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Abstract

Background: Fasciola hepatica is a parasite with a significant impact on ruminant livestock production. Previous
studies in north-west Europe have described its geographical distribution and determined potential predictors of
fasciolosis using geographical information system (GIS) and regression modelling. In Sweden, however, information
about the distribution of fasciolosis is limited. This study examined the geographical distribution of F. hepatica and
identified high-risk areas for beef cattle in Sweden and sought to characterise potential predictors. Beef cattle serum
samples were collected during winter 2006-2007 from 2135 herds which were examined for F. hepatica antibodies
by enzyme-linked immunosorbent assay (ELISA). Fasciolosis distribution maps were created using GIS based on
postcode location of seropositive herds. Spatial scan analysis (SaTScan) was performed to determine high-risk areas.
Using datasets on animal density, temperature, precipitation and Corine land cover data, including soil type and soil
mineral concentrations in Sweden, bivariate and multiple logistic regression analyses were carried out in R software
to reveal potential predictors of F. hepatica infection.

Results: Overall herd seroprevalence of F. hepatica in beef cattle was 9.8 % (95 % CI: 8.6-11.1). An irregular spatial
distribution of F. hepatica, with two main clusters, was observed in south-west Sweden. The most northerly occurrence
of F. hepatica in the world was documented. The final model explained 15.8 % of the variation in F. hepatica distribution
in study herds. Absence of coniferous forest was the variable with the highest predictive value. Precipitation in
July-September, Dystric Cambisol, Dystric Regosol, and P and Cu concentrations in soil were other negative predictors.
Beef cattle herd density, Dystric Leptosol and Fe concentration were positive predictors.

Conclusions: The spatial distribution of F. hepatica in Swedish beef cattle herds is influenced by multi-factorial effects.
Interestingly, absence of coniferous forest, herd density, specific soil type and concentration of some soil minerals are
more important predictors than climate factors.
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Background
Fasciolosis is a parasitic infection of ruminants worldwide
caused by the common liver fluke Fasciola hepatica [1].
The main impact in cattle production is due to reduced
weight gain and poor carcass status and condemnation of
livers at slaughter [1, 2]. In the past decade, the prevalence
of bovine fasciolosis in some European countries has in-
creased due to milder winters, improved sensitivity of
diagnostic methods and/or failure of control [3].
Based on meat inspection data, the prevalence of fascio-

losis in Swedish cattle was 3 % in 2005 but rose to almost
11 % in 2013 [4]. Analysis of the herd seroprevalence and
spatial distribution in Sweden to date is limited to obser-
vations from abattoirs. Although abattoir data provide an
estimate of the prevalence of F. hepatica in different geo-
graphical regions, it has been shown that approximately
one-third of infected livers go undetected at meat inspec-
tion [5]. Detection of circulating specific antibodies
against liver flukes by enzyme-linked immunosorbent
assay (ELISA), in serum or milk samples, is currently an
efficient method of monitoring fasciolosis [3, 6, 7]. Owing
to the ease of collection of bulk-tank milk (BTM) samples,
most studies to date have been conducted in dairy herds
[8–13].
Under Swedish animal welfare legislation, all cattle

older than six months, except bulls, must be allowed out
to pasture in summer [14]. According to recent reports,
problems with F. hepatica are common today in both
conventional and organic dairy and beef units, particu-
larly in cattle kept on wet lowland pastures in years
when the weather conditions are favourable for parasite
transmission. Beef cattle management in Sweden is char-
acterised by long-term grazing and some farmers in
southern Sweden have even introduced year-round graz-
ing on pasture (U. Eliasson, personal communication
2014). Unlike dairy cows, beef cattle often graze mar-
ginal natural pasture with suitable habitats for the main
intermediate host, the snail Galba truncatula [15].
Monitoring the spatial distribution of fasciolosis using

Geographical Information System (GIS) allows identifi-
cation of high-risk areas, enabling local effective control
measures [8]. Furthermore, forecasting model maps can
be generated by including environmental and climate
data [16, 17]. Such spatial risk analyses in dairy herds
have been performed in Belgium [18], Germany [11] and
England, Wales [9] and recently also in Ireland [19, 20].
Proportion of grassed area and proportion of water bod-
ies are reported to be the strongest predictors of F. hep-
atica infection in Germany [11]. In contrast, rainfall and
temperature are reported to be the most important pre-
dictors in England, Wales and Ireland, along with soil
structure and minerals [10, 19]. These factors are all as-
sociated with the habitat preferences of G. truncatula
[17, 21, 22].
The aims of the present study were to conduct a nation-
wide serological survey of F. hepatica in Swedish beef cattle
and to perform regression analysis on some environmental
and climate variables, in order to identify F. hepatica high-
risk areas and characterise potential risk factors for F. hep-
atica exposure in beef cattle herds in Sweden.

