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Introduction
Fascioliasis is a worldwide anthropozoonotic food and 

water‑borne disease, caused by the trematodes Fasciola 
hepatica and F. gigantica. The common liver fluke, F. hepatica, 

is mainly found in large ruminants in the Americas and 
requires fresh water Gastropoda snails, such as Lymnaea spp., 
as an intermediate host (BEESLEY et al., 2018; IBRAHIM, 
2017). The severity of the disease affects various animals to 
different extents, depending of the host species and parasitic 
burden. The welfare condition and clinical signs can also 
vary from an asymptomatic infection to a devastating disease 
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Abstract

In South America, fascioliasis caused by the trematode Fasciola hepatica is an anthropozoonosis disease associated 
with significant economic losses and poor animal welfare. The objective of this study was to determine the prevalence 
of F. hepatica in the liver of buffaloes slaughtered from 2003 to 2017 in Brazil, and to perform a forecast analysis of 
the disease for the next five years using the Autoregressive Integrated Moving Average (ARIMA) model. Data analysis 
revealed an incidence of 7,187 cases out of 226,561 individuals. The disease presented a considerable interannual variation 
(p<0.005). Fasciola hepatica was more prevalent in the southern states of Brazil; Paraná, Rio Grande do Sul, and Santa 
Catarina, presenting 11.9, 7.7, and 3.2% of infected livers, respectively. The high frequency of liver condemnation in 
Paraná was influenced by weather conditions. The ARIMA models calculated a constant trend of the disease, depicting 
an average of its future prevalence. The models also described a worse-case and a positive-case scenario, calculating the 
effects of intervention measurements. In reality, there is an urgent need for regular diagnostic in the animals (fecal and 
immune diagnose) and in the environment (intermediate host), in order to avoid the high rates of infection.
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Resumo

Na América do Sul, a fasciolose causada pelo Trematoda Fasciola hepatica é uma antropozoonose associada a perdas 
econômicas significativas e baixo grau de bem-estar animal. O objetivo deste estudo foi determinar a prevalência de 
F. hepatica no fígado de búfalos abatidos entre 2003 a 2017, e realizar uma análise de previsão da doença para os próximos 
cinco anos, utilizando o modelo Auto-Regressivo Integrado de Médias Móveis (ARIMA). A análise dos dados revelou 
uma incidência total de 7.187 casos em 226.561 indivíduos. Houve um acentuado grau de variação interanual nas taxas 
de prevalência (p<0,005). Fasciola hepatica foi mais prevalente nos estados do sul do Brasil; Paraná, Rio Grande do Sul e 
Santa Catarina, com 11,9; 7,7; e 3,2% de fígados condenados, respectivamente. A alta incidência de condenação de fígado 
no Paraná foi influenciada pelo fator climático. Os modelos ARIMA indicaram uma tendência constante na ocorrência 
da doença, destacando um padrão futuro da doença. Os modelos também descreveram cenários de piora e de possível 
melhoria, calculando os efeitos de medidas de intervenção. Assim, existe a urgência de realizar diagnóstico constante nos 
animais (coprológico e diagnóstico imunológico) e no ambiente, para que se evite os altos índices de infecção.
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(weight loss, reduced milk yield, and reproductive failure), 
including death (EL-TAHAWY et al., 2018; IBRAHIM, 2017; 
KAPLAN, 2001; SCHWEIZER et al., 2005). In some South 
American countries, fascioliasis is highly endemic in humans 
(RODRÍGUEZ-ULLOA et al., 2018), but essentially neglected 
in others (PRITSCH & MOLENTO, 2018), with more than 
60 million people living in affected areas.

