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Abstract
Fascioliasis is a food-borne parasitic disease that affects a range of animals, including humans caused by Fasciola 
hepatica. The present study aimed to determine the spatial distribution of bovine fasciolosis and to assess the 
correlation between the high Positivity Index (PI) and climate data and land altitude, from 2004 to 2008 and 
2010 in Santa Catarina (SC), Brazil. Condemned livers of slaughtered animals were obtained from 198 out of 
293 municipalities and from 518.635 animals, exclusively from SC. There was a statistically significant difference 
(P < 0.001) between the prevalence of F. hepatica and land altitude ( ˆsρ  = -0.43). The highest PI (above 10.1%) was 
observed in cities at 500 to 600 m (P < 0.01; ˆsρ  = -0.47) of altitude. There was no correlation between fascioliasis 
and rainfall in SC. It was determined that weather conditions in the past decade did not impose any limitation to 
the occurrence of the parasite, making it a disease of permanent clinical importance. These findings are essential 
to regions with similar geographical and climate conditions (i.e. altitude), when considering long-term control 
measurements, where animals and humans can be infected.
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Resumo
A fasciolose é uma doença parasitária que afeta uma gama de animais, incluindo humanos, causada por Fasciola 
hepatica no Brasil. Este estudo teve o objetivo de determinar a distribuição espacial da fasciolose e conferir a 
correlação do alto índice de positividade (PI), com os dados de clima e altitude, entre 2004 a 2008 e 2010 em 
Santa Catarina (SC), Brasil. Foram obtidos fígados em frigoríficos de SC, de 518.635 animais de 198 municípios, 
de um total de 293. Houve diferença estatística significativa (P < 0,001) entre a prevalência de F. hepatica e a 
altitude ( ˆsρ  = -0,43). O maior PI (acima de 10,1%) foi observado em municípios de 500 a 600 m (P < 0,01; ˆsρ  = -0,47) 
de altitude. Não foi observada correlação entre fígados parasitados e pluviosidade em SC. Foi observado que 
os dados climáticos na ultima década não apresentaram limitação para a ocorrência do parasito, fazendo com 
que o desafio clinico da infecção tenha sido permanente. Os dados são importantes para locais com condições 
geográficas e climáticas semelhantes (ex. altitude), para considerar medidas de controle a longo prazo, nas quais 
animais e humanos poderão ser infectados.

Palavras-chave: Fasciolose, ruminantes, epidemiologia, altitude, precipitação.

Introduction
Fasciola hepatica is a Trematode parasite that occur in all regions of Brazil (Aleixo et al., 2015). Fascioliasis, is a 

classical food-borne anthropozoonotic disease that affects human and domestic and wild animals’ (sheep, cattle, 
horses and other herbivorous) hepatic tissues. The metacercariae is ingested during feeding when animals are 
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pasturing or humans eat contaminated vegetables or water (Toledo et al., 2012). Fascioliasis is considered to be 
endemic in many countries of Latin America (Carmona & Tort, 2017; Pritsch et al., 2019a), and occurs mainly in 
livestock in the South of Brazil (Bennema et al., 2014).

The importance of studying fascioliasis is justified by its great impact in animal welfare and the economic losses of 
approximately US$3 billion/year, caused by discarded livers and weight reduction of animal carcasses (Charlier et al., 
2014). Among the Brazilian states where F. hepatica was determined, the negative impact may reach a staggering 
figure of US$ 210 million/year (Molento et al., 2018), where Rio Grande do Sul (RS) presented the greatest loss of 
US$ 147.4 million/year, followed by Santa Catarina (SC) with US$ 24.6 million/year.

The prevalence of the disease is related to environmental conditions, which favors the proliferation of 
both - the etiologic agent and the intermediate host, the mollusk of the Lymnaeidae family (Dutra et al., 2010; 
Jiménez-Rocha et al., 2017). Although Pseudosuccinea columella is the most common species found in SC, Galba viatrix 
was found in two municipalities and Lymnaea rupestris was also described in one site (Medeiros et al., 2014). Some 
factors that provide favorable habitat to the species are present in the region such as, low altitude, flat terrain, and 
temperate climate with long summer rains. Altitude is an important variable approached in epidemiological studies 
of F. hepatica (Malone et al., 1998; McCann et al., 2010), as well as, the level of precipitation (Ducheyne et al., 2015; 
Selemetas et al., 2014). The latest being an indispensable condition for the parasite’s life cycle (Bennema et al., 
2014, 2017).

