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A B S T R A C T

Aelurostrongylus abstrusus is a lungworm distributed worldwide that affects wild and domestic cats, causing
bronchopneumonia of varying intensity. Snails serve as intermediate hosts. The aim of the present study was to
assess the larval development of A. abstrusus in R. decollata snails and to investigate its potential as an inter-
mediate host. For this purpose, first-stage larvae (L1) of A. abstrusus were obtained from the faeces of naturally
infected cats. Doses of 500 L1/snail were given to 24 R. decollata snails, placed on the soil of the breeder
chamber, and maintained under laboratory conditions. Three snails were killed at 8, 10, 12, 16, 22, 26, 45 and
55 days post-infection (dpi), and the muscular foot and visceral body were separately digested by an artificial
digestion technique. The morphometric parameters of different larval stages were recorded. The mean number of
larvae reaching the infective stage at the end of the study (L3) was 262 larvae/snail. The greatest development to
L3 was recorded from days16 to 55 pi, during which the isolation was maximum. A. Abstrusus L3 were isolated
from the viscera, but isolation from the snail foot was significantly higher. Our results showed for the first time
the ability of A. Abstrusus larvae to develop in R. decollata, thus serving as a potential intermediate host.

1. Introduction

Aelurostrongylus abstrusus is a lungworm of cats distributed world-
wide that causes bronchiolitis and interstitial pneumonia (Traversa
et al., 2008). Cats can acquire the parasite by eating slugs and snails
with infective third-stage larvae (L3) of A. abstrusus. Mice, birds and
reptiles can act as paratenic hosts by the ingestion of infected snails
(Giannelli et al., 2017; Hamilton, 1969; Hansen et al., 2017; Hobmaier
and Hobmaier, 1935; Traversa and Di Cesare, 2016). In cats, L3 migrate
to the lungs where they reach the adult stage and reproduce. The first-
stage larvae (L1) are coughed up, swallowed and eliminated into host
faeces where they can survive between 45 and 60 days (Dernegi and
Turkish, 2010). When larvae reach the molluscs, they actively penetrate
the foot integument and moult twice to L3 (Hobmaier and Hobmaier,
1935). Different species of gastropods have been reported as inter-
mediate hosts for this nematode, including Agriolimax agrestis and A.
columbianus, Helminthoglypta californiensis and H. nickliniana, Helicella
spp. (Hobmaier and Hobmaier, 1935), H. aspersa (Di Cesare et al., 2013;
Giannelli et al., 2013), Mesodonthyroidus, Triodopsis albolabris,

Biomphalaria glabrata (Zottler and Schnyder, 2016), Cernuella virgata
(López et al., 2005), Achatina fulica (Ohlweiler et al., 2010; Thiengo
et al., 2008; Valente et al., 2017), and recently, R. decollata (Cardillo
et al., 2014). L3have been demonstrated to survive for up to 2 years in
H. aspersa snails (Hamilton, 1969), and transmission between two in-
termediate hosts (intermediesis) may occur (Colella et al., 2015) by
shedding lungworm larvae within gastropod mucus in the environment
(Giannelli et al., 2015).

R. decollata is a pulmonata land snail that belongs to the Subulinidae
family (Rascop, 1960). This snail is native to and widely distributed in
the countries around the Mediterranean Sea, southern Europe, northern
Africa and western Asia (Batts, 1957; Neck, 1986), and it has been
spread to other parts of the world (Matsukuma and Takeda, 2009;
Prévot et al., 2015). In the 1970s, it was intentionally introduced into
North America as a biological control agent of the garden snail H. as-
persa, and then it was accidentally spread into the United States,
Mexico, Bermuda, Cuba and Uruguay (Cowie, 2001; Selander and
Kaufman, 1973). In Argentina, it has only been recorded in urban areas;
it was first reported in 1988 in Buenos Aires province (Miquel, 1988)
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and then in La Pampa and Mendoza provinces (Francesco and Lagiglia,
2006). R. decollata is an omnivore and a detritivore, feeding on organic
matter such as animal faeces (Batts, 1957, and cited by Tupen and Roth,
(2001). It also preys upon other land snails, worms and insects (Batts,
1957, and cited by Mc Donnell et al. (2016)). R. decollata is a highly
invasive snail adapted to arid conditions, extreme temperatures and
low relative humidity (Rascop, 1960; Batts, 1957). Despite this, it does
not reach long distances. However, human activities and the lack of
natural predators could lead to their rapid dispersal (Francesco and
Lagiglia, 2006). The increase in the stray cat population in public places
of the Autonomous City of Buenos Aires (Sommerfelt et al., 2006) may
contribute epidemiologically to the spread of A. abstrusus. Together
with the increase in the population of R. decollata snail (Cardillo et al.,
2014; Miquel, 1988), this raises the question about the snail as a pos-
sible transmitter of A. abstrusus for cats. Cardillo et al. (2014) pre-
viously reported a high infection rate of A. abstrusus (average of 93.89
L3/pool) in 80% (20/25) of the pools of three R. decollata snails col-
lected from the environment of a place in Buenos Aires city inhabited
by a stray cat population. The study of this gastropod species’ sus-
ceptibility as an intermediate host of metastrongyloids highlights its
possible implication in the transmission and dispersion of parasites of
medical and veterinary importance (Colella et al., 2015).

For this purpose, experimental infection of A. abstrusus in R. decol-
lata was performed to study the infection rate and larval development,
and therefore, elucidate the snaiĺs capability as an intermediate host in
the parasités life cycle.