Methods
Study design and sampling
Blood samples were collected from young beef cattle
over 12 months of age within the Swedish Bovine Viral
Diarrhoea (BVDV) surveillance programme and have
been used previously to investigate the distribution of
Neospora caninum in Sweden [23]. Thus, the sampling
process was created primarily for BVDV surveillance and
approved by the Swedish Board of Agriculture in accord-
ance with the national legislation in Sweden (Animal
Welfare Act 2009/021). Every 12th sample was systemat-
ically selected from samples submitted between Novem-
ber 2006 and May 2007, yielding a total of 2767 serum
samples from 2135 herds. All samples were accompanied
by herd identification by postcode. The herds sampled
represented approximately 20 % of all Swedish beef
herds at the time of sampling and 1-5 samples were col-
lected per herd [23]. All sampled animals were grazed
for one season, in 2006.

Serology
Serum antibody levels for F. hepatica were determined
using an in-house excretory/secretory (ES), antigen-specific,
enzyme-linked immunosorbent assay (ELISA). The F. hep-
atica ES antigen preparation and ELISA protocol were car-
ried out as described previously [24]. The ELISA results
were expressed as percentage positivity (PP), where PP
= (mean OD of tested sample (n = 2)/mean OD of the posi-
tive control) * 100. As a positive control, serum samples
originating from naturally infected beef cows were used
[25]. Samples with PP ≥15 % were considered positive, a
level determined previously by receiver operating character-
istic (ROC) curve analysis [25], where the sensitivity was
96 % (95 % CI: 88-100) and the specificity 98 % (95 % CI:
94-100).

Data analysis
Spatial data
Swedish five-digit postcode data from 2007 were obtained
from Statistics Sweden (Statistiska Centralbyrån; SCB). A
postcode area (PSA) layer was constructed based on area
polygons. In total, 1887 herds (88.4 % of herds included)
were located based on their five-digit postcode area (5-PSA).
Precise location information was lacking for 248 herds
(11.6 %) and these were located by three-digit postcodes
(3-PSA). A herd containing at least one positive serum
sample was designated as seropositive. Seroprevalence was
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calculated as the number of positive herds out of the total
number of herds included. Seroprevalence was deter-
mined for 3-PSA, municipality and county. Spatial cluster-
ing of positive and negative herds was then tested with the
spatial scan statistic by the Bernoulli model [26], using
SaTScan software version 9.2 (www.satscan.org). Using
the Bernoulli model, clusters with increased relative risk
were identified.

Variables tested
Data on beef cattle distribution, including number of herds
and number and density of cattle at municipal and county
level in 2007, were obtained from the Swedish Board of
Agriculture [27]. Climate data were obtained from the
Swedish University of Agricultural Sciences (SLU) GIS
database, which was originally established and previously
updated by the Swedish Meteorological and Hydrological
Institute (SMHI). A dataset containing mean monthly
temperature and precipitation for the period 1999-2009
was created. Average values were then calculated quarterly
for temperature (Tem Q1, Q2, Q3, Q4) and precipitation
(Pre Q1, Q2, Q3, Q4). Data on landscape properties and
their spatial proportions in Sweden (in 2006) were taken
from the Corine Land Cover dataset of the European Envir-
onment Agency (http://www.eea.europa.eu/data-and-maps)
and included pasture (SC 231), complex cultivation pat-
terns (SC 242), land principally occupied by agriculture
with significant areas of natural vegetation (SC 243), broad-
leaved forest (SC 311), coniferous forest (SC 312), mixed
forest (SC 313), natural grasslands (SC 321), moors and
heathland (SC 322), inland marshes (SC 411), peat bogs
(SC 412), water courses (SC 511) and water bodies (SC
512). Data on soil and geological characteristics were ob-
tained from the Geological Survey of Sweden (SGU) and
the European Soil Portal (http://eusoils.jrc.ec.europa.eu/
ESDB_Archive/ESDB/index.htm). The following variables
were selected for analysis: soil type, pH and soil concentra-
tions of six minerals (Ca, Cl, Cu, Fe, Mg and P). Vector and
raster layers for all variables were created by ArcGIS ver-
sion 9.2 (ESRI, USA). Data for regression analyses were ex-
tracted from these layers using ArcTools at 3-PSA level.
All regression analyses were carried out in R software

(http://www.r-project.org/). In the initial bivariate ana-
lysis, all above-mentioned variables were tested against
ELISA results at herd level (Additional file 1: Table S1).
Significant variables (P ≤ 0.05) from the bivariate test
were then further examined in multivariable models.
Four different groups of variables were selected for
multivariate modelling: temperature (Tem Q1, Q2, Q3,
Q4 and cumulative temperature for the whole season);
precipitation (Pre Q1, Q2, Q3, Q4 and cumulative pre-
cipitation for the whole season); all land cover variables
(SC 231, 242, 243, 311, 312, 313, 321, 322, 411, 412, 511,
512); and soil pH and mineral content (Ca, Cl, Cu, Fe,
Mg, P). Since beef cattle density did not fit in any of the
models, this variable was included directly in the final
model. For the final model, significant variables (P <
0.01) from the multivariate models and beef cattle herd
density were selected.

