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Introduction
Gastro-intestinal nematodes (GIN) are a major constraint in sheep breeding and cause
substantial economic losses (Mavrot et al., 2015). Genetic selection for resistance to GIN as a
complementary control strategy to anthelmintic treatments is of interest as resistance of
nematodes to these molecules is now widespread (Geurden et al., 2014).
In several countries, selection for parasite resistance is based on fecal egg counts
measured in natural infections on pasture (Bisset et al., 2001). In France, parasite infectious
pressure on pasture is variable because of variations of climatic conditions. Consequently, an
experimental design has been developed to evaluate the resistance of the young rams involved
in the breeding programs. The efficiency of this design to select resistance of ewes in pasture
was assumed based on previous knowledge showing a high correlation between resistance to
experimental and natural challenges and resistance to different parasites (Gruner et al., 2004a;
2004b) and high genetic correlations between adult sheep and lambs (Bouix et al., 1998). But
no previous study allowed direct evaluation of the genetic correlation between young rams
resistance in experimental conditions and the resistance of ewes at different physiological
stages in natural conditions.
The aim of this paper is to explore this genetic correlation in the Blond-faced Manech
dairy breed, reared in the South West of France, before implementing experimental parasite
infections to select rams to improve dairy ewes resistance in farms.

Material and methods
Rams dataset
Between 2008 and 2016, fecal egg counts (FEC) and losses in packed cell volume (PCV) of
603 rams of the breeding organization of Blond-faced Manech were recorded following two
successive experimental infections with Haemonchus contortus of the “Humeau” strain. The
rams were naïve at the beginning of the experiment and kept indoors. They were 2 or 3 years
old when inoculated with infective doses of 3,000 to 7,500 larvae in first and second
infections. FEC and PCV loss were measured 30 days after each infection then the rams were
given an oral drench of ivermectine (0.2 mg/kg of body weight, Oramec© Merial) to eliminate
the infections. The two infections were separated by 15 days recovery time.
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Female offspring dataset
Four hundred Blond-faced Manech ewes, female offspring of 103 of 603 rams, were selected
in 7 flocks to be measured for FEC and PCV in natural conditions. On average, 57 ewes per
flock were measured (from 51 to 66 ewes). The average number of offspring per ram was 3.9.
The ewes were 2 to 4 years old. They were exposed to natural GIN infections i.e. mainly
Haemonchus contortus, Teladorsagia circumcincta, Trichostrongylus axei and
T.colubriformis, Cooperia curticei and Oesophagostomum venulosum (Jacquiet et al., 2004).
The phenotypes were recorded three times a year (spring, summer and autumn) in 2015 and
2016. The ewes were phenotyped three times on average (1 to 6 sampling dates for each
ewe). For each trait, a total of 1,312 measures were available.
Sample analysis
FEC were determined using a modified MacMaster technique (Raynaud, 1970) with a
sensitivity of 15 eggs per gram. PCV was measured from each blood sample collected in
EDTA coated tubes after centrifugation in microhematocrit tubes at 10,000 rpm for 10
minutes.
Data analysis
A fourth root transformation was applied to correct FEC data for over dispersion.
For the ram dataset, a linear mixed model using age and infectious group as fixed
effects was used to analyze FEC and PCV loss data. For the female offspring dataset, a
random regression model was used to take into account the repeated measures of FEC and
PCV. The tested fixed effects for the female offspring were the age, the flock, a combination
of the year and season and a combination of the treatment (eprinomectin, ivermectin,
oxfendazole, doramectin or moxidectin) and the number of days between the date of
treatment and the sampling date (less than 70 days, between 70 and 100 days, more than 100
days).
Genetic, permanent environment and residual variances were estimated by average
information restricted maximum likelihood using AIREMLF90 (Misztal, 1999) in multitrait
analyses to compute heritabilities, genetic and phenotypic correlations. The pedigree files
contained respectively 2,907 animals for the ram dataset and 2,054 animals for the female
offspring dataset.

