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Abstract

The aim of this study was to evaluate the effect of two nutritional statuses on the productive performance of Dorper
lambs naturally infected with gastrointestinal nematodes. Thirty-two lambs, grazing together on the same pasture,
were allocated into four experimental groups: (G1) infected-supplemented diet, (G2) control-supplemented diet,
(G3) infected-basal diet, and (G4) control-basal diet. Control animals received suppressive treatment with monepantel
every two weeks, while precautionary anthelmintic treatments were given to all lambs of the infected groups with packed
cell volume (PCV) <23%. There was reduction in the PCV means of all groups, which was more pronounced in the
infected lambs that also presented reduction in total plasma protein values in comparison with the controls. Weight
gain was affected by diet and infection status (P < 0.05). Daily body weight gain was 0.170 kg in the G1, 0.205 kg in
the G2, 0.085 kg in the G3, and 0.116 kg in the G4. The cold carcass weight was 4.1% and 13.7% higher in controls in
comparison with infected lambs, respectively, in the supplemented and basal diets. The infected groups, despite receiving
precautionary anthelmintic treatments to prevent deaths due to haemonchosis, presented reduction in the production
parameters in comparison with the controls.
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Resumo

O experimento teve por objetivo determinar o efeito de dois niveis de nutrigio no desempenho produtivo de cordeiros
Dorper naturalmente infectados por nematoides gastrintestinais. Trinta e dois cordeiros, mantidos juntos na mesma
pastagem, foram alocados em quatro grupos experimentais: (G1) infectado-suplementado, (G2) controle-suplementado,
(G3) infectado-dieta basal e (G4) controle-dieta basal. Os cordeiros suplementados receberam diariamente concentrado
em quantidade equivalente a 2% do peso corporal (PC), enquanto na dieta basal receberam apenas uma pequena
quantidade de concentrado (0,35% do PC). Os animais controles receberam tratamento supressivo com anti-helmintico
a cada duas semanas e os infectados foram tratados individualmente quando apresentaram volume globular (VG) <23%.
Houve reducio nas médias de VG em todos os grupos, as quais foram mais pronunciadas nos animais dos grupos
infectados, que também apresentaram redugio nos valores de proteina plasmdtica total em comparagio com os controles.
Houve efeito significativo da dieta e da infec¢do no ganho de peso (P <0,05). O ganho em peso didrio foi de 0,170 kg
no G1, 0,205 kg no G2, 0,085 kg no G3 ¢ 0,116 kg no G4. Os grupos infectados, apesar de receberem tratamentos
anti-helminticos preventivos que evitaram mortes por haemonchose, apresentaram reducio nos parimetros produtivos
em comparagdo com os controles.

Palavras-chave: Haemonchus, nutrigio, monepantel, Trichostrongylus, ovinos.

Introduction
The Dorper is a hardy South African composite nonwoolled, acceptable meat carcass suitable for the production of slaughter
mutton breed of sheep. Its development in the early 1940s occurred lambs under the adverse conditions of the arid, extensive regions

because of the need for a relatively easy-care sheep breed with an of South Africa (CLOETE et al., 2000; MILNE, 2000). Dorper

was developed through the crossing of the Blackhead Persian ewes
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performance, especially under harsh environmental conditions
of the semi-desert extensive sheep production systems in South
Africa (SCHOEMAN & BURGER, 1992). The Dorset Horn
was selected because it demonstrated a longer breeding season
in comparison with other British sheep breeds (MILNE, 2000).

In South Africa, both Dorper and Dorper cross-breeds
are superior in reproductive and growth traits to woolled and
other indigenous breeds. They reach a target slaughter weight of
approximately 40 kg earlier than Merino, Afrino, Suffolk, and
Ile de France crosses. The average daily gain to slaughter was
44% higher in the Dorper than the average of the groups it was
compared to (SCHOEMAN, 2000). However, in comparison
with the Red Maasai sheep, an indigenous breed of Kenya and
Tanzania, Dorper are highly susceptible to Haemonchus contortus
infection (MUGAMBI et al., 1996, 1997; WANYANGU et al.,
1997). For this reason, although generally considered as being
‘well-adapted’, the Dorper proved to be unsuitable for commercial
use in the African tropics SCHOEMAN, 2000).

