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Bjorn, H., Cbr. Sommer, H. Schougird, Sv. Aa. Henriksen and P. Nansen: Re­
sistance to benzimidazole antheImintics in small strongyles (Cyathostominae) of
horses in Denmark. Acta vet. scand. 1991,32, 253--260. - This study was under­
taken to establish whether anthelmintic resistance was present in nematode para­
sites of horses in Denmark. Sixteen horse farms were selected for faecal eggcount
reduction (FECR) tests to measure the efficacy of the anthelmintic used. Resistance
to benzimidazole anthelmintics was found on 13 of the 16 farms, with FECR
values ranging from 80.0 % to -101.3 %. On the remaining 3 farms FECR was
100.0 %, 99.3 % and 97.2 %. Results of a questionnaire study on anthelmintic
usage, parasite control measures and management practices showed that horses in
this study were treated on average 7.1 times/year. Horse owners changed between
preparations of drugs but almost only within the same class of anthelmintics. Nine
owners gavean anthelmintic treatment to purchased horses before they were intro­
duced on the farm. On 14 farms, the same paddock was grazed every year and the
average stocking rate was estimated to be 2.4 horses/ha. Strategies to avoid deve­
lopment of anthelmintic resistance are discussedand recommendations of parasite
control on horse farms are presented.
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Introduction
Resistance to anthelmintics in strongyle ne­
matodes is recognized as a problem of major
concern in the control of gastrointestinal
parasite infections of domestic animals (for
review see Waller & Prichard 1986). Anthel­
mintic resistance in strongyles of horses was
first described in The United Kingdom by
Gibson (1960), who found resistance to phe­
nothiazine in small strongyles (Cyathosto
miae). Later Drudge & Elam (1961) discove­
red similar resistance on 3 studs in Ken­
tucky, USA. In the early sixties, thiabenda­
zole, the first benzimidazole compound, was
marketed and already in 1964 resistance in

cyathostomes to this drug was reported from
Kentucky, USA (Drudge & Lyons 1965).
Subsequently, resistance to benzimidazole
anthelmintics has been reported from Eng­
land (Round et al. 1974), Canada (Slocombe
& Cote 1977), Australia (Barger & Lisle
1979, Kelly et al. 1981), USA (Herd et al.
1981), Germany (Bauer et al. 1983, 1986,
Ullrich et al. 1988) and Belgium (Dorny et
al. 1988, Geerts et al. 1988). In the Scan­
dinavian countries benzimidazole resistance
has been recorded in Norway (Helle 1987)
and Sweden (Nilsson et al. 1989).
Anthelmintic resistance has been defined as
"a significant increase in the ability of indi-
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viduals within a strain to tolerate doses of
a compound (toxicant) which would prove
lethal to the majority of individuals in a nor­
mal population of the same species" (Pri
chard et al. 1980). Recently a working party
on anthelmintic resistance in Australia has
provided a more precise definition whereby
resistance is declared when I) the observed
percentage reduction in faecal egg counts
after treatment is less than 95 % and 2) the
lower 95 % confidence limit of the percent­
age reduction is less than 90 % (Anon. 1989).
This definition was used in the present in­
vestigation.
Based on the apparent mode of action , 4
classes of anthelmintics are available for
treatment of gastrointestinal parasite infec­
tions in horses. These classes include the
benzimidazoles and pro-benzimidazoles
(Group I), the neuromuscular agents pyran­
tel and levamisole (Group II), the ivermec­
tins (Group III) and the organophosphorus
compounds (Group V).
The purpose of this study was to establish
whether resistance to anthelmintics was pre­
sent in strongyle nematodes of horses in
Denmark and further to obtain information
on anthelmintic usage and parasite control
measures on Danish horse farms.

Materials and methods
Farms selected for the study
This study consisted of two separate series of
investigations on the efficacy of anthelmin­
tics in studs in Denmark. Six (series A) and
10 (series B) studs were selected from 2
equine veterinary practices located in Jut­
land and Sealand, respectively. The criteria
for a stud to be included in the study was
that the usage of anthelmintics had been re­
corded for at least the previous 2 years and
a minimum of 10 horses were available for
an anthelmintic efficacy test. Further, the
test animals had to be left untreated for at
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least 6 weeks if treated with a group I, II, V
drug or 8 weeks if treated with ivermectin
(Group III). Two sets of faecal samples were
collected per rectum, the first set at the day
of treatment and the second set from the
same horses 7 days later. All samples were
stored at approximately 4'C in a thermostat
or cooling box before transport to the labo­
ratory. The following anthelmintics were
used at the recommended dose rates: feban­
tel 6.0 mg/kg, fenbendazole 7.5 mg/kg, me­
bendazole 8.8 mg/kg and pyrantel pamoate
19.0 mg/kg. A questionnaire on the number
of horses on the farm, anthelmintic usage
(frequency of treatments, drugs used) and
grazing management (set stocking, rotational
grazing, mixed or alternate grazing) of the
horses was completed at the first visit.

