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Abstract

were safe and highly efficacious against A. abstrusus.

Background: In three randomized, controlled laboratory efficacy studies, the efficacy in the prevention of patent
infections of a topical combination of imidacloprid 109%/moxidectin 1% (Advocate® spot-on formulation for cats,
Bayer Animal Health GmbH) against larval stages and immature adults of Aelurostrongylus abstrusus, as well as the
treatment efficacy of a single or three monthly treatments against adult A. abstrusus, were evaluated.

Methods: Cats were experimentally inoculated with 300-800 third-stage larvae (L3). Each group comprised 8
animals and the treatment dose was 10 mg/kg bodyweight (bw) imidacloprid and 1 mg/kg bw moxidectin in each
study. Prevention of the establishment of patent infections was evaluated by two treatments at a monthly interval at
three different time points before and after challenge infection. Curative efficacy was tested by one or three treat-
ments after the onset of patency. Worm counts at necropsy were used for efficacy calculations.

Results: In Study 1, the control group had a geometric mean (GM) of 28.8 adult nematodes and the single treatment
group had a GM of 3.4 (efficacy 88.3%). In Study 2, the control group had a GM of 14.3, the prevention group had a
GM of 0 (efficacy 100%), while the treatment group had a GM of 0.1 (efficacy 99.4%). In Study 3, the GM worm burden
in the control group was 32.6 compared to 0 in all three prevention groups (efficacy 100% for all of those groups).

Conclusions: The monthly administration of Advocate® reliably eliminated early larval stages and thereby prevented
lung damage from and patent infections with A. abstrusus in cats. Regarding treatment, a single application of Advo-
cate® reduced the worm burden, but it did not sufficiently clear the infection. In contrast, three monthly treatments
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Background

Parasitic respiratory diseases are of increasing impor-
tance in feline clinical practice [1]. Over recent years,
the number of reports of feline lungworm infections has
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risen worldwide, particularly across mainland Europe.
Concerning parasitic helminths of the feline respira-
tory tract, such as Oslerus rostratus, Troglostrongylus
spp. or Capillaria aerophila, Aelurostrongylus abstrusus
remains the most important of the feline lungworms in
both clinical and epidemiological terms [1, 2]. This nema-
tode is distributed worldwide with varying prevalence
rates in cats, e.g. 1.7% in the UK [3], 5.1% in the USA
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[4], approximately 8% in Denmark [5] or Greece [6], and
between 10 and 38.3% in Italy [7]. The parasite may infect
domestic cats and occasionally wild felids, e.g. European
wildcats or lions [2, 8, 9].

Generally, the risk of infection is higher for stray or
free-roaming cats in endemic areas [10-12]. Infections
may be acquired by ingestion of either the intermedi-
ate hosts (mollusks) or paratenic hosts, such as birds,
rodents, amphibians or reptiles [13-16]. Besides the
adult nematodes, which reside mainly in the bronchi-
oles, alveolar ducts and lung parenchyma, egg production
and migrating larvae can also cause inflammatory lung
lesions, depending on the infective dosage [17]. Infec-
tions can range from subclinical or severe to fatal. Clini-
cal manifestations include non-specific signs compatible
with a systemic disease, such as apathy, depression and
weight loss, as well as respiratory alterations, e.g. dysp-
nea, panting, coughing, sneezing and nasal discharge [15,
18, 19]. Concerning bronchoscopy findings, bronchiecta-
sis and mucus accumulation were found in cats infected
with A. abstrusus [20]. Cardiac presentations, such as
right-sided cardiomegaly, heart murmurs and pulmonary
hypertension, have also been described in kittens [21].
Furthermore, spontaneous death during anesthesia has
also been associated with lungworm disease in cats [22].
Severe cardiopulmonary disease or fatalities can be the
result of a late diagnosis and treatment of aelurostrongy-
losis [1].

Ideally, infections should be prevented or treated at an
early stage with adequate actives. Routine deworming is
therefore advisable, especially in free-roaming cats with
respiratory signs. Data on the efficacy of treatments are
available from clinical studies and case reports, but infor-
mation on preventive properties of the licensed prod-
ucts is limited. Use of an oral formulation of milbemycin
oxime and praziquantel (Milbemax®, Elanco Europe,
Bad Homburg, Germany) stopped larval shedding and
resolved clinical signs in a single case after two applica-
tions two weeks apart [21]. Selamectin 45 mg spot-on
formulation (Stronghold®, Zoetis, Berlin, Germany; dose
range 2.6—7.5 kg body weight, bw) was used twice 23 days
apart in naturally infected cats and stopped larval shed-
ding in 9 out of 10 cats [23]. Of the benzimidazoles, an
oral paste with 18.75% fenbendazole (Panacur® MSD
Animal Health, Unterschleif$heim, Germany) is licensed
in the UK, among other countries, for the treatment of
feline aelurostrongylosis. In two field studies [24, 25], an
efficacy of 99.3% has been reported with the oral treat-
ment of 50 mg/kg bw daily for 3 consecutive days. In
these field studies, a single application of an emodepside/
praziquantel (Profender®, Bayer Animal Health GmbH,
Leverkusen, Germany) spot-on formulation at a dosage of
3 mg/kg emodepside and 12 mg/kg praziquantel showed
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a comparable efficacy, i.e. 99.4%, to the oral fenbendazole
treatment in terms of larval shedding [25]. The emodep-
side formulation has been evaluated further in two ran-
domized, placebo-controlled experimental studies. Two
spot-on administrations at a two-week interval showed a
99.2% reduction of worm counts in the lung tissue [26].
Profender® is therefore licensed for the treatment of
adult stages of A. abstrusus in cats with this treatment
regimen [27]. Another product licensed for the treatment
of A. abstrusus (L3, L4 and adults) is a topical formula-
tion containing fipronil 8.3% w/v, (S)-methoprene 10%
w/v, eprinomectin 0.4% w/v and praziquantel 8.3% w/v
(Broadline®, Merial, Hallbergmoos, Germany), which
had an efficacy of 99.6% against adult A. abstrusus [28,
29]. Knaus et al. [28] also demonstrated an efficacy with
this formulation of 98.9%, 99.3% and 91.6% against L3, L4
and immature adults of A. abstrusus, respectively, show-
ing the preventive potential against patent A. abstrusus
infections.

