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Summary

Nematode parasites are the major animal health constraint
in sheep production on pasture and cause serious economic
losses. Because of failure of anthelmintic drenches, a ma-
jor research effort has been underway to examine alterna-
tives to chemical control. One of them is selecting sheep
which are genetically resistant to parasitic nematodes.
However, this last is not widely practiced because of the
difficulty of measuring parasite resistance which mostly
relies on indirect criteria such as number of nematode eggs
passed in the sheep faeces (FEC) packed cell volume
(PCV) or enhanced number of eosinophils in peripheral
blood. Despite the well known host immune reaction it has
been impossible to standardize any immunological para-
meter and use it as an indicator of parasitic infection. The
aim of finding some genetic markers associated with re-
sistance/susceptibility to nematodes is to make diagnostic
work easier and conduct an earlier selection of desirable
genotypes. However, searching for reliable genetic mar-
kers is rather difficult due to different sheep’s
manifestation of resistance to either the adult or larval
stages of the same parasite species and against the same
parasitic stage and various manifestations of the immune
responses and antigens against parasites. This review
summarizes findings reported in the literature relating to
genetic markers to gastrointestinal nematodes resistance in
sheep.
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Introduction

Nematode resistance of animals can be defined as an en-
hanced natural ability to both prevent establishment of
larval nematodes and evict any that do establish (Douch et
al., 1996).

Nematode resistance is a trait of primary interest for live-

stock industries because of its economical impact on sheep
breeding, such as cost of anthelminthic treatment, in-
creased labour for sheep and pasture management. To
these losses have been added indirect costs like decreased
production in live weight (McEwan et al., 1992; Bouix et
al., 1998), wool, fertility and survival (Dominik, 2005).
Since it has been revealed that nematode resistance has
moderate heritability estimated about 0.3 (Bisset et al.,
1992; Eady et al., 1996; Boux et al., 1998; Baker et al.,
1999) there have been undertaken many approaches to find
the genetic basis underlying the resistance or susceptibility
phenotype.

In order to get a desirable resistant flock a vast selection
work must be made using such parameters as number of
parasite eggs in sheep faeces (FEC), packed cell volume
(PCV) which measures hemophilia caused mainly by in-
fections with blood suckling internal parasites, such as H.
contortus, and less commonly eosinophilia. All three para-
meters have shown heritability which ranged between 0.12
and 0.44 for FEC (Watson et al., 1986; Baker et al., 1991,
Morris et al., 1997; Charon et al., 2000) 0.15 and 0.36 for
PCV (Alberts et al., 1987; Vanisetti et al., 2004) and for
eosinophilia at the level of 0.31 (Stear et al, 2002).
Furthermore, these three parameters indicate repeatability
within the seasons and years (Doligalska ef al., 1997; Mos-
kwa et al., 1998; Moskwa et al., 2000; Vanimisetti et al.,
2004) on the average 0.48 for FEC (Barger & Dash, 1987;
Doligalska et al., 1997) 0.44 for PCV (Bekele et al., 1991)
and 0.38 for eosinophil counts (Moskwa et al, 1998;
Doligalska et al., 1999). In addition, FEC values have been
negative correlated with either PCV or eosinophils count
(Moskwa et al., 1998; Amarante et al., 1999; Stear et al.,
2002; Amarante et al., 2003; Vanimisetti et al., 2004).
Although both FEC and PCV values are commonly used as
indicators of gastrointestinal parasite infections they have a
few limitations, such as inability to store samples for a
long time and no possibility to undertake the laborious
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examinations automatically and accurately (Douch et al.,
1996; Stear et al., 1999).

In general, resistance to nematode infection is critically
dependent on the type of CD+ T cells which can be divided
into two helper T cells subsets, Th1 and Th2.

It is suggested that more intensive Thl type cell response
with the absence of Th2 type cell causes host susceptibility
to a pathogen (Else & Finkelman, 1998; Gause et al., 2003).
Therefore the immune response against gastrointestinal
nematodes infection in resistant sheep lines is expressed by
enhanced Th2 type cells. These are claimed to be a charac-
teristic feature of nematode parasites infection (Maizels et
al., 1993). Th2 type cells secrete specific cytokines which
on appearance activate production of parasite-specific
immunoglobulin A (IgA), IgG1 and IgE (Else & Finkel-
man, 1998; Stear et al., 1999; Strain & Stear, 2001; Pern-
thaner et al., 2005; Henderson & Stear, 2006) eosinophils
and mast cells (Else & Finkelman, 1998; Amarante et al.,
2005).

