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Abstract
Anthelmintic resistance (AR) and gastrointestinal (GI) parasitism are well-known phenomena in domestic ruminants. Wild
ruminants, however, pose a potential threat for the spread of AR to sheep and goat farms. We infected three species of wild
ruminants, European mouflon (Ovis musimon), roe deer (Capreolus capreolus) and fallow deer (Dama dama), with 8000 third-
stage larvae (L3) of the susceptible MHco3 strain and the resistant MHco4 strain of Haemonchus contortus. Infection intensity
was highest in mouflons (26,500 ± 150.00 eggs per gramme (EPG) of faeces) on day (D) 58. The roe and fallow deer had low egg
counts (50 ± 23.57 to 150 ± 80.64 EPG) to D58, after which no eggs were detected. In vitro egg hatch tests (EHTs) and larval
development tests (LDTs) indicated the same level of benzimidazole resistance between mouflons and domestic sheep. Two
domestic lambs were then infected with 2500 MHco4 L3 larvae and moved to a clean pasture. Two parasite-free roe deer were
introduced to the same pasture 6 weeks later. Infection intensity in the two roe deer was highest on D35, at 800 and 4400 EPG.
ED50 from the EHTs, LD50 from the LDTs, and the presence ofH. contortus in faecal samples confirmed the transmission of the
resistant strain from the wild to the domestic ruminants in the same pasture.
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Introduction

Farming on pastures is still the most widely used method for
the breeding of small ruminants. The frequent occurrence of
wild and domestic ruminants together on common pastures
raises the question about the role of wild species in the trans-
mission of gastrointestinal (GI) nematodes between farms of
small ruminants. The similar feeding habits of wild and do-
mestic ruminants may represent a high potential risk for the

transmission of GI nematodes from wild to domestic sheep
and goats. Roe deer (Capreolus capreolus) occur from low-
land pastures to montane forests. The European mouflon
(Ovis musimon) usually selects areas with open woods and
broad pastures at altitudes between 1000 and 1500 m a.s.l.
(Pfeffer 1967). Fallow deer (Dama dama) prefer old decidu-
ous broadleaf forests interspersed with grassy areas
(Feldhamer et al. 1988). The habitats are well known for these
species, but less information is available about the composi-
tion of parasitic fauna and the status of anthelmintic resistance
(AR) of these animals. Pato et al. (2013) identified 20 species
of GI nematodes in 218 roe deer in northwestern Iberian
Peninsula, including species common in small domestic rumi-
nants such as Haemonchus contortus, Trichostrongylus
colubriformis, T. capricola, T. vitrinus and Teladorsagia
circumcincta. A survey of the parasitic fauna of 92 roe deer
in nine regions of the Ukraine found a high prevalence of H.
contortus (57.6%) (Kuzmina et al. 2010). H. contortus was
also found in > 50% of the abomasa of 15 roe deer in the
central region of Turkey near the Black Sea (Bolukbas et al.
2012). Cerutti et al. (2010) confirmed the low host specificity
of H. contortus by finding it in common populations of roe
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deer, chamois, alpine ibex, and domestic goats and sheep in
various alpine areas.

Anthelmintic treatment is performed in feeding stations as
pellets coated with active drugs. Hunters are required to esti-
mate the total number of animals and their total weights in
hunting districts. The distribution of drugs in the feed may
thus easily be inconsistent, so the drugs may be under-dosed.
Under-dosing is one of the most common managerial flaws
contributing to the development of AR (Torres-Acosta and
Hoste 2008). If this approach is repeated too often, parasites
with resistant alleles begin to appear on pastures. European
surveys of the occurrence of AR on small ruminant farms have
confirmed both low and high levels of AR (Domke et al. 2012;
Gallidis et al. 2012; Rose et al. 2015; Babják et al. 2018).
Higher levels of AR have been reported for farms that share
common pastures with wild ruminants (Babják et al. 2018).
This finding raised the question of the role of wild ruminants
in the transmission of resistant parasites to small domestic
ruminants. Wild ruminants are usually infected with a wide
range of GI nematodes. The cross-transmission of H.
contortus under experimental conditions between white tailed
deer, cattle and sheep was described three decades ago
(McGhee et al. 1981). A few studies have since monitored
the course of parasitic infection in wild ruminants and the
cross-transmission between wild and domestic ruminants un-
der field conditions (Santin-Duran et al. 2004; Pato et al. 2009;
Chintoan-Uta et al. 2014). All these studies hypothesised that
wild deer could serve as cross-transmission vectors and reser-
voirs of GI nematodes.

