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A B S T R A C T

Morada Nova is a Brazilian hair sheep breed that is well adapted to the country’s mainly tropical climate and has
good potential for meat and leather production. This breed is reported to be resistant to Haemonchus contortus
infection, a highly desired characteristic due to the large impact of this parasite on sheep farming. Therefore, the
present study aimed to characterize 287 recently weaned Morada Nova lambs and 123 ewes in relation to their
resistance against H. contortus. The animals were dewormed and 15 days later artificially infected with 4000 H.
contortus L3 (D0). They were individually monitored by periodic assessment of fecal egg count (FEC), packed cell
volume (PCV), and live weight (LW). On D42, the sheep were again dewormed and submitted to a new parasitic
challenge, following the same scheme. The animals of each category (lambs and ewes) were ranked according to
individual mean FEC values, and classified as resistant (R, 20%), intermediate (I, 60%), or susceptible (S, 20%)
to H. contortus infection. At weaning, high FEC were observed in all three phenotypes (P > 0.05). After the
artificial infections, there was a significant difference (P < 0.05) among the three lamb phenotypes for the
mean FEC (R < I<S), PCV (R > I> S), and LW (R = I>S). The infection levels (FEC) were negatively
correlated with PCV (r = -0.66; P < 0.001), and LW (r = -0.30; P < 0.001). Despite this, the lambs were
resilient, since more than 88% of these animals maintained the PCV above 24%, even when heavily infected. The
importance of selective parasite control before weaning to reduce the negative impact on slaughter weight was
evidenced, taking into account the high positive correlation between LW at weaning and final LW (r = 0.73;
P < 0.001). The ewes, in turn, were strongly resistant to the parasite. Despite highly significant differences
(P < 0.001) for mean FEC between phenotypes (R < I< S), 98% of the ewes maintained FEC below 4000
EPG. Their health was not affected, since PCV and LW did not differ between phenotypes, and these parameters
were not significantly correlated with FEC (P > 0.05). With the phenotypic characterization performed here, it
is possible to introduce procedures for parasite control in Morada Nova flocks, facilitating the target-selective
treatment approach. The results of this study can also support improvement of meat production by the Morada
Nova breed.

1. Introduction

Gastrointestinal nematode (GIN) infections are considered the main
constraint of sheep farming, especially in tropical countries. Economic
losses are high as a result of the decline in productivity and fertility,
mortality of heavily infected animals, and large expenses for anthel-
mintics (O’Connor et al., 2007). Among these parasites, Haemonchus
contortus, a highly pathogenic species, has the greatest clinical and

economic importance in Brazil (Cavalcante et al., 2009; Chagas et al.,
2013). Due to the enormous biotic potential of this parasite, and the
favorable climate in most of Brazil, it has high prevalence in sheep
flocks, including in São Paulo state (Amarante et al., 2004; Chagas
et al., 2008).

Another major obstacle to sheep farming is the increasing resistance
of GINs to anthelmintics. Due to the inappropriate use of these drugs,
neglecting the biology and epidemiology of parasites, this resistance is
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already widespread to many of the available active principles (Coles
et al., 2006; Almeida et al., 2010; Veríssimo et al., 2012). Monepantel, a
recent and expensive drug, is the only alternative for GIN control in
many Brazilian flocks, despite recent reports of resistance to this che-
mical group as well (Cintra et al., 2016; Albuquerque et al., 2017;
Martins et al., 2017).

GIN-infected animals have three basic phenotypes in relation to
establishment of the host-parasite relationship: resilient, resistant or
susceptible (Woolaston and Baker, 1996). Resilient animals are those
capable of remaining healthy and productive despite high levels of in-
fection, that is, they can tolerate the damages caused by parasitism
(Albers et al., 1981; Bisset et al., 2001). Resistance is the host immune
system’s ability to prevent or reduce the occurrence of parasitic infec-
tion, preventing the establishment of infective larvae and/or rejecting
those already implanted (Albers et al., 1987). Susceptibility, in turn, is
the absence of resistance or resilience, resulting in inability to prevent
infection and the consequences of parasitism, such as decrease in pro-
duction and health (Woolaston and Baker, 1996). Both resistant and
resilient phenotypes have been studied regarding genetic selection of
sheep, in order to avoid the high losses caused by H. contortus para-
sitism (Albers et al., 1987; Bishop et al., 1996; Assenza et al., 2014).

Selecting resilient animals is a controversial subject. In theory, the
selection of animals with this phenotype would allow a harmonic host-
parasite interaction, maintaining good productive levels even when
heavily infected. However, due to high fecal egg counts (FEC), these
animals are important sources of pasture contamination with infective
larvae, a situation particularly damaging to naturally susceptible ani-
mals, such as lambs and females in peripartum (Albers et al., 1987). In
addition, selecting sheep for resilience to H. contortus infection would
be the same as breeding animals capable of living with constant he-
morrhaging (Le Jambre, 1994). Under heavy infections, inadequate
nutritional status or pathophysiological conditions that result in im-
mune suppression, these individuals could become susceptible and
suffer the consequences of parasitism, such as sudden death due to
hyperacute haemonchosis (Amarante et al., 2004; Burke and Miller,
2008). Nevertheless, the estimated heritability of resilience to H. con-
tortus in sheep is extremely low (0.09 ± 0.07), so good genetic pro-
gress would be hard to achieve (Albers et al., 1987).