Considering the several characteristics of fascioliasis lifecycle, 
it can be classified as a disease that is susceptible to the impacts 
of climatic variations. Studies have shown the influence of the 
weather on fascioliasis infection in cattle (BENNEMA et al., 2014, 
2017; DUTRA et al., 2010). An increase in rainfall was strongly 
correlated with a higher occurrence of the disease in southern 
Brazil (DUTRA et al., 2010). Also in Brazil, Silva et al. (2016) 
reported that a La Nina event affected the positivity index of 
bovine fascioliasis through significant changes in air temperature 
and rainfall regimens.

The correlation between a disease and its geographic 
and climatic location is possible with the use of geographic 
information systems, creating epidemiological maps for 
viewing and evidencing risk factors. Based on these tools, 
Bennema et al. (2017), using a range of isothermality, showed 
that a large part of Brazil is suitable for F. hepatica. Aleixo et al. 
(2015), using a kernel analysis, determined the density of 
livers infected with F. hepatica in Brazil from 2003 to 2008, 
identifying the localities with higher prevalence of fascioliasis 
in cattle. Geo-environmental analysis system, considering 
precipitation, temperature, elevation, slope, soil type and 
land use was used in Espírito Santo, Brazil for mapping the 
risk of fascioliasis indicating that over 50% of the southern 
of the state is either at high or very high risk for fascioliasis 
(MARTINS et al., 2012).

Domestic buffaloes (Bubalus bubalis), also known as river/water 
buffaloes, are important to local economies and are present in 
a small segment of the society. In South America, the most 
common buffaloes are the Murrah, Mediterranean, Jaffarabadi, 
and their crosses, which are used for milk and meat production. 
Only 2% of the world’s water buffalo population (168 million) 
is in South America, and of this, 77% (aprox. 1,190 million) is 
in Brazil (FAO, 2018; IBGE, 2006; BRASIL, 2018). Reports of 
F. hepatica occurrence in buffaloes were found with positivity 
rates of 24.7% (SERRA-FREIRE & NUERNBERG, 1992), 
2.5% (PILE et al., 2001), 46.7% (CARNEIRO et al., 2010) 
and 23.8% (CARNEIRO et al., 2013), when using fecal exams 
in Brazil. The occurrence of F. hepatica in condemned livers 
of buffaloes was determined in the state of Rio Grande do 
Sul (RS). The occurrence rate was 20%, and from that, 81% 
of the animals had up to two years of life (MARQUES & 
SCROFERNEKER, 2003).

The objectives of the present study were, (1) to determine 
the prevalence and geographical distribution of F. hepatica 
(from infected livers) in buffaloes across Brazil, and (2) to run 
a 5-year forecast analysis of the disease for the states of Paraná 
(PR) and RS.

Materials and Methods

Study area

Brazil is geographically located between the parallels latitude 
5°16’19” north, 33°45’09” south and longitude 34°45’54” east, 
and 73°59’32” west. The country’s total area is 8,515,759.090 km2, 
distributed among the 5,570 municipalities of the 26 states and 
one Federal District (IBGE, 2015).

Data collection

The data was collected from a Brazilian slaughterhouse 
database of the Meat Inspection Department, under the Federal 
Inspection Service of the Ministry of Agriculture (MAPA). This 
data included the total number of slaughtered buffaloes and the 
livers condemned by F. hepatica (parasites had to be visualized 
after incisions in the organ), from all Brazilian municipalities 
from 2003 to 2017.

Climate data (precipitation, maximum, minimum and 
average temperature) were collected from the National Institute 
of Meteorology (NIM) database, for the states of PR and RS, for 
the entire period. Three weather stations per state were selected 
to collect the monthly rainfall and mean temperature.

Data analysis

A frequency analysis of the municipalities was carried out on 
the collected data, encoded in Microsoft Excel, using SPSS Version 
22.0 (IBM, New York, USA). The frequency of liver condemnation 
was calculated using Software R 3.5.1 based on the following 
equation (Equation 1), for each state and year:

Frequency 100 
= × 
 

Liver condemnations
Slaughtered animals

 	 (1)

Kernel density estimation (6-km scale) (ALEIXO et al., 2015) 
and point cluster analyses were used to calculate the density 
and space distribution of infected livers, respectively, using 
QGIS 3.2.2 software.

