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a b s t r a c t

Aelurostrongylus abstrusus and Troglostrongylus brevior are snail-transmitted helminths causing respira-
tory diseases in infected cats. The shedding of feline lungworm L1s and their infectivity to the snail inter-
mediate host, after administration of anthelminthic products to cats, are poorly documented. To assess
the efficacy of 8.3% fipronil, 10% (S)-methoprene, 0.4% eprinomectin and 8.3% praziquantel (i.e. epri-
nomectin formulation) and 10% imidacloprid/1% moxidectin (i.e. moxidectin formulation) against these
nematodes and to determine the number of days post-treatment until viable L1s are released in the fae-
ces, 384 animals were screened by faecal examination. Of the 54 positive animals (i.e., 14.1%; 7.3% A.
abstrusus, 6.2% T. brevior and 0.5% coinfected), 36 were randomly allocated to four groups. Groups A
and B were composed of cats positive for T. brevior and treated with the eprinomectin and with the mox-
idectin formulations, respectively, whereas cats in groups C and D were positive to A. abstrusus and trea-
ted with the eprinomectin and the moxidectin formulations, respectively. Prior to and every day after
treatment, faecal samples were analysed by the Baermann technique and the number of larvae per gram
of faeces determined, and again four weeks after treatment, to assess the efficacy of a single administra-
tion of the products. In addition, to evaluate the pre- and post-treatment infectivity of L1s to snail inter-
mediate hosts, one/two snails per cat were infected with 100 L1s collected from the faeces of enrolled
animals and then digested 28 days p.i. Based on L1s faecal counts, the efficacy of the eprinomectin and
the moxidectin formulations at 28 days was 100% for both A. abstrusus and T. brevior, with a mean num-
ber of days of 7.9 ± 1.2 in group A, 7.8 ± 1.9 in B, 6.9 ± 1.6 in C and 8.9 ± 2.0 in D to become negative.
Following the artificial digestion, active L3s of T. brevior and A. abstrususwere found in 160 (87.4%) exper-
imentally infected snails. The results of this study demonstrate that a single administration of the two
formulations is effective in the treatment of A. abstrusus and T. brevior infections and that during the
post-treatment period live L1s are shed for up to 8.9 ± 2.0 days. L1s of both lungworm species released
in the faeces after drug administration are still able to reach the infective larval stage in the infected
snails. Hence, preventative measures after the treatment of infected animals should include keeping cats
indoors and disposal of their faeces for approximately 10 days to avoid environmental contamination and
infection of gastropod intermediate hosts.

