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Summary

Anthelmintic resistance is a growing problem worldwide, threatening the long term viability of sheep
production. In the UK there are currently five chemical groups of wormer (anthelmintic) available
and resistance in some of the target parasites has been reported to four of the five groups.
Resistance is defined as the ability of parasites to survive doses of drugs that would normally kill
parasites of the same species and stage (Geary et al., 2012). Resistance is inherited and selected for
during treatment, as resistant parasites escape the effect of treatment and pass resistance to the
next generation. The resistance genes that occur through mutation are initially rare in the
population but, as selection continues, their relative proportion in the population increases and
consequently the proportion of resistant parasites increases too.

This study has looked at an alternative approach to dealing with internal parasites — trying to identify
sheep that are themselves more resistant to parasites, hence needing fewer therapeutic treatments
in order to grow efficiently.

Selective breeding based on faecal egg count (FEC) has been adopted by some sheep breeders but
FEC is time consuming, costly and potentially unreliable and the use of immune markers such as
immunoglobulin A (IgA) have been investigated. IgA is produced in the gastro-intestinal tract in
response to challenge from gastro-intestinal nematodes (GINs) and a specific IgA produced in
response to the parasite Teladorsagia circumcincta, (a round worm commonly found in sheep) has
been identified(Strain, 2001) This IgA has been detected in, gastric mucous, blood and saliva. This
study aimed to further assess the reliability of FEC and saliva IgA as indicators of host resistance to
parasites.

Operational group members of the Performance Recorded Lleyn Breeders (PRLB) took faecal and
saliva samples (a total of 4697 and 5281 respectively) from their own sheep in the autumn of 2017
and 2018 to add to the already large dataset being used by Signet Breeding Services to create the
Estimated Breeding Values for FEC and saliva IgA.

At Harper Adams University FEC and saliva samples were collected from 200 ewe lambs in 2017 —
taken on two consecutive days. In 2017 a breeding plan was designed to test the heritability of FEC
and IgA with 180 ewes mated to six high or low FEC and IgA EBV rams. In 2018 samples of faeces and
saliva were taken from 235 lambs from the planned matings and further faeces, saliva and serum
samples taken from 84 of the same lambs over a period of 38 days.

Results from both years showed how variable both FEC and saliva IgA can be from one day to the
next and even between duplicate samples taken on the same day. Ranking of individuals over the
course of the trial was also variable for FEC and saliva IgA but was much more consistent for serum
IgA. This suggests that relying on a single sample for FEC or IgA at one point in time is likely to be
inadequate as an indicator of worm resistance.

The findings from this project have highlighted inconsistencies in both FEC and saliva IgA testing and
guestioned their usefulness in selective breeding. It proposes further research into the use of saliva
IgA for selecting genetically superior animals and that serum IgA may be a more reliable indicator of
host immunity.



1.0 Aim of the project

This project investigates the use of saliva IgA and faecal egg output to improve selection of animals
for resistance to round worms.

The project also aims to use the information to highlight to commercial lamb producers the
importance of selecting rams for improved resistance to roundworms, in the light of increasing
worm resistance to the available anthelmintics.

Research at Glasgow University had indicated that saliva IgA could be used as a new phenotype for
worm resistance. The project therefore proposed to further apply the technology on-farm with the
aim of developing improved ranking of individual animals based on their genetic resistance to
natural roundworms (predominantly infection with Teladorsagia circumcincta).

2.0 The Operational Group

The group was set up in 2013 to bring together like-minded Lleyn breeders who are performance
recording their flocks with Signet Breeding Services, and to promote breed improvement. In terms
of this RDPE EIP project application the group agreed to collect faecal samples for worm egg counts
and to take saliva samples for saliva IgA analysis from their own lambs.

The group is chaired by Richard Evans and the current secretary is Chere Border. Meetings are held
twice a year for the whole group or more frequently if the need arises. Farm walks are organised on
member’s farms and conference calls are arranged as and when needed. George Cullimore is
responsible for technical issues and for submitting claims to AHDB for analytical testing for FEC and
IgA. He is also responsible for liaison with Signet Breeding Services, Glasgow University, Harper
Adams University and The Moredun Institute. A full list of members is shown in appendix 1 and the
terms of reference for the group are shown in appendix 2.



