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Abstract:
Background: Bluetongue is a non-contagious viral disease caused by the bluetongue virus (Orbivirus), 
affecting domestic and wild ruminants, particularly sheep. Transmission occurs primarily through vectors of 
the genus Culicoides, with distribution influenced by environmental and climatic factors. In Brazil, disease 
outbreaks are sporadic; however, bluetongue is classified as a notifiable disease due to its economic and 
epidemiological significance and its potential to be mistaken for foot-and-mouth disease.
Materials and Methods: This study analyzed the temporal and spatial distribution of bluetongue outbreaks in 
Brazil from 2001 to 2023, investigating possible associations with climatic variables such as temperature, 
precipitation, and wind speed. Data were obtained from the Zoosanitary Information System Panel (MAPA-SIZ) 
and organized into spreadsheets for statistical analysis. Pearson's correlation test and spatial lag regression 
were applied using the Jamovi and GeoDa software, respectively.
Results:  A total of 51 bluetongue virus infection outbreaks were recorded, comprising 482 cases predominantly 
concentrated in southern Brazil. Sheep were the most affected species (73% of cases), followed by wildlife 
(20%), goats (6%), and cattle (2%). The analysis revealed a significant inverse correlation between the annual 
mean temperature and the occurrence of cases and outbreaks (r2=0.306 and r2=0.379 respectively), indicating 
higher disease prevalence in states with lower temperatures. No statistically significant correlations were 
observed between disease occurrence and either precipitation or average wind speed. However, international 
studies suggest that wind can facilitate the long-distance dispersion of Culicoides, while mild temperatures 
extend vector survival.
Conclusion: The results suggest that temperature is a determining factor in the spatial and temporal 
distribution of bluetongue in Brazil, whereas precipitation and wind speed have limited influence. The sporadic 
occurrence of the disease underscores the importance of continuous surveillance to prevent outbreaks and 
improve disease control. Strategies that account for vector population dynamics and climatic conditions could 
enhance the effectiveness of monitoring and control measures.
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I. Introduction
Bluetongue is a non-contagious viral disease caused by the bluetongue virus (BTV), which belongs to 

the family Reoviridae, genus Orbivirus [1]. It is subject to mandatory and immediate notification to the Official 
Veterinary Service [2]. Due to its significant economic impact on global livestock production, Bluetongue is 
considered a disease of multi-species importance by the World Organisation for Animal Health (WOAH) [3] 
[4].

The disease has been documented since the 17th century [5]. Currently, 28 serotypes of BTV are 
recognized, each with varying capacities to cause disease. In sheep, for instance, morbidity can reach 100%, 
while mortality ranges from 2% to 70% [1] [3]. BTV has been identified in several South American countries, 
including Brazil, Argentina, Colombia, Guyana, Suriname, Ecuador, Peru, and Chile [6] [7] [8]. In Brazil, 
serotypes BTV-1, 3, 4, 9, 10, 12, 13, 14, 17, 18, 19, 20, 22, and 24 have been detected; however, serological 
studies conducted since the 1980s suggest the circulation of other serotypes in the country [1].

Transmission of BTV occurs primarily through hematophagous vectors of the genus Culicoides, 
affecting both domestic and wild ruminants. Sheep are particularly susceptible, but cattle, goats, buffalo, 
antelopes, deer, elk, and camels can also be affected [3] [9] [3].

Since 1998, significant changes in the epidemiology of arboviruses transmitted by Culicoides have 
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been observed, including the introduction of exotic viruses in temperate regions, an increase in global incidence, 
and greater viral diversity in tropical areas [10].

The present study aims to investigate possible associations between the prevalence of the disease and 
climatic variables, such as temperature, precipitation, and wind speed, as well as to assess the existence of 
seasonal patterns in the affected Federative Units.

II. Material And Methods
Study Location: Brazil

Study Duration: June to December 2024.

Data Coverage Period: 2001 to 2023

Study Design: Retrospective observational study

Inclusion Criteria:
1. Outbreaks and cases reported with laboratory diagnosis recorded in the SIZ
2. Animals of either sex

Exclusion Criteria:
1. Outbreaks without an indicated month of disease onset were excluded from the temporal analysis

Statistical Analysis
Climatic and Seasonality Analysis

Information on Bluetongue occurrence was obtained from the Panel of the National Zoosanitary 
Information System (SIZ) of the Ministry of Agriculture and Livestock (MAPA) [11]. Climatic variables were 
obtained from the official websites [12] of Brazil. To assess the temporal relationship between variables in the 
affected Federative Units, Pearson’s correlation test was applied. This test evaluates the strength and direction 
of the linear relationship between variables, producing a correlation coefficient (r) ranging from -1 to 1. Values 
close to 1 indicate a strong positive correlation, while values close to -1 indicate a strong negative correlation. 
Values near 0 suggest little to no correlation. The climatic variables analyzed were: monthly average 
temperature in °C; monthly average precipitation in mm; monthly average wind speed in m/s.

