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Simple Summary: Two parasitic diseases affecting humans and ruminants have a particular life
cycle, because freshwater molluscs intervene in their transmission by ensuring the development of
parasite larval forms. As the climate is changing, researchers have begun to investigate the effects
of global warming on these snails and the larval forms of parasites that they harbour. Several
authors have already conducted analyses of these diseases, but no field studies have been carried
out so far. Therefore, in the present study, snail counts were conducted on 39 farms with acidic soils
between 1976 and 1997, in 2013-2014, and in 2020-2021. The results showed that the number of
snail populations decreased over time and that many populations have fewer and fewer individuals.
This decline has also been faster in recent years. The infection of snails by one of the parasites has
decreased over time. Conversely, snails are increasingly infected with the other parasite. These
changes are due to the generalized use of a drug used to treat one of the diseases in ruminants and
probably also due to the heatwave episodes that occurred for several years. As these larval forms are
again infecting animals after their departure from the snails, practitioners must take these changes
into account when treating ruminants for these diseases.

Abstract: Field investigations were carried out during three periods (from 1976 to 1997, in 2013-2014,
and in 2020-2021) on 39 cattle-raising farms on acidic soils to track changes in the populations of two
Lymnaeidae (Galba truncatula and Omphiscola glabra) and their infection with Fasciola hepatica and /or
Calicophoron daubneyi. Compared to the survey between 1976 and 1997 on these farms, there was a
significant decrease in the number of the two lymnaeid populations and the size of the G. truncatula
populations in both 2013-2014 and 2020-2021. This decline was significantly faster in the last nine
years than it was before 2013. The area of habitats colonized by G. truncatula showed no significant
variation over the years, while that of habitats with O. glabra significantly decreased in the period
covered by the three surveys. The prevalence of F. hepatica infection in snails significantly decreased
over the years, while C. daubneyi infection increased over time in both lymnaeid species. These
changes are due to the use of triclabendazole to treat fasciolosis in ruminants since the 1990s, and are
probably a consequence of the successive heatwaves that have occurred since 2018 in the region.

Keywords: Calicophoron daubneyi; Fasciola hepatica; Galba truncatula; habitat; Omphiscola glabra; popula-
tion; prevalence of infection; vegetation; water

1. Introduction

Among the parasitoses that freshwater snails can transmit, two helminthoses, i.e.,
distomatosis caused by Fasciola hepatica and paramphistomosis caused by Calicophoron
daubneyi, have a wide distribution in temperate countries. Fasciolosis has been recognized
for its endemicity in Western Europe from many years [1-3]. This infection has increased in
significance over the last 20 years, and it is currently considered a public health problem
for humans [4-6]. Paramphistomosis is traditionally considered to have a limited veteri-
nary significance, at least when farm animals are kept in good nutritional and sanitary
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conditions [6]. In Western Europe, this parasitosis did not develop until the 1990s, although
it has long existed in domestic animals [7-10]. In the United Kingdom and Ireland, the
prevalence of paramphistomosis in cattle has increased dramatically in recent years and
may exceed that of fasciolosis in some areas [11,12]. Similar observations in cattle herds
were also reported for acidic soils in central France with a decrease in fasciolosis (from
25.2% to 12.6% between 1990 and 1999) and a corresponding increase in paramphistomosis
(from 5.2% to 44.7%) [13].

These two parasitoses are known to infect the same definitive host (usually cattle), and
sometimes they can be found within the same individual [7]. Moreover, they are transmitted
by the same intermediate hosts. In central France, the most common host snail is Galba
truncatula, but another lymnaeid, Omphiscola glabra, which lives in the same meadows as G.
truncatula, can also be an intermediate host, generally when it is co-infected by miracidia
of F. hepatica and those of C. daubneyi [14,15]. Samples of adult G. truncatula (>4 mm high)
were taken in central France between 1989 and 2000 to determine the prevalence of snail
infection by either of these two parasites. Of a total of 18,791 G. truncatula collected during
this period, the average prevalence of F. hepatica infection was 5.1% (with annual variations
ranging from 3.3% to 7.2%), while that of C. daubneyi was 3.3%, with an annual increase in
this parameter since 1990, reaching 5.3% in 2000 [13].

Since the 2000s, a decline in the number of these two lymnaeid populations has been
noted in central France. It was also observed in the number of overwintering snails in
many populations [16,17]. In 2020-2021, this decline continued [18]. According to Vignoles
et al. [18], this decrease in 20202021 could be partly due to the occurrence of successive
heatwave episodes during the summer months of 2018 to 2020. These results raised two
questions: what was the rate of the decrease in the number and size of lymnaeid populations
over the past 30 years? and what were the consequences of this decline in snail infection
by F. hepatica and /or C. daubneyi? To answer the first question, a retrospective study was
carried out on 39 farms raising beef cattle on the acidic soils in central France; our team
conducted three surveys between 1976 and 1997, in 2013-2014, and in 2020-2021. The
second question was answered by studying the prevalence of these two parasitoses in
snails collected on the same farms during the three survey periods.

