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Abstract

The objective of this study was to evaluate the efficacy of an experimental formulation of toltrazuril 7.5% + Trimix™
on a naturally acquired infection of Eimeria spp. in suckling lambs kept on pasture and, in another trial, evaluate the
comparative efficacy between lasalocid and toltrazuril 7.5% + Trimix™ in newly weaned sheep under feedlot conditions
that had been naturally infected with Eimeria spp. In the first experiment, 30 suckling lambs were divided into two
groups: A - treated with toltrazuril 7.5% + Trimix™ and B- control. In experiment 2, 30 weaned sheep were divided into
three groups: I - treated with toltrazuril 7.5% + Trimix™, II - treated with lasalocid and III - control. Treatment group
A showed an efficacy of 90, 99.4 and 87.3% on days 5, 10 and 20, respectively. Treatment group I had an efficacy of
98.2,92.6 and 94.5%, while group II had an efficacy of 72.7, 81.6 and 95.9% on days 7, 21 and 42, respectively. Eight
Eimeria species were identified; E. ovinoidalis was the most common. Treatment with the toltrazuril 7.5% +Trimix ™
formulation was effective against Eimeria spp. in suckling lambs in field conditions and lambs weaned in under feedlot
conditions.
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Resumo

O objetivo deste estudo foi avaliar a eficicia de uma formulagio experimental de toltrazuril 7,5% + Trimix™ em
cordeiros mantidos em pastagem com infecgio naturalmente adquirida por Eimeria spp. e, em outro teste, a eficicia
comparativa entre lasalocida sédica e toltrazuril 7,5% + Trimix™ em ovinos recém-desmamados, naturalmente infectados
com Eimeria spp. em condigoes de confinamento. No primeiro experimento, 30 cordeiros lactantes foram divididos em
dois grupos: A - tratados com toltrazuril 7,5% + Trimix™; e B - controle. No experimento 2, 30 ovinos desmamados
foram divididos em trés grupos: I - tratados com toltrazuril 7,5% + Trimix™; II - tratados com lasalocida sédica; e
III - controle. O grupo A (tratado) obteve uma eficdcia de 90, 99,4 e 87,3% nos dias 5, 10 € 20, respectivamente. O grupo
I teve eficdcia de 98,2, 92,6 ¢ 94,5%, enquanto o grupo II teve uma eficicia de 72,7, 81,6 € 95,9% nos dias 7, 21 ¢ 42,
respectivamente. Foram identificadas oito espécies de Eimeria, sendo E. ovinoidalis a mais comum. O tratamento com
a formulagao de toltrazuril 7,5% + Trimix™ foi eficaz contra Eimeria spp. em cordeiros em lactagio em condigoes de
campo e em ovinos desmamados em confinamento.
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Introduction

Eimeria spp. infections in sheep affect animals of all ages and
are most common in young animals that have been weaned and
those kept in an intensive system. Subclinical coccidiosis is more
common, which leads to decreased body weight gain and reduced
growth (CHARTIER & PARAUD, 2012; DIAFERIA et al,,
2013). In sheep, 11 species of Eimeria have been described, and
E. ovinoidalis and E. crandallis have been considered as the most
pathogenic (CHARTIER & PARAUD, 2012).

Hygiene measures help to reduce infection, but under certain
conditions they are difficult to apply; thus, the use of anticoccidial
drugs can help control infection. However, the relationship between
coccidia and gastrointestinal nematodes must be considered
because negative (KANYARI, 1988; AGYEIL 2003; AGYEl etal.,
2004) and positive correlations have been described between
these parasites (KANYARI, 1993). Thus, it is important to use
a protocol of treatments for both kind of parasites and it can be
accomplished in a practical way and viable.

Thus, the objectives of this study were: a) to evaluate the
efficacy of an experimental formulation of toltrazuril 7.5% mixed
in Trimix™ (Merial® - ivermectin, levamisole, and albendazole)
to treat suckling lambs raised on pasture that was exposed to a
naturally acquired infection by Eimeria spp. and b) to evaluate
the comparative efficacy of a commercial formulation of lasalocid
(Taurotec®, Alpharma) with toltrazuril 7.5% dissolved in Trimix®
in newly weaned sheep maintained in feedlot conditions that had
been naturally infected with Eimeria spp.

