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Abstract
Context. It has been indicated that there might be an antagonism between selection for gastrointestinal nematode

resistance and high productivity and feed conversion efficiency in ruminants.
Aims. This study aimed to determine whether genetic selection for resistance to gastrointestinal nematodes would

alter the feed intake and feed efficiency of sheep with or without an infection of Haemonchus contortus.
Methods. Sixty-seven Corriedale lambs (357 � 14 days old) derived from flocks genetically selected to be resistant

(n = 29) or susceptible (n = 38) to gastrointestinal nematodes (GIN) were evaluated for individual dry-matter intake
(DMI), feed conversion ratio (FCR) and residual feed intake (RFI). Considering bodyweight (BW), GIN line and sires,
males were allotted to one of three outdoor pens and females to one of two, each pen being equipped with five
automated feeding systems and two automatic weighing platforms to record individual feed intake and BW. Feed
(lucerne haylage, crude protein 20.5%, metabolisable energy 9.2 MJ/kg DM) and water were offered ad libitum. The
experiment was conducted in two periods. First, animals were maintained worm-free (14 days of acclimatisation and
44 days of records) and then, in Period 2 (42 days), animals were artificially infected with 6000 L3 of Haemonchus
contortus. Worm egg counts were recorded on Days 9, 23, 27, 30, 42 post-infection. While DMI, FCR, average daily
gain and BW were analysed using a generalised linear model including dams age, pen and GIN line as fixed effects, RFI
was analysed including only GIN line.

Key results. In both periods, GIN line did not have a significant (P > 0.05) effect on DMI, FCR, RFI, average daily
gain or BW. Worm egg count was different (P < 0.05) on Day 23 post-infection (Period 2), being higher in susceptible
line.

Conclusions. The most important finding of this study is that breeding GIN-resistant animals would not have a
negative effect on feed conversion efficiency when evaluated as FCR or RFI in 1-year old lambs fed ad libitum with
a high-protein diet.

Implications. Breeding for resistance to internal nematodes does not affect feed efficiency or productivity.
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Introduction

In Uruguay individual worm egg counts (WEC) are used for
the genetic evaluation of resistance to gastrointestinal
nematodes (GIN) in sheep. The objective is to contribute to
genetically improve productivity by breeding animals more
resistant to GIN, on the basis of expected progeny difference
(EPD) for WEC, reducing the use of chemical drugs and
contamination of pastures with gastrointestinal nematodes
(Castells 2008). Infection by GIN decreases animal
voluntary feed intake (Parkins and Holmes 1989) and
promotes changes in the metabolism of proteins, energy and
some minerals to increase the immune response at the

intestinal level. Reduced body growth, wool production and
reproductive performance have been attributed to reduced feed
intake and greater demand for nutrients by the immune system
(Walkden-Brown and Kahn 2002). In particular, increased
protein requirements have been observed. Furthermore, this
higher demand of nutrients varies with animal genetic
resistance to GIN, age and GIN challenge, with resistant
lambs having higher requirements of energy (4%) and
protein (5%) when they were GIN challenged (Liu et al. 2005).

Favourable and unfavourable genetic correlations between
resistance to GIN and productive traits have been reported. In
Corriedale, negative (favourable) genetic correlations have
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been estimated between fleece and bodyweights with WEC
(Castells 2008), although these associations were unfavourable
according to Morris et al. (2000). Estimates in Merino show no
genetic association or were unfavourable (Eady et al. 2003;
Safari et al. 2005). Masters and Ferguson (2019) concluded in
their review that sheep producing high fleece weights would be
less able to supply the increased demand of nutrients necessary
for an adequate immune response to infections.

