balaro and colleagues (Balaro et al. 2013) evaluated 
the costs of the 2013 BTV outbreak in Rio de Janeiro 
state, Brazil. A longitudinal prospective case study 
was conducted in the affected farms from March 
2013 to August 2013 to assess all treatment costs 
linked to illness and subsequent co‑morbidities in 
the flock. Mortality, abortion, medication, veterinary, 
and additional labour services, as well as the drop of 
production registered in 6 months, led to a loss of 
US$ 6,700. 

Gaps and challenges
In the past 10 years, excellent reviews about BT 
situation in SA have been published (Larger 2004, 
Legisa et  al. 2014). But what draws attention is 
that, during these years, little progress on the 
understanding of this disease was made. Essential 
data to better understand the past, present, and 
future of BT and other animal diseases caused by 
orbiviruses in SA are still missing and despite the 
efforts of researchers, many gaps need to be filled. 
The following questions are particularly relevant: 
how many and which BTV and EHDV serotypes are 
present in SA? Which genotypes and topotypes 
are circulating? How are they distributed in the 
continent? What about virulence and virus biological 
characteristics? Are there other orbiviruses species 
important for animal health in the continent?

As for the vectors, more questions could be added 
to the previous: how many species of Culicoides are 
important for orbivirus transmission and how are 
they distributed in the continent? What are the SA 
Culicoides biology and ecology? Which will be the 
impact of climate change in vectors distribution?

In relation to susceptible hosts, there are some 
more questions: which SA species and breeds are 
susceptible to BT and other orbiviruses infection/
clinical diseases? Which species of wild animals are 
susceptible to BT and other orbiviruses infection/
clinical diseases? Do they play a role in the 
transmission/epidemiology of the virus to domestic 
species? How much are the losses caused by the 
disease in SA?

Considering all the gaps reported here, a lot of 
challenges came up to enable a better understanding 
of BTV and related orbiviruses in SA.

The implementation of surveillance programs for 
virus identification and characterisation that may be 
supported by SA governments should be the major 



260

Orbiviruses in South America: gaps and challenges  Lobato et al.

Veterinaria Italiana 2015, 51 (4), 253‑262. doi: 10.12834/VetIt.600.2892.1

Alves F.A.L., Alves C.J. & Azevedo S.S. 2009. Soroprevalencia 
e fatores de risco para a língua azul em carneiros das 
mesorregiões do Sertão e da Borborema, semi‑arido 
do Estado da Paraíba, Brasil. Ciência Rural, 39, 484‑489.

Antoniassi N.A.B., Pavarini S.P., Ribeiro L.A.O., Silva M.S., 
Flores E.F. & Driemeier D. 2010. Alterações clínicas e 
patológicas em ovinos infectados naturalmente pelo 
vírus da língua azul no Rio Grande do Sul. Pesq Vet Bras, 
30, 1010‑1016.

Attoui H., Mendez‑Lopez M.R., Rao S., Hurtado‑Alendes A., 
Lizaraso‑Caparo F., Jaafar F.M., Samuel A.R., Belhouchet 
M., Pritchard L.I., Melville L., Weir R.P., Hyatt A.D., Davis 
S.S., Lunt R., Calisher C.H., Tesh R.B., Fujita R. & Mertens 
P.P. 2009. Peruvian horse sickness virus and Yunnan 
orbivirus, isolated from vertebrates and mosquitoes in 
Peru and Australia. Virology, 394, 298‑310.

Aybar C.A., Juri M.J., Santana M., de Grosso M.S. & Spinelli 
G.R. 2013. The spatio‑temporal distribution patterns of 
biting midges of the genus Culicoides in Salta province, 
Argentina. J Insect Sci, 12, 145. 

Balaro M.F.A., Lima M.S., Del Fava C., de Oliveira G.R., Pituco 
E.M. & Brandão F.Z. 2014. Outbreak of Bluetongue virus 
serotype 4 in dairy sheep in Rio de Janeiro, Brazil. J Vet 
Diagn Invest, 26, 567‑570.

Balaro M.F.A., Oliveira G.R., Brandão F.Z. & Valente L.C.M. 
2014. Treatment costs and some direct costs of 
bluetongue outbreak in a dairy sheep farm in Rio de 
Janeiro, Brazil, South America. In 28th World Buiatrics 
Congress, Cairns, Australia, 241‑247.

