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A B S T R A C T   

Gastrointestinal nematodes (GIN) are a major constraint for sheep production. Selection of animals resistant to 
GIN infection is an effective and sustainable control strategy. In this study, the possibility of selection for 
resistance and resilience, as well as potential correlated responses, were evaluated. A total of 256 lambs and 123 
ewes were submitted to two consecutive independent artificial infections with 4,000 infective larvae (L3) of 
Haemonchus contortus. Records of faecal egg count (FEC), packed cell volume (PCV), and body weight (BW) were 
taken serially until day 42 after infection in both challenges. Estimates of genetic parameters were obtained for 
individual records (in lambs) and for overall traits (in lambs and ewes) using mixed models. Phenotypic and 
genetic correlations were estimated between traits in lambs, with genetic correlations being based on estimated 
breeding values (EBVs). In addition, correlations between FEC in lambs and FEC in ewes, as well as PCV in lambs 
and ewes, were calculated. Heritability estimates for FEC in the first and second parasite challenge were, 
respectively, 0.25 ± 0.18 and 0.46 ± 0.19 for lambs, and 0.00 ± 0.09 and 0.20 ± 0.16 for ewes. For PCV, 
heritability estimates were 0.23 ± 0.14 and 0.32 ± 0.16 for lambs and 0.13 ± 0.11 and 0.37 ± 0.18 for ewes. For 
the overall daily weight gain (DWG), the heritability estimate was 0.70 ± 0.21. No significant genetic correlation 
was found between DWG and the other traits, while there was a negative genetic correlation between FEC and 
PCV (-0.70 ± 0.03). Genetic correlations of FEC and PCV between lambs and ewes were 0.36 ± 0.08 and 0.42 ±
0.08, respectively. The results of the present study suggest that selection for low FEC, high PCV and high BW/ 
DWG is possible in Morada Nova lambs. Furthermore, selection for low FEC should have a correlated response on 
PCV (leading to higher PCV), while no correlated response is expected on DWG. Selection for low FEC in lambs 
would, in future generations, lead to higher resistance of lambs and also of ewes. Simultaneous selection for all 
three traits is possible in Morada Nova lambs, which would increase performance, decrease losses due to parasite 
infection and reduce the need for anthelmintic treatments, with beneficial consequences regarding selection 
pressure on parasite populations and productivity.   

1. Introduction 

Haemonchus contortus, along with other gastrointestinal nematodes 
(GIN), threatens the productivity and sustainability of sheep farming 
systems. A high dependency of flock holders on the use of anthelmintics 
and the increasing prevalence of drug-resistant parasites highlight the 

importance of alternative control strategies (Eady et al., 2003; Jackson 
et al., 2009; Veríssimo et al., 2012). 

The selection of animals resistant to gastrointestinal nematodes 
has been successfully implemented in a variety of environments and 
production systems, with faecal egg count (FEC) being the most 
commonly used measure of resistance (Bisset et al., 2001; Goldberg 
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et al., 2012; Brown and Fogarty, 2017). Animals selectively bred for 
low FEC require less anthelmintic treatments and have a lower risk of 
developing clinical nematodiasis (Bisset et al., 2001; Eady et al., 
2003; Kemper et al., 2010). Also, reduced larval contamination of 
pastures can lead to higher weight gain (Bishop, 2012). 

For many tropically adapted sheep breeds, high resistance and resil
ience to GIN infections have been reported (Baker and Gray, 2004). Even 
though native breeds are often considered to be “unproductive”, they can 
show a performance superior to that of commercial breeds in highly 
parasitized environments, due to genotype by environment interactions 
(Baker et al., 2004). The utilisation of adapted breeds, with concomitant 
selection for performance traits, could provide a productive and sustain
able option for flock holders (Baker and Gray, 2004; Bishop, 2012). 

The Morada Nova breed is a naturalized hair sheep breed which 
constitutes an important resource for smallholder flocks in the North- 
eastern region of Brazil. It is characterized by its small size, high adap
tation to tropical climate, high prolificacy, non-existent reproductive 
seasonality, good maternal ability and excellent pelt quality, but also by 
low weight gain and carcass quality (Facó et al., 2008; Lôbo et al., 2011). 
High levels of resistance and resilience to GIN infections have been 
consistently related for this breed (Issakowicz et al., 2016; Toscano et al., 
2019). Also, its ability as a maternal breed in meat production has been 
evidenced (Issakowicz et al., 2016). Therefore, the utilisation of this breed 
could be an option for farmers who face highly contaminated pastures and 
anthelmintic resistance. 