� 2019 Australian Society for Parasitology. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Feline lungworms are gastropod-transmitted helminths para-
sitizing the respiratory tract of cats across Europe (Giannelli
et al., 2017). In infected animals, Aelurostrongylus abstrusus
(Strongylida, Angiostrongylidae) colonizes the bronchioles and
alveolar ducts, whereas Troglostrongylus brevior (Strongylida,
Crenosomatidae) is found in the bronchii and bronchioles (Brianti
et al., 2014). The outcomes of lungworm infections on the health
of domestic animals range from no clinical signs to cough and dys-
pnoea leading to fatalities in young animals (Brianti et al., 2014;
Elsheikha et al., 2016; Cavalera et al., 2018). The life-cycle of feline
lungworms is similar to other species of gastropod-borne metas-
trongyloids, in which L1s are passed in the host faeces and reach
the infective L3 stage in snail intermediate hosts (Anderson,
2000). Cats acquire the lungworm infection through the ingestion
of intermediate or paratenic hosts harbouring infective L3s
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(Anderson, 2000; Colella et al., 2019). In the last decade, the role of
gastropods as intermediate hosts has been widely studied in order
to understand the epidemiology and the maintenance of metas-
trongyloid infection in the environment (Giannelli et al., 2016).
Troglostrongylus brevior and A. abstrusus may simultaneously
develop in the same mollusc species (i.e. Cornu aspersum), within
approximately 11 days p.i., under laboratory conditions (Giannelli
et al., 2014). Alternative transmission patterns, such as the release
of L3s in the environment (Giannelli et al., 2015a) and the subse-
quent infection of other intermediate hosts, also known as inter-
mediesis (Colella et al., 2015), have been investigated as further
ways to maintain the parasite in the intermediate host population,
therefore increasing the possibility to infect definitive or paratenic
hosts. Anthelmintic products (e.g., Advocate�, Broadline�, Pro-
fender�) have been shown to be effective for the treatment of A.
abstrusus (Traversa et al., 2009a,b; Crisi et al., 2017; Giannelli
et al., 2017) and T. brevior (Crisi et al., 2017; Giannelli et al.,
2017) infections in controlled studies and in clinical case reports
(Pennisi et al., 2015). For example, 10% imidacloprid/1% mox-
idectin (Advocate�, Bayer) spot-on formulation has shown 100%
efficacy in the treatment of feline aelurostrongylosis (Traversa
et al., 2009a). A single topical administration of a combination of
8.3% fipronil, 10% (S)-methoprene, 0.4% eprinomectin and 8.3%
praziquantel (Broadline�, Boehringer Ingelheim) was efficacious
for the treatment of A. abstrusus and T. brevior infection under
experimental and field conditions (Knaus et al., 2014; Rehbein
et al., 2014; Giannelli et al., 2015b, 2017). The efficacy of tested
drugs has been evaluated by comparing the faecal output of L1s
measured pre-treatment and at a selected day during the follow-
up (e.g., 28 ± 2 days). However, the shedding of feline lungworm
L1s and their ability to infect and develop to L3s in the snail inter-
mediate hosts after administration of anthelminthic products have
not been previously investigated.

Hence, this study aims to (i) compare the efficacy of two differ-
ent treatment products (i.e., Advocate� and Broadline�) against
feline lungworm infection, (ii) determine the number of days post
treatment until L1s are released in faeces and (iii) to evaluate the
ability of L1s released with faeces of treated animals to infect
and moult in the snail intermediate hosts.
2. Materials and methods

2.1. Snail maintenance

Twenty months old individual C. aspersum (n = 600) were pur-
chased from a commercial provider of snails for human consump-
tion and employed in this study. The gastropods were raised under
laboratory conditions as previously described in Giannelli et al.
(2014). To evaluate the absence of any natural infection by nema-
tode larvae, the artificial digestion of 30 randomly selected snails
and of all specimens that died naturally during the pre-infection
period (n = 10) was performed.
2.2. Enrolment

The examination of cats was conducted with regard for animal
welfare and the protocol was approved by the ethical committee of
the Department of Veterinary Medicine at the University of Bari,
Italy (Prot. Uniba 9/18). From November 2017 to September
2018, 384 client owned cats from two municipalities in Italy (i.e.,
Bari and Messina) were examined for lungworm infection. Individ-
ual cat data (i.e., age, gender, access to the outdoor environment,
weight) and presence/absence of respiratory signs (i.e., sneezing,
coughing, dyspnoea and nasal discharge) were recorded. Faecal
samples were collected and analysed for the diagnosis of lung-
worms using a qualitative Baermann-Wetzel technique (Ministry
of Agriculture, 1986). When present, larvae found in the sediment
were morphologically identified using morphometric keys
(Gerichter, 1949; Anderson, 2000; Brianti et al., 2014; Giannelli
et al., 2014; Colella et al., 2017). Overall 36 cats which scored pos-
itive for lungworms, i.e., 18 positive for A. abstrusus and 18 positive
for T. brevior infection, were recruited in the study following the
owners’ consent. All the enrolled animals were older than 9 weeks
and weighed more than 1 kg.