Bernardes N.T.C.G. 2011. Soroprevalencia da lingua azul 
em bovinos do Estado de São Paulo, Brasil, 2001. 
Dissertation, Instituto Biologico, Sao Paulo, Brazil.

Carpenter S., Wilson A., Barber J., Veronesi E., Mellor P., 
Venter G. & Gubbins S. 2011. Temperature dependence 
of the extrinsic incubation period of orbiviruses in 
Culicoides biting midges. PLoS One, 6, e27987.

Carvalho L.P.C. & Silva F.S. 2014. Seasonal abundance of 
livestock‑associated Culicoides species in northeastern 
Brazil. Med Vet Entomol, 28, 228‑231.

Castro R.S., Leite R.C., Abreu J.J., Lage A.P., Ferraz I.B., 
Lobato Z.I. & Balsamao S.L. 1992. Prevalence of 
antibodies to selected viruses in bovine embryo 
donors and recipients from Brazil, and its implications 
in international embryo trade. Trop Anim Health Prod, 
24, 173‑176.

Clavijo A., Sepulveda L., Riva J., Pessoa Silva M., Tailor 
Ruthes A. & Lopez J.W. 2002. Isolation of bluetongue 
virus serotype 12 from an outbreak of the disease in 
South America. Vet Rec, 151, 301‑302.

Corrêa T.G., Ferreira J.M., Riet‑Correa G., Ruas J.L., Schild 
A.L., Riet‑Correa F., Guimarães A. & Felippe‑Bauer 
M.L. 2007. Seasonal allergic dermatits in sheep in 
southern Brazil caused by Culicoides insignis (Diptera: 
Ceratopogonidae). Vet Parasitol, 145, 181‑185.

Costa J.R.R., Lobato Z.I.P., Herrmann G.P., Leite R.C. & 
Haddad J.P.A., 2006. Prevalência de anticorpos contra 
o vírus da língua azul em bovinos e ovinos do sudoeste 

References

e sudeste do Rio Grande do Sul. Arquivo Brasileiro de 
Medicina Veterinária e Zootecnia, 58, 273‑275.

Cunha R.G. 1990. Neutralizing antibodies for different 
serotypes of bluetongue virus in sera of domestic 
ruminants from Brazil. Rev Bras Med Vet, 12, 3‑7.

Deem S.L., Noss A.J., Villaroel R., Uhart M.M. & Karesh W.B. 
2004. Disease survey of free ranging grey brocket deer 
(Mazama gouazoubira) in the Gran Chaco, Bolivia. J 
Wild Dis, 40, 92‑98.

Dias R.P., Oliveira A.A.F., Brito R.L., Farias D.A., Aragao M.A.C 
& Pinheiro R.R. 2007. Soroprevalencia da lingua azul 
em rebanhos ovinos de sete municipios do estado do 
Ceará, Brasil. Archieves of Veterinary Science, 12, 272‑273.

Felippe‑Bauer M.L., Caceres A., Santos da Silva C., 
Valderrama‑Bazan W., Gonzalez Perez A., & Martins 
Costa J. 2008. New records of Culicoides Latreille 
(Diptera: Ceratopogonidae) from Peruvian Amazonian 
region. Biota Neotropica, 8, 34‑38.

Gerber P.F., Gallinari C.F., Cortez A., Paula C.D., Lobato Z.I.P. 
& Heinemann M.B. 2012. Orbivirus infections in collared 
peccaries (Tayassu tajacu) in Southeastern Brazil. J Wild 
Dis, 48, 230‑232.

Gibbs E.P. & Greiner E.C. 1994. The epidemiology of 
bluetongue. Comp Immunol Microbiol Infect Dis, 17, 
207‑220.

Gibbs E.P.J., Greiner E.C., Alexander F.C.M., King T.H. & Roach 
J. 1983. Serological survey of ruminant livestock in some 
countries of the Caribbean region and South America 
for antibody to bluetongue virus. Vet Rec, 113, 446‑448.

