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Bjorn, H., J. Monrad and P. Nansen: Anthelmintic resistance in nematode para
sites of sheep in Denmark with special emphasis on levamisole resistance in Oster
tagia circumcincta. Acta vet. scand. 1991, 32, 145-154. - This study was under
taken to elucidate the presence of anthelmintic resistance in nematode parasites of
sheep in Denmark. Twenty two flocks of sheep were selected for Faecal EggCount
Reduction (FECR) tests, based on a prior history of either the same anthelmintic,
or anthelmintic class having been used 3 times or more over the previous 5 years.
Evidence of anthelmintic resistance was detected in 7 flocks. Two flocks showed
FECR of 88% and 94% after treatment with thiabendazole , FECR of another 2
were 90 % and 94 % following treatment with fenbendazole. Three flocks showed
FECR of 73%, 89% and 94 %, respectively following the use oflevamisole. Oster
tagia circumcincta was isolated from I of the latter flocks and subjected to an in
vivo controlled slaughter assay. Following treatment with levamisole at the recom
mended dose rate of7.5 mg/kg, FECR was 44.5 % and worm counts were reduced
by 67.7 %. These results were further substantiated by an in vitro egg hatch para
lysis assay and by measuring pepsinogen levels in treated and non-treated lambs.
This is the first instance of anthelmintic resistance in sheep nematodes in Scan
dinavia.
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Introduction
Resistance to anthelmintics in sheep nema
todes was first reported in 1957 by Drudge
et al. (1957) in Kentucky, USA, to phenothi
azine, the "Commonly used anthelmintic at
that time. Since then, numerous reports of
resistance in nematodes of sheep and other
domestic animals have been documented
(for reviews see Waller 1986, Waller & Pri
chard 1986). Anthelmintic resistance in
sheep and goat nematodes is now wide
spread in Australia, certain countries of the
African and South American continents and
is of increasing importance in New Zealand.
However, reports of resistance in European

countries did not emerge until somewhat
later, with the first record of resistance from
Switzerland (Jordi et al. 1980). Since then,
reports have been made from U.K. (Britt
1982, Britt & Oakley 1986, Cawthorne &
Whitehead 1983, Cawthorne & Cheong
1984), the Netherlands (Boersema et al.
1982, 1984), France (Kerboeuf & Hubert
1985, Kerboeuf et al. 1989) and the GDR
(Diiwel et al. 1987, Bauer et al. 1988).
Prichard et al. (1980) defined anthelmintic
resistance as "a significant increase in the
ability of individuals within a strain to tole
rate doses of a compound (toxicant) which
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would prove lethal to .the majority of indivi
duals in a normal population of the same
species." Recently a working party on an
thelmintic resistance in Australia has pro
vided a more precise interpretation on re
sistance being present in a flock 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
percentage reduction is less than 90 %
(Anon . 1989). This definition was used in
the present investigation.
At present there is only 2 classes of anthel
mintics available for treatment of nemato
diasis in sheep in Denmark, namely the
(pro)-benzimidazoles (Group I) and the neu
romuscular agents, i.e. levamisole and tetra
misole (Group II). All drugs in group I act
by interfering with the intracellular poly
merisation of tubulin subunits to microtubu
les (Lacey 1988). This means, that resistance
against I benzimidazole automatically con
fers resistance against other compounds in
this group. The anthelmintics in group II act
as cholinergic agonists (Coles et al. 1975,
Harrow & Gration 1985), causing paralysis
of worms, resulting in loss of motility and
subsequent removal from predilection site
by gut motility.
So far, no anthelmintic resistance in sheep
nematodes has been described in the Scandi
navian countries. This study was designed to
establish whether resistance to anthelmintics
was present in sheep nematodes in Den
mark. Thus, this study comprises a survey
in the field, using in vivo faecal egg count
reduction (FECR) tests and an experimental
controlled in vivo and in vitro study in the
laboratory to confirm resistance against le
vamisole in Ostertagia circumcincta of
sheep.

