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involving respiratory, hemorrhagic, mucosal and reproduc-
tive disorders [1].

The bluetongue virus (BTV) is an RNA virus, genus 
Orbivirus, family Reoviridae, subfamily Sedoreovirinae, 
with twenty-eight BTV distinct serotypes [2]. The BTV has 
genetic diversity, with differences between serotypes and 
viral strains. This is due to it’s viral genome, which con-
sists of 10 double-stranded RNA segments which encode 
four non-structural proteins (NS1 to NS4) and seven struc-
tural proteins (VP1 to VP7) [3]. The outler layer consists of 
two main viral proteins: VP5 and VP2. This one has greater 
importance, as it determines the virus serotype, in addition to 
being responsible for binding to the receptor and recruiting 
specific host immunity [4]. The BTV is commonly transmit-
ted by Culicoides biting midges [5], but also vertically [6], 
through colostrum [7], semen [8] and reused needles [9].

In Brazil the first viral isolation involving serotype 4 in 
cattle exported to the USA in 1980. Latter, outbreaks involv-
ing sheep and goats occurred in the Parana State in 2001 [10] 
and 2002 [11], when the clinical disease was first described 

Introduction

Bluetongue is an infectious, non-contagious, vector-borne 
viral disease that affects wild and domestic ruminants, it is 
listed under the OIE Terrestrial Animal Health Code and 
must be reported to the World Organization for Animal 
Health, implying animals and products exportation restric-
tions [1]. The infection ranges from in apparent to fatal, 
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Abstract
The Bluetongue disease is an infectious and non-contagious viral disease mainly transmitted through hematophagous 
vector of the Culicoides genus, to domestic and wild ruminants. The aim of this study was to evaluate the antibodies 
occurrence, persistence and potential risk factors associated with bluetongue virus infection in sheep flocks in the state 
of Parana, Brazil. The competitive ELISA test was applied to evaluate 690 blood serum samples from 22 farms in eight 
mesoregions of Parana in 2014, and 270 sheep blood serum samples from 10 of the 22 previously studied farms in 2017. 
A questionnaire was applied to evaluate the risk factors associated with BTV infection. In 2014 and 2017, the numbers of 
seroreactive sheep were found to be 28.26% (195/690) and 41.11% (111/270), respectively, representing 95.45% (21/22) 
and 90% (9/10) of the flocks. The significant variables considered as risk factors were Culicoides presence (P < 0.0001; 
OR = 8.83 and 95% CI 4.28–18.22); genealogical record (P < 0.0001; OR = 0.23 and 95% CI 0.12–0.45) and use of sheep-
fold (P = 0.0208; OR = 0.36 and 95% CI 0.15-0 0.86). It was determined that BTV infection is endemic in Parana and 
persists in the mesoregions where the climate is favorable to vector proliferation.
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in Brazil and South America [11]. Since then, several sero-
epidemiological studies have been carried out in Brazil, as 
the climate is conducive to proliferation of the Culicoides 
spp. In sheep flock the seropositivity for BTV has been vari-
able in studies carried out from 2000 to 2023 (0.16–81.40%) 
in the states of Rio Grande do Sul (RS), Paraíba (PB), São 
Paulo (SP), Mato Grosso do Sul (MS), Bahia (BA), Distrito 
Federal (DF), Ceará (CE), Rio de Janeiro (RJ), Paraná (PR) 
e Amazonas (AM) [12–23].

Argentina and Paraguay are countries that also have suit-
able climatic conditions for spread of the virus and both bor-
der Paraná. In Argentina there are few serological studies, 
however they have demonstrated seropositive animals [11]. 
Serotype-4 has already been isolated in a sentinel herd [24], 
and the circulation of this same serotype has been proven 
[25]. Paraguay to date there are no reports in the literature 
on the prevalence or circulating serotypes of BTV.

Despite the detection of anti-BTV antibodies in asymp-
tomatic cattle [26] and sheep [22] which demonstrated the 
virus´s silent spread Parana State, there have been no sero-
logical survey with a representative sample of the Parana 
State to better characterize the sanitary profile.

Even though bluetongue has been reported in Brazilian 
states with similar climate and indeed most part of the Bra-
zilian territory is in the endemic zone for bluetongue disease 
due to favorable climatic conditions for the Culicoides [27], 

there are no data on climate effects and other risk factors 
related to BTV infection in sheep flocks.

