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ABSTRACT

The fecal egg count reduction test (FECRT) was used in asurveyfor anthelmintic resistancein 42sheep farms, in
five different regions in Parana Sate, Brazl between July 1996- July 200Q Animals with naural infedion were
tested. Five drugs were used individudly or in combination - benzimidazole, imidazothiazole, ivermedin,
milbemicina andclosantel. Results siowed that the prevalence of resistance to al anthelmintic was as high &
88.1% for benzimidazoles (oxfendazole), 78.6% for ivermedin, 56.4% for closantel , 38.7% for closantel +
oxfendazole, 38% for levamisole, and 236% for moxidedin. There was multiple resistance in dl tested farms. The
most important infedive larvae recmvered from culture were Haemonchus contortus and Trichostrongylus
colubriformis. The failure of the exsting drugs in the State of Paranais considered animportant issie. Sane
proposals to improve the situation ae suggested which include a change of attitude on arthelmintic use by
sheepherders, veterinarians and sanitary authorities.
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INTRODUCTION

The resistance to anthemintic drugs becomes a
serious problem in countries with small ruminants
industry. There are many reports on anthemintic
resistance from several parts of the world and the
problem affects the different anthemintic dasses,
for several families of heminths (Sangster, 1999
Zajac and Gipson, 2000.

In the South Hemisphere the resistance problem
gat epidemic proportions at the beginning o the
ningies. The FAO (Food and Agriculture
Organization), concerned with the problem,

*Author for corresponcence

supported a study to detect the resistance levd to
anthdmintic in Argentina, Brazil (State of Rio
Grande do Sul), Paraguay and Uruguay, with
favorable climatic condtions for the development
of parasites and with an important sheg industry
(Waller et a., 1996.

In Brazil, anthdmintic resistance in shegp was
found in Ceara State (Vidra & al., 1992, and in
Rio Grande do Sul State (Echevarria and Pinheiro,
1989 Echevarria and Trindade, 1989 Souza et al.,
1993 Echevarria ¢ al., 1996 Farias et al., 1997).
In Parana State, Southern Brazil, the sheep
industry  didnt have much importance,
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econamically, until recent years. Just in the
eighties they established Suffolk and Hampshire
Down sheeg lreads. In 1992 250000 shegp were
brought to the State and dstributed into small
farms with a management system that allowed a
high rumber of sheg in smal but high value
areas. This high intensive husbandry system of
meat sheg production in Paran& State has as main
characteristicc, a high stocking rate and
consequently, high helminths eggs contamination
in pasture. The gastrointestinal nematodes control
plays an important role in shee breealing.
Actually, the control is based orly on suppressve
anthelmintic treatment which is dore every 15 to
30 days and hes led to a crisis stuation d
anthemintic resistance. The problem can be
measured by a high mortality rate in weaned lambs
and adult lactating ewes. In ainitial survey Soccol
et al., (1996 and Cunha Filho et al., (1998 found
the resistance problem in several shegp farms.
Thus, the main gaal of this work was to study the
anthelmintic efficacy in sheeg in five regions of
Parand, South of Brazil .

MATERIAL AND METHODS

1. Animals and management

A total of 42 sheg farms were examined during
this investigation. All sheg farms are private
owned with an animal population varying between
50 and 250 heads. However, some of the farms had
only pure breed animals (Suff olk, Hampshire, llede
France, Texd) and ahers worked with crossoreel
animals. All of them work with very close
management systems. They were housed owernight
in raised floor pens, where they were off ered water
ad libitum, salt or mineral blocks. The animals
grazed al day long o received a concentrated
complement at night. The routine procedures for
worm cortrol on all farms were to drench the sheeg
from 6 to 12 times each year. Some farms practiced
rotational of drug groups, but it generally depended
on the price of anthemintic. The only difference
between the pure breed and crossbreed farmsis the
anthemintic price: the first used a high cost
anthelmintic  (ivermectin, moxidectin) and the

second usualy a cheaper ore (benzimidazole,
levamisole).

10%km

Figure 1- Location of sheg farmsin Parana State, South Brazl, screened for anthelmintic resistance
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The criteria for the sdection was randamly dorein
farms where:
a) the number of animals were above 50.
b) condtions to weight each animal in arder to
apply the correct dosage of anthemintic;
c) fecal eggs counts were to be more than 500
EPG (Eggs Per Gram of fae®s);

2.Climatic Regions
The sdected farms were located in five different
climatic regions in Parana (Fig. 1). Tropical and
subtropical condtions prevail in the regions with
high rainfall levds (IAPR doc.18, 1994). The
coastal region with high lumidity was nat chosen
because there was no property with a significant
number of shee.
In the other regions the properties are distributed
as following;
a) REGION | - Sub-Tropical with humidity and
frost, 13 propertiesdistributed n 7 county;
b) REGION Il - Tropica semi-humid, 11
properties distributed in 4 county;

¢) REGION Il - Sub-Tropica with mild
humidity, 7 properties distributed in 3
county;

d) REGION IV - Sub-Tropica high-humid
with frost, 10 poperties distributed in 4
county;

€) REGION V - Temperate humid (mild), 1
property in the municipality of Palmas.