Genetic selection of animals for a greater production
associated with a greater feed efficiency may reduce the
available resources for the animal to respond to all the
demands of the immune system, ontogenic growth, social
behaviour and reproduction (Greer 2008; Rauw 2012). This
type of focussed selection can reduce the ability of the
individuals to respond to stressors and adapt to changing
environmental conditions, leading to an increased risk of
diseases and, ultimately, a poorer robustness of the animal.
Selection for more productive sheep, in terms of heavier body
and fleece and finer fibre diameter, is indicated by the genetic
trends of the Corriedale breed in the Uruguayan genetic
evaluation (www.geneticaovina.com.uy). Consequently, an
increase of feed intake might be expected as a correlated
response (Fogarty et al. 2009). Considering the relevance of
feed costs in the production system and the potential genetic
variation of feed conversion efficiency, including this trait
in current genetic evaluations is an alternative to decrease
feed costs without reducing production performance
(Cammack et al. 2005; Paganoni et al. 2017).

Previous reviews indicated that there might be an
antagonism between selection for high productivity and
increasing feed conversion efficiency and metabolic process
linked with health traits, which may lead to metabolic changes
reducing robustness (Greer 2008; Rauw 2012; Cantalapiedra-
Hijar et al. 2018). However, some studies in sheep have
reported favourable consequences on feed intake and wool
and body growth of genetic resistance to GIN (Doyle et al.
2011), although mechanisms explaining animal performance
might be different among GIN lines. Our hypothesis was
that animals genetically resistant to GIN would not present
differences in feed intake, productive performance and feed
conversion efficiency from susceptible animals, when they are
free of parasite infection. However, they would have a lower
feed conversion ratio (FCR) and residual feed intake (RFI)
under a parasite challenge with Haemonchus contortus.

Materials and methods

The experiment was conducted at INIA’s Experimental Unit
La Magnolia, located in Tacuarembó, Uruguay (31�4203200S,
55�4903600W). All applied protocols were approved by INIA
Animal Ethics Committee (Approval numbers INIA_2018.2
and INIA_2018.3).

Animals and experimental design
This study included 67 Corriedale lambs (41 non-castrated
males; 26 females) from two genetically divergent selection
lines (GIN lines; resistant (R), 29; susceptible (S), 38) for GIN
resistance, based on animal selection by WEC EPD (Castells
2005). In 1998, the Uruguayan Wool Secretariat initiated a

genetic program to develop divergent lines for resistance to
GIN in the Corriedale breed, in which breeding animals were
selected for high and low WEC EPD. The first R and S
progenies were born in 2000 and 2003 respectively
(Castells and Gimeno 2011). Lambs evaluated in our study
were born in 2017 and were sired by three rams from the R line
and two rams from the S line, with 6–31 progeny per sire.
Males represented 63% and 61% of the animals of the R and S
line respectively.

Lambs grazed together from birth until the onset of the
experiment and were exposed to natural paddock infection of
GIN. Three WEC were performed between weaning and the
experiment, as part of the data recording for the genetic
evaluation. Although there are no stool cultures of all WEC
of these lambs, previous studies (Castells 2008; Goldberg et al.
2012) and our own data (surveyed in the stud-flocks since
2017) indicate that the most prevalent nematode is
Haemonchus sp., followed by Trichostrongylus sp. Average
WEC EPD of the R lambs was in the bottom 1% of the
population genetic evaluated, while for the S lambs, the
average EPD was in the highest 25% (Table 1). No
differences (P > 0.05) were found between GIN lines for
fleece weight, fibre diameter or twinning rate EPDs;
however, animals from S line had higher EPD for bodyweight.

Within the present experiment, two consecutive feed
efficiency trials were conducted, without and with parasite
challenge. In the first period, animals were kept worm-free,
by drenching them at the beginning with a combination of
0.1% abamectin with 1% derquantel (Startect®, Zoetis,
Montevideo, Uruguay) at a dose of 1 mL/5 kg of bodyweight
(BW), in accordance with the individual BW. Ten days later,
aWEC analysis was performed and it confirmed that lambswere
free of GIN. In Period 2, a second feed efficiency trial was
conducted, in which animals were artificially infected. The
parasite challenge was performed by an artificial infection
with 6000 L3 larvae of Haemonchus contortus, through a
daily oral dose of 2000 L3 for three consecutive days (Days
0–2, D0–D2). Mono parasite-specific strains were recovered
from faecal not stool culture by using the Henriksen and
Korsholm technique (Fiel et al. 2011). After D0,
FAMACHA� (for monitoring the animals; Van Wyk and
Bath 2002) was performed on Days 9, 17, 23, 30, 37 and 42
along with an individual WEC on Days 9, 23, 30, 37 and 42,
by using the modified McMaster technique (Roberts and