Materials and Methods

Studly site

The study was conducted in September 2013 and October 2013
on a commercial sheep farm (20°67°35.07”S and 54°47°92.01”W),
located in the municipality of Campo Grande, state of Mato
Grosso do Sul, Brazil.

Tested formulations

An experimental toltrazuril formulation containing 7.5% w/v
(99% PA, Xian Wango Biopharm Co., Ltd. - China) was dissolved
in commercial formulation of ivermectin, levamisole, and
albendazole (Trimix™, Merial®, Sao Paulo — Brazil). The Trimix™
was selected according a previous efficacy test on the experimental
farm. The dosage for treatment with the test formulation was
0.26 ml/kg/BW, which corresponds to 20 mg/kg of toltrazuril,
0.2 mg/Kg of ivermectina, 7.5 mg/Kg of levamisole and 5 mg/kg
of albendazol. The solution was maintained in an amber vial
until the moment of administration to animals. The commercial
formulation of lasalocid 15% (Taurotec™, Zoetis Brazil, Sao Paulo
- Brazil) was added in the feed of the test group at corresponding
dose of 1 mg/kg/BW. The experimental flock were not submitted
to treatment with anticoccidial drugs prior to tests.
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Experiment - 1

Thirty suckling lambs of 3-month-old male and female Mato
Grosso do Sul Native with a mean body weight of 15.27 (+ 2.71)
were individually identified and maintained with their dams on
grazing on Brachiaria brizantha cv. Piatd. These lambs had free
access to creep feeding system during the day.

On day -1, fecal samples were collected directly from the
rectum, and examined for oocysts per gram of feces (OPG) using
the modified McMaster technique (GORDON & WHITLOCK,
1939). According to the results of OPG counts, the lambs were
separated equally into two groups homogenous as follows: Group
A - treated with one dose of the experimental formulation toltrazuril
7.5% + Trimix™ and Group B - control group treated only with
Trimix™. On day zero (D0), animals were treated and fecal samples
from individual animals were collected on days 0, 5, 10, and 20
post-treatment. The treated lambs and controls were kept in the
same pasture with their dams.

Experiment - 2

Forty weaned Mato Grosso do Sul Native sheep with 5-month-old
male and female were used; on day -1 (D-1) they were identified
individually, body weight was measured and fecal samples were
collected and stored in isothermal boxes for transport to the
laboratory and maintained at 10 °C until processing.

Of these, 30 animals were selected with equivalent OPG and
body weight (19.27 + 5.2 kg). These animals were separated into
three homogenous groups: Group I (GI) - treated with one dose
of the test solution of toltrazuril 7.5% + Trimix™, Group II (GII)
- treated with a commercial formulation of lasalocid (Taurotec ™)
plus one dose of Trimix™ and Group III (GIII) - control group
treated with only Trimix™.

The animals were grazing on B. brizantha cv. Piata before the
experiment, and during the experimental period were maintained
in a feedlot condition where the feed consisted of the concentrate
17% protein, corn silage, and water provided in troughs.

On day zero (DO0), the GI was treated with toltrazuril plus
Trimix™. GII began daily treatment with the addition of lasalocid
in the concentrate throughout the experimental period, where
the amount was adjusted according to changes in weight gain
and treated with only one dose of Trimix™ on DO while GIII
no received treatment with an anticoccidial and treated with
Trimix™ on DO

The animals of GI and GIII were weighed on day D-1 and
D42 to evaluate weight gain and the animals of the GII group
were weighed regularly every 14 days to adjust the amount of
lasalocid added to the concentrate. Individual fecal samples of
animals were collected on D7, D21, and D42 post-treatment,
to determine the OPG of feces for each animal.

Laboratory procedure

Fecal samples were counting for oocysts using the modified
McMaster technique (GORDON & WHITLOCK, 1939) with

a sensitivity of 50 oocysts per gram of faeces.
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To identify the species of Eimeria in fecal samples positive for
oocysts, according to the sampling date and experimental group,
the sample was homogenized, dissolved in water, and sieved
through 60 pm mesh steel. Several washes were performed in
sedimentation glasses until the supernatant became transparent
according to the technique of Hoffman et al. (1934). After two
to three steps, when the supernatant was clear and the sample
had sediment, the amount of liquid was reduced and potassium
dichromate solution at 2.0% (w / v) in a 1: 1 volume was
added. The suspension was kept in erlenmeyer maintained at
room temperature under constant agitation in platform shaker
for 10 days.

