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ABSTRACT
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A strain of Haemonchus contortus from the Pietermaritzburg district of Natal was found to be
resistant to levamisole {geometric mean efficacy 76,5 %), morantel (41,9 %), the benzimidazoles
(oxfendazole: 33,7 %) and rafoxanide (82,0 %), but apparently fully susceptible to closantel and diso-
phenol. In the case of ivermectin, a mean of 5.2 % of the H. contortus was not removed at a dosage of

200 ng kg™ live mass.

A second strain of H. contortus, from Amsterdam in the south-eastern Transvaal, showed reduced
susceptibility to levamisole (80,8 %) and morantel (46,2 %), the only 2 drugs tested.

This is apparently the first report of resistance to the levamisole/morantel group of anthelmintics in

sheep in South Africa.

INTRODUCTION

During the recent past resistance of worms to the
available anthelmintics has been recorded at an in-
creasing rate. In South Africa a series of papers has
appeared describing resistance of gastrointestinal
nematodes of ruminants to the benzimidazoles and
the salicylanilides (Van Wyk & Gerber, 1980; Van
Wyk, Gerber & Alves, 1982; Van Schalkwyk,
Geyser & Rezin, 1983; Van Schalkwyk, 1984).
Thereafter, Van Wyk & Malan (1988) and Van
Wyk, Malan, Gerber & Alves (1989) described 4
strains of H. contortus that showed resistance to
ivermectin. One of the 4 strains was simultaneously
resistant to 3 anthelmintic groups.

At the time of the most recent of these papers
only the levamisole/morantel and organophosphate
groups of anthelmintic were not affected by resis-
tance.

This paper concerns 2 field strains of H. contortus
that have developed resistance to both levamisole
and morantel.

GENERAL MATERIALS AND METHODS

Unless otherwise stated the methods used for
faecal egg counts (epg), making faecal cultures and
for infection of animals are those described by Rei-
necke (1973).

Earticulars of the anthelmintics used in the investi-
gations are listed in Table 1.

In each of the 3 trials the sheep were mass-
measured on the day of treatment (Day 0), ranked
according to mean worm egg counts, and allocated
to the various trial groups with the aid of tables of
random numbers. In the case of groups of unequal
size the method of allocation is that described by
Van Wyk & Gerber (1980).

Worm recovery: The abomasal ingesta of the
sheep in Trials 2 and 3 were concentrated by sieving
through sieves with apertures of 150 pm onto sieves
with apertures of 37 pm, whereafter the residues in
both were retained for worm recovery.

Worm totals not marked with an asterisk in the
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various tables are the sum of macroscopic' examin-
ation of 10 % of the abomasal ingesta and total
microscopic examination of the digested abomasal
mucosa of each animal. Counts with an asterisk were
derived from total macroscopic and microscopic
examination of abomasal ingesta and mucosal
digests, respectively. These accurate total counts are
essential for analysis of the data by the non-para-
metric method (NPM) of Groeneveld & Reinecke
(196%), as modified by Clark (cited by Reinecke,
1973).

For calculation of the geometric mean epg or
worm burden a value of 1 was substituted for zero if
the faecal worm egg counts were negative (Trial 1),
or if no worms were recovered from the sheep that
were slaughtered.

Haemonchus Strain I

History

A group of 64 sheep was received at the Veteri-
nary Research Institute, Onderstepoort from an ag-
ricultural experimental farm near Pietermaritzburg
in Natal. They were born in the South-western
Cape, but had been moved to the experimental ‘farm
during August 1986, where they grazed with resident
sheep on dry-land kikuyu (Pennisetum clandesti-
num) pastures in an intensive system until February
1987. The mean annual rainfall for the region is
800-850 mm, received principally in the summer.

Worm control on the farm relies exclusively on the
use of anthelmintics drenched at approximately
monthly intervals. Anthelmintic groups are alter-
nated annually, and during 1986 and the beginning
of 1987 only levamisole was used for control of gas-
trointestinal nematodes.

On arrival at the laboratory the sheep were
housed under conditions of minimal worm transmis-
sion (concrete floors that are swept twice weekly)
and were drenched with levamisole? at a dosage of
approximately 7,5 mg kg™ live mass. Eleven days
later some of the sheep presented with what ap-
peared to be severe clinical haemonchosis, including

! Approximately a tenth of each 10 % aliquot was, however,
examined stereoscopically in order to enmsure that the worms
were in the adult stage and thus easily seen macroscopically

* Ripercol (Janssen)
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TABLE 2 Trial 1 (Strain 1): Anthelmintic efficacy (epg results)

Faecal egg countf
Group* Treatment Efficacy (%)1t
Before treatment After treatment

