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Abstract: Gurltia paralysans and Aelurostrongylus abstrusus are neglected metastrongyloid nematode
species which infect domestic and wild cats in South American countries and in Chile, but no
epidemiological studies on concomitant infections have been conducted in Chile so far. The aim of
this study was not only to evaluate the occurrence of concomitant infections, but also to identify
epidemiological risk factors associated with of G. paralysans and A. abstrusus infections in urban
domestic cats (Felis catus) from Southern Chile. Blood samples from clinically healthy domestic
cats from three cities of Southern Chile—Temuco, Valdivia, and Puerto Montt—were analyzed by
an experimental semi-nested PCR protocol. A total of 171 apparently healthy domestic cats in
Temuco (n = 68), Valdivia (n = 50), and Puerto Montt (n = 53) were sampled and analyzed. A total of
93 domestic cats (54.4%) were positive for G. paralysans, and 34 (19.9%) were positive for A. abstrusus
infections. From those animals, 34 (19.9%) were co-infected. Cats positive with G. paralysans were
found in all three cities; 47.2% in Puerto Montt, 48% in Valdivia, and 64.7% in Temuco. Levels of
infection for A. abstrusus in the population under study were 4% (Valdivia), 10% (Puerto Montt),
and 32.4% (Temuco). The present large-scale epidemiological study confirmed the presence of these
neglected nematodes in domestic cat populations in Southern Chile, and described the possible risk
factors associated with feline gurltiosis and aelurostrongylosis.

Keywords: Gurltia paralysans; Aelurostrongylus abstrusus; metastrongyloidea; domestic cat; Felis catus

1. Introduction

Gurltia paralysans is an emerging and neglected metastrongyloid nematode (class Ne-
matoda, order Strongylida, superfamily Metastrongyloidea, family Angiostrongylidae) oc-
curring in domestic cats (Felis catus) and wild felines, such as the kodkod (Leopardus guinia),
the northern tiger cat (Leopardus triginus), the margay (Leopardus wieddi), and the Goeffroy’s
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cat (Leopardus geoffroyi) [1,2]. The adult stages of G. paralysans live in the veins of the
subarachnoid spinal cord and spinal cord parenchyma [1]. Pathological lesions include
thrombi within the spinal veins, vein congestion, varicose veins, and consequent severe and
diffuse myelopathies [1,3–5]. The life cycle of G. paralysans is currently unknown, but it has
been suggested to have an indirect cycle as occurs for other closely related nematodes of the
Angiostrongylidae family [1,6]. Therefore, it has been proposed that terrestrial gastropods
(snails and slugs) could act as obligate intermediate hosts (IH), and multiple rodents, in-
sects, reptiles, amphibians, and/or birds participate as paratenic hosts (PH) [6,7]. Clinical
signs of feline gurltiosis normally include chronic or asymmetric ataxia of the pelvic limbs,
ambulatory paraparesis, unilateral and bilateral hyperactive patellar reflexes, propriocep-
tive deficits, weight loss, constipation, and urinary and fecal incontinence. Laboratory
alterations include mild levels of anemia, eosinophilia, and thrombocytopenia. Imaging
findings by conventional myelography (CM) or computed tomographic myelography
(CT-myelography), or magnetic resonance imaging (MRI), show thinning and obstruction
of the dorsal and ventral spine in the thoracolumbar region, as well as a diffuse enlarge-
ment of the spinal cord in the thoracic, lumbar, and sacral regions [1,6,8]. However, despite
the diagnostic tools available at present, definitive determination of feline gurltiosis can
only be achieved by post-mortem examination revealing the presence of pre- and adult
nematodes within the venous vasculature of the spinal cord [1,3]. Recent studies on di-
agnosis have suggested the use of a semi-nested PCR in serum samples as an additional
molecular tool for allowing timely and specific detection of G. paralysans-derived DNA in
affected cats [2,9].