Results
Spatial distribution
The overall seroprevalence of animals testing positive for
F. hepatica antibodies was 9.5 % (n = 263/2767) in the
210 out of 2135 herds (9.8 %; 95 % CI 8.6 to 11.1 %)
with seropositive animals. At the county level, the high-
est herd seroprevalence was found in Skåne (20.6 %), at
the southern tip of Sweden, whereas no F. hepatica-posi-
tive herds were found on the island of Gotland in the
Baltic Sea, in Örebro county in central Sweden or in
Jämtland and Norrbotten in northern Sweden (Table 1).
The most northerly F. hepatica-positive herd was found
in Byske, on the Baltic shore of Västerbotten county (64°
57.23070', 021°12.24984'). The spatial distribution of beef
cattle herds in Sweden and of F. hepatica-positive herds
is shown in Fig. 1.
The spatial scan statistic revealed two significant (P =

0.001) clusters with a high risk of F. hepatica. Cluster 1, lo-
cated on the western coast of Västra Götaland north of
Gothenburg, contained 49 herds with a herd seroprevalence
of 65 % (RR = 7.7; P = 0.001). Cluster 2, located in southern
Skåne outside Malmö, contained 199 herds with a herd
seroprevalence of 35 % (RR = 4.9; P = 0.001) (Fig. 2).

Regression models
A total of 2030 PCA were arranged for regression
models using ArcGIS version 10.2.2. For soil type and
chemical composition, data were lacking for 433 PCA.
Bivariate analyses of variables with F. hepatica sero-
prevalence data revealed positive correlations with rain-
fall and temperature, cattle and herd density, proportion
of pasture per PCA, broad-leaved forest, Eutric Cambisol
soil, Dystric Leptosol soil, and Fe and Mg concentrations
in soil. Negative correlations were obtained for conifer-
ous forest, water bodies and P and Cu soil concentra-
tions (Additional file 1: Table S1).
The strongest correlation in the bivariate analyses was ob-

tained for beef cattle herd density. In Model Temperature,
average temperature in the second quarter of the year
(Tem_Q2) was a significant positive predictor, whereas cu-
mulative temperature during the entire year (Tem_season_-
sum) was negative (Additional file 2: Table S2). In Model
Precipitation, snow/rainfall during the first quarter (Pre_Q1)
was a positive predictor, whereas the third and fourth quar-
ters (Pre_Q3; Pre_4) were negatively associated with herd
seroprevalence (Additional file 3: Table S3). Degree of cover-
age with coniferous forest was the only significant negative
predictor in Model Corine Land Cover (Additional file 4:
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Table 1 Basic characteristics of beef cattle distribution and seroprevalence in Sweden at county level

County Number
of herds

Number of
beef cattle

Cattle density
(per 1000 ha)

Number of examined
herds per county

Fasciola hepatica
prevalence (in %)

Stockholm 254 3489 2.09 60 3.3

Uppsala 421 5700 4.74 98 3.1

Södermanland 327 6163 7.03 64 3.1

Östergötland 669 13561 9.27 128 7.8

Jönköping 1098 13795 11.73 201 8.0

Kronoberg 709 8787 9.32 126 2.4

Kalmar 782 12347 5.99 130 3.9

Gotland 243 5409 3.53 28 0.0

Blekinge 440 5411 7.77 119 4.2

Skåne 1921 36187 21.14 408 20.6

Halland 675 8328 9.49 78 5.1

Västra Götaland 2231 29068 8.41 350 15.7

Värmland 533 8309 3.79 87 11.5

Örebro 364 5152 5.32 46 0.0

Västmanland 188 2701 4.75 32 3.1

Dalarna 371 4814 1.58 61 6.6

Gävleborg 393 5488 2.19 45 2.5

Västernorrland 335 4586 1.63 30 6.7

Jämtland 272 3800 0.70 37 0.0

Västerbotten 171 1619 0.24 6 16.7

Norrbotten 71 756 0.07 1 0.0

Sweden 12468 185470 3.49 2135 9.8
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Table S4). Of the six soil minerals investigated in Model
Minerals, Cu and P concentrations were both negative pre-
dictors, while Fe was a positive predictor (Additional file 5:
Table S5). The final multivariate model, obtained by manu-
ally controlled stepwise forward and backward selection of
variables, explained 15.8 % of variation in the ELISA results
(Table 2). The strongest negative predictor was coverage
with coniferous forest. Positive predictors were beef cattle
herd density, Dystric Leptosol and Fe concentration. Dystric
Cambisol, Dystric Regosol, P and Cu concentrations were
all negative predictors.

