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Gastrointestinal nematodes resistant to anthelmintics have been reported in several regions of Brazil,
and they may be associated with economic losses for the cattle industry. This study aimed to evaluate the
resistance status of gastrointestinal nematodes from naturally infected beef cattle to several commer-
cially available anthelmintics, as well as to test the efficacy of combinations of anthelmintics against
multi-resistant gastrointestinal nematodes. Ten farms located in Rio Grande do Sul state were selected
by: farmers' consent; extensive raising system; availability of calves aged from 7 to 9 months naturally
infected by gastrointestinal nematodes; absence of anthelmintic treatment for 60 days before the study;
and presence of 70—100 calves or more of both genders with >200 eggs per gram of feces (EPG)
(sensitivity of 50 EPG). These calves were distributed into 10 groups (of 7—10 animals) per farm and
treated with ivermectin, doramectin, eprinomectin, fenbendazole, closantel, nitroxynil, disophenol, le-
vamisole, albendazole, or moxidectin. Feces were collected 2 days before treatment and 14 days after
treatment. Additional groups of 7—10 calves were used to test six different two-drug combinations at
four of the studied farms. In general terms, fenbendazole was the most effective drug, followed by le-
vamisole, disophenol, and moxidectin. However, parasite resistance to multiple drugs was found in all
herds, especially in the genera Cooperia spp., Trichostrongylus spp., and Haemonchus spp.. Some of the
two-drug combinations were effective against nematode populations identified as resistant to the same
compounds when used as single drugs. The most effective combinations were moxidectin + levamisole,
doramectin + fenbendazole, and levamisole + closantel. In this study, parasites resistant to the main
commercially available anthelmintics were found in all herds, and some combinations of two active
components belonging to different chemical groups were effective against multi-drug resistant gastro-
intestinal nematodes.

© 2016 The Authors. Published by Elsevier Ltd on behalf of Australian Society for Parasitology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

hectare) and a 3.4% decrease in pasture area from 1990 to 2011
(INSTITUTO ENP, 2012). Particularly in the state of Rio Grande do

The cattle industry is one of the largest sectors of the Brazilian
economy. Brazil is the world's second largest producer of cattle,
with a total herd of 217.4 million head (FAO, 2014; Cider, 2014).
Recently, the cattle industry has experienced a rise in intensity and
productivity, as shown by a 50% increase in occupancy rate (animal/
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Sul, beef cattle production occurs predominantly on native pas-
tures, often without considering the effects on sustainability
(Beretta et al., 2002) and the environmental changes caused by
increased population density and restriction of livestock move-
ment. In addition, genetic selection for desired production char-
acteristics has led to changes in the natural parasite/host balance,
resulting in increased susceptibility of cattle to parasites (Waller,
2002).

Infections by gastrointestinal nematodes affect the well-being
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and productivity of hosts, causing decreased reproductive perfor-
mance, a low growth rate, weight loss, and poor food conversion
(Mello et al., 2006; West et al., 2009; De Graef et al., 2013). In Brazil,
anthelmintics are generally used at farmers' discretion, with no
restrictions to access to commercially available drugs and without
any assistance from veterinarians. Thus, inadequate use of anthel-
mintics is not rare; indeed, animals are often treated excessively,
interfering with production, accelerating selection of resistant
parasites, and posing significant problems for the cattle industry
(Delgado et al., 2009; Zanetti Lopes et al., 2013).

Parasite resistance has gradually become a significant problem
facing cattle producers in several regions worldwide, including
Brazil (de Souza et al., 2008; Demeler et al., 2009). Limited infor-
mation exists regarding parasite resistance status in local cattle
herds in the Brazilian state of Rio Grande do Sul; however, there is
strong evidence that gastrointestinal nematodes infecting Brazilian
herds have gained resistance to the main available classes of an-
thelmintics (Soutello et al., 2007; Cezar et al., 2010b; Borges et al.,
2013; Neves et al., 2014).

This study aimed to verify the existence of populations of
gastrointestinal nematodes resistant to several commercially
available anthelminthic compounds by evaluating naturally infec-
ted beef cattle from herds located in the state of Rio Grande do Sul,
Brazil. In addition, the efficacies of some two-drug combinations
were tested to assess their potential as alternative to control the
multi-drug resistant parasite populations found in the studied
herds.

2. Material and methods
2.1. Farms and animals

The study was conducted on ten farms located in eight counties
of the Rio Grande do Sul state in southern Brazil: Sao Martinho da

Serra, Dilermando de Aguiar (two farms), Cacequi (two farms), Sao
Gabriel, Itaqui, Sao Borja, Santiago, and Sao Vicente do Sul (Fig. 1).

Mato Gros

Preliminarily, herds were selected based on location and previous
consent by farmers. Additionally, the following technical criteria
were considered: the extensive system used to raise beef cattle; the
availability of Bos taurus/Bos indicus crossbred calves of both gen-
ders (aging from 7 to 9 months); the presence of 70—100 calves or
more per farm with counts of >200 eggs per gram of feces (EPG);
and the absence of anthelmintic treatment for 60 days before the
experimental period. First, all calves available at each farm were
included in the study; however, animals with fewer than 200 EPG
before treatment were excluded prior to the formation of the
experimental groups. Calves were weaned approximately six
months after birth and kept in the same grazing area before and
during the study on each farm. The use of animals was approved by
the Committee of Ethics in Animal Experimentation of the Federal
University of Santa Maria under protocol no. 3132240215.