3.0 Literature Review

3.1 Introduction

Gastrointestinal nematodes (GIN) pose a significant threat to the health and welfare of sheep
(Learmount et al., 2018a and b). In 2005 it was estimated that nematodes cost the UK sheep
industry £84 million annually due to cost of treatment and prevention and production losses
associated with reduced live weight gain and poor quality of meat and wool (Nieuwhof and Bishop,
2005). Most farmers rely on anthelmintics to control GINs in sheep; however there has been
widespread development of anthelmintic resistance (AR) in parasite populations (Shaw et al., 2012).
AR is the worm’s ability to survive a normally effective doses of an anthelmintic. It has increased as
a result of selection from overuse of products and from incorrect and unnecessary dosing (SCOPS,
2013).

3.2 Faecal Egg Counting

Faecal egg counts (FEC) are the most commonly used way of assessing the intensity of
gastrointestinal nematode infections (Kenyon, et al., 2016). However, worm egg output does not
necessarily correlate with worm burden for a number of reasons. FECs do not take into account the
developmental stages of the parasite that are not yet producing eggs (Storey, 2015). GIN species
vary in the number of eggs they produce but as most species cannot be differentiated in a FEC, this
can often not be accounted for.

FEC is recognised to lack sensitivity, specificity, reliability and repeatability (Roeber et al., 2012).
Variability in results can be due both to factors associated with the animal (e.g. fluctuation in egg
output over time and aggregation of eggs within faeces) and to factors associated with the
collecting, handling and testing of samples.

Currently there are three commonly used methods of FEC: the traditional McMaster technique, use
of FECPAK and the Flotac method (Bosco et al., 2014).

It should be noted that research conducted by Bosco et al. (2014) was in cattle, rather than sheep,
and as worm egg counts in cattle are generally much lower than in sheep it may not be reasonable
to apply these findings to FECs from sheep. Additionally, the sensitivity results for FECPAK are from
the first generation of technology; the second generation (FECPAK®?) is now the method used but
there is no available literature that has reviewed this.

The Flotac method is the most sensitive, however, Kenyon et al. (2016) found that a McMaster test
at epg sensitivity of 15 produced the same results as the Flotac. It is important to maximise the
sensitivity of the tests to avoid false negatives (Kenyon et al., 2016); Levecke et al. (2011) found that
a McMaster epg sensitivity of 50 produced 36.7% false negatives.

Repeatability ranges from 0.25-0.57 (Stear et al., 1995a; Stear et al., 1995b; Bouix et al., 1998) and is
highest when samples are taken at short intervals. For group sampling Cabaret and Berrag, (2004)



advise that a minimum of ten samples are used and that results are most reliable when over 300
epg.

The literature reveals variation in results; Stear et al., (2009), estimate that 22% of variation can be
attributed to measurement technique including, counting technique (Storey, 2015), variation in
flotation solution, sample dilution, time, choice of slide area (Cringoli et al., 2004) and the amount of
mixing (Morgan et al., 2005). Taylor et al. (2002) found that there is better correlation between FEC
and actual worm burden for some species including Haemonchus species but not others including
Trichostrongylus colubriformis or Teladorsagia circumcinta. Storey, (2015) also found different
correlations between species, however, good correlation was found for Trichostrongylus
colubriformis.

Small sample size reduces test precision (Cringoli, et al., 2004; Bosco et al., 2014). The interval
between sampling and egg counting, the temperature at which the sample is maintained during this
time and the amount of exposure to air will all also affect the count.

The consistency of faeces is a further variable that may have a significant effect on FEC. Diarrhoea
increases faecal moisture and may dilute the number of worm eggs observed. Le Jambre et al.
(2007) suggest that calculating the dry matter of samples and adjusting the sample size according to
faecal moisture may provide an improved estimate of FEC. However, calculating FEC per unit dry
matter may not be practical for industry application.

Genetic factors, for example, host level immunity, will impact on FEC and may account for
approximately 30% of the variation (Stear et al., 2009).

FEC tests have the advantage that they are simple to do, user friendly (Levecke et al., 2011) and,
now with the invention of FECPAK®?, can be done on farm with rapid results (Techion UK Ltd).