Discussion
To our knowledge, this is the first systematic serological sur-
vey of F. hepatica in beef cattle in Europe. The overall sero-
prevalence in Swedish beef herds was around 10 %. This is
in agreement with a seroprevalence of 7.1 % determined in
bulk-tank milk samples (BTM) in 205 Swedish dairy herds
in 2008 [28], whereas it was 25 % in 426 herds examined in
2012 [15]. This indicates that the liver fluke burden was
more or less the same in dairy and beef cattle in Sweden in
2007-2008. The apparent dramatic increase in seropreva-
lence in dairy herds which occurred between 2008 and 2012
suggests that a similar increase in F. hepatica abundance
may occur in beef cattle. Although this needs further valid-
ation, it is supported by data from Swedish abattoirs show-
ing an almost fourfold increase in F. hepatica prevalence in
all slaughtered cattle (dairy and beef), from 3 % in 2005 to
11 % in 2013 [4].
The herd seroprevalence of F. hepatica infection in dairy

cattle in European studies conducted between 2006 and
2008 was 37-40 % in Belgium [18], around 24 % in
Germany [11] and 72-86 % in the UK [9]. Although the
overall seroprevalence in Swedish beef cattle was lower
than in these other Western Europe countries, the figures
for the other European countries were obtained exclusively
through BTM screening. Thus, there are differences in both
sample collection method and animal category. It can also
be argued that sampling only 1-5 animals per herd, as was
done in the present study, is an insufficiently representative
sample size. However, these samples represent the infection
status at herd level [25]. Likewise, it has been demonstrated
that at least 20-27 % of the herd must be infected to obtain
a positive BTM response in ELISA [13, 29]. Although the
use of individual blood samples rather than BTM could
imply lower herd sensitivity, evidence of this is lacking. In
addition, no other applicable methods for regional screen-
ing of beef cattle herds are available so far.



Fig. 1 (a) Distribution of beef cattle herds, (b) herd seroprevalence of Fasciola hepatica at municipality level and (c) distribution of all herds
examined in this study in Sweden
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The scan cluster analysis identified two areas with a
high risk of F. hepatica infection, both located in south-
west Sweden. Similar clusters of infection have been re-
ported in Belgium [8, 18]. Based on historical data from
meat inspections, south-west Sweden was reported as
having the highest abundance of bovine fasciolosis in the
1970s [30], which is in agreement with the present re-
sults. However, the reasons for this remain unclear.
According to the regression analyses, several factors

contribute to the spatial distribution of F. hepatica in
Sweden. In the final multivariate model, absence of con-
iferous forest and farm density were the major risk factors
for F. hepatica exposure. Climate factors such as rainfall and
temperature are essential for the transmission of F. hepatica
and were previously considered to have a major impact on
the risk of fasciolosis in ruminants [1]. The positive effects
of rainfall and temperature on the survival and transmission
of intermediate hosts and the larval stages of F. hepatica
often explain the variation observed in the spatial distribu-
tion of F. hepatica in climate models [16, 31, 32]. However,
although the climate is of fundamental importance for the
spread of F. hepatica, recent reports show that climate fac-
tors surprisingly show a smaller association than those re-
lated to environment factors and herd management [11, 17,



Fig. 2 Spatial clusters in south-west Sweden with high seroprevalence of Fasciola hepatica as determined by spatial scan statistic (SaTScan software)
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18]. This was confirmed in the present study, where rainfall
and temperature had only a minor effect in the multivariate
analysis. Similarly, low or inconsistent associations between
local/regional rainfall and F. hepatica distribution have been
shown both in Australia [33] and in Germany [11]. In the
present study, there was in fact a negative correlation be-
tween rainfall and F. hepatica seropositivity, in agreement
with some previous studies [18, 34]. This indicates the
complexity of the different contributing factors.
It has been suggested that certain soil types affect the

existence, and thus the local distribution, of snail inter-
mediate host habitats [25, 35]. Thus, the soil composition
of minerals, its porosity, mineral content in water, pH and
electrical conductivity have all been suggested to be of
central importance [17, 21, 35, 36]. In the present study,
Dystric Cambisol and Regosol soils were negative predic-
tors, whereas Leptosol soil was a positive predictor. To
our knowledge, there is only limited information available
on the association between soil type (according to FAO
classification) and distribution of freshwater molluscs [37].
A total of seven different soil types are present in Sweden
and some of these overlap in many areas [38]. The
association between soil type and F. hepatica seropositiv-
ity in our model seems to be a reflection that specific soils
(Cambisols, Regosols, Leptosols) are present or absent in
the two clusters. For instance, Leptosols are frequently
found in south-west Sweden, where most F. hepatica sero-
positive farms also were found. Thus, the suggestion of a
relationship between intermediate hosts of F. hepatica or
environmental stages of liver fluke and soil type remains
rather speculative at this stage. However, there were
strong associations between certain soil mineral concen-
trations and herd F. hepatica seropositivity, with Cu and P
being negatively associated and Fe positively associated.
Copper is known for its toxic effect on lymnaeid snails
[39], whereas the results for Fe and P contradict those in a
UK study [10]. It has been suggested that certain soils and
minerals are more suitable for snails than others [21, 40].
As with soil types, it appears that basing prediction of fas-
ciolosis outbreaks on soil minerals remains debatable. Al-
though this requires further investigation, it may be
speculated that the living conditions for the main inter-
mediate host are influenced both by soil type and
minerals.