2.2. Anthelmintic treatment

In the first part of the study, ten commercially available
anthelmintic compounds were tested on each farm. All treatments
were administered by a veterinarian participant of the study
following the manufacturer's recommendations: ivermectin 1%
(0.2 mg/kg, subcutaneous, Hipramectin® HIPRA), doramectin 1%
(0.2 mg/kg, subcutaneous, Dectomax® Zoetis), eprinomectin 0.5%
(500 pg/kg, pour-on, Eprinex® Merial), moxidectin 1% (0.2 mg/ke,
subcutaneous, Cydectin® Ford Dodge), levamisole 7.5% (3.75 mg/kg,
subcutaneous, Ripercol L® Fort Dodge), albendazole 15% (3.4 mg/kg,
subcutaneous, Agebendazol® Gener), nitroxynil 34% (9.7 mg/ke,
subcutaneous, Dovenix Supra®, Merial), disophenol 20% (5 mg/ke,
subcutaneous, Pradoverme® PRADO), fenbendazole 10% (5 mg/ke,
oral, Panacur® Intervet), and closantel 10% (10 mg/kg, oral, Diantel®
HIPRA).

After determining the efficacy of each single anthelmintic
treatment, six combinations of two drugs were tested at four of the
ten farms as a second part of this study. For this purpose, new
groups of calves, selected by the criteria described before, were
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Fig. 1. Location of ten beef cattle herds studied at eight counties from the state of Rio Grande do Sul in southern Brazil. The black spheres indicate the locations of the farms.
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used. The drug combinations were based on the results of the first
part of this study and selected according to the recommendations
of Cezaretal. (2011), Geary et al. (2012), and Pivoto et al. (2014). The
choice of two-drug combinations was made with a focus on
including different modes of action and efficacy against different
genera of gastrointestinal nematodes. The tested combinations
were: moxidectin 1% (0.2 mg/kg, subcutaneous, Cydectin® Ford
Dodge) + levamisole 7.5% (3.75 mg/kg, subcutaneous, Ripercol L®
Fort Dodge), moxidectin 1% (0.2 mg/kg, subcutaneous, Cydectin®
Ford Dodge) + albendazole 15% (3.4 mg/kg, subcutaneous, Age-
bendazol® Gener), albendazole 15% (3.4 mg/kg, subcutaneous,
Agebendazol® Gener) + closantel 10% (10 mg/kg, oral, Diantel®
HIPRA), doramectin 1% (0.2 mg/kg, subcutaneous, Dectomax®
Zoetis) + closantel 10% (10 mg/kg, oral, Diantel® HIPRA), dor-
amectin 1% (02 mg/kg, subcutaneous, Dectomax®
Zoetis) + fenbendazole 10% (5 mg/kg, oral, Panacur® Intervet), and
levamisole 7.5% (3.75 mg/kg, subcutaneous, Ripercol L® Fort
Dodge) + closantel 10% (10 mg/kg, oral, Diantel® HIPRA). Each drug
in the combination treatments was administered separately.

2.3. Experimental groups and fecal analysis

Samples were collected directly from the rectum of each calf 2
days prior to treatment (D—2) and on day 14 after treatment
(D+14) according to the recommendations of Coles et al. (2006). All
samples were collected in plastic bags, labeled, stored in isothermal
boxes for transport to the laboratory, maintained at 10 °C for up to
12 h after collection, and processed, as recommended by McKenna
(1998). All samples were maintained under controlled humidity
and temperature before processing and during the larvae culture
procedures.

Counting of EPG was performed by a McMaster modified tech-
nique, with a sensitivity of 50 EPG. Briefly, each sample of 4 g of
homogenized feces was mixed and diluted in 56 mL of saturated
solution, re-suspended, sifted, and transferred to a McMaster
chamber for EPG counting by microscopic identification. Animals
that had an EPG count >200 on D—2 were selected. These calves
were distributed into 10 randomized blocks based on EPG at each
farm, to balance the mean and the frequency distributions of EPG
countings among the groups before the treatments. Each of the ten
groups was randomly treated with a single drug in the first part of
this study. At the four farms included in the second part of this
study, six additional groups were treated with a combination of two
anthelmintic compounds as described previously. The number of
animals in each experimental group ranged from 7 to 10 depending
on the available calves at each farm. The total number of calves used
per farm was: 257 (farm 1), 110 (farm 2), 205 (farm 3), 108 (farm 4),
127 (farm 5), 138 (farm 6), 264 (farm 7), 184 (farm 8), 181 (farm 9),
130 (farm 10).

On each collection day, fecal samples from all calves in each
experimental group were pooled, mixed with sterile wood shav-
ings, and stored for larvae cultures (moisturized daily with sterile
water under incubation for seven days at 22—27 °C and 80% hu-
midity), according to the recommendations of Coles et al. (2006).
After incubation, larvae were recovered by baermanization, after
which 100 third-stage larvae in each culture were identified (by
genera) following the criteria described by Van Wyk and Mayhew
(2013).