Materials and methods
Survey
One hundred and five sheep farmers in Den-
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mark , registered by the Danish Sheep Breed
ing Committee, were included in a question
nary survey on worm control practices and
on anthelmintic use (the results of this sur
vey will be published elsewhere). Twenty
two farms from this survey were selected for
faecal egg count reduction (FECR) tests. The
farms had between 10 and 450 ewes with an
average flock size of 2 I ewes. The prerequi
site for a farm to be included in the survey
was that the same anthelmintic, or drugs
from the same class of anthelmintic, had
been used for the last 5 years and that 3 or
more anthelmintic treatments were perfor
med each year. The lambs had to be left un
treated with any anthelmintic at least 6
weeks before the performance of the test.
Furthermore, a minimum of 15 lambs
should be available for a FECR-test on the
farm.
Thus, at least 15 lambs from each sheep
farm were selected for a FECR trial, using
the drug applied during the last 5 years. In
dividual lambs were identified by eartag
numbers, weighed, faecally sampled (at least
10 g) and treated according to the recom
mended dose rate of the drug. The same
lambs were re-sampled 10-14 days later. All
samples were identified by eartag numbers
and stored in a cooling box during transpor
tation to the laboratory and here they were
kept at 4"C until examination. The nema
tode egg concentration in faeces was exam
ined by a modified McMaster technique, as
described by Henriksen (1981), and the
number of eggs per gram (epg) was recorded.
From lambs showing positive egg counts
composite faecal samples, collected before
and after treatment were mixed with vermi
culite in equal proportions (w/w) and water
was added until the mixture appeared moist.
Cultures were incubated for 10 days at room
temperature and third stage larvae were har
vested by the Baerman technique. At least
100 larvae of each culture were identified
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according to Douvres (1957) and the propor
tion of the species isolated was calculated.

Experimental studies
Isolation of parasite strains . This was
made from I of the flocks (flock no 20)
showing a low response to treatment with
levamisole. Approximately I kg of faeces
was obtained from 2 lambs with faecal egg
counts between 200-500 epg. Faecal cul
tures for production of L3 larvae were pre
pared and harvested as described above. The
larvae were stored at 15T in 20 ml of distil
led water in 50 ml flat tissue culture flasks.
Faecal cultures yielded infective third stage
(L3) larvae, which were found to be either
Trichostrongylus spp. or Ostertagia spp.
Two lambs , reared under parasite free con
ditions, were each inoculated intra-rumin
ally with 10,000 of these larvae. On day 33
post inoculation (p.i.) the lambs were killed
and the gastrointestinal tract was removed
for worm recovery . The abomasum, the
small intestine and the large intestine were
examined separately. No worms were reco
vered in the small or the large intestine, but
numerous O. circumcincta were isolated
from the mucosal surface and the contents of
the abomasum. Approximately 200 female
worms were sampled randomly from each
lamb. The worms were placed on a wire
mesh sieve (aperture 212 urn), washed with
distilled water and then transferred to a ste
rile mortar and ground with a pestle, to re
lease eggs from the uteri. This homogenate
was mixed with 50 grams of lambs faeces,
free of helminth eggs and a faecal culture
was then established to produce L3 larvae.
This strain was designated KYSE. An an
thelmintic susceptible strain of O. circum
cincta, designated MIAS, was obtained from
Moredun Institute of Animal Science, Edin
burgh , United Kingdom. Both strains were
used to each infect 2 worm free lambs to

build up stocks of L3 for the in vivo control
led study.