Table 2 Final model resulting from stepwise forward and backward manually controlled selection of variables

Variable Estimate S.E. z value Pr(>|z|) Null deviance Residual deviance AIC Pseudo- R2

Beef cattle herd density 3.497587 1.154833 3.029 0.002456 ** 1073.59 942.64 968.64 0.158

SC 312 Coniferous forest -0.021672 0.004828 -4.489 7.16e-06 ***

tem_Q2 0.654361 0.616575 1.061 0.28856

pre_Q1 0.01539 0.008364 1.84 0.06578

pre_Q2 0.010399 0.006033 1.724 0.08475

pre_Q3 -0.013316 0.006199 -2.148 0.03170 *

pre_Q4 -0.008192 0.007002 -1.17 0.24199

Soil type (ref. PZha, Haplic Podzol)

ARha (Haplic Arenosol) 0.600641 0.39866 1.507 0.131901

CMca (Calcaric Cambisol) -0.472288 0.601682 -0.785 0.432485

CMdy (Dystric Cambisol) -0.932676 0.321899 -2.897 0.003763 **

CMeu (Eutric Cambisol) -0.626826 0.34534 -1.815 0.069509

LPdy (Dystric Leptosol) 1.180656 0.340213 3.47 0.000520 ***

RGca (Calcaric Regosol) -0.086256 0.284393 -0.303 0.761662

RGdy (Dystric Regosol) -0.020017 0.006052 -3.307 0.000942 ***

Fe (Iron) 0.580659 0.163602 3.549 0.000386 ***

P (Phosphorus) -5.443749 1.601878 -3.398 0.000678 ***

Cu (Copper) -0.051398 0.018112 -2.838 0.004542 **

* Significant at 0.05 level; ** Significant at 0.01 level; *** Significant at 0.001 level
AIC: Akaike’s Information Criterion
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South-west Sweden is the most intensive agricultural re-
gion in the Scandinavian Peninsula, with a high proportion
of grazing livestock. After the Scandinavian mountain range
along the Norwegian-Swedish border, the west coast has
the next highest rainfall in Sweden, up to 1000-1200 mm
per year (SMHI: http://www.smhi.se/kunskapsbanken/klimat/
sveriges-klimat-1.6867). Together with the relatively warm
Atlantic climate, this provides suitable conditions for
the survival and transmission of F. hepatica and its
intermediate host in south-west Sweden. Cluster 1 (in
Västra Götaland) was located on the Atlantic coast, in
the area with optimal conditions, whereas Cluster 2 (in
Skåne) lay outside the rainiest region (Additional file 6:
Figure S1). However, the area between Clusters 1 and 2
on the west coast (in Halland) had a relatively low sero-
prevalence, despite being densely populated by cattle.
This suggests that the situation is complex and that several
other factors apart from rainfall determine the spatial
distribution of F. hepatica.
Most cattle in Sweden are raised in the central and

south-western areas of the country and there was some as-
sociation between the number of animals and F. hepatica
seroprevalence. However, one positive herd was also found
in Byske near latitude 65° (GPS 64.953845, 21.204164). To
our knowledge, this is the most northerly occurrence of F.
hepatica reported to date in the world. Although the
possibility that the F. hepatica-seropositive animal in ques-
tion was imported from other parts of Sweden cannot be
excluded, repeated findings of liver fluke in the period
2008-2012 at local abattoirs in Norrland [4] confirm the
presence of F. hepatica in this subarctic area. The fact that
F. hepatica can complete its life cycle at this latitude, only
approximately 200 km south of the Arctic Circle, is sup-
ported by data from the nearest meteorological station. It
has been suggested that F. hepatica can complete its life
cycle when the temperature exceeds 10 °C for a minimum
of 2 months per year, enabling intramolluscan development
[1]. In Byske, the mean temperature exceeds 10 °C for ap-
proximately 3 months of the year (June = 11.1 °C; July =
14.5 °C; August = 13.4 °C) (http://www.smhi.se/klimatdata/
meteorologi/2.1240).
The pseudo-R2 values for models with specific subsets