Parasitological techniques
Faecal samples of each horse were examined
by a modified McMaster technique as de­
scribed by Henriksen (1981) and the number
of strongyle eggs per gram (epg) of faeces
were estimated. In series A the minimum
detection level of the McMaster method was
50 eggs per gram and in series B this level
was 5 eggs per gram. Larval cultures of each
faecal sample were established according to
the technique of Henriksen & Korsholm
(1983) for production of infective larvae for
species differentiation to establish the pro­
portion of larvae belonging to the large
strongyles (Strongylidae) or small strongyles
(Cyathostomiae). From each culture at least
100 larvae were differentiated according to
morphological criteria (Lichtenfels 1975). If
less than 100 larvae were present, all larvae
were examined.

Calculat ions and statistical analysis
In series A, only farms where at least 5 hor­
ses excreted more than 200 epg and in series
B similarly, only farms where at least 5 hor-
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ses excreted more than 20 epg were included
in the calculations. Change in faecal egg out­
put of each horse after treatment was cal­
culated as the egg count ratio (ECR) accord­
ing to the formula: ECR = In«EPG2+l)1
(EPGI+I n, where EPG2 and EPGI denote
epg after and before treatment and " 1n" is
the natural logarithm function . The FECR
of the flock was calculated by backtransfor­
mation of the mean of ECRs (= I I n
ECR» by using the expression: FECR = (I
exp(l /n ECR») x 100 %, where "exp" is
the exponential function . The lower (LC)
and the upper confidence limit (UC) of

FECR were calculated as outlined by The
Working Party on Anthelmintic Resistance
(Anon 1989):

LC =[I - exp(l/n + ci)] x 100 %
UC = [I - exp(l /n ECR) - ci)] x 100 %,

where ci = tos.arx SD(ECR) x n1/2, tos.ar is the
t-value at 5 % level at df = n-I degrees of
freedom, SD(ECR) is the standard deviation
of ECR and n is the number of observations
in the group.

Results
The results of the FECR-test are presented
in Table I. Benzimidazole anthelmintics

TabIe I . Results of a faecal egg count reduction (FECR) test at 16 farms of horses
in Denmark.

Farm No.of Drug EPG, EPG2 FECR Confidence
no. horses tested lim its

treated (%J (LC-UC%J

AI 5 PYR 238 0 100.0 98.4-100.0
A2 5 MBZ 273 279 - 5.2 - 14 1.3- 53.6
A3 10 MBZ 662 1359 -101.3 -236.3-24.4
A4 9 FBZ 237 3 99.3 98.5-99.8
A5 9 MBZ 791 799 -1.0 -{i2.9-36.7
A6 9 FBZ 475 257 43.5 55.7-80.9
B7 10 FBZ 276 206 23.3 26.9-{i5.4

B8 15 FBZ 126 8 97.2 89.1-99.3
B9 II MBZ 480 118 71.7 64.7-89.8
BIO 16 MBZ 66 27 42.8 55.2-79.2
BII 5 MBZ 430 62 80.0 -42.5-99.4
BI2 5 FB 362 305 14.9 -148.3-{i9.8
BI3 15 MBZ 319 49 78.6 86.0-95.4
BI4 7 FBZ 396 155 57.2 -14.8-98 .0
BI5 16 MBZ 112 57 40.4 47.7-79.8
BI6 15 MBZ 794 641 18.6 -16.5-47.1

AI-A6 : series A
B7-BI6 : series B

PYR: pyrantel pamoate (19.0 mg/kg)
MBZ: mebendazole (8.8 mg/kg)
FBZ: fenbendazole (7.5 mg/kg)
FB: febantel (6.0 mg/kg)

EPG,: geometric mean eggs per gram faecesbefore treatment
EPG2: geometric mean eggsper gram faecesafter treatment