2. Materials and Methods
2.1. Farms Studied

The 39 farms are located in the northwest or west of the Haute Vienne department
(Figure 1). Their altitude ranges from 155 to 241 m. These farms raised cattle on permanent
grasslands not treated with lime, and the farming technique has not changed over the past
30 years. The subsoil of these farms is granitic or gneissic (Table 1). The 178 permanent
meadows within the perimeter of these farms are hygro-mesophilous, with a mesophilous
zone extending over most of the area in each meadow. These grasslands are subjected to
alternating grazing by ruminants and mowing during the summer. A surface drainage
network, either supplied by one or more temporary sources or not, is present in each
pasture. This network is only cleaned up every three, four, or five years, depending on
its state of degradation. Water, which flows through drainage systems or road ditches,
is generally present from early October to late June or early July, with a maximum from
January to late April. The pH of this water varies from 5.8 to 7, while the concentration
of dissolved calcium ions is usually less than 20 mg/L [19]. These meadows are subject
to a continental climate, strongly attenuated by the wet winds coming from the Atlantic
Ocean. The mean annual precipitation ranges from 850 to 1100 mm per year, while the
mean annual temperature ranges from 10.5 °C to 11.5 °C for most farms [20].
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Table 1. Characteristics of the 39 farms selected for this study. All the farms raised beef cattle. Farms
are numbered in this table according to the year of the first survey between 1976 and 1997. TBCZ,
triclabendazole. * areas provided by the breeders; ** values noted during the first survey.

] . . o
Farm Soil g:tltl;:f; of }r{re::tf::z;l:e First Total Area of I;Iulr:ber of Snail H;blt:lt‘s 7
* alba mphiscola
No. GeOIOgy 2020-2021 with TBCZ Meadows (ha) truncatula glab,;'a
1 granitic 41 1997 25 19 11
2 gneissic 49 1996 21 13 7
3 granitic 34 2001 28 19 9
4 granitic 51 1994 43 31 17
5 granitic 33 2003 21 16 11
6 gneissic 54 1994 31 14 9
7 granitic 57 1998 38 35 15
8 granitic 44 2002 34 22 13
9 gneissic 36 2003 19 17 9
10 granitic 48 1999 24 20 11
11 granitic 35 1994 35 16 10
12 granitic 41 1996 27 18 10
13 granitic 34 1995 29 20 14
14 granitic 52 1999 34 20 13
15 granitic 45 2000 27 11 8
16 gneissic 38 1995 20 15 11
17 granitic 49 2002 26 19 13
18 gnheissic 44 2002 20 19 11
19 granitic 36 1996 31 17 13
20 granitic 42 1995 28 14 10
21 granitic 54 1994 50 33 21
22 gneissic 37 2000 23 19 12
23 gneissic 40 1998 34 15 8
24 granitic 47 2004 41 34 18
25 granitic 40 1994 33 16 10
26 granitic 38 1996 28 18 12
27 granitic 52 1995 38 26 13
28 gneissic 46 1996 35 28 15
29 granitic 40 2002 26 13 8
30 granitic 47 2000 49 39 17
31 granitic 35 1997 23 20 12
32 granitic 39 1995 42 32 15
33 gneissic 48 1997 34 14 10
34 granitic 42 2000 31 21 14
35 granitic 55 2001 41 27 13
36 gneissic 37 1997 24 17 13
37 granitic 42 1999 37 20 11
38 granitic 36 2002 31 15 10
39 gneissic 41 1998 42 27 12
2.2. Animals

On the 39 farms, the average number of beef cattle varied from 34 to 57 depending on
the year (Table 1). These ruminants grazed outside all year and were driven to different
meadows depending on the growth of grass [21]. These farms are locally considered “fluke
farms” because of the frequency of fasciolosis outbreaks that affected cattle herds prior
to the 2000s. According to local veterinarians who worked with these breeders, until
1990, prophylaxis against fasciolosis was performed by the administration of closantel,
albendazole, and/or nitroxynil [22]. From 1994, these drugs were abandoned in favour
of triclabendazole [22], and farmers have gradually used this product to treat their cattle
against fasciolosis (Table 1). This last drug was first used annually. As cases of bovine
fasciolosis have become rarer on these farms since 2008, most breeders have subsequently
treated their animals only in cases of clinical fasciolosis or with the detection of parasite
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eggs in cattle stools. As a result, the periodicity of this treatment has changed over time,
with an interval of up to two years between two successive triclabendazole intakes for each
animal. Paramphistomosis only developed on these farms in 1994 and was not treated until
2008. The discovery of a few cattle with diarrhoea led thirteen breeders (out of thirty-nine)
to deworm their cattle with oxyclonazide once or twice in the past ten years.

The two Lymnaeidae lived in the same meadows and often on the same surface
drainage network. The habitats of G. truncatula are generally located at the upstream end
of each drainage swale or each man ditch, while the O. glabra populations generally live on
the course of the same swales (Figure 2) with a distance of 8 to 25 m between the habitats
of both lymnaeids [23]. The two snails also occupied other sites in these grasslands, such as
slope rushes around temporary or permanent sources [23]. Pictures of these two habitat
types have already been published in two reviews that our team has written on these
species of Lymnaeidae [14,15].

Figure 2. Block diagram showing the location of the most frequent habitats colonized by Galba
truncatula (O) and Omphiscola glabra (e) in a central French grassland on acid soil. Most of these
meadows have a surface drainage system to evacuate runoff. In the example shown in this figure,
four swales on each side open into the main ditch. Two temporary sources (TS), located on the
hillsides, discharge their water at the upstream end of the drainage ditch. HZ, hygrophilous zone;
MZ, mesophilous zone.

