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Abstract

Background: Despite the evidence that Mediterranean Europe offers suitable conditions for the biology of felid
respiratory metastrongyloids, no updated data on the presence of felid lungworms are available for Greece.
Although the cat lungworm Aelurostrongylus abstrusus is considered as enzootic in domestic cats (Felis silvestris
catus) living in some areas of continental Greece, conversely, Troglostrongylus brevior, has only been reported
in the island of Crete. The present study aimed to evaluate the occurrence of Aelurostrongylus abstrusus and
Troglostrongylus brevior in domestic cats from four different Greek locations including islands where European
wildcats (Felis silvestris silvestris), believed to be the natural reservoir of T. brevior, are considered absent.

Methods: Faeces were collected from 125 stray cats in the city of Athens, and in Crete, Mykonos and Skopelos
Islands, and examined by copromicroscopic techniques for the presence of lungworm larvae. When present,
larvae were morphologically and molecularly identified.

Results: The occurrence of A. abstrusus and T. brevior was confirmed in 10 (8 %) and 7 (5.6 %) of the samples,
respectively. In particular, T. brevior was detected in domestic cats in the city of Athens, and in Mykonos and
Skopelos Islands, where wildcats are not present.

Conclusions: This information illustrates that T. brevior may infect domestic cats regardless of the presence of the
natural host. Considering the relevant clinical impact of this nematode especially in young animals, it is advisable
to include troglostrongylosis in the differential diagnosis of cat respiratory diseases also where this parasite is
unexpected.
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Background
The cat lungworm Aelurostrongylus abstrusus, i.e. the
most important respiratory parasite of domestic cats
(Felis silvestris catus) worldwide, has been traditionally
considered to be the only metastrongyloid affecting F.
s. catus [1, 2]. Nonetheless, other respiratory nematodes
have recently been recorded from F. s. catus either after
a long time since the first description, or for the first
time. Some of them, e.g. Troglostrongylus subcrenatus

or Oslerus rostratus, still remain of minor and limited
relevance under an epizootiological standpoint and are
likely to be confined in their wild hosts [1–4]. Con-
versely, Troglostrongylus brevior has gained high atten-
tion in the past few years, for its clinical relevance,
especially in young animals and for an apparent expan-
sion in populations of domestic cats [1, 4, 5].
Aelurostrongylus abstrusus affects domestic cats

worldwide, with high prevalence in certain areas [1].
In Greece, the parasite has been found in 1.6 % of the cats
in the North of the country [6], and since then it has been
sporadically detected in routine parasitological examin-
ation of cats (Diakou, unpublished data).
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Troglostrongylus brevior was first described in the last
century from two species of wild felids in Palestine [7]. It
was then found in one European wildcat (Felis silvestris
silvestris) from central Italy and in an animal that the au-
thor did not clarify whether it was a feral cat or a wildcat
[8]. No other records of T. brevior were published in the
peer-reviewed literature until 2010, when this lungworm
was recorded for the first time in two domestic cats liv-
ing in Ibiza Island (Spain) [9]. The report from Ibiza
brought troglostrongylosis in domestic cats to the fore
and since then, this infection has been increasingly re-
corded in other European islands, i.e. Sicily, Sardinia
and Crete [5, 10, 11], and in areas of continental Italy
[3, 4, 12–16].
In Italy and Greece, T. brevior until now has been

described in domestic cats living in areas where the pres-
ence of wildcats is documented (Fig. 1) [3–5, 10–17]. A
range of reasons indicate that wildcats may be the natural
hosts of T. brevior, and that a spill-over of this parasite
to domestic cats may occur in certain ecological niches
[1, 2, 18].
Despite the evidence that Mediterranean Europe offers

suitable conditions for the biology of felid respiratory

metastrongyloids, no updated information is available
for the occurrence of A. abstrusus in Greece, that has
been thus far previously reported only in the northern
territories [6]. Additionally, only one record exists for T.
brevior, i.e. in one kitten from Crete Island [11].
The present article aims to update current knowledge

on cat lungworms in Greece, describing the occurrence
of A. abstrusus and T. brevior in domestic cats from con-
tinental and insular regions. Epizootiological and clinical
implications of the findings are discussed in relation to
different environmental habitats in Greece, both in areas
of presence or absence of wildcats.