Because of its longer half-life and its good safety
profile, moxidectin has been suggested as another
potential option for the chemoprevention of aeluro-
strongylosis. This drug remains detectable in plasma
samples for weeks and consistent monthly administra-
tions of topical moxidectin can induce elevated and sus-
tained steady-state plasma concentrations in dogs and
cats [30—32]. Furthermore, moxidectin has proven to be
highly effective against patent A. abstrusus infections: in
a field study, a spot-on formulation containing 10% imi-
dacloprid and 1% moxidectin (Advocate®; Bayer Animal
Health GmbH) showed 100% efficacy in reducing larval
shedding and resolving clinical signs after a single treat-
ment [24]. This formulation (Advocate®, Bayer Animal
Health GmbH) is licensed in some markets (e.g. New
Zealand, Australia) for the treatment and control of A.
abstrusus in cats [33, 34].

The controlled laboratory studies reported here were
conducted to investigate the efficacy of this formulation
in the treatment and prevention of patency in cats exper-
imentally infected with A. abstrusus.

Methods

Study design

To evaluate imidacloprid 10%/moxidectin 1% spot-on
formulation for the prevention (against L3 and L4 larvae)
and treatment (adults) of patent experimental A. abstru-
sus infections in cats, three studies were conducted. An
overview is given in Fig. 1 and Table 1.

Studies were conducted in accordance with VICH
Guideline 9, “Good Clinical Practice” (July 2001) [35],
VICH Guideline 7, “Efficacy of anthelmintics: general
requirements” [36] and VICH Guideline 20, “Efficacy of
anthelmintics: specific recommendations for felines” [37].
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Fig. 1 Overview of the study designs of the three experimental laboratory studies
Table 1 Overview on study designs of the three laboratory studies
Study Inoculation dose Inoculation (study  Study group Treatment Study day Necropsy (study day)
(L3) day)
1 800 0 1.1 Placebo 36 62-66
12 Advocate® 36
2 300 0 2.1 Untreated control 136-140
22 Advocate® —10;18
23 Advocate® 53;81;109
3 300 0 3.1 Placebo —4:24 48-50 (20 cats)
32 Advocate® — 4,24 34-35 (12 cats)
33 Advocate® —10;18 48-50
34 Advocate® —-20;8 48-50

The study procedures adhered to the WAAVP guidelines
for evaluating the efficacy of anthelmintics in dogs and
cats [38]. The study design was based on the scientific
knowledge and experience gained in a similar study [26],
because the guidelines do not include specific informa-
tion on A. abstrusus.

Study 1

Study 1 evaluated the efficacy of a single treatment
against A. abstrusus infections in cats after the onset
of patency. The study was performed as a placebo-con-
trolled, randomized and blinded laboratory study.

Study 2

In Study 2, the treatment and the prevention effect of
imidacloprid 10%/moxidectin 1% spot-on formulation
were examined. In the prevention group, the cats were

treated before and after inoculation. In the second group,
the treatment efficacy was examined by applying the
spot-on formulation after the onset of patency and twice
thereafter at monthly intervals. The control group was
not treated and blinding was only applied to necropsy
procedures

Study 3

Study 3 evaluated the ability of imidacloprid 10%/mox-
idectin 1% spot-on formulation to prevent the patent
infection when administered monthly for two consecu-
tive months, starting before the cats were experimentally
infected with A. abstrusus L3. The study was performed
as a placebo-controlled, randomized and blinded labora-
tory study.
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Study animals

The cats used in all three studies were purpose-bred and
either owned by the study facility or purchased from
commercial breeders. The sex of the included animals
was distributed across the studies as follows: 8 females/8
males in Study 1; 17 females/7 males in Study 2; 16
females/16 males in Study 3.

All cats were acclimatized at least 7 days before study
inclusion. On the day of infection, the animals were aged
less than 10 months. They had been vaccinated against
major feline infectious diseases and they were dewormed
once with pyrantel embonate (Banminth®, Study 1) or
with pyrantel embonate and praziquantel (Drontal®,
Studies 2 and 3) before the start of the study. Fecal sam-
ples were examined during the acclimatization period to
verify successful deworming. Cats included in the stud-
ies were not allowed to have been recently treated with
drugs (e.g. macrocyclic lactones) which could interfere
with the investigational product.

Animals were group-housed in their respective study
groups, but were housed individually on the day of treat-
ment, for two consecutive days and for individual fecal
sample collection. Pens were equipped with planks and
boxes. Toys and scratching places were offered for envi-
ronmental enrichment. The animals received standard
commercial wet and/or dry food and water was available
ad libitum. Handling and housing were performed in
accordance with national animal welfare regulations.

Allocation and treatment

All treatments in the three studies were administered
with the minimum treatment dose of 10 mg/kg BW imi-
dacloprid and 1 mg/kg BW moxidectin, corresponding
to 0.1 ml of the spot-on formulation of Advocate® per kg
BW.

In Study 1, the cats were randomly allocated to one
of two study groups, with each group containing eight
animals. The cats were first separated by sex and then
ranked in descending order based on their highest fecal
L1 count on study day (SD) 2 and 4. After randomiza-
tion, each study group consisted of four male and four
female cats. Treatment was administered once on SD
0, 36 days post-infection (dpi), once all cats had shown
a positive fecal larval count. The cats in the treatment
group received one dose of the recommended minimum
treatment doses, while cats in the control group received
a placebo formulation at a dose of 0.1 ml/kg bw.

In Study 2, 24 cats were randomly allocated to one of
three study groups of 8 animals each, based on sex and
body weight. To evaluate the prevention efficacy, treat-
ment of the cats assigned to group 2 was administered
twice on SD 10 (10 days prior to infection) and on SD 18
(18 dpi) (see Table 1). To evaluate the treatment efficacy,
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the cats in group 3 were treated three times at monthly
intervals on SD 53, SD 81 and on SD 109. The cats assigned
to the control group (group 1) were left untreated.