On the different pastures, the habitats of Lymnaeidae were not separated by a fence
from the rest of each meadow, so that cattle had access to snail habitats during their grazing,.

2.3. Protocol for Snail Investigations

The 39 farms were selected for this study because an outbreak of animal fasciolosis
was diagnosed by local veterinarians in their cattle herds between 1976 and 1997. Three
surveys were conducted on each farm. The first investigations were carried out during
the above period on the overall area of each farm to identify populations of Lymnaeidae,
measure the area of their habitats, and count adult snails belonging to the generation
born during the previous autumn (overwintering snails) in each population. Pastures
were then re-examined in 2013-2014 and 2020-2021, according to the same protocol. The
first two surveys were conducted in late March or early April. In 2020-2021, temperature
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leniency enabled surveys to be conducted from the end of February to the end of March
on the meadows of the 39 farms. This period was selected because the snail habitats were
then waterlogged and only populated by adults of the overwintering generation. When a
snail population was not found in 20132014 or 2020-2021 in a meadow, the breeder was
questioned to find out the possible cause of this disappearance.

Adults higher than 4 mm for G. truncatula and 12 mm for O. glabra were counted
by sight or using a colander (mesh size, 3 mm), depending on the height of the water
layer. During the first 2 surveys, each count was performed by 2 people for 30 to 40 min
in habitats located along a drainage network or a road ditch and by 1 person for 15 to 20
min in those located on pond edges and stream banks. In 2020 and 2021, each count was
performed by 1 person for 15 to 20 min per habitat (when there was a population). The
area of each habitat was then determined. Measuring areas occupied by G. truncatula or O.
glabra is easy in the case of habitats located in drainage swales or along the banks of ponds
and streams. When the shape of the habitat was irregular, the only solution was to draw a
map and determine the area of this habitat according to its shape and dimensions.

On the 39 farms, snail counts and the determination of habitat areas were always
conducted by a member of our team and students who already had at least two years of
experience in collecting and identifying Lymnaeidae in the field. On each farm, the values
recorded in the different sites occupied by each snail species were pooled without taking
into account the type of habitat.

2.4. Protocol for Detecting Parasite Larval Forms in Snails

As herds of cattle graze in turn on the meadows of each farm, according to the growth
of the grass, snail sampling was conducted in the different habitats of lymnaeids in order
to obtain a sample of G. truncatula and another of O. glabra for each farm and for each
survey period. Samples of 100 G. truncatula each (between 1976 and 1997, and in 2013-2014)
or 50 snails each (2020-2021) were randomly collected within the perimeter of each farm,
taking into account the number of snail habitats and the number of overwintering snails
in each population. The same protocol was used in the case of O. glabra. Collected snails
were over 4 mm high for G. truncatula and over 12 mm high for O. glabra. After being
transported to the laboratory under isothermal conditions, the snails were dissected under
a stereomicroscope to detect the presence of larval forms of F. hepatica and /or C. daubneyi.
Rediae and cercariae belonging to either helminth were recognized based on our experience
in identifying the larval forms of parasites in these two lymnaeid species [24,25].

2.5. Meteorological Data

The average monthly temperatures were provided by the Bellac weather station
because it is the closest to the farms studied. The series of values considered concerned the
temperatures recorded by the station from 1981 to 2010, in 2013-2014, and in 2020-2021 [26].

2.6. Statistics

Six parameters were studied. The first was the average monthly temperature during
the three periods of investigation. Three other parameters were the number of populations
for each snail species, the area of their habitats, and the density of overwintering snails
in each population. The last two parameters were the prevalence of snail infection with
E. hepatica or C. daubneyi. These parameters were noted, taking into account the farm
investigated, the snail species, and the investigation period. Individual values noted for
the habitat areas of each snail species during each survey were therefore reduced to an
average and framed by a standard deviation for each farm. A similar protocol was used for
the densities of overwintering snails per m? of habitat.

As these six parameters were recorded on the thirty-nine farms during three successive
surveys, the data were first analysed using the Shapiro-Wilk normality test [27]. As the
distributions of these values were not normal, Friedman two-way analysis of variance was
used to establish the levels of statistical significance.
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The decline in the number of populations was calculated using the ratio of the number
of populations in 20202021 to that recorded between 1976 and 1997. A similar protocol
was used to determine the decline in the habitat area and the number of overwintering
snails in the different populations of Lymnaeidae.

3. Results

Figure 3 shows the average monthly temperature for each investigation period. Tem-
peratures were not significantly different from one investigation period to another. How-
ever, there was a more pronounced difference between temperatures in August and Septem-
ber (p = 0.08) and another between temperatures in June, September, and October (p =
0.10). These increases in temperature were therefore close to significance in summer and
early autumn.
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Figure 3. Average monthly temperatures recorded by the Bellac weather station from 1981 to 2010, in
2013-2014, and in 2020-2021.