We selected H. contortus as a model parasite for this study
because it is the most pathogenic nematode of small ruminants
causing financial and production losses and represents the
largest AR problem worldwide. Our study was divided into
two phases. The first phase monitored the course of an exper-
imental parasitic infection in three species of wild ruminants
(roe deer, fallow deer and European mouflon) with resistant
and susceptible strains of H. contortus. The main goal of the
second phase was to confirm the possible transmission of H.
contortus between sheep and roe deer under field conditions.
Confirmation of the transmission of resistant parasites under
field conditions is important, because wild ruminants pose a
potential threat for the spread of AR parasites between small
ruminant farms.

Materials and methods

Phase 1

Experimental design

Three species of wild ruminants were selected for phase 1: roe
deer, fallow deer and European mouflon. All animals were

approximately 2 years old. The study was conducted at the
Facility for Breeding and Diseases of Game, Fish and Bees of
the University of Veterinary Medicine and Pharmacy in
Košice, Slovakia. Three animals from each species were in-
fected with 8000 third-stage larvae (L3) of a resistant H.
contortus strain (MHco4), and three animals from each spe-
cies were infected with 8000 L3 larvae of a susceptible strain
(MHco3). Six lambs were similarly infected with the suscep-
tible and resistant strains for comparing the courses of infec-
tion between the domestic and wild ruminants. Faecal samples
were collected rectally on day (D) 0, D16, D37, D58 and D77
after infection.

Faecal egg counts

The numbers of eggs per gramme (EPG) of faeces were quan-
tified using a modified McMaster technique (Coles et al.
1992). Three grammes of faeces from each animal were mixed
with 42 ml of water and passed through a sieve. The filtrate
was centrifuged at 605g for 2 min. The sediment was mixed
with a saturated sugar solution and centrifuged under the same
conditions. One millilitre of the mixture was then transferred
to McMaster chambers. Egg counts with sensitivities > 50
EPG were determined for each sampling day.

In vitro egg hatch tests

Egg hatch tests (EHTs) were performed as described by Coles
et al. (2006). Eggs isolated from the faecal samples were in-
cubated in concentrations of thiabendazole (TBZ) ranging
from 0.05 to1.00 μg/ml. The number of hatched eggs was
counted after 48 h of incubation at 27 °C. ED50 (the concen-
tration of TBZ required to kill 50% of the eggs) was deter-
mined for each species using a statistical logistic regression
model (Dobson et al. 1987). The test was performed three
times with two replicates for each drug concentration and
ED50 values were calculated.

In vitro larval development tests

Larval development tests (LDTs) are based on the ability of
larvae from resistant strains to survive and develop in various
concentrations of an anthelmintic (Várady et al. 1996).
Isolated eggs were cultivated at 27 °C for a week in 96-well
microtitre plates with increasing concentrations of TBZ, rang-
ing from 0.0006 to 1.28 μg/ml. The numbers of eggs and first-
stage larvae (L1), second-stage larvae (L2) and L3 larvae were
counted in each well. LD50 (the concentration of TBZ where
development to the L3 stage is inhibited by 50%) was deter-
mined for each species.
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Phase 2

Experimental design

Two lambs were infected with 2500 L3 larvae of the resistant
H. contortus strain (MHco4) at the beginning of phase 2. A
pasture was selected in cooperation with the Research Institute
for Animal Production where animals had never grazed.
Infected lambs were moved to this clean pasture, and egg
counts were determined 28 days after infection. Two
parasite-free roe deer were subsequently introduced to the
pasture 6 weeks later. Faecal samples were collected on
D21, D28, D35, D42 and D49.