Spatial Lag Regression Model
To identify patterns of spatial dependence, a spatial lag regression model was applied. This statistical 

model considers that the values of a variable in one location may be influenced by the values of the same 
variable in neighboring locations. Initially, spatial dependence was investigated by constructing a Queen 
contiguity spatial weight matrix, which considers neighboring states as those sharing borders or vertices. A 
spatial lag regression model (SAR-lag) was fitted using the maximum likelihood method. This model 
incorporates spatial dependence directly into the dependent variable through a spatial lag term (Rho). The 
elimination of residual autocorrelation was assessed using the Global Moran's I test applied to the model 
residuals.

The analysis model used, a Spatial Autoregressive Lag Model (SAR-lag), was compared to a 
conventional linear regression model to evaluate its effectiveness in capturing spatial patterns related to the 
distribution of Bluetongue outbreaks in Brazil. While the traditional linear model assumes spatial independence 
of the data, the SAR-lag model accounts for spatial autocorrelation, enabling more accurate analysis in 
situations where geographical proximity influences the results.

The analyses were conducted using R software (version 4.2.2), supported by the spatialreg, spdep, and 
sf packages, as well as GeoDa software (version 1.22). Data were organized and structured in Microsoft Excel 
2013 spreadsheets to facilitate statistical analysis.

III. Result
Between 2001 and 2023, 51 outbreaks of Bluetongue virus (BTV) infection were reported in Brazil, 

resulting in 482 diagnosed cases. The distribution of cases and outbreaks by region is presented in Table no 1. 
The spatial distribution of Bluetongue in Brazil highlights a concentration of outbreaks in the South and 
Southeast regions, with a higher prevalence in the states of Paraná, Rio Grande do Sul, and Rio de Janeiro, 
which together account for 93% of the cases. The North region reported two outbreaks, and only six Federative 
Units were affected by the disease.
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Figure 1 shows the temporal distribution of Bluetongue cases and outbreaks in Brazil. Peaks of 
infection were observed in the years 2002, 2013, 2014, and 2015, characterizing outbreak periods. Following 
these episodes, the reduction in the occurrence of outbreaks may be associated with the implementation of 
effective control measures, such as monitoring and sanitary surveillance actions, or with environmental 
conditions less favorable for the maintenance and spread of the virus, particularly due to reduced activity of 
vectors from the Culicoides genus.

Figure no 1: Temporal distribution of bluetongue outbreaks and cases in Brazil (2001–2023)

The affected species were predominantly sheep, accounting for 73% of the cases, followed by wildlife 
at 20%, goats at 6%, and cattle at 2%, as shown in Figure no 2.
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The analysis revealed an annual average of 2.31 outbreaks, while the average number of cases per 
outbreak was approximately 14. However, the ratio between cases and outbreaks varied widely, ranging from a 
minimum of 1 case per outbreak to a maximum of 101 cases per outbreak. This variation highlights 
heterogeneous scenarios: while some outbreaks involved few cases, others concentrated a high number of 
infections, indicating significant differences in disease dynamics across regions and periods. In certain years, 
the number of cases was significantly higher than the number of recorded outbreaks. This suggests that, 
although infection points did not spread widely between properties, there was more intense virus transmission 
among animals within specific properties.

These patterns indicate that Bluetongue occurrence in Brazil seems to be influenced by random 
fluctuations or external factors, such as climatic or ecological conditions. The temporal trends reflect periods of 
outbreaks followed by control measures, but without evidence of clear periodicity. This underscores the 
importance of continuous monitoring and control strategies.

Seasonality and Climate
Figure 3 shows the variation in monthly average temperatures in Brazil during the study period, 

highlighting higher temperatures at the beginning and end of the year, while intermediate months show lower 
average temperatures. States with reported Bluetongue cases exhibit average temperatures below the national 
average, reflecting the impact of local climatic conditions on disease occurrence.

The highest incidence of Bluetongue virus infection was observed in southern Brazil, a region with a 
temperate climate and milder temperatures. However, a significant peak in cases and outbreaks was recorded in 
February and March, coinciding with the rainy and warmer season. Following this period, there was a gradual 
decrease in incidence, reaching its lowest levels between October and December.

