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Abstract

The efficacy of a combination of milbemycin oxime and praziquantel in preventing the estab-
lishment of experimentally induced heartworBiiofilaria immitis) infection was investigated in a
study involving 24 young domestic short-hair cats. The animals were inoculated with 50 infective
larvae on day 0. Subsequently they were divided into two groups of 12 animals each. The animals
in group 1 were treated once with medicated tablets containing 4 mg milbemycin (minimum dose
2mgl/kg body weight) and 10 mg praziquantel (MILBEMA&Xon day 30 after infection. Cats
in group 2 received placebo tablets on the same day. On day 183 post-infection a blood sample
was taken from each animal before euthanasia and necropsy. The blood samples were tested for
the presence of microfilariae and the necropsied animals were examined for the presence of adult
worms. Microfilariae were not found in any of the investigated cats. No heartworms were found in
the animals in group 1 (treated with medicated tablets). Out of the 12 placebo-treated cats 1 was
heartworm-free, whereas all the others were found to be infected with 1-3 adult heartworms.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Heartworm infection is an unpredictable disease in cats. The clinical presentation includes
no clinical signs, recurrent disease and chronic disease. Acute symptoms are possible and
even a few heartworms (1-2 worms) may cause sudden deatichi et al., 1992; McCall
etal., 1994; Dillon, 1998 The prevalence of the infection in cats is lower than in dogs living
in the same area, but various studies have shown thatin endemic areas @étath{ et al.,

1992; Kramer and Genchi, 200dapanRoncalliet al., 1998and North AmericaGuerrero

et al., 1992 up to 27% of cats may be infected. Since treatment of established heartworm
infections carries serious risks for the affected animals, chemoprophylaxis is recommended
for cats living in such high risk areaB¢iron et al., 2001

Milbemycin oxime, a mixture of milbemycin A3 and A4 oximes, is a macrocyclic lactone
which has been shown to be highly effective against canine heartviarieve et al., 1991;
Tagawa et al., 1993, 1994; Blagburn et al., 1985well as against various parasitic nema-
todes in dogsowman et al., 1990, 199} and catsBowman et al., 1991b; Humbert-Droz
et al., 2004. In previous experimental studies investigating the chemoprophylactic effect
of milbemycin oxime against feline heartworm, repeated treatments at dose rates between
0.50 and 1.22 mg/kg body weight after 60 and 90 days after inoculationvittnmitis
larvae, resulted in complete preventi@tdéwart et al., 1992However, after a single treat-
ment at similar dose rates, one stu@ukase et al., 199Geported complete prevention,
while another did nottewart et al., 1992 The present study was carried out to confirm
the efficacy of a single treatment of milbemycin oxime at a dose of 2—4 mg/kg body weight
in combination with praziquantel as a feline heartworm preventative.

2. Materialsand methods

Animals. Twelve male and 12 female domestic short-hair cats were purchased from a
research colony. On arrival at the trial site (day 11) the male cats were aged between
8 and 9 weeks and weighed between 680 and 1020 g (mean 807 g) and the female cats
were aged between 11 and 12 weeks and weighed between 980 and 1380 g (mean 1232 Q).
They had not been treated with any anthelmintics. The cats were housed in individual
pens in a purpose-built animal rearing facility fitted with mosquito netting and air con-
ditioning. Each pen measured 1x1m x 2m ( x w x k), had a concrete floor, wire
mesh sides and a metal resting plate. Each pen was provided with a litter box. The an-
imals were fed twice a day with a commercial dried cat food and drinking water was
supplied ad libitum. The individual animals were identified by tattoos in the pinnae bear-
ing a unique identification. All animals were determined free from exposube itwmitis
as demonstrated by a negative antibody test (HESK&olo StepM Feline Heartworm,
HESKA Co., USA). All the animals were vaccinated with leucorifelin—PHC (Merial) on
days—5 and+16. The cats were observed once daily regarding their general health, be-
haviour, appetite and any adverse effects from the beginning of acclimatisation through to
necropsy.