3.3 Immunoglobulin A (IgA)

The use of immunological markers has been proposed as a more reliable alternative to FEC to
indicate worm burden and resistance in sheep (Shaw and Sutherland, 2012). Studies have
demonstrated that an increase in immunoglobulins A (IgA), E (IgE) and G (IgG) are associated with a
worm challenge and could therefore be used as potential markers (Murphy et al., 2010; Shaw and
Sutherland, 2012; Arsenopoulos et al., 2017). However, selection for IgE has been associated with
reduced live-weight gain and is less heritable than IgA (Murphy et al., 2010; Shaw et al., 2012). IgA
has been identified as the most abundant (Watt et al., 2015) and useful marker (Stear et al., 1999a)
that is the most important mechanism in controlling worms (Strain, 2001).

3.3.1 The effect of IgA on worms

A number of studies have identified that IgA regulates worm growth, rather than worm number, by
acting on third (L3) and fourth (L4) stage larvae (Stear et al., 1997; Stear et al., 19993, b; Strain et al.,
2002; Henderson and Stear, 2006; Stear et al., 2009; Venturina et al., 2013; Arsenpoulos et al.,
2017).

Harrison et al. (2003a,b and 2008) explain that sheep produce an IgA parasite specific antibody
against a carbohydrate larval surface antigen known as CarLA which is present on the (L3) of
Trichostrongylid species. CarLA IgA can be identified using an ELISA test, therefore ensuring that



elevated levels of IgA are indeed a result of parasitic infection not an alternative cause (Shaw et al,,
2012). The exact response to fourth stage larvae is unknown, but studies demonstrate that the
strongest response in IgA was to L4 (Stear et al., 1995; Strain, 2001). However, the exact immune
defence mechanisms differ between worm species (Henderson and Stear, 2006).

IgA reduces worm length by inactivating metabolic enzymes and suppressing the feeding of the
parasite (Shaw et al., 2012). Worm growth is correlated with worm fecundity, as figure 1 shows,
therefore causing the worms to produce less eggs (Stear et al., 1999; Strain et al., 2002; Stear et al.,
2009; Shaw et al., 2012; Arsenpoulos et al., 2017).
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Figure 1.Relationship between worm length (growth) and fecundity. The dashed lines represent the 95%
confidence limits.

Source: Stear et al., 1997

Stear et al. (1999b) identified three factors affecting worm length variation: strength of the IgA
response, specificity of this response and the density dependence influence of worm numbers. The
combination of these three factors account for 93% of variation in worm length (Strain, 2001).
Whilst it has not been proven that IgA is the controlling mechanism for worm length, these results
suggest that if this is not the case then IgA must be closely associated with an alternative mechanism
and can be used as a marker (Strain, 2001).

3.3.2 IgA amount and specificity
The more IgA produced, the stronger the immune response; Stear et al. (1995) found the correlation

between worm length and peak IgA, on the sixth day post infection, to be 0.96. However, adult
sheep have shorter worms than lambs, therefore by including all age groups of sheep the correlation
will overestimate the relationship for lambs.



Supplementation with protein has been proven to increase IgA production and enhance resistance
to nematodes; the production of IgA requires amino acids and therefore adequate protein in the diet
(Stear et al., 1999c; Strain and Stear, 1999; Arsenpoulos et al., 2017).

The specificity of an IgA response varies enormously between individuals; using Western blot, Stear
et al. (1999) examined over 100 bands of L3 and L4 with no individual sheep being able to recognise
them all. Furthermore, Strain, (2001) explains that only four bands from a total of 99, associated
with T. Cicumcincta, are associated with resistance. Therefore, for a lamb to be resistant it must not
only produce a sufficient amount of IgA but it must also be antigen specific.

3.3.3 Density Dependence
The density of the worm burden is also associated with worm length and therefore fecundity (Stear

et al., 1999b; Strain, 2001; Stear et al., 2009). For every extra 1000 worms, the worm length declines
by an average of 0.1mm. The exact reason for this relationship is unclear, however it is hypothesised
that the competition for resources or a further increase in immune response from the host may
reduce worm length (Stear et al., 2009).