Despite this problem related to susceptibility to haemonchosis,
Dorper sheep have been introduced into tropical areas of Brazil
in recent years, where they have quickly become widespread.
Cross-breeding of Dorper with local breeds, especially Santa Ines
hair sheep, resulted in lambs with reasonably acceptable meat carcass
and with a satisfactory degree of resistance against gastrointestinal
nematodes (AMARANTE etal., 2009; ISSAKOWICZ et al., 2018).
No need for shearing is another advantage of Dorper sheep in
tropical environments. For these reasons, there is a high acceptance
of Dorpers, which today has the highest number of registered stud
sheep breeders in central and northeast areas of Brazil.

Gatrointestinal nematode (GIN) infection is one of the main
health problems of the sheep industry, causing significant losses due
to reduction in productivity and mortality of animals. H. contortus
is the most important parasite in regions with tropical and
subtropical climates. It is a blood-sucking parasite that causes, in
acute infections, mortality, which is considered the most important
economic effect attributable to this parasite (BARGER & COX,
1984). In addition, it presents high prolificacy and great capacity
of developing anthelmintic resistance (ALBUQUERQUE et al.,
2017; MARTINS et al., 2017; OLIVEIRA et al., 2017). Other
trichostrongylid parasites produce significant reductions in
weight gain, which is the case of Trichostrongylus colubriformis,
considered the second most important nematode in sheep
in Brazil (WILMSEN et al., 2014; ALMEIDA et al., 2018).
1. colubriformis is a parasite of the small intestine that can cause
inappetence and a disruption of the normal digestive process in
lambs (KIMAMBO et al., 1988).

The indiscriminate use of anthelmintics for controlling GIN
infections leads to the fast development of anthelmintic resistance
(STARLING et al., 2017). For this reason, a combination of
different control methods has been investigated to maximise
animal productivity and reduce the use of antiparasitic drugs.
The optimisation of host nutrition to increase resistance/resilience
against GIN infections has received increasing attention (KNOX &
STEEL, 1996; BRICARELLO etal., 2005; HOSTE etal., 2016).
GIN has a negative effect on dry matter intake and live-weight
change of lambs. However, it has been suggested that the metabolic
cost of GIN infection can be covered by supplying an additional
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requirement for protein and energy in the diet of infected lambs
(MENDEZ-ORTIZ et al., 2019).

Experiments conducted under grazing conditions are more
challenging than those carried out indoors under controlled
conditions of infection and nutrition. In the field, the major
difficulty encountered is in maintaining uninfected control
groups as worm-free. It has been demonstrated that persistent
challenge with H. contortus and T. colubriformis infective larvae
does not affect the growth of grazing, meat-breed lambs when
suppressively treated with effective anthelmintics, indicating that
the use of suppressively treated sheep could be a valid substitute
for worm-free lambs in field experiments (DEVER et al., 2015).
However, the absence of anthelmintics with a high degree of
efficacy has been a problem when designing studies that require
comparisons between infected and noninfected control groups in
the field. The recent launch of monepantel in Brazil gave us an
opportunity to evaluate the losses caused by GIN in sheep using
lambs suppressively treated with monepantel as a control group
and substituting GIN-free lambs in a field experiment.

Because of the little information about the effects of nutrition
and its interactions with gastrointestinal parasitism in grazing
Dorper lambs in Brazil, this study was conduct to evaluate the
performance of young weaned Dorpers in an environment with a
high rate of nematode parasitic infection, as well to determine the
effect of the supplementation in the outcome of such infections.

Materials and Methods

All procedures involving animals in this study were conducted
in accordance with international ethical standards and were
approved by the local Ethics Committee on Animal Use (protocol
number 159/2015-CEUA, FMVZ/UNESP).

Experimental area and climatic measurements

The experiment was conducted at Sao Paulo State University
(UNESP), Botucatu, Brazil. According to the Képpen classification
system, the region’s predominant climate is the Cwa type (humid
subtropical), which is characterized by warm, rainy summers and
dry winters (ALVARES et al., 2014).