After this period, a sample from each preparation was
processed by the flotation technique in a modified concentrated
sugar solution (CFA) (UENO & GONCALVES, 1998) to
recover coccidian and identify the species under microscopy.
The following morphometric characteristics were measured: the
length and width of oocysts and sporocysts and the wall thickness
of oocysts. The morphological characteristics considered for
identification were shape, color, and the presence or absence
of a micropyle (CHARTIER & PARAUD, 2012). The oocysts
with characteristics of E. crandallis and/or E. weybridgensis
were considered as a group because of the difliculty for reliable
differentiation between these species (O’CALLAGHAN et al.,
1987).

Statistical analysis

The effectiveness of the treatments was evaluated by calculating
the reduction of oocyst count using analysis for two samples
(paired) in a program for fecal egg count modeling (http://www.
math.uzh.ch/as/?calc) following the methodology proposed by
Torgerson et al. (2014). The OPG count data were transformed
into log (x+10) and comparisons between the mean oocyst counts
in the same period between the groups; OPG comparisons in
the same group at different times and the weight of the animals
at the beginning and end of the experiment were analyzed by
analysis of variance (ANOVA) and post-hoc analysis using the
Tukey test, considered p < 0.05 significant. All analyses were
performed using the Bioestat 5.0 program (Bélem, PA - Brazil)
(AYRES et al., 2007).
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Results

In experiment 1, group A (treatment with the experimental
formulation with toltrazuril 7.5%+Trimix™) showed an efficacy of
90.0, 99.4 and 87.3% on days 5, 10 and 20, respectively. Considering
the treatment of group (A) compared to the control group (B), a
significant difference (p < 0.05) in OPG at, D5, D10 and D20
was found between the different days post treatment. The mean
OPG values of groups A and B are shown in Table 1. No eggs
of helminth were found in McMaster technique after treatment
with Trimix™.

In experiment 2, group I (treatment with solution toltrazuril
7.5%+ Trimix™) showed an efficacy of 98.2, 92.6 and 94.5%,
while group II showed an efficacy of 72.7, 81.6 and 95.9% at
D7, D21 and D42, respectively. When comparing the OPG,
a significant difference (p < 0.05) between the animals of GI
and the other treatments (GII and GIII) on day 7 was found.
For D21 and D42, no significant differences (p > 0.05) were
found. In GI, a significant difference (p < 0.05) in OPG at DO
(pre-treatment) with OPG after treatment (D7, D21 and D42)
was found, as well as a significant difference between D7 and
D21. GII, which was treated with the formulation containing
lasalocid, had significant differences (p < 0.05) between OPG
at D7 and D42 and those of the pre-treatment (D0) with days
post treatment (D7, D21 and D42). In the control group (GIII),
there were significant differences (p < 0.05) between DO and
D42. The average results for OPG counts during the experiment
are shown in Table 2. After treatment with Trimix™, all animals
showed negative results for helminth egg counts in their feces.
The average weight gain of sheep was 5.17, 7.3 and 6.91 kg for
GI, GII and GIII, respectively. However, the average weight gain
as analyzed by ANOVA did not result in any significant difference
between treatment groups.

Eight Eimeria species were identified in both experiments, the most
common species being: E. ovinoidalis, E. crandallis| E. weybridgensis
and E. parva respectively. The frequency of the species identified in
each experiment and the respective groups are shown in Tables 3, 4.

None of the animals (experiment 1 and 2) showed clinical
signs attributable to eimeriosis during the experimental period.
No suspected adverse local or systemic drug reaction was reported
in any treated animal.

Table 1. Comparative results among the means counts of oocysts per gram of feces (OPG) and the efficacy (%) in lactating lambs at three
months of age kept in pasture conditions with creep feeding that were either treated with an experimental formulation containing toltrazuril
7.5% + Trimix™ (group A) or left untreated with anticoccidial drugs (group B) on a commercial farm from September 2013 to October

2013 in Mato Grosso do Sul State, Brazil.