Methods
Study design and faeces collection
In June and July 2015 individual faecal samples of 125
stray cats were collected in four geographic locations in
continental and insular Greece, i.e. the city of Athens
(23 cats), and the islands of Crete (34 cats), Mykonos
(43 cats) and Skopelos (25 cats). These locations were
selected based on a study design (see Acknowledg-
ments) including both continental and insular touristic
areas of Greece, with varying environments, i.e. dry

Fig. 1 Map of the range of Felis silvestris silvestris in Southern and Central Europe (modified from the site of the International Union for Conservation of
Nature (IUCN, www.iucnredlist.org) Arrows indicate the areas were Troglostrongylus brevior has been documented in domestic cats; asterisks indicate
the study areas

Diakou et al. Parasites & Vectors  (2015) 8:590 Page 2 of 6

http://www.iucnredlist.org/


(Crete, Mykonos), forested (Skopelos) and highly urba-
nised (Athens) areas, and on an axel extending from
the south to the north of the country.
Individual faeces were collected from each single cat

after a rectal paediatric glycerine enema. All animals were
examined with the consent of the local Municipality
Authorities.

Parasite detection and identification
The faecal samples were examined by classical copromi-
croscopic examination, i.e. ZnSO4 flotation and Baermann
method [19, 20]. The larvae found at the faecal examina-
tions were morphologically studied, measured and identi-
fied according to existing morphological descriptions and
keys [1, 21, 22]. In addition, DNA was extracted from
the purified larvae and molecular identification was
conducted using a newly developed molecular assay for
the simultaneous detection of A. abstrusus and T. brevior
specific DNA [23]. In brief, a multiplex semi-nested PCR
using a universal set of primers (i.e. NC1-NC2) in the first
step and a combination of forward primers specific for
cat respiratory nematodes along with NC2 primer was
used [23].

Results
At the copromicroscopic examination lungworm larvae
were retrieved in the faeces of 15 cats (12 %) living in
all examined sites, specifically in 5 (21.7 %), 1 (2.9 %), 7
(16.3 %) and 2 (8 %) of the cats from Athens, Crete,
Mykonos and Skopelos, respectively (Table 1). The
identification of the larvae in each positive sample was
confirmed both by morphological examination and
PCR. Larvae of A. abstrusus (Fig. 2) were found in a
total of 10 (8 %) cats, i.e. 4 in Athens, 1 in Crete, 3 in
Mykonos and 2 in Skopelos, while larvae of T. brevior
(Fig. 3) were found in 7 (5.6 %) cats, i.e. in 1 in Athens,
5 in Mykonos and 1 in Skopelos. Of the 15 positive
cats, 13 had a monospecific infection by either A.
abstrusus (8 animals) or T. brevior (5 animals). Mixed
infections (Fig. 4), were detected in two cats, one in
Mykonos and one in Skopelos.

Discussion
The present data demonstrate that cats living in various
Greek islands and in the continental territory of Athens
may harbour A. abstrusus and T. brevior, in single or
mixed infections, and with high infection rates in some
areas (e.g. Athens, Mykonos). Most importantly, this re-
port provides evidence that domestic cats may harbour
T. brevior in regions where the natural host [24, 25], i.e.
the wildcat, is absent. The high level of infection with
lungworms in the examined stray cats shows the import-
ant role that free-roaming animals may have in the
dissemination of these parasites. In fact, the level of vet-
erinary care in stray cats is generally low, thus these ani-
mals remain untreated for a long time and disseminate
their parasites in the environment. Hence, they act as a
source of infection for the intermediate and paratenic
hosts, increasing the risk of infection in other suscep-
tible hosts living in the same regions.