In the present study, genetic parameters for FEC, packed cell volume 
(PCV) and weight gain (WG) were estimated in a Morada Nova sheep 
flock after artificial infection with H. contortus in order to investigate the 
possibility of selection for resistance, and to evaluate the relationship 
between resistance and performance in lambs. 

2. Material and methods 

2.1. Experimental animals and phenotypes 

The experimental site –Embrapa Pecuária Sudeste (CPPSE) in São 
Paulo state, Brazil – is characterized by tropical climate, with a dry season 
typically occurring between May and September each year. Management 
practices and experimental design have been described in detail by 
Toscano et al. (2019). Briefly, data of 123 Morada Nova ewes and 256 
lambs, born in 2017 and 2018, were recorded during two consecutive 
parasite challenges. Two age groups of lambs were formed each year, with 
animals of the same group being weaned and submitted to parasite chal
lenges together. Lambs were kept on pasture with their dams until weaning 
at approximately 100 days of age, when individual FEC, packed cell vol
ume (PCV) and body weight (BW) were recorded and animals were 
drenched with monepantel at 2.5 mg/kg body weight, in order to eliminate 
natural infection (confirmed by two FEC, 7 and 14 days after treatment). 
Fifteen days later (at day 0 of the first parasite challenge – d0-1) lambs 
were orally infected with 4,000 infective larvae (L3) of H. contortus. Re
cords of FEC, PCV and BW were taken serially during the first parasite 
challenge until day 42 after infection, when animals were drenched. After 
another fifteen days, animals were infected for the second time (d0-2), 
with subsequent monitoring of FEC, PCV and BW following the exact 
pattern of the first parasite challenge. Overall, 4 records of FEC (d21, d28, 
d35, d42), 3 records of PCV (d14, d28, d42), and 2 records of BW (d28, 
d42) were obtained during each parasite challenge. In 2018, the 123 
Morada Nova ewes were also submitted to artificial infections, applying 
the same protocol used for lambs. 

2.2. Statistical analysis 

Phenotypic data of FEC and PCV from 256 lambs and 123 ewes were 
used for analyses. Records of BW were only considered in lambs, given 
that the ewe’s BWs remained relatively constant during the experiment, 
as they were not in a growing phase. Descriptive statistics for records of 

FEC, PCV, BW and DWG in lambs and FEC and PCV in ewes are pre
sented in Table 1 and Table 2, respectively. FEC data showed very wide 
distributions and high coefficients of variance, as well as a positive 
skewness. A log-transformation (log10(FEC + 25) was thus performed to 
achieve more symmetrical distributions. For lambs, daily weight gain 
(DWG) between weaning and the last day of the second challenge 
(totalDWG), and individually for each parasite challenge between days 
0 and 42 (DWG1, DWG2), were calculated. 

Preliminary analyses for model definition were conducted using the 
"R" software (R Core Team, 2018), applying a significance level of 0.05. 
Fixed effects were tested in a linear normal model (lm() function) for DWG 
and for analyses of individual sampling dates of FEC, PCV and BW. A 
linear mixed model (lme() function of the nlme package) with maximum 

Table 1 
Descriptive statistics for faecal egg counts (FEC), packed cell volume (PCV), 
body weight (BW) and daily weight gain (DWG) in Morada Nova lambs (n =
256).  

trait recording minimum maximum mean sd CV(%) 

FEC weaning 0 71350 6777 9319 137.51  
d21-1 0 19200 1876 3046 162.40  
d28-1 0 28100 5974 6063 101.50  
d35-1 0 46150 9010 8733 96.93  
d42-1 0 56100 8561 9351 109.22  
d21-2 0 22500 1375 2487 180.91  
d28-2 0 40000 3274 5082 155.20  
d35-2 0 81950 4473 7497 167.61  
d42-2 0 44050 4666 6420 137.61 