Linear regression models, using Software R 3.5.1, were used 
to determine the possible influence of the mean values of abiotic 
factors (temperature and accumulated precipitation) for each of 
the four calendar seasons on the number of liver condemnations 
due to fascioliasis in each respective period.

Forecast model

The Autoregressive Integrated Moving Average (ARIMA) 
was adopted for the development of the models. The variables 
“slaughtered animals” and “condemned livers” were used to 
calculate the infection ratio to model the incidence of F. hepatica 
for PR and RS. The variables “year” and “month” were created, and 
seasonal decomposition was performed according to the observed 
sequences of data, using the equation (Equation 2):
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Yt TCt  St  It= × ×  	 (2)

Where: Yt is the time series (slaughtered animals, condemned 
livers, and forecasting ratio); TCt is the trend-cycle component; 
St is the seasonal component; and It is the irregular or random 
component. The equation’s best fits were chosen according to the 
R2 value. For the forecast analysis, IBM SPSS Statistics software 
version 21 was used.

Results

Even though all 26 Brazilian states were included in the study, 
according to the MAPA database, only 15 states provided records 
of slaughtered buffaloes during the last 15 years. Out of these, most 
of the states (n=11) had low incidence and discontinuous official 
records for the disease (data not shown). Figure 1 describes the 
location of municipalities and intensity in which the condemned 
livers were consistently registered. The average prevalence of 
F. hepatica infection in slaughtered buffaloes was approximately 
3% (7,187/226,561), ranging from 1.5% in 2015 to 6.8% in 
2012 (p<0,005). The highest levels of infected livers were in PR, 
RS, Santa Catarina (SC), and São Paulo (SP), with prevalences 
of 11.9, 7.7, 3.2 and 1.42%, respectively. The frequency of liver 
condemnations in these states during the last 15 years is shown 

in Figure 2. The highest rates of condemned livers were observed 
in PR, 43.7% in 2016 and 33.6% in 2012, and in RS (32.8% 
in 2010). SC and SP presented their highest prevalence rates in 
2006 (15.8 and 1.9%, respectively).

Figure 1. Map of the South of Brazil, including the state of São Paulo, and the density of condemned livers by Fasciola hepatica using Kernel 
analysis. Data provided by the Federal Inspection Service, MAPA from 2003 to 2017, according to the municipalities of Brazil. 0 = Absence 
of condemned livers. 686 = maximum number of condemned livers.

Figure 2. Frequency of liver condemnations by Fasciola hepatica of 
slaughtered buffalos from 2003 to 2017 per state (SP, São Paulo; PR, 
Paraná; SC, Santa Catarina; RS, Rio Grande do Sul).
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The absolute frequency analysis per city from the four states 
described the number of repetitive occurrences of infected livers 
over the 15-year period. The cities with the highest repeatability 
frequencies are in PR: Adrianópolis (14/15), Guaraqueçaba (12/15), 
Antonina (11/15), Cerro Azul (10/15) and Doutor Ulysses (10/15). 
Three of these cities (Adrianópolis, Cerro Azul, Doutor Ulysses) 
are situated in the Ribeira Valley, east of PR, which is one of the 
most important locations for F. hepatica occurrence with a rainfall 
of 180 mm during the wettest months.

Figure 3. Influence of rainfall and temperature on the percentage 
of condemned livers by F. hepatica in Parana (PR) and Rio Grande 
do Sul (RS) states from 2003 to 2017, according to the Southern 
hemisphere seasons. *Temperature (p<0.05); **Rainfall (p<0.05).

Figure 4. Observed sequence of the condemned livers from 2003 to 
2017 and forecast models until 2022 (thick blue line) for Rio Grande 
do Sul (A) and Parana (B), Brazil. Fit: adjusted model; UCL: upper 
confidence limit; LCL: lower confidence limit.