These data suggest that the mild temperatures prevailing in the South, combined with increased 
humidity during warmer periods, may create optimal conditions for the proliferation of Culicoides vectors. 
These patterns point to a potential seasonal behavior of the disease. However, the correlation test did not reveal 
a significant association between monthly average temperature and disease occurrence in the affected states. 
This can be partially explained by the reduced number of occurrences in the second half of the year, despite the 
gradual increase in average temperature starting in July.
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The Pearson correlation analysis revealed a correlation coefficient of 0.458, indicating a moderate 
positive correlation between Bluetongue cases and average monthly precipitation. However, the p-value of 
0.135 indicates that this correlation is not statistically significant at the 5% level. This suggests that there is 
insufficient evidence to establish a consistent relationship between Bluetongue outbreaks and average monthly 
precipitation in the Federative Units where the disease was reported.

The monthly variation in average wind speed in Brazil compared to Bluetongue cases and outbreaks is 
shown in Figure no. 4. It is observed that in the affected states, the average wind speed is below the national 
average throughout all months, and cases and outbreaks do not follow the same seasonal pattern. However, 
during the first half of the year, months with weaker winds appear to coincide with a higher number of cases 
and outbreaks.

Figure no. 4: Monthly variation in bluetongue cases and outbreaks, and wind speed in 
Brazil (MMW-Br) and affected UFs (MMW-Sa) from 2001 to 2023.

The Pearson correlation test revealed a coefficient of -0.439, suggesting a moderate negative 
correlation. However, the p-value of 0.154 indicates that this correlation is not statistically significant at the 5% 
level. These results suggest insufficient evidence to confirm a significant seasonal correlation between 
Bluetongue outbreaks and the average wind speed in the affected regions.

Spatial Regression Model SAR-Lag
To investigate spatial dependence in the distribution of Bluetongue outbreaks, a spatial lag regression 

model (SAR-lag) was fitted. This model assessed the relationship between outbreaks and climatic variables, 
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including mean annual temperature (MAT), mean annual precipitation (MAP), and mean annual wind speed 
(MAW). The results of the model are shown in Table no. 2.

Table no 2: Results of the Spatial Lag Model and Residual Autocorrelation Tests
Variable Coefficients Std. Error z value Pr(>|z|)

mat -2.0129 0.356 -5.6416 <0.001
map 0.0036 0.002 2.0797 0.0375
maw 1.7059 0.897 1.9023 0.0571

Rho: -0.59481, LR test value: 8.6023, p-value: 0.0033574
Log likelihood: -74.63062 for lag model

ML residual variance (sigma squared): 13.383, (sigma: 3.6582)
AIC: 161.26, (AIC for lm: 167.86)
LM test for residual autocorrelation

test value: 0.62001, p-value: 0.43104

Interpretation of Results
The results from the Spatial Lag Model indicate the following:
Annual Mean Temperature (MAT): The MAT variable showed a significant negative regression 

coefficient (-2.01; p < 0.001), indicating that an increase of one unit in MAT is associated with an average 
reduction of 2.01 outbreaks, holding other variables constant, as illustrated in Figure no. 5a

Annual Mean Precipitation (MAP): The MAP variable had a significant positive coefficient (0.0037; 
p = 0.038), suggesting that municipalities with higher precipitation levels experience a slight increase in 
bluetongue outbreaks, as illustrated in Figure no 5b.

Annual Mean Wind Speed (MAW): The MAW variable presented a positive coefficient (1.711; p = 
0.057), indicating a marginally significant positive association between stronger winds and an increase in 
outbreaks, as illustrated in Figure no 5c.

Model Fit: The log-likelihood was -74.63, and the Akaike Information Criterion (AIC) was 161.26, 
indicating that the SAR-lag spatial regression model provides a better fit compared to the traditional linear 
regression model (AIC = 167.86).The residual variance was estimated at 13.38 (sigma = 3.66).

Spatial Pattern:The negative spatial dependence (Rho < 0) is consistent with a heterogeneous 
dispersal pattern of the disease, where areas with a high number of outbreaks tend to be surrounded by areas 
with fewer cases. This result may be related to more effective control measures in neighboring areas of 
outbreaks.

Model Adequacy: The SAR-lag model performed well, eliminating the residual autocorrelation 
observed in the traditional linear model. This reinforces the importance of accounting for spatial effects in the 
analysis of geographic animal health data.

a b
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c
Figure no 5: Choropleth maps of (a) Mean monthly temperature, (b) mean monthly precipitation, (c) mean 
wind speed across the federative units of Brazil (2001–2023). These maps illustrate the spatial distribution of 
key climatic variables over the study period. The patterns observed in these maps should be compared with the 
data presented in Table no 1 to better understand the potential influence of these variables on the spatial 
distribution of Bluetongue outbreaks.

IV. Discussion
The higher prevalence of bluetongue in sheep, coupled with its lower prevalence in cattle, diverges 

from findings by [13], who reported high rates in cattle. According to the author, in China, direct contact with 
sheep and other ruminants promotes an increase in disease seroprevalence in cattle, with Culicoides serving as 
the primary transmission vectors.