2.3. Pre-treatment evaluation

For 3 days prior to treatment, faecal samples of enrolled cats
were collected and then subjected to a quantitative Baermann
technique to estimate the average numbers of L1s shed in the fae-
ces. Briefly, 5 g of faeces were placed in double-layered gauze and
secured with a wire; the sample was settled into a Baermann fun-
nel which was filled with tap water, and examined after 24 h. The
liquid was poured into a 50 ml tube and centrifuged at 600g for
5 min; the supernatant was removed to obtain a 5 ml sediment.
Three aliquots of 50 ml each were placed on a microscope slide
for examination and larvae were counted. The average number of
larvae from the three aliquots was used to calculate the total L1s
as: [average number of L1s in three aliquots: 50 ml = X:5000 ml],
where X is the unknown total number of L1s in the sediment.
The ratio of the total number of L1s and the grams of faeces (5 g)
were used to express the number of larvae per gram (LPG) of fae-
ces. Two snails were infected, each with doses of 100 L1s isolated
during the 3 days, as previously described (Colella et al., 2016).
After 28 days, infected snails were digested in order to estimate
the development of L3s in gastropods before the treatment of cats
(Colella et al., 2016). Each snail was digested, the suspension
microscopically examined and larvae morphologically identified,
as previously described (Gerichter, 1949; Giannelli et al., 2014).

2.4. Treatment protocol

Positive cats were randomly allocated to four groups (i.e, A-D)
according to lungworm infection and the type of treatment
received. Groups A and C were composed of cats (n = 10 each) pos-
itive for T. brevior and A. abstrusus, respectively, and treated with
Broadline� spot-on solution. Groups B and D consisted of cats
(n = 8 each) positive for T. brevior and A. abstrusus, respectively,
and treated with Advocate� spot-on solution. Treatment with the
selected products was performed according to label instructions,
applying a single dose directly onto the skin.

2.5. Post-treatment evaluation

In addition to the 3 days prior to treatment, positive cats were
followed up every day after the treatment until the animals
become negative at the Baermann examination (i.e. 3 days of
absence of lungworm L1s in the faeces) (Pennisi et al., 2015). At
each day post treatment, the number of LPG of faeces was deter-
mined, and one/two snails (according to the larval availability)
per day were infected with 100 L1s. After 28 days the infected
snails were digested in order to estimate the rate of L3 develop-
ment (Colella et al., 2015). The number of experimentally infected
snails positive for L3s during the post-treatment period was calcu-
lated for each group. Furthermore, the morphology and the vitality
of L3s recovered after the artificial digestion were evaluated. Lar-
vae were considered dead when no movement was observed under
a light microscope (Leica�, DL MB2) for up to 10 s, or when degen-
eration of larval internal organs occurred. Measurements (in
micrometres) of L3s of T. brevior and A. abstrusus (n = 20 for each
parasite species, randomly chosen) isolated after the artificial
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digestion were also performed. Finally, treated animals were
followed-up at 28 ± 2 days by faecal examination and, when posi-
tive, further treated.
2.6. Molecular analyses

DNA from larvae collected from faeces of infected and enrolled
cats was extracted using the DNeasy Blood & Tissue Kit (Qiagen,
GmbH, Hilden, Germany), following the manufacturer’s instruc-
tions. All samples were analysed by a duplex-PCR for the detection
of A. abstrusus and T. brevior (Annoscia et al., 2014) as well as by the
amplification of the 18S rRNA gene (Patterson-Kane et al., 2009)
and sequenced. Sequences were compared with those available
in the GenBankTM database by using the Basic Local Alignment
Search Tool (BLAST).
2.7. Data analysis

The daily larval output of lungworm-infected cats was
expressed as normal logarithmic values [Log (LPG + 1)] for the cal-
culation of geometric means for each treatment group and days
post treatment. The efficacy of the treatments in the reduction of
larval shedding was calculated using Abbot’s formula: Efficacy
(%) = 100[(C � T)/C], where C is the geometric mean of larvae in
the pre-treatment and T is the geometric mean 28 days (±2) after
the administration of the products. The geometric mean was calcu-
lated by averaging the log-counts (x + 1) of the single larval counts,
taking the anti-logarithm and then subtracting 1. The difference
between the number of days post treatment necessary for the
infected cats to become negative according to species and treat-
ment was statistically analysed using One-way ANOVA. Differ-
ences between the number of snails that became infected in the
post treatment period according to species and group were inves-
tigated by Pearson’s chi-square test (v2). A value of P < 0.05 was
considered statistically significant. The statistical analyses were
performed using GraphPad Prism version 8.0.0 (GraphPad Soft-
ware, San Diego California, USA).
3. Results