Therefore, the current study aimed to evaluate the sero-
epidemiological profile through antibodies occurrence, per-
sistence and risk factors to BTV infection in sheep flocks in 
the state of Parana, Brazil, during the years 2014 to 2017. 
The outcomes from this study will inform about the sani-
tary profile and risk factors for bluetongue virus infection 
in sheep, allowing for evidence-based surveillance and pre-
ventive measures to be implemented.

Methods

The study was conducted in eight of the ten Parana state 
mesoregions, Brazil, comprehending 80.65% of the state 
sheep flock [28], being: Central North, Northwest, Pioneer 
North, Western Center, West, South Center, Centro Eastern 
and Metropolitan region of Curitiba. These regions studied 
are located between latitudes 22°S and 26°S, where the cli-
mate is classified according to Koppen as Cfa, from humid 
subtropical climate with hot summer, where rainfall is well 
distributed throughout the year and the average temperature 
is above 22 °C, and as Cfb, from subtropical climate with 
temperate summer, where the average temperature does not 
exceed 22 °C [29].

The research was divided into two stages. The first stage 
aimed to detect BTV antibodies. The number of serum sam-
ples was set to 690 animals, according to EpiInfo 7® pro-
gram [30], considering the prevalence of 50%, confidence 
level of 95%, and a margin of error of 4% from the total 
of 650.231 sheep in the state in 2014 [28]. The sampling 
was carried out randomly from 10% of the animals from 22 
flocks of the eight mesoregions above described in March 
2014, from asymptomatic sheep of both sexes, older than 
three months old and of different breeds, never vaccinated 
against BTV (Table 1).

In the second stage, two farms with low, four with 
medium and four with high occurrence were reassessed 
in 2017, according to the epidemiological classification of 
BTV antibodies detection by Sbizera et al. [22] (2020) (low: 
0 to 9.99%; moderate: 10 to 49.99%; high occurrence: 50 
to 100%). All those farms were part of the surveillance pro-
gram accomplished in 2014. The number of samples was set 
at 270 animals according to the EpiInfo 7® program [30], 
considering the previously tested population (n = 690) in the 
first stage, a prevalence of 30%, a confidence level of 95%, 
and a margin of error of 4%. The sampling was carried out 
randomly from 10% of the animals from each flock, cover-
ing part of the farms collected in 2014 from asymptomatic 
sheep of both sexes, older than 3 months of age, of different 
breeds (Table 1).

Table 1 Composition of the animals tested in sheep flocks by cELISA 
in 2014 and 2017
Municipality/flock Mesoregion Climate 2014 2017
Arapuã Central North Cfa 37 0
Araruna Western Center Cfa 25 30
Bom Sucesso Central North Cfa 38 26
Candói South Center Cfb 37 26
Candói South Center Cfb 34 0
Cascavel West Cfa 46 0
Castro Center Eastern Cfb 19 40
Colombo Metropolitan Curitiba Cfb 44 26
Congoinhas Pioneer North Cfa 30 29
Foz do Iguaçu West Cfa 14 0
Foz do Iguaçu West Cfa 24 0
Itaguajé Central North Cfa 38 0
Jardim Olinda Northwest Cfa 31 0
Mandaguari Central North Cfa 22 30
Maringá Central North Cfa 28 30
Piraí do Sul Center Eastern Cfb 30 0
Pitanga South Center Cfb 38 0
Rancho Alegre Pioneer North Cfa 12 10
Rosário do Ivaí Central North Cfa 19 23
São José dos Pinhais Metropolitan Curitiba Cfb 36 0
Toledo West Cfa 44 0
Ventania Center Eastern Cfb 44 0
Total - - 690 270
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Blood was collected through jugular venipuncture, sera 
were separated by centrifugation and stored in sterile micro-
tubes at − 80 °C.

For the detection of BTV antibodies in all the samples 
from both years, the sera were subjected to a competitive 
enzyme-linked immunosorbent assay (cELISA), using a 
commercial Bluetongue Virus Antibody Test Kit and fol-
lowing manufacturer’s instructions (VMRD Inc., Pullman, 
Washington, USA). Two standard samples were used as 
positive and negative controls. The plates were read in an 
ELISA reader with 620 nm filter to obtain the optical den-
sity (OD) values. The samples were considered positive if 
their OD values corresponded to less than 50% of the aver-
age OD values of the negative controls, using two standard 
deviations (two negative and two positive controls).