Faecal egg counts and in vitro EHTs and LDTs

Egg counts and in vitro EHTs and LDTs were performed in
phase 1 and phase 2. LD50 for the LDTs was evaluated for
TBZ and ivermectin (IVM). Tests were performed on 96-well
microtitre plates and the final TBZ concentrations ranged
from 0.0006 to 1.28 μg/ml. A stock solution of ivermectin
aglycone was serially diluted with DMSO 1:2 to produce 12
final concentrations ranging from 0.084 to 173.6 μg/ml
(Dolinská et al. 2012).

Morphological identification of L3 larvae

Faecal samples from both parasite-free roe deer were used to
prepare coprocultures. L3 larvae harvested after 1 week of
incubation at 27 °C were identified by morphological features
described by Van Wyk and Mayhew (2013).

Results

Phase 1

Faecal egg counts

Mean egg counts for all groups of wild ruminants are present-
ed in Table 1. The fallow deer infected with MHco4 and the
roe deer infected with MHco3 were the first animals with
acquired infections, both with a mean of 100 EPG on D16.
Infection was observed in all experimental animals on D37,
with the highest egg count of 13,250 EPG in the mouflons
infected with MHco4. Egg counts for the roe and fallow deer
varied between 50 and 150 EPG in all groups. Helminth eggs
were not observed the in roe and fallow deer samples after
D58. Egg counts for the mouflons ranged between 13,250 and
26,500 EPG in the group infected with MHco4 and from 2600
to 3800 EPG in the MHco3 group (Table 1). Egg counts for
the simultaneously infected lambs were highest on D58 after
infection, at 28000 EPG for the MHco4 group and 4000 EPG

for the MHco3 group. Infection in the mouflons and lambs
persisted throughout the study.

In vitro EHT and LDT

The in vitro tests were evaluated using an EHTED50 threshold
of 0.1 μg/ml and an LDT LD50 threshold of 0.02μg/ml (Coles
et al. 2006). The in vitro tests could not be performed for the
roe and fallow deer due to low egg counts. A comparison of
the results for the mouflon and sheep groups indicated the
same level of benzimidazole (BZ) resistance in both species.
ED50 in the susceptible groups of both species varied from
0.043 ± 0.005 to 0.064 ± 0.008 μg/ml TBZ, which correlated
with the LDT levels (LD50 0.007 ± 0.002 to 0.009 ± 0.001 μg
/ml TBZ). ED50 in the resistant groups ranged from 0.091 ±
0.001 to 0.111 ± 0.004 μg/ml TBZ), and LD50 ranged from
0.024 ± 0.003 to 0.035 ± 0.002 μg/ml TBZ (Table 2).

Phase 2

Faecal egg counts

The presence of parasitic eggs in the lambs was confirmed on
D28 after infection, with a mean of 5000 EPG. Infection in the
roe deer was observed on D21 after their introduction to the
clean pasture, with 150 EPG for roe deer no. 1 and 450 EPG
for roe deer no. 2. Egg counts were highest for roe deer nos. 1
and 2 on D35, at 800 and 4400 EPG, respectively. Infection
persisted in both animals throughout phase 2. The egg counts
from all sampling days are presented in Table 3.

In vitro EHT and LDT

EHT ED50 ranged between 0.111 ± 0.004 and 0.115 ±
0.008 μg/ml for TBZ. LDT LD50 also confirmed the transmis-
sion of the resistant strain from sheep to roe deer, with values
from 0.021 ± 0.002 to 0.031 ± 0.001 μg/ml for TBZ and from
39.450 ± 2.510 to 46.670 ± 5.508 ng/ml for IVM aglycone
(Table 4).