varied from 5.9 to 9.6 % (Additional file 2: Table S2,
Additional file 3: Table S3, Additional file 4: Table S4,
Additional file 5; Table S5), while the final multivariate
model explained 15.8 % of the variation in F. hepatica
distribution. This agrees with a German study [11], but
is considerably lower than the variation explained by
models for England and Wales [10]. The low pseudo-R2

values in the present study indicate that important fac-
tors affecting the distribution of F. hepatica in Sweden
have not yet been identified. These may include pasture

http://www.smhi.se/kunskapsbanken/klimat/sveriges-klimat-1.6867
http://www.smhi.se/kunskapsbanken/klimat/sveriges-klimat-1.6867
http://www.smhi.se/klimatdata/meteorologi/2.1240
http://www.smhi.se/klimatdata/meteorologi/2.1240
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management, which seemed to be a stronger predictor
of F. hepatica infection than climate and environmental
factors in Belgium [17, 18].

Conclusions
The seroprevalence of F. hepatica infection in beef cattle
herds in Sweden is described for the first time in this
study. The spatial distribution map revealed two high-
risk areas, both located in south-west Sweden. Several of
the variables tested were associated with seropositivity in
the sampled animals, e.g. the spatial distribution was in-
fluenced by multi-factorial effects with strong associa-
tions to cattle density, absence of coniferous forest and
soil chemistry. However, no single predictor for forecast-
ing of F. hepatica infection in Sweden was identified.

Additional files

Additional file 1: Table S1. Bivariate logistic regression between
variables and Fasciola hepatica seropositivity. Abbreviations: a number of
animals/farms per km2. b 433 out of 2030 postcode areas (PSA) analysed
were missing. * Significant at 0.05 level; ** Significant at 0.01 level; ***
Significant at 0.001 level.

Additional flie 2: Table S2. Model Temperature: Results of multivariate
analysis of the temperature dataset by logistic regression. * Significant at
0.05 level; ** Significant at 0.01 level; *** Significant at 0.001 level.

Additional file 3: Table S3. Model Precipitation: Results of multivariate
analysis of the precipitation dataset by logistic regression. * Significant at
0.05 level; ** Significant at 0.01 level; *** Significant at 0.001 level.

Additional file 4: Table S4. Model Corine Land Cover: Results of
multivariate analysis of the land cover dataset by logistic regression. *
Significant at 0.05 level; ** Significant at 0.01 level; *** Significant at 0.001 level.

Additional file 5: Table S5. Model Minerals in Soil: Results of multivariate
analysis of the land cover dataset by logistic regression. * Significant at 0.05
level; ** Significant at 0.01 level; *** Significant at 0.001 level.

Additional file 6: Figure S1. Mean rainfall (10-year average) during the
growing season (April-October) and distribution of Fasciola hepatica-
positive beef cattle herds in south-west Sweden.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
AN designed the study, performed most of the laboratory work, participated
in data analysis and wrote the main parts of the manuscript. JN did all
statistical analyses and created maps. CB managed sample collection, helped
with design of the study and made comments on the manuscript. JH
conceived the study and obtained the funding, as well as contributing to
the interpretation of the data and writing of the manuscript. All authors have
read and approved the final manuscript.

Acknowledgements
This study was supported by the 7th Framework Programme of the EU
(GLOWORM, Project FP7-KBBE-2012-288975) and partly by the Swedish Foundation
for Agricultural Research (contract no. H1350023). We thank Annie Engström (BVF,
Swedish University of Agriculture, Uppsala, Sweden) for assistance with ELISA. We
acknowledge the Geological Survey of Sweden (SGU) and European Soil Portal for
supplying soil data.

Author details
1Department of Biomedical Sciences and Veterinary Public Health, Section for
Parasitology, Swedish University of Agricultural Sciences (SLU), Box 7036,
75007 Uppsala, Sweden. 2Department of Geography, Tartu University,
Vanemuise 46, 51 014 Tartu, Estonia. 3Department of Social Geography and
Regional Development, Charles University in Prague, Faculty of Science,
Albertov 6, 128 43 Prague, Czech Republic. 4Department of Clinical Sciences,
Swedish University of Agricultural Sciences (SLU), Box 7054, 75007 Uppsala,
Sweden.

Received: 20 January 2015 Accepted: 29 May 2015

References
1. Torgerson P, Claxton J. Epidemiology and Control. In: Dalton JP, editor.

Fasciolosis. Wallingford: CABI Pub; 1999. p. 113–49.
2. Sanchez-Vazquez MJ, Lewis FI. Investigating the impact of fasciolosis on

cattle carcase performance. Vet Parasitol. 2013;193:307–11.
3. Charlier J, Vercruysse J, Morgan E, Van Dijk J, Williams DJL. Recent advances

in the diagnosis, impact on production and prediction of Fasciola hepatica
in cattle. Parasitol. 2014;141:326–35.