In Study 3, 32 cats were randomly allocated to one of
four study groups, based on their sex and ranking accord-
ing to body weight and animal ID. After randomization,
each group consisted of 8 cats with equal sex distribu-
tion. The cats in the three treatment groups received a
dose of the minimum treatment dose, whereas the cats
in the control group were treated with a placebo formu-
lation. The preventive efficacy of the imidacloprid 10%/
moxidectin 1% spot-on formulation in the elimination
of early larval stages (L3 and/or L4) of A. abstrusus was
evaluated. Therefore, the cats assigned to group 1 (con-
trol) and group 2 were treated on SD 4 and on SD 24,
group 3 was treated on SD 10 and SD 18 and group 4 on
SD 20 and on SD 8.

Health observations

All cats were handled and observed by the animal care-
takers for their general health once daily from the begin-
ning of the respective study to the day of necropsy for
each individual. The animals were physically examined at
least once before infection, before treatment and before
necropsy. Only healthy cats were included in the studies.
On treatment days, the cats were clinically assessed for
adverse events at least twice at the start of treatment and
up to 5 h afterwards.

Experimental infections

The cats were experimentally inoculated before treat-
ment with 800 (group 1.1 and 1.2) or 300 (group 2.3),
or after treatment with 300 (groups 2.2 and 3.2, 3.3,
3.4) infective L3 of A. abstrusus (see Table 1). Due to
animal welfare reasons, the number of larvae used for
inoculation was reduced from 800 (Study 1) to 300
(Studies 2 and 3). The L3 were obtained by diges-
tion of the experimentally infected snails. The snails
had been experimentally infected with L1 which were
obtained from naturally infected cats. The snails were
cut into pieces and the snail tissue was minced and
then digested for 20-30 min in HCI solution with pep-
sin at approximately 41 °C: 0.4—0.6 g pepsin was mixed
in 100 ml Aqua Bidest and 0.7 ml of 37% HCI solu-
tion. The digested material was passed through a 180
pum sieve and centrifuged at 500xg for 5 min before
the supernatant was discarded. A number of subsam-
ples were counted under a stereo microscope. Indi-
vidual inoculation doses for the cats were prepared
and applied intragastrically via a stomach tube. The
cats were anesthetized before inoculation with a com-
bination of medetomidine (0.008 mg/kg bw) and keta-
mine (10 mg/kg bw) with or without premedication
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with acepromazine (0.15 mg/kg bw). In order to pre-
vent vomiting or regurgitation, the cats received meto-
clopramide (0.3 mg/kg bw) intramuscularly. The cats
were observed for vomiting or regurgitation for 60 min
after inoculation. During these first 60 min, vomiting
occurred in some cats (seven cats in Study 1, three cats
in Study 3), but the amount of vomit was small (<1 ml).
In Study 3, two of the three cats were re-inoculated
with 150 and 120 L3 based on the amount of vomit and
larval counts in the vomit. In Study 1, the cats which
had vomited were not re-inoculated, but as two cats
showed spillage during inoculation, they were re-dosed
with approximately 150 L3. In Study 2, none of the cats
showed any vomiting within the first 60 min of inocula-
tion. Between 2 and 3 h after inoculation, the majority
of cats vomited; no re-inoculation was performed.

Fecal examination

The feces of all cats had to be negative for nematode eggs
and larvae before study inclusion and inoculation with
A. abstrusus. To demonstrate the negative parasitologi-
cal status of the individual cat, at least one fecal sample
was examined using a combined sedimentation/flotation
method and the Baermann technique during the acclima-
tization period. In Study 1, L1 counts were determined by
a slightly modified quantitative Baermann technique. An
exact amount of 4—10 g was used, 14 ml of fluid was taken
from the sediment of the funnel and was centrifuged at
500x g for 2 min. The supernatant was discarded and, if
the number of larvae was low, the whole sediment was
screened, or if the number of larvae was high, an aliquot
was screened for larvae and the total number calculated.
The determined larval counts were additionally used for
the randomization of cats.

Post-treatment fecal examinations were conducted as
follows: in Study 1, starting at 30 dpi, pooled fecal sam-
ples per cage, i.e. two animals, were examined using the
Baermann technique and once the fecal samples were
positive for L1, individual fecal samples were collected
and examined. In Study 2, individual fecal samples were
collected and examined every other day between SD
40 and 48 (study groups 2.1, 2.3) or rather SD 50 (study
group 2.2) to detect the start of patency. In Study 3, post-
treatment fecal examinations were conducted on the day
of necropsy.

Necropsy

In the three studies, necropsy was performed on several
consecutive study days, depending on the days of treat-
ment (details in Table 1). The lungs and heart of each cat
were completely removed. All lung lobes were cut into
pieces of approximately 1 cm® and pieces were divided
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into two approximately equal portions. Lung tissue was
checked for lungworms under a stereomicroscope by
dissecting each piece with scalpel and forceps. The two
portions of each lung piece were analyzed by at least two
different persons in order to randomize the potential dif-
ferences in the dissection technique. Lungworms were
identified according to species, observed for viability
and counted. If larval or pre-adult stages were present,
this was also recorded and, if necessary, verified under
an optical microscope. As worms can embed themselves
very deeply into the lung parenchyma, it had to be con-
sidered that originally viable worms could have been
destroyed and cut into pieces during isolation from lung
tissue. Worms could have also died because of the long
duration of the complicated worm counting procedure.
To evaluate viability and the onset of death, each lung-
worm, or part of a worm, was carefully examined under
a stereomicroscope. Viability/motility, general appear-
ance and structure of the integument were assessed.
All viable worms and all recently-dead intact worms or
worm pieces with intact integument were counted as
viable worms. Specimens of A. abstrusus which were
obviously dead before necropsy started (i.e. lytic worms
with marked changes of the cuticle) were counted as dead
worms. In the case of worm parts, these were differenti-
ated between nematode heads and/or tails. Each present
head and/or tail was counted. If the number of heads was
greater than the number of present tails, the heads were
used to calculate the total number of worms. If the num-
ber of tails was greater, the tails were used for this cal-
culation. Total worm counts determined in necropsy are
listed in Additional file 1.

Efficacy and statistical analysis
As per specification in VICH Guidelines 7 and 20 [33,
34], the adequacy of infection was achieved when at
least six cats in the control group were confirmed to be
infected and when the lower 95% confidence intervals of
the geometric means were greater than 10% of the geo-
metric means.