3.1. Snail Populations

Table 2 shows the characteristics of snail populations during the three surveys. Com-
pared to the values recorded before 1998 on the 39 farms, the total number of snail pop-
ulations in 2020-2021 significantly decreased, by 54.2% for G. truncatula (Chi? = 78.0; p <
0.001) and by 34.5% for O. glabra (Chi? = 78.0; p < 0.001). This decline was faster during
the last nine years than in the period between the first two surveys: a decrease of 34.6%
for G. truncatula and 22.1% for O. glabra, compared to 30% and 15.9%, respectively. The
average area of habitats occupied by G. truncatula did not show any significant variation
between the three periods of investigation (Chi? = 0.80; p = 0.67). In contrast, the average
area of the O. glabra habitat significantly decreased, by 33.4%, between the three surveys
(Chi? = 20.2; p <0.001). The number of overwintering snails per population showed a
significant decrease of 79% for G. truncatula (Chi? = 23.0; p < 0.001) and 75.3% for O. glabra
(Chi? = 14.2; p < 0.001) between the three surveys. The decrease in the size of each G.
truncatula population was faster between 2013-2014 and 2020-2021 (69.2%) than in the
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period between the first two surveys (32.0%). In contrast, the rates of decline during the
above two periods were close for O. glabra: 61.2% and 63.5%, respectively.

Table 2. Characteristics of snail populations on 39 farms on acidic soils across 3 surveys: between
1976 and 1997, in 2013-2014, and in 2020-2021. Mean values for habitat areas and the numbers of
overwintering snails are given with their standard deviations.

Period of Snail Investigations Overall Rate
Before 1998 2013-2014  2020-2021  of Decline (%)

Parameter

Number of snail populations:

Galba truncatula 809 566 370 54.2
Omphiscola glabra 457 384 299 34.5
Habitat area (m?):

G. truncatula 1.8 (0.5) 1.6 (0.6) 1.7 (0.6) 0
O. glabra 8.1(3.4) 8.9 (2.8) 5.4 (2.3) 33.4
Number of snails per population:

G. truncatula 25.7 (9.4) 17.5(7.3) 5.4 (1.6) 79.0
O. glabra 8.5(3.2) 5.4 (1.6) 2.1(1.2) 75.3

3.2. Prevalence of Parasite Infection in Snails

On the 39 farms studied (Table 3), the prevalence of infection with F. hepatica signifi-
cantly decreased, by 95.9%, for G. truncatula (Chi? = 37.2; p < 0.001) between the first and
third surveys. For O. glabra, the situation was quite different. Several immature rediae of F.
hepatica were noted in 11 snails prior to 1998, while rediae and cercariae of Fasciola were
noted during the other two surveys, with a significant decrease in prevalence between
2013-2014 and 20202021 (Chi® = 14.7; p = 0.006).

Table 3. Number of adult snails infected with Fasciola hepatica or Calicophoron daubneyi and the
prevalence of infection on 39 farms on acidic soils across 3 surveys. Snails collected were over 4 mm
high for Galba truncatula and over 12 mm high for Omphiscola glabra.

Number of Snails (Prevalence of Infection in %)

Parameter

Before 1998 2013-2014 2020-2021
Galba truncatula
Number of snails collected 3893 3897 1950
Number of snails with:
Fasciola hepatica 198 (5.1) 82 (2.1) 19 (0.9) **
Calicophoron daubneyi 0 131 (3.4) 142 (7.2)
Omphiscola glabra
Number of snails collected 3900 3900 1948
Number of snails with:
F. hepatica 11 (0.28) * 55 (1.4) 12 (0.6) **
C. daubneyi 0 66 (1.6) 42 (2.1)

* Immature rediae only; ** On 5 farms (G. truncatula) and 2 farms (O. glabra).

No snail infected with C. daubneyi (Table 3) was observed in samples collected between
1976 and 1997, regardless of the lymnaeid species. Infected snails were later noted with
significant increases in prevalence for G. truncatula (Chi?> = 55.5; p < 0.001) and O. glabra
(Chi? = 31.8; p < 0.001) between 2013-2014 and 2020-2021.

4. Discussion

Several factors may explain the changes in the number and size of lymnaeid popu-
lations on the 39 farms studied. Most of these changes are related to human activity on
the grasslands. According to Dreyfuss et al. [16,17], the mechanical cleaning of the surface
drainage system and/or the extension of underground drainage in many grasslands may
be responsible for the disappearance of many snail populations and a reduction in their
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size since the 1970s. Another more recent factor is climate change, with the succession of
heatwave episodes over recent years resulting in a decline in biodiversity, which is linked
to the extinction of numerous species (see review by Johnson [28]). Several authors have
already analysed the impact that climate change will have on the development of fasciolosis
and host snails in several countries [29-32] because this parasitosis is highly dependent
on temperature and precipitation [33]. According to projections by Cordellier et al. [34],
the increase in evaporation, the decrease in oxygen concentrations due to increased water
temperatures, and changes in precipitation patterns are likely to affect the survival and
reproduction of Lymnaeidae, as well as other freshwater molluscs in northwestern Europe.
These climatic disturbances will also lead to changes in the distribution of native fresh-
water species, with some migrating to colder locations, while others may have limited
distribution. Non-native species may take over and expand their distribution areas [34].