Gibbs E.P.J., Homan E.J., Mo C.L., Greiner E.C., Gonzalez J., 
Thompson L.H., Oveido M.T., Walton T.E. & Yuill T.M., 
Regional Bluetongue Team. 1992. Epidemiology of 
bluetongue viruses in the American tropics. Regional 
Bluetongue Team. Ann N Y Acad Sci, 653, 243‑250.

Gonzalez M.C. & Perez N. 2001. Induced Bluetongue virus 
seroconversion in cattle from the state of Aragua, 
Venezuela. Revista de la Facultad de Cienciancias 
Veterinarias UCV, 42, 135‑144.

Gorsch C., Vagnozzi A., Duffy S., Miquet J., Pacheco J., 
Bolondi A., Draghi G., Cetra B., Soni C., Ronderos 
M., Russo S., Ramirez V. & Lager I. 2002. Bluetongue: 
isolation and characterization of the virus and vector 
identification in the northeast of Argentina. Rev Arg 
Microb, 34, 150‑156.

Greiner E.C., Mo C.L., Homan E.J., Gonzalez J., Oviedo M.T., 
Thompson L.H. & Gibbs E.P.J., Regional Bluetongue 
Team. 1993. Epidemiology of bluetongue in Central 
America and the Caribbean: initial entomological 
findings. Med Vet Entomol, 7, 309‑315.

Groocock C.M. & Campbell C.H. 1982. Isolation of an exotic 
serotype bluetongue virus from imported cattle in 
quarantine. Can J Comp Med, 46, 160‑164.

Gumm I.D., Taylor W.P., Roach C.J., Alexander F.C.M., Greiner 
E.C. & Gibbs E.P.J. 1984. Serological survey of ruminants 
in some Caribbean and South American countries for 
type‑specific antibody to bluetongue and epizootic 
haemorrhagic disease viruses. Vet Rec, 114, 635‑638.



261

Lobato et al.  Orbiviruses in South America: gaps and challenges

Veterinaria Italiana 2015, 51 (4), 253‑262. doi: 10.12834/VetIt.600.2892.1

Homan E.J., Lorbacher de Ruiz H., Donato A.P., Taylor W.P. & 
Yuill T.M. 1985a. A preliminar survey of the epidemiology 
of Bluetongue in Costa Rica and Northern Colombia. J 
Hyg (Lond), 94, 357‑363.

Homan E.J., Lorbacher H., Donato A., Taylor W. & Yuill T.M. 
1985b. Bluetongue virus infection in Costa Rica and 
Colombian cattle. Prog Clin Biol Res, 178, 559‑561.

Homan E.J., Taylor W.P., Ruiz L.D. & Yuill T.M. 1985c. 
Bluetongue virus and epizootic haemorrhagic disease 
of deer virus serotypes in northern Colombian cattle. J 
Hyg (Lond), 95, 165‑172. 

Karesh B.W., Uhart M., Dierenfeld E.S., Braselton W.E., 
Torres A., House C., Puche H. & Cook R.A. 1998. Health 
evaluation of free‑ranging guanaco (Lama guanicoe). J 
Zoo Wild Med, 29, 134‑141.

Konrad P.A., Rodrigues R.O., Chagas A.C.P., Paz G.F. & Leite 
R.C. 2003. Anticorpos contra o vírus da língua azul em 
bovinos leiteiros de Minas Gerais e associações com 
problemas reprodutivos. Revista da FZVA, 10, 117‑125.

Laender J.O. 2002. Lingua azul em rebanhos de ovinos 
e caprinos em três mesorregioes de Minas Gerais: 
analise da evidencia clinica e serologica e identificação 
de Culicoides sp. Dissertation. Escola de Veterinaria 
Universidade Federal de Minas Gerais, Brazil.

Lage A.P., Castro R.S., Melo M.I.V., Aguiar P.H.P., Barreto 
Filho J.B. & Leite R.C. 1996. Prevalence of antibodies 
to bluetongue, bovine herpesvirus 1 and bovine viral 
diarrhea/mucosal disease viruses in water buffaloes 
in Mina Gerais State, Brazil. Rev Elev Med Vet Pays Trop, 
49, 195‑197.