The geographical distribution of G. paralysans includes areas of Chile, Argentina,
Uruguay, Colombia, and Brazil, and recently it was also identified on the Island of Tenerife,
Spain [1,5,10–13]. In addition to this, previous reports suggest that the focus of infection
occurs mainly in the rural, urban, and peri-urban areas of Southern Chile and other
South American countries [6,8]. However, no large-scale epidemiological study has been
performed so far to address the occurrence of G. paralysans infections in domestic cat
populations in Chile, or any other country.

Aelurostrongylus abstrusus (class Nematoda, superfamily Metastrongyloidea, family
Angiostrongylidae) is a globally distributed nematode that resides as adult stage in the
lung parenchyma (bronchioles and alveolar ducts) in diverse feline host species [14,15].
Terrestrial mollusks (i.e., slugs and snails) are obligatory intermediate hosts [14–20]. Do-
mestic and wild cats become infected by ingesting either IH or PH, such as small rodents,
birds, amphibians, and small reptiles [16–21]. Clinical manifestations of A. abstrusus infec-
tion in cats vary from asymptomatic to dyspnoea, coughing, wheezing, sneezing, lethargy,
mucopurulent nasal discharge, tachypnea or dyspnea, and severe bronchopneumonia,
which might be fatal depending on the host immune status [14,15,17,21,22]. Young and
outdoor cats are considered to be at higher risk for clinical A. abstrusus infections than
indoor animals [14–16]. The gold standard diagnostic tool for feline aelurostrongylosis is
the Baermann funnel method, a non-invasive and inexpensive fecal examination which
relies on the detection of first-stage larvae (L1), which are infective for obligate IH [22,23].
However, it allows diagnosis only during the patency period, and the sensitivity is impaired
by intermittent and/or low excretion of larvae. Molecular detection by PCR from feces
or pharyngeal swabs can be used as alternative diagnostic tools for feline aelurostrongy-
losis [24–26]. An ELISA test for detection of A. abstrusus antibodies in serum has been
used to improve the diagnosis of feline aelurostrongylosis [24,27]. Recently, a semi-nested
PCR for serum samples was designed for G. paralysans identification and concurrent de-
tection of A. abstrusus [2]. Nevertheless, this PCR protocol is still experimental for A.
abstrusus. This molecular assay allows detection of the 28S ribosomal specific sequences
of G. paralysans and A. abstrusus in serum samples, and could be used for the detection of
simultaneous infections of feline gurltiosis and aelurostrongylosis [2,9]. The presence of
feline aelurostongylosis in South America has been reported in Uruguay, Argentina, Brazil,
Colombia, Bolivia, and Chile [28,29].



Pathogens 2021, 10, 1195 3 of 13

Although both metastrongyloid parasites have been reported in South American
countries and in Chile, no studies on the levels of mono- or concomitant infections have
been conducted in Southern Chile. The aim of this study was to evaluate the occur-
rence of G. paralysans and A. abstrusus infections in a large group of urban domestic
cats from three cities (i.e., Temuco, Valdivia, and Puerto Montt) of Southern Chile, using
molecular analysis.

2. Results
2.1. Animals

A total of 171 apparently healthy domestic cats were sampled from Temuco, Valdivia,
and Puerto Montt from January 2019 to December 2019. The number of domestic cats
from each city was as follows: Temuco, n = 68; Valdivia, n = 50; and Puerto Montt,
n = 53 (Table 1). Some information requested by the questionnaire was unfortunately not
provided by the owners. Epidemiological and individual data are reported in Table 2.
From the total domestic cat population, 45% (n = 77) were female and 40.4% (n = 69) were
male; in 14.6% (n = 25) this information was not registered. The age of the study animals
ranged between 4 and 132 months old (average 32 months). The animals had either indoor
(16.4%) or outdoor (37.4%) access, but for 46.2% the information was not provided by
the owners. Anthelmintic treatments, according to owners, were performed in 22.2% of
analyzed domestic cats (Table 2). A total of 118 animals (69%) were mentioned to live
exclusively in urban settlements and only 3 individuals (1.8%) in rural settlements as well;
50 owners did not respond to this question.