The use of remote sensing technology, associated with the Geographic Information System (GIS), has been 
important for the analysis of disease prevalence, correlating climatic and environmental data to study relevant 
epidemiological variations. The GIS information can help proposing sanitary policies to public health and control 
strategies for both humans and non-human animals (Aleixo  et  al., 2015; Malone  et  al., 1998). The products 
developed from GIS and satellite information to study different diseases concentrate on vector mapping; as disease 
propagation studies use relative and historical environmental variables (Côrrea, 2007). Dutra et al. (2010), studied 
the spatial distribution of bovine fascioliasis in the most Southern States of Brazil, RS, SC and Paraná (PR), between 
2003 and 2008. The authors found highly endemic areas in RS and SC with disease prevalence of above 40% in 
some municipalities. The present study had the aim to correlate the spatial distribution of high positivity index of 
bovine fascioliasis with rainfall and land altitude in SC, Brazil. The data was collected exclusively from animals that 
were from SC, which may be slightly different from the data reported by Dutra et al. (2010).

Material and Methods
The state of SC is located in the South region of Brazil (Figure 1). The climate is Cfa, along the cost of SC, with 

subtropical and hot and humid summers; and Cfb, in the central part of the state, characterized by mild summers, 
according to Koppen-Geiger (Peel et al., 2007) and subjected to variations due to the regional landscape. Data 
for the infected animals were obtained, exclusively from SC, from 2004 to 2008 and 2010, from the Federal Meat 
Inspection Service of the Agricultural, Livestock, and Supply Ministry (SIF/MAPA), located in SC. This inclusion criteria 
is important to mention as the SIF/MAPA sometimes have data from animals that are transported from outside 
of the state (mainly from RS), but slaughtered in SC. The year of 2009 was not included in this study, due to data 
inconsistency. The proportion of infected animals (NI) per slaughtered animals (NS), from each municipality was 
named. The disease positivity index (PI) was calculated according to the formula:

( )/PI NI NS 100= ×

Slaughtered animals PI were divided into groups of low (0.1-5%), intermediate (5.1-10%) and high (>10.1%) 
positivity index (Guimarães et al., 2013).

Data mining and statistical analysis
Altitude data were acquired from the Topodata Project of the Brazilian Geomorphological Database, which offers 

products for the Brazilian territory, devised from the Shuttle Radar Topographic Mission (SRTM), and available 
from the United States Geological Survey (USGS). Shapefiles were used to calculate the mean altitude for each 
municipality, which was also related to the PI for F. hepatica.
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Precipitation data were obtained from the Global Forecast System analyses, which is a weather forecast 
numerical model produced by the National Center for Environmental Prediction (NCEP), of the National Oceanic 
and Atmospheric Administration (NOAA - Maryland, USA). The information came from a 15-km spatial resolution 
data. A 3-hourly data was accumulated to obtain the annual precipitation (mm) to each municipality of SC.

Altitude variables and precipitation were obtained and analyzed for the municipalities with a high PI of F. hepatica. 
The Spearman correlation coefficient ( ˆsρ ) was applied between high PI of fasciolosis and the altitude of the terrain 
and the accumulated precipitation in 198 cities using Excel (Microsoft, Madison, USA).

Results
From the data of 2004 to 2008 and 2010, 198 municipalities had animals sent to the Federal Inspection 

slaughterhouses based in SC. The prevalence of condemned livers due to F. hepatica was 8.8% (24.455/518.635) 
for the entire state. The mean infection rate (%) in the high, intermediate and low PI groups and the number of 
municipalities with cases in each year are presented in Table 1. The spatial distribution of infected animals in SC 
is presented in municipal Maps per year in Figure 2.

The most Eastern part of the state has a lower altitude (466 m vs 648 m) and a lower rainfall 
rate (1.637 mm vs 1.833 mm), comparing to the West (Figure  1). To evaluate the importance of altitude and 
precipitation in the prevalence of F. hepatica in SC, these variables were correlated with high PI cities. It was 
observed that high PI municipalities presented an average altitude of 429 m, ranging from 12 to 1.154 m and an 
average accumulated precipitation of 1.577 mm/year, (from 951 to 2.586 mm/year), during the evaluated period. 
The results of these correlations are shown in Figure 3.