PCV weaning 17 45 33.06 4.87 14.74  
d14-1 29 49 36.60 2.92 7.99  
d28-1 22 42 31.38 4.29 13.67  
d42-1 20 41 31.20 4.11 13.17  
d14-2 26 44 35.49 3.02 8.52  
d28-2 19 45 33.09 4.35 13.16  
d42-2 18 44 32.66 4.65 14.24 

BW weaning 8.0 24.5 15.83 2.99 18.88  
d28-1 10.9 32.8 20.32 3.83 18.85  
d42-1 10.9 35.3 21.15 4.14 19.57  
d28-2 12.0 40.0 24.17 4.58 18.94  
d42-2 10.0 40.3 24.51 4.74 19.33 

DWG DWG1 − 0.04 0.19 0.093 0.037 39.27  
DWG2 − 0.05 0.17 0.061 0.032 52.38  
totalDWG − 0.03 0.15 0.078 0.028 35.26 

dxx-y = recording at day xx of the y-th parasite challenge; DWG1 = daily weight 
gain during first parasite challenge; DWG2 = daily weight gain during second 
parasite challenge; totalDWG = daily weight gain from weaning to the end of the 
second parasite challenge, CV = coefficient of variance. 

Table 2 
Descriptive statistics for faecal egg counts (FEC) and packed cell volume (PCV) 
in Morada Nova ewes (n = 123).  

trait recording minimum maximum mean sd CV(%) 

FEC d-14 0 10350 1189 1696 142.74  
d21-1 0 1400 76 183 240.28  
d28-1 0 2600 93 323 349.42  
d35-1 0 10400 220 1060 482.27  
d42-1 0 21300 408 2108 516.30  
d21-2 0 2000 259 440 169.94  
d28-2 0 8400 357 924 258.95  
d35-2 0 9200 632 1398 221.33  
d42-2 0 11800 430 1284 298.47 

PCV d-14 24 44 34.62 3.70 10.70  
d14-1 30 44 36.33 2.72 7.49  
d28-1 28 43 34.57 3.52 10.18  
d42-1 23 43 34.19 3.46 10.11  
d14-2 28 44 34.44 3.16 9.18  
d28-2 28 43 34.55 3.16 9.16  
d42-2 24 44 34.71 3.41 9.82 

d-14 = recording under natural infection 14 days before first artificial infection; 
dxx-y = recording at day xx of the y-th parasite challenge; CV = coefficient of 
variance. 
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likelihood estimation (application of the anova() function on the respec
tive models) was established when fixed effects were tested for analyses of 
repeated measurements of FEC and PCV. Fixed effects of sex, group (2 age 
groups per year, totalling 4 groups), birth type (single or twin), age of the 
dam (1–6), and first-order interactions were tested in lambs. Age at 
sampling and weight of the dam at birth were tested as covariates. For 
ewes, age was tested as a covariate. Whenever significant interactions 
between two fixed effects were detected, contemporary groups including 
both effects were used in genetic analyses. 

For estimation of variance components and genetic parameters, the 
MTDFREML software was employed (Boldman et al., 1995). Univariate 
mixed animal models were implemented for analyses of DWG and in
dividual sampling dates of FEC, PCV and BW. They were based on the 
formula: y = Xb + Z1a +e Where y was a vector of the respective 
observed traits of animals, b, a and e were vectors of fixed effects, ad
ditive genetic effects and residuals, while X and Z1 where the respective 
incidence matrices for fixed and additive genetic effects. 

Univariate animal models of repeated measures were applied using 
FEC and PCV of all sampling dates (AllRepFEC, AllRepPCV), and sepa
rately for sampling dates in the first (RepFEC1, RepPCV1) and second 
(RepFEC2, RepPCV2) parasite challenge using the formula: y = Xb + Z1a 
+ Z2pe + e Where y was a vector of the respective observed traits of 
animals, b, a, pe and e were vectors of fixed effects, additive genetic 
effects, permanent environment effects and residuals, while X, Z1 and Z2 
where the respective incidence matrices for fixed, additive genetic ef
fects and permanent environment effects. For ewes, only the repeated 
measures animal models for FEC and PCV were performed. 