Results and discussion
With the ram dataset, the heritability of FEC estimated was low in first infection but FEC
were moderately heritable in second infection (0.14 and 0.35 respectively) as reported by
previous studies (Assenza et al., 2014) (Table1). These two traits were highly correlated with
a genetic correlation of 0.92. With the female offspring dataset, the heritability of FEC in
natural conditions was lower (0.18) consistent with other studies on dairy ewes in natural
conditions (Sechi et al., 2009; Gutiérrez-Gil et al., 2009) (Table 2).
With the ram dataset, the genetic correlation between FEC and PCV loss was high in
first infection (0.86) but lower in second infection (0.16) (Table 1). With the female offspring
dataset, the estimated genetic correlation between FEC and PCV measured in natural
condition of infection was not significantly different from 0 (Table 2).
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Table 1. Genetic and phenotypic parameters estimated from rams in experimental infections.
root_FEC_inf1 root_FEC_inf2 PCV_loss_inf1 PCV_loss_inf2
0.14 ± 0.04
root_FEC_inf1
0.92 ± 0.08
0.86 ± 0.09
0.11 ± 0.34
0.35 ± 0.08
root_FEC_inf2
0.34 ± 0.04
0.66 ± 0.20
0.16 ± 0.35
0.24 ± 0.05
PCV_loss_inf1
0.25 ± 0.04
0.22 ± 0.04
0.07 ± 0.32
0.18 ± 0.06
PCV_loss_inf2
0.03 ± 0.04
0.27 ± 0.04
0.01 ± 0.04
Heritabilities in bold, genetic correlations above the diagonal and phenotypic correlations below the diagonal.

Table 2. Genetic and phenotypic parameters estimated from ewes in natural infections.
root_FEC
PCV
0.18 ± 0.04
root_FEC
-0.12 ± 0.54
0.12 ± 0.08
PCV
-0.09 ± 0.03
Heritabilities in bold, genetic correlations above the diagonal and phenotypic correlations below the diagonal.

An original result in our study was the genetic correlations of 0.71 and 0.56 between
FEC measures of the ram dataset in experimental infections and FEC of the female offspring
dataset in natural infections (Table 3). The correlation between sires genetic values based on
their own FEC measured after second infection and sires genetic values based on the FEC of
their offspring was also estimated and was 0.87 (Figure 1).
Table 3. Genetic parameters for the FEC measured in the 603 experimentally infected rams
and the FEC measured in the 400 naturally infected ewes.
root_FEC_inf1
root_FEC_inf2
root_FEC
0.12 ± 0.004
root_FEC_inf1
0.93 ± 0.002
0.71 ± 0.008
0.37 ± 0.008
root_FEC_inf2
0.56 ± 0.01
0.19 ± 0.006
root_FEC
Heritabilities in bold and genetic correlations above the diagonal.
1 root_FEC_inf1 and root_FEC_inf2 are the fourth-root transformed values for FEC measured in the 603
experimentally rams in first and second infection respectively
2 root_FEC: FEC values after fourth-root transformation measured in the 400 naturally infected ewes

Figure 1. Correlation between the sires genetic values based on their own FEC following the
second experimental infection and the sires genetic values based on their female offspring
FEC measured in natural infections.
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root_FEC: FEC values after fourth-root transformation measured on the 400 naturally infected dairy ewes
fourth-root transformed FEC values measured on the 603 experimentally infected rams

2 root_FEC_inf2:

Conclusion
Our findings indicate that selecting rams for resistance in experimental infections is an
efficient way to increase resistance to GIN in naturally infected ewes in pastures. However,
before routinely implementing selection for parasitism resistance in breeding schemes, further
studies are needed to check the absence of unfavourable genetic correlation between milk
production traits, reproduction traits and longevity and parasite resistance traits.
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