A medium negative coefficient of correlation of 0.43 (Figure 3a) was found between high PI areas and altitude 
with a statistically significant difference (P < 0.001). Although the results did not present a high correlation, it was 
observed that the highest rates of the disease occurred in cities in the lowest altitude.

When the correlation between PI and altitude at each 100 m was analyzed, high rates of the disease were found 
in municipalities located between 500 and 600 m, with a positive coefficient of correlation of 0.47 (P = 0.01). This 
was the highest value found among altitude with statistical difference (data not shown). Between 300 and 400 m, 

Figure 1. Location of the State of Santa Catarina in Brazil: land altitude and annual average precipitation.
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Table 1. Mean positivity index (PI%) of Fasciola hepatica, according to high, medium and low PI groups per year and the number 
of municipalities (n) of Santa Catarina, Brazil.

Period/Year
High PI Intermediate PI Low PI Municipalities

% n % n % n Total

2004 24.6 34 6.9 24 2.0 64 122

2005 32.0 37 7.2 15 1.7 80 132

2006 21.6 35 7.3 24 1.7 73 132

2007 22.5 27 6.6 27 2.2 61 115

2008 25.0 25 7.6 6 1.5 67 98

2010 13.4 2 9.0 1* 1.0 1* 4

Mean/Total 23.2 160 7.4 97 1.7 346 603

*Absolute value of the only municipality in the group for the year.

Figure 2. Distribution of high, intermediate, and low Positivity Index (PI) of Fasciola hepatica in cattle over the years in Santa 
Catarina, Brazil.

Figure 3. Coefficient of correlation (R) between high Positivity Index (PI) of fasciolosis and (a) altitude of the terrain and (b) the 
accumulated precipitation in 198 cities of Santa Catarina, Brazil.
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a higher correlation ( ˆsρ  = 0.49) was obtained; however, no statistical significance (P = 0.06) was detected at this 
altitude. There was no correlation ( ˆsρ  = -0.06, P = 0.5), between rainfall and the occurrence of F. hepatica (Figure 3b), 
possibly due to an above-the-limit of rain for the parasite’s life cycle.

Discussion
The cattle population of SC is approximately 4.5 million animals and although cattle ranches are distributed along 

the entire state, the largest population is seen in the Central (highland area) and West (lowland area) regions (IBGE, 
2006). We reported that the highest correlation between high PI and altitude was found in municipalities located 
between 500 and 600 m. It was also found that more than 70% of the high PI for F. hepatica where within the basin 
of the Itapocú and Itajaí-Açu rivers. The area comprises more than 30 municipalities, having around 34% of the total 
cattle herd of SC (IBGE, 2006). The hot and humid weather along the years confirms the conditions that are suitable 
for the development of the intermediate host, representing an important factor for the high PI of the disease.

In fact, the relationship between the prevalence of F. hepatica cases and altitude in this study can be related to 
local temperatures. The coastal region of SC had the highest temperatures and F. hepatica was present in most of 
the Northern Coast extension (see special distribution Maps). Likewise, Malone et al. (1998), reported that in tropical 
zones, the best temperature conditions for the development of F. hepatica are usually found in low altitude areas. 
As seen in some parts of South America and Africa, F. hepatica was found up to 1200 m above sea level, depending 
on local temperatures (Yilma & Malone, 1998; Raunelli & Gonzalez, 2009; Martins et al., 2014; Bennema et al., 2017).

The data from the MAPA/SIF for animals exclusively from SC, showed that most of the municipalities (56%) with 
high PI for fascioliasis were at approximately 500 to 600 m altitude. In RS, just South of SC, a study using multiple 
linear regression methods was carried out based on F. hepatica bovine infected livers from 2003 to 2010. Among the 
environmental and climatic variables, altitude was considered the most important factor (Beta coefficient = -0.263), 
i.e., inversely proportional to the disease (Silva et al., 2016). Freitas et al. (2014), generated a bioclimatic map for the 
state of Espírito Santo (ES), in the Southeast of Brazil. The authors showed that altitudes of 0 to 500 m, temperature 
from 15 to 25oC, terrain declivity of up to 10%, and accumulated rain between 1.000 and 2.500 mm/year, where 
favorable factors for the development of F. hepatica and its intermediate host.