Our observations regarding the declines in the number of both lymnaeid populations
and in the size of the G. truncatula populations are consistent with data reported by our team
on many farms on acidic and sedimentary soils in central France [16,17]. The new insight
offered by this study concerns the rapidity of this decline over the last nine years. Similarly,
habitats with O. glabra showed a significant reduction in their mean area over the same
period, while sites occupied by G. truncatula showed no significant variation in their area.
Several assumptions can be made to explain these results. In our opinion, the occurrence
of heatwave episodes in 2018, 2019, and 2020 [35-37] are likely at the root of the changes
observed in the populations of both species. These successive episodes of heat waves over
several years may have led to the progressive extinction of some snail populations and the
numerical decrease in the number of individuals in other populations due to the death of
many snails belonging to the spring generation during habitat aestivation. Under these
conditions, the survivors would have laid fewer eggs in the fall, and there consequently
would have been fewer overwintering snails in successive years.

The reduction in the area of O. glabra habitats over the past nine years can also be
explained by the above hypothesis, assuming a lower number of snails in their habitat
and, consequently, a lower occupancy of the habitat area. On the other hand, the lack of
significant variation in the area of G. truncatula habitats must be related to their particular
location in grasslands on acidic soils. According to Moens [38] and Vareille-Morel et al. [23],
many G. truncatula habitats are located at the upstream end of swales, with or without a
temporary source in the case of surface drainage or around temporary springs on the hills
surrounding these grasslands.

The changes in the infection rates of both Lymnaeidae are more complex to interpret.
The first factor is triclabendazole, which local breeders have used progressively since the
1990s to control F. hepatica infection in ruminants. This drug is known to be highly effective
against adult forms of the parasite and also in juveniles up to 1 week old [39,40]. The
use of this product has resulted in a sharp decrease in cases of cattle fasciolosis over the
years [41,42]. As farmers switched from broad-spectrum anthelmintics to triclabendazole
to treat fasciolosis in their cattle, the number of ruminants infected by C. daubneyi showed
a marked increase over the years [7,13] because the two parasites are often present in the
same animals. This also affected the infection rates of G. truncatula and O. glabra. The
prevalence of infection with F. hepatica gradually decreased in G. truncatula over time (from
4.7% to 3.3% between 1990 and 2000 [13]), whereas that with C. daubneyi gradually increased
(from 0.8% to 5.3% between 1991 and 2000 in the same grasslands [13]). The second factor
is more difficult to comment on, as the 19 G. truncatula and 12 O. glabra infected with F.
hepatica were only collected from 5 and 2 farms, respectively, while the grasslands of the 39
farms were investigated in 20202021 (Table 3). The most valid hypothesis would posit that
the low prevalence of these lymnaeids could be a direct consequence of the sharp decrease
in cases of animal fasciolosis found in central French farms [42]. However, unfavourable
conditions for the survival of lymnaeids and the embryogenesis of parasite eggs cannot be
excluded, because the snail habitats on many farms remained dry for a long period during
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the autumn months in 2018, 2019, and 2020, meaning that individuals of the overwintering
generation would have been unlikely to be infected.

Lower prevalence values in O. glabra than in G. truncatula have already been noted
by Abrous et al. [43,44] in farms on acidic or sedimentary soils when the two lymnaeids
were living in the same environment (a surface drainage swale on acidic soil, for example).
These results are related to the susceptibility of each lymnaeid because the miracidia of
both parasites are more attracted to G. truncatula than to the other species [45-47].

5. Conclusions

There has been a significant decrease in the number and size of lymnaeid populations
in central France over the past 30 years, and this decline was significantly faster in the
last 9 years than before 2013. The prevalence of F. hepatica infection in G. truncatula has
also decreased over the years, while C. daubneyi infection has increased over time in both
lymnaeid species. These changes are due to the use of triclabendazole to treat fasciolosis in
ruminants since the 1990s and are likely also a consequence of the successive heatwaves
that have occurred in the region since 2018.

Author Contributions: Conceptualization, G.D. and D.R.; methodology, D.R.; snail counts in the
field, D.R. and student(s); laboratory studies, D.R,; statistical analyses, D.R. and P.V.; writing—original
draft preparation, D.R.; writing—review and editing: D.R. and P.V,; supervision, G.D. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The datasets supporting the conclusions of this article are included in
the article.

Acknowledgments: The authors express their gratitude to (i) the PhD students and other students
who assisted their team in snail counts in the field, M. Abrous, S. Barret, B. Didier, M. Pareau
(between 1976 and 1997), C. Mexmain, P. Trouvas (2013-2014), and A. Thomas (2020-2021), and (ii)
the successive breeders on these 39 farms for their permission to carry out research in their meadows
and for providing them with their technical and economic data. They also thank J. Cabaret for
conducting several statistical tests, and two anonymous reviewers for their useful suggestions which
improved the initial text of this manuscript.

Conflicts of Interest: The authors declare that they have no conflicts of interest.