3.3.4 Heritability
The heritability of IgA ranges from 0.46-0.67 (Davies et al., 2005; Strain et al., 2002; Beraldi et al.,

2008; Stear et al., 2009; Shaw et al., 2012), which is higher than FEC, at 0.14-0.33 (Stear et al., 1997;
Bishop et al., 1996; Beraldi et al., 2008; Mpetile et al., 2017). Therefore by selecting for IgA instead
of FEC genetic improvement should be faster, as the model in figure 2 demonstrates (Davies et al.,
2005).
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Figure 2. The decline in faecal egg counts of 10 generations based on selective breeding for
FEC and IgA.

Source: Stear and Nakielny, 2015

Heritabilities for FEC — S and saliva IgA in the Lleyn breed are currently at 0.07 and 0.11 (2018)
respectively and these have fallen compared to the previous year when they were 0.08 and 0.16.



This was disappointing as it would be expected that as more data is gathered heritability should
improve (Signet Breeding Services).

3.3.5IgA and FEC Correlation
Shaw et al. (2012) and Stear and Nakielny (2015) found a negative correlation between salivary IgA

and FEC of -0.45 and -0.81 respectively and therefore suggest that IgA is a useful marker for
resistance (Venturina, et al., 2013). The reason for such a difference between the two studies is
unknown but could be due to breed, method or year. Studies by Strain et al., (2002) and Mpetile et
al. (2015), demonstrate that year has a significant effect on faecal egg counts. Currently, research is
still in its infancy and therefore both IgA and FEC are still required to identify more resistant animals.
However, in the future there is hope that the marker will replace FEC as an indicator of resistance in
sheep.

3.3.6 Sampling method
IgA can be measured in gastric mucus, saliva (Shaw et al., 2012), blood or plasma (Stear et al., 1999).

It should be noted that most of the research papers report on plasma, mucus or blood IgA with very
little evidence of use of saliva. Henderson and Stear, (2006) found a significant correlation of 0.66
between plasma and mucosal IgA. A review of the use of saliva to measure IgA in humans suggests
that there are a number of variables that influence the levels of antibodies in oral secretions. These
include difficulties with reproducibility and standardisation of immunoassays, the impact of flow
rate, acute and chronic stress and protein loss during sample handling (Brandtzaeg, 2007).

Compared to FEC, measuring IgA may be a more hygienic, safer and simpler method to estimate
resistance (Stear et al., 2009). Additionally, IgA could be more sensitive than FEC at detecting
infection as high IgA levels could still identify an infected sheep despite no detectable eggs. Sheep
can still be IgA sampled after anthelmintic treatment making it an easier procedure to integrate into
flock management (AHDB, 2015; Signet, 2015). Finally, the production loss associated with FEC due
to the necessity to wait until a sufficient worm burden has built up may not be as great with the use
of IgA, although animals will still need to be challenged before sampling.

The ability to use saliva samples to assess IgA levels further simplifies sampling procedure as it is less
invasive than blood sampling and can be done by the farmer without veterinary assistance therefore
reducing costs (Shaw et al., 2012). Additionally, compared to collection of individual faecal samples,
Shaw et al. (2012) estimate that it takes approximately two thirds of the time to take saliva samples.
However, a recent study published by AHDB, (2015) indicated that on average it was quicker to
collect faecal samples, although without prior experience of either faecal or saliva sampling it was
the latter that was indeed quicker. Additionally, when the sheep is selected for sampling there may
not be an available faecal sample, whereas, a saliva sample will always be possible, therefore
reducing the handling time required (AHDB, 2015).

3.3.7 Factors correlated with selection for IgA

For breeding for resistance to be successful, the sheep produced must remain productive. There are
various factors that are correlated with parasite immunity that will be discussed.

Sex



Research suggests that females are more resistant than males with Strain (2001) and Stear et al.
(2004) finding that females have higher IgA activity than ram and wether lambs and many papers
proving that females show lower FEC than males (Berger, 1993; Pollott et al., 2004; Abuargob and
Stear, 2014; Mpetile et al., 2015).

Optical Indices

Figure 3. The effect of sex on parasite-specific IgA levels

Source: Strain, (2001)

It was thought that this difference was due to an immunosuppression effect of testosterone,
however with more lambs being castrated very young this now seems unlikely (Berger, 1993);
although it may have some effect as Strain, (2001) found that wether lambs had a higher response
than rigs as figure 3 shows.