In vivo tests for resistance
Twenty two wether lambs of mixed breed
reared under parasite free conditions were
used for the in vivo controlled study (Powers
et al. 1982) to detect levamisole resistance.
According to live weight the lambs were di
vided into 2 similar groups . In I group each
lamb was inoculated intra-ruminally with
10,000 L3 larvae from the KYSE strain. For
determination of epg, faecal samples were
collected per rectum from all lambs at the
day of inoculation (day 0) and hereafter on
day 13 and subsequently every third day for
9 occasions.
Based upon the average epg of individual
lambs on days 26 and 27 p.i. (mean epg of
the two days), each of the two groups of
lambs (MIAS and KYSE) were divided into
2 comparable subgroups. At day 27 p.i. 1
subgroup of each category (KYSE-T and
MIAS-T) was treated orally with levamisole
at the recommended dose rate (7.5 mg/kg
bodyweight) and 2 other subgroups were left
as untreated controls (KYSE-C and MIAS
C). FECR was calculated at day 33 p.i, (day
6 after treatment) in groups MIAS-T and
KYSE-T, respectively. On day 33 p.i, all
lambs were killed and the gastrointestinal
tract was removed . The abomasum and the
small intestine were separated and the large
intestine was discarded. The abomasum and
the small intestine of each lamb were exam
ined separately. The abomasum was cut
open and the contents transferred into a pla
stic bucket. Using warm tapwater, the mu
cosa of the abomasum was rinsed thorough
ly, and all the washings were collected in the
bucket, making a total volume of 5 liters.
After a thorough suspension of the abomasal
contents, a 500 ml subsample was taken and
washed carefully through a wire mesh sieve
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(aperture 212 urn), using tapwater. The re
tentate on the sieve was then transferred to a
250 ml plastic container, and 10 ml of a
strong iodine solution was added to preserve
the sample. The small intestine was proces
sed likewise.
Before the worms were finally recovered the
total volume of the plastic container was
again placed on a sieve (aperture 212 urn)
and washed, using tapwater, until the wash
ings were almost colorless. Subsamples were
examined in a petri dish on a light-board,
adding 5-6 drops of a 3% sodium thiosul
phate solution and 10-15 ml of water. The
worms were recovered and transferred to a
glass tube with 2 % phosphate buffered for
maldehyde solution for a later counting,
identification and sex differentiation.

In vitro test for resistance
For the in vitro egg hatch assay approxi
mately 100 grams of faeces were collected
directly from the rectum of lambs infected
with either the KYSE or the MIAS strain.
The faecal samples were soaked in tap water
(approximately 10°C) for 30 min and the en
tire volume was then mixed to a homoge
nous slurry. Egg recovery was performed
according to the method described by Whit
lock (1959). The in vitro egg hatch paralysis
assay was undertaken as described by Dob
son et al. (1986) .

Measurement ofpepsinogen concentration
in serum
For the determination of the serum concen
tration of pepsinogen, blood samples were
taken from the jugular vein in plain vacutai
ner tubes, at the day of inoculation (day 0)
and again at days 7, 14, 21, 28 and 33 p.i.
Blood samples were allowed to rest over
night for clotting and then two 5 ml sub
samples of serum were obtained from each
sample and then stored at -18°C until ex
amination. The concentration of pepsinogen
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in serum was determined by a colorimetric
method as described by Ross et al. (1967).

Calculations and statistical analysis
In the field survey only lambs excreting
more than 200 epg were incorporated in the
estimation of FECR. The daily average ex
cretion of nematode eggs in faeces and worm
numbers in groups of lambs were calculated
as geometric means (GM) according to the
formula: GM = exp[l/n 2 In(x+l)] - I,
where x is epg or worm number of indivi
dual lambs in a group. The faecal egg count
reduction (FECR) was computed according
to the formula:
FECR = {I - [exp(l /n (2 ECR»]} x 100%
where the egg count ratio ECR = In(EPG2 +
I)/(EPG, + I)], EPG2 and EPG I are epg
after and before treatment with the anthel
mintic of choice. The lower (LC) and the
upper confidence limit (DC) of FECR were
calculated as follows:

LC = [I - exp(2 ECR) + ci)] x 100%
n

UC = [I - exp(2 ECR) - ci)] x 100%,
n

where ci = t.05• df x SD(ECR) x n1/2 , t.05, df is
the t-value at 5% level at df= n-l degrees of
freedom, SD(ECR) is the standard deviation
of ECR and n is the number of observations
in the group. Worm count reduction (WCR)
was calculated according to the formula:

WCR = [(WNu - WNt)tWNu] x 100%
where WN is the group geometric mean of
worm numbers and subscript u and t denote
the corresponding untreated and treated
groups, respectively. The transformed figu
res of epg and worm numbers of each group
of lambs were compared by using Student's
t-test.
In the in vitro egghatch assay the percentage
of unhatched eggs was transformed to pro
bits for graphical presentation of log dose
probit regression lines and for probit analy
sis (Finney 1971). The concentration of
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levami so le, where 50 % of the eggs were kil- lambs infected with the MIAS and the

led (LCso) was estimated for eggs from the KYSE isolate were compared by Student's
KYSE and the MIAS st ra in and the ratio t-test.
between LCso of the KYSE and the MIAS

strai n , i.e. the resistance ratio (RR) = LCso. Results
KYSE/LCso,MIASwas calculated. The field study consisted of FECR tests in
The pepsinogen levels before treatment in 22 flocks of sheep. In Table 1 are presented

Table 1, Results of a faecal egg coun t reduction (FECR) test on the efficacy of some anthe1mintics tested
in 22 flocks of sheep.

Flock Drug No of Average epg FECR Confidence Larval identjfication"
number sheep (%) limits

EPG l EPG2 (LC-UC)% T/O H Ot T/O
(%) (%) (%) (%)

1 TBZ 27 517 65 88 82-98 93 7 100
2 TBZ 11 223 9 99 95-100 88 12 100
3 TBZ 19 252 37 94 87-97 63 33 3 100
4 TBZ 10 720 0 100 99-100 86 14
5 FBZ 18 631 0 100 99-100 100
6 FBZ 4 275 38 90 22-99 96 4 100
7 FBZ 22 267 7 99 98-100 84 8 8 100
8 FBZ 5 280 0 100 97-100 98 2
9 FBZ 6 233 0 100 98-100 94 6
10 FBZ 21 600 64 94 89-97 96 4 100
11 ABZ 29 264 0 100 99-100 100
12 ABZ 12 442 33 97 89-99 100 100
13 ABZ 13 573 0 100 89-100 66 10 24
14 ABZ 6 492 0 100 99-100 96 4
15 ABZ 16 222 0 100 99-100 75 10 15
16 FB 12 404 25 98 94-99 84 16
17 FB 17 206 21 97 93-97 62 38 100
18 FB 9 261 0 100 98-100 45 55
19 FB 8 281 0 100 99-100 25 75
20 LEV 24 288 85 73 55-84 100 100
21 LEV 13 419 69 89 68-96 92 8 100
22 LEV 11 514 41 94 87-97 42 42 16 100

TBZ =thiabendazole 44 mg/kg FB =febantel 5.0 mg/kg
FBZ =fenbendazole 5.0 mg/kg LEV=levamisole 7.5 mg/kg
ABZ =albendazole 3.8 mg/kg

EPGl =geometric mean eggsper gram of faeces before treatment
EPG2 =geometric mean eggs per gram of faeces after treatment
FECR =faecal egg count reduction
LC =lower (95 %) confidence limit ofFECR
UC =upper (95 %) confidence limit ofFECR

T/O =Tri chostrongylus/Ostertagia
H. =Haemonchus spp.
Ot =Othe r worm species
• =only Trichostrongylus/Ostertagia after treatment
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Figure I . Geometric mean egg counts of lambs
experimentally infected with either a susceptible
(MIAS) or a levamisole resistant strain (KYSE) of
Ostertagia circumcincta, untreated or treated
(MIAS-C, KYSE-C or MIAS-T, KYSE-T) with
levamisole at the recommended dose rate (7.5
mg/kg),