References

1. Mas-Coma, S.; Bargues, M.D.; Valero, M.A. Fascioliasis and other plant-borne trematode zoonoses. Int. |. Parasitol. 2005, 35,
1255-1278. [CrossRef] [PubMed]

2. Mas-Coma, S.; Valero, M.A.; Bargues, M.D. Fasciola, lymnaeids and human fascioliasis, with a global overview on disease
transmission, epidemiology, evolutionary genetics, molecular epidemiology and control. Adv. Parasitol. 2009, 69, 41-146.
[PubMed]

3. Mas-Coma, S.; Valero, M.A; Bargues, M.D. Fascioliasis. Adv. Exp. Med. Biol. 2019, 1154, 71-103. [PubMed]

4. Cwiklinski, K.; O’Neill, S.M.; Donnelly, S.; Dalton, J.P. A prospective view of animal and human fasciolosis. Parasite Immunol.
2016, 38, 558-568. [CrossRef] [PubMed]

5. Gandhi, P; Chandra, R.; Schmitt, E.K.; Chen, C.W.; Samantray, S.; Venishetty, V.K.; Hughes, D. Global impact of human fasciolosis.
In Fasciolosis; Dalton, J.P., Ed.; CABI Publishing: Wallingford, UK, 2022; pp. 461-491.

6. Iglesias-Pifieiro, ].; Gonzéalez-Warleta, M.; Castro-Hermida, J.A.; Cérdoba, M.; Gonzalez-Lanza, C.; Manga-Gonzalez, Y.; Mezo,
M. Transmission of Calicophoron daubneyi and Fasciola hepatica in Galicia (Spain): Temporal follow-up in the intermediate and
definitive hosts. Parasit. Vectors 2016, 9, 610. [CrossRef]

7. Szmidt-Adjidé, V.; Abrous, M.; Adjidé, C.C.; Dreyfuss, G.; Lecompte, A.; Cabaret, ].; Rondelaud, D. Prevalence of Paramphistomum
daubneyi infection in cattle in central France. Vet. Parasitol. 2000, 7, 133-138. [CrossRef]

8.  Jones, R,; Williams, H.; Dalesman, S.; Brophy, P. Confirmation of Galba truncatula as an intermediate host snail for Calicophoron

daubneyi in Great Britain, with evidence of alternative snail species hosting Fasciola hepatica. Parasit. Vectors 2015, 8, 656. [CrossRef]


http://doi.org/10.1016/j.ijpara.2005.07.010
http://www.ncbi.nlm.nih.gov/pubmed/16150452
http://www.ncbi.nlm.nih.gov/pubmed/19622408
http://www.ncbi.nlm.nih.gov/pubmed/31297760
http://doi.org/10.1111/pim.12343
http://www.ncbi.nlm.nih.gov/pubmed/27314903
http://doi.org/10.1186/s13071-016-1892-8
http://doi.org/10.1016/S0304-4017(99)00168-5
http://doi.org/10.1186/s13071-015-1271-x

Animals 2022, 12, 3566 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

Jones, R.A.; Brophy, PM.; Mitchell, E.S.; Williams, H.W. Rumen fluke (Calicophoron daubneyi) on Welsh farms: Prevalence, risk
factors and observations on co-infection with Fasciola hepatica. Parasitology 2017, 144, 237-247. [CrossRef]

Naranjo-Lucena, A.; Munita Corbaldn, M.P.; Martinez-Ibeas, A.M.; McGrath, G.; Murray, G.; Casey, M.; Good, B.; Sayers, R,;
Mulcahy, G.; Zintl, A. Spatial patterns of Fasciola hepatica and Calicophoron daubneyi infections in ruminants in Ireland and
modelling of C. daubneyi infection. Parasit. Vectors 2018, 11, 531. [CrossRef]

Huson, K.M.; Olivier, N.A.M.; Robinson, M.W. Paramphistomosis of ruminants: An emerging parasitic disease in Europe. Trends
Parasitol. 2017, 33, 836-844. [CrossRef]

Fenemore, C.; Floyd, T.; Mitchell, S. Rumen fluke in Great Britain. J. Comp. Pathol. 2021, 184, 31-36. [CrossRef] [PubMed]

Mage, C.; Bourgne, H.; Toullieu, ].M.; Rondelaud, D.; Dreyfuss, G. Fasciola hepatica and Paramphistomum daubneyi: Changes in
prevalences of natural infections in cattle and in Lymmnaea truncatula from central France over the past 12 years. Vet. Res. 2002, 33,
439-447. [CrossRef] [PubMed]

Rondelaud, D.; Vignoles, P.; Dreyfuss, G. La Limnée Tronquée, un Mollusque D’Intérét Médical et Vétérinaire; PULIM: Limoges,
France, 2009.

Vignoles, P; Dreyfuss, G.; Rondelaud, D. Ecologie et Parasitisme de la Limnée Etroite ( Omphiscola glabra); PULIM: Limoges, France,
2017.

Dreyfuss, G.; Vignoles, P.; Rondelaud, D. Current decline in the number and size of populations of Galba truncatula and Omphiscola
glabra, intermediate hosts of Fasciola hepatica, on the acidic soils of central France. Parasite 2016, 23, 46. [CrossRef] [PubMed]
Dreyfuss, G.; Vignoles, P.; Rondelaud, D. Galba truncatula and Omphiscola glabra (Gastropoda, Lymnaeidae): Present decline in
populations living on sedimentary soils in central France. Ann. Limnol. Int. ]. Limnol. 2018, 54, 11. [CrossRef]

Vignoles, P.; Dreyfuss, G.; Rondelaud, D. Decline in the number and size of populations of two Lymnaeidae living in central
France over the last years. Int. J. Limnol. 2022, 58, 11. [CrossRef]

Guy, F; Rondelaud, D.; Botineau, M.; Dreyfuss, G.; Ghestem, A. Etude de relations entre les plantes les plus fréquentes et
I'abondance de Lymnaea truncatula Miiller, vecteur de Fasciola hepatica Linné dans les prairies marécageuses sur sol acide. Rev.
Med. Vet. 1996, 147, 465-470.