Regarding climatic conditions, F. hepatica infection in buffaloes 
was found to be most influenced by rainfall in the autumn 
(F=8.305, p<0.05, R2: 0.419), and temperature in spring (F=4.85, 
p<0.05, R2: 0.35). Both factors presented a statistically significant 
relationship (p<0.05) with liver condemnation of fascioliasis in 
PR. None of the abiotic factors were significantly linked to liver 
condemnation in RS (Figure 3).

The forecast of the disease prevalence for the next 5 years is 
shown in Figure 4A for RS and 4b for PR. The best fit ARIMA 
model for RS was ARIMA (0,1,2)x(2,0,2), presenting: R2 = 0.751; 
Stationary R2 = 0.701; RMSE = 0.057; MAPE = 98.987; and 
a Normalized BIC -5.395. The best fit ARIMA model for PR 
was ARIMA (0,1,2), presenting an R2 = 0.847; Stationary 
R2 = 0.847; RMSE = 0.087; MAPE = 92.365; and a Normalized 
BIC = -4.356. Both models are presented with future projections 
for the occurrence/prevalence of F. hepatica in livers.

Discussion

The present study showed a nationwide average prevalence 
of 3% in buffaloes with its highest frequencies occurring in PR 
(11.9%) and RS (7.7%). Buffaloes in PR were observed to be 
raised in different pasture areas from cattle (e.g. marshy pastures 
vs. seeded). While epidemiological studies in livestock and humans 
have been overlooked in many countries, the present work seeks 
to raise awareness of this important disease, particularly to the 
large population of buffaloes in Brazil. In cattle, previous studies 
have also shown that the prevalence of fascioliasis was mainly in 
the southern states (ALEIXO et al., 2015; DUTRA et al., 2010; 
SILVA  et  al., 2016), with an economic loss of approximately 
US$ 210 million/year (MOLENTO et al., 2018). Bennema et al. 
(2017) have also determined that the best suitability area for 
F. hepatica development, based on a range of isothermality data was 
the south region of the country. Other studies have also investigated 
the climate effects and surveillance data for fascioliasis in Europe 
(CAMINADE et al., 2015; NOVOBILSKÝ et al., 2015).

Dracz & Lima (2014) reported the first case of naturally 
infected indigenous buffaloes in the state of Minas Gerais. The study 
emphasized the ability of the parasite to disperse to municipalities 
in this state that previously were considered to be free from 
infection. Similarly, Pile et al. (2001) published the first report of 
fascioliasis in buffaloes in the state of Rio de Janeiro, registering 
an occurrence rate of 2.5%. Although the largest buffalo herds in 
Brazil are located in the states of Pará and Amapá, North of Brazil 
(BRASIL, 2015), the lack of data from liver inspection from these 
and other states, complicates a broader analysis. This is mainly 
due to the scattered data collection and our deficient databank, 
which should combine the different levels of slaughterhouse 
inspection (Federal, State and Municipal) (BENNEMA et  al., 
2014). According to Collins (1996), the abattoir surveillance has 
also some limitations such as inspection line, light intensity, the 
inspector’s experience and motivation.

PR has two major climate classifications: Cfa with hot summers; 
and Cfb with mild temperate summers (ALVARES et al., 2014). 
The disease occurrence falls almost entirely under the Cfb area of 
PR, and according to the absolute frequency analyzed for the buffalo 
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infections, the cities with a highest fascioliasis repeatability were in 
that area (Figure 1 and 3), suggesting that the biological lifecycle 
of the parasite is well established. Whereas the prevalence cases in 
RS occurred almost entirely under the Cfa climatic conditions. 
Both states had similar annual rainfall (PR: 1300 - 2200 mm/year; 
and RS: 1600 - 2200 mm/year). Annual air temperature was also 
comparable between the two regions (data not shown), but there 
was a considerably larger difference in land elevation between PR 
(100 to 1200 m.a.s.l.) and RS (100 to 400 m.a.s.l.).