2.4. Statistical analysis

On each farm, pre-treatment and post-treatment EPG counts
were used to calculate the efficacy of each treatment based on the
reduction in EPG. For this purpose, the approach described by
Torgerson et al. (2014) was used (available at http://www.math.

uzh.ch/as/index.php?id=254&L=1). The selected approach incor-
porated random sampling error and aggregations between indi-
vidual hosts in the treatment groups to provide 95% confidence
intervals, which were taken as the 2.5 and 97.5 percentiles of the
resulting efficacy distribution.

The efficacy of each treatment against each genus of gastroin-
testinal nematodes was calculated based on the proportion of each
genus of nematode in the larvae cultures at D—2 and D+14 using
the following formula: PR = 100 x (1—PERgpa)/PERinital), where PR
is the percentage reduction by genus; and PERinitial and PERfinal
are the percentages of each genus before (D—2) and 14 days after
(D+14) treatment, respectively (Coles et al., 1992, 2006; Neves
et al,, 2014).

2.5. Interpretation of the results

Anthelmintic resistance status was interpreted as recom-
mended by Lyndal-Murphy et al. (2014) and based on the World
Association for the Advancement of Veterinary Parasitology
(WAAVP) guidelines on anthelmintic resistance (Coles et al., 1992),
considering the EPG reduction percentage and the upper (UCL) and
lower (LCL) 95% confidence limits. Therefore, each treatment was
classified as effective (when the EPG reduction percentage and
upper 95% confidence limit were both equal or above 95% and the
lower 95% confidence limit was equal or above 90%), ineffective
(parasite resistance confirmed, when the EPG reduction percentage
and upper 95% confidence limit were below 95% and the lower 95%
confidence limit was below 90%), or inconclusive (when none of the
other criteria were fulfilled). Moreover, multi-drug resistant para-
sites were defined as parasite populations of gastrointestinal
nematodes that were resistant to anthelmintic drugs of different
chemical classes according to the recommendations of James et al.
(2009).

3. Results

Arithmetic means, minimum EPG counts, maximum EPG
counts, and the percentages of each genus of gastrointestinal
nematodes found before treatment in each herd are shown in
Table 1. Table 2 presents the efficacy of each treatment at each farm.
Table 3 shows the percentage reduction of each genus after each
treatment at each farm. The presence of gastrointestinal nematodes
with resistance to multiple anthelmintic compounds was detected
in all evaluated herds; on 60% (6/10) of the farms, nine of the ten
active compounds tested had efficacy <90% (Table 2). Fenbendazole
was the most effective compound in the studied herds, followed by
levamisole, disophenol, and moxidectin. Larvae cultures from ani-
mals from all herds showed the presence of mixed infections
containing the following genera: Haemonchus, Cooperia, Oesopha-
gostomum, Trichostrongylus, and Ostertagia (Table 1). Oesophagos-
tomum spp. were the most susceptible of the identified genera to
anthelmintic compounds, whereas Cooperia spp. were the most
resistant, followed by Trichostrongylus spp. and Haemonchus spp.
(Table 4).

Treatment of the animals with avermectin compounds did not
result in satisfactory EPG reduction in any herd. Moxidectin was
fully effective at one farm, but unsatisfying reductions in EPG
counts were observed in the other nine herds. With regard to the
benzimidazoles employed in this study, albendazole was ineffective
against gastrointestinal parasites at nine farms and showed an
inconclusive result at the farm 10. Fenbendazole was effective at
farms 2 and 10 and resulted in lower, but not negligible, EPG re-
ductions of approximately 90% at farms 1, 5, 7, 8, and 9. In the same
way, levamisole exhibited outstanding efficacy greater than 95% at
farms 9 and 10; however, levamisole produced no similar reduction
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Table 1

Arithmetic mean (AM) and standard deviation (SD), minimum (MIN) and maximum (MAX) fecal egg counts, and proportions of genera identified before the treatments (D-2) in
the feces of naturally infected beef cattle from ten farms in the state of Rio Grande do Sul.

Farms EPG Genera of the gastrointestinal nematodes (%)
AM (SD) MIN MAX Cooperia spp. Oesophagostomum spp. Haemonchus spp. Ostertagia spp. Trichostrongylus spp.

1 440.85 (+346.2) 200 1550 70 26 4 0 0
2 249.1 (£156.5) 200 2700 78 22 0 0 0
3 623.5 (+501.6) 200 2850 60 8 0 4 28
4 413.6 (+225.9) 200 1250 76 0 16 2 6
5 368.5 (+226.3) 200 1200 20 0 40 10 30
6 776.2 (£593.6) 200 3600 34 0 10 0 56
7 1657.3 (£1223.2) 200 6850 40 6 44 2 8
8 806.8 (+605.3) 200 2550 87 7 6 0 0
9 624.4 (+467.7) 200 2350 68 14 8 0 0
10 476.7 (£296.1) 200 1350 64 10 26 0 0

in EPG count at the other six tested farms.

Considering the narrow spectrum compounds tested, closantel
had unsatisfying results at 90% (9/10) of the farms. However, clo-
santel was effective against Haemonchus spp. at farms 1, 5, 6, 8, and
10, while it showed no action against Cooperia spp. Phenolic-
substituted compounds disophenol and nitroxynil showed
differing efficacy. Nitroxynil was ineffective at all farms when EPG
reduction was considered, mainly because it had little effect on
Cooperia spp., but it was effective against Haemonchus spp. on farms
1, 6, 8, and 9. Disophenol was not effective at six farms, showed
inconclusive results at three farms (1, 6, and 10), and had an efficacy
of 96.3% at farm 9. Disophenol was effective against Haemonchus
spp. at farm 1 and Ostertagia spp. at farms 1, 4, 5, and 7.