Selection of hosts resistant to GINs, in turn, is widely accepted as an
effective alternative control method, and FEC assessment in natural
(Bisset et al., 2001) or artificial infection (Aguerre et al., 2018) is the
main phenotypic tool to classify GIN resistant sheep. By harboring
fewer parasites, resistant animals do not suffer the consequences of
infection, and their lower FEC allows a significant reduction of pasture
contamination (Woolaston and Baker, 1996; Bisset et al., 1997). In
addition, the need for anthelmintic treatments is significantly reduced,
thus maintaining the efficacy of the active principles and reducing the
selection of resistant parasites. In this respect, several studies have
obtained successful results for the identification and selection of GIN-
resistant sheep, even with initially susceptible breeds (Woolaston et al.,
1990; Bisset et al., 1996; Gruner et al., 2002). Moderate heritabilities
for this characteristic (0.2 to 0.5), measured by FEC, suggest potential
for genetic progress of flocks (Bishop et al., 1996; Assenza et al., 2014;
Aguerre et al., 2018).

In general, sheep breeds adapted to tropical conditions are very
resistant to GINs, an important trait due to the impact of these parasites
on the sheep industry (Amarante et al., 2004; Rocha et al., 2005). In
this context, the Morada Nova breed, naturalized and traditionally
raised in Northeast Brazil, stands out among others. One study com-
pared the performance of two GIN-resistant sheep breeds, Morada Nova
and Santa Inês, naturally infected with H. contortus. The parasitism had
a low impact on the health of the ewes of both breeds, especially the
Morada Nova breed, which had the lowest FEC and highest packed cell
volume (PCV) 30 days after lambing, which is a very critical period due
to the increased infection levels (Issakowicz et al., 2016). This breed has
other extremely desirable characteristics, such as rusticity, excellent

adaptation to the tropical climate due to hundreds of years of natural
selection, sexual precocity and prolificacy, lack of reproductive sea-
sonality, excellent maternal ability, and high meat and leather quality
(Facó et al., 2008; Gomes et al., 2013).

Due to the good potential of the Morada Nova breed, we carried out
a pilot study (Chagas et al., 2015) to evaluate the GIN resistance of this
breed compared to others raised in the Embrapa Southeast Livestock
Research Center (CPPSE/Embrapa Pecuária Sudeste – São Carlos, SP).
During the whole experimental period, the Morada Nova flock was very
resistant to natural H. contortus infection, showing very low infection
levels, with mean FEC of 158.8 ± 436.6 eggs per gram of feces (EPG),
in addition to higher mean PCV (36.3 ± 2.6%) compared to the other
breeds: Santa Inês (29.5 ± 1.9%), Dorper (25.9 ± 3.3%), and Texel
(26.9 ± 1.4%). These results, along with the lack of research on
Morada Nova sheep, led to the present study, which aimed to evaluate
the level of resistance through phenotypic markers, in order to char-
acterize the resistance variability within and between categories (lambs
and ewes).

2. Material and methods

2.1. Experimental animals and management

The present experiment was conducted in the Morada Nova flock of
CPPSE/Embrapa, maintained in the municipality of São Carlos, São
Paulo state, Brazil. Experimental sheep flocks from CPPSE are routinely
monitored and the parasite control occurs by target-selective treatment
(TST) when animals present with FEC≥ 4000 EPG, and/or PCV ≤ 20%
and/or Famacha score ≥ 4 (Chagas et al., 2014).

A total of 123 Morada Nova ewes, between 2 and 9 years of age,
were mated with 4 rams, in two naturally controlled mating seasons of
60 days, in 2016 and 2017. From this breeding, 151 lambs were ob-
tained in the first mating season, born between April and May 2017,
and 136 lambs in the second season, born between March and May
2018. Therefore, a total of 287 Morada Nova lambs were obtained, 146
males and 141 females, with birthweights between 1.10 kg and 4.20 kg
(average of 2.74 ± 0.58 kg). Of these animals, 208 came from single
births, 76 from twin births and three from triple births.