3. Field and Laboratory testing

The Fecal Egg Count Reduction Test (FECRT)
was conducted to detect the presence of
anthelmintic resistance. The flocks were divided in
homogeneous groups of 10 to 20 animals with
similar age, weight and sex. The number of groups
was related to the number of treatments and their
number of asociations to be tested. One untreated
group was used as cortrol reference. Once the
animals were weighed, their faeces were collected
and the animals were treated and marked. All
samples were kept in cold boxes until they were
sent to the laboratory (Biology Sciences Dept.,
Veterinarian Parasitology d Universidade Federal
do Parand). A sample collection was repeated
fourteen days after first treatment using identical
procedures as first coll ection.

FECRT (Fecal Egg Count Reduction Test) were
determined following the method d the World
Asgciation for the Advancement of Veterinary
Parasitology (WAAV P) (Coles & al., 1992. The
RESO proggam calculated the reduction

percentage. The resistance was suspected when the
reduction percentage in nematodes eggs was lower
than 95%. The corfidence level of 95% was less
than 90%. It was considered suspect if only ore or
two criteria were present.

Portions of indvidual fecal samples were within
treatment and control groups for coproculture (7
days at 25°C) (Roberts and O’ Sullivan, 1950 and
identification d third stage larvae (L3). One
hundred larvae were counted and the results were
expressd as the proportion (%) of L3 recovered.
Fecal egg counts were expressd as a percentage
for each parasite species and the results were
analyzed according to the RESO datistical
package (provided by Dr. F. Echevarria from
EMBRAPA-Bage, Brazil).

4. Treatments

On day O, tests with 5 different anthemintics
(Table 1) were carried aut indvidually or in
mixtures. The animals were treated with calculated
dose for the heaviest in each group.

Table 1 - Anthedmintic and dosages wed in the present
work.

ANTHELMINTIC | DOSAGES
1. BENZIMIDAZOLES
Oxfendazole (OXF) @ 15mg/kg
2. IMIDAZOTHIAZOLES
Levamisole (LEV) @@ 7.5 mg/kg
3.MACROCYCLIC
LACTONES
Ivermedin (IVM)® 0.2 mg/kg
Moxidedin (MOX) 0.2 mg/kg
4. SALICILANILIDE
Closantel (CLO)® 15mg/ kg
5. MIXTURE
(CLO + BZ)
Closantel®2 ) 7.5 mg/kg
Oxfendazole® 10 mg/kg

1) Systamex Suspensao; 2) Ripercol - Cyanamid Quimica do
Brasil Ltda.; 3) lvomec Injetavel - Merck Sharp and Dohme -
ME; 4) Cydectin - Cyanamid Quimica do Brasil Ltda; 5 @)
Closantel Fatec - Fatec S.A.; 5 b) Tecamida- Tecpar.

The anthemintic doses were made based on
literature (Waller & al., 1996 (in Brazil many
anthdmintics are under dosage as benzimidazole
used with 3.8mg kg' and Levamisole 5.8 mg kg,
Echevarriaet al., 1996.
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RESULT S

Forty two farms with 2,274 animals were studied.
In Region |, BZ's and IVM were applied in 13
properties, but only ore and two showed
sensitivity respectively. Resistance in five farms
was detected to closantd singe. The assciation
CLO + BZ gave cdlent results in 9 flocks
(Table 2). Region Il presented resistance to IVM
in 9 of the 11 farms. MOX was efficient in all
properties but CLO presented resistance in 3 of the
11 tested flocks. The BZ's presented resistance in
8 of 11 tested flocks The mixture CLO + BZ was
efficient in five studied flocks (Table 2). Region
Il presented IVM with efficiency in 2 of the 7
studied flocks. The MOX reduced the infection in
more than 95% of the occurrences in 4 farms and
the CLO indvidually was efficient in 1 of the 6
farms. The mixture CLO + OXF was efficient for
3 of the 4 flocks (Table 2). In Region IV, IVM
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there were a few farms with results and orly two
out of ten farms were dficient. Closantd singe or
their mixtures with BZ presented the best results
(Table 2). Region V had ory ore studied farm
and all the tested products presented resistance
(Table 2). When we analyzed the five regions we
observed that 881% of the farms dhowed
resistance to the BZ, 786% to IVM, 56.4 to
closantd individually, 23.6% to MOX and 38.7%
to the intermixture CLO + OXF (Table 3).