The difference could also be due to males having a higher appetite thus consuming a larger amount
of vegetation and therefore ingesting more larvae (Abuargob and Stear, 2014), having a higher
degree of stress due to mating and aggression and therefore more susceptible to infection (Strain,
2001) or could be a positive effect of female hormones (Berger, 1993). This latter hypothesis is
supported by Idris et al. (2012) who suggests that sex may not have any effect on pre-pubertal lambs
and others who did not find any difference between genders until lambs reached puberty at about
six months old (Pollott et al., 2004; Abuargob et al., 2014).

However, not all research has found that gender causes a significant difference (Gauly and Erhardt,
2001; Strain et al., 2001; Good et al., 2006). This could be due to breed differences or age at which
the experiment was conducted; Watt et al. (2016) found that IgA only differed between adult males
and females.

Age

Pagrasitic immunity is acquired, not innate (Stear et al., 1999b; Halliday et al., 2007; Beraldi et al.,
2008). Therefore, as would be expected, lambs have significantly lower IgA levels and higher FEC
results than older sheep (Good et al., 2006; Watt et al., 2016). Specifically, Douch and Morum (1993)
and Smith et al. (1985) found that four month old lambs had significantly higher FEC than 28 and 10
month old sheep respectively and the magnitude of the immune response was lower.



As the lamb matures the animals have a greater capacity to develop immunity (Strain, 2001; Greer
and Hamie, 2016); thus the genetic variation increases as the lambs’ age (Strain, 2001) and can be
expected to be present by six-eight months old (Strain, 2001; Greer and Hamie, 2016); however,
even by one year old the antibody response will not be as high as in an older animal (Watson et al.,
1994).

Greer and Hamie, (2016) hypothesize that immunity is influenced by stage of maturity rather than
age itself; this varied for each species however, the average stage of maturity was found to be 45%
of expected mature bodyweight. This reasoning could further explain the difference between male
and female susceptibility to GIN; when compared at the same age the males will be at a lower
mature stage than the females as they would be expected to reach a heavier mature weight (Greer
and Hamie, 2016).

Breed
Generally, smaller breeds are considered more resistant; this is the result of selection for immunity

rather than production traits (Strain, 2001; Hielscher et al., 2006). For example, Zaralis et al. (2008)
found that Suffolk x Greyface lambs were more susceptible than the smaller Scottish Blackface
lambs and upon infection develop anorexia faster and have a decreased intake of food by 13%.
Additionally, Shetland sheep have been found to be more resistant than Southdown sheep (Golding
and Small, 2009).

There have been few studies conducted on UK sheep breeds however, Good et al. (2006) found that
Texel sheep are significantly (P<0.001) more resistant than Suffolk sheep. This was only significant
once the lambs were over 14 weeks of age. Ahmed et al. (2015) found similar results and explain
that the differences are likely to be due the fact the Texels produce more IgA and that Suffolk lambs
have greater levels of tissue damage as indicated by the level of plasma pepsinogen.

Differences between breeds may also result from differences in grazing behaviour and the number
of sites available for the parasites to colonize (Good et al., 2006).

Growth rate
There is a very limited amount of research on the effect of parasite-specific IgA on growth rate and

weight gain, however, correlations using FEC and growth rate can be used instead. Care must be
taken as correlation between FEC and IgA can vary between studies and ranges from -0.45 to -0.81
as shown previously. Additionally, Shaw et al. (2012), found that salivary IgA was associated with
weight gain whilst the relationship between FEC and growth was poor. Correlations vary within the
literature with many studies finding a negative, and therefore beneficial relationship whilst others
found a positive correlation between IgA or FEC on growth rate; these are summarised in table 2.
The results highlight the effect that different breeds and ages can have. Other reasons for variation
could also include year, location, time of sampling (Pollott et al., 2004; Stear et al., 2004; Abuargob
et al., 2014; Mpetile et al., 2015), litter size, with twins having lower immunity (Stear et al., 1996;
Morris et al., 2000; Stear et al., 2009; Idris et al., 2012) and sire and dam (Strain et al., 2002).