Morphological identification of L3 larvae

A total of 100 harvested L3 larvae were identified following
Van Wyk and Mayhew (2013). Morphological identification
also confirmed the presence of only H. contortus in all faecal
samples from the roe deer in phase 2.

Discussion

Many species of GI parasites are common to domestic and
wild ruminants, including some of the most pathogenic spe-
cies with the highest incidences of AR. We thus need more
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information about the transmission of parasitic infections be-
tween domestic and wild animals. Transmission of nematodes
between hosts is a complex process influenced by several
factors. Studying the possibility of host switching is necessary
to obtain information about the historical contexts, relation-
ships, and patterns of contact between host species (Walker
andMorgan 2014). The course of infection in the first phase of
our study was similar between the mouflons and sheep, and
the in vitro tests confirmed similar levels of BZ resistance,
which was expected because the mouflon is considered to be
the ancestor of domestic sheep. Zaffaroni et al. (2000) com-
pared the contents of 641 abomasa from five species of wild
ruminants (O. musimon, C. capreolus, Capra ibex, Rupicapra
rupicapra and Cervus elaphus) to those of 19 domestic sheep.
The five wild hosts were infected with nine species of hel-
minths common in domestic sheep, and a discriminant analy-
sis indicated that species composition differed significantly
between the species except between themouflon and domestic
sheep.

Our results confirmed that mouflons can easily obtain per-
sistent infections with the susceptible and resistant H.
contortus strains and that mouflons can serve as hosts under
field conditions. Most populations of free-ranging European
mouflons have the potential to transfer parasitic infections to
small domestic ruminants on unfenced pastures. GI nema-
todes can be divided into a specialist group (parasites specific
for each host species) and a generalist group where host

specificity is lower (Bush and Holmes 1986). Zaffaroni et al.
(2000) reported that the generalist group contains species such
as H. contortus, Trichostrongylus axei, T. capricola,
Teladorsagia circumcincta and many other GI nematodes
common on small ruminant farms, which is important from
agricultural and veterinary points of view, because these spe-
cies are most frequently associated with the occurrence of AR.
Chintoan-Uta et al. (2014) identified alleles for BZ resistance
in H. contortus in wild roe deer that had never been treated.
Our study (phase 2) clearly demonstrated the transmission of
resistant H. contortus parasites between domestic and wild
animals in a shared pasture. The roe deer infection in phase
2 persisted throughout the study; in contrast, the egg counts
for the roe and fallow deer infections acquired in phase 1 were
low, and no eggs were found after D58.

The transmission of nematodes between two generalist
hosts is thus not always guaranteed. Factors such as climate
and anthropogenic changes in land use can provide the con-
ditions needed for nematode host switching (Altizer et al.
2013). The possibility of transmission also depends on the size
of host herds and the level of contact between hosts on shared
pastures (Morgan et al. 2004). The loss of infection in the roe
and fallow deer may have been due to the phenomenon of self-
cure, which usually occurs in domestic and wild ruminants.
High stocking rates lead to a higher susceptibility to GI infec-
tions (Maublanc et al. 2009; Pato et al. 2013). Roe deer can
also change their habitat selection (Morellet et al. 2011), and
these changes can lead to the modification of feeding habits
(Serrano Ferron 2012). The transformation of roe deer from
browser to grazer increases the risk of GI infection, mainly
when they share pastures with domestic ruminants.

We selected roe deer as a model species for the second
phase of our study for several reasons. Roe deer can occupy

Table 1 Mean egg count ±
standard deviation for the three
species of wild ruminants during
the experimental infection with
susceptible (MHco3) and resistant
(MHco4) strains of H. contortus