Treatments. On day 0, after 11 days of acclimatisation, each cat was inoculated with 50
infective D. immitis larvae suspended in 1 ml Hank’s balanced salt solution. The larvae
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were collected fronAedes aegypti mosquitoes (Liverpool strain, reared in the University

of Milan) and prepared for inoculation according McCall et al. (1981) Each animal

was injected subcutaneously in the right lateral side of the neck. On day 29, all cats were
allocated to the treatment groups after being weighed. Allocation to the treated and the
placebo groups was done based on weight. The heaviest cats on day 29 (six males be-
tween 1.6 and 1.9kg and six females between 1.8 and 2.0kg) were allocated to group
1 to be treated with medicated tablets in order to ensure that the dose rate was as close
as possible to the minimum recommended dose rate of 2 mg milbemycin oxime/kg body
weight. The lightest animals (six males weighing 1.5kg each and six females weighing
between 1.7 and 1.8kg) were allocated to group 2 to be treated with placebo tablets.
On day 30 each animal in group 1 was treated with one tablet containing 4 mg milbe-
mycin oxime and 10 mg praziquantel (MILBEMA Novartis Animal Health Inc., Basel,
Switzerland). The animals in group 2 received placebo tablets. The tablet was placed into
the pharynx behind the tongue. In a few cats, swallowing was helped with the delivery
of a small volume of water with a syringe. Each animal was observed in its cage for 1 h
for successful intake of the tablet. The trial was blinded by separating the responsibili-
ties for tablet administration and for the subsequent clinical and parasitological observa-
tions.

Assessment of efficacy. On day 183 (153 days after drug administration), all animals were
necropsied. The cats were anaesthetised with an intramuscular injection of a mixture of
acepromazine and ketamine followed by an intravenous injection of sodium pentobarbital.
A blood sample was collected before administration of the pentobarbital. The pleural and
peritoneal cavities were examined for the presence of heartworms and the cranial and
caudal vena cava and azygous vein were ligated before removal of the heart and lungs.
Precava, right atrium, right ventricle and pulmonary arteries (including the lobar arteries)
were carefully dissected and examined for worms. Worms that were normal in mobility
and appearance were considered alive. Worms that were non-motile, transparent, opaque
or had a wrinkled cuticle were considered dead. The mean worm reduction achieved was
calculated according to the formula{Wm/Wp) x 100, withW, being the geometric mean
worm number in the group treated with medicated tabletsVéyithe same parameter in the
placebo group. Blood samples collected before euthanasia were examined for microfilariae
using a modified Knott test. Original worm counts and transformations were checked to
establish if they satisfy the assumption of normal distribution using the Shapiro—Wilks test.
The Mann-WhitneyU-test was used to compare the worm counts in group 1 with those
in group 2. For calculating geometric means, counts were increased by 1 before taking the
mean, to allow zero values to be included.

The study was conducted at the facilities of the Centro Veterinario Oriolo, 26012 Caste-
lleone, Italy, according to the EU guidelines for Good Clinical Practice (European Commis-
sion Note for Guidance I11/3767/92, Brussels, July 1994), to The Rules Governing Medicinal
Products in the European Union (Guidelines Veterinary Medical Products, Brussels, 1999),
to the WAAVP Guidelines for the Evaluation of Anthelmintics for Cats and Ddgs¢bs
et al., 1994 and to the recommendations of the Veterinary International Co-operation on
Harmonisation (Efficacy of Anthelmintics: Specific Recommendations for Felines, VICH
2001, Guideline 20).
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3. Results

Considering the weight of each animal at treatment, the mean dose rate of milbemycin
oxime for the cats in group 1 was 2.3 mg/kg (2.1-2.5 mg/kg) for the male and 2.1 mg/kg
(2.0-2.2mg/kg) for the female cats. No microfilariae were found in the blood samples
collected from both groups. No adult worms were found in the animals treated with med-
icated tablets. A total of 18 adult worms (13 males and 5 females) corresponding to a
mean of 1.34 worms/animal (range 1-3 worms) were found in 11 animals (91.7%) treated
with placebo tablets. No worms were found in one of the animals in the placebo-treated
group. The difference between both groups was statistically signifiPaatq.0004).