Table 2. Correlation of growth rate and IgA, affected by breed and age

Breed Age Species Correlation FEC or Author
IgA
Scottish 6-7 months T. Circumcincta -0.8 FEC Stear et al.,
Blackface 1999
Scottish 3-6 T. Circumcincta -0.85 FEC Stear etal,
Blackface 1996
Polish 7 months T. Circumcincta, H. | -0.61 FEC Bouix et al.,
Long-wool Contortus 1998
sheep
Merino Weaning, Gastrointestinal -0.20, FEC Eady et al.,
nematodes
10 months, -0.18,
16 months
-0.26
Merino 16 months Gastrointestinal -0.14 FEC Khusro et al.,
nematodes
Merino Upto 18 Gastrointestinal 0.12 FEC Pollott and
months nematodes Greef, 2004
Texel 4-6 months Strongyle species -0.36 t0 -0.02 FEC Bishop et al.,
2004
7-8 months -0.47t0 0.18
Cross bred | Weaning - Gastrointestinal -0.52 IgA Shaw et al.,
(Finnish adult nematodes (saliva) | 2013
Landrace x
Texel) x
Romney
Cross bred | Weaning - Gastrointestinal -0.07 FEC Shaw et al,,
(Finnish adult nematodes 2013
Landrace x
Texel) x
Romney
Romney 100 days Trichostrongylus 0.95 FEC McEwan et al.,

species

1992




Romney Yearling Trichostrongylus 0.03-0.08 FEC Morris et al.,
species. 2000
Haemonchus
Contortus

Whilst the correlations in table 2 generally demonstrate a negative and therefore beneficial
relationship between immunity and growth rate, care should be taken when breeding to not over
select for immunity due to the associated costs (Greer, 2008; Greer and Hamie, 2016). Due to the
production of cells that are largely proteinaceous in nature, immunity beyond a certain level could
mean that protein is prioritized for immune cell production rather than growth and could result in a
15% loss of productivity (Greer, 2008), although supplying a high protein diet could reduce this.
Additionally, Greer, (2008), hypothesizes that the ability to genetically express production traits
could be reduced. However, a study conducted by Shaw et al. (2013) found that selection for IgA was
favourably associated with live weight and could therefore be used as an important indicator for
both resistance and growth; there was however, an unfavourable relationship between Igk and
growth rate possibly due to reasons explained by Greer, (2008). Therefore, the selection for specific
elements of immunity could indeed reduce productivity. There needs to be more research into this

area.
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4.0 Project Proposal

4.1 On 13 commercial farms (2017 and 2018)

On farm sampling of lambs for FEC and saliva IgA when they are approximately 21 weeks of age.
These samples were be taken by the farmers, experienced in the sample collection techniques and in
sheep husbandry, for the purposes of their own flock improvement and happened irrespective of
the work at HAU. Results have been used to strengthen the predicted EBVs for both FEC and saliva
IgA to increase numbers for Signet evaluation.

Faecal grab (minimum of 4g/lamb) and saliva samples (by soaking dental swabs in saliva) were
collected in tandem at each participating farm (13) when lambs were approximately 21 weeks of
age. Estimated sample numbers of 3000 FEC and 3000 saliva each year. Lambs were restrained
briefly, once to collect both samples (see sample collection methods in the appendix).

4.2 Sampling at HAU (2017)

4.2.1 Sampling of 2017 born lambs

To assess repeatability of both FEC and saliva IgA, 200, 2017 born Lleyn lambs at HAU were used for
repeat sampling of faeces and saliva on two consecutive days when around 21 weeks of age. 400
samples for FEC and 400 for saliva IgA. The samples were taken by an experienced shepherd who
had collected similar samples in the past.

4.2.2. HAU progeny test (mating 2017)

180 ewes were mated in groups of 50 to high or low saliva IgA or FEC Estimated Breeding Value
(EBV) rams (see table 3). This should provide an early indication of the economic and physical
impact of genetic selection for parasite resistance on commercial lamb performance. Lambs from
the planned matings were weighed at birth and again at 8 weeks and 21 weeks of age. FEC and
saliva samples were taken from over 200 male and female lambs at approximately 21 weeks of age.