Lager I., Duffy S., Miquet J., Vagnozzi A., Gorsch C., Draghi 
M., Cetra B., Soni C., Hamblin C., Maan S., Samuel A.R., 
Mertens P., Ronderons M. & Ramirez V. 2004. Incidence 
and isolation of bluetongue virus infection in cattle 
of the Santo Tomé Department, Corrientes Province, 
Argentina. Vet Ital, 40, 141‑144.

Lager I.A. 2004. Bluetongue virus in South America: 
overview of viruses, vectors, surveillance and unique 
features. Vet Ital, 40, 89‑93.

Lancelot R., Calvez D., Waller J., Kremer M., Sanite L. & 
Lefévre P.C. 1989. Epidemiological observations on 
bluetongue in French Guiana. Épidémiologie et Santé 
Animale, 15, 103‑116.

Legisa D., Gonzalez F., De Stefano G., Pereda A. & Dus 
Santos M.J. 2013. Phylogenetic analysis of bluetongue 
virus serotype 4 field isolates from Argentina. J Gen 
Virol, 94, 652‑662.

Legisa D.M., Gonzalez F.N. & Dus Santos M.J. 2014. 
Bluetongue virus in South America, Central America 
and the Caribbean. Virus Res, 182, 87‑94.

Lima M.S. 2013. Caracterização do vírus da língua azul em 
ovinos, caprinos e cervídeos no Brasil. Dissertation. 
Instituto Biológico, São Paulo, Brazil.

Lima M.S., Martins M.S.N., Monteiro B.M., Birgel Junior 
E.H., Nogueira A.H.C., Stefano E. & Pituco E.M., 2012. 
Comparison of methods for detection of antibodies to 
bluetongue in buffalo. Journal of the Brazilian Society 
for Virology, 17, 485‑486.

Lopez W.A., Nicoletti P. & Gibbs E.P.J. 1985. Antibody to 

bluetongue virus in cattle in Ecuador. Trop Anim Health 
Prod, 17 (2), 82.

Magrin G., García C.G., Choque D.C., Giménez J.C., Moreno 
A.R., Nagy G.J., Nobre C. & Villamizar A. 2007. Latin 
America. Climate change 2007: impacts, adaptation 
and vulnerability. In Contribution of Working Group II to 
the fourth assessment report of the intergovernmental 
panel on climate change. (M.L. Parry, O.F. Canziani, 
J.P. Palutikof, P.J. van der Linden & C.E. Hanson, eds). 
Cambridge University Press, Cambridge, UK, 581‑615.

Mantilla A. 1998. Anticuerpos del virus de la LA en ovinos 
de cria en ANCO. Instituto Nacional de Higiene.

Marcoppido G., Olivera V., Bok K. & Parreno V. 2011. Study of 
the kinetics of antibodies titres against viral pathogens 
and detection of rotavirus and parainfluenza 3 
infections in captive crias of guanacos (Lama guanicoe). 
Trans Emerg Dis, 58, 37‑43.

Marcoppido G., Parreno V. & Vila B. 2010. Antibodies to 
pathogenic livestock viruses in a wild vicuna (Vicugna 
vicugna) population in the Argentinean Andean 
altiplano. J Wild Dis, 46, 608‑614.

Mardulyn P., Goffredo M., Conte A., Hendrickx G., 
Meiswinkel R., Balenghien T., Sghaier S., Lohr Y. & 
Gilbert M. 2013. Climate change and the spread of 
vector‑borne diseases: using approximate Bayesian 
computation to compare invasion scenarios for the 
bluetongue virus vector Culicoides imicola in Italy. Mol 
Ecol, 22, 2456‑2466.

Martins M.S.N., Nogueira A.H.C., Pituco E.M. & De Stefano 
E. 2011. Pesquisa de anticorpos contra o virus da língua 
azul em búfalos do Pará. Biológico, 73, 224‑227.

Mellor P.S. 2000. Replication of arboviruses in insect 
vectors. J Comp Pathol, 123, 231‑247.

Mellor P.S., Boorman J. & Baylis M. 2000. Culicoides biting 
midges: their role as arbovirus vectors. Annu Rev 
Entomol, 45, 307‑340.