The 32 experimental lambs grazed together in a pasture of
Cynodon dactylon and Urochloa decumbens in an area with 4,092.6 m?
divided into four fenced paddocks of similar sizes. Each paddock
was grazed for 9 days, with a 27-day interval between grazing.
Animals had free access to drinking water. After the 9 days of
grazing, the pasture was fertilised with 20 kg of mineral fertilizer
(NPK 20-05-20), corresponding to a quantity equivalent to
1000 kg per hectare/year. The pasture had been grazed by sheep
before the trial. Therefore, it was contaminated with free living
stages of gastrointestinal nematodes.

Pasture bromatological analyses were performed monthly
according to the methodology described by Van Soest et al.
(1991). The first analysis was performed on 10 October, before
the beginning of the experiment (Table 1). Samples were collected
at four sites using a metal square, each with an area of 0.25 m?,
as described by Piza et al. (2019).
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Table 1. Bromatological analysis (% of dry matter) of the herbage (Cynodon spp. and Brachiaria decumbens) grazed by the experimental lambs

during the trial.

Date CP (%) EE (%) A (%) NDF (%) ADF (%) Hemicellulose (%)
10/Oct/2015 7.28 1.82 11.15 68.46 31.84 36.62
27/Nov/2015 11.86 3.71 8.16 78.28 41.93 36.35
25/Dec/2015 13.57 4.01 8.88 76.54 39.27 37.27
29/Jan/2016 12.92 3.97 9.35 75.26 37.18 38.08
21/Feb/2016 13.19 2.89 9.64 77.99 35.97 42.02

CP - Crude protein, EE - Ethereal Extract, A — Ash content, NDF - Neutral Detergent Fiber, ADF - Acid Detergent Fiber.

Description of the experiment

Thirty-two Dorper lambs, 3 months old, with an initial body
weight of 22.47 + 1.57 kg, were acquired from a commercial farm
where they had been raised indoors since birth. Lambs arrived
in the experimental area of the university on 20 November
2015. On this occasion, faecal samples were collected from all
animals for parasitological examinations. Among the 32 lambs,
17 were shedding eggs of strongyles with values ranging from
100 to 2700 eggs per gram of faeces (EPG). For this reason, all
animals received treatment with monepantel (2.5 mg/kg; Zolvix®;
Zoetis). No nematode eggs were found in the faecal examinations
performed 14 days after treatment. All lambs received a clostridiosis
vaccine (2 mL/animal, single dose; Ultrachoice 8; Zoetis®) and
tolerazuril (15 mg/kg, Isocox®, Ourofino) to prevent coccidiosis.

The experiment used a completely randomized 2 x 2 factorial
design (infected or control x supplemented or basal diet).
The 32 animals were randomized to the four treatments, 8 animals
for each one, on 10 November:

Group 1: infected-supplemented.

Group 2: control-supplemented. In this group, near the end
of the trial, one lamb suffered a limb fracture. For this reason, its
data were excluded, and this group had seven animals.

Group 3: infected-basal diet.

Group 4: control-basal diet.

Control lambs were treated every 2 weeks with monepantel
(2.5 mg/kg; Zolvix®; Zoetis) to keep them as free as possible of
parasitic infection. To prevent deaths, precautionary anthelmintic
treatment with the same drug was administered to lambs of the
infected groups wherever they presented packed cell volume
(PCV) <23%.

Supplemented lambs were given a daily live weight—based
allowance (2% of their live weight) of a high-quality food.
The lambs under the basal diet received a small daily amount
of concentrate (0.35% of their live weight) to supply them with
minerals and also to provide the same daily management of the
supplemented lambs (i.e., all lambs were kept in individual stalls
for approximately 1 h in the afternoon, where they received the
concentrate). Taking into consideration the first bromatological
analysis of the pasture, the two concentrates were formulated
in the software Small Ruminant Nutrition System (SRNS)
based on the structure Cornell Net Carbohydrate and Protein
System (2000) for sheep production to provide estimated gains
of 225 g/day and 90 g/day for the supplemented and basal diet
groups, respectively. Ingredients and nutritional composition of the
concentrates supplied daily to lambs under basal or supplemented
diets are presented in Table 2.

Table 2. Ingredients and nutritional composition of the concentrates
supplied daily to lambs under the basal or supplemented diet.