It was applied an epidemiological questionnaire in all 
farms of the second stage to verify the main risk factors 
associated with the persistence or not of BTV infection. 
The investigated variables were sex (male or female), the 
animal’s genealogical record in the Brazilian Association of 
Sheep Breeders (yes or no), the rearing regime (extensive, 
semi-extensive and intensive), the presence of Culicoides 
(yes or no), the use of sheep folds (yes or no), the grazing of 
sheep carried out concomitantly with cattle (yes or no), the 
presence of a forest (yes or no), the presence of cattle in the 
neighborhood (yes or no), the presence of dogs at the farm 
(yes or no) and the breed (Texel, White Dorper, Dorper or 
Santa Inês).

The statistical analysis were performed in the statistical 
package R [31]. Descriptive statistical analysis was used to 
determine the occurrence in two stages. First, chi-square 
tests were performed to analyze the association between 
independent variables and the persistence of BTV anti-
bodies, and variables with P < 0.20 in this analysis were 
included in the multivariate logistic regression analysis. 
The selection of independent variables was carried out with 
both side stepwise method according to the Akaike informa-
tion criterion [32]. Independent variables considered in the 
complete model were the animal’s genealogical record of 
the animal in the Brazilian Association of Sheep Breeders, 
the rearing regime, the presence of Culicoides, the use of 
sheep folds on the farm, grazing of sheep carried out con-
comitantly with cattle, the presence of cattle in the neigh-
borhood, the presence of dogs on the farm, forest and breed. 
After selecting the best model, the p-value, odds ratio and 
95% confidence interval were obtained for each indepen-
dent variable was analyzed considering a significance level 
of 5%, and only the variables with a significant effect were 
kept in the model. The fit of the selected model was verified 
by the Hosmer-Lemeshow test [33].

Results

Studying the occurrence of antibodies against BTV in the 
animals sampled in 2014, a total of 28.26% of the sheep 
(195/690) was positive and 95.45% (21/22) of the flocks 
presented at least one seropositive animal. Even if one 
flock (4.55%; 1/22) did not have serum-reactive animal, 
all studied mesoregions had BTV seropositive flocks. The 
flock without BTV antibody detection in 2014 was located 
at São José dos Pinhais, Metropolitan Mesoregion of Curi-
tiba, and the flock with the highest occurrence, 80% (20/25), 
belonged to the municipality of Araruna, Western Center 
(Table 2).

When evaluating the persistence of BTV antibodies in 
the animals sampled in 2017, 41.11% of the sheep (111/270) 
were positive and 90% (9/10) of the flocks had at least one 
seropositive animal. The highest detection (78.26%; 18/23) 
occurred in Rosário do Ivaí, Central North Mesoregion. 
Once again, one flock from the Metropolitan Mesoregion of 
Curitiba did not have positive serology for BTV (0/27), but 
one flock from Colombo city did.

In 2017, there was persistence of antibodies to BTV of 
between mesoregions Central North (62.93%; 68/109), 
South Center (61.54%; 16/26), Western Center (40%; 
12/30), Pioneer North (36.84%; 14/38), Central Eastern 
(2.5%; 1/40), and there was no persistence in the Metropoli-
tan mesoregion of Curitiba (0/27). The analysis of antibod-
ies persistence in the 10 flocks in 2014 and 2017 can be seen 
in Table 3, which indicates the antibody detection wavering 
over the three-year period.

The results obtained for risk factors can be seen in 
Table 4. It was observed that the risk factors associated with 
the persistence of BTV infection in sheep (p ≤ 0.05) was the 
animal’s genealogical record, the rearing regime, the pres-
ence of Culicoides, the presence of cattle in the neighbor-
hood, forest and breed.

In the results of the multivariate logistic regression anal-
ysis, the significant variables considered as risk factors were 
Culicoides spp. presence (P < 0.0001; OR = 8.83 and 95% 
CI 4.28–18.22); genealogical record (P < 0.0001; OR = 0.23 
and 95% CI 0.12–0.45) and use of sheep folds (P = 0.0208; 
OR = 0.36 and 95% CI 0.15-0 0.86).

Discussion

Despite the two outbreaks of BTV infection that occurred in 
Parana state in 2001 and 2002 [10, 11], this study is the first 
report that investigates persistence and risk factors associ-
ated with BTV seropositivity in sheep flocks covering the 
majority (8/10) of the Parana state mesoregions. The results 
highlighted that BTV infection is endemic in this state, since 
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Parana state [26], reinforcing the possible low pathogenicity 
and the silent spread of this virus species, not only in the 
Parana state, but also in bordering countries, such as Argen-
tina, where the same serotype has already been detected [24, 
25]. Moreover, Flannery et al. [36] reported that viraemia 
and clinical signs may be reduced for the BTV-8 strain. Not-
withstanding, novel putative bluetongue virus serotype 29 
was isolated from inapparently infected goat in China [2].