Percent efficacy was calculated according to the recom-
mendations for controlled tests described in the above-
mentioned guidelines:

% Effectiveness (reduction) = (N2 — N1)/N2 x 100

where N1 is the geometric mean worm count for the
treatment group and N2 is the geometric mean worm
count for the control group.

The geometric mean could not be calculated if the
worm count values equaled zero. Due to this fact, a
translation of all values was performed by adding 1 to
the number of worm counts prior to logarithmic trans-
formation and 1 was subtracted from the antilog value
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to meaningfully represent the geometric mean for each
group. In Study 1, efficacy calculations were based on
total worm counts (number of animals with >1 worm
and geometric mean worm counts per sex and per
group). The data distribution was considered normal and
a parametric analysis of variance was used to test for a
treatment group effect. In Study 2, the primary efficacy
parameter to evaluate the preventive efficacy of imida-
cloprid 10%/moxidectin 1% spot-on formulation against
L3/L4 of A. abstrusus, as well as the treatment efficacy
against adult worms, was the number of viable adult
worms at necropsy. Because the data were not normally
distributed, the Wilcoxon-Mann-Whitney test was used
to test for a treatment group effect.

In Study 3, the viable A. abstrusus worm counts
were also not normally distributed. For this reason, the
non-parametric Wilcoxon rank-sum test (two-tailed;
alpha=0.05) was used to test for treatment group effects.

In Studies 1 and 3, another lungworm, Troglostrongylus
brevior, was found during necropsy. Troglostrongylus bre-
vior L1 seems morphologically very similar to A. abstru-
sus L1. Therefore, the fecal larval results at necropsy were
used for informational purposes only and no further sta-
tistical analysis was performed: the fecal larval counts
had to be estimated as combined A. abstrusus and T. bre-
vior L1 counts and no valid data could be generated for
the reduction of fecal A. abstrusus L1 excretion.

All analyses were performed using SAS version 9.2
or 9.3 (SAS Institute, Cary, North Carolina, USA),
respectively.

Page 6 of 10

Results

Fecal examinations

Fecal examinations demonstrated L1 shedding in all cats
in the untreated control groups and in the treatment
group of Study 2 (before treatment) between SD 40 and
SD 50, thus confirming patency and successful experi-
mental A. abstrusus infections. All treatment and preven-
tion groups had negative fecal larval counts at necropsy.

Efficacy evaluation

In all three studies, the requirements for adequate infec-
tion were met, as all control cats were infected and har-
bored the required minimum number of parasites. The
results are summarized in Table 2.

Study 1

At necropsy, control cats (group 1.1) harbored 6-39
viable worms and a total of 11-68 (viable 4+ non-viable)
adult A. abstrusus in their lungs (GM: 28.8). The total
worm counts in the treated group 1.2 (single treatment
imidacloprid 10%/moxidectin 1% spot-on formulation
at 36 dpi) were reduced by 88.3% (t-test: t,;,=4.70,
P=0.0001).

Study 2

In the control group (group 2.1), 4—42 viable worms (GM:
14.3) and a total of 4—44 worms (viable and non-viable)
(GM: 14.4) were discovered at necropsy. The preventive
group 2.2 (treatment with imidacloprid 10%/moxidectin
1% spot-on formulation 10 days before and 18 days after

Table 2 Efficacy of imidacloprid 10%/moxidectin 1% spot-on in prevention and treatment of Aelurostrongylus abstrusus infection as

determined in three controlled studies

Study Group Catswith >1worm  Total*/viable® worm Efficacy (%) Adequacy
burden® of
infection
1 (1) Control 8 28.8 (11-68)? na Yes**
(2) Advocate® (SD 36) 7 3.4*(0-18)° 883 na
2 (1) Control 8 143 (4-42)° na Yes**
(2) Advocate® SD 104-SD 18 0 0*b 100 na
(3) Advocate® SD 53, 81, 109 1 0.1% (0-1)° 994 na
3 (1) Control 8 326 (3-86)° na Yes**
(2) Advocate® SD 4+ SD 24 0 0*® 100 na
(3) Advocate® SD 104-5D 18 0 0*b 100 na
(4) Advocate® SD 204-SD 8 0 0*® 100 na

2 Efficacy calculation based on total worm counts
b Efficacy calculation based on viable worm counts
¢ Geometric mean (range)

*Significantly different (P <0.05) compared to control group

**Lower bound of 95% confidence interval greater than 10% of the geometric mean

Abbreviation: na, not applicable
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infection) did not harbor any nematodes at necropsy,
resulting in a preventive efficacy of 100%. In the treat-
ment group 2.3 (treatment after patency was reached
with imidacloprid 10%/moxidectin 1% spot-on formula-
tion on days 53, 81 and 109 post-infection), one animal
harbored one viable worm at necropsy (efficacy 99.4%).
In both of these groups, reductions were significant com-
pared to the untreated control group (Wilcoxon rank
sums test: Z=3.5366 and 3.4562, respectively, P<0.05).

Study 3

In Study 3, three different sets of pre- and post-infec-
tion preventative treatments, the latter then during pre-
patency, with imidacloprid 10%/moxidectin 1% spot-on
formulation at monthly intervals starting at 4, 10 or 20
days before infection were evaluated. The control group
3.1 harbored 3-86 viable worms (GM: 32.6) and a total
of 3—88 worms (GM: 34.2). No viable worms were found
at necropsy in any of the three prevention groups. One
dead worm was found in one cat in group 3.3 (treatment
on SD 10 and SD 18). Live L1 were found in the lungs
of 6 out of 8 control cats at necropsy, while no live lar-
vae were found in any of the treated cats. One cat in
group 3.4 (treatment on SD 20 and SD 8) had one dead
larva. All three imidacloprid 10%/moxidectin 1% treated
groups showed a significant reduction in viable and total
worm counts compared to the control group (Wilcoxon
rank sums test: for viable counts, Z=—3.5336 for all 3
pair-wise comparisons, P<0.05, for total worm counts,
Z=-3.5366, —3.4562 and —3.5366, respectively,
P<0.05). Efficacy based on geometric mean viable worm
counts for Advocate® was 100% in all three study groups.