Phenotypic and genetic correlations were estimated between traits 
based on data of lambs and using Pearson’s correlation. Genetic corre
lations were calculated using Estimated Breeding Values (EBVs) from 
analyses of lamb records, according to Lôbo et al. (2009). Genetic cor
relations between FEC in ewes and FEC in lambs were also analysed, 
using EBVs of 146 animals. The same was done for PCV, using EBVs of 
147 animals. For most of these animals, EBVs for FEC and PCV as lambs 
were based on information of progeny, but 37 animals that were born in 
2017 had records taken as lambs (in 2017) and as adults (in 2018). 

3. Results 

Estimates of genetic parameters for FEC, PCV, BW and DWG of lambs 
and for FEC and PCV of ewes are presented in Table 3 and Table 4, 
respectively. Heritability estimates for FEC and PCV under natural 
infection (at weaning in lambs and on day -14 in ewes) did not differ 
significantly from zero. During the first parasite challenge, estimates for 
FEC and PCV were low to moderate in lambs, while estimates of heri
tability in ewes were zero for FEC and low for PCV. During the second 
parasite challenge, heritability estimates for FEC and PCV were mostly 
low to moderate. (FEC: 0.31 ± 0.19; 0.15 ± 0.14; 0.26 ± 0.21; 0.29 ±
0.19; PCV: 0.27 ± 0.24; 0.78 ± 0.23; 0.24 ± 0.19). In lambs, the overall 
heritability estimates for FEC and PCV were higher for the second (FEC: 
0.46 ± 0.19; PCV: 0.32 ± 0.16) compared to the first parasite challenge 
(FEC: 0.25 ± 0.18; PCV: 0.23 ± 0.14). Heritability estimates of BW and 
DWG were mostly high (BW: 0.94 ± 0.21; 0.89 ± 0.21; 0.68 ± 0.22; 0.88 
± 0.20; 0.80 ± 0.21; DWG: 0.70 ± 0.21; 0.39 ± 0.18; 0.44 ± 0.22). 
Standard errors for heritability estimates were generally high. 

Phenotypic and genetic correlations between traits in lambs are 
presented in Table 5. The phenotypic correlation between FEC and BW 
at weaning was not different from zero, while the overall traits (FEC and 
DWG) showed a low negative correlation (– 0.16 ± 0.06). During the 
first challenge, no significant correlation between FEC and BW was 
detected, while a low negative correlation was found for FEC and DWG 
(− 0.17 ± 0.16). For the second parasite challenge, the opposite was 
found – FEC had a significant negative correlation with BW, but not with 
DWG. No significant genetic correlation was found between FEC and 
DWG or BW. The same was true for PCV and DWG or BW. For FEC and 
PCV, phenotypic and genetic correlations were negative and significant. 

A significant genetic correlation was detected between the overall FEC 
in lambs and ewes (0.36 ± 0.08). For overall PCV between lambs and 
ewes it was 0.42 ± 0.08. 

4. Discussion 

The overall heritability estimates for FEC in lambs (0.15 ± 0.10) and 
ewes (0.18 ± 0.14) are comparable to those found in the literature, which 
range from 0.15 ± 0.02 to 0.36 ± 0.09 (Brown and Fogarty, 2017; Aguerre 
et al., 2018; Li et al., 2019; Snyman and Fisher, 2019). Phenotypic ana
lyses of the Morada Nova flock showed that animals could be categorized 
into a resistant, intermediate and susceptible group based on individual 
mean FEC. An increase of resistance parallel to the progression of the 

Table 3 
Estimates (± standard error) of additive genetic variance (σ2a), residual variance 
(σ2e), permanent environmental variance (σ2pe), heritability (h2) and repeat
ability (t) for faecal egg count (FEC), packed cell volume (PCV), body weight 
(BW) and daily weight gain of Morada Nova lambs.  