GROUP A

GROUP B

Date of collection

Average OPG (standard error)

DO0! 595 + 213.3*
D5 42.3 + 26.4%*
D10 3.8 + 3.8

D20 68 + 40.6™

Efficacy Average OPG (standard error)
. 590.9 + 218.0*
90.0 (82.4-95.1) 350 + 107.1°
99.4 (97.1-100) 564.3 + 187.2*
87.3 (78.3-92.9) 800 + 242.6°

!: Treatment day. Different letters in the same column indicate that the means values of the OPG counts differed significantly (p < 0.05) by ANOVA. *: Average results
of OPG scores between the treated group and the control group were significant (p < 0.05) at a given time, by ANOVA.
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Table 2. Comparative results among the mean counts of oocysts per gram of feces (OPG) and the efficacy in weaned lambs treated with an
experimental formulation containing toltrazuril 7.5% + Trimix™ (Group I), Taurotec® (Group II) and those left untreated with anticoccidial
(Group III) in feedlot conditions from September 2013 to October 2013 in Mato Grosso do Sul State, Brazil.

Date of " OP((;;ROUP I n - I?é{OUP 1I AGROUPOIIfé
. verage verage verage
celissaen (stan:frd error) Efficacy (standfrd error) Efficacy (stan:frd error)
Do! 2191.6 + 793.4° - 1570.8 + 532.8* - 1395.8 + 487.7°
D7 33.3 + 21.6" 98.2 (96.6-99.2) 416.6 + 103.9" 72.7 (65.8-78.0) 540.9 + 241.3®
D21 160 + 48.2¢ 92.6 (90.0-95.1) 287.5 + 127.8" 81.6 (76.4-86.1) 320 + 112.7%
D42 118.7 + 63.1% 94.5 (91.9-96.3) 61.1 +23.0° 95.9 (93.5-97.7) 77.7 £ 20°

': Treatment day. Different letters in the same column indicate that the mean values of the OPG counts differed significantly (p < 0.05) by ANOVA. *: Average results
of OPG scores between the groups were significant (p < 0.05) at a given time, by ANOVA.

Table 3. Frequency (%) of identified oocysts of Eimeria spp. in fecal samples in three month old lactating lambs treated with an experimental
formulation containing toltrazuril 7.5% + Trimix™ and those left untreated (control) on a commercial sheep farm from September 2013 to

October 2013 in Mato Grosso do Sul State, Brazil.

Treatment
Eimeria Species Toltrazuril 7.5% + Trimix™ Control
Do! D5 D10 D20 DO D5 D10 D20
E. ahsata 16.9 0 0 0 23.1 0 4.1 15
E. crandallis | E. weybridgensis* 8.4 0 0 0 15.4 15 30.5 17
E. faurei 0 0 0 0 0 2.5 0 0
E. granulosa 11.8 0 0 0 0 38.7 0 12
E. intricata 0 0 0 0 7,7 12.5 21.0 15
E. ovinoidalis 10.3 0 0 0 53.8 26.2 38.9 20
E. parva 52.6 0 0 0 0 5 5.5 21

!: Treatment day. % The oocysts with characteristics of E. crandallis and E. weybridgensis were grouped because of the difficulty of reliably differentiating between these

species O’Callaghan et al. (1987).

Table 4. Frequency (%) of identification of oocysts of Eimeria spp. in fecal samples in five month old weaned lambs kept in feedlot conditions
treated with an experimental formulation containing toltrazuril 7.5% + Trimix™, lasalocid (Taurotec®) and those left untreated (control)
from September 2013 to October 2013 in Mato Grosso do Sul State, Brazil.