The moderate occurrence (10-49.99%) of seroreactive 
sheep obtained in 2014 (28.26%) and in 2017 (41.11%) 
herein reported can be explained by the favorable climate 
for the Culicoides presence predisposing to BTV infection 
[14, 15, 21]. The assessment of antibodies positivity results 
corroborates this climate hypothesis, since in 2014, regions 
classified as Cfa, with a hot summer, well-distributed 

95.45% of the farms assessed had serum-reactive sheep in 
2014, and 90% in 2017, similar to other Brazilian regions, 
like São Paulo State [14] and the Federal District [18], where 
100% of the sheep flocks had anti-BTV antibodies detected.

In the Parana state, BTV-12 was identified in 2001 dur-
ing the outbreak of bluetongue disease involving sheep and 
goats [10], and serotypes 3, 14, 18, 19, and 22 were detected 
from an outbreak involving Bororo deer [34]. Even if our 
study was restricted to serological testing in asymptomatic 
sheep flocks instead of the virus molecular detection and 
characterization, the presence of asymptomatic infection 
may have occurred due to the possible low pathogenicity of 
virus species [35]. Moreover, in a year interval similar to our 
study, in 2013 to 2015, BTV-4 was detected from asymp-
tomatic dairy cattle from the Central North mesoregion of 

Table 2 Antibodies occurrence to BTV in the flocks evaluated in 2014 using cELISA
Municipality/flock Mesoregion Climate N total N positive (%)
Arapuã Central North Cfa 37 25 (67.57)
Araruna Western Center Cfa 25 20 (80.00)
Bom Sucesso Central North Cfa 38 18 (47.37)
Candói South Center Cfb 37 13 (35.14)
Candói South Center Cfb 34 4 (11.76)
Cascavel West Cfa 46 2 (4.35)
Castro Center Eastern Cfb 19 1 (5.27)
Colombo Metropolitan of Curitiba Cfb 44 1 (2.28)
Congoinhas Pioneer North Cfa 30 3 (10.00)
Foz do Iguaçu West Cfa 14 2 (14.28)
Foz do Iguaçu West Cfa 24 5 (20.83)
Itaguajé Central North Cfa 38 13 (34.21)
Jardim Olinda Northwest Cfa 31 12 (38,71)
Mandaguari Central North Cfa 22 12 (54.54)
Maringá Central North Cfa 28 20 (71.42)
Piraí do Sul Center Eastern Cfb 30 2 (6.67)
Pitanga South Center Cfb 38 17 (44.74)
Rancho Alegre Pioneer North Cfa 12 7 (58.33)
Rosário do Ivaí Central North Cfa 19 12 (63.15)
São José dos Pinhais Metropolitan Curitiba Cfb 36 0 (0)
Toledo West Cfa 44 5 (11.36)
Ventania Center Eastern Cfb 44 1 (2.28)
Total - - 690 195 (28.26)

Table 3 Antibodies persistence to BTV in 10 flocks evaluated in 2014 and 2017, using the cELISA technique
Municipality/Flock Mesoregion Climate N positive (% positive)

2014 2017
Araruna Western Center Cfa 25 (80.00) 12 (40.00)
Bom Sucesso North Central Cfa 18 (47.37) 20 (76.92)
Candói South Center Cfb 4 (11.76) 16 (61.53)
Castro Eastern Center Cfb 1 (5.27) 1 (2.50)
Colombo Metropolitan of Curitiba Cfb 1 (2.28) 0 (0)
Congoinhas Pioneer North Cfa 3 (10.00) 12 (41.38)
Mandaguari Central North Cfa 12 (54.54) 19 (63.33)
Maringá Central North Cfa 20 (71.42) 11 (36.67)
Rancho Alegre Pioneer North Cfa 7 (58.33) 2 (22.22)
Rosário do Ivaí Central North Cfa 12 (63.15) 18 (78.26)
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mesoregions of the present study, which also present an 
unfavorable climate for the vector proliferation. Coetzee et 
al. [38] reported that the BTV distribution is limited to lati-
tudes from 50ºN to 35ºS, which is consistent with the mod-
erate detection of antibodies to BTV in the present work on 
those farms located between the lowest latitudes (22ºS and 
26ºS).