The ewes were raised together in a field covering 3 ha of pre-
dominantly Aruana grass (Panicum maximum cv. Aruana), in a rota-
tional grazing system with 12 paddocks, fertilized in the summer with
100 kg/ha of urea every 50 days. In the summer (rainy season), the
ewes were fed exclusively in pasture, and in the dry season they were
supplemented with corn silage or grass silage plus pelleted citrus pulp.
Water and mineral salt were provided ad libitum throughout the ex-
periment. The suckling lambs were kept with their mothers, and fed in a
creep feeding system, from 10 days of age until weaning, with con-
centrate composed of 58.8% milled corn kernels, 39% soybean bran,
1.2% calcitic limestone and 1.0% mineral salt for sheep. The broma-
tological composition of this diet consisted of 85% dry matter (DM),
22.2% crude protein (CP), 71.8% total digestible nutrients (TDN),
0.63% calcium and 0.43% phosphorus. The concentrate was initially
supplied in a ratio of about 0.5% of live weight (LW) per day, gradually
increasing to 1.5%. At approximately 100 days of age (average of
98.67 ± 8.95 days), the lambs were weaned and transferred to four
paddocks with approximate area of 960 m2 covered with star grass
(Cynodon sp.). The animals were separated by sex and lot (month of
birth, in each experimental year). Food management was the same as
for the ewes. No anthelmintic treatment was given to lambs prior to
weaning, and ewes were dewormed at lambing.

2.2. Assessment of parasitological, blood and productive parameters

Immediately after weaning, fecal samples were collected from the
287 lambs in order to perform FEC (Ueno and Gonçalves, 1998). They
were treated with monepantel (Zolvix®, Novartis) at 2.5 mg/kg body
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weight, in order to eliminate natural infections (confirmed by two FEC,
7 and 14 days after treatment). After 15 days, the lambs were artifi-
cially infected with 4000 H. contortus L3, from an isolate susceptible to
different anthelmintic groups (Echevarria et al. (1991)), following the
recommendations of the World Association for the Advancement of
Veterinary Parasitology (Wood et al., 1995). Fecal samples were col-
lected individually for FEC at D0, D21, D28, D35, and D42. Blood
samples were collected biweekly for determination of PCV on D0, D14,
D28, and D42.

After D42 of the first artificial infection, the lambs were once again
dewormed with Zolvix®, and after 15 days, subjected to a new parasitic
challenge with 4000 L3 of the same H. contortus isolate previously de-
scribed, following the same sampling method. Although the pasture was
kept free of animals for 3 months before the beginning of the experi-
ment, the animals were also subject to natural infection by parasites.
Therefore, fecal cultures (Roberts and O’Sullivan, 1950) from a feces
pool were performed at weaning and on D42 of each parasitic chal-
lenge, and the infective larvae recovered from the cultures were iden-
tified as described by Keith (1953).

In order to evaluate the productivity of lambs, they were weighed at
birth, at weaning and on D0, D28, D56, D84, and D112, counted from
the first parasitic challenge. Considering the age difference between the
growing lambs, the live weight (LW) was adjusted in relation to the
oldest lamb of each lot, considering the average daily weight gain
(DWG) and the age difference (Δage), in days, between that lamb and
the oldest one, on that weighing date. The adjusted live weight (LWADJ)
was calculated by the formula: LWADJ = LW + DWG ∙ Δage.

Immediately after weaning of the lambs, individual fecal samples
were collected from the 123 Morada Nova ewes, and FEC were per-
formed in order to evaluate their natural GIN infection status. Fecal
culture from a feces pool was also performed, as described for the
lambs. On this same collection date, these animals were dewormed with
monepantel at 2.5 mg/kg body weight, and 15 days later were experi-
mentally infected with 4000 H. contortus L3 of the same isolate used for
the artificial infections of the lambs. The ewes were submitted to per-
iodic blood and feces collection, and weighing, in two parasitic chal-
lenges, following the same procedures and timeline described for the
lambs.

2.3. Phenotypic classification

At D42 of the second parasitic challenge, the animals were ranked
based on the individual mean FEC between the two parasitic challenges,
excluding post-deworming values (D0 of each challenge). From each
category (lambs or ewes), the 20% of the flock with the lowest mean
FEC values were phenotypically classified as the resistant group (20%),
the 20% with the highest mean FEC values as the susceptible group, and
the 60% remaining 60% as the intermediate group. Resistant, inter-
mediate or susceptible lambs remained in their respective phenotypic
groups even when ranked based considering only on mean FEC values
for the first or only the second challenge. Therefore, the mean FEC
between the two parasitic challenges was chosen for the phenotypic
classification. Fig. 1 represents the experimental design adopted for the
phenotypic classification of the lambs and ewes.

2.4. Statistical analysis

The FEC values of the lambs and ewes were subjected to a Box-Cox
analysis, and then transformed into (FEC + 1)0.37, in order to normalize
the model residuals and stabilize the variances. The FEC (transformed),
PCV, and LW/LWADJ were analyzed with linear mixed effects models,
with repeated measures of the same animal. For lambs, the model in-
cluded the fixed effects of phenotype, sex, birth type, parasitic chal-
lenge, and interactions. The variable “animal” nested in “lot” was in-
cluded as the random effect. For the ewes, the fixed effects included in
the model were phenotype, age, parasitic challenge, and interactions.