Table 1. Average expected progeny difference (�ds) for yearling
bodyweight, greasy fleece weight, fibre diameter, staple length and

twinning rate by GIN line (resistant, susceptible)
Means within a row followed by different letters are significantly different

(at P = 0.05)

Trait GIN line
Resistant Susceptible

Yearling bodyweight (%) 1.04 ± 2.22b 2.68 ± 1.39a
Greasy fleece weight (%) –2.55 ± 2.26 –1.55 ± 2.46
Fibre diameter (m) 0.18 ± 0.39 0.09 ± 0.40
Twinning rate (%) 29.6 ± 1.15 30.3 ± 0.77
WEC (Log WEC) –0.43 ± 0.11b 0.05 ± 0.07a
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O’Sullivan 1949). At the end of Period 2, all animals were
drenched with an oral anthelmintic (Raider®, Cibeles,
Montevideo, Uruguay; 0.2% ivermectin and 8% levamisole)
according to their BW (dose 1 mL/10 kg of BW). To study
differential responses after infection, on the basis of the prepatent
period of the parasite (Méndez y Cabo 1980), Period 2 was
divided into two subperiods (2.a and 2.b), with Period 2.a being
from D0 to D23 and Period 2.b from D24 to D42 post-infection.

Feed efficiency trials in Periods 1 and 2
Individual feed intake and BW were recorded automatically
during the feed efficiency trials. Considering sex of the lamb,
BW, GIN line and sires, the lambs (RFID-tagged) were
allotted to one of five outdoor pens of 150 m2 (minimum
12.5 m2 per animal), with access to shade (roof), food and
water ad libitum. The floor of the pens consisted of an area of
concrete under the roof and an area of dirt without pasture.
Because males were non-castrated, they were allocated in three
pens, while females were in two separated pens. Both GIN
lines (proportionally) and more than one sire were represented
in each pen. To diminish dominance and to help shy feeders to
express potential feed intake, heavy lambs were separated
from light animals in different pens.

Each animal was monitored daily, visually and throughout
an online software that identified the entrance of the lamb to
the feeder and the trough (which was associated with a scale to
automatically record BW). Each pen had five individual
automated feeders and two weighing platforms (Intergado®,
Belo Horizote, MG, Brazil) that were equipped with an
electronic tag reader, precision scale, and were connected to
a central computer, allowing the control of dry-matter intake
(DMI) and BW of the animals on a daily basis. The feed
offered was haylage of lucerne (Festín®: DM, 38%; crude
protein, 20.5%; metabolisable energy, 9.2 MJ/kg DM; neutral
detergent fibre, 42.9%; acid detergent fibre, 35.4%).

In Period 1, a 58-day feed efficiency trial was conducted,
including 14 days of acclimatisation to feed and facilities, and
44 days of records. Lambs were 357 � 14 days old at the
beginning of the experiment, at the start of the acclimatisation,
and the average BWs were 28.5� 4.5 kg and 26.5 � 3.3 kg for
males and females respectively. In Period 2, the feed efficiency
trial started immediately after Period 1 and lasted 42 days,
given that the animals were already acclimatised. Male and
female lambs began the second period test with an average BW
of 34.3 � 6.2 and 32.4 � 5.3 kg respectively.