1 Control 1329 2418 -

2 Levamisole 637 1428 0,0

3 Morantel 1359 2124 0,0

4 Albendazole 1 300 84 96,4

5 Rafoxanide 1289 247 89,5

6 Ivermectin 643 12 99.0

7 Closantel 1163 2 99,9

8 Disophenol 1087 4 99,7

9 Nitroxynil 1028 1 99,9
10 Trichlorphon + Fenbendazole 825 1 99,9

* Five sheep per group, excepting for Group 2 (6 sheep)
T Geometric mean faecal egg count
1 Reduction on geometric mean

(Arundel, 1985) was apparently ineffective when
judged by faecal egg count reduction. However, it
must be remembered that the strain had already
been selected with levamisole when all the sheep
were drenched with this drug on introduction to the
Institute. It was then decided to re-isolate the strain
of H. contortus from the field for a controlled effi-
ciency test, based on the reduction of the worm
counts of treated compared with control groups of
sheep.

Trial 2 (Strain 1): Controlled trial based on reduction
of worm burdens

Materials and methods

Strain 1 of H. contortus was re-isolated from the
field during June 1986 by culturing sheep faeces
obtained from the farm of oriﬁin, and infecting
worm-free donor sheep in the laboratory at
Onderstepoort. The infective larvae (L3) used in
Trial 2 were collected from these donor sheep, and
were kept in water at room temperature in flat medi-
cine bottles for about a week before the trial animals
were infected. Thus the strain was passaged only
once in the laboratory and, in contrast with Trial 1,
was not selected with anthelmintics during this time.

The trial animals, consisting of 33, 6-12 month-old
Merino rams and 25 similarly aged wethers were not
raised worm-free, but were obtained from the field.
On introduction to the laboratory these animals
were housed on concrete, as previously described
and were dewormed with both morantel and a mix-
ture of fenbendazole and trichlorphon at double the
ther;{)eutic dosages shown in Table 1. Subsequent
faecal examinations of each sheep by total flotation
of 5 g of faeces (Whitlock, 1959) failed to reveal any
worm eggs. During the course of the trial the sheep
were kept under conditions that precluded uninten-
tional exposure to gastrointestinal nematodes.

Although the anthelmintics used in this trial were
off-the-shelf commercial formulations, they were as-
sayed by the manufacturers to confirm the concen-
tration of active ingredient in each, for accurately
determining the various dosages.

The trial design is summarized in Table 3.

After infection with a total of approximately 3 100
L3 of H. contortus, between Days —33 to —31
the sheep were ranked according to faecal egg
counts on Day 0 and were either treated with an
anthelmintic, or kept as untreated controls (Table
3). One sheep allocated to the disophenol group was
excluded from the trial as a portion of the intended
dose was lost during injection.

TABLE 3 Trial 2 (Strain 1): Trial design

Day Treatment
—33 | 58sheep each dosed with 1 099* L3 H. contortus
—32 | 58sheep each dosed with 1 021* L3 H. contortus
—31 | 58sheep each dosed with 1 021* L3 H. contortus
0 | 13 sheep drenched with levamisole at 7,5 mg kg™’
12 sheep drenched with morantel at 12,5 mg kg™
5 sheep drenched with closantel at 5,0 mg kg™
4 sheep injected with disophenol at 10,0 mg kg™
5 sheep drenched with ivermectin at 0,2 mg ki“‘
5 sheep drenched with oxfendazole at 5,0 mg kg™
5 sheep drenched with rafoxanide at 7,5 mg kg™
9 sheep remained untreated as controls
+7 | 25 sheep killed for worm recovery
+8 | 33 sheep killed for worm recovery

* Estimated from aliquots of larval suspension
1 Administered subcutaneously

All the sheep were killed for worm recovery on
Day +7 and Day +8, individuals being selected
at random for slaughter, in such a way that similar
proportions of each trial group were killed on each
of the 2 days.

Statistical analysis: In the case of the levamisole
and morantel groups sufficient sheep were used for
analysis of the resuFts by the non-parametric method
(NPM) of Groeneveld & Reinecke (1969), as modi-
fied by Clark (cited by Reinecke, 1973). In the other
groups the efficacy was calculated by comparison of
the geometric mean worm burdens of the treated (T)
and control (C) groups:

T 100
C

% efficacy = 100 —

Results
The results are summarized in Tables 4 and 5.

The efficacy of levamisole and morantel were
Class B (60 % or more effective in at least 60 % of
the treated flock) and Class X (ineffective) when
analysed by the NPM and 76,5 % and 41,9 % respec-
tively when based on reduction of the geometric
mean worm burdens of the treated, compared to the
untreated control animals.

In the other groups the geometric mean reduc-
tions were 33,7 %, 8£O %, 94,8 %, 99,8 % and 99,9
% for oxfendazole, rafoxanide, ivermectin, closantel
and disophenol respectively.