The variable “animal” was included as random effect. In all models, an
autoregressive order 1 variance-covariance matrix was adopted, se-
lected by the Akaike (AIC) and Bayesian (BIC) information criteria. The
least square means were compared by the Tukey test. To correlate the
variables, the Pearson correlation coefficient was calculated. All ana-
lyses were performed using the statistical package RStudio (version
1.1.463), with 5% significant level, and the graphs were plotted using
GraphPad Prism (version 7.0a). The results are reported as arithmetic
means (± standard errors) of untransformed data.

3. Results

3.1. Analysis of lambs

3.1.1. Natural infection state
At weaning, the 287 lambs had natural infections, with FEC ranging

from 0 to 71350 EPG, mean and standard deviation of 6643 ± 8994
EPG. Eggs of Strongyloides papillosus, Moniezia sp. and oocysts of Eimeria
spp. were observed in the feces of several animals. Fecal culture re-
vealed predominance of the genus Haemonchus (96.4%), followed by
Cooperia (2.1%), and Trichostrongylus (1.5%). A total of 137 lambs
(47.74%) had FEC higher than 4000 EPG, the cutoff point for de-
worming normally used for monitoring the CPPSE sheep flocks. PCV
ranged from 17% to 45%, with an average of 33.05 ± 4.87%. Among
the 137 lambs with FEC higher than 4000 EPG, only 11.68% (n = 16)
had PCV below the normal range for sheep (PCV ≤ 24%). That is,
88.32% of these heavily infected animals maintained the PCV within
the parameters of normality for the species. The weaning LWADJ of the
lambs ranged from 6.55 kg to 27.20 kg, with mean LWADJ of
17.59 ± 3.54 kg. Fig. 2 shows the frequency distribution of the 287
lambs for FEC, PCV, and LWADJ at weaning.

3.1.2. Parasitological parameters: fecal egg counts
The infection levels at weaning were influenced by sex (P < 0.05),

where males had higher mean FEC (7431.96 ± 811.98 EPG) than fe-
males (5843.48 ± 705.14 EPG). Although there was no difference
among the three phenotypic groups (P > 0.05), the proportion of
lambs that would be dewormed at weaning according to the TST was
different. Of the 137 lambs with FEC ≥ 4000 EPG, 16.06% (n = 22)
belonged to the resistant group, 62.04% (n = 85) to the intermediate
group, and the remaining 21.90% (n = 30) to the susceptible group.
Separate analysis of the phenotypic groups indicated that 38.60% of the
resistant group, 49.13% of the intermediate group and 52.63% of the
susceptible could have received anthelmintic treatment at weaning.

The experimental design permitted a clear stratification of the flock
into the three significantly different (P < 0.001) phenotypic groups
based on the mean FEC. With respect to the overall mean of the two
parasitic challenges, the lowest mean FEC was observed in the resistant
group (695.63 ± 53.27 EPG), followed by the intermediate group
(4026.62 ± 119.47 EPG), and the highest mean FEC was found in the
susceptible group (11390.02 ± 500.76 EPG). FEC values were influ-
enced by sex (P < 0.001), and the females (3462.99 ± 171.65 EPG)
were more resistant than the males (6180.95 ± 223.92 EPG).

The mean FEC values differed significantly (P < 0.001) between
first and second parasitic challenges, and there was a significant phe-
notype-challenge interaction (P < 0.001), so the phenotypic groups
were analyzed separately. Resistant animals did not differ between
parasitic challenges. For the other phenotypic groups, the mean FEC
values were lower in the second challenge, both for the intermediate
group, with mean FEC of 5015.65 ± 186.83 EPG (first challenge) and
3047.80 ± 139.68 EPG (second challenge), and the susceptible group,
with mean FEC of 14205.06 ± 715.484 EPG (first challenge) and
8537.28 ± 648.52 EPG (second challenge). The mean FEC also dif-
fered between first and second parasitic challenges both for the males
(7279.25 ± 334.76 EPG and 5080.72 ± 290.49 EPG, respectively)
and the females (4770.95 ± 293.49 EPG and 2171.49 ± 162.64 EPG,
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respectively). All the fecal cultures performed at the end of each
parasite challenge revealed 100% Haemonchus infection. The mean FEC
values from weaning to the end of the second parasitic challenge, ac-
cording to the phenotypic group and sex, are shown in Fig. 3.

On D42 of the first parasitic challenge, 58.54% of the lambs
(n = 168) had FEC ≥ 4000 EPG. When the phenotypic groups were
analyzed separately, 5.26% (n = 3) of the resistant, 65.32% (n = 113)
of the intermediate, and 91.23% (n = 52) of the susceptible group
should have been dewormed on D42 of the first challenge. In the second
challenge, however, there was a reduction in the number of animals
requiring anthelmintic treatment, and 37.63% (n = 108) of the lambs
had FEC≥ 4000 EPG. The number of animals with high FEC also de-
creased within the three phenotypic groups, with the lowest proportion
observed in the resistant (1.75%, n = 1), followed by the intermediate
(38.73%, n = 67) and the susceptible group (70.18%, n = 40).