Troglostrongylus brevior infection

Unintended infections with T. brevior at necropsy (worm
count range 2-23) were detected in six control cats in
Study 1, as well as seven control cats (worm count range
1-4) and two cats (worm count range 1-2) in treatment
groups 3.2 and 3.4, respectively, in Study 3. The numbers
of detected 1. brevior were not used for efficacy calcu-
lations. In Study 2, no coinfections with 7. brevior were
observed at necropsy. As T. brevior shed L1, which are
morphologically almost identical to those shed by A.
abstrusus and no L1 differentiation was performed, larval
numbers in feces potentially represent the larvae of both
species.

Safety evaluation and general health

Treatment-related adverse events did not occur in any
of the three studies. However, signs of lungworm infec-
tions such as tachypnea/dyspnea or sneezing, especially
in the control groups, were frequently observed. This
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correlated with the severity of macroscopic findings at
necropsy (Fig. 2). For example, in Study 2, all cats in the
untreated control group showed macroscopic changes
of the lung tissue: five out of eight lungs were described
as “inhomogeneous” and four of these had a “meat-like”
consistency. All of the eight lungs showed atelectasis
to a varying extent. Three out of eight lungs showed
nodules and the other five had vesicles on the surface.
Even though the cats in the treatment group showed
mostly normal lung tissue, all of them had white nod-
ules varying in number and size and, in the lungs of one
cat, atelectatic areas were observed. These changes are
indicative of tissue damage caused by verminous pneu-
monia occurring before patency is reached.

In contrast, cats in the prevention group showed no
or only small macroscopic changes to the lungs, i.e. the
lung tissue of one cat was dark red (otherwise normal)
and another had a few white nodules.

Discussion
Reduction of the worm burden needs to be at least 90%
in order to claim efficacy of an anthelmintic (VICH
Guidelines 7 and 20 [36, 37]). A single treatment with
the imidacloprid 10%/moxidectin 1% topical formula-
tion at the recommended minimum treatment dose of
10 mg/kg bw imidacloprid and 1 mg/kg bw moxidectin
resulted in 88.3% efficacy in Study 1. In contrast, a sin-
gle application of the same dose in naturally infected
cats, compared with a control oral formulation contain-
ing 18.75% fenbendazole (Panacur®, MSD), resulted in
100% reduction in fecal larval shedding [24]. However,
as the duration of infection and the true parasite bur-
den is unknown in naturally infected cats, a direct com-
parison to experimental infections is not feasible.
Likewise, three treatments in monthly intervals using
the same imidacloprid 10%/moxidectin 1% formulation
and dosage resulted in an efficacy of 99.4% in Study 2.

Fig. 2 Lungs of A. abstrusus-infected cats at necropsy (Study 2). a
Control group: verminous pneumonia, multifocal subpleural nodules,
areas of consolidation, diffuse emphysema. b Prevention group:
normal lung tissue, acute congestion. ¢ Treatment group: multifocal
subpleural nodules (orange circles), acute congestion
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This is concordant with other findings, i.e. that a com-
plete reduction of larval shedding following a single treat-
ment with a macrocyclic lactone is typically not achieved
[23, 28], particularly when patent infections with high
numbers of lungworms are present.

Efficacy in preventing such patent infections was
assessed in Studies 2 and 3 and this is, to our knowledge,
the first report of prevention of the establishment of a
patent A. abstrusus infection with the use of a topical
imidacloprid 10%/moxidectin 1% formulation at monthly
intervals. This demonstrates its efficacy against larval and
adult stages of A. abstrusus, as the treatment time points
in Studies 2 and 3 were chosen based on the time points
of the moults of A. abstrusus L3 (5-6 dpi) and L4 (8-9
dpi) [14]. Thus, A. abstrusus were expected to be L3 up
to 4 dpi, L4 up to 7 dpi, L5 (immature adults) at around
14 dpi and mature adults from 25 dpi, the earliest time
point at which worms have been reported to lay eggs in
the lungs [39]. However, due to the known persistence
of moxidectin in the treated animals, it cannot be clearly
stated which of the larval stages were actually affected.
The complete efficacy against larval and adult stages of A.
abstrusus has previously only been described for a topi-
cal combination formulation containing the avermectin
eprinomectin based on larval counts [28]. After a second
treatment with this formulation at monthly intervals, effi-
cacy remained >99% up to the end of follow-up, but at
necropsy, lungworm burdens were only reduced by 75%
compared to controls [29]. This illustrates the short-
comings of efficacy calculations based on larval counts,
as larval shedding may have stopped while adult worms
persisted in the lung tissue [15], as also confirmed by the
presence of specific antibodies against A. abstrusus in
cats without larval excretion [40]. Furthermore, larval
counts are influenced by irregular shedding and the limi-
tations of the Baermann technique [15, 41, 42]. Because
of these shortcomings, efficacy calculations in the studies
presented here were to be based on adult worm counts in
the lung tissue. Therefore, necropsies were performed to
assess the worm burden in the lungs. Concerning the dif-
fering numbers of inoculated larvae in the three studies
(800 L3 in Study 1, 300 L3 in Studies 2 and 3), it should
be noted that the inoculation dosage of 800 larvae led
to a variety of clinical and respiratory signs, as well as
remarkably affected lung tissue. Due to animal welfare
reasons, Studies 2 and 3 were conducted with a lower
(300 L3) inoculation dose. However, despite the lower
inoculation dose, the adequacy of infection was still met
in both studies (see Table 2). In two of the studies pre-
sented here, it became evident at necropsy that some cats
were infected with a second lungworm species, 1. brev-
ior. Such a co-infection can easily be overlooked when
only larval counts are assessed, as the L1 of A. abstrusus
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and T. brevior are morphologically almost identical [43].
As no other differentiation between larvae was per-
formed before the infection of snails (L1) and cats (L3),
a partial infection with low numbers of T. brevior cannot
be excluded. However, as numbers of identified 1. brev-
ior were considerably low, results were excluded from
efficacy calculations. In contrast, adult specimens of A.
abstrusus and T. brevior can be readily distinguished [26].