The knowledge of host immune response to nematode
infection is crucial for undertaking genetic approaches.
However, although the increased number of mast cells and
eosinophils in the gastrointestinal mucosa, elevated levels
of nematode-specific antibodies in serum and the presence
of molecules having anti-parasitic activity in gastrointesti-
nal mucus are highly specific symptoms of nematode in-
flammation, they are not stable (Meeusen et al., 2005) and
depend on the parasite naivety status of the sheep (Pern-
thaner et al., 2005). These factors prevent researchers from
using them as indicators of gastrointestinal nematodes
infection and explain why an accurate DNA test that would
make a diagnostic work easier and conduct earlier selec-
tion of desirable genotypes has not yet been worked out.

Genetic markers

The genetic basis to nematode resistance has been estab-
lished by findings that some sheep breeds are more resis-
tant to nematodes than others. The studies undertaken in
Poland revealed that Polish Long-Wool sheep were more
resistant to gastro intestinal nematodes than Weisse Sheep,
Blackheaded, Berrichonne du Cher and Suffolk breeds
(Nowosad et al., 2005a, b). Moreover, it has been noticed
that most of the examined Polish primitive Heath Sheep
breed (Wrzosowka Sheep) had relatively low or zero faecal
egg counts and enhanced ability to increased eosinophil
production against parasites which led to the suggestion
that this breed could be naturally resistant to
gastrointestinal parasites (Moskwa et al, 1998, 1999a,
1999b). In addition, in number of independent studies two
other breeds have been identified as resistant to the
parasites, these are St Croix sheep (Gamble & Zajac, 1992)
and Red Massai Sheep (Mugambi et al., 2005).

Genetic markers within the ovine major histocompatibility
complex (Ovar-MHC) locus

The genetic approaches have been previously focused on
genes of the ovine major histocompatibility complex
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(Ovar-MHC) which consists of class I, II and III regions
and is sited on sheep chromosome 20 between bands ql5
and q23 (Hediger et al., 1991).

Among all three groups the most polymorphic and by now
the best characterized are class II genes (Dukkipati et al.,
2006). Within the II class genes DQ and DR subregions
have been studied in detail. Each of them code for both
chain a (gene A) and chain B (gene B) and exhibit high
levels of polymorphism (Amills et al., 1998). Locus DRB
codes the protein which is within binding area to antigens
on macrophages and lymphocytes B (Escayg et al., 1996;
Anderson & Rask, 1998). High polymorphism of this locus
has been shown by restriction fragments length poly-
morphism (RFLP) and short tandem repeats (STRs,
microsatellite) polymorphism (Schwaiger et al., 1996;
Charon et al., 2002; Gruszczynska et al., 2005; Stear et al.,
2005). Moreover, using microsatellite polymorphism
within DRB1 locus it has been displayed that polymor-
phism of this region is connected with sheep resistance or
susceptibility to infections by gastrointestinal nematodes
(Schwaiger et al., 1996; Stear et al., 1996; Charon et al.,
2002; Stear et al., 2005).

Considering the potential role of the Ovar-DRA and DQA
genes in sheep the response to gastrointestinal nematodes
infection in Ovar-DQA genes showed high levels of poly-
morphism while only limited polymorphism was seen in
Ovar-DRA genes (Fabb ef al., 1993). In susceptible sheep
line has been noticed more intensive expression of Ovar-
DQAT1 null alleles (lack of DQA1 alleles) that probably
caused a failure in presenting parasite antigens to CD+ T
cells. However this association was found in only one of
three sheep breeds investigated by Kean ef al. (2007). This
suggests that a lack of DQAL alleles could be responsible
for the susceptible phenotype only as combined with other
MHC alleles linked to Ovar-DQAT1, a non-MHC allele in
linkage disequilibrium with DQAT1 and the level of expres-
sion of DQA1 on antigen presenting cells.

At last, a microsatellite polymorphism at the Ovar-DY
locus was found to be significantly associated with resist-
ance to 7. circumcincta in Scottish Blackface sheep (Buit-
kamp et al., 1996).

Although the MHC-class I genes are present on the ma-
jority of cell types until now they have been poorly char-
acterised. They code class I molecules which present anti-
genic peptides to CD8+ T cells (Kaufman et al, 1994;
Dukkipati et al., 2006). Within Ovar-MHC class I locus
have been found a few RFLP and polymorphic microsatel-
lite sequences which differ among sheep breeds (Buitkamp
et al., 1996; Charon et al., 2001; Gruszczynska et al.,
2002). Sheep with gastrointestinal nematodes-resistant
alleles at this locus have displayed significant reduction in
FEC of T. circumcincta in Scottish Blackface sheep (Buit-
kamp et al., 1996) and in FEC of other gastrointestinal
nematode species in Polish Heath sheep (Charon et al.,
2000).

Within Class III genes an allele of C4 gene is supposed to
be involved in determining the resistance/susceptibility to
gastro intestinal parasites (Wetherall ef al., 1991).