FECR: faecal eggcount reduction
LC: lower 95 % confidence limit of FECR
DC: upper 95 % confidence limit ofFECR
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were tested on 15 of 16 farms. On 13 farms
the faecal egg count reduction (FECR) met
the criteria of anthelm intic resistance being
present in a flock. However, on one farm,
where pyrantel pamoate had been used regu­
larly, FECR was estimated to be 100.0 %
and in two flocks where fenbendazole was
tested FECR was found to be 99.3% and
97.2% effective, respectively. Only eggs of
the strongyloid type were detected and the
results of larval cultivation from faeces col­
lected both before and after treatment re­
vealed only the small strongyles (Cyathosto
miae).
The results of the questionnaire study are
summarized in Table 2. Eleven farms had

thoroughbred horses and 5 farms had plea­
sure horses. The number of horses varied
from 14 up to 85 with an average of 23.5
horse per farm. The average number of an­
thelmintic treatments were estimated to be
7. IIfarm/year (i.e. a treatment every 7 II2
weeks on average). Group I anthelm intics
were used for 5.3 treatments/farm/year,
group II for 0.5 treatments/farm/year, group
III for 0.4 treatments/farm/year and group V
for 0.7 treatments/farm/year. Some horse
owners alternated between anthelm intic
within or between years, but the change was
most frequently between drugs solely in
Group I. Eight horse owners indicated, that
before horses were brought into the stud, an

T ab Ie 2. Cha racteristics of 16 horse farms, their anthelmintic treatment practices and grazing manage-
ment.

Fann Type Total Numbe r of Times anthelmintics T reatment Number Same Grazing
no. of no. of treatments used from groupl) of of paddock for with horses

fann horses per year introduced horseslha grazing from
II 1lI V horses every year other studs

Al Tb 13 11 3 6 2 no 1.6 yes no
A2 Tb 9 13 12 yes 1.4 yes yes
A3 Tb 40 14 13 yes 1.6 yes yes
A4 Tb 85 15 14 yes 1.7 yes no
A5 Tb 24 8 8 no 2.0 ues no
A6 Tb II 10 7 2 yes 1.7 yes no
B7 P 16 6 4 yes 2.4 yes no
B8 P 28 4 2 yes 3.4 yes no
B9 Tb 12 4 3 I no 7.2 yes yes
BIO Tb 35 4 2 2 yes 0.8 no no
BII Tb 14 6 5 I yes yes no
BI2 Tb 16 4 3 no 3.0 yes no
BI3 P 12 5 4 no 3.7 yes no
BI4 P 20 4 3 yes 1.3 no no
BI5 P 23 2 I no 2.4 yes yes
BI6 Tb 18 4 4 no 1.5 yes yes

1) group I benzimidazoles and pro-benzimidazoles
group II neuromuscular agents
group III avermectins
group V organophosphates
Tb : thoroughbred
P : pleasure horses
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anthelmintic treatment was given, in 4 studs
horses were not treated at introduction and
4 owners did not introduce horses. The
stocking rate varied from 0.8-7.2 horse/ha
with an average of 2.4 horse/ha. On 14 of
the farms the same pastures were used for
grazing every year and on I stud, the owner
relocated horses between pastures every
year. On 5 properties the horses grazed to­
gether with horses from other farms and on
II farms this did not occur.

Discussion
Our investigations revealed resistance to
benzimidazoles in small strongyles tCyatho
stominae) of horses in Denmark. Though
the results do not give a true estimate of the
prevalence of anthelmintic resistance in in­
ternal parasites of horses in Denmark, our
observations indicate that this problem is
widespread. This is in agreement with other
studies done elsewhere in the world (Barger
& Lisle 1979, Kelly et al. 1981, Ulrich et al.
1988, Nilsson et at. 1989) who found low
values of FEeR at the majorit y of farms
examined . Further, the finding that anthel­
mintic resistance was indicated against ben­
zimidazoles only is similar to observations
in these studies. This may be explained by
the fact that benzimidazole anthelmintics
during the last 2 decades have obtained a
substantial share of the anthelmintic market
for horses as well as for other farm animals
(see Borgsteede et al. 1983). All benzimida­
zoles have the same mode of action (Lacey
1988) which implies that once resistance has
developed to one of the benzimidazoles
(Group I) this confers resistance to other
members of the same group, which is known
as side resistance (Prichard et al. 1980). In
this study it was observed that the majority
of the owners alternated between anthelmin­
tics in Group I. If this observation generally
holds true, then it probably has contributed