Basal Diet Supplefnented

Diet
Ingredientes, % of dry matter (DM)
Ground corn 87.39 78.84
Soybean meal 0.00 7.98
Peanut meal 0.00 7.98
Calcitic Limestone 0.00 1.33
Urea 0.00 0.74
Mineral! 12.61 3.14
Chemical composition, DM basis
Dry matter, % 89.50 88.61
Crude protein, % 8.10 18.00
Rumen degradable protein, % PB 91.90 74.51
Metabolizable protein, % 6.31 9.51
Metabolizable energy, Kcal/kg 2747 2884
Ethereal Extract, % 3.50 4.00
Calcium, % 2.70 1.00
Phosphor, % 0.90 0.50

'Mineral composition (kg of the product) 200 g Ca, 75 g B, 50 g Mg, 10 mg S,
24 mg Se, 3060 mg Zn, 1000 mg Mn, 2500 mg I, 20 mg Co.; *Values calculated
by CNCPS - Sheep software.

By late afternoon, lambs were confined in individual stalls (3 m?),
with concrete floors and an individual water fountain and trough,
where they were fed with the predetermined amount of concentrate.
Every 7 days, the lambs were weighed individually, which allowed
for adjustment of the amount of concentrate supplied to each of
them. After they had finished the concentrate consumption, the
lambs were conducted again to the paddock.

Lambs started to graze in the experimental paddocks on
10 November, when they started to receive a progressive increase in
the amount of the concentrate over 2 weeks to adapt them to the
diets. Daily body weight gain was calculated after this adaptation
period, from 23 November 2015 to 29 February 2016, for a total
of 98 days (14 weeks). Lambs were slaughtered on 1 March.

Quantification of infective larvae on pasture

To determine the number of third-stage larvae (L3) of nematodes
per kilogram of dry matter (L3/kg DM), grass samples were collected,
starting at 8 a.m., following a predetermined W-shaped tracing

in each paddock (TAYLOR, 1939). The collector followed this

route, manually collecting a sample of grass every four steps, in an
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approximate distance of 4 m. Samples were collected on the ground
level using scissors and packed in plastic bags. The grass samples
were processed according to Niezen et al. (1998), and the larvae
were separated from the sediment, recovered, and quantified as

previously described by Carneiro & Amarante (2008).

Faecal examination

Faecal samples were collected every 14 days from the rectum
of each animal. Samples were individually processed using the
modified McMaster technique with a sensitivity of 100 EPG
(UENO & GONCALVES, 1998). On the same collection days,
composite faecal cultures were prepared for each group to obtain
and differentiate third-stage larvae into parasitic genus (UENO
& GONCALVES, 1998).

Haematology

Blood samples (5 mL) were collected every 2 weeks by jugular
vein puncture into Vacutainer® tubes containing anticoagulant
(EDTA). The PCV was determined by microhematocrit centrifugation,
and the total plasma protein (TPP) levels were estimated using a
refractometer (Refractometer SPR-N, Atago).

Helminths recovering and counting

At the end of the experiment, the animals were slaughtered,
and the gastrointestinal tract was collected and taken to the
laboratory. Worm identification and counting procedures were
performed on samples of the abomasums and intestine contents
as described by Ueno & Gongalves (1998).

Behaviour of lambs

The behaviour of the lambs was evaluated individually over
an uninterrupted period of 24 hours beginning at 8 p.m. on
14 December according to the descriptions of Jamieson &
Hodgson (1979). The animals were evaluated by two observers
for a period of 4 consecutive hours. At the end of this period, the
duo was replaced by another and involved a total of six people.
The variables recorded were time of pasture intake, rumination
time, idleness time, and water intake. The animals were confined in
individual stalls at 4:00 p.m., when they received the concentrate,
and at 5:00 p.m. they were relocated to the paddock where all
animals grazed together.

Statistical analysis

Data were analysed by analysis of variance for the variables
measured just once (body weight, carcass and behaviour variables)
using the General Linear Models (GLM procedure) of the
Statistical Analysis Systems, version 9.4 (SAS Institute, 2016).
For the weekly measures (PCV and TPP), the repeated measures
analysis of GLM procedure was used. Diet and infection status
were the classes evaluated. Means were compared by Tukey’s test
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at the 5% significance level, and only significant interactions
at the 5% significance level are reported in the results. Data
regarding EPG and parasite worm burden were analysed using
nonparametric tests. Mann-Whitney test was used in the case of
strongyle variables, because there were only two groups infected
with those parasites, while the Kruskal-Wallis test was used in
the variables related to Strongyloides, present in the four groups.