Species (n = 3) Strain EPG D16 EPG D37 EPG D58 EPG D77

Mouflon MHco3 0 ± 0 2600 ± 81.64 3800 ± 450.00 3200 ± 94.78

MHco4 0 ± 0 13,250 ± 205.48 26,500 ± 150.00 22,100 ± 623.00

Fallow deer MHco3 0 ± 0 50 ± 23.57 50 ± 23.57 0 ± 0

MHco4 100 ± 40.82 150 ± 40.82 150 ± 80.64 0 ± 0

Roe deer MHco3 100 ± 70.71 100 ± 40.82 50 ± 40.82 0 ± 0

MHco4 0 ± 0 100 ± 70.71 150 ± 40.82 0 ± 0

EPG, eggs per gramme, number of H. contortus eggs in 1 g of faeces

Table 2 Mean ± standard deviation of ED50 in egg hatch test (EHT) and
LD50 in larval development test (LDT) in the sheep and mouflons infect-
ed with the susceptible (MHco3) and resistant (MHco4) strains of H.
contortus (phase 1)

Strain MHco3 MHco4 MHco3 MHco4
EHT ED50 EHT ED50 LDT LD50 LDT LD50

TBZ (μg/ml) TBZ (μg/ml) TBZ (μg/ml) TBZ (μg/ml)

Sheep 0.043 ± 0.005 0.091 ± 0.001 0.007 ± 0.002 0.024 ± 0.003

Mouflon 0.064 ± 0.008 0.111 ± 0.004 0.009 ± 0.001 0.035 ± 0.002

TBZ, thiabendazole, anthelmintic used in vitro egg hatch test (EHT) and
larval development test (LDT). ED50 in EHT is the concentration of
thiabendazole required to kill 50% of the eggs. LD50 in LDT is the con-
centration of thiabendazole where development to the L3 stage is
inhibited by 50%

Table 3 Course of parasitic infection in the roe deer after moving to the
pasture (phase 2)

EPG D21 D28 D35 D42 D49

Roe deer no. 1 150 500 800 650 500

Roe deer no. 2 450 1200 4400 4000 300

EPG, eggs per gramme, number of H. contortus eggs in 1 g of faeces
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a wider variety of habitats and altitudes than mouflon, from
groups on isolated farms to free-ranging flocks in mountains
and rocky foothills. Ferté et al. (2000) summarised and com-
pared the prevalence of H. contortus in three species of wild
ruminants (red, roe and fallow deer) from surveys carried out
across Europe. Thirty-six surveys in 17 European countries
recorded the incidence of H. contortus in roe deer, with prev-
alences ranging from 0.3 to 85% (63% in Slovakia) (Farkas
1989). For comparison, H. contortus was found in red deer in
nine countries, with prevalences between 5 and 25%, and in
fallow deer in four countries (4–7%). Chintoan-Uta et al.
(2014) compared abomasal and faecal samples from three
species of wild ruminants from areas of extensive or intensive
livestock farming in the United Kingdom. Roe deer had the
highest parasite burdens and diversity of abomasal nematode
species. Nematodes associated with livestock, such as
Ostertagia ostertagi, T. axei, T. colubriformis and H.
contortus were also found. The susceptibility of roe deer to
naturally acquired infection with H. contortus was also con-
firmed in our study.

These findings indicate that roe deer potentially represent
the main threat to the spread of AR parasites between small
ruminant farms. Detecting the level of BZ/IVM resistance in
free-ranging roe deer in the vicinity of farms would be neces-
sary to determine the actual extent of this potential threat to
small ruminants. Determining GI nematode burdens and iden-
tifying species diversity in samples collected from different
species of wild ruminants would also be needed.
Determination of the efficacy of drugs after treatment should
be amongst the prophylactic measures used in every hunting
district. If the occurrence of AR in wild ruminants is not con-
firmed, however, these animals could serve as refugia for sus-
ceptible populations of GI nematodes, which would extend
the efficacy of anthelmintic drugs.

In conclusion, knowledge about the AR status of wild ru-
minants is important from therapeutic and prophylactic points
of view. The issue of the transmission of GI nematodes is not a
unilateral problem, because domestic species can also pose a
threat to wild ruminants. Such information can form an im-
portant part of measures for the successful management of
small ruminant farms, hunting areas and areas with farmed
wild ruminants.
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