Measurement of rib-eye area and fat thickness
Measurements of rib-eye area (REA) and fat thickness (FT)
were performed at the end of each period. The animals were
scanned with an Aloka SSD 500V W/2X real-time scanner
(Tokyo, Japan) using a 3.5 MHz linear probe (UST-5511U-
3.5, 18 cm, Aloka, Tokyo, Japan). The probe was placed
perpendicular to the spine between the thoracic vertebrae 12
and 13, before each measurement, the wool of the lamb was
separated, and vegetable oil was used as a coupling between
the skin and the probe. Once a satisfactory image was obtained
on the site, it was captured on video. Subsequently, REA and
FT were measured by image analysis with BioSoftToolbox®II

for Beef C 2007–2012 (Biotronic, Inc. Software, Aspen, IA,
USA).

Statistical analyses and calculations
The ADG was calculated by linear regression of the daily BW
records during the period of each feed efficiency trial; the
model of the regression equation corresponds with y = b0 +
b1x, where y = daily BW (kg), b0 = regression intercept, b1 =
average daily gain (kg/day); x = experimental day. FCR was
calculated as FCR = observed DMI (kg/day) / ADG (kg/day),
expressed in kg of DM/kg BW gain.

The model used to calculate RFI (Koch et al. 1963) was,
y = BW0.75 + ADG + DA + Pen + e (RFI), where y = observed
average daily DM feed intake, BW0.75 is the metabolic average
BW (kg, covariate), ADG is the average daily gain, previously
calculated by linear regression (g/day, covariate), DA is the
effect of the dam’s age (4 levels), Pen is the effect (5 levels) of
the pen (includes the effect of sex) and RFI is the residual error
(difference between the observed and expected DMI). Data on
REA and FT were not included in the model because
preliminary analysis indicated that they were not significant
(data not shown).

Evaluated traits (DMI, FCR, ADG, BW0.75, REA and FT)
were analysed using a generalised linear model (GLM) that
included DA, Pen and GIN line, as fixed effects. RFI was
analysed only including GIN line as fixed effect and for REA
and FT at the end of each period; the initial measures of the
period were utilised as covariates. Additionally, the WEC data
at different days post-infection (9, 23, 30, 37 and 42 days) were
normalised by the following logarithmic transformations:
LogWEC = Loge(WEC+50), and analysed with a repeated-
measures model (compound symmetry structure) with the
fixed effects of DA, Pen, Days post infection, GIN line and
the interaction of Day and GIN line. Statistical analyses were
performed using software SAS program version 9.4 for
Windows (Copyright � 2012 SAS Inst., Cary, NC, USA).
The Tukey test was used to compare the means with an a of
5% of significance. Four animals were removed from the
dataset, two presented FAMACHA� 4 (anaemic) at D37
and were drenched, and the other two were considered
outliers for feed conversion efficiency (atypical FCR with
r2 for ADG of <0.38).

Results

Residual feed intake did not differ between the GIN lines in the
two periods studied (P > 0.05), without and with parasite
challenge. The FCR in both periods, with or without infection,
did not differ between R and S animals (P > 0.05). However, in
Period 2, with H. contortus infection, R animals tended to have
a lower FCR than did S ones, 8.0 and 11.1 respectively
(P = 0.074). There were no statistical differences in DMI,
ADG or final BW and FT in the two periods (P > 0.05;
Tables 2, 3). The average DMI of all lambs was 0.99 and
1.14 kg of DM/day for Periods 1 and 2 respectively. REA at the
end of Period 2 was larger in S lambs than in the R group
(P < 0.05). In WEC evaluation, only the GIN line has no
significant effect (P > 0.05), all the other factors (DA, Pen, Day
post infection and the interaction Day and GIN line) had a
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significant effect (P < 0.01). Comparing the GIN lines on
the same day post-infection, S animals presented a higher
WEC (P = 0.0001) than did R animals only on Day 23, with no
significant differences in WEC on Days 9, 30, 37 and 42
(Fig. 1). Back-transformed values of LogWEC indicated that
WEC values on Day 23 were 976 and 1772 for the R and S
lines respectively, while on Day 37, these values were 4557
and 4186 WEC for the same lines.

Discussion

The first part of our hypothesis that animals genetically
resistant to GIN would not present differences in feed

intake, productive performance and feed conversion
efficiency when they are free of parasite infection was
accepted. However, the argument that GIN-resistant animals
would have lower feed conversion efficiency than susceptible
animals under a parasite challenge with Haemonchus
contortus was not supported by the results obtained here.