The efficacy of each two-drug combination is presented in
Table 5. Some combinations were highly effective, surpassing 95%
efficacy. The most effective treatment was moxidectin
1% + levamisole 7.5%, followed by doramectin 1% + fenbendazole
10%, which presented some inconclusive results with efficacy of
approximately 90%. Table 6 shows the effect of each anthelmintic
combination on each genus of gastrointestinal nematodes at each
farm. Table 7 shows the mean efficacy of each anthelmintic com-
bination against gastrointestinal nematode genera found at all
farms. In general, the same genera identified as resistant to single
drugs were found to be resistant to two-drug combinations.
However, some groups showed large reductions in EPG counts after
treatment with anthelmintic combinations, resulting in a lack of
viable larvae after treatment (D+14) (Tables 6 and 7).

4. Discussion

Resistance of gastrointestinal nematodes infecting cattle to
some classes of anthelmintic compounds has been demonstrated in
Brazilian herds in the states of Santa Catariana, Sao Paulo, and Mato
Grosso do Sul by Souza et al. (2008), Condi et al. (2009), and
Almeida et al. (2013), respectively. However, the results of the
present study indicate a worrying situation in relation to the con-
trol of gastrointestinal nematodes infections in cattle herds from
Rio Grande do Sul because of the high level of multi-drug resistance
of the parasite populations found in all farms studied. The broad
detection of parasite resistance to several anthelmintics recognized
as good quality commercial drugs suggests that parasite pop-
ulations have developed resistance to the main classes of anthel-
mintic drugs available in Brazil.

Macrocyclic lactones (MLs), especially avermectins, were not
effective in any of the herds assessed in this study, with the
exception of moxidectin at one farm. Similar results were found in
other cattle herds by Mello et al. (2006), Cezar et al. (2010b), and
Lagunes et al. (2015). Mello et al. (2006) and Demeler et al. (2009)
reported that MLs are the most commonly used class of compounds

for the control of gastrointestinal helminths in ruminants because
of their broad spectrum and endectocide activity, which encourage
excessive use and have led to resistance. In the farms evaluated
here, no detailed information was obtained regarding the history of
each drug at each farm because of a lack of available data. Drug use
on Brazilian farms is often not based on established criteria, while
trademarks and compound names are not well recognized by the
farmers. As an exception, ivermectin is well recognized and the
most widely used anthelmintic, followed by other avermectins,
benzimidazoles, levamisole, and cydectin. Other compounds are
eventually used when the farmer suspects that conventional drugs
are failing. Commercial availability, endectocide action, and price
are generally considered most important criteria influencing the
choice of drugs by farmers.

Proportionally to the other genera of gastrointestinal nematodes
found in the tested herds, Cooperia spp. larvae showed lower sus-
ceptibility to MLs (Tables 3 and 4). Resistance of Cooperia spp. to
MLs is not rare; however, treatment failure is often not perceived by
farmers because of the low pathogenicity of some species of
Cooperia (except, for example, C. oncophora and C. punctata) (Cezar
et al., 2010b; Fazzio et al., 2014; Zanetti Lopes et al., 2014). Never-
theless, massive infections by Cooperia spp. can lead to loss of
appetite, diarrhea, and decreased weight gain (Demeler et al.,
2009). Despite the presence of resistant populations of Cooperia
spp. in the studied herds, clinical signs were not apparent in calves.
Moreover, larvae of the genera Trichostrongylus, Haemonchus,
Ostertagia, and Oesophagostomum were identified as resistant after
treatment with MLs; however, these genera were not present in
samples from all farms (Table 3).

Levamisole, an imidazothiazole derivative, was a good alterna-
tive for the treatment of gastrointestinal nematodes at some farms,
in line with reports by Duarte et al. (2012) and Gasbarre (2014).
While farmers reported knowledge of levamisole in the present
study, it was not frequently used, indicating low selection pressure.
This condition may have contributed to the good efficacy of le-
vamisole at some farms. A similar result was found by Molento et al.
(2013) regarding sheep in Brazil, where reintroduction of levami-
sole in a flock that had not been exposed to it for 10 years resulted
in efficacy of more than 95%. However, in the present study, with
the exception of Oesophagostomum spp., other genera were not
fully controlled by levamisole, corroborating the data obtained by
de Souza et al. (2008) and Neves et al. (2014).

Phenolic substitutes nitroxynil and disophenol are narrow
spectrum anthelmintics that are not recommended in the presence
of infections by Cooperia spp., Trichostrongylus spp., or Ostertagia
spp.; however, they are indicated to control Haemonchus spp.,
which is associated with a decrease in food consumption, weight
loss, and loss of productivity in cattle (Mckellar and Jackson, 2004;
Gasbarre, 2014). Nitroxynil and Disophenol were ineffective in



Table 2

Percentage of EPG reduction (and 95% confidence interval) calculated by the fecal egg count reduction test (FECRT) fourteen days after anthelmintic treatment in beef cattle naturally infected by gastrointestinal nematodes on ten

farms in the state of Rio Grande do Sul, Brazil.