Rondelaud, D.; Hourdin, P; Vignoles, P.; Dreyfuss, G.; Cabaret, ]. The detection of snail host habitats in liver fluke infected farms
by use of plant indicators. Vet. Parasitol. 2011, 181, 166-173. [CrossRef]

Interbev Nouvelle-Aquitaine. Elevage Bovin en Territoire Limousin, Esition 2018; Chambres d’Agriculture de la Correze, de la
Creuse et de la Haute-Vienne: Limoges, France, 2019.

Maytie, B.; Grisot, L.; Baduel, L. Modalités Pratiques et Contraintes de L’Emploi des Fasciolicides en Conditions Terrain; La Dépéche
Vétérinaire: Paris, France, 2020; pp. 21-27.

Vareille-Morel, C.; Dreyfuss, G.; Rondelaud, D. The characteristics of habitats colonized by three species of Lymnaea in swampy
meadows on acid soil: Their interest for fasciolosis control. Ann. Limnol. Int. ]. Lim. 1999, 35, 173-178. [CrossRef]

Rondelaud, D.; Vignoles, P.; Dreyfuss, G. Larval trematode infections in Lymnaea glabra populations from the Brenne Regional
Natural Park, central France. Parasite 2015, 22, 38. [CrossRef]

Rondelaud, D.; Vignoles, P.; Dreyfuss, G. Larval trematode infections in Galba truncatula (Gastropoda, Lymnaeidae) from the
Brenne Regional Natural Park, central France. J. Helminthol. 2016, 90, 256-261. [CrossRef]

Météo Concept. Normales Climatiques a Bellac. Available online: https://www.meteo-concept.fr/climatologie/normales/
station/BELLAC (accessed on 14 November 2022).

Shapiro, S.S.; Wilk, M.B. An analysis of variance test for normality (complete samples). Biometrika 1965, 52, 591-611. [CrossRef]
Johnson, C.N. Past and future decline and extinction of species. Available online: https://royalsociety.org/topics-policy/projects/
biodiversity /decline-and-extinction (accessed on 15 November 2021).

Mas-Coma, S.; Valero, M.A.; Bargues, M.D. Climate change effects on trematodiases, with emphasis on zoonotic fascioliasis and
schistosomiasis. Vet. Parasitol. 2009, 163, 264-280. [CrossRef]

Van Dijk, J.; Sargison, N.D.; Kenyon, E; Skuce, PJ. Climate change and infectious disease: Helminthological challenges to farmed
ruminants in temperate regions. Animals 2010, 4, 377-392. [CrossRef]

Fox, N.J.; White, PC.L.; McClean, C.J.; Marion, G.; Evans, A.; Hutchings, M.R. Predicting impacts of climate change on Fasciola
hepatica risk. PLoS ONE 2011, 6, €16126. [CrossRef]

Short, E.E.; Caminade, C.; Thomas, B.N. Climate change: Contribution to the emergence or re-emergence of parasitic diseases.
Infect. Dis. Res. Treat. 2017, 10, 1178633617732296. [CrossRef]

Knubben-Schweizer, G.; Rossler, A.S.; Schade-Weskott, E.; Torgerson, P.R. Epidemiology and control. In Fasciolosis; Dalton, J.P.,
Ed.; CABI Publishing: Wallingford, UK, 2022; pp. 180-210.

Cordellier, M.; Pfenninger, A.; Streit, B.; Pfenninger, M. Assessing the effects of climate change on the distribution of pulmonate
freshwater snail biodiversity. Mar. Biol. 2012, 159, 2519-2531. [CrossRef]

Météo France. Bilan Climatique de L’Année 2018. Available online: https://www.francetvinfo.fr/meteo/climat/I-ete-2018-est-
le-deuxieme-le-plus-chaud-enregistre-par-meteo-france-derriere-celui-de-2003_2914883.html (accessed on 29 November 2021).
Météo France. Le Bilan Climatique 2019. 2019 au 3e Rang des Années les Plus Chaudes en France Depuis le Début du XXe Siécle.
Available online: https://meteofrance.com/actualites/climat/france-2019-au-3e-rang-des-annees-les-plus-chaudes (accessed
on 29 November 2021).