Prevention of patent infections by the use of anthel-
mintic drugs requires efficacy against early larval stages
(L3 and/or L4) of A. abstrusus. This is highly desirable as
verminous pneumonia with tissue damage and its clinical
consequences may occur before the onset of patency [15,
17]; this is also evident from the macroscopic findings at
necropsy (Fig. 2). Furthermore, preventive treatment can
be a contribution to an effective epidemiological control
of A. abstrusus infections in cats, since even after curative
treatment, infected cats still shed L1 for up to 8.9+£2.0
days [44]. Because of its pharmacokinetic properties,
such as a longer half-life and its favorable safety pro-
file, moxidectin has been a promising candidate for the
chemoprevention of an A. abstrusus infection [31, 45].
In other parasites, the chemopreventive properties of the
moxidectin steady-state have already been shown, e.g.
the formulation of imidacloprid 10%/moxidectin 1% pro-
tects cats against Dirofilaria immitis for 28 days after the
last treatment when administered four times at monthly
intervals [32]. Here, in two separate controlled laboratory
studies, the chemoprevention of A. abstrusus infections
with a topical imidacloprid 10%/moxidectin 1% formu-
lation with 100% efficacy when administered twice at a
monthly interval is shown.

Conclusions

The monthly administration of Advocate® reliably elimi-
nated early larval stages and thereby prevented lung dam-
age from and a patent infection with A. abstrusus in cats.
Regarding treatment, a single application of Advocate®
reduced the worm burden, but it did not sufficiently clear
the infection. In contrast, three monthly treatments were
safe and highly efficacious against A. abstrusus.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513071-020-3937-2.

Additional file 1: Table S1. A. abstrusus and T. brevior counts at necropsy
(Study 1). Table S2. A. abstrusus counts at necropsy (Study 2). Table S3. A.
abstrusus counts at necropsy (Study 3).

Abbreviations
BW: Body weight; dpi: Days post-infection; GM: Geometric mean; SD: Study
day.


https://doi.org/10.1186/s13071-020-3937-2
https://doi.org/10.1186/s13071-020-3937-2

Heuer et al. Parasites Vectors (2020) 13:65

Acknowledgements

The support of veterinary pathologist Sabrina Schroder (Bayer Animal Health
GmbH) is gratefully acknowledged. Walter Basso and Peter Deplazes for their
contribution in Troglostrongylus identification.

Authors’ contributions

GP, MP, RS, CB, KD and MS designed the studies and interpreted the data. HS,
KB, MS, CS, JMD and GSH planned, organized, performed and supervised the
studies and acquired the data. ADC and DT contributed to the study design
and provided infection material for the trials. LH and SMG wrote the manu-
script. All authors read and approved the final manuscript.

Funding
The three studies were funded by Bayer Animal Health GmbH, Germany.

Availability of data and materials
All relevant data supporting the conclusions of this article are included within
the article and its additional files.

Ethics approval and consent to participate

Animal experiments were performed in compliance with national animal
welfare legislation, as well as national and international guidelines for animal
welfare and were approved by the responsible authorities.

Consent for publication
Not applicable.

Competing interests

CB, KD, LH, SMG, GP, MP and RS are employed by Bayer Animal Health GmbH.
HS works at BioMedVet Research GmbH, where one of the studies was
conducted. At the time that one of the studies took place, ADC held a PhD
fellowship supported by Bayer Animal Health at the Faculty of Veterinary
Medicine of Teramo, Italy. She and DT are currently employed by said faculty.
KB and CS work at the Institute for Parasitology, University of Veterinary
Medicine Hannover. MS is employed by the Institute of Parasitology, University
of Zurich, Switzerland. GSH works at the Institute of Parasitology and Tropical
Veterinary Medicine, Free University of Berlin, Germany. JMD was employed by
the aforementioned Institute at the time of study conduct.

Author details

! Bayer Animal Health GmbH, Leverkusen, Germany. 2 BioMedVet Research
GmbH, Walsrode, Germany. > Institute for Parasitology, Centre for Infection
Medicine, University of Veterinary Medicine Hannover, Hannover, Germany.

“ Faculty of Veterinary Medicine, University of Teramo, Teramo, Italy. > Institute
of Parasitology, University of Ziirich, Ziirich, Switzerland. © Institute of Para-
sitology and Tropical Veterinary Medicine, Free University of Berlin, Berlin,
Germany.” Dawbuts Pty Ltd, Camden, NSW, Australia.

Received: 1 October 2019 Accepted: 3 February 2020
Published online: 12 February 2020

References

1. Pennisi MG, Hartmann K, Addie DD, Boucraut-Baralon C, Egberink H, Fry-
mus T, et al. Lungworm disease in cats: ABCD guidelines on prevention
and management. J Feline Med Surg. 2015;17:626-36.

2. Traversa D, Di Cesare A. Diagnosis and management of lungworm infec-
tions in cats: cornerstones, dilemmas and new avenues. J F Med Surg.
2016;18:7-20.

3. Elsheika HM, Wright I, Wang B, Schaper R. Prevalence of feline lungworm
Aelurostrongylus abstrusus in England. Vet Parasitol Reg Stud Rep. 2019.
https://doi.org/10.1016/j.vprsr.2019.100271.

4. Hoggard KR, Jarriel DM, Bevelock TJ, Verocai GG. Prevalence survey of
gastrointestinal and respiratory parasites of shelter cats in northeastern
Georgia, USA. Vet Parasitol Reg Stud Rep. 2019. https://doi.org/10.1016/].
vprsr.2019.100270.

5. Hansen AP, Skarbye LK, Vinther LM, Willesen JL, Pipper CB, Olsen CS, et al.
Occurrence and clinical significance of Aelurostrongylus abstrusus and
other endoparasites in Danish cats. Vet Parasitol. 2017;234:31-9.

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 9 of 10

Diakou A, Di Cesare A, Barros LA, Morelli S, Halos L, Beugnet F, et al.
Occurrence of Aelurostrongylus abstrusus and Troglostrongylus brevior in
domestic cats in Greece. Parasit Vectors. 2015;14:590.

Traversa D, Morelli S, Cassini R, Crisi PE, Russi |, Grillotti E, et al. Occurrence
of canine and feline extra-intestinal nematodes in key endemic regions of
Italy. Acta Trop. 2019;193:227-35.