Reduction of EPG after treatment on each farm

Anthelmintic treatments

10

61.8

—99
(~143 to —63.8)

-21.6

452
(28.1-59)
~1.82

69.6

174
(~1.87 to 33.7)

218 56.6
-36.9

-99.1

17.6
(~13 to 39.2)

-284

116
(~28.1 to 39.5)

—55.6

Ivermectin 1%

(44.6-76.2)
426

(62.7—74.4)

26.9

(33.8-72.8)

29.7

(~12.8 to 42.9)

80.9

(~138 to —61.4)

_46
(~82.5 to —20)

-9.92

Doramectin 1%

(13.2-62.8)

(=25t0234)  (-472to —4.21)
69.3

(15.2—34.4)

63.8

(=741 to —11.2)

(0.67—52.5)
33.1

(~64 -47.2) (67.2—90)
50.5

(~55.4 to 23.8)

124
(-6.6to 32.1)

213
(~2.8 to 38.7)

13.6
(—7.5to 28)

81.2
(70.4—88.6)

67.8

(46.4-80.7)

Eprinomectin 0.5%

(54.5-80.7)

99.2

(56.6-69.7)

90.4

(5.8 to 53.3)

83.7

(21.8-68.8)

78.7

(—45 to 14.8)

64.4
(49.2—74.9)

78
(66.1—85.6)

80.1
(71.5-86.7)

65.1
(52.5-75.9)

76.7
-28.2

(64.8—85.8)

63.7
(41.2-77.7)

Moxidectin 1%
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(95.1-100)

87

(87.2-93.2)

57.4

(71.3-92)
43

(65.3—88.7)
29.1

29.3
(10.1—44.7)

79.3
(70.3—86.1)

37.9
(20.4—50.5)

60.2
(44.1-71.9)

134
(=203 to 37.7)

Albendazole 15%

(74.1-94.3)

97.7

(49.9—63.8)

71.7

(=39.5-27.2)

34.8

(0.51-51.9)

90.2

(=612 to 15.2)

97.5
(94.2-99.2)

93
(87.4-96.9)

46.1
(31-58.4)

70.6
(52-82.3)

84.7
-134

(74.9-91.5)

81.9
(65.3-91.3)

Levamisole 7.5%

(91.8-99.7)

61.1

(64.6-77.5)
72.8

(0.8-55.9)

232

(77.6-96.6)

86.1

36.7
(16.6—50.6)

51.6
(37.4—63.9)

31.1
(12.6—45.9)

483
(22—64.8)

71.7
(50.4—84.2)

Nitroxynil 34%

(41-76.8)

94.8

(65.6—78.5)

77.6

(~11.8-48)

(73-93.7)

60.1

(~40.3 to 10.5)

96.3
(92.2-98.4)

-28.1

73.2
(62—81.4)

91.7
(84.3—95.5)

-13.8

30
(=1.6 — 52.5)

18.5

50.1
(34.2-61.1)
~127

493
(28.5-64.1)

88.7
(75.3—95)

Disophenol 20%

(87.5-98.5)

97.5

(72.4-82.2)

58.2

(39.1-75.5)

52.4

57.5
(43.2-68.8)

83.4
(73.6—90.5)

82.8
(66.1-91.6)

Closantel 10%

(91.5-99.6)

97.8

(=57.3 to —3.8)

(50.6—65.5)

88.4

(~41.9 to 9.08)

(=22.2- 43)

(22.9-70.7)
91.5

54.8

(-27.9 to 17.7)

91
(85.2—95.1)

91.7

(85.1-95.6)

76.2
(65.4—83.8)

85.2
(76.9-91.1)

97.4

(92.8-99.5)

91.4
(82.3-96.5)

Fenbendazole 10%

(92.2-99.7)

(84.6-91.3)

(81.8-96.9)

(29.3-71.1)

reducing the EPG in most herds, mainly because of the presence of
genera of gastrointestinal nematodes that were not sensitive to
these compounds. Some strains of Oesophagostumum spp. and
Ostertagia spp. were susceptible to nitroxynil and disophenol;
however, resistance of Haemonchus spp. to nitroxynil and dis-
ophenol was detected in some herds. Nitroxynil was effective
against Haemonchus spp. at farms 1, 6, 8, and 9, whereas disophenol
was effective against Haemonchus spp. at farm 1 and Ostertagia spp.
at farms 1, 4, 5, and 7. These results show that phenolic-substituted
drugs have limited applicability in the studied cattle herds.

Benzimidazoles (BZs), including albendazole and fenbendazole,
are broad-spectrum drugs widely used as anthelmintics in rumi-
nants worldwide (De Graef et al., 2013). Yazwinski et al. (2009),
Cezar et al. (2010b), and Demeler et al. (2009) reported efficacies
>95% for these anthelmintics in large ruminants. However, in the
present study, albendazole had efficacy <90% at all tested farms,
while fenbendazole was highly effective at only 2 farms. Frequent
use of BZs at the studied farms may have resulted in the estab-
lishment of benzimidazole-resistant parasite populations. Consid-
ering the location of the farms, these data suggest that parasite
resistance to BZs may be spreading in Rio Grande do Sul, similar to
the situation observed for avermectins in several Brazilian herds.
The resistance of Cooperia spp., Haemonchus spp., and Trichos-
trongylus spp. to BZs at most farms was similar to the results re-
ported by Yazwinski et al. (2009).