Treatment
Eimeria Species Lasalocid Toltrazuril 7.5% + Trimix™ Control

Do! D7 D21 D42 Do! D7 D21 D42 DoO! D7 D21 D42
E. absata 0 0 0 8.6 3.8 0 0 23.1 10.8 0 0 12
E. bakuensis 8.8 0 14.5 0 0 0 0 0 0 0 0 0
E. crandallis | E. weybridgensiss  31.6 10.3 32.3 0 63.6 0 9.5 0 17.8 30 0 22.7
E. granulosa 7 24.2 9.7 5.7 3.8 0 0 15.3 0 0 7.1 10.6
E. intricata 0 27.6 0 37.1 0 0 0 0 0 35 14.3 20
E. marsica 0 0 0 8.6 0 0 0 0 0 0 0 0
E. ovinoidalis 35.1 37.9 41.9 17.2 25 0 90.5 23.1 53.6 25 78.6 13.3
E. parva 17.5 0 1.6 22.8 3.8 0 0 38.5 17.8 10 0 21.4

!: Treatment day. % Oocysts with characteristics of E. crandallis and E. weybridgensis were grouped because of the difficulty in reliably differentiating between these

species O’Callaghan et al. (1987).

Discussion

Previous studies have reported the efficacy and benefits
of using toltrazuril 5% in lambs under different conditions
(LE SUEUR et al., 2009; MUNDT et al., 2009; SCALA et al.,
2014). In this study, toltrazuril 7.5%-+Trimix™ showed high efficacy
and reduced the OPG in three month old lambs in an extensive
system (experiment 1) as well as in five month old sheep in an
intensive system (experiment 2). Toltrazuril is a coccidicidal chemical

compound whose mechanism of action involves interfering with
nuclear division and the activity of mitochondria, damaging the
wall forming bodies in microgametes and producing vacuolation
in the endoplasmic reticulum at all intracellular developmental
stages of the parasite (HARDER & HABERKORN, 1989).
The sheep that received treatment with lasalocid sodium and
the control group demonstrated a similar reduction in OPG
during the experiment. Foreyt et al. (1979) reported that lasalocid
obtained a 99% efficacy in lambs experimentally infected with
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24.000 oocysts and demonstrated an increased weight gain of 6 kg
more than the control animals. Lasalocid sodium is an ionophoric
antibiotic classified by its carrier ions that acts mainly in the early
stages and asexual forms of the parasite; it is also used as growth
promoter to increase weight gain (CLARKE etal., 2014). However,
it is difficult to confirm the efficacy of lasolacid sodium in this
experiment because the control group showed a reduced mean
OPG. This may be due to appropriate supplementation leading to
some degree of immunity, which promoted a reduction in oocyst
shedding in the feces (ANDRADE et al., 2012). In addition, an
inverse relationship between weight gain and the average number
of oocysts excreted has been reported (REEG et al., 2005).

No significant difference in weight gain was found between
groups in experiment 2. Scala et al. (2014) demonstrated the benefits
of treatment with toltrazuril for weight gain in weaned lambs,
but Mundt et al. (2009) and Saratsis et al. (2013) did not find
any significant increase in the body weight gains of treated lambs
and control animals. The magnitude of the effects is dependent
on the severity of the infection and the degree of contamination
with pathogenic species (FITZGERALD & MANSFIELD, 1973).
Little is known about the impact of subclinical coccidiosis on the
performance of sheep (GAULY et al., 2004).

In this experiment, Eimeria infections were distributed
in eight species, the most common being E. ovinoidalis,
E. crandallis/ E. weybridgensis and E. parva. Saratsis et al. (2011)
reported that E. parva is not related to acute cases of diarrhea
in naturally acquired infections, but had reported that this
species decreased the body weight gain of infected animals
(BERRIATUA et al., 1994). Eimeria ovinoidalis is considered
the most pathogenic, and accounts for the majority of clinical
cases of the disease (CATCHPOLE et al., 1976; CHARTIER
& PARAUD, 2012). E. ovinoidalis and E. crandallis have a high
multiplicity in relation to the others and are thus frequently observed
in sheep (CATCHPOLE etal., 1976) and a high parasitic load of
pathogenic species causes a reduction in weight gain (CHARTIER
& PARAUD, 2012).

Conclusions

Treatment with an experimental formulation of toltrazuril 7.5%
+ Trimix™ reduced the infection by Eimeria spp. in lactating lambs
managed for 20 days as well as in sheep under feedlot conditions
until the 42nd day after treatment. There was no significant
difference in body weight gain between the different treatments.
The most frequent species observed was E. ovinoidalis. Despite
this parasite being recognized as pathogenic, there were no animals
with clinical signs of eimeriosis during the experimental period.
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