Quantitative trait loci (OQTL)

In order to find QTLs for resistance to nematodes and to
place them on exact chromosomes all 26 sheep autosomes
have been scanned. This resulted in finding of QTLs on
some chromosomes and a few microsatellites markers
closely associated to genes supposed to play a role in para-
site resistance. Unfortunately, approaches undertaken to
find single QTLs that would be significantly associated
with the nematode-resistance have failed which suggests
that most of genes controlling this trait are of relatively
small effect (Crawford et al., 2000).

To begin with, chromosome 1 has been revealed as con-
taining genes influencing the number of adult larvae of 7.
colubriformis in the abomasum and its FEC level (Beh et
al., 2002). Davis et al. (2006) found evidence for QTL on
chromosome 2 associated with Nematodirus FEC. On
chromosome 3, where the interferon gamma locus is, a few
important markers have been found associated with IgA
expression, Strongyle FEC (Coltman et al., 2001; Beh et
al., 2002; Davis et al., 2006) and response to 7. circum-
cincta (Crawford et al., 2006). QTL found on chromo-
somes 3 and 14 are connected with Nematodirus FEC
(Coltman et al., 2001; Davis et al., 2006). Chromosome 5,
containing genes encoding cytokines I1-3, IL-4, IL-5 has
been scanned (Benavides et al, 2002) in order to find
markers useful in selection of animals. As a result there has
been found one reliable microsatellite marker. QTL on
chromosome 6 showed a significant association with FEC
after primary and secondary challenge with 7. colubri-
Jformis (Beh et al., 2002). As the MHC is located on chro-
mosome 20 it was obvious that this chromosome would be
under careful investigation. The DRB1 locus within the
ovine MHC has been revealed as associated with resistance
to T. circumcincta (Schwaiger et al., 1995; Stear et al.,
1996) and other gastrointestinal species (Charon et al,
2002) and one microsatellite marker for the DY locus has
been confirmed (Buitkamp et al.,, 1996). Furthermore,
telomeric ends of chromosome 8 also were identified as
having a significant QTL for parasite resistance. In addi-
tion, there was an identified QTL on chromosome 23 asso-
ciated with immune function traits of IgE antibodies and 7.
colubriformis specific IgG antibodies (Crawford et al.,
2000).

Microarrays

Microarray technology has become a tool to measure and
analyse the expression of thousands of genes. Microarrays
have identified from 100 (Diez-Tascon et al., 2005) to 300
(Keane et al., 2007) differential gene expression patterns
between sheep genetically resistant and those that are sus-
ceptible to parasitic nematodes. In resistant animals more
highly expressed were genes associated with cell morpho-
logy, cellular development, and the immune and lymphatic
system development and function. While in susceptible
animals higher expression is displayed by stress response
genes and those which are involved in gene regulation and
DNA binding (Keane et al., 2007). In Diez-Tascon et al.
(2005) two genes highly expressed in resistant animals

coded for two smooth muscle proteins: transgelin
(TAGLIN) and actin-y2 (ACTG2). To these genes Keane
et al. (2007) have added other genes expressed in the in-
testinal smooth muscle, these are Wiskott-Aldrich syn-
drome family gene 2 (WASF2), myosin light chain kinase
(MYLK) and desmin (DES).

The explanation of contradictory effect of association of
MHC gene polymorphism with FEC reduction has been
found using microarray approaches. Dies-Tascon et al.
(2005) have suggested that expression of MHC class 11
genes in the resistant lambs may only be effective in re-
ducing parasite infection if combined with a set of certain
MHC alleles, Keane et al. (2007) indicated that the crucial
role in this process lay in the presence or lack DQAT1 alle-
les. This explained why in some reports an association
between MHC alleles and FEC reductions has been
pointed out (Schwaiger et al, 1995; Buitkamp et al.,
1996), while this relationship in another studies has been
not observed (Cooper ef al., 1989; Crawford et al., 1997).

Conclusion

In spite of the development of our knowledge about para-
sitic processes the subject is still a challenge. Since the
genes modulated during parasite infection have been di-
vided into three functional classes: (1) genes improving the
host survival, (2) host genes activated by factors released
by parasites to promote parasite’s growth and (3) genes
incidentally regulated by activation of the first two classes
the biggest challenge for scientists is to determine the class
of genes to which the investigated gene belongs (Blader et.
al., 2001). Microarray experiments could help solve these
problems. It presents a huge possibility to examine expres-
sions of many genes during exact processes at the same
time, identify the parasitic factors that modulate host cell
transcription and determine the host transcriptional and
signaling pathways influenced by infection. However, it
has also few limitations such as hybridization between
some highly conserved genes presented in the parasite and
host genomes or some more common cases when some
pathogens fail to activate their typical response genes
(Boothroyd et al., 2003). In addition, many laboratories
cannot afford to introduce microarray technology because
of its high costs. It is also worth noting that development
of science could not be achieved without integration of
various analyzing methods coming from different laborato-
ries using arrays, proteomics, metabolics, genetics and
others. Only a complex insight into inflammatory pro-
cesses caused by parasites can lead to find a method to
overcome such diseases.
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