Closantel presents a narrow spectrum of action against gastro-
intestinal nematodes of ruminants. In Brazil, closantel (Diantel®) is
recommended mainly to control Haemonchus spp. infections in
sheep and cattle. Thus, closantel can be considered as a treatment
for controlling gastrointestinal nematodes in certain conditions
(Costa et al., 1996). Although closantel was not previously used in
any of the studied cattle herds, it did not control infection by
gastrointestinal nematodes at 90% of the tested farms. Cooperia spp.
(the least sensitive genus), Trichostrongylus spp., and Ostertagia spp.
were not susceptible to closantel in most cases. Closantel was
effective against Haemonchus spp. at farms 1, 5, 6, 8, and 10, but
Haemonchus spp. were resistant to closantel on farms 3, 4, 7, and 9.
While this is the first report of gastrointestinal nematode resistance
to closantel in cattle herds of the state of Rio Grande do Sul,
resistance to this compound has been reported by Costa et al. (1986,
1996) in the state of Sao Paulo. Furthermore, closantel resistance is
very common in sheep, as reported at several studies, due to its
intensive use on small ruminants (Cezar et al., 2010a; Sczesny-
Moraes et al., 2010; Verissimo et al., 2012).

Multi-drug resistance occurs when multiple classes of anthel-
mintics no longer control certain parasitic populations that origi-
nally consisted of a large majority (more than 95%) of susceptible
genotypes (Taylor et al., 2009). Multi-drug resistance is very com-
mon among the main types of gastrointestinal nematodes that
infect sheep and goats; indeed, multi-drug resistance is an
emerging issue in cattle around the world, including those raised in
Brazil and a number of European countries (Rangel et al., 2005;
Geurden et al., 2015). The low efficacy of each single drug and the
presence of multi-drug resistant gastrointestinal nematodes
infecting cattle are major problems that prevent adequate anthel-
mintic control at the farms evaluated in this study. Thus, more
sustainable strategies of anthelmintic control in ruminants are
required to overcome the problem of multi-drug resistance (Cezar
et al.,, 2011; Geary et al., 2012).

Given that the main classes of anthelmintics did not reduce the
EPG of treated calves, combinations of active compounds were
administered as an alternative treatment approach (Bartram et al.,
2012). Similar to the results of a study performed by Cezar et al.
(2011) in sheep, two-drug combinations of anthelmintics were
tested on cattle herds in the present work based on previous tests of
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Table 3
Efficacy (%) of different anthelmintic drugs against each genus of gastrointestinal nematode fourteen days after treatment in naturally infected beef cattle at ten farms in the
state of Rio Grande do Sul, Brazil.

Farm  Genus Anthelmintic treatments and reduction percentage for each genus after treatment

Ivermectin  Doramectin  Eprinomectin  Moxidectin ~ Levamisole  Albendazole  Fenbendazole Closantel  Nitroxynil  Disophenol

1 Coop 0 0 0 100 0 1.2 0 0 0 0
Haem O 100 0 0 100 0 100 100 100 100
Oesop 100 100 0 0 100 100 0 100 100 0
Ostert 100 100 100 100 100 100 100 0 0 100
Trich 100 100 100 100 0 72.1 100 100 100 35.8

2 Coop 78.7 28.7 71.2 474 824 10.55 100 23 48.7 47.2
Haem 0 0 0 0 - - - - 0 -
Oesop 100 49.5 0 76.7 100 100 100 100 100 100
Ostert  — - — — - 100 - — — —
Trich 100 0 0 0 0 72.1 — 100 100 0

3 Coop 10 16.6 79.2 40 40 30.8 0 50 0 0
Haem 0 0 0 0 0 0 0 0 0 -
Oesop O 0 0 0 100 100 100 100 100 100
Ostert 0 0 0 - 0 0 0 0 0 0
Trich 100 714 33 78.7 7.1 25.8 36.5 39.2 85.7 78.5

4 Coop 26.31 58.4 34.2 264 232 289 342 0 45.1 0
Haem O 0 0 0 47.9 875 0 75 0 87.5
Oesop - 0 - 0 - 0 0 - 0 100
Ostert 0 100 100 0 100 0 100 0 100 100
Trich 0 100 0 51.6 0 0 0 0 0 0

5 Coop 0 0 0 0 0 0 100 0 0 0
Haem 100 100 100 375 100 75 100 100 80.7 50
Oesop - - - - - 0 — — - -
Ostert 0 0 0 100 100 100 0 0 0 100
Trich 16.6 16.6 100 100 100 66.6 100 100 48.7 0

6 Coop 54.7 11.7 764 1.9 11.7 411 0 0 0 78.9
Haem O 0 0 0 60 0 0 100 100 0
Oesop - 0 0 0 - — - - - -
Ostert  — - - 78.7 - 50 - - - -
Trich 58.7 78.5 39.2 — 75 - 70.2 60.7 714 87.2