3.1.3. Blood parameters: packed cell volume
At weaning, there was a significant effect of sex (P < 0.05) on PCV,

and the highest mean PCV was found in females (33.75 ± 1.71%) in
comparison to males (32.50 ± 1.71%). Among the 16 lambs with
PCV ≤ 24%, 12.50% (n = 2) were resistant, 56.25% (n = 9) were in-
termediate and 31.25% (n = 5) were susceptible. Analysis of the phe-
notypic groups separately showed that only 3.51% of the resistant
group, 5.20% of the intermediate and 8.77% of the susceptible group
had PCV≤ 24%.

Throughout the parasitic challenges, the PCV differed significantly
(P < 0.001) between phenotypic groups. The highest mean PCV was
observed in the resistant group (35.20 ± 0.39%), followed by the

intermediate (33.67 ± 0.31%) and susceptible group
(31.10 ± 0.39%). The mean PCV values also differed significantly
(P < 0.001) between males (32.49 ± 0.33%) and females
(34.15 ± 0.33%).

The mean PCV differed significantly (P < 0.01) between parasitic
challenges, and there were significant phenotype-challenge and sex-
challenge interactions (P < 0.01). The mean PCV of the resistant
group did not differ between first and second parasitic challenges. The
mean PCV of the intermediate group was lower in the first challenge
(33.30 ± 0.34%) than in the second challenge (34.03 ± 0.34%). The
susceptible group followed the same pattern, and the mean PCV values
were 30.35 ± 0.45% in the first challenge and 31.86 ± 0.45% in the
second challenge. The mean PCV of the females also differed between
the first (33.51 ± 0.36%) and second challenge (34.80 ± 0.36%).
Fig. 3 shows the mean PCV values at weaning and throughout the ex-
periment of each parasitic challenge, according to the phenotypic group
and sex.

On D42 of the first parasitic challenge, only a small proportion of
the flock (5.23%, n = 15) had PCV values below the normal range for
sheep (PCV ≤ 24%), corresponding to 12.96% of the lambs with
FEC≥ 4000 EPG. Analysis of the phenotypic groups separately re-
vealed that no lambs from the resistant group, 2.31% (n = 4) of the
intermediate group and 19.30% (n = 11 animals) of the susceptible
group had PCV≤ 24%. In the second challenge, despite the smaller
proportion of lambs with FEC above 4000 EPG, the number of animals
with PCV≤ 24% did not differ from the first challenge. However, the
proportion within the phenotypic groups was different, with absence of
lambs with PCV ≤ 24% in the resistant group, 4.62% (n = 8) in the

Fig. 1. Phenotyping scheme adopted to assess the level of resistance against Haemonchus contortus infection of the 287 lambs and 123 ewes.

Fig. 2. Frequency distribution of the 287 Morada Nova lambs in relation to fecal egg count (FEC), packed cell volume (PCV) and adjusted live weight (LWADJ), at
weaning.
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intermediate and 12.28% (n = 7) in the susceptible group.

3.1.4. Productive parameters: adjusted live weight
At weaning, the mean LWADJ differed significantly between the

phenotypic groups (P < 0.05), and the lambs classified as the resistant
group were heavier (18.27 ± 0.95 kg) than those of the susceptible
group (16.55 ± 0.94 kg). The mean LWADJ of the intermediate group
(17.68 ± 0.87 kg) did not differ significantly from any of the other
groups (P > 0.05). The LWADJ at weaning differed significantly be-
tween sexes (P < 0.001), and males (18.14 ± 0.89 kg) were heavier
than females (16.86 ± 0.89 kg).

Throughout the parasitic challenges, the mean LWADJ differed sig-
nificantly between the phenotypic groups (P < 0.01). On D0 of the
first challenge, the mean LWADJ followed the same pattern observed at
weaning for the phenotypic groups. However, on D28, the resistant and
intermediate groups did not differ significantly from each other
(P > 0.05), and both were heavier than the susceptible group
(P < 0.05). This same pattern was observed until D112 (after D42 of
the second parasitic challenge), when the mean LWADJ values were for
28.34 ± 0.94 kg for the resistant group, 27.65 ± 0.47 kg for the in-
termediate group and 23.76 ± 0.74 kg for the susceptible group. The
LWADJ also differed significantly (P < 0.01) between sexes. Males
were heavier than females on all experimental dates, and their final
mean LWADJ values (D112) were, respectively: 28.16 ± 0.69 kg and
25.00 ± 0.56 kg. Fig. 3 shows the mean LWADJ values at weaning and
throughout the parasitic challenges, according to the phenotypic group
and sex.