trait recording σ2a σ2e σ2pe h2 t 

FEC weaning 0.00 0.46  0.00 ± 0.07   
overall trait 0.10 0.46 0.11 0.15 ± 0.10 0.31  
challenge 1 0.19 0.26 0.29 0.25 ± 0.18 0.65  
challenge 2 0.30 0.20 0.16 0.46 ± 0.19 0.70  
d21-1 0.19 0.37  0.34 ± 0.28   
d28-1 0.02 0.48  0.03 ± 0.08   
d35-1 0.02 0.41  0.05 ± 0.09   
d42-1 0.03 0.42  0.07 ± 0.12   
d21-2 0.15 0.33  0.31 ± 0.19   
d28-2 0.07 0.40  0.15 ± 0.14   
d35-2 0.11 0.31  0.26 ± 0.21   
d42-2 0.11 0.28  0.29 ± 0.19  

PCV weaning 0.87 14.19  0.06 ± 0.10   
overall trait 2.34 14.29 1.13 0.13 ± 0.08 0.20  
challenge 1 3.97 10.21 3.32 0.23 ± 0.14 0.42  
challenge 2 5.10 9.32 1.32 0.32 ± 0.16 0.41  
d14-1 3.07 5.73  0.35 ± 0.22   
d28-1 0.28 12.85  0.02 ± 0.07   
d42-1 1.99 10.98  0.15 ± 0.14   
d14-2 1.98 5.40  0.27 ± 0.24   
d28-2 12.14 3.42  0.78 ± 0.23   
d42-2 2.80 8.83  0.24 ± 0.19  

BW weaning 7.70 0.45  0.94 ± 0.21   
d28-1 12.20 1.57  0.89 ± 0.21   
d42-1 10.34 4.87  0.68 ± 0.22   
d28-2 17.15 2.42  0.88 ± 0.20   
d42-2 16.50 4.14  0.80 ± 0.21  

DWG totalDWG 0.0004 0.0002  0.70 ± 0.21   
DWG1 0.0005 0.0008  0.39 ± 0.18   
DWG2 0.0004 0.0005  0.44 ± 0.22  

dxx-y = analysis of records of day xx of the y-th parasite challenge; totalDWG =
daily weight gain from weaning to the end of the second parasite challenge; 
DGW1/DWG2 = daily weight gain during first/second parasite challenge. 

Table 4 
Estimates (± standard error) of additive genetic variance (σ2a), residual variance 
(σ2e), permanent environmental variance (σ2pe), heritability (h2) and repeat
ability (t) for faecal egg count (FEC) and packed cell volume (PCV) of Morada 
Nova ewes.  

trait recording σ2a σ2e σ2pe h2 t 

FEC d-14 0.00 0.48  0.00 ± 0.17   
overall trait 0.07 0.24 0.09 0.18 ± 0.14 0.40  
challenge 1 0.00 0.10 0.17 0.00 ± 0.09 0.63  
challenge 2 0.10 0.26 0.14 0.20 ± 016 0.48 

PCV d-14 0.00 13.93  0.00 ± 0.12   
overall trait 2.65 7.14 1.68 0.24 ± 0.13 0.38  
challenge 1 1.42 7.14 2.66 0.13 ± 0.11 0.36  
challenge 2 3.98 5.16 1.55 0.37 ± 0.18 0.52 

d-14 = analysis of records under natural infection 14 days before first artificial 
infection. 
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experiment was shown in intermediate and susceptible lambs, for which a 
decrease in FEC was detected in the second compared to the first challenge 
(Toscano et al., 2019). Estimated genetic parameters indicate that this 
increase in resistance is based on genetic mechanisms, as the overall 
heritability of the first challenge (RepFEC1) was lower (0.15 ± 0.10, 4–5 
months old), than that of the second challenge (RepFEC2; 0.45 ± 0.19, 
6–7 months old). A drop in heritability in lambs after weaning (3 months 
(weaning): 0.20 ± 0.05; 4 months: (0.15 ± 0.05), Li et al., 2019); (3 
months (weaning): 0.29 ± 0.01, 8 months: 0.19 ± 0.01, Brown and 
Fogarty, 2017) has been reported under natural mixed infection. After two 
artificial infections with H. contortus, however, Assenza et al. (2014) re
ported an increase in heritability (0.21 ± 0.06 first challenge (3 months) 
0.55 ± 0.09 second challenge (4 months)), indicating that the rise in 
heritability could be due to exposure to the parasite, rather than an effect 
of age. 