Table 1 Prevalence (% ± 95 % confidence interval, CI) of
Aelurostrongylus abstrusus (Aab) and Troglostrongylus brevior (Tb)
in cats examined from four different areas of Greece

Area No. of cats Aab (% ± CI) Tb (% ± CI) Total (% ± CI)

Athens 23 4 (17.4 ± 7.9) 1 (4.3 ± 4.2) 5 (21.7 ± 17)

Crete 34 1 (2.9 ± 2.8) 0 1 (2.9 % ± 5.6)

Mykonos 43 3 (7 ± 3.8) 5 (11.6 ± 4.8) 7a (16.3 % ± 11)

Skopelos 25 2 (8 ± 5.4) 1 (4 ± 3.9) 2a (8 % ± 10)

Total 125 10 (8 ± 2.4) 7 (5.6 ± 2) 15a (12 % ± 2.9)
aMixed infections by both parasites were recorded in 2 cats, 1 in Mykonos and
1 in Skopelos

Fig. 2 First stage larva (L1) of Aelurostrongylus abstrusus from a cat
with aelurostrongylosis. Note the blunt anterior extremity with a
terminal oral opening (a) and the deep dorsal incisure, ventral incisure
and three knob-like appendages at the posterior extremity (b)
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The present study adds new knowledge on the geo-
graphical distribution of the cat lungworm A. abstrusus
in Mediterranean Europe, as no updated and multi-site
information were available for Greece and no data were
obtained for the study areas thus far. It is here shown
that cat aelurostrongylosis may occur with relatively high
infection rates in some parts of Greece (Table 1), i.e.
higher than the values previously recorded in the north
of the country [6]. The only information available for T.
brevior in Greece is a single case report from Crete [11].
This current study shows that this nematode can infect
free-roaming domestic cats in continental Greece and
islands other than Crete, in a range of latitudes extending
from 35°51’N (Crete) to 39°12’N (Skopelos) and longitudes
from 23°72’E (Athens) to 25°35’E (Mykonos). Interestingly,
both A. abstrusus and T. brevior were found in varying en-
vironments, e.g. dry (Mykonos), forested (Skopelos) and
highly urbanised (Athens) areas. It is important to note
that the dry climate and poor vegetation characterising
Mykonos and the urban environment of Athens do not
represent an obstacle to the life-cycle of these mollusc-
transmitted nematodes. On the contrary, the highest pres-
ence of both lungworms was recorded in these two study
areas, thus indicating that the life-cycle of feline lung-
worms can be completed, as long as even limited habitats
ensure the required conditions for the larval and inter-
mediate host survival.
These results demonstrate that T. brevior is present in

more geographical areas than previously known and that,

Fig. 3 First stage larva (L1) of Troglostrongylus brevior from a cat
with troglostrongylosis. Note the pointed anterior extremity with a
subterminal oral opening (a) and the dorsal and ventral incisure at
the posterior extremity (b)

Fig. 4 First stage larvae (L1) of Troglostrongylus brevior a and Aelurostrongylus abstrusus b from a cat with a mixed infection
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in given regions, domestic cats harbour T. brevior re-
gardless of the occurrence of wild reservoirs. At the
moment it is still not ultimately established: (i) to what
extent T. brevior occurs in domestic cats living in coun-
tries other than Italy, which is the region where this
nematode has been recorded more frequently thus far
[26]; (ii) if the reports of the last few years are due to a
possible affiliation of T. brevior in domestic felids mostly
in confined areas; and/or (iii) whether some epizootiologi-
cal factors enforce infections of domestic cats with lung-
worms of wildlife.
The hypothesis that some drivers may have recently