Results

The presence of infective larvae on pasture during the trial
(Figure 1) demonstrated that lambs had been challenged continuously
by GIN infections. Haemonchus was the predominant parasite in
pasture with a maximum of 1939 L3/kg DM on 18 December
(paddock 3). In fecal cultures, Haemonchus larvae displayed
percentages between 54% and 100% in the basal diet group and
from 67% to 99% in the supplemented group (Table 3). Larvae
of Trichostrongylus had a maximum value of 356 L3/kg DM in
the pasture of paddock 3 on 29 January (Figure 2) and the highest
percentage in faecal culture (46%) in the basal diet group at the
end of the study (Table 3). Cooperia spp. was recorded in only
three coprocultures, with a maximum percentage of 7% (Table 3).

The lambs under suppressive treatment did not shed strongyle
eggs in the facces during the trial, whereas the infected groups
presented a progressive increase in EPG (Table 3) associated with a
progressive reduction in PCV and TPP values (Figure 2). To prevent
deaths, all lambs in the basal diet group required precautionary
treatment with anthelmintic: six lambs once and two lambs twice.
In the supplemented diet group, five lambs required treatment:
three lambs once and two lambs twice. In this group, three lambs
were able to cope with the parasitism without anthelmintic
treatment: all three showed the highest faecal egg count (FEC)
on 4 January (6,300 EPG, 15,500 EPG, and 5,700 EPG for
lambs 1, 7, and 8, respectively) and no eggs in the last sampling
in February (lambs 1 and 7) or 200 EPG (lamb 8). Lambs that
required treatment showed FEC values between 6,200 EPG and
25,000 EPG and PCV values between 11% and 22%. Two weeks
post the 17 doses of precautionary anthelmintic treatments given
to lambs of the infected groups, no strongyle eggs were detected in
the faecal examination of 10 lambs, while the other seven lambs
remained shedding eggs. Infected lambs showed an increase in
PCV two weeks posttreatment, with values between 26% and 35%.

In general, EPG counts had similar trends in both infected
groups. The highest values were recorded on 21 December followed
by a progressive decrease in FECs. There was a significant difference
(P < 0.05) only in the last sampling, when the supplemented
group presented a lower median FEC (100 EPG) in comparison
with the basal diet group (250 EPG) (Table 3).

There was reduction in the PCV means of all groups (Figure 3),
which was more pronounced in the infected groups, with a
significant difference (P < 0.05) in relation to the controls on
21 December, 18 January, and 1 February. The lowest mean was
recorded in the supplemented-infected group (PCV = 23.4%) on
21 December. Infected animals showed a reduction in TPP values
from the third sampling until the end of trial in comparison with
the controls (P < 0.05). The diet had no effect on PCV values
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Figure 1. Haemonchus spp. and Trichostrongylus spp. infective larvae by kilogram of herbage dry matter (L3/kg DM) recovered from each of
the four paddocks rotationally grazed by the experimental lambs. Dashed arrows indicate the beginning of the grazing in each paddock and
the solid arrow, the exit.

Table 3. Number of lambs of the infected groups, fed with a basal or a supplemented diet, that received precautionary anthelmintic treatments
(PAT) during the trial due to PCV < 23%. Median (minimum — maximum values) of eggs per gram of faeces (EPG) and third-stage larvae
(%) of Haemonchus, Trichostrongylus and Cooperia in faecal cultures.

Date Infected Groups PAT EPG Haemonchus  Trichostrongylus Cooperia
23 Nov Supplemented - 0 (0-0) - - -
Basal Diet 0 (0-0) - - -
7 Dec Supplemented 0 950 (0-5900) 97 3 0
Basal Diet 1 200 (0-7500) 100 0 0
21 Dec Supplemented 3 9700 (1800-16900) 99 1 0
Basal Diet 4 3300 (0-33500) 100 0 0
4 Jan Supplemented 2 6150 (0-25000) 90 3 7
Basal Diet 1 250 (0-23400) 99 1 0
18 Jan Supplemented 0 1150 (0-16100) 99 1 0
Basal Diet 3 1250 (0-9600) 95 5 0
1 Feb Supplemented 1 250 (0-10100) 89 5 6
Basal Diet 1 0 (0-7000) 97 1 2
15 Feb Supplemented 1 0 (0-11600) 99 1 0
Basal Diet 0 0 (0-1600) 100 0 0
29 Feb Supplemented 0 100* (0-300) 67 33 0
Basal Diet 0 250 (200-900) 54 46 0

*There was significant difference (P<0.05) between group medians only in the last sampling by the Mann Whitney test.