Table 2. Selected sires

Sire Number | Ear Tag Number EBV saliva IgA and | FECEBV Saliva IgA EBV
FECS
1 UK0307675 01401 | High -0.39 0.10
2 UK0307675 03008 | Low 0.43 -0.02
3 UK0307675 03268 | Low 0.21 -0.06
4 UK0309317 03749 | Low 0.05 -0.13
5 UK0325635 00744 | High -0.55 0.12
6 UK0325635 00889 | High -0.55 0.09

4.2.2 Project variation (summer/autumn 2018)



The repeatability of FEC and saliva IgA was disappointing in year 1 when 200 lambs were sampled on
two consecutive days, so the exercise was repeated on a further 84 lambs in 2018. Lambs were
chosen from those born to the six selected sires in the spring of 2018 (HAU progeny test above) and
included 10 female lambs and 4 wether lambs from each sire. It has been suggested that serum IgA
may be a more reliable indicator of worm resistance so blood samples were taken to measure serum
IgA to compare to results for saliva IgA. 12 male lambs were taken to slaughter on day 2 after initial
FEC, saliva IgA and serum IgA samples were taken on day 1 and a further 12 were taken on day 25.
Guts were transported from the abattoir (Euro Quality Lamb at Craven Arms) to Shrewsbury APHA
for worm counting and speciation. The full sampling regime is shown in table 4.

Table 3. Sampling regime autumn 2018

FEC Saliva IgA Serum IgA Worm Speciation
No. lambs No. lambs No. lambs No. lambs
Day1* 84 84 84
3/10/18 84 84
Day 2 12
4/10/18
Day 3 72 72 72
5/10/18
Day 17 72
19/10/18
Day 24 72 72
26/10/18
Day 25 12
27/10/18
Day 31 60 60
2/11/18
Day 38 60 60 60
9/11/18
Total 372 504 276 24

*Day 1 - one FEC sample taken and divided into two for analysis or two
consecutive samples taken.
Day 1 - two dental swabs soaked in saliva for duplicate analysis.

The lambs were weighed on five occasions from birth up to the first day of sampling in order to
calculate a daily live weight gain (DLWG). They were weighed using a Tru-Test XR5000 which was
calibrated before each group weighing.

Table 4. Lamb weighing

Date Age of Lambs

12/02/2018 —18/03/2018 0 months

30/04/18 - 02/05/2018 2 months




30/05/19 - 01/06/18 3 months

25/07/2018 - 30/07/2018 5 months

03/10/2018 7 months

Before sampling could begin FEC tests were carried out to check that lambs had been adequately
challenged by wormes.

Lambs had been significantly challenged by nasal bot flies through the summer of 2018 and hence
needed treatment with ivermectin to resolve the problem. The last treatment was given on 25 July
and sampling for this project began on 3 October.

5.0 Methods

5.1 Sample collection and laboratory analysis

FEC testing: Individual grab samples from the rectum of each sheep were placed in sealed plastic
bags with all air removed and sent to Techion Group Ltd for analysis. Sampling aimed to gather at
least 4 g of faeces per sample to allow for accurate analysis. Sheep that did not produce a large
enough sample were segregated so that they could be sampled again.

In the laboratory, each sample was weighed and mixed with water at a ratio of 1:3. The mixture was
then poured into a sedimenter until the ‘slurry’ line was reached and water was added to the ‘water’
line. The mixture was shaken and left to stand for 30 minutes. The mixture was poured out leaving
approximately 15ml of sediment to which 80ml of saline was added. The solution was then further
mixed and filtered before being pipetted into a FECPAKG2 cassette. Using a FECPAKG2 machine,
digital images of the cassette were taken allowing eggs to be counted remotely. Results were
presented as strongyle eggs per gram and were returned via email.

IgA testing

Individual saliva samples were collected using a dental swab and forceps. This was inserted between
the cheeks and gums and gently manoeuvred for approximately ten seconds to ensure an adequate
qguantity of saliva was collected. Each sample was placed in a 15ml vial and sent to Glasgow
University laboratories (2017) or Moredun Institute (2018). A similar method to a study by Shaw et
al. (2012) was used in this study: saliva was extracted using centrifugation and an enzyme linked
immunosorbent assay (ELISA) measuring optical density (OD) was conducted for the detection of IgA
response to T.circumcincta L3 antigens (see appendix 3 for method). Serum samples (2018) were
analysed using the same method.