Melo C.B., Oliveira A.M., Azevedo E.O., Lobato Z.I.P. & Leite, 
R.C. 2000. Anticorpos contra o vírus da língua azul em 
bovinos do sertão da Paraíba. Arquivo Brasileiro de 
Medicina Veterinária e Zootecnia, 52, 19‑20.

Merino Mena C.X. 2011. Identificación de anticuerpos 
precipitantes para el virus de la lengua azul en suero 
de ovinos de la parte alta y baja de la Provincia de 
Pichincha. Bachelor Thesis. Facultad de Ingenieria Y 
Ciencias Agropecuarias. Universidad de las Américas, 
Quito, Ecuador. 

Mo C.L., Thompson L.H., Homan E.J., Oviedo M.T., Greiner 
E.C., Gonzalez J. & Saenz M.R. 1994. Bluetongue virus 
isolations from vectors and ruminants in Central 
America and the Caribbean. Interamerican Bluetongue 
Team. Am J Vet Res, 55, 211‑215.

Mota I.O., Castro R.S., Alencar S.P., Lobato Z.I.P., Lima Filho 
C.D.F., Araujo Silva T.L., Dutra A.C.T. & Nascimento S.A. 
2011. Anticorpos contra vírus do grupo da língua 
azul em caprinos e ovinos do sertão de Pernambuco 
e inferências sobre sua epidemiologia em regiões 
semiáridas. Arquivo Brasileiro de Medicina Veterinária e 
Zootecnia, 63, 1595‑1598.

Mullens B.A. & Holbrook F.R. 1991. Temperature effects 
on the gonotrophic cycle of Culicoides variipennis 



262

Orbiviruses in South America: gaps and challenges  Lobato et al.

Veterinaria Italiana 2015, 51 (4), 253‑262. doi: 10.12834/VetIt.600.2892.1

Rosadio R.H., Evermann J.F & DeMartini J.C. 1984. A 
preliminary serological survey of viral antibodies in 
Peruvian sheep. Vet Microbiol, 10, 91‑96.

Siger J., Pulgar E. & Medina G. 1990. Primer reporte de 
anticuerpospero al virus de la lengua azul en Venezuela. 
Arthropod Borne Virus Information Exchange, 50‑53.

Silva F.J.F. 1978. Estudos de ocorrência da língua azul em 
São Paulo. In Comissão de Estudos do Ministério da 
Agricultura. Portaria Ministerial n.150 (relatório).

Souza T.S., Costa J.N., Martinez P.M., Costa Neto A.O. 
& Pinheiro R.R. 2010. Anticorpos contra o vírus da 
língua azul em rebanhos ovinos da microrregião de 
Juazeiro, Bahia. Arquivos do Instituto Biológico, Sao 
Paulo, 77, 419‑427.

Tamayo R., Schoebitz R., Alonso O. & Wenzel J. 1985. First 
report of bluetongue antibody in Chile. Prog Clin Biol 
Res, 178, 555‑558.

Tomich R.G.P., Nogueira M.F., Lacerda A.C.R., Campos 
F.S., Tomas W.M., Herrera H.M., Lima‑Borges P.A., 
Pellegrin A.O., Lobato Z.I.P., Silva R.A.M.S., Pellegrin 
L.A. & Barbosa‑Stancioli E.F. 2009. Sorologia para o 
vírus da língua azul em bovinos de corte, ovinos e 
veados campeiros no Pantanal sul‑mato‑grossense. 
Arquivo Brasileiro de Medicina Veterinária e Zootecnia, 
61, 1222‑1226.

Uhart M.M., Vila A.R., Beade M.S., Balcarce A. & Karesh W.B. 
2003. Health evaluation of Pampas Deer (Ozotoceros 
bezoarticus celer) at Campos del Tuyu Wildlife Reserve, 
Argentina. J Wild Dis, 39, 887‑893.

Venditti L.L.R. 2009. Infecção pelo virus da lingua azul 
em ovinos e bovinos na região Sudeste do Brasil. 
Dissertation. Instituto Biologico, São Paulo, Brazil.

Viarouge C., Lancelot R., Rives G., Bréard E., Miller M., 
Baudrimont X., Doceul V., Vitour D., Zientara S. & Sailleau 
C. 2014. Identification of bluetongue virus and epizootic 
hemorrhagic disease virus serotypes in French Guiana 
in 2011 and 2012. Vet Microbiol, 174, 78‑85. 