(P> 0.05) and an effect on TPP only at the first sampling, when
the supplemented animals showed an overall average lower than
those of the basal diet (Figure 2).

Only a few Haemonchus worms were found in lambs of the
control groups, with a maximum of 21 specimens in one lamb
of the control-basal diet group. For this reason, Table 4 presents
data only of the infected groups. The reduction in the degree of

infection, observed at the end of the trial, based on FEC, was
confirmed at slaughter, when lambs displayed relatively low worm
counts (Table 4). Among species, H. contortus presented the highest
infection intensity, with predominance of immature worms (Table 4).
The worm-counting values were higher in the basal diet compared
with the supplemented group (Table 4), with a significant difference
in numbers of early L5, adult females, and total Haemonchus worm
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Figure 3. Mean body weight of the infected and control lambs fed
with a supplemented or a basal diet. Bars: standard error.
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burden (P < 0.05). T colubriformis and Cooperia curticei presented
similar low infection intensity in both infected groups (Table 4).

Because the anthelmintic used (monepantel) did not present
efficacy against Strongyloides papillosus, lambs of all groups presented
infection by this parasite, beginning to shed Strongyloides eggs
on 4 January. The highest FEC medians were recorded in the
last sampling: 700 (0-1,600), 350 (0-1,900), 200 (100-600),
and 300 (0-1,000) EPG in the infected-basal, control-infected,
infected-supplemented, and control-supplemented diet groups,
respectively. S. papillosus worm burden was similar in all groups
(P> 0.05; Kruskal-Wallis test), with a median of 745 (330-1870)
worms in the infected-supplemented group, 780 (150-1082) in the
control-supplemented group, 700 (70-1870) in the infected-basal
diet group, and 402 (87-1602) in the control-basal diet group.

All groups of lambs presented weight gain throughout the
trial, which was affected by diet and infection status. The highest
body weight gains were recorded in groups fed a supplemented
diet, including the 2 weeks of the diet adaptation period. For this
reason, they were significantly (< 0.05) heavier at the beginning
of the data collection on 23 November (Table 5). The difference
between the growth of the lambs under the supplemented and
basal diets increased with the progression of the trial (Figure 3),
with a significant Time x Diet interaction (P < 0.0001) with regard
to body weight. Similarly, there was a significant Time x Infection
interaction (P < 0.0001), and the difference between the control
and infected groups increased with the progression of the trial.
There was a statistically significant diet effect and infection status
effect on daily body weight gain, final body weight, and carcass
weight (Table 5). The daily body weight gain was 0.170 kg (+0.009)
in the infected-supplemented group, 0.205 kg (+0.007) in the
control-supplemented group, 0.085 (+0.008) in the infected-basal
diet group, and 0.116 kg (+0.010) in the control-basal diet group.
The cold carcass weight was 4.1% and 13.7% higher in controls in
comparison with infected lambs, respectively, in the supplemented
and basal diets. Carcass yield was higher in supplemented animals
(P <0.05), without an influence of the infection status (Table 5).
The percentage loss from cooling was similar (P> 0.05) regardless
of diet and infection status (Table 5).

The supplemented lambs grazed for less time and spent more
time in idleness than animals from the basal diet group (< 0.01).
The lambs of the infected-supplemented, control-supplemented,
infected-basal, and control-basal groups spent, on average, 27.9%,
29.3%, 36.5%, and 35.7%, respectively, of the time grazing.

Table 4. Haemonchus contortus, Trichostrongylus colubriformis, and Cooperia curticei worm burden (medians followed by minimum and
maximum values in parentheses) in lambs of the infected groups fed with a basal or a supplemented diet.