The parasite Haemonchus . was the most
common Trichostrongylidae in sheg on all farms
showing multiple types of resistance from
different climatic regions. Others gecies recorded
were  Trichostrongylus 9, Cooperia  sp.,
Oesophagatomum sp., Ostertagia sp. (Table 4).
The parasite Haemonchus 9. was prevalent in the
regions |, Il and V. Trichostrongylus sp. was
prevalent intheregions il and 1V (Table 4).

Table 2 - Percentage of egg count reduction after treatment in 42 shee farms in Region | (humid sub tropical with
frost climate), Region Il, (tropical semi-humid climate), Region 11l (mild humid sub-tropical climate), Region 1V
(humid sub-tropical with frost climate) and Region V (mild humid temperate dimate) from Parand State, south

Braal.
REGION ANTHELMINTICS
IVM MOX LEV OXF CLO CLO+OXF
T R T R T R T R T R T R
[ 13 11 12 4 13 7 13 12 12 5 11 2
1] 11 9 11 0 11 3 11 8 11 3 6 1
1 7 5 6 2 7 0 7 7 6 5 4 1
v 10 8 9 3 10 4 10 7 10 3 10 2
\Y 1 1 0 0 1 1 1 1 0 0 0 0
Total 42 34 38 9 42 15 42 35 42 16 31 6

T - number of test farms

R - number of farmswith resistance

Table 3 - Percentage of resistance by different drugs when 95% egg reduction level was taken into consideration or

the dficiency in 42 sheep flocks studed between July/1996-July/2000in the Parand State, south Braal .
No. Resistant with FECRT
i % % . of farms
ANTHEL- ;\l;n?; <50 5190 91-94 Q;!;Z‘d RESISTANCE ~ SUSCEPTIBLE
MINTIC resistant
IVM 42 16 14 1 2 78.6 214
MOX 38 0 6 2 1 236 76.4
LEV 42 2 10 3 1 38 62
OXF 42 19 13 3 2 88.1 119
CLO 39 2 4 10 6 56.4 436
CLO+OXF 31 0 4 3 5 387 613
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Table 4 - Identities and frequency of nematode generainvolvement from larval culturesfrom faeceson shegp farms
with resistanceto different anthelmintic treatment from Paratd Stee, Brazil.

PERCENTAGE OF TOTAL NUMBER OF HELMINTHSLARVAE (L3)

PARASITES REGION| | REGIONII | REGIONIII | REGIONIV | REGIONV
Haemonchus sp. 395 60.5 37.7 291 72.8
Trichostrongylus sp. 289 6.2 50.1 439 54
Ostertagia sp. 254 2.7 0.03 24.3 205
Cooperia sp. 1.8 29.3 4.2 0.3 0.4
Nematodirus sp. 4.3 13 0 2.2 0.1
Oesophagatomum sp. 0 0 7.6 0 0
DISCUSSON was present in 88.1% of benzimidazoles and 38%

The Parana State is located between the paralles
23° and 27° south within the most critical circle of
parasite infection. This climate region is the most
favorable (high humidity and suitable temperature)
for survival of freeliving stages of the parasite
(L3). Most of property owners in the State have
followed a high rumber of drenches (more than 6-
12 times year™), changing the commercial product
frequently, but nat necessarily the chemical
group's active ingredient in each application. In
farms with pure bredl, the sheg are drenched 12-
24 times year™. This suppressve treatment using a
high frequency of anthdmintic's applications is
corrdated with the brealing system. Shee are
bred in smal farms or in small areas in large
properties, both without separation d animals by
categary. Moreover, shegp farms rarely share the
land with aher animals therefore this stuation
favors the continuous infection. Also, it favors the
maintenance of a large larval population (L3)
throughaut the year. These condtions alow for
the corntinuous re-infections and treatments are
applied with high frequency. The high sdection
presaure leads to the development of resistant
populations in a short time. Resistance is probably
an inevitable consequence of a high rumber of
anthdmintic applications (Dash & a. 1985
Sangster, 1999. The spead o the sdection for
resistance will be also influenced by other factors
such as genetic inheritance resistence, biologcal
traits (generation turnowver, life cycle), proportion
of population “in refuge’ and qerational factors,
like the number of treatments per year,
anthdmintic efficiency, drug rotation (Prichard,
199Q Echevarria et al., 1993 Sangster, 1999. In
Parand State H. contortus is the most prevalent
parasite. The above mentioned condtions in the
State could have been the cause for the fast
manifestation d behavioral resistance. Resistance