2. Materials and methods

2.1. Maintenance of snails

R. decollata snails were bred at the Institute of Parasitology
(Facultad de Ciencias Veterinarias. Universidad de Buenos Aires) and
thus had no previous contact with other parasites. Twenty-four adult
snails were placed individually in plastic chambers with wet natural
pre-sterilized soil. The upper part of the plastic box was covered with a
net, which was wetted daily with a water sprayer to maintain proper
ventilation and humidity in the box. They were kept in the laboratory in
a temperature-controlled room (22 ± 2 °C) and fed adlibitum with
lettuce and commercial cat food.

First-stage larvae of A. abstrusus were obtained by Baermann’s
technique (Lacorcia et al., 2009) from the faeces of a naturally infected
cat and concentrated by centrifugation at 2000 rpm for 5min. Larvae
were identified morphologically and morphometrically according to
previous descriptions (Ash, 1970; Di Cesare et al., 2013; Gerichter,
1947; Hobmaier and Hobmaier, 1935; Traversa and Di Cesare, 2016):a
rounded head with a terminal oral opening and a kinked (s-shaped) tail
with a small, finger-like projection at the tip of a cuticular spine as
reviewed by Traversa and Di Cesare, 2013 (Fig. 2). Larvae were sus-
pended in a sterile saline solution (0.9% NaCl). The sediment was
homogenized, 3 aliquots of 20 μl were taken and larvae were counted.
The mean number of larvae was calculated when the differences be-
tween the aliquots were under 20%; otherwise, the procedure was re-
peated. The final concentration of larvae per doses was adjusted to a
final volume of 0.5ml containing ∼500 L1 A. abstrusus. Each infective
dose (500 L1 of A. abstrusus) was placed on the wet soil of the cham-
bers, and the larvae remained in contact with the snails until the day
they were selected for larval isolation. The chambers were closed with a
wet gauze cloth. The snails were sprayed daily, and laboratory main-
tenance according to the above descriptions was applied.

2.2. Larval recovery and morphological identification

Three snails were randomly selected at 8, 10, 12, 16, 22, 26, 45 and
55 days post-infection (dpi). They were cleaned by brushing the foot
and shell, and then they were killed by immersion in tepid water for

24 h (López et al., 2005). The shells were removed, and the bodies were
weighed. The muscular foot was separated from the rest of the viscera,
and the two parts of the snail body were placed separately in small
beakers (20ml) and finely minced with scissors. Added to the digestion
solution (Per 1 gr. of snail tissue) were 15ml of tap water at 37 °C,
0.15ml of HCl (1%) and 0.15 gr. of pepsin 1:1000 (Sigma-Aldrich, St.
Louis, Missouri, United States). The digestion solution was stirred for
approximately 1 h in a magnetic stirrer at 37 °C. Afterwards, the di-
gestion solution was strained through a 170 μm sieve, collected in
plastic tubes and centrifuged for 3min at 1500 rpm. The supernatant
was discharged, and the whole sediment (0,5 ml)was examined under a
light microscope; larvae were morphologically identified according to
developmental stages (L1, L2 and L3) and counted (Cardillo et al.,
2014; Di Cesare et al., 2013; Giannelli et al., 2013; López et al., 2005).
Ten snails were used as controls and processed to evaluate the presence
of nematode larvae before starting the trial.

2.3. Data analysis

A statistical analysis was performed using InfoStat program version
2015p; Universidad Nacional de Córdoba (FCA-UNC). The following
parameters were considered in studying the larval development of A.
abstrusus in R. decollata snails: a. Infection rate: mean number of total
larvae (L1+ L2+ L3)/infective dose), b. Differences between L1 and L2
stage isolation versus the L3 stage across time points, and c. Differences
in total L3 stage recuperation and L3 recovered from the foot and vis-
cera between time points. The Kruskal-Wallis chi-squared approxima-
tion was used to compare the number of different larval stages isolated
across time points. The averages were compared using the Dunn test
using 5% probability. Differences with p < 0.05 were considered sta-
tistically significant. A correlation analysis to verify the association
between mean larval isolations and time points and a simple regression
analysis were performed to verify the correlation between the variables.

3. Results

No larval nematodes were isolated from the R. decollata control
group. A. abstrusus larvae were isolated from all snails experimentally
infected at each sampling point. The number and developmental stages
of larvae isolated from the foot and viscera of each R. decollata snail at
different days post infection (DPI) are shown in Table 1.

The average infection rate was 172.17 larvae/snail (95% IC:
134.56–209.77), 34.43% of the infective dose (500), and the mean total
larvae reaching L3 at the end of the study (55 dpi.) was 262 larvae/snail
(95% IC: 188.43–335.57), with a maximum of 293 larvae/snail, be-
tween 52.4–58.6% of the inoculation dose.

The mean length of L1 was 354 ± 17.6 μm, presenting the posterior
end with a typical notched, S-shaped tail and a notched dorsal spine
(Fig. 1).

The L2 larvae measured 475 ± 22 μm in length, characterized by
the presence of dark granules surrounding the gut and a short tail
ending straight and sharply pointed (Fig. 2).

The L3 larvae were 581.78 ± 18.3 μm in length, presenting a sti-
letto in the anterior end, a rounded knob tip tail in the posterior end, a
lateral line throughout the body and the cuticle of moulting larvae
(Fig. 3).

Significant differences were found in the isolation of the different
larval stages among dpi (X2= 20.37; p < 0.01), and this could be
explained by a significant linear tendency. L1 and L2 isolations were
high at the beginning of the infection and then decreased gradually over
time (R2=0.19; p=0.0029), while L3 isolation increased progres-
sively (R2=0.89; p < 0.01) (Fig. 4). This behaviour could be ex-
plained by a significant negative correlation (p < 0.001/rs=−0.71)
between both L1 and L2 isolations and the different dpi. In contrast, L3
isolation showed a significant positive correlation (rs= 0.94;
p < 0.001) between dpi.
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