The GIN lines did not show differences on RFI or FCR
regardless of the presence or absence of GIN. Therefore, it
can be assumed that breeding sheep more resistant to GIN
would not affect feed conversion efficiency, implying, for
instance, that the costs of immunity or of the disease were not
relevant enough to affect RFI, DMI or ADG in our study. Our
results are supported by Liu et al. (2005) andDoyle et al. (2011),

Table 2. Residual feed intake (RFI, kg/day), feed conversion ratio (FCR, kg dry-matter intake (DMI)/kg of
bodyweight (BW) gain), DMI (kg DM/day), average daily gain (ADG, g/day), bodyweight (BW, kg) rib-eye
area (REA, cm2) and fat thickness (FT, cm) of GIN lines in period without infestation with H. contortus

(Period 1)
Values are means � s.e. BW, REA and FT at the beginning of Period 1 were included in the model as covariates of

final Period 1 BW, REA and FT respectively. DA, dam’s age. n.a., not applicable

Trait GIN line P-value
Resistant Susceptible P DA Pen

RFI 0.02 ± 0.018 –0.02 ± 0.016 0.116 n.a. n.a.
FCR 9.0 ± 0.62 7.6 ± 0.75 0.161 0.732 0.791
DMI 0.97 ± 0.036 0.98 ± 0.044 0.969 0.472 <0.0001
ADG 123 ± 0.90 143 ± 0.11 0.168 0.378 0.362
Initial BW 27.1 ± 0.53 27.7 ± 0.64 0.483 0.860 <0.0001
Final BW 33.9 ± 0.46 34.7 ± 0.54 0.292 0.395 0.610
Initial REA 4.9 ± 0.18 4.4 ± 0.22 0.117 0.651 0.001
Final REA 5.9 ± 0.17 5.5 ± 0.22 0.124 0.503 0.079
Initial FT 1.3 ± 0.06 1.2 ± 0.07 0.372 0.330 0.134
Final FT 1.4 ± 0.07 1.4 ± 0.09 0.932 0.291 0.119

Table 3. Residual feed intake (RFI, kg/day), feed conversion ratio (FCR, kg dry-matter intake (DMI)/kg of
bodyweight (BW) gain), DMI (kg DM/day), average daily gain (ADG, g/day), bodyweight (BW, kg) rib-eye area
(REA, cm2) and fat thickness (FT, cm) ofGIN lines in periodwith infestationwithH. contortus (Periods 2a and 2b)
Values are means� s.e. BW, REA and FT at the beginning of Period 2 were included in the model as covariates of final
Period 2BW,REAandFT respectively.Meanswithin a row followed by different letters are significantly different (atP=