of levamizole. The results are similar to those
observed by Nari et al, 1996 Macid e al., 1996
Edd e al., 1996 and Echevarria et al., 1996 in
Uruguay, Paraguay, Argentina and Rio Grande do
Sul South o Brazil, respectivedy. We observed
78.6% of farms with resistance to ivermectin.
Similar results were reported by Macid e al.,
1996in Paraguay. Parana State is near to Paraguay
and the management control systems of
verminosis are very similar. Farmers in both
countries use suppressve treatments and mostly
use ivermectin due to the esiness of the product
application as wdl as to the results obtained.
Therefore, a fast resistance to this principle has
installed itsdf and orly when there was a defect on
the product the shegp breaders became interested
in the problem.

Ancather factor, which cortributed to the appearing
of the resistance, was the animal importation from
regions where there was already resistance to
benzimidazoles and levamizole. One eample of
this ocaurred wherethe shee breedbrs and he Stae
Officials imported a large number of animals
without any concern o anthdmintic resistance; one
farm from region lll bought animals coming from
the State of Rio Grande do Sul and oy two weeks
after their arrival in the State of Parana, they were
submitted to anthdmintic tests and presented
resistance to all the proposed treatments. The
problems in the State of Parana revealed that the
resistance was imported and increased due to the
management system applied in most of the farms.
Later the resistance can be also exported with
animals for reproduction (Viera & al., 1989.
Parasite infections in the sheg farmsincreased in a
direct corrdation with imports of animals for
breading purposes. Perez (1932 had concluded the
fact above, revealing that thiswasan dd problem.
In this work we detected nematodes resistance to
all the chemicals including the mixture of closantel
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+ oxifendazole and was recorded in two d the most
important ovine nematode parasites in Parana State,
named Haemonchus 9. and Trichastrongylus sp.
The presence of multiple resistance in all climatic
regions of Parana was observed, mainly inregion|.
The problem could be very serious for some of the
sheq brealers that are looking for new genetic
material in the State because animals for
reproduction can carry with them a very high
anthdmintic resistance in sdected parasite
populations.

CONCLUSIONS

a) These results provide further documentation o
anthdmintic resistance in sheg@ in Parana
State, Brazil ;

b) The gastrointestinal helminths resistance to
anthdmintic in sheg was present in all farms
tested:;

c) Resistance to dfferent genera of nematodes
was detected in all tested flock;

d) Shee resistance to anthdmintic was partially
imported, however, the main factor of the
development of the resistance were the frequent
applications of chemicals in anthdmintic
treatment used in the breading system of the
State;

€) The presence of multiple resistance to
chemicals leads to the urgent need for
devdoping an alternative gastrointestinal
parasite  control  progam, based on
epidemiological dates and periodcal post
treatment faecal examination to monitor
performance of indvidual anthe mintcs;

f) The creation d an dficial cortrol program is
important to avoid the spread o multi-resistant
stock in the State and in the country.

g) Veterinarians and extensional personrd must
increase ther efforts to educate producers in
techniques to reduce sdection presaure for
resistance as pasture rotation.
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RESUMO

O teste de redugdo da contagem de ovos de
helmintos por grama de fezes (FECRT) foi usado
para testar a eficiéncia dos antihdminticos em
42 popriedades produtoras de ovinos, em cinco
diferentes regides no Estado do Parang, Brasil. O
estudo foi realizado entre Julho 1996 a Julho ce
200Q Foram avaliados animais com infeccdo
natural. Cinco drogas foram usadas € au em
combinacdo  (benzimidazole,  imidazothiazole,
ivermectin, milbemicina e closantd). Resultados
mostraram que a prevaléncia de resisténcia foi alta
para todes os antihedminticos avaliados. 88.1%
para benzimidazoles (oxfendazole), 78.6% para
ivermectin, 56.4% para closantd, 38.7% para
closantd + oxfendazole, 38% para levamisole, e
23.6% para moxidectin. Havia resisténcia maltipla
em todas fazendas estudadas. Na identificagdo das
larvas de hdmintos recuperadas das culturas de
fezes apds o tratamento verificou-se que maioria
pertenciam a Haemonchus sp. e Trichostrongylus
sp. O fracas das drogas existentes no mercado
em combater a vermincse € considerado um
asanto importante. No presente artigo algumas
sugestfes s0 discutidas para melhorar a situacao,
elas incluem uma mudanca de atitude en relagdo
ao uso indiscriminado ce antiheminticos.
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