Table 1. Molecular positivity obtained by semi-nested PCR of 171 domestic cats for Gurltia paralysans
and Aelurostrongylus abstrusus in the cities of Temuco, Valdivia, and Puerto Montt, Southern Chile.

G. paralysans A. abstrusus A. abstrusus + G. paralysans
City Positive/Total % Positive/Total % Positive/Total %

Puerto
Montt 25/53 47.2 10/53 18.9 10/53 18.9

Temuco 44/68 64.7 22/68 32.4 22/68 32.4
Valdivia 24/50 48 2/50 4.0 2/50 4.0

Total 93/171 54.4 34/171 19.9 34/171 19.9

Table 2. Frequency of demographic features collected from 171 domestic cats analyzed for Gurltia
paralysans and Aelurostrongylus abstrusus infections in Southern Chile.

G. paralysans A. abstrusus
Positive/Total % Positive/Total %

Gender
female 41/77 46.8 15/77 19.5
male 37/69 46.4 19/69 27.5
n/d 15/25 40.0
Total 93/171 45.6 34/146 23.3

Indoor/outdoor
indoor 12/28 57.1 14/64 21.9

outdoor 33/64 48.4 7/8 25.0
n/d 48/79 39.2 13/79 16.5
Total 93/171 45.6 34/171 19.9

Anthelmintic
no 23/55 58.2 8/55 14.5
yes 23/38 39.5 13/38 34.2
n/d 47/78 39.7 13/78 16.7
Total 93/171 45.6 34/171 19.9
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Table 2. Cont.

G. paralysans A. abstrusus
Positive/Total % Positive/Total %

Hunting
no 22/50 56.0 13/50 19.0
yes 23/42 45.2 8/42 26.0
n/d 48/79 39.2 13/79 16.5
Total 93/171 45.6 34/171 19.9
Age

<1 year 24/43 44.2 8/43 18.6
≥1 year 49/95 48.4 23/95 24.2

n/d 20/33 39.4 3/33 9.1
Total 93/171 45.6 34/171 19.9

n/d = no data available.

2.2. Descriptive Epidemiology

From the population under study, a total of 93 cats (54.4%) were positive for G. paralysans
infections, and 34 (19.9%) for A. abstrusus infections. Co-infections of G. paralysans and
A. abstrusus were detected in 34 domestic cats (19.9%). The distribution of G. paralysans
and A. abstrusus infection in the different cities is shown in Table 1 and Figure 1. Cats
positive with G. paralysans found in the three cities ranged from 47.2% (Puerto Montt), 48%
in Valdivia, and 64.7% in Temuco. The rate of infection percentage for A. abstrusus in the
analyzed cat population under study ranged from 4% (Valdivia) and 10% (Puerto Montt)
to 32.4% in Temuco.
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Figure 1. Study location and molecular positivity of feline gurltiosis and aelurostrongylosis in domestic cats from Southern
Chile. (A) Geographical localization of the three cities in Southern Chile, where 171 domestic cats were analyzed for
infections of Gurltia paralysans and Aelurostrongylus abstrusus. The small box contains a map from Latin America; Chile is
highlighted by green color and the study area by a red rectangle. The main map contains the study area and the cities are
represented by red points and names. (B) Proportion of molecular positivity obtained by semi-nested PCR of 171 domestic
cats for Gurltia paralysans, Aelurostrongylus abstrusus, and co-infections.

2.3. Epidemiological Factors

The results of the present study showed a lack of association between the analyzed
potential risk factors and risk of infection for A. abstrusus and G. paralysans (Tables 3 and 4).
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Table 3. Molecular positivity of metastrongyloids in the context of potential risk factors asso-
ciated with infection. Results are shown from a generalized lineal model accounting for varia-
tion in the molecular positivity of Aelurostrongylus abstrusus as a function of age (adult versus
young), sex (female versus male), lifestyle (indoor versus outdoor), anthelmintic use (no versus yes),
and hunting behavior (no versus yes). The category in brackets is compared to the reference factor.