http://doi.org/10.1017/S0031182016001797
http://doi.org/10.1186/s13071-018-3114-z
http://doi.org/10.1016/j.pt.2017.07.002
http://doi.org/10.1016/j.jcpa.2021.01.012
http://www.ncbi.nlm.nih.gov/pubmed/33894875
http://doi.org/10.1051/vetres:2002030
http://www.ncbi.nlm.nih.gov/pubmed/12387481
http://doi.org/10.1051/parasite/2016055
http://www.ncbi.nlm.nih.gov/pubmed/27774956
http://doi.org/10.1051/limn/2017035
http://doi.org/10.1051/limn/2022011
http://doi.org/10.1016/j.vetpar.2011.03.056
http://doi.org/10.1051/limn/1999024
http://doi.org/10.1051/parasite/2015038
http://doi.org/10.1017/S0022149X15000073
https://www.meteo-concept.fr/climatologie/normales/station/BELLAC
https://www.meteo-concept.fr/climatologie/normales/station/BELLAC
http://doi.org/10.1093/biomet/52.3-4.591
https://royalsociety.org/topics-policy/projects/biodiversity/decline-and-extinction
https://royalsociety.org/topics-policy/projects/biodiversity/decline-and-extinction
http://doi.org/10.1016/j.vetpar.2009.03.024
http://doi.org/10.1017/S1751731109990991
http://doi.org/10.1371/journal.pone.0016126
http://doi.org/10.1177/1178633617732296
http://doi.org/10.1007/s00227-012-1894-9
https://www.francetvinfo.fr/meteo/climat/l-ete-2018-est-le-deuxieme-le-plus-chaud-enregistre-par-meteo-france-derriere-celui-de-2003_2914883.html
https://www.francetvinfo.fr/meteo/climat/l-ete-2018-est-le-deuxieme-le-plus-chaud-enregistre-par-meteo-france-derriere-celui-de-2003_2914883.html
https://meteofrance.com/actualites/climat/france-2019-au-3e-rang-des-annees-les-plus-chaudes

Animals 2022, 12, 3566 12 of 12

37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

Météo France. Bilan Climatique 2020. 2020: L’ Année la Plus Chaude en France Depuis 1900. Available online: https:/ /meteofrance.
com/actualites-et-dossiers-0/2020-lannee-la-plus-chaude-en-france-depuis-1900 (accessed on 29 November 2021).

Moens, R. Factors affecting Lymnaea truncatula populations and related control measures. . Med. Appl. Malacol. 1991, 3, 73-84.
Boray, J.C.; Crowfoot, P.D.; Strong, M.B.; Allison, J.R.; Schellenbaum, M.; Von Orelli, M.; Sarasin, G. Treatment of immature and
mature Fasciola hepatica infections in sheep with triclabendazole. Vet. Res. 1983, 113, 315-317. [CrossRef]

Alvarez, L.I; Lanusse, C.E.; Williams, D.J.L.; Fairweather, I. Flukicidal drugs: Pharmaco-therapeutics and drug resistance. In
Fasciolosis; Dalton, ].P., Ed.; CABI Publishing: Wallingford, UK, 2022; pp. 211-255.

Reynal, J.L. Enquéte Epidémiologique sur les Traitements Appliqués Contre la Fasciolose et la Paramphistomose Bovine Dans le
Sud-Ouest de la Correze, Pharm.D. Thesis. University of Limoges, Limoges, France, 2001.

Vignoles, P.; Hourdin, P; Dreyfuss, G.; Rondelaud, D. Epidémiologie de la fasciolose dans le Limousin: Bilan des recherches
effectuées depuis les années 1970. Ann. Sci. Limousin 2019, 28, 39-66. [CrossRef]

Abrous, M.; Rondelaud, D.; Dreyfuss, G.; Cabaret, J. Infection of Lymnaea truncatula and Lymnaea glabra by Fasciola hepatica and
Paramphistomum daubneyi in farms of central France. Vet. Res. 1999, 30, 113-118.

Abrous, M.; Rondelaud, D.; Dreyfuss, G. A field study of natural infections in three freshwater snails with Fasciola hepatica and / or
Paramphistomum daubneyi in central France. J. Helminthol. 2000, 74, 189-194. [CrossRef] [PubMed]

Préveraud-Sindou, M.; Rondelaud, D. Fasciola hepatica L.: Données expérimentales sur 1'attraction des miracidiums par Lymnaea
truncatula Miller et des mollusques de familles voisines. Bull. Soc. Fr. Parasitol. 1990, 8, 277-282.

Préveraud-Sindou, M.; Sindou, P; Rondelaud, D. Nouvelles observations sur l'attraction des miracidiums de Fasciola hepatica L.
par plusieurs especes de limnées. Bull. Soc. Fr. Parasitol. 1989, 7, 55-60.

Abrous, M.; Dreyfuss, G.; Rondelaud, D. L’aptitude de huit especes de mollusques aquatiques a assurer le développement
larvaire de Paramphistomum daubneyi Dinnik lors d’une infestation monospécifique ou d’une co-infestation avec Fasciola hepatica
Linné. Rev. Med. Vet. 1999, 150, 727-732.


https://meteofrance.com/actualites-et-dossiers-0/2020-lannee-la-plus-chaude-en-france-depuis-1900
https://meteofrance.com/actualites-et-dossiers-0/2020-lannee-la-plus-chaude-en-france-depuis-1900
http://doi.org/10.1136/vr.113.14.315
http://doi.org/10.25965/asl.1030
http://doi.org/10.1017/S0022149X00000275
http://www.ncbi.nlm.nih.gov/pubmed/10953217

	Introduction 
	Materials and Methods 
	Farms Studied 
	Animals 
	Protocol for Snail Investigations 
	Protocol for Detecting Parasite Larval Forms in Snails 
	Meteorological Data 
	Statistics 

	Results 
	Snail Populations 
	Prevalence of Parasite Infection in Snails 

	Discussion 
	Conclusions 
	References