3.1. Prevalence of lungworm infection

Out of 384 animals analysed (i.e., 210 males and 174
females), 54 (14.1%) were positive for lungworms. Of the 54
infected cats, 24 (44.4%) and 28 (51.9%) scored positive for T.
brevior and A. abstrusus, respectively, while two (3.7%) were
infected by both species. Of the positive animals above, 36 were
enrolled in this study and the remaining 18 were not recruited
due to a lack of compliance from their owners (n = 8), the small
number of larvae released in the faeces (i.e. less than 100 L1)
(n = 5) or because they suddenly died before being treated
(n = 5). In particular, all the five deceased cats (i.e., two positive
to T. brevior and three to A. abstrusus) displayed a severe respi-
ratory syndrome before the fatal outcome. Troglostrongylus brev-
ior-infected cats that died before the end of the observational
period were paediatric (i.e. less than 6 months) whereas those
positive to A. abstrusus were young individuals (i.e. 6–
24 months) (Hoyumpa Vogt et al., 2010). The post-mortem
examination was performed only for a 1-year-old European
shorthair cat infected by A. abstrusus. Lungs presented white-
greyish irregularly shaped spots of consolidation interspersed
with dark red and hyperaemic areas, surrounded by pulmonary
emphysema.
3.2. Pre- and post-treatment larval counts

The analysis of the faeces collected during the pre-treatment
period showed a geometric mean LPG of faeces of 233.3 (range
64.9–4206) in group A (T. brevior/Broadline�), 197.8 (range 13.7–
5750) in B (T. brevior/Advocate�), 40.8 (range 10–300) in C
(A. abstrusus/Broadline�) and 69.1 (range 10–5900) in D (A. abstru-
sus/Advocate�). The mean number of days post treatment neces-
sary for the infected cats to become negative was 7.9 ± 1.2 (range
5–9) in group A (T. brevior/Broadline�), 7.8 ± 1.9 (range 5–11) in
B (T. brevior/Advocate�), 6.9 ± 1.6 (range 5–9) in C (A. abstrusus/
Broadline�) and 8.9 ± 2.0 (range 7–12) in D (A. abstrusus/Advo-
cate�). One-way ANOVA analysis showed no statistically signifi-
cant difference between the number of days post treatment
necessary for the infected cats to become negative according to
species and treatment (P = 0.12). The mean post-treatment LPG of
faeces (log transformed) for groups A-D is shown in Fig. 1. All cats
tested negative for lungworm larvae at 28 ± 2 days post treatment
after a single drug administration. The overall efficacy with Broad-
line� and, similarly, with Advocate�, was 100% for A. abstrusus and
T. brevior.

3.3. Pre-treatment infectivity of L1s

All specimens of C. aspersum (n = 30) artificially digested before
the infection, as well as those that died during the pre-infection
period (n = 10), were nematode-free. Out of 72 C. aspersum
digested 28 days after infection with L1s (n = 100 per snail) of A.
abstrusus or T. brevior obtained from faeces prior to treatment, 66
(91.7%) were positive for A. abstrusus and T. brevior L3s. Of the
six snails in which the L1s did not develop, five and one had been
infected with T. brevior and A. abstrusus, respectively. The mean
number of L3s per snail infected prior to treatment is reported in
Table 1.