promoted an overflow of T. brevior from wildlife to do-
mestic cats is realistic, based on different epizootiologi-
cal, clinical and biological evidence [1, 4, 26]. As a key
example, in a recent survey, only one cat of about 200
examined animals in northern Italy scored positive for
T. brevior. This cat lived in the easternmost area of the
only region of northern Italy where F. s. silvestris is
present [4]. At the same time, cats examined in another
northern territory of Italy where wildcats are absent,
were highly infected with A. abstrusus but T. brevior
was not found [4]. The same study showed that, in
some mountainous and hilly areas of central Italy,
aelurostrongylosis and troglostrongylosis have a similar
distribution [4] despite the fact that T. brevior in do-
mestic cats of the same regions was negligible until
about ten years ago [3].
It is likely that under particular conditions (e.g. pres-

ence of infected wildcats facilitating the spread of infec-
tion, boundaries of islands or mountainous regions) T.
brevior can change its usual affiliation and infect do-
mestic cats, as in the case in Italy and Crete [1, 11, 26,
27]. It is difficult to draw a definitive explanation on
the occurrence of cat troglostrongylosis in regions where
the natural host responsible for spread of infection (i.e. F.
s. silvestris) is not documented, i.e. Ibiza Island [9] and the
Greek areas herein examined. The presence of wildcats in
the Balearic Islands is uncertain and hypothesized only in
the island of Mallorca [17, 28, 29]. Similarly, in Greece,
populations of F. s. silvestris live only in forested areas and
wetlands of continental regions [17], and in the Chania
region of Crete Island (Fig. 1), i.e. where the first case of
troglostrongylosis in a domestic cat from Greece has been
recently described [11]. It is possible that, in given regions,
this parasite has adapted to domestic cats in prehistorical
times, before the present coastal arrangement appeared
(c. 7000 BC - 4000 BC) [30], when the wildcat or a
common ancestor was likely present. In such condi-
tions, the nematode might have remained confined in
domestic cats in geographical segregation, such as small
islands (e.g. Ibiza, Mykonos), thus explaining why it has
remained practically unknown until the recent descrip-
tions. It is also possible that cats travelling with their

owners in recent years from endemic areas like Italy, to
popular and touristic spots could have imported this
lungworm, or that movements of paratenic hosts (mi-
gratory birds, rodents moved with international trade
of goods in ships, etc.) may have introduced infective
stages of T. brevior. The absence of T. brevior in cats
examined in Crete, despite the fact that this parasite is
present on the island [11], could be due to a range of
reasons. Indeed, T. brevior is in general less common
than A. abstrusus, thus its absence in 34 examined cats
is not surprising. The number of sampled animals could
have reduced the chance of detection if this nematode
has a limited distribution in local domestic cats and is
still confined in wildlife. Moreover, most examined cats
were from a different area (Stavros) from where the
first case of troglostrongylosis was found in 2014 (city
of Chania). It is important to note that A. abstrusus has
been found here in only one cat, thus suggesting that
lungworms in Crete may have a limited distribution
compared to other areas.
Further studies could assist in exploring the genetic

structure of T. brevior populations affecting both wild
and domestic hosts from different geographic areas.
These investigations could be important to understand
if certain subpopulations of lungworms can selectively
infect each different felid species in all enzootic areas
or in given regions, or to the contrary, F. s. catus and F.
s. silvestris share the same genetic populations of lung-
worms in all these areas. In fact, subpopulations of other
strongylid species, i.e. hookworms and cyathostomins,
were previously indicated to selectively infect different
animal species [31, 32].
Finally, as a practical output, it is advisable that troglos-

trongylosis is definitively included in the differential diag-
nosis of respiratory diseases of cats, also in regions where
T. brevior is unexpected. In fact, in the near future we
could be faced with the spread of T. brevior in domestic
cats, both where the natural hosts are expanding, i.e.
central Italy [3, 4, 26, 27], and where wildcats are
absent. This is of pivotal importance because a timely
detection of T. brevior implies a prompt anthelmintic
treatment with spot-on molecules that recently proved
efficacious in treating cat troglostrongylosis in natural
and/or experimental conditions, e.g. emodepside [14],
eprinomectin [33, 34] and moxidectin [35].
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