7 Coop 0 0 0 28.5 0 30 0 0 0 0
Haem O 31.8 100 0 100 0 72.7 77.2 59 49.5
Oesop O 0 100 0 100 0 100 100 100 100
Ostert 100 100 0 100 100 100 100 0 0 100
Trich 100 0 0 100 0 0 0 0 100 100

8 Coop 0 333 471 241 6.6 0 100 0 333 73
Haem  24.1 0 0 0 0 100 100 100 100 0
Oesop O 0 0 0 100 100 100 100 100 0
Ostert  — — - - - - - - - -
Trich 0 0 — 0 0 — — — 0 —

9 Coop 0 0 0 0 0 0 0 0 0 0
Haem 100 25 0 0 100 100 100 75 100 0
Oesop 100 100 714 25 100 100 100 100 100 100
Ostert  — - - - - - - - - -
Trich - - - - - - - - - -

10 Coop 0 0 259 NL 3.8 0 6.2 0 0 0
Haem  30.7 61.5 0 NL 100 375 423 100 76.9 87.6
Oesop O 20 0 NL 100 375 100 100 20 100
Ostert  — - - NL - - - 0 - -
Trich — - - NL — 0 0 0 — —

Coop: Cooperia spp.; Haem: Haemonchus spp.; Oesop: Oesophagostomum spp.; Ostert: Ostertagia spp.; Trich: Trichostrongylus spp.; NL: no viable larvae after treatment (D+14).

Table 4
Efficacy (mean (%) and standard deviation) of anthelmintic drugs against each genus of gastrointestinal nematode fourteen days after treatment in naturally infected beef cattle
from ten farms in the state of Rio Grande do Sul, Brazil.

Compounds Genera
Cooperia spp. Haemonchus spp. Oesophagostomum spp. Ostertagia spp. Trichostrongylus spp.

Ivermectin 1% 19.4 (+27.5) 23 (+41.6) 42.8 (£53.4) 40 (+54.7) 46.9 (+47.9)
Doramectin 1% 14.8 (+19.8) 31 (+41.2) 29.9 (+42.9) 60 (+54.7) 45.8 (+45.8)
Eprinomectin 0.5% 33.4 (+42. 9) 20 (+42.1) 21.4 (+40.4) 40 (+54.7) 38.9 (+44.7)
Moxidectin 1% 29.8 (+31.5) 1(+12.5) 12.7 (£27.3) 60 (+54.7) 63.6 (+42.5)
Levamisole 7.5% 16.7 (126 4) 67 5 (+43.0) 100 (0) 66.6 (+51.6) 22.7 (+40.5)
Albendazole 15% 14.2 (+16.5) 50 (+48.0) 59.7 (+49.1) 60 (+54.7) 26.8 (£31.7)
Fenbendazole 10% 34.0 (+46.6) 57.2 (+46.9) 75 (+46.2) 60 (+48.9) 438 (146 2)
Closantel 10% 7.30 (+16.6) 80.8 (+32.5) 100 (0) 0(0) 37.4 (+44.6)
Nitroxynil 34% 12.7 (+20.8) 61.6 (+44.5) 77.5 (+42.0) 40 (+54.7) 38.2 (+43.3)
Disophenol 20% 13.3 (£27.3) 46.8 (+42.6) 75 (+46.2) 80 (+44.7) 43 (+44.8)

Overall efficacy means (%) 195 44.2 594 50.6 40.7
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Table 5

Percentage of EPG reduction (and 95% confidence interval) calculated by the fecal egg count reduction test (FECRT) fourteen days after treatment with anthelmintic com-
binations in beef cattle naturally infected by gastrointestinal nematodes at farms 1, 3, 7, and 8 in the state of Rio Grande do Sul, Brazil.

Anthelmintic combination

Reduction of EPG after treatment on each farm

1 3 7 8

Moxidectin 1% + Levamisole 7.5% 98.1 (93.5-99.8) 96.5 (93.1—98.6) 99.1 (94.6—100) 98.9 (95.2—100)
Moxidectin 1% + Albendazole 15% 87 (76.8—93.7) 93.1 (87.7—96.3) 78 (64—87.3) 95.7 (89.4—98.9)
Albendazole 15% + Closantel 10% 63 (47.4-74) 61.7 (50—72.2) 64.7 (44-78.2) 51.4 (28.6—67.8)
Doramectin 1% + Closantel 10% 67.1 (49.6—78.5) 54.9 (40.5—65.5) 71.9 (56.2—82.5) 66.3 (46.1—77.9)
Doramectin 1% + Fenbendazole 10% 87.9 (77.4—93.7) 93.1 (89.2—96.4) 89.2 (78.1—95.4) 98 (91.2—99.8)
Levamisole 7.5% + Closantel 10% 94.3 (88.7—97.9) 87.2 (79.9-92.4) 81.2 (67—90) 91.8 (83.3-96.4)

Table 6

Efficacy (%) of anthelmintic combinations against each genus of gastrointestinal nematode fourteen days after treatment in naturally infected beef cattle at farms 1, 3, 7,and 8 in

the state of Rio Grande do Sul, Brazil.