3.4. Post-treatment infectivity of L1s

A total of 183 snails was experimentally infected with L1s of
A. abstrusus and T. brevior collected from faeces in the post-
treatment period and, more specifically, 60 in group A (T. brevior/
Broadline�), 37 in B (T. brevior/Advocate�), 38 in C (A. abstrusus/
Broadline�) and 48 in D (A. abstrusus/Advocate�). Following artifi-
cial digestion, L3s were found in 160 out of 183 (87.4%) experimen-
tally infected snails. In particular, there were 51 (85%) positive
gastropods in group A (T. brevior/Broadline�), 32 (86.5%) in B (T.
brevior/Advocate�), 34 (89.5%) in C (A. abstrusus/Broadline�) and
43 (89.6%) in D (A. abstrusus/Advocate�). A total of 1524 L3s was
detected in positive gastropods experimentally infected with
post-treatment L1s and the mean number of L3s found 7 days post
treatment is shown in Table 1. All larvae of either A. abstrusus or T.
brevior recovered in the snails infected with L1s excreted post-
treatment were motile and morphologically identified as poten-
tially infective L3s since they had lost the external sheaths of the
previous moulting (Gerichter, 1949; Giannelli et al., 2014). L3s
(n = 20) measured 435.5 ± 27.2 lm (i.e., T. brevior) and
592.6 ± 30.3 lm (i.e., A. abstrusus). No statistically significant dif-
ferences in the number of snails that became infected during the
post treatment period have been found between Groups A and B
(v2 = 0.041, P = 0.84) nor between Groups C and D (v2 = 0.0003,
P = 0.99).

3.5. Molecular identification

The morphological identification of the L1s collected from fae-
ces of infected cats was confirmed by duplex-PCR. The comparison
of rDNA nucleotide sequences displayed 100% nucleotide identity



Fig. 1. Log-transformed mean post-treatment larval output per gram of faeces of
animals belonging to groups A and C (i.e., positive to Troglostrongylus brevior and
Aelurostrongylus abstrusus, respectively, and treated with Broadline�) and groups B
and D (i.e., positive to T. brevior and A. abstrusus, respectively, and treated with
Advocate�).
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with those of A. abstrusus and T. brevior in GenBank (A. abstrusus,
AJ920366 and T. brevior, JX290562).
4. Discussion

Cats successfully treated for lungworm infection with two
endectocide formulations (i.e., Broadline� and Advocate�) shed
live L1s which were able to infect intermediate hosts during the
post-treatment period. Although enrolled cats were all negative
for L1s at 28 ± 2 dpt by Baermann examination, faecal larval output
reached negligible levels only after a minimum of 6.9 ± 1.6
(A. abstrusus/Broadline�) up to 8.9 ± 2.0 dpt (A. abstrusus/Advocate�).
In this study, a single administration of Advocate� spot-on solution
has been used for the first time in the off-label treatment of eight
cats positive for T. brevior (i.e., group B) and was efficacious in stop-
ping larval shedding. Information on the efficacy of this spot-on
solution containing 1% moxidectin in the off-label treatment of
T. brevior infection is scant and controversial. A single administra-
tion of Advocate� assured complete recovery in two kittens
infected by T. brevior (Crisi et al., 2017), but failed to cure another
one (Brianti et al., 2012). In addition, although this product stopped
larval shedding in a 4-month-old patient, clinical, radiographic and
echocardiographic signs of bronchopneumonia and pulmonary
hypertension still persisted after several follow-ups (Crisi et al.,
2015).
Table 1
Mean number and S.D. of L3s found in snails infected with L1s (n = 100) of Troglostrongylus
faeces of cats in the pre-treatment and in the 7 days post-treatment (dpt) period.

Pre-treatment
(pos./infected
snails)

1st dpt (pos./
infected snails)

2nd dpt (pos./
infected snails)

3rd
infec

Group A
(T. brevior/Broadline�)

12.1 ± 17.2
(15/20)

5.5 ± 5.2
(19/20)

9.6 ± 6.9
(12/16)

5.6 ±
(8/1

Group B
(T. brevior/Advocate�)

5.6 ± 4.4
(16/16)

6.5 ± 3.6
(15/15)

8.6 ± 4.3
(8/10)

8.7 ±
(6/7

Group C
(A. abstrusus/Broadline�)

33.2 ± 11.4
(20/20)

12.4 ± 8.6
(10/10)

6.9 ± 5.5
(12/14)

1.0 ±
(4/6

Group D
(A. abstrusus/Advocate�)

28.3 ± 12.4
(15/16)

22.0 ± 21.6
(8/8)