We believe that F. hepatica is well established in buffaloes in 
PR and RS, even considering all the environmental (climate over 
the years) and topographical differences between the regions. 
The influence of rainfall and temperature on the percentage of 
condemned livers during the period of the study was evaluated 
according to the seasons of the year. Due to the relatively high 
prevalence observed in the states of PR and RS, the influence of 
the weather was further investigated in these areas. For PR, the 
data revealed that F. hepatica infection in buffaloes was influenced 
by the increase in rainfall and temperature in autumn and spring, 
respectively, since the increase of these factors tended to decrease 
the number of liver condemnations. On the other hand, no weather 
influence was related to the liver condemnation in RS. Dutra et al. 
(2010) reported that temperature did not reveal significant 
changes in high risk areas for F. hepatica infection in cattle, while 
altitude was found to be a significant determinant of the disease 
prevalence. Byrne et al. (2016) also found variable associations 
between long-term climate conditions and condemnation rates of 
liver infection in cattle, adding that long-term weather variation, 
geographic location and herd-type were important risk factors. 
Byrne et al. (2018) found a significant seasonal variation of F. hepatica 
antibodies in dairy herds in Northern Ireland, reporting the highest 
infection rate in winter, whilst the lowest rates were found during 
the summer. In this line, Gosling et al. (2011) estimated that an 
increase in temperature of up to 3.5 °C in Brazil, and based on 
the above facts, there will be a large chance that risk areas for 
fascioliasis will spread around new areas. The International Panel 
on Climate Change (CLINE, 2007) reported that countries in 
Latin America may observe an increase in disease incidence, due 
to the increase of inundation and specific vectors. Therefore, the 
increase in temperature and precipitation will change the prevalence 
of fascioliasis, as was also determined in Brazil by Bennema et al. 
(2017) and Dutra et al. (2010). Silva et al. (2016) noted that La 
Nina years affected bovine fascioliasis (temperature and rainfall).

Our predictive models developed for this study forecasted a 
constant trend of the disease over the next 5 years, indicating that 
intervention measurements must be adopted to reduce parasite 
prevalence, liver lesions, and economic losses, improving animal 
welfare. Otherwise, the negative pattern of the disease will remain 
above the 10% prevalence in endemic areas, or in the worse-case 
scenario, the disease could be more intense, further aggravating 
the situation. The model also predicted a possible positive scenario, 
which would represent an improvement in nationwide herd 
health conditions.

After determining the high prevalence of F. hepatica in the 
south of the country, we urge to suggest that preventive measures 
(i.e. diagnosis, disease monitoring) must be regularly made. 
The negative impact of the disease could then be reduced, while 

also decreasing the threat of spreading fascioliasis to humans. 
Furthermore, we see that our models can be used as the basis for 
monitoring fascioliasis in other endemic areas in South America and 
the Caribbean, implementing a disease surveillance program. This 
is an urgent requirement, as the collected data has demonstrated 
a potential risk to millions of people and animals.

Conclusions

Our study has determined for the first time the spacial 
distribution and the occurrence rates of fasciolosis in buffaloes 
for Brazil. The data revealed high prevalence rates in the states 
of PR and RS, demonstrating that the disease is widespread in 
two distinct geographical and climatic areas. The forecast models 
predicted three main conditions, ranging from a positive scenario 
(lower part of Figure 4/low incidence) up to a worrisome future 
trend (higher part of the same Figure/high incidence). A condition 
to understand the present data is the need to recognize the 
existing low sanitary condition of water buffaloes in Brazil, and 
the necessity to improve the herd health. The use of the ARIMA 
models may work as an important instrument to help establish 
future preventive strategies for F. hepatica infection in water 
buffaloes under similar management.
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