to the high numbers of reported instances of
benzimidazole resistance in small strongyles
of horses.
It is noteworthy that all reported cases of
anthelmintic resistance in horses are con­
firmed to the small strongyles. This may be
attributed to the biology of this group of ne­
matodes and possibly to the pharmacokine­
tic properties ofbenzimidazoles in the horse.
Further investigations are needed to eluci­
date this area.
Anthelmintic usage and management of li­
vestock are factors of importance for the
development of resistance (Martin 1986).
The general features of the studs in this
study include a high frequency of anthelmin­
tic treatments, use of the same class of drugs
over successive years, grazing of the same
paddocks every year, high stocking rates and
no anthelmintic treatment of horses introdu­
ced to farms. These are all factors known to
contribute to selection for anthelmintic re­
sistance (Kelly at al. 1981,Martin 1986).
Anthelmintic resistance is virtually only
spread by hosts infected with resistant para­
sites. In this respect, mixed grazing between
horses from different farms pose a risk for
spreading the problem. Also by introducing
new breeding stock to farms the risk of in­
troducing resistant worms must be conside­
red. It is therefore recommended to treat all
horses with high doses of an anthelmintic
against which no resistance has been recor­
ded, before they are brought into the farm in
order to eliminate any parasite worms.
When anthelmintic resistance has been de­
tected the usage of the class of drug in
question should be discontinued in order to
prevent further selection of the parasite po­
pulation. In future control an anthelmintic
from a different group with a different mode
of action should be used to reduce the risk of
further selection for resistance. In addition
the number of treatments must be reduced
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to as few as possible. It is advisable to rotate
between classes of anthelmintics every se­
cond year to avoid continuous selection with
the same class of drugs. It has been shown
that mixtures of anthelmintics with different
modes of action i.e. benzimidazoles plus
piperazine or benzimidazoles plus levami­
sole can be used against benzimidazole resi­
stant nematodes (Barger et al. 1985). How­
ever, such a strategy may be of limited
value, since there has been a report on emer­
gence of piperazine resistance in small stron­
gyles of horses after the use of such mixtures
over successive years (Drudge et al. 1988).
To avoid development of anthelmintic resi­
stance other measures of parasite control,
less dependent on anthelmintics should be
considered. Relocation of horses to safe
pastures, mixed or alternate grazing with
cattle or sheep may also be highly efficient
means of control. The removal of dung ma­
nually or mechanically as suggestedby Herd
(1981) may be another way to effectively
reduce pasture contamination with infective
larvae. At this stage anthelmintic resistance
has also been described in intestinal nema­
tode parasites of sheep and pigs in Denmark
(Bjorn et al. in press, RoepstorjJet al. 1987),
though general information on the preval­
ence of this problem remains to be elucida­
ted. Our observations may suggest that an­
thelmintic resistance is wide spread in flocks
of horses in Denmark and it is likely that the
problem will be of increasing importance in
the future. To detect early development of
anthelmintic resistance and to monitor the
efficacy of anthelmintic treatments it is re­
commended to perform FECR tests at regu­
lar intervals. Such tests may also provide
information on the parasite status in the
stud upon which sound parasite control
could be based.
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Sammendrag
Resistens over/or benzimidazolormemidler hos
hestens sma strongylider (Cyathostominae)
i Danmark.
Formalet moo dette arbejde var at undersege, om
orrnemiddelresistens var tilstede hos indvoldsorrn
i danske heste. Der udvalgtes 16 hestebesetninger,
hvor aile anthelmintiske behandlinger var registre­
ret ved pneparat og behandlingstidspunkt mindst
to ar tilbage far undersegelsestidspunktet, I beset­
ningeme gennemfartes en sakaldt " faecal egg
count reduction" (FECR) test med henblik pa at
male effektiviteten af det orrnemiddel ejerne
havde anvendt gennem de seneste ar og endvidere
foretoges en spergeskemaundersegelse over anven­
delse af orrnemidler, parasitbekeempelse samt af­
grensningsforholdene i bessetningen. I 13 beset-

ninger blev der fundet resistens overfor benzimi­
dazoler med FECR verdier varierende mellem
80.0 og -101.3 %, mens FECR i de 3 evrige be­
setninger fandtes til henholdsvis 100.0 %, 99.3 %
og 97.2 %. Resultateme af spergeskemaundersa­
gelsen viste, at hestene i gennemsnit behandledes
8.2 gange om aret. I hovedparten af'besetningeme
anvendtes samme orrnemiddel ar efter ar. Otte
ejere orrnebehandlede nyindkebte heste , 5 ejere
udferte ikke sadanne behandlinger og 3 ejere ind­
kebte aldrig heste. I 14 besetninger anvendtes
samme areal til afgnensning ar efter ar og belseg­
ningsgraden blev beregnet til 2.4 hest/ha i gen­
nemsnit. Ormebeksempelsesprograrnmer, hvor ri­
sikoen for resistensudvikling er segt minimeret,
diskuteres Iigesom bekeempelsesmetoder uden an­
vendelse aforrnemidler omtales.
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