the results of the FECR tests. Benzimidazole
anthelmintics were tested on 19 farms and
levamisole on 3 farms . Indications of anthel
mintic resistance were found on 7 farms
(flock no I , 3, 6, 10, 20 , 21 and 22). On 5 of
these farms (flock no I , 3, 6 and 10), where
benzimidazoles had been used, FECR varied
between 88-94 % and on 3 other farms
where levamisole had been used (flock no
20 , 21 and 22) , FECR was estimated to vary
from 73-94 %. Results of the larval differen
tiation showed, that from samples taken be
fore treatment, larvae of Ostertagia spp.
Trichostrongylus spp ., Haemonchus spp.,
Strongyloides spp., Cooperia spp., Nemato
dirus spp. and Chabertia spp. were present,
but following treatment only Ostertagia spp.
or Trichostrongylus spp. were found.
The faecal egg excretion in all groups of
lambs in the in vivo controlled study is de
picted in Figure I . The egg output in the
MIAS-T group of lambs was reduced to
zero, whereas the reduction in the egg out
put of the KYSE group of lambs was calcu
lated to be only 44.5 %. It is noted, that the
egg excretion in all groups show a uniform
pattern and that lambs infected with the
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Table 2. Number of recovered worms in lambs
experimentally infectedwith a levamisole suscep
tible (MIAS) or a levamisole resistant strain
(KYSE) of Ostertagia circumcincta, and average
worm burdens and worm count reduction (WCR)
in groups of lambs untreated or treated (MIAS-C,
KYSE-C or MIAS-T, KYSE-T) with levamisole
at the recommendeddose rate (7.5mg/kg).
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Day post Inoculation

Figure 3. Aritmetic mean serum pepsinogen
concentrations in groups of lambs experimentally
infected with either a levamisole susceptible
(MIAS) or levamisole resistant strain (KYSE) or
Ostertagia circumcincta, untreated or treated
(MIAS-C, KYSE-C or MIAS-T, KYSE-T) with
levamisole at the recommended dose rate (7.5
mg/kg),

the KYSE-C group (p > 0.05).
The rate of establishment of the MIAS and
the KYSE strain of O. circumcincta was esti
mated to 63 .1 % and 47.4 %, respe cti vely
but the difference was not significant (p >
0.05).

Discussion
The results of the FECR tests in 22 selected
sheep farms in Denmark showed, that an
thelmintic resistance was indicated in 7
flocks . These flock s were selected on the ba
sis of a previously high frequency of anthel
mintic treatment and the use of the same
anthelmintic for at least 5 years. These 2
factors are known to pose a risk to the deve 
lopment of anthelmintic resistance (Donald
1983) . Other factors, like drenching prac
tices and management of the sheep may
have contributed to the development of resi
stance in these flocks. For example, in the
22 flocks selected for study, high stocking
rates and intensive grazing systems, often
with rotational grazing, were practiced. In
the 8 flocks where anthelmintic resistance
was indicated, at least 2 of the anthelmintic
treatments were given from late May to the
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vitro egghatch paralysis assay on eggs from a leva
misole susceptible (MIAS)or levamisole resistant
strain (KYSE) of Ostertagia circumcincta.