17.8 ± 10.4
(14/14)

7.7 ±
(9/1

pos., positive.
After administration of Broadline� or Advocate�, L1s released in
the faeces displayed unchanged ability to parasitize and moult in
the intermediate host, reaching the L3 stage, potentially infective
for domestic cats. Indeed, L3s of T. brevior and A. abstrusus were
found in 160 (87.4%) of the 183 experimentally infected snails.
The mean number of L3s recovered from snails infected with L1s
excreted during the first 7 days post-treatment varied considerably
in all groups (Table 1). This fluctuation in the number of L3s from
each specimen confirms the existence of an extreme variability of
larval development in the intermediate hosts (Lange et al., 2018).

Free-roaming pet cats have an estimated home range (defined
as the familiar space used by the animal to feed, mate or rest
safely) (Powell and Mitchell, 2012) ranging from 0.002 km2 to
0.2 km2 (Hall et al., 2016). Therefore, the shedding of L1s from trea-
ted cats may contribute to the establishment and the dispersion of
lungworms, eventually favouring the infection of new susceptible
cats as well as the re-infection of treated animals roaming in the
same home range. Noteworthy, once released by the definitive
hosts, lungworm L1s persist in the environment (Gökpinar and
Yildiz, 2010; Ramos et al., 2013). The survival of T. brevior larvae
in the faeces is temperature-dependent, reaching 49 days at a con-
trolled temperature of 4 �C and 35 days in the outdoor environ-
ment (i.e., mean temperature 14 ± 3.1 �C) (Ramos et al., 2013).
Similarly, A. abstrusus L1s continue to live in faeces for 45 days at
room temperature and 60 days at 4 �C (Gökpinar and Yildiz,
2010). In this context, cats with outdoor lifestyles have more
opportunities to re-acquire lungworm infection by ingesting
infected molluscs and/or paratenic hosts (Barutzki and Schaper,
2013; Beugnet et al., 2014; Colella et al., 2019).

The number of snails that became infected in the post-
treatment period was not affected by the formulation employed
(i.e., Broadline� and Advocate�). Overall, only 23 (12.5%) out of
183 infected snails were negative for L3s after the artificial diges-
tion. The failure of L1 development in gastropods in the post-
treatment period may be due to an effect of 0.4% eprinomectin
(Broadline�) and 1% moxidectin (Advocate�) exerted against this
larval stage (Knaus et al., 2014). Nonetheless, considering the pres-
ence of uninfected specimens among snails infected with pre-
treatment L1s of A. abstrusus or T. brevior, snail immune respon-
siveness might halt larval development (Lange et al., 2017). For
instance, moulting rates of 83.3% of Crenosoma vulpis (Colella
et al., 2016) and of 96.7% of Angiostrongylus chabaudi (Colella
et al., 2017) were recorded in previous studies in experimentally
infected C. aspersum.

Data herein presented indicate that post-treatment shedding of
L1s contributes to the infection of gastropods, potentially broaden-
ing the number of intermediate hosts available to the definitive
hosts. Hence, recommendations in the post-treatment period
should include keeping cats indoors for approximately 10 days
brevior (Groups A and B) and Aelurostrongylus abstrusus (Groups C and D) shed in the

dpt (pos./
ted snails)

4th dpt (pos./
infected snails)

5th dpt (pos./
infected snails)

6th dpt (pos./
infected snails)

7th dpt (pos./
infected snails)

5.7
0)

6.3 ± 3.5
(8/8)

15.8 ± 10.5
(4/4)

–
(0/2)

–

3.4
)

7.5 ± 2.1
(2/4)

4
(1/1)

– –

0.0
)

4.8 ± 2.6
(4/4)

7.0 ± 1.4
(2/2)

3.5 ± 0.7
(2/2)

–

8.1
2)

12.6 ± 14.1
(5/6)

29.0 ± 1.4
(2/2)

16.7 ± 11.5
(3/4)

7.5 ± 3.5
(2/2)
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after drug administration in order to avoid environmental contam-
ination and infection of snails.
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