3.1.5. Correlation analysis
Haemonchus contortus infection had a negative impact on the blood

parameters of the lambs: higher FEC was associated with lower PCV.
This pattern was observed at weaning (r = -0.61; P < 0.001) and
throughout the parasitic challenges (r = -0.66; P < 0.001). The final
LWADJ was positively correlated with the birthweight (r = 0.33;
P < 0.001) and with LWADJ at weaning (r = 0.73; P < 0.001). The

parasitic infection impaired productivity, and negative correlations
between FEC and LWADJ were observed at weaning (r = -0.23;
P < 0.001) and on D112 (r = -0.30; P < 0.001). On the other hand,
animals with higher PCV values during parasitic infections had higher
LWADJ. These traits were positively correlated at weaning (r = 0.38,
P < 0.001) and on D112 (r = 0.34, P < 0.001).

3.2. Analysis of ewes

3.2.1. Natural infection state
At the beginning of the experiment (D-14), the 123 ewes were

naturally infected with GINs, and the individual FEC ranged from 0 to
10100 EPG, with mean and standard deviation of 1188.57 ± 1696.58
EPG. Haemonchus (98%) was the predominant genus recovered from
fecal cultures, followed by Cooperia (2%). Only 3.25% (n = 4) of the
ewes had FEC ≥ 4000 EPG on D-14, and the statistical analysis iden-
tified these values as outliers. The maximum individual FEC value,
disregarding these outliers, was 3750 EPG. The PCV ranged from 24%
to 44%, with mean and standard deviation of 34.62 ± 3.70%. Only
0.81% (n = 1) of the ewes had PCV below the normal level for sheep
(PCV ≤ 24%). At D-14, the ewes had LW ranged from 24.50 kg to
51.20 kg, with mean and standard deviation of 36.50 ± 4.66 kg. Fig. 4
shows the frequency distribution of the 123 naturally infected ewes for
FEC, PCV and LW on D-14.

3.2.2. Parasitological parameters: fecal egg counts
The mean FEC of the ewes with natural infection (D-14) differed

significantly between the phenotypic groups (P < 0.001), and the
three groups differed from each other by the Tukey test. The resistant
group had 55.00 ± 19.50 EPG, the intermediate group presented
958.59 ± 107.64 EPG, and the susceptible group presented
2969.05 ± 611.08 EPG. The four ewes with FEC≥ 4000 EPG be-
longed to the susceptible group.

After D42 of the second parasitic challenge, the phenotypic classi-
fication permitted the stratification of the ewes into three significantly

Fig. 3. Mean values of the fecal egg count (FEC), packed cell volume (PCV) and adjusted live weight (LWADJ) of the 287 Morada Nova lambs, according to the
phenotypic group (A) and according to sex (B), at weaning and throughout the two parasitic challenges. Vertical bars represent the standard error of the mean (SE).
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different groups, based on FEC (P < 0.001). The mean FEC values
were 10.28 ± 2.29 EPG in the resistant group, 139.51 ± 13.22 EPG
in the intermediate group, and 1133.31 ± 177.89 EPG in the suscep-
tible group. There was no significant difference (P > 0.05) between
first and second parasitic challenges for any of the phenotypic groups.
However, the mean FEC values of the parasitic challenges were lower
than those observed on D-14 (P < 0.01). Only 1.63% of the ewes
(n = 2) had FEC≥ 4000 EPG when artificially infected, and both an-
imals were from the susceptible group. Fecal cultures performed at the
end of the artificial infections (D42) revealed 100% Haemonchus. The
mean FEC values for the ewes at the beginning of the experiment (D-14)
and throughout the parasitic challenges, separated by phenotypic
groups, are shown in Fig. 5.

3.2.3. Blood parameters: packed cell volume
The PCV of the ewes with natural infection (D -14) was not influ-

enced by any of the fixed effects included in the model (P > 0.05). The
only animal with PV≤ 24% belonged to the intermediate group, and
the FEC was 1950 EPG. Throughout the parasitic challenges, the same
pattern was maintained, and phenotypic groups did not differ sig-
nificantly from each other (P > 0.05). There was also no significant
difference (P > 0.05) between parasitic challenges for mean PCV.
Only one ewe, from the susceptible group, had PCV below the normal
range for sheep, at both the first (FEC = 21300 EPG and PCV = 23%)
and second challenge (FEC = 2800 EPG and PCV = 24%). Fig. 5 shows
the mean PCV values of the ewes, separated by phenotypic group, from
the beginning of the experiment (D-14) to the end of the second para-
sitic challenge.

3.2.4. Productive parameters: live weight
The mean LW of the ewes did not differ between the three pheno-

typic groups (P > 0.05) on D-14 (natural infection) and in both

parasitic challenges. Also, the mean LW did not differ between parasitic
challenges (P > 0.05). Fig. 5 shows the mean LW values of the ewes,
separated by phenotypic group, from the beginning of the experiment
(D-14) to the end of the second parasitic challenge.