Although some authors claim that there is the transmis-
sion of BTV through semen [8], transplacental [6, 39], 
through the reuse of needles [9], ingestion of infected pla-
centa [40], colostrum [7], and even by direct contact [9], 
the presence of the vector is still considered fundamental 
in viral transmission [5]. The presence of Culicoides in the 
farms was a risk factor highlighted in the present study, and 
it is important to reemphasis that three of the four farms with 
the highest seropositivity related the presence of Culicoides. 
In studies in other regions of the world, such as Bangladesh, 
the presence of the vector was also considered a risk factor, 
once again corroborating the results obtained [41].

The epidemiological questionnaire demonstrated that 
60% (6/10) of the farms did not carry out the animals genea-
logical record (55.94% of serum-reactive sheep), confirmed 
as a risk factor associated with the persistence of BTV-
seropositive animals. This can be explained because flocks 
that do not carry out genealogical control generally do not 
control zootechnical indices, either, which can hinder the 
control and prevention of sanitary problems. Batista Filho 
et al. [41] and Silva et al. [42] also identified the absence of 
zootechnical control as a risk factor for BTV in cattle, high-
lighting the importance of sanitary and zootechnical control.

rainfall throughout the year and an average temperature 
above 22 °C, had a higher occurrence, such as the Center 
Western (80%) and Central North (57.94%), and regions 
with Cfb climate had a lower occurrence, where the sum-
mer is mild and the average temperature does not exceed 
22 °C, such as the Central Eastern Mesoregion (5.27%) and 
Metropolitan Region of Curitiba (1.25%) [29].

Similar results in serological surveys in sheep flocks for 
detection of BTV antibodies were obtained in Brazilian 
states with similar climate to those mesoregions of higher 
seropositivity in the present study, with 65% of seroreactiv-
ity in the state of São Paulo [14], 52.37% in the Federal Dis-
trict [15], and 54.1% in Minas Gerais state [21]. All these 
authors related the results to the climate conditions and the 
effective presence of the vector, corroborating to the con-
firmed hypothesis herein exposed that the climate is a risk 
factor. In South America, even in those countries that not 
directly border Paraná, such as Peru, detected that hot cli-
mate is also a risk factor [37].

On the other hand, Brazilian locations with unfavor-
able climates for the multiplication of Culicoides had a low 
occurrence of BTV in sheep flocks, as observed in regions 
with a semi-arid climate, which is dry and hot, such as the 
Paraíba state, where Alves et al. [13] and Mota et al. [17] 
observed 8.4% and 4.30, respectively, and at Bahia state, 
where Souza et al. [16] demonstrated 0.43% seroreactiv-
ity. Oppositely, in Rio Grande do Sul state, where a cooler 
climate is observed, Costa et al. [12] observed 0.16% of 
BTV-seropositive sheep, and those are like the Central Ori-
ental (4.30%) and Metropolitan Region of Curitiba (1.25%) 

Table 4 Analysis of risk factors positively associated with the persistence of BTV infection in sheep from six mesoregions of Paraná, in 2017
Variable Category Number Reactive % P-value
Sex Male 33 11 33,33 0,4351

Female 237 100 42,19
Genealogical record Yes 127 31 24,41 0,0001

No 143 80 55,94
Rearing regime Extensive 87 48 55,17 0,0019

Semi-intensive 183 63 34,43
Culicoides presence Yes 118 70 59,32 0,0001

No 152 41 26,97
Use of sheepfold Yes 214 83 38,79 0,1719

No 56 28 50,00
Grazing with cattle Yes 91 43 47,25 0,1830

No 179 68 37,99
Cattle in the neighborhood Yes 184 87 47,28 0,0039

No 86 24 27,91
Forest Yes 214 99 46,26 0,0013

No 56 12 21,43
Dogs on farm Yes 241 99 41,08 0,9999

No 29 12 41,38
Breed Texel 124 66 53,23 0,0001

White Dorper/Dorper 103 24 23,30
Santa Inês 43 21 48,84
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Conclusion

BTV infection is widespread in the studied mesoregions and 
persists in those where the climate is favorable to the prolif-
eration of the vector. Therefore, the concept of BTV infec-
tion persistence in sheep flocks is linked to the greater or 
lesser intensity of risk factors associated with the presence 
of the vector. Despite the variation obtained in the BTV 
occurrence, the persistence of data against BTV is evident 
in the Parana state, encouraging the adoption of measures to 
reduce the risk factors observed in this study, avoiding future 
problems with the disease. To the best of our knowledge this 
is the first study on the antibodies occurrence, persistence 
and risk factors related to BTV infection in sheep flocks 
covering the majority of the Parana state mesoregions.
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