Veronesi F, Traversa D, Lepri E, Morganti G, Vercillo F, et al. Occurrence of
lungworms in European wildcats (Felis silvestris silvestris) of central Italy. J
Wildl Dis. 2016;52:270-8.

Di Cesare A, Laiacona F, lorio R, Marangi M, Menegotto A. Aelurostrongylus
abstrusus in wild felids of South Africa. Parasitol Res. 2016;115:3731-5.

. lorio R, Traversa D. New epidemiological and molecular insights into

feline lungworm infection. Ann N'Y Acad Sci. 2008;1149:174-6.

. Zottler EM, Bieri M, Basso W, Schnyder M. Intestinal parasites and lung-

worms in stray, shelter and privately owned cats of Switzerland. Parasitol
Int. 2019;69:75-81.

. Kiszley S, Gyurkovszky M, Solymosi N, Farkas R. Survey of lungworm infec-

tion of domestic cats in Hungary. Acta Vet Hung. 2019;67:407-17.

. Hobmaier M, Hobmaier A. Intermediate hosts of Aelurostrongylus abstru-

sus of the cat. Proc Soc Exp Biol Med. 1935;32:1641-7.

. Hobmaier M, Hobmaier A. Mammalian phase of the lungworm Aeluros-

trongylus abstrusus in the cat. J Am Vet Med Assoc. 1935;87:191-8.

. Schnyder M, Di Cesare A, Basso W, Guscetti F, Riond B, Glaus T, et al. Clini-

cal, laboratory and pathological findings in cats experimentally infected
with Aelurostrongylus abstrusus. Parasitol Res. 2014;113:1425-33.

. ColellaV, Knaus M, Lai O, Cantile C, Abramo F, Rehbein S, et al. Mice as

paratenic hosts of Aelurostrongylus abstrusus. Parasit Vectors. 2019;12:49.

. Dennler M, Bass DA, Gutierrez-Crespo B, Schnyder M, Guscetti F, Di

Cesare A, et al. Thoracic computed tomography, angiographic computed
tomography, and pathology findings in six cats experimentally infected
with Aelurostrongylus abstrusus. Vet Radiol Ultrasound. 2013;54:449-69.

. Scott DW. Current knowledge of aelurostrongylosis in the cat. Literature

review and case reports. Cornell Vet. 1973,63:483-500.

. Hamilton JM. The number of Aelurostrongylus abstrusus larvae required to

produce pulmonary disease in the cat. J Comp Pathol. 1967;77:343-6.
Crisi PE, Johnson LR, Di Cesare A, De Santis F, Di Tommaso M, Morelli S,

et al. Evaluation of bronchoscopy and bronchoalveolar lavage findings

in cats with Aelurostrongylus abstrusus in comparison to cats with feline
bronchial disease. Front Vet Sci. 2019;6:337.

Dirven M, SzatmariV, van den Ingh T, Nijsse R. Reversible pulmonary
hypertension associated with lungworm infection in a young cat. J Vet
Cardiol. 2012;14:465-74.

Gerdin JA, Slater MR, Makolinski KV, Looney AL, Appel LD, Martin NM,

et al. Post-mortem findings in 54 cases of anesthetic associated death in
cats from two spay-neuter programs in New York State. J Feline Med Surg.
2011;13:959-66.

lannino F, lannetti L, Paganico D, Podaliri Vulpiani M. Evaluation of the
efficacy of selamectin spot-on in cats infested with Aelurostrongylus
abstrusus (Strongylida, Filariodidae) in a central Italy cat shelter. Vet Parasi-
tol. 2013;197:258-62.

Traversa D, Di Cesare A, Milillo P, Lohr B, lorio R, Pampurini F, et al. Efficacy
and safety of imidacloprid 10%/moxidectin 1% spot-on formulation in
the treatment of feline aelurostrongylosis. Parasitol Res. 2009;105(Suppl.
1):55-62.

Traversa D, Milillo P, Cesare A, Lohr B, lorio R, Pampurini F, et al. Efficacy
and safety of emodepside 2.1%/praziquantel 8.6% spot-on formulation in
the treatment of feline aelurostrongylosis. Parasitol Res. 2009;105(Suppl.
1):83-9.

Bohm C, Wolken S, Schnyder M, Basso W, Deplazes P, Di Cesare A, et al.
Efficacy of emodepside/praziquantel spot-on (Profender®) against adult
Aelurostrongylus abstrusus nematodes in experimentally infected cats.
Parasitol Res. 2015;114(Suppl. 1):155-64.

Veterinary medicine European public assessment report (EPAR): Pro-
fender®. https//www.ema.europa.eu/documents/product-information/
profender-epar-product-information_en.pdf. Accessed 9 Jul 2019.

Knaus M, Chester ST, Rosentel J, Kihnert A, Rehbein S. Efficacy of a novel
topical combination of fipronil, (S)-methoprene, eprinomectin and prazi-
quantel against larval and adult stages of the cat lungworm, Aelurostron-
gylus abstrusus. Vet Parasitol. 2014,202:64-8.


https://doi.org/10.1016/j.vprsr.2019.100271
https://doi.org/10.1016/j.vprsr.2019.100270
https://doi.org/10.1016/j.vprsr.2019.100270
https://www.ema.europa.eu/documents/product-information/profender-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/profender-epar-product-information_en.pdf

Heuer et al. Parasites Vectors

29.

30.

31.

32

33.

34.

35.

36.

37.

(2020) 13:65

Veterinary medicine European public assessment report (EPAR): Broad-
line®. https://www.ema.europa.eu/documents/product-information/
broadline-epar-product-information_en.pdf. Accessed 9 July 2019.
Bowman DD, Grazette AR, Basel C, Wang Y, Hostetler JA. Protection of
dogs against canine heartworm infection 28 days after four monthly
treatments with Advantage Multi® for dogs. Parasit Vectors. 2016;9:12.
Prichard R, Menez C, Lespine A. Moxidectin and the avermectins: consan-
guinity but not identity. Int J Parasitol Drugs Drug Resist. 2012;2:134-53.
Little SE, Hostetler JA, Thomas JE, Bailey KL, Barrett AW, Gruntmeir K,

et al. Moxidectin steady state prior to inoculation protects cats from
subsequent, repeated infection with Dirofilaria immitis. Parasit Vectors.
2015;8:107.