0.05) between the GIN lines. DA, dam’s age; n.a., not applicable

Trait GIN line P-value
Resistant Susceptible P DA Pen

RFI 0.01 ± 0.021 –0.01 ± 0.019 0.334 n.a. n.a.
FCR 8.0 ± 1.05 11.1 ± 1.28 0.074 0.987 0.774
FCR a 8.1 ± 0.87 8.6 ± 0.97 0.713 0.792 0.234
FCR b 7.3 ± 5.29 15.1 ± 6.44 0.364 0.772 0.364
DMI 1.13 ± 0.042 1.12 ± 0.051 0.849 0.961 0.003
DMI a 1.15 ± 0.043 1.15 ± 0.052 0.970 0.833 0.001
DMI b 1.11 ± 0.042 1.07 ± 0.051 0.635 1.000 0.017
ADG 144 ± 0.90 123 ± 0.11 0.144 0.982 0.814
ADG a 143 ± 0.11 134 ± 0.14 0.629 0.145 0.567
ADG b 166 ± 0.17 130 ± 0.20 0.199 0.593 0.304
Initial BW 32.9 ± 0.73 34.3 ± 0.89 0.230 0.606 <0.0001
Final BW 40.4 ± 0.39 40.0 ± 0.45 0.450 0.822 0.299
Initial REA 6.0 ± 0.24a 5.2 ± 0.29b 0.027 0.451 0.005
Final REA 6.9 ± 0.15b 7.4 ± 0.18a 0.040 0.041 0.901
Initial FT 1.4 ± 0.07 1.4 ± 0.09 0.945 0.370 0.051
Final FT 2.1 ± 0.09 1.9 ± 0.11 0.310 0.744 0.507
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who reported that increased genetic resistance to GIN did not
have any unfavourable consequences on animal performance
(BW gain, fleece weight, wool growth) or voluntary feed intake,
thus not affecting feed conversion efficiency with or without
parasite challenge. Interestingly, in our study in Period 2, after
animals were challenged, a tendency for an improved feed
conversion efficiency was observed in those animals less
susceptible to the disease. The tendency for a greater feed
conversion into animal product in R lambs could be a
consequence of spared energy after a less intense immune
response to infection, particularly a reduced intestine cellular
response and proliferation (Gill et al. 1992; Greer et al. 2005)
compared with that observed in S animals. Indeed, Poppi and
McLennan (2010) explained that parasitised animals have
extra requirements of amino acids and show inefficiencies
in the use of protein and energy, because they must prioritise
reparation of digestive tract, replacement of plasma and
mucous proteins and develop an immune response to
parasites. In summary, even though a tendency for an
improved FCR in GIN-resistant animals was detected, the
most important finding of the present study is that breeding
GIN-resistant animals would not have a negative effect on feed
conversion efficiency when evaluated as FCR or RFI.

It has been suggested that the development of GIN
immunity in sheep is metabolically more expensive than the
subsequent expression of immunity (Wagland et al. 1984).
This might also explain the lack of differences between S and
R animals. The lambs in our experiment were 1-year old when
immunity would be already established (Cuquerella 1992). If
this experiment were conducted with younger lambs, the
results could have been different. Indeed, the parasite
immunity (known as protection) starts to develop between 6
and 9 months of age (Donald and Waller 1973). At this age, it
could have been possible to find differences in animal
performance and feed conversion efficiency, since large
amount of nutrients are used for the development of
immunity. In accordance with our results, experiments
conducted with 10- and 18-month-old Merino wethers of
divergent lines (Liu et al. 2005) indicated that without
parasitic challenge, the cost of immunity was not large
enough to alter the performance of the animals.

In addition to the effect of age and cost of immunity, it has
been observed that high levels of crude protein in the diet
(e.g. 19%) might minimise the effects of parasites (Datta et al.
1998; Steel 2003). In GIN infection, access to high dietary
protein improves the immune response, since parasitised
animals allocate more protein for mucoprotein production
and replace detached epithelial cells (Liu et al. 2005) than
do worm-free animals or animals with low parasite loads. This
protein is diverted from production processes to give priority
to maintenance, synthesis of proteins in plasma and blood,
repair and integrity of the mucous membranes of the
gastrointestinal tract and maintenance of the immune
response (Parkins and Holmes 1989; McRae et al. 2015).
The access of animals to diets with high protein would
benefit consumption, in addition to conferring better
resilience to susceptible animals (Kahn et al. 2003) by
increasing protein synthesis (Kyriazakis et al. 1994; Doyle
et al. 2014). Our animals were fed a diet with a high protein
content (20.5%) and that might explain why R and S animals
presented no differences in WEC counts from D23 to D42. The
initial different response (D23), can be partially attributed to
differences in the immune system response between the GIN
lines. In this sense, Escribano et al. (2019), working with the
same divergent lines of sheep, found that the earlier response
to infection of R animals is related to higher levels of IgA in
saliva and plasma, along with a more developed
T-helper 2 lymphocyte response and a greater cytokine
production from the beginning of the infection, while the
immune response is developed 3 weeks after infection in S
line. Supporting this, Liu et al. (2005) found that R animals
had an immune response developed earlier (after infection),
with a higher proportion of globulin in relation to albumin than
in S animals. Moreover, they also reported that the increased
nutrient demands to the parasite challenge of R sheep is
modulated by the age, being irrelevant in elder sheep. Also,
it has to be considered that three consecutive doses of 2000 L3
larvae of Haemonchus contortus used in our experiment would
not be as effective to express the differences to GIN resistance
between GIN lines as would natural infections of trickle or
continuous infections with smaller doses of larvae throughout
Period 2 (Emery et al. 2016). In summary, despite the large
difference in WEC EPD (Table 1) and in phenotypic WEC
(data not shown) measured from weaning to the start of study
between GIN lines, differences on animal performances and
WEC (after infection in Period 2) were not substantial. Animal
age and the diet could have mediated to minimise the
phenotypic expression of the divergent selection on GIN
infection and animal performance.