A. abstrusus

Predictors Odds Ratios CI p

age [young] 1.24 0.36–4.08 0.72
sex [male] 1.01 0.35–2.91 0.98

lifestyle [outdoor] 1.88 0.47–8.03 0.37
anthelmintic [yes] 3.92 1.33–12.77 0.02

hunting [yes] 0.40 0.10–1.59 0.19
CI: confidence interval.

Table 4. Molecular positivity of metastrongyloids in the context of potential risk factors associated
with infection. Results shown are from a generalized lineal model accounting for variation in the
molecular positivity of Gurltia paralysans as a function of age (adult versus young), sex (female versus
male), lifestyle (indoor versus outdoor), anthelmintic use (no versus yes), and hunting behavior
(no versus yes). The category in brackets is compared to the reference factor.

G. paralysans

Predictors Odds Ratios CI p

age [young] 1.55 0.57–4.29 0.39
sex [male] 1.28 0.53–3.10 0.58

lifestyle [outdoor] 1.64 0.52–5.39 0.40
anthelmintic [yes] 2.36 0.96–6.03 0.06

hunting [yes] 1.02 0.34–3.07 0.96
CI: confidence interval.

2.4. Molecular Detection of G. paralysans and A. abstrusus

The concentrations of DNA extracted from the feline blood samples ranged between
12.52 ng/µL and 172.48 ng/µL, with purity indices higher than 1.4, which guaranteed their
viability and, therefore, their optimal amplification, and allowed them to be considered
completely intact DNA to be used in subsequent species-specific PCR reactions. Conse-
quently, molecular analysis was carried out through conventional PCR, which amplified
a common metastrongyloid sequence of approximately 450 bp (Figure S1).

After the general tests, the species-specific semi-nested PCR assay allowed us to
determine the presence of G. paralysans, even in those samples where amplification of the
common metastrongyloid fragment was not achieved. In this way, the positivity index
could be evaluated in the three cities in Southern Chile. The amplified fragment in the semi-
nested reactions consisted of 356 and 300 bp for G. paralysans and A. abstrusus, respectively
(Figure S2).

Sequencing analysis in seven aleatory samples was performed in the AUSTRAL-omics
Core Facility (Faculty of Sciences, Austral University of Chile), and confirmed the identifica-
tion of 18S ribosomal RNA gene fragments with high identity with G. paralysans (GenBank
Accession number JX975484). Additionally, two aleatory samples confirmed the identifi-
cation of the 28S rRNA gene for A. abstrusus (GenBank Accession number AM039759.1)
(Table S1).

3. Discussion

This study constitutes the first large-scale molecular survey on the presence of G. paralysans,
as well as A. abstrusus infection, in clinically healthy domestic cats from Chile. The overall
prevalence of G. paralysans-positive urban cats in this study from three cities of Southern
Chile was 54.4% (93/171). The level of infection among the three evaluated cities varied
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between 48 and 64%. No large-scale epidemiological studies on the prevalence of this
neglected feline nematode species have been conducted previously, either in Chile or
elsewhere worldwide. However, several studies in Chile have reported clinical cases of
feline gurltiosis in areas of Southern Chile, including Lastarria (the La Araucania region),
Punucapa, Niebla, Paillaco, and Futrono (the Los Ríos region), and Encenada, Lago Ranco,
Pichirropulli, and Ancúd (the Los Lagos region) [1,3,9]. In the rest of the South Ameri-
can continent, feline gurltiosis cases have been reported in the provinces of Antioquia,
Colombia, Baradero (Buenos Aires province), Las Colonias, Santa Fé province in Argentina,
Fray Bentos in Uruguay, and Rio Grande do Soul and Pernambuco in Brazil [10–12,30,31].
Epidemiological studies on closely related canine lungworms (Angiostrongylus vasorum,
Crenosoma vulpis) have noted a high risk of metastrongyloid nematode infection in South
America based on climatic variables and their effects on the survival rates of possible
obligate IH (terrestrial or aquatic mollusk) [24]. Outside the Americas, one report of feline
gurltiosis from Macaronesian Canary Island in Spain has recently been published, thereby
expanding the geographic endemicity of G. paralysans to Europe [13]. The presence of
G. paralysans in Tenerife Island could be due to the introduction of G. paralysans-infected
domestic cats from endemic areas of South America, or to the importation of either infected
IH or PH [1,13].