Despite a considerable level of infection (mean FEC of 6777), heri
tability of FEC at weaning was zero (0.00 ± 0.07). Given that significant 
heritability estimates of resistance were found in other breeds at three 
months of age (Brown and Fogarty, 2017; Li et al., 2019), it seems un
likely that Morada Nova lambs did not mount any genetically deter
mined immunity at a similar age. A response that was equal to all 
individuals and therefore did not possess any genetic variation could be 
an explanation (Bishop et al., 1996) 

Heritability estimates of PCV in lambs increased during the experi
ment, following a pattern similar to that of FEC, suggesting common 
underlying mechanisms of FEC and PCV. Estimates ranging from 0.12 to 
0.39 were reported in literature (Vanimisetti et al., 2004; Lôbo et al., 
2009; Oliveira et al., 2018). At weaning, under natural infection, when 
there was no genetic variation in FEC, estimates for heritability of PCV 
was also close to zero, indicating that genetic variation in PCV is caused 
by the animal’s responses to parasites. 

FEC and PCV heritability estimates in ewes increased over time, 
with estimates not being different from zero under natural infection. 
Higher estimates were found in the second, compared to the first 
challenge, similar to the situation in lambs. This is remarkable because 
adult animals are continually exposed to natural infection on pastures 
and show high levels of resistance and resilience in the face of this 
continuous exposure (Toscano et al., 2019). Rams artificially infected 
with H. contortus also had a higher heritability in a second (0.35 ±

0.08) than in a first (0.14 ± 0.04) parasite challenge (Aguerre et al., 
2018), but these animals were housed indoors, and had probably had 
little exposure to the parasite before the artificial infection. We 
conclude that there are response mechanisms to parasites in Morada 
Nova ewes under natural infection, but that they are largely common 
to all individuals and therefore do not show genetic variability. The 
artificial infection probably triggers an additional response, which is 
differently expressed among the animals. 

The low precision of most estimates in this study could be explained by 
the relatively low number of animals evaluated, compared to other studies 
(Brown and Fogarty, 2017; Li et al., 2019; Snyman and Fisher, 2019). 
Other authors estimated genetic parameters using animal numbers com
parable to those of the present study (n = 200 (Bishop et al., 1996); n =
386 (Vanimisetti et al., 2004); n = 119 (Lôbo et al., 2009)), one of which 
found high standard errors as well (Bishop et al., 1996), while Vanimisetti 
et al. (2004) reported p-values lower than 0.05. Lôbo et al. (2009) did not 
give standard errors or p-values. Using repeated measures models had a 
favourable effect on precision, with slightly lower standard errors. 

The negative phenotypic correlations between FEC and PCV found in 
this study were stronger than those reported by Oliveira et al. (2018; – 
0.27 ± 0.03) and Lôbo et al. (2009; 0.28; positive correlation due to the 
use of transformed values for FEC values, which inversed the scale of 
data). Lôbo et al. (2009) and Aguerre et al. (2018) did not detect a sig
nificant genetic correlation between FEC and PCV, while Oliveira et al. 
(2018) found a correlation of – 0.57 ± 0.12. The negative genetic corre
lations found in the present study suggest that mechanisms controlling 
FEC and PCV under H. contortus challenge are predominantly the same. 

Phenotypic and genetic correlations of resistance with performance 
should be accessed prior to selection, in order to estimate phenotypic 
effects of resistance on performance, as well as possible correlated re
sponses. Phenotypic correlations estimated in this study showed that 
animals with high FEC had lower DWG during the first artificial infec
tion (– 0.17 ± 0.06). The subsequent negative correlation between FEC 
and BW during the second parasite challenge was most likely a result of 
the lower weight gain during the first challenge. In the second parasite 
challenge, however, DWG was not significantly influenced by FEC. An 
increased level of resilience could have occurred in the second compared 
to the first challenge, with lambs being able to maintain their growth 
rate despite infection levels. Genetic correlations between FEC and BW 
or DWG were not significantly different from zero, indicating that no 
correlated response on performance is to be expected in the case of se
lection for resistance. 