Wilson A. & Mellor P. 2008. Bluetongue in Europe: 
vectors, epidemiology and climate change. Parasitol 
Res, 103, S69‑S77.

Wilson A.J. & Mellor P.S. 2009. Bluetongue in Europe: past, 
present and future. Philos Trans R Soc Lond B Biol Sci, 
364, 2669‑2681.

Wittmann E.J. & Baylis M. 2000. Climate change: effects on 
Culicoides‑transmitted viruses and implications for the 
UK. Vet J, 160, 107‑117.

World Animal Health Organization (OIE). 2015. World 
Animal Health Information Database (WAHID). 
Version  1. http://www.oie.int/wahis_2/public/wahid.
php/Diseaseinformation/Diseasetimelines. 

(Diptera: Ceratopogonidae). J Am Mosq Control Assoc, 
7, 588‑591.

Nobre C., Oyama M.D., Marengo J.A. & Salati E. 2004. 
Impact of climate change scenarios for 2091‑2100 on 
the biomes of South America. In International CLIVAR 
Conference, Baltimore. Annals. Baltimore, CLIVAR.

Pandolfi J.R.C., Tamanini M.L.F., Anderson J., Thevassagayam 
J., Pinto A.A. & Montassier H.J. 1998a. Prospective study 
of bluetongue (BTV) and epizootic hemorrhagic disease 
of deer viruses (EHDV) infections in domestic and wild 
ruminants reared in UNESP‑Jaboticabal experimental 
farm. Virus Rev Res, 3, S56‑S57.

Pandolfi J.R.C., Tamanini M.L.F., Araujo J.P., Duarte J.M.B., 
Anderson J. & Thevassagayam J. 1998b. Presence of 
bluetongue and epizootic hemorrhagic disease of 
deer virus in a population of free‑ranging marsh deer 
(Blastocerus dichotomus) living in southwest of São 
Paulo and in Northeast of Mato Grosso do Sul states, in 
Brazil. Virus Rev Res, 3, S56.

Perez Barrientos M., de Siger J., Avila J.P., Roman R. & 
Infante G. 1995. Prevalencia de anticuerpos al virus 
de la lengua azulen rebanos bovinos del municipio 
La Cañada de Urdaneta del estado Zulia, Venezuela. 
Revista Cientifica, FCV‑LUZ, 5, 77‑85.

Pinto J., Bonacic C., Hamilton‑West C., Romero J. & Lubroth 
J. 2008. Climate change and animal diseases in South 
America. Rev Sci Tech Off int Epiz, 27, 599‑613.

Puntel M., Fondevila N.A., Blanco Viera V.K., O´Donnell 
J.F., Marcovecchio J.F., Carillo B.J. & Schudel A.A. 
1998. Serological survey of viral antibodies in llamas 
(Llama glama) in Argentina. Zentralbl Veterinarmed B, 
46 (3), 157‑161.

Purse B.V., Brown H.E., Harrup L., Mertens P.P. & Rogers 
D.J. 2008. Invasion of bluetongue and other orbivirus 
infections into Europe: the role of biological and 
climatic processes. Rev Sci Tech, 27, 427‑442.

Purse B.V., Mellor P.S., Rogers D.J., Samuel A.R., Mertens 
P.P. & Baylis M. 2005. Climate change and the recent 
emergence of bluetongue in Europe. Nat Rev Microbiol, 
3, 171‑181.

Rao P.P., Hedge N.R. & Reddy Y.K. 2012. Intercontinental 
movement of bluetongue virus potential consequences 
to trade. J Virol, 86, 8341.

Rivera H., Madewell B.R. & Ameghino E. 1987. Serologic 
survey of viral antibodies in the Peruvian alpaca (Lama 
pacos). Am J Vet Res, 48, 189‑191.

Ronderos M.M., Spinelli G.R., Lager I. & Diaz F. 2003. 
La importania sanitaria de los jejenes del genero 
Culicoides (Diptera: Ceratopogonidae) en la Argentina. 
Entomolologia y Vectores, 10, 601‑612.