No adverse reactions due to treatment were recorded during the study. Body weight and
food consumption (data not shown) were unaffected by the different treatments. The only
observed signs (slight trembling and laboured breathing immediately after drug administra-
tion) were recorded in both treated and placebo groups (one animal each), and disappeared
within 1 h. No other signs of adverse reactions were recorded during the study.

4. Discussion

Eleven out of 12 cats in group 2 (placebo) became infected with adult worms. This
confirms the infectivity of the heartworm strain used and the adequacy of the larval challenge
and is consistent with infection rates in the control cats obtained by other authors, e.g. 83%
by Stewart et al. (19922nd 88% byMcTier et al. (2000) The low number of adult worms
(1-3) found in the infected cats of the placebo-treated group is also comparable with the
results of other studies with artificially induced infectioMdc{Tier et al., 200D as well
as with the findings in naturally infected catGénchi et al., 1992; Guerrero et al., 1992;
Roncalli et al., 1998and are known to be typical for feline heartworm infecti@illon,

1998. The absence of microfilariae in the blood of both the control and the treated cats
at necropsy is also in agreement with the findings of other stu@esadhi et al., 1992;
Guerrero et al., 1992nd is known to be a frequent feature of heartworm infections in cats
(McCall et al., 1994

In the present study, a single treatment with medicated tablets containing 4 mg of milbe-
mycin oxime completely prevented the establishment of artificially induced infections with
D. immitisin cats. The dose rates achieved during the study ranged between 2.0 and 2.5 mg
milbemycin oxime/kg body weight, well at the lower end of the recommended dose rate
range of 2—4 mg/kg that results from the use recommendation of 1 tablet for animals be-
tween 1 and 2 kg body weight. The test medication also contained praziquantel to provide
broad-spectrum anthelmintic efficacy against cestodes. This is known not to be active against
D.immitis(Andrews et al., 1983 so that the observed efficacy can be attributed exclusively
to the milbemycin oxime content of the tablets.

In earlier studies of the efficacy of milbemycin oxime as a heartworm preventative in
cats, the administered dose rate was lower than in the present investigation. In one study,
six consecutive treatments at 0.68—1.22 mg/kg were administered at 30 day intervals start-
ing on day 9 after inoculation and achieved complete prevenBewart et al., 1992In a
second study, a single treatment with milbemycin oxime at 0.50-0.99 mg/kg administered
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30 or 60 days after inoculation gave an incomplete protection, whereas two consecutive
treatments at the same dose rate administered 60 and 90 days after inoculation provided
full control (Stewart et al., 19921In a third study, complete prevention was reported after a
single treatment at 0.5 mg/kg administered 30 days after inoculd&igkaée et al., 1996

All these studies were performed at dose rates that correspond roughly to the minimum rec-
ommended dose for heartworm prevention in dogs, i.e. 0.5 mg/kg body weight. More recent
investigations have shown that after oral administration cats need to receive a higher dose
than dogs in order to achieve similar blood levels of milbemycin oxime (Cody, unpublished
results). This likely explains why complete prevention was not achieved after a single treat-
ment in the second study previously mentioned. As a consequence of this pharmacological
behaviour in cats, the milbemycin oxime content of the tablets used in this study for cats of
up to 2 kg body weight was raised to 4 mg. These tablets result in dose rates of 2—4 mg/kg
body weight for cats weighing 1-2 kg and are currently approved for use in cats in Europe
and other countries. The need for a higher dose in cats than in dogs is also known for orally
administered ivermectin, another macrocyclic lactone used for heartworm prevention, for
which the minimum recommended dose rates for use on dogs and cats are about 6 and
25 mg/kg body weight, respectively.

The high efficacy achieved in the three previously reported studies at less than half the
dose rate currently recommended for use in cats provides evidence for a large confidence
margin in the effectiveness of heartworm prevention using milbemycin oxime at 2 mg/kg
body weight, thus compensating for slight errors in the administration of the product by the
cat owners (e.g. underestimating the animals weight or slight delays in the 30 day interval
administration schedule).
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