The significant genetic correlation of FEC in lambs and ewes (0.36 ±
0.08) indicates that selection of animals based on FEC in lambs would not 
only lead to lower FEC in lambs of future generations, but also in future 
ewes. A similar situation was found for PCV, with a genetic correlation of 
0.42 ± 0.08 between PCV of lambs and ewes. While Vanimisetti et al. 
(2004) found no significant genetic correlation of FEC between lambs and 
ewes, Goldberg et al. (2012) reported a high correlation of 0.81 ± 0.11. 
One reason for these diverging results could be the physiological status of 
the animals: the study by Goldberg et al. (2012) was conducted on peri
parturient ewes, while Vanimisetti et al. (2004) used ewes infected 70 
days after lambing. The correlation between FEC or PCV in lambs and 
ewes in the Morada flock investigated in the present study might be 
stronger during the periparturient phase of ewes. 

Because of the very low heritability estimates of most FEC records 
taken during the first parasite challenge, the conduction of two parasite 
challenges is considered necessary for estimation of breeding values for 
FEC in the Morada Nova sheep flock. Furthermore, EBVs obtained from 
records of the second challenge (RepFEC2) are more informative than 
FEC of the overall model (AllRepFEC). 

5. Conclusion 

Although precision was low for estimates of genetic parameters in the 
present study due to restricted animal numbers, the estimates found were 

Table 5 
Phenotypic (rp) and genetic (rg) correlations (± standard error) at weaning, for 
overall traits, per challenge and on individual sampling dates, according to 
phenotypic values and estimated breeding values (EBVs), between the traits 
faecal egg count (FEC) and body weight (BW) or daily weight gain (DWG), 
packed cell volume (PCV) and BW or DWG, and FEC and PCV in Morada Nova 
lambs.  

recordings FEC and BW or DWG PCV and BW or 
DWG 

FEC and PCV  

rp rg rp rg rp rg 

weaning − 0.00 ±
0.06 

− 0.02 ±
0.05 

0.33 ±
0.061 

0.00 ±
0.05 

− 0.39 ±
0.061 

− 0.30 ±
0.051 

overall 
traits 

− 0.16 ±
0.061 

0.01 ±
0.05 

0.27 ±
0.061 

− 0.05 ±
0.05 

− 0.64 ±
0.051 

− 0.70 ±
0.031 

challenge 
1 

− 0.17 ±
0.161 

− 0.02 ±
0.05 

0.17 ±
0.061 

− 0.01 ±
0.05 

− 0.64 ±
0.051 

− 0.79 ±
0.031 

challenge 
2 

− 0.05 ±
0.06 

− 0.02 ±
0.05 

0.08 ±
0.06 

− 0.06 ±
0.05 

− 0.67 ±
0.041 

− 0.73 ±
0.031 

d28-1 − 0.07 ±
0.06 

0.01 ±
0.05 

0.17 ±
0.061 

0.00 ±
0.05 

− 0.67 ±
0.041 

− 0.85 ±
0.031 

d42-1 − 0.07 ±
0.06 

0.04 ±
0.05 

0.29 ±
0.061 

0.01 ±
0.05 

− 0.51 ±
0.051 

− 0.48 ±
0.041 

d28-2 − 0.14 ±
0.061 

0.02 ±
0.05 

0.37 ±
0.051 

− 0.05 ±
0.05 

− 0.59 ±
0.051 

− 0.51 ±
0.041 

d42-2 − 0.20 ±
0.061 

0.03 ±
0.05 

0.25 ±
0.061 

0.01 ±
0.05 

− 0.61 ±
0.051 

− 0.68 ±
0.041  

1 Correlations significantly different from zero (P < 0.05).  
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in accordance with literature and our findings are therefore genuine. Se
lection for FEC, PCV and DWG under parasite challenge should thus be 
possible in lambs of the Morada Nova flock investigated. Selection for low 
FEC in lambs would lead to higher resistance of lambs and ewes in future 
generations. No evidence of a favourable or unfavourable correlated 
response of selection for FEC on BW or DWG was found. Thus, the genetic 
potential for performance would not be compromised. However, lower 
infection levels should be favourable to performance due to negative 
phenotypic correlations between these traits. Selection of animals more 
resistant and resilient to GIN would decrease the need for treatments and 
thus slow down the development of resistant parasites, while reducing 
costs, facilitating management and promoting sustainable production. 
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