MIAS strain before treatment shed signifi
cantly (p < 0.05) more eggs than did lambs
infected with the KYSE-strain .
The results of the worm counts are presen
ted in Table 2. In the suspected levamisole
resistant KYSE-strain , worm numbers were
reduced by 67.7 % (p < 0.005) and in the
MIAS-strain worm numbers were reduced
by 99.9 % after treatment with levamisole at
the recommended dose rate. In general,
higher numbers of female than male worms
were recovered in groups MIAS-C, KYSE-C
and KYSE- T, but this difference was not
significant (p < 0.05). No immature worms
were detected in any experimental animal.
The results of the in vitro egg hatch assay are
depicted in Figure 2. The LCso of the KYSE
and the MIAS population of eggs was esti
mated to be 0.04 and 6.05 ug LEV Iml, re
spectively and the resistance rat io was esti
mated to be IS1.25.
The average concentration of pepsinogen in
serum in the 4 groups is reflected in Figure
3. The pepsinogen values increased du ring
the pre-patent period to a level below 1.0
ty rosi ne uni t/L. After treatment of groups
MIAS-T and KYSE-T with levamisole the
level of pepsinogen in the MIAS-T group
dropped significantly (p < 0.0 I) to a low
level whereas the level of pepsinogen in the
KYSE-T group stayed at the same level as
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beginning of August. Theoretically this in
creases the risk of selection for anthelmintic
resistance because the free-living proportion
(refugia) of the entire nematode population
is at its lowest level relative to the propor
tion of worms within the host at that time
(Martin 1986. Bjorn 1988). A factor which
may further have influenced the rate of de
velopment of resistance against levamisole
in flock no 20, tested by the in vivo control
led study, was a combination of anthelmin
tic treatment with move to a "clean" pa
sture, a procedure that had been practiced
for more than 5 years in this flock. In this
situation eggs deposited on the clean pasture
will primarily be the progeny of more re
sistant worms, surviving the treatment. The
drench and move practice has earlier been
implicated in the development of resistance
in sheep nematodes in United Kingdom
(Cawthorne & Whitehead 1983).
Isolation and examination of the KYSE
population of the above flocks in a in vivo
controlled study confirmed the initial obser
vations made in the field. The results from
the FECR-test, the in vivo study and the in
vitro egg hatch assay were consistent and
established a significant high level of re
sistance against levamisole in O. circumcinc
taoThese observations were further suppor
ted by the effect of levamisole treatment on
serum pepsinogen levels in the experimental
groups. No significant difference in suscep
tibility of male and female worms to levami
sole could be detected in the treated groups,
which is in contrast to observations by
others (Dash 1986, Bjern et al. 1989) who
found that male worms were significantly
more susceptible to anthelmintics than were
females in both anthelmintic resistant and
susceptible isolates.
Our studies have confirmed the presence of
levamisole resistance in Ostertagia circum
cincta in Danish sheep. In addition compar-
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able levels of resistance to the benzimidazo
les are evident. The sheep farms in this
study were not selected randomly and the
results of th is survey therefore do not give a
true impression on how widespread anthel
mintic resistance may be at sheep farms in
Denmark. To get unbiased information on
this subject a large scale and comprehensive
survey as outlined in this paper is needed.
At this stage anthelmintic resistance does
not seem to be a problem in the control of
gastrointestinal nematodes of sheep in Den
mark. This may be explained by the in gene
ral low frequency of treatments and the ge
neral adherence by farmers of using the cor
rect dose of anthelmintic (Bjern unpublished
observations). Further, the level of nemato
diasis in sheep in this study seems low and
the species found generally do not cause
clinical disease , unless present in consider
able numbers. This precludes the observa
tion of apparent control failure and detec
tion of anthelmintic resistance in its early
stages. Nevertheless, it would be advisable to
continuously monitor the susceptibility of
prevalent parasites of sheep by e.g. FECR
tests, in order to detect any changes with
time.
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Sammendrag
Ormemiddelresistens hos fiirets parasitiske nema
toder i Danmark med sarlig vagt pa levamisol
resistens hos Ostertagia circumcincta.
Formalet med denne undersogelse var at belyse
forekomst af ormemiddelresistens hos tarets ind
voldsorm i Danmark. Toogtyve farebesetninger
udvalgtes til en feltundersegelse over ormemiddel
resistens under anvendelse af en frekal reg reduk
tions test (eng. Faecal Egg Count Reduction
(FECR) Test) . Kriterieme for udveelgelse af beset
ningeme var, at samme ormemiddel eller orme
midler herende til samme virkningsgruppe havde
veeret anvendt til mindst 3 arlige behandlinger
over en 5-arig periode. Der fandtes indikation pa
ormemiddelresistens i 7 beseetninger. Efter be
handling med thiabendazol fandtes FECR i to be
satninger til henholdsvis 88 % og 94 %, i andre 2
besetninger var FECR 90 % og 94 %efter behand
ling med fenbendazol og i 3 beseetninger fandtes
FECR til 73 %, 89 % og 94 % ved behandling med
levamisol. Fra I afde sidstnrevnte besetninger iso
leredes en population af Ostertagia circumcincta,
som underkastedes en in vivo kontrolleret under
segelse over resistens mod levamisol. Ved behand
ling af denne population med levamisol (7.5
mg/kg) fandtes FECR til 44.5 % og en reduktion i
ormebyrden pa 67.7 %, mens bade regudskillelse
og ormeantallet reduceredes med 100 % i en til
svarende anthelmintisk felsom population. Resul
tateme understettedes af en in vitro egg hatch
paralysis test samt af malinger af serumpepsino
gen. Dette er det ferste tilfeelde af ormemiddelresi
stens hos farets indvoldsorm i Skandinavien.
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