Australian government Australian pesticides and Veterinary Medi-

cines Agency: Advocate® for cats over 4 kg label information, issue

date 10 Jan 2013. http://websvrinfopest.com.au/LabelRouter?Label
Type=L&Mode=1&ProductCode=55326. Accessed 9 July 2019.

New Zealand Ministry for Primary Industries: Advocate® for cats [and
kittens less than 4 kgl [over 4 kg] label information (A9118), Issue date 23
Mar 2017. https://eatsafe.nzfsa.govt.nz/web/public/acvm-register?p_p_
id=searchAcvm_WAR_aaol&p_p_lifecycle=0&p_p_state=norma
1&p_p_mode=view&p_p_col_id=column-2&p_p_col_count=1&_searc
hAcvm_WAR_aaol_action=view&_searchAcvm_WAR_aaol_id=53558.
Accessed 9 July 2019.

VICH Guideline 9: Good Clinical Practice. Veterinary International
Cooperation on Harmonization, European Agency for the Evaluation of
Medicinal Products, London, CYMP/VICH/595/98-Final, June 2000.

VICH Guideline 7: Efficacy of Anthelmintics: General Requirements. Veteri-
nary International Cooperation on Harmonization, European Agency for
the Evaluation of Medicinal Products, London, CVMP/VICH/832/99-corr,
November 2000.

VICH Guideline 20: Efficacy of Anthelmintics: Specific Recommendations
for Felines. Veterinary International Cooperation on Harmonization, Euro-
pean Agency for the Evaluation of Medicinal Products, London, CVYMP/
VICH/545/00-Final, June 2001.

38.

39.

40.

41.

42.

43.

44,

45.

Page 10 of 10

Jacobs DE, Arakawa A, Courtney CH, Gemmell MA, McCall JW, Myers GH,
et al. World association for the advancement of veterinary parasitology
(W.A.AV.P) guidelines for evaluating the efficacy of anthelmintics for
dogs and cats. Vet Parasitol. 1994;52:179-202.

Stockdale PH. The pathogenesis of the lesions elicited by Aelurostrongylus
abstrusus during its prepatent period. Pathol Vet. 1970;7:102-15.

Zottler EM, Strube C, Schnyder M. Detection of specific antibodies in cats
infected with the lung nematode Aelurostrongylus abstrusus. Vet Parasitol.
2017,235:75-82.

Hamilton JM, McCaw AW. The output of first stage larvae by cats infested
with Aelurostrongylus abstrusus. J Helminthol. 1968;42:295-8.

Ribeiro VM, Lima WS. Larval production of cats infected and re-infected
with Aelurostrongylus abstrusus (Nematoda: Protostrongylidae). Rev Med
Vet. 2001;152:815-20.

Brianti E, Gaglio G, Giannetto S, Annoscia G, Latrofa MS, Dantas-Torres F,
et al. Troglostrongylus brevior and Troglostrongylus subcrenatus (Stron-
gylida: Crenosomatidae) as agents of broncho-pulmonary infestation in
domestic cats. Parasit Vectors. 2012;5:178.

Cavalera MA, Colella V, Napoli E, Arfuso F, Panarese R, Brianti E, et al. Shed-
ding of feline lungworm larvae and their infectivity to snail intermediate
hosts after anthelmintic treatment. Int J Parasitol. 2019;49:449-53.
Elsheikha HM, Schnyder M, Traversa D, Di Cesare A, Wright |, Lacher DW.
Updates on feline aelurostrongylosis and research priorities for the next
decade. Parasit Vectors. 2016;9:389.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.ema.europa.eu/documents/product-information/broadline-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/broadline-epar-product-information_en.pdf
http://websvr.infopest.com.au/LabelRouter?LabelType=L&Mode=1&ProductCode=55326
http://websvr.infopest.com.au/LabelRouter?LabelType=L&Mode=1&ProductCode=55326
https://eatsafe.nzfsa.govt.nz/web/public/acvm-register%3fp_p_id%3dsearchAcvm_WAR_aaol%26p_p_lifecycle%3d0%26p_p_state%3dnormal%26p_p_mode%3dview%26p_p_col_id%3dcolumn-2%26p_p_col_count%3d1%26_searchAcvm_WAR_aaol_action%3dview%26_searchAcvm_WAR_aaol_id%3d53558
https://eatsafe.nzfsa.govt.nz/web/public/acvm-register%3fp_p_id%3dsearchAcvm_WAR_aaol%26p_p_lifecycle%3d0%26p_p_state%3dnormal%26p_p_mode%3dview%26p_p_col_id%3dcolumn-2%26p_p_col_count%3d1%26_searchAcvm_WAR_aaol_action%3dview%26_searchAcvm_WAR_aaol_id%3d53558
https://eatsafe.nzfsa.govt.nz/web/public/acvm-register%3fp_p_id%3dsearchAcvm_WAR_aaol%26p_p_lifecycle%3d0%26p_p_state%3dnormal%26p_p_mode%3dview%26p_p_col_id%3dcolumn-2%26p_p_col_count%3d1%26_searchAcvm_WAR_aaol_action%3dview%26_searchAcvm_WAR_aaol_id%3d53558
https://eatsafe.nzfsa.govt.nz/web/public/acvm-register%3fp_p_id%3dsearchAcvm_WAR_aaol%26p_p_lifecycle%3d0%26p_p_state%3dnormal%26p_p_mode%3dview%26p_p_col_id%3dcolumn-2%26p_p_col_count%3d1%26_searchAcvm_WAR_aaol_action%3dview%26_searchAcvm_WAR_aaol_id%3d53558

	Efficacy of imidacloprid 10%moxidectin 1% spot-on formulation (Advocate®) in the prevention and treatment of feline aelurostrongylosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Study 1
	Study 2
	Study 3

	Study animals
	Allocation and treatment
	Health observations
	Experimental infections
	Fecal examination
	Necropsy
	Efficacy and statistical analysis

	Results
	Fecal examinations
	Efficacy evaluation
	Study 1
	Study 2
	Study 3

	Troglostrongylus brevior infection
	Safety evaluation and general health

	Discussion
	Conclusions
	Acknowledgements
	References