Species Stage of development Supplemented Diet Basal Diet P-value”
H. contortus Early L4 20 (0-140) 55 (0-440) 0.457
Late L4 105 (0-1500) 275 (30-570) 0.156
Early L5 30 (0-1010) 170 (50-530) 0.024
Adult males 25 (0-50) 60 (10-350) 0.091
Adult females 10 (0-170) 95 (20-470) 0.020
Total burden 270 (0-2710) 705 (270-1790) 0.038
T colubriformis Total burden 165 (0-260) 220 (20-390) 0.528
C. curticei Total burden 0 (0-20) 10 (0-30) 0.418

#Mann Whitney test at the 5% significance level; L4: fourth stage larvae; L5: fifth stage larvae in early development.
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Table 5. Means (+ standard error) of the variables related to the performance of the infected and control lambs fed with a supplemented or

a basal diet.

Supplemented Diet Basal Diet Effects (P-value)
A Infected (n=8) Control (n=7) Infected (n=8) Control (n=8) Diet Insf;zct:;m
Body weight* on 23/Nov 23.3* £0.55 23.9*+0.83 21.8+0.70 21.7° £0.75 P<0.02 P=0.85
Body weight on 29/Fev 39.9°+0.99 44.0+ 0.88 30.2° £ 0.55 33.1°+1.36 P<0.01 P<0.01
Daily weight gain 0.170* £ 0.01 0.205* + 0.01 0.085° + 0.01 0.116° + 0.01 P<0.01 P<0.01
Body weight after fasting (1/Mar) 38.2*+0.94 40.9* + 2.37 28.4 + 0.48 31.7°+ 1.38 P<0.01 P<0.02
Warm carcass weight 18.8* + 0.49 19.6* £ 0.56 12.8 + 0.45 14.8" + 0.81 P<0.01 P<0.01
Cold carcass weight 18.5* + 0.49 19.3* £ 0.56 12.6" + 0.46 14.6" £ 0.81 P<0.01 P<0.01
Loss of carcass weight on cooling (%) 1.40* + 0.36 1.39* + 0.44 1.40° + 0.31 1.70* £ 0.39 P=0.29 P=0.28
Warm carcass yield (%) 49.3% + 0.57 50.1* + 2.15 44.9° + 1.07 46.7* + 0.57 P<0.01 P=0.22
Cold carcass yield (%) 48.6*+ 0.62 49.4*+ 2.01 443>+ 1.10 45.9" + 0.60 P<0.01 P=0.27

*Weight in kg; In each row, results with different letters are significantly different by Tukey’s test (P<0.05); There was no significant Diet x Infection status interaction (P > 0.05).

Discussion

The present experiment was carried out during the rainy
season, when frequent rainfall and average temperatures of about
23°C boost abundant fodder production, allowing lambs to be
kept under a relatively high stocking rate (2.52 animal unit/ha
at the end of the trial). Such conditions also created a favourable
environment for occurrence of massive infections by gastrointestinal
nematodes, demonstrated in the present study, with several lambs
of the infected groups presenting high FEC associated with
reduced PCV values. This reveals that the blood loss caused by
H. contortus infection was considerable, with a critical period of
haemonchosis from 7 December until 18 January, when most of
the precautionary treatments were given (8 drenches in December
and 6 in January). Without these treatments, certainly, most of
the lambs would have died before the end of the trial. Following
this critical period, at the end of the trial in February, most of the
lambs displayed low FEC, indicating the development of immune
response. Despite a slight reduction in PCV and TPP means in
the first month of the trial, the control groups presented these
variables within the normal range in sheep.

The precautionary anthelmintic treatments prevented deaths
due to haemonchosis; however, they did not avoid reduction in
the production of the infected lambs in comparison with the
controls. Although clinical symptoms of trichostrongylosis, such
as diarrhea, were not seem at any time, 7. colubriformis may also
have contributed to the reduction in the body weight gain of the
infected lambs, because it is known that this species interferes in
the performance of animals, even in subclinical infections (VAN
HOUTERT et al.,, 1995; CARDIA et al., 2011; SILVA et al.,
2019). The lambs of all groups were infected by S. papillosus,
because monepantel has no claim of efficacy against this parasite.
In any case, infections by S. papillosus were mild and apparently
had no negative impact on animal performance.