Farm Genus Anthelmintic treatment and percentage reduction of each genus
Moxi + Leva Moxi + Albe Albe + Clos Dora + Clos Dora + Fenb Leva + Clos

1 Coop NL 0 0 0 42.8 0
Haem NL 100 100 100 0 100
Oesop NL 100 100 100 100 100
Ostert NL — — — — —
Trich NL - - - - -

3 Coop 100 23 0 0 0 0
Haem 100 0 100 0 100 100
Oesop 100 41.1 100 100 100 100
Ostert 100 0 87.6 100 100 25.6
Trich 0 47 100 293 100 0

7 Coop 100 16.2 35.1 0 0 100
Haem 100 100 100 100 100 100
Oesop 0 100 0 0 100 0
Ostert — — — — — 100
Trich - 0 - - - -

8 Coop NL 0 0 0 100 0
Haem NL 100 100 100 100 0
Oesop NL 100 - - 100 100
Ostert NL — — — — —
Trich NL - - - - -

Moxi + Leva = moxidectin 1% (0.2 mg/kg, subcutaneous) + levamisole 7.5% (3.75 mg/kg, subcutaneous), Moxi + Albe = moxidectin 1% (0.2 mg/kg,

subcutaneous) + albendazole 15% (3.4 mg/kg, subcutaneous), Albe + Clos = albendazole 15% (3.4 mg/kg, subcutaneous) + closantel 10% (10 mg/kg, oral),
Dora + Clos = doramectin 1% (0.2 mg/kg, subcutaneous) + closantel 10% (10 mg/kg, oral), Dora + Fenb = doramectin 1% (0.2 mg/kg, subcutaneous) + fenbendazole 10% (5 mg/
kg, oral), Leva + Clos = levamisole 7.5% (3.75 mg/kg, subcutaneous) + closantel 10% (10 mg/kg, oral). Coop: Cooperia spp.; Haem: Haemonchus spp.; Oesop: Oesophagos-

tomum spp.; Ostert: Ostertagia spp.; Trich: Trichostrongylus spp.; NL: no viable larvae after treatment (D+14).

Table 7

Efficacy (mean (%) and standard deviation) of anthelmintic combinations against each genus of gastrointestinal nematode fourteen days after treatment in naturally infected

beef cattle from farms 1, 3, 7, and 8 in the state of Rio Grande do Sul, Brazil.

Anthelmintic combination Genera

Cooperia spp.

Haemonchus spp.

Oesophagostomum spp. Ostertagia spp. Trichostrongylus spp.

Moxidectin 1% + Levamisole 7.5% 100 (0) 100 (0)
Moxidectin 1% + Albendazole 15% 9.8 (£11.6) 75 (£50)
Albendazole 15% + Closantel 10% 8.7 (x17.5) 100 (0)
Doramectin 1% + Closantel 10% 0(0) 75 (£50)
Doramectin 1% + Fenbendazole 10% 35.7 (+47.3) 100 (+50)
Levamisole 7.5% + Closantel 10% 25 (£50) 6.6 (+50)
Overall efficacy means (%) 29.8 76.1

75 (+£70.7) 100 (0) 0(0)

85.2 (£29.4) 0(0) 2358 (+33.2)
75 (£57.7) 87.6 (0) 100 (0)

75 (+£57.7) 100 (0) 29.4 (0)

100 (0) 100 (0) 100 (0)

75 (+50) 25.7 (+52.6) 0(0)

80.8 68.8 47

the efficacy of single drugs. Therefore, previous knowledge
regarding parasite resistance was used as a tool to inform the
choice of potentially efficacious combinations of drugs. The use of
combinations of two anthelmintic compounds with good efficacy
as single drugs could be an effective means of delaying the devel-
opment of drug resistance in parasites. However, this study was
focused on situations in which two effective drugs were unavailable
to farmers. Thus, combinations of two anthelmintics that were not
fully effective as single drugs, had different modes of action, had
broad spectra of action (when possible), and were effective against

different genera of gastrointestinal nematodes were tested.

Some of the anthelmintic combinations were effective against
multi-drug-resistant parasite populations, reaching EPG reduction
percentages >95% (Tables 5 and 6). Despite the unsatisfying effi-
cacies of moxidectin and levamisole as single drugs, the combina-
tion of moxidectin 1% + levamisole 7.5% was effective in all four
evaluated herds. The combination of  doramectin
1% + fenbendazole 10% was highly effective at farm 8. Acceptable
efficacy was shown by some combinations: moxidectin
1% + albendazole 15% at farms 3 and 8, doramectin
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1% + fenbendazole 10% at farm 3, and levamisole 7.5% + closantel
10% at farm 1. The success of this practice can be justified by the fact
that combinations of drugs belonging to unrelated chemical groups
(with different mechanisms of action) can effectively control
parasite genotypes which are not simultaneously resistant to both
anthelmintic compounds (Geerts and Gryseels, 2000; Hu et al,,
2010). Many of the tested combinations were not effective, prob-
ably because of the presence of genotypes of gastrointestinal
nematodes resistant to both drugs used in the combinations.

The results of this study showed the presence of gastrointestinal
nematodes resistant to the main commercially available anthel-
mintic drugs on cattle farms evaluated in the state of Rio Grande do
Sul, Brazil. In critical situations of parasite resistance, in which no
options of effective drugs are commercially available, combinations
of two anthelmintic compounds with different mechanisms of ac-
tion and unsatisfying efficacy as single drugs can effectively control
multi-drug-resistant gastrointestinal nematodes. However, such
combinations should be evaluated under the particular conditions
unique to each farm.
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