4. Anonymous. Official statistics from Swedish abattoirs. Stockholm: Swedish
Board of Agriculture; 2014.

5. Rapsch C, Schweizer G, Grimm F, Kohler L, Bauer C, Deplazes P, et al.
Estimating the true prevalence of Fasciola hepatica in cattle slaughtered in
Switzerland in the absence of an absolute diagnostic test. Int J Parasitol.
2006;36:1153–8.

6. Reichel MP, Vanhoff K, Baxter B. Performance characteristics of an enzyme-linked
immunosorbent assay performed in milk for the detection of liver fluke
(Fasciola hepatica) infection in cattle. Vet Parasitol. 2005;129:61–6.

7. Salimi-Bejestani MR, McGarry JW, Felstead S, Ortiz P, Akca A, Williams DJL.
Development of an antibody-detection ELISA for Fasciola hepatica and its
evaluation against a commercially available test. Res Vet Scie. 2005;78:177–81.

8. Bennema S, Vercruysse J, Claerebout E, Schnieder T, Strube C, Ducheyne E,
et al. The use of bulk-tank milk ELISAs to assess the spatial distribution of
Fasciola hepatica, Ostertagia ostertagi and Dictyocaulus viviparus in dairy
cattle in Flanders (Belgium). Vet Parasitol. 2009;165:51–7.

9. McCann CM, Baylis M, Williams DJL. Seroprevalence and spatial distribution
of Fasciola hepatica-infected dairy herds in England and Wales. Vet Rec.
2010;166:612–7.

10. McCann CM, Baylis M, Williams DJL. The development of linear regression
models using environmental variables to explain the spatial distribution of
Fasciola hepatica infection in dairy herds in England and Wales. Int J
Parasitol. 2010;40:1021–8.

11. Kuerpick B, Conraths FJ, Staubach C, Frohlich A, Schnieder T, Strube C.
Seroprevalence and GIS-supported risk factor analysis of Fasciola hepatica
infections in dairy herds in Germany. Parasitol. 2013;140:1051–60.

12. Kuerpick B, Fiedor C, von Samson-Himmelstjerna G, Schnieder T, Strube C.
Bulk milk-estimated seroprevalence of Fasciola hepatica in dairy herds and
collecting of risk factor data in East Frisia, northern Germany. Berl Munch
Tierarztl Wochenschr. 2012;125:345–50.

13. Duscher R, Duscher G, Hofer J, Tichy A, Prosl H, Joachim A. Fasciola hepatica
- monitoring the milky way? The use of tank milk for liver fluke monitoring
in dairy herds as base for treatment strategies. Vet Parasitol. 2011;178:273–8.

14. Anonymous. The Animal Welfare Act, 1988. Stockholm: Swedish Board of
Agriculture; 2009.

15. Novobilský A, Sollenberg S, Höglund J. Distribution of Fasciola hepatica in
Swedish dairy cattle and associations to pasture management factors.
Geospat Health. 2015;9:293–300.

16. Fox NJ, White PC, McClean CJ, Marion G, Evans A, Hutchings MR. Predicting
impacts of climate change on Fasciola hepatica risk. Plos One. 2011;6:e16126.

17. Charlier J, Bennema SC, Caron Y, Counotte M, Ducheyne E, Hendrickx G,
et al. Towards assessing fine-scale indicators for the spatial transmission risk
of Fasciola hepatica in cattle. Geospat Health. 2011;5:239–45.

18. Bennema SC, Ducheyne E, Vercruysse J, Claerebout E, Hendrickx G, Charlier
J. Relative importance of management, meteorological and environmental
factors in the spatial distribution of Fasciola hepatica in dairy cattle in a
temperate climate zone. Int J Parasitol. 2011;41:225–33.

19. Selemetas N, Phelan P, O'Kiely P, de Waal T. Weather and soil type affect
incidence of fasciolosis in dairy cow herds. Vet Rec. 2014;175:371.
doi:10.1136/vr.102437.

20. Selemetas N, Ducheyne E, Phelan P, O' Kiely P, Hendrickx G, de Waal T.
Spatial analysis and risk mapping of Fasciola hepatica infection in dairy
herds in Ireland. Geospat Health. 2015;9:281–91.

http://www.biomedcentral.com/content/supplementary/s12917-015-0447-0-s1.xls
http://www.biomedcentral.com/content/supplementary/s12917-015-0447-0-s2.xls
http://www.biomedcentral.com/content/supplementary/s12917-015-0447-0-s3.xls
http://www.biomedcentral.com/content/supplementary/s12917-015-0447-0-s4.xls
http://www.biomedcentral.com/content/supplementary/s12917-015-0447-0-s5.xls
http://www.biomedcentral.com/content/supplementary/s12917-015-0447-0-s6.png
http://dx.doi.org/10.1136/vr.102437


Novobilský et al. BMC Veterinary Research  (2015) 11:128 Page 9 of 9
21. Nilsson C, Ericsson U, Medin M, Sundberg I. Sotvattenssnackor i sodra
Sverige - en jamforelse med 1940-talet. Stockholm: Naturvårdsverket; 1998.