Conversely, A. abstrusus infections have been reported in several countries in Europe,
North America, and South America [29,32–37]. The overall occurrence of A. abstrusus in
our molecular study was 19.9% (34/171), and the prevalence values between the three
cities ranged from 4% to 32%. The difference among the levels of infections of A. abstrusus
observed in this study may reflect the level of transmission or availability of IH and PH
that are able to maintain the lifecycle of this nematode in certain areas. In another study,
within the city of Valdivia, a prevalence of 38% was determined by bronchial lavage
and post-mortem examination; both methods are considered the most sensitive tools for
a final diagnosis, rather than coprological evaluation [38]. In another study in the cities
of Río Bueno and La Unión (Los Ríos region), also in the southern part of Chile, the
level of infection, determined by Baermann funnel coprological examination, was 10%
(20/200) [39]. The prevalence of A. abstrusus infections in other South American countries
has varied between 0.21 to 39% [20,21]. In Brazil, an occurrence of 29.5% (24/88) and 39%
(40/102) was observed in two studies in Rio Grande do Sul, 18.6% (range 5.9–25%) in
Santa María, 18% in Uberlândia, 8.5% in Sao Paulo, and 1.3% in Cuiba and Várzea Grande,
Matto Grosso [40–43]. Studies in wild felids (e.g., L. wieddii, L. triginus) in Brazil have
reported prevalence rates of 38.1% and 35.7% for A. abstrusus infections, respectively [44].
Interestingly, recent studies have reported G. paralysans infections in both wild cat species
in Brazil as well [45,46]. In Montevideo, Uruguay, a prevalence of 8.6% for A. abstrusus
was estimated by post-mortem examination in domestic cats [47]. In Argentina, studies
have determined a prevalence of 24.3% in La Plata, 30% in Corrientes [48,49], and 35.3%
(6/17) in Buenos Aires [50]. In Colombia, studies have estimated a prevalence of 0.21%
(1/121) in the Quindío, and 0.4% (2/473) in Antioquia [28]. In line with these findings,
feline aelurostrongylosis has been diagnosed throughout Europe, including Germany,
France, Italy, Spain, Portugal, Albania, Croatia, Greece, Turkey, Israel, Denmark, England,
Rumania, Austria, and Belgium, with prevalence rates between 0.3% and 50% depending
on the region, lifestyle, and diagnostic methods (e.g., coprological, serological, or molecular
methods) [33–37,51–55]. In the USA, prevalence rates of 2.07% in a retrospective study, 6.2%
in New York, and 18.5% in Alabama have been reported in shelter and stray cats [56–58].

PCR-based diagnostic methods have been used in the past for alternative diagnosis of
A. abstrusus in fecal samples, by amplification and analysis of ITS-2 sequences [59]. Addi-
tionally, concurrent detection and differentiation of Troglostrongylus brevior and A. abstrusus,
also in fecal samples, based on ITS-2 duplex PCR assay, has been previously reported [25].
Molecular studies can overcome the limitations of coprological analysis, which may un-
derestimate the prevalence of parasite infections during pre-patent or post-patent periods,
and thus not detect all infected animals [25]. In fact, previous studies have shown that
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some cats gave false negatives for A. abstrusus on copromicroscopic evaluation, and were
confirmed positive by nested-PCR on pharyngeal swabs [60].

In the current epidemiological study, co-infections of A. abstrusus and G. paralysans
were observed in 19.9% of animals, with a range of 4 to 18.9% in the three investigated cities.
Interestingly, all A. abstrusus positive cats were also positive for G. paralysans. Previous post-
mortem studies in domestic cats in Chile suffering feline gurltiosis also showed the presence
of A. abstrusus adult and larval stages in the pulmonary tissues [8]. This co-infection may
indicate that both metastrongyloid parasites might share the same IH or PH as postulated
elsewhere [1,9]. Suitable obligate IH for