In the supplemented diet, control lambs showed a daily body
weight gain 17.1% higher than the infected groups, and in the
basal diet, the difference was 26.7%. Similarly, the cold carcass
weight was 4.1% and 13.7% higher in controls in comparison
with infected lambs, respectively, in the supplemented and basal

diets. These results are substantiated by findings of several studies
involving sheep that reported significant reductions in weight gain
and carcass weight due to GIN infections (JACOBSON et al.,
2009; SUTHERLAND et al., 2010; MILLER et al., 2012;
MAVROT et al., 2015).

Despite differences in management, environmental conditions,
and nematode species, our results regarding the production
losses were similar to those reported in New Zealand, where the
production costs of anthelmintic resistance were evaluated in sheep
managed within a monthly preventive drench program to prevent
losses caused by 7eladorsagia circumcincta and Trichostrongylus spp.
The presence of anthelmintic resistance resulted in a 14% reduction
in the carcass value of lambs treated with albendazole (poor
efficacy) in comparison with those treated with monepantel (high
efficacy) (SUTHERLAND et al., 2010). In another study, lambs
under a treatment with a drench with high efficacy (derquantel
and abamectin) showed a 4.7-kg increase in carcass weight, with
a 10.4% increase in carcass value, and they required less time
(by 17 days) to reach a target live weight of 38 kg than those lambs
treated with albendazole, an anthelmintic with poor efficacy due
to anthelmintic resistance (MILLER et al., 2012).

Of the 17 precautionary drenches, 10 were given to lambs on the
basal dietand 7 to supplemented lambs, which explains the similar
means of EPG of the infected-basal diet and infected-supplemented
groups. In this last group, three lambs performed well without the
need for anthelmintic treatment. Despite the individual variation, it
was possible to observe that in general, the well-nourished animals
presented higher capacity to withstand the deleterious effects of
parasitism, in agreement with other studies (CARVALHO et al,,
2015; KHAN etal., 2017; SALGADO etal., 2017). It is necessary
also to emphasize that because lambs under the basal diet received
only a small quantity of concentrate, they grazed on average
1.7 hours more than the supplemented lambs. Consuming more
herbage, they possibly ingested a larger number of infective
larvae than the supplemented lambs. Therefore, by providing a
better-quality diet associated with less exposure to infections, the
concentrate supplementation favoured a better performance of
the Dorper lambs, which reached a body weight of about 40 kg,
considered the ideal body-weight target for this breed of sheep
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(SCHOEMAN, 2000). Similarly, improvement in the productive
performance and reduction in the degree of infection have been
reported in lambs of other breeds supplemented with concentrate
in other regions of Brazil (TONTINI et al., 2015; MELO et al.,
2017; SALGADO et al., 2017).

Precautionary treatment given to lambs with PCV values
lower than 23% was an approach similar to that recommended to
prevent haemonchosis in the FAMACHA® method, in which the
clinical category 3 corresponds to PCV = 18% to 22%. Similar to
our results, in South Africa, Van Wyk (2008) observed productive
losses in target selectively treated (TST)-sheep, based on the
FAMACHA® method, when compared with suppressive-treated
sheep. More pronounced differences were reported in Louisiana
(USA), where lambs under TST treatment using FAMACHA
had a daily body weight gain of 87.9 g/day, while a group under
traditional anthelmintic use (four treatments with levamisole) had
a gain of 113.4 g/day over 16 weeks of the trial (MILLER et al.,
2011).

According to Cloete et al. (2000), in South Africa, Dorper
lambs had postweaning gains in excess of 0.18 to 0.20 kg per
day when weaned early at 2 to 3 months of age; at slaughter,
Dorper lambs had dressing percentages of approximately 50%,
and premium prices are paid for the highest-grade lamb carcasses
weighing between 18 and 22 kg. The supplemented lambs reached
similar records in the present study, supporting the notion that
the Dorper is an adaptable sheep breed, capable of maintaining
acceptable levels of production grazing under tropical conditions.
However, it is important to emphasize that these values were
obtained in lambs properly supplemented and that to prevent
deaths, treatment with an anthelmintic showing efficacy against
Haemonchus and Trichostrongylus was essential, especially during
the initial months of grazing.

In conclusion, infected groups of Dorper lambs under a
basal- or a supplemented-diet, despite receiving precautionary
anthelmintic treatments to prevent deaths due to haemonchosis,
presented reduction in the production parameters in comparison
with the controls.
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