The spatial and temporal distribution of the mosquito Culicoides imicola is crucial for identifying risk 
areas for disease spread. The SAR-Lag model suggests that higher temperatures may limit outbreak 
occurrences, possibly due to adverse effects on the population dynamics of the vector mosquito. Monthly risk 
maps based on climatic and environmental variables can help allocate surveillance and control resources more 
effectively. These maps are particularly useful for identifying periods and areas with low or no vector activity, 
enabling more targeted surveillance efforts [14].

In this context, climate change may increase the risk of regular bluetongue virus outbreaks in the 
United Kingdom by 2050, due to optimal temperature profiles for mosquito bites and vector longevity [15]. 
Climate changes, land use modifications, trade and livestock practices, the emergence of new Culicoides 
species, and wild reservoir hosts have all been implicated in transmission dynamics, highlighting the evolving 
nature of pathogen-vector-host interactions [10].

Temperature, humidity, wind, and precipitation affect the survival [16] and activity [17] of adult 
Culicoides. Temperature is a critical factor influencing the presence and activity of Culicoides imicola [18]. The 
survival of Culicoides tends to increase in milder temperatures, as temperature directly impacts the insect's 
population dynamics, influencing its developmental stages [19]. Studies show that vector presence is positively 
correlated with minimum temperatures between 11.5°C and 16°C [20], emphasizing the importance of this 
climatic factor for vector proliferation. Temperatures between 26°C and 33°C are ideal for the survival and 
development of Culicoides brevitarsis larvae, with increased mortality above 35.5°C, potentially reducing adult 
populations in northern Australia’s tropics during summer months [21].

Regarding the impact of climatic conditions on bluetongue distribution, studies in China by [22] found 
that annual mean temperature and precipitation in the wettest month are key variables affecting the habitat of 
Culicoides, the primary bluetongue vector. These climatic conditions were identified as determinants for 
maintaining the vector in bioclimatic zones suitable for disease persistence. Similarly, [23] observed that the 
greater abundance of Culicoides species during warmer seasons and at lower altitudes indicated dependence on 
temperature and precipitation in this region, with moderate precipitation predominating in summer.

The slight positive impact of precipitation highlighted in the SAR-Lag regression model aligns with 
studies pointing to precipitation as a factor promoting the proliferation of hematophagous vectors like 
Culicoides spp.. For example, [24] noted that the main factors contributing to the distribution of Culicoides 
orientalis in Sikkim were annual precipitation (78.8%), followed by precipitation during the driest quarter 
(8.3%) and the average temperature of the warmest quarter (3.3%). Similarly, [25] reported greater mosquito 
richness and abundance during the rainy season. However, [26] found no association between precipitation and 
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Culicoides species richness, while [27] observed a negative association between precipitation and Culicoides 
abundance.

The marginally significant association of wind may reflect the indirect influence of airflow on vector 
dispersion or disease spread. Studies suggest that wind intensity can impact disease occurrence. For instance, 
[28] observed that Culicoides species can be transported by wind over long distances, as shown in wind 
trajectory analyses associated with bluetongue outbreak patterns. In the Netherlands, according to [29], the core 
transmission of bluetongue had a long-range spatial reach (tens of kilometers), indicating that, beyond short-
distance dispersal by infected hematophagous mosquitoes, other transmission routes, such as livestock 
movement, likely play an important role in outbreak dispersion.

Regarding the role of wind in bluetongue virus dissemination, [30] reported that wind density data are 
strongly correlated with the pattern of asymmetrical horizontal spread of the causative agent, enabling medium- 
to long-distance propagation. Similarly, [31] established a strong positive correlation between wind density data 
and the asymmetric horizontal spread pattern of the bluetongue virus epidemic. The authors concluded that the 
mosquito's lower active flight speed (0.13 to 0.5 m s−1) virtually eliminated its role in upwind movement, 
particularly as modeled wind speeds were generally higher than mosquito flight speeds.

V. Conclusion
The study concludes that the presence of BTV in Brazil is limited to a few Federative Units and occurs 

sporadically, with higher prevalence in sheep located in temperate and humid regions during the rainy season, 
which favors the proliferation of Culicoides vectors. The significant negative relationship between mean annual 
temperature and outbreaks suggests that high environmental temperatures may limit disease cases, while 
precipitation and wind show positive associations.

The research highlights the importance of climatic variables in the distribution of bluetongue outbreaks 
in Brazil, suggesting targeted surveillance actions primarily for small ruminants, both wild and domestic, as a 
containment and monitoring measure for the disease. Further studies are needed to analyze the influence of 
other environmental and ecological variables involved in the dissemination of the bluetongue virus.
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