A total of 24 male lambs were sent to slaughter in October 2018 and their guts were examined for
worm numbers and speciation at APHA Shrewsbury and Carmarthen.

5.2 Statistical analysis

Data was analysed in Microsoft Excel and Genstat (18" ed). A paired t-test was used to assess the
reliability and repeatability of FEC and saliva IgA samples. Regression analysis was used to observe
the relationship between variable means over the sampling days. Finally, to analyse repeatability on



a more individual basis, Spearman’s Rank Correlation was used. One-way analysis of variance was
performed to determine if sire or EBV had an effect on DLWG, FEC, saliva IgA and serum IgA levels.

Regression analysis was used to determine whether there was a relationship between FEC, saliva IgA

and serum IgA on DLWG from birth to seven months. Results from the first day of sampling,
including the mean FEC and saliva from the duplicate samples taken, were used as this was when IgA
levels and FEC results were predicted to be at their highest before worming on day 3.

6.0 Results

6.1 Results from OG members farms

Members of the Operational Group took samples from their own sheep in 2017 and 2018. The
numbers recorded are shown in table 6.

Table 5. Samples taken on OG members farms

Numbers of samples taken on FEC Saliva
OG member farms

2017 2660 3197
2018 1971 2084

The Lleyn breed has supplied the vast majority of samples for both FEC and IgA for use in Signet
genetic evaluations. Figure 4 shows the numbers of results submitted up to 2019 across breeds.
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Figure 5. FEC samples provided to Signet per annum

Source: Signet Breeding Services, 2019

The planned matings at HAU have improved the connectedness of the HAU flock to other Lleyn
flocks in the OG. The data to support this is shown in appendix 4.



6.2 Sampling at HAU in 2017

At HAU FEC and saliva samples were collected on the 17 and 18 October 2017. On the first day of
collection each sample was labelled with the lamb EID tag number, whilst on the second, to ensure
that laboratory bias did not occur, samples were labelled 001 - 200 and a record was kept of the
corresponding EID tag number so that samples could be matched to the individual sheep. Saliva and
FEC samples were refrigerated prior to postage to the laboratory the next day. Lambs were collected
from a grass field and held in a closed barn for the duration of sampling. Water, but no food, was
provided. Lambs were returned to the same field after the first day of sampling. Animals were able
to graze freely overnight and returned for further sampling the next morning. A race was
constructed using a Prattley sheep handling system that allowed approximately eight sheep to be
sampled in a group. Lambs were retained inside for approximately 8 hours while sampling was
completed for the whole group.

Table 7 shows the mean results from FEC were significantly different (P<0.001) between day 1 and
day 2 (on average by 182 epg) with higher FEC on day 2. 54% of results varied by >180 epg and 46%
varied by <180epg. For IgA there was no significant difference between the means with 28% varying
by <0.1 and 72% varying by >0.10.

Table 3. T-test analysis of the effect of day of sampling on FEC and saliva IgA of ewe lambs

Sample FEC (EPG)(log10) Saliva IgA (OD)
Day 1 sample 356 (2.366) 0.544
Day 2 sample 538(2.611) 0.559
S.E.D. 38.28 (0.0401) 0.0324
P value <0.001 0.646 (NS)

A moderate correlation was found between FEC on days 1 and 2 and between saliva IgA on days 1
and 2 (table 7). However there was no correlation between FEC and IgA on either sampling day. R?
values were all low showing that only 36% and 27% of the variation in sampling days for FEC and IgA

respectively can be explained by the correlation. Figure 5 shows the results graphically.

Table 7. Correlation between sampling days for FEC and IgA

Correlation R’ P
FEC log;oday 1 — FEC logy, day 2 0.596 0.355 <0.001
IgA day 1 — IgA day 2 0.516 0.266 <0.001
FECloglOday1—-IgAday1l 0.019 0.0003 0.797
FEC logl10 day 2 —IgA day 2 0.013 0.0002 0.854
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Figure 5. Correlation matrix between FEC log10 and saliva IgA.

Spearman’s Rank Correlation

Spearman’s rank correlation was used to assess whether results remained in the same order from
one day to the next. The relationship was stronger for FEC than for IgA (table 9).

Table 8. Spearman’s Rank Correlation for FEC and IgA res