22. Gloer P. Die Süßwassergastropoden Nord- und Mitteleuropas. Hackenheim:
Conchbooks; 2002.

23. Loobuyck M, Frössling J, Lindberg A, Björkman C. Seroprevalence and
spatial distribution of Neospora caninum in a population of beef cattle.
Prev Vet Med. 2009;92:116–22.

24. Novobilský A, Kašný M, Mikeš L, Kovařčík K, Koudela B. Humoral immune
responses during experimental infection with Fascioloides magna and
Fasciola hepatica in goats and comparison of their excretory/secretory
products. Parasitol Res. 2007;101:357–64.

25. Novobilský A, Engström A, Sollenberg S, Gustafsson K, Morrison DA,
Höglund J. Transmission patterns of Fasciola hepatica to ruminants in
Sweden. Vet Parasitol. 2014;203:276–86.

26. Kulldorff M. A spatial scan statistic. Commun Stat-Theor M. 1997;26:1481–96.
27. Swedish Board of Agriculture. Livestock in June 2007, accessed in January

2015 http://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/
Statistik%2C%20fakta/Husdjur/JO20/JO20SM0701/
JO20SM0701_ikortadrag.htm

28. Höglund J, Dahlström F, Engström A, Hessle A, Jakubek EB, Schnieder T,
et al. Antibodies to major pasture borne helminth infections in bulk-tank
milk samples from organic and nearby conventional dairy herds in
south-central Sweden. Vet Parasitol. 2010;171:293–9.

29. Salimi-Bejestani MR, Daniel RG, Felstead SM, Cripps PJ, Mahmoody H,
Williams DJL. Prevalence of Fasciola hepatica in dairy herds in England and
Wales measured with an ELISA applied to bulk-tank milk. Vet Rec.
2005;156:729–31.

30. Nilsson O. Fasciola hepatica - Prevalence and epidemiology in Sweden.
Nord Vet Med. 1974;26:42–7.

31. Ollerenshaw CB, Smith LP. Meteorological factors and forecasts of
helminthic disease. Adv Parasitol. 1969;7:283–323.

32. Malone JB, Zukowski SH. Geographic models and control of cattle liver
flukes in the Southern USA. Parasitol Today. 1992;8:266–70.

33. Durr PA, Tait N, Lawson AB. Bayesian hierarchical modelling to enhance the
epidemiological value of abattoir surveys for bovine fasciolosis. Prev Vet
Med. 2005;71:157–72.

34. Rapsch C, Dahinden T, Heinzmann D, Torgerson PR, Braun U, Deplazes P,
et al. An interactive map to assess the potential spread of Lymnaea
truncatula and the free-living stages of Fasciola hepatica in Switzerland.
Vet Parasitol. 2008;154:242–9.

35. Novobilský A, Kašný M, Beran L, Rondelaud D, Höglund J. Lymnaea palustris
and Lymnaea fuscus are potential but uncommon intermediate hosts of
Fasciola hepatica in Sweden. Parasit Vec. 2013;6:251.

36. Beran L. Aquatic molluscs of the Czech Republic – distribution and its
changes, habitats, dispersal, threat and protection, Red List. Uherské
Hradiště: Sborník přírodovědného klubu; 2002.

37. Martin K, Sommer M. Relationships between land snail assemblage patterns
and soil properties in temperate-humid forest ecosystems. J Biogeogr.
2004;31:531–45.

38. Nilsson Å: Dominating soil class according to FAO, In: MarkInfo http://www-
markinfo.slu.se/eng/soildes/jman/faodom.html

39. Brix KV, Esbaugh AJ, Grosell M. The toxicity and physiological effects of
copper on the freshwater pulmonate snail, Lymnaea stagnalis. Comp
Biochem Phys C. 2011;154:261–7.

40. Coppolino ML. Land snail abundance and diversity with associated
ecological variables in six Southern Illinois counties. Carbondale: Southern
Illinois University; 2009.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/Statistik%2C%20fakta/Husdjur/JO20/JO20SM0701/JO20SM0701_ikortadrag.htm
http://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/Statistik%2C%20fakta/Husdjur/JO20/JO20SM0701/JO20SM0701_ikortadrag.htm
http://www.jordbruksverket.se/webdav/files/SJV/Amnesomraden/Statistik%2C%20fakta/Husdjur/JO20/JO20SM0701/JO20SM0701_ikortadrag.htm
http://www-markinfo.slu.se/eng/soildes/jman/faodom.html
http://www-markinfo.slu.se/eng/soildes/jman/faodom.html

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Study design and sampling
	Serology
	Data analysis
	Spatial data
	Variables tested


	Results
	Spatial distribution
	Regression models

	Discussion
	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