Even though in SC, 97.5% of the municipalities that presented high rates of fasciolosis recorded high annual 
accumulated rainfall, a favorable condition to fasciolosis (Malone et al., 1998; Freitas et al., 2014), the data did 
not determine any correlation to this risk factor. This is also in agreement with Silva et al. (2016), using a multiple 
regression model to study the presence of F. hepatica in RS, where the authors did not find any relation between 
fasciolosis in cattle and rainfall. Maure  et  al. (1998), studied climate variables and demonstrated that high 
temperature periods accompanied a decline in the mollusk population in São Paulo, Brazil. The authors also stated 
that, an increase in rain volume and number of rainy days may damage the mitigating effect of high temperatures 
in the proliferation of F. hepatica intermediate hosts. The data from Sao Paulo showed that regional climate 
(temperature and rain) variations along the year influenced the presence of the snails, having a great impact on 
the incidence of the disease. It is worth to mention that the area of São Paulo has frequent dry seasons, which 
are not common to SC. In another study carried out from 2010 to 2013 in Espirito Santo, reported two annual 
peaks of L. columella population. The increase in snail numbers was observed in March (2011 and 2013) and in 
November (2012), when precipitation was above the average (200 mm/year) – suggesting an increase in disease 
transmission (D’Almeida et al., 2016). Even though pluviosity is an indispensable condition for F. hepatica’s life cycle, 
we demonstrate that the accumulated rain in SC was above the threshold to threaten the prevalence of the disease.

In the current study, the state of SC presented a high prevalence of F. hepatica, which was facilitated by the wide 
geographical distribution of cattle and the mollusk, and its favorable climate. For the study period, the Eastern part 
of the state was considered highly endemic for bovine fasciolosis, having 20.018 out of 24.455 cases of the disease. 
The financial impact of fascioliasis to SC was measured by Molento et al. (2018), where the authors reported that 
the disease accounted for a loss of US$ 24.6 million/year to local economy. Fascioliasis is also a neglected human 
disease in Brazil, but new cases were recently described in the city of Joinville, the largest city in the North coast 
of SC (Pritsch et al., 2019b). Associated to that, the most populated cities of SC are located along its Costal area, 
indicating that there are favorable conditions for more human cases in the future. Therefore, we believe that the 
environmental conditions, the overlap of large cattle numbers and urban areas, and the continuous presence of 
the intermediate host are comparable to other risk areas of most the endemic countries (Mas-Coma, 2004).
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The present data demonstrates no epidemiological seasonal or yearly pattern for the disease in SC, indicating 
a year-long parasite problem, requiring systematic official liver inspection, clinical diagnostic and treatments. 
But although farmers treat their animals in a regular base (M. Molento, personal information), infections levels 
are still high. Triclabendazole resistant has not been reported in SC, as in other regions (Brockwell et al., 2014; 
Ortiz et al., 2013), including in Parana, Brazil (Oliveira et al., 2008), so the chemical control of the disease is still a 
viable option. More studies are required to correlate local conditions, farm management, and drug use – as well 
as drug efficacy test, to better understand the dynamic of the disease and its outcome. The association of data 
from GIS models, special distribution and weather report have attempted to determine a single environmental risk 
factor for fascioliasis, but the parasite has multiple opportunities to develop, and should be tackled as a complex 
and dynamic problem. It is also critical to implement long-term control measurements, such as regular diagnostic 
exams (coproparasitological and immunological tests), strategic treatments, reduce host-parasite (metacercaria) 
contact, and the data from the Meat Inspection Services MAPA/SIF, for an effective reduction of F. hepatica infection 
in livestock.

Conclusions
The data revealed that the entire state of SC had an endemic prevalence of F. hepatica where cattle infection 

was found in 68% (198/293) of the municipalities from 2004 to 2008 and in 2010. The disease had an overdispersed 
distribution along the seasons and years, as weather conditions in the past decade did not impose any limitation 
to the occurrence of the parasite, making it a disease of permanent clinical importance. Based on the correlation 
coefficients and the high PI, it was determined that the prevalence of bovine fascioliasis was more related to land 
altitude ( ˆsρ  = -0.43), and less to the accumulated precipitation, as there were no rain restriction. Therefore, it is 
recommended that local authorities develop a more detailed control program, based on the two main geographical 
conditions of SC (i.e. Costal and Central/Mountainous areas). These findings are essential to regions with similar 
geographical and climate conditions worldwide, that may be suitable for F. hepatica infection in animals and humans.
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