At the end of the Infection Period 2 (after parasitic
challenge) BW, BW gain and FT were not different
between the GIN lines, but REA was affected by the
nematode infection and, therefore, affected body
composition of the animals. This particular result might be
explained, first, by the genetic correlations between WEC and
weight traits that have been reported to be not significantly
different from zero or, when significant, they are favourable
(negative; Brown and Fogarty 2017; Hollema et al. 2018).
Similarly, small significant favourable correlations of muscle
and fat traits with WEC have been estimated, although not
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Fig. 1. Evolution of WEC, expressed as LogWEC, for GIN line after
parasite challenge in Period 2. Different letters indicate a significant
difference (P < 0.05) between WEC LSMEAN on that specific line and
day. Error bars represent the 95% confidence interval of the LS MEANS.
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always being different from zero. However, evidence of
genotype by environment interaction has been reported for
WEC and muscle depth in sheep (Pollott and Greeff 2004).
Variations in larval challenges is one of the environmental
factors explaining differences in the genetic correlations
between those traits. In low-burden environments, selection
for genetic resistance to WEC would not affect muscle
development, while in high-burden environment, it could be
favourably affected (Pollott and Greeff 2004). In our study, as
expected, average WEC EPD of R and S animals were
significantly different, as they were in the top 1% and
lower 75% of the Uruguayan Corriedale genetic evaluation.
In addition, in Period 2, worm burden in the first 30 days was
similar to that considered as low-medium WEC environment
by Pollott and Greeff (2004), while in the last 12 days, it would
be a high WEC. Therefore, a positive genetic correlation
between REA and WEC in a low-burden environment can
partially explain the larger REA of GIN-susceptible animals.

Second, the largerREAofS lambs at the end of Period 2 could
be explained, at least partially, by differential portioning of
nutrients between the GIN lines. Because of a nematode
infection, protein and energy requirements of sheep increase,
and a differential response could be expected by R and S lambs.
Liu et al. (2005), comparing unselected and selected GIN
resistant animals, found a larger increase in protein (5%) and
energy (4%) requirements in the line resistant to GIN, as
previously stated. Those extra requirements of R animals, in
addition to an earlier immune response (Escribano et al. 2019)
expressed by a smaller WEC at D23, might indicate a different
portioning (trade-off) of nutrients towards offsetting parasite
infection. Partitioning of nutrients is affected by nematode
infection, which reduces metabolisable protein supply,
increasing protein demand, decreasing protein deposition and
rates of protein synthesis in wool and muscle (Coop and Sykes
2002). Therefore, an earlier immune response associated with
extra requirements of R sheep may explain the different muscle
development between the GIN lines detected here.

This study has provided additional evidence that selection
for resistance to GIN may not have negative effects on DMI,
ADG, BW and feed conversion efficiency measured as FCR or
RFI in 1-year old animals fed with a high-protein diet.
Although animals from divergent lines selected for 17 years
by GIN resistance were evaluated here, further research
considering larger number of animals and sires, younger
ages, different diets, continuous (trickle) infections and
periods of evaluation, overcoming some of the constrains of
this study, will contribute to enhancing the understanding of
the associations among these traits.
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