3.2.5. Correlation analysis
For the ewes, all pairwise correlations between FEC, PCV and LW

were very low and not significant (P > 0.05). However, these vari-
ables were positively correlated when comparing their measurements
on D-14 and the means between the two parasitic challenges. This was
observed for FEC (r = 0.55, P < 0.001), PCV (r = 0.63, P < 0.001),
and more intensely, for LW (r = 0.87, P < 0.001).

4. Discussion

In the present study, natural infection with a predominance of H.
contortus was detected, corresponding to almost all of the L3 recovered
from the lamb and ewe fecal cultures, similar to previous reports for
other sheep flocks raised at CPPSE/Embrapa (Chagas et al., 2008, 2015;
Gonçalves et al., 2018), as well as in other regions of São Paulo state
(Amarante et al., 2004; Louvandini et al., 2006).

The ability of sheep to withstand parasitic infections is strongly
influenced by a number of intrinsic and extrinsic factors, including
breed, age, physiological status, nutrition and environment. Among
these factors the age of the animals is an important cause of variation.
Young animals have incomplete development of their immune system,
especially between four and eight months of age, when they have lower
counts of CD4+ cells compared to adult sheep, and this cell group is
essential for immunity against helminths (Watson et al., 1994; Colditz
et al., 1996). In addition, another important cause of the high sus-
ceptibility found in young lambs is the stress of weaning (Watson and
Gill, 1991). In the present study, the Morada Nova lambs were highly

Fig. 4. Frequency distribution of the 123 Morada Nova ewes in relation to fecal egg count (FEC), packed cell volume (PCV) and live weight (LW) at the beginning of
the study (natural infection, D-14).

Fig. 5. Mean values of the fecal egg count (FEC), packed cell volume (PCV) and live weight (LW) of the 123 Morada Nova ewes, according to the phenotypic group, at
the beginning of the study (natural infection, D-14) and throughout the two parasitic challenges. Vertical bars represent the standard error of the mean (SE).
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susceptible to H. contortus infection compared to the ewes. This dif-
ference in susceptibility between young and adult sheep was also found
by other studies, comparing animals raised under the same manage-
ment conditions (Coldiz et al., 1996; Vanimisetti et al., 2004).

The ewes evaluated in the present study showed high resistance to
H. contortus infection. Despite the clear distinction between the three
phenotypes, their FEC remained relatively low throughout the experi-
mental period. This behavior was observed under natural infection,
when only four ewes, all susceptible, had FEC above the threshold for
TST. Throughout the challenges, this pattern was maintained, and only
two ewes had counts indicating the need for deworming. That is,
98.37% of this flock had FEC below 4000 EPG. Issakowicz et al. (2016)
found similar results when comparing the performance of ewes of
Morada Nova and Santa Inês breeds under GIN infections. Both breeds
were resistant to natural H. contortus infection, and FEC values re-
mained well below 4000 EPG. The authors observed an increase in the
infection levels from the final third of pregnancy until two months
postpartum. Nevertheless, even in this critical period, the females from
both breeds remained below the TST threshold (4000 EPG), especially
the Morada Nova ewes, which had the lowest FEC values and Famacha
scores, and higher PCV values on the 30th day postpartum.

The higher infection levels found in the ewes at the beginning of the
present experiment can be attributed to the fact that these flocks re-
mained at least five months without receiving anthelmintics and were
constantly exposed to the infective larvae present in the pasture.
Moreover, these animals were recovering from the deficient nutrition
and relaxed immunity due to postpartum and lactation, which are im-
portant causes of increased infection levels (Zajac et al., 1988;
Woolaston, 1992).

In addition to the age effect on the maturation of the immune
system in order to acquire resistance against helminths, another im-
portant directly related factor is previous exposure to parasites. At
weaning, high FEC values were observed in all lambs of the present
study, and the phenotypic groups did not differ. However, by subjecting
these animals to a second artificial infection, there was a clear dis-
tinction among the phenotypic groups. All lambs had a significant re-
duction in FEC values, similar to the findings previously reported by
Gamble and Zajac (1992). These authors evaluated two breeds, char-
acterized as resistant (St. Croix) and susceptible (Dorset) to H. contortus,
under natural or artificial infection, and the mean FEC values did not
differ between breeds when comparing two-month-old lambs. When the
animals were submitted to a new infection at four months of age,
however, there was a clear phenotypic difference between the breeds.
Other studies have found a considerable reduction in FEC and parasite
loads in sheep after repeated infections by H. contortus, Trichostrongylus
colubriformis and Teladorsagia circumcincta, when compared to primary
infected animals (Aumont et al., 2003; Gruner et al., 2003).

In the present study, females had lower mean FEC values than
males, at weaning and in both parasitic challenges. This pattern was
observed for sheep in other studies (Courtney et al., 1985; Gruner et al.,
2003; Gauly et al., 2006), and the immunosuppressive effect of tes-
tosterone could be a factor to consider. Gauly et al. (2006) found higher
FEC and parasite load in males artificially infected with H. contortus,
and these were positively correlated with serum testosterone levels.

The hematophagous parasite H. contortus causes varying degrees of
anemia in its hosts, since L5 and adult helminths can ingest individually
about 50 μL of blood per day (Clark et al., 1962). Assuming a heavy
infection with 5000 parasites, the daily blood losses can reach 250 mL.
Thus, in addition to coproparasitological examinations, evaluation of
PCV is an important measure to evaluate the health status of infected
sheep. In the present study, the parasitic infection had a negative im-
pact on PCV in lambs, considering the difference among phenotypic
groups and the negative correlations between PCV and FEC. Other
studies have found similar results, with higher PCV values in resistant
lambs, and negative correlations between this blood parameter and FEC
(Amarante et al., 2009; Zaros et al., 2014; Pereira et al., 2016;

Gonçalves et al., 2018).
Despite the impact of haemonchosis on sheep, there are some re-

silient animals, which are able to stay healthy even when infected. This
behavior was observed in the Morada Nova lambs, evidenced by the
low percentage of animals with PCV≤ 24%, even when the FEC values
were high. Fernandes Júnior et al. (2015) found similar results when
comparing Morada Nova, Santa Inês and Brazilian Somalis lambs.
Morada Nova lambs stood out, presenting Famacha score below 3 and
PCV above 23%, even with higher FEC values.

Due to the low FEC values observed for the ewes in the present
study, their PCV was not affected, even in the susceptible group. Mean
PCV values did not differ significantly (P > 0.05) between phenotypic
groups, and there were no significant correlations between this variable
and FEC. In addition, there was a virtual absence of animals with
PCV≤ 24% (n = 1). Similarly, Issakowicz et al. (2016) found that H.
contortus infection also had no impact on PCV of naturally infected
Morada Nova ewes.

In the present study, H. contortus infection impaired lamb perfor-
mance, considering the lower mean LWADJ observed in the susceptible
group, from weaning to the end of the study (D112), in addition to
negative correlations with FEC. GIN-infected sheep have lower final LW
in comparison to parasite-free animals (Coop et al., 1977, 1988). De-
wormed animals can have weight gain approximately twice as high as
untreated ones (Laurenson et al., 2016; Keegan et al., 2018). In the
present study, the mean LWADJ did not differ between resistant and
intermediate groups. This may have been due to the resilient character
of the latter, which remained productive even under higher infection
levels. Similar results were obtained by Greer et al. (2005) and Idika
et al. (2012) when comparing lambs with different phenotypes re-
garding resistance to GIN infections. In both studies, the resistant lambs
had superior weight gain and final LW in comparison to the susceptible
groups. The ewes evaluated in the present study, on the other hand, did
not suffer any impact of H. contortus infection on their LW, due to the
low infection levels and high PCV values.

The lambs of the Morada Nova flock evaluated in the present study
were characterized as resilient, since more than 80% of the animals
maintained PCV within normal range for the species, even when heavily
infected. However, H. contortus parasitism had a negative impact on
their PCV and LWADJ, especially at weaning, when infection levels were
quite high and the mean FEC values did not differ between phenotypic
groups. This result, along with the high positive correlation between
LWADJ at weaning and final LWADJ, highlights the importance of TST
deworming before weaning. Perhaps 30 days before would be advisable
due to the higher percentage of solid ingestion that occurs at this age.
The ewes, on the other hand, were highly resistant, since more than
98% of the flock had FEC below 4000 EPG, which did not affect their
PCV or LW. Notably, the sheep classification did not change between
parasitic challenges, since the classified animals remained within their
respective phenotypic groups. So, only one challenge can be performed
to have a clear stratification of the Morada Nova sheep flock regarding
the level of resistance to H. contortus, using FEC as a phenotypic tool.

5. Conclusion

The results generated in the present study can promote more effi-
cient sheep meat production, highlighting the potential of the Morada
Nova breed. In intensive grazing production systems, with the suitable
nutritional supplementation when necessary, we recommend TST de-
worming of the lambs before weaning, which would allow them to
express their real productive potential. Moreover, since the resistant
and intermediate groups did not differ from each other in relation to
LWADJ, the focus of the TST control should be the susceptible lambs,
with special attention to males. On the other hand, the resistance ob-
served in the ewes indicated low need for deworming in this category.
Therefore, it is important to remove from the flock ewes that require
routine anthelmintic treatment. Keeping lambs and ewes together
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would probably reduce the infestation of the pasture by ingestion of the
GIN infective larvae by the latter category. With the resilience and re-
sistance characteristics detected in this experiment, it would be possible
to introduce procedures for GIN control in Morada Nova flocks, through
the TST approach. These recommendations would facilitate flock
management, reduce anthelmintic treatments and costs of the produc-
tion system. As a consequence, the pressure for parasite resistance
would decrease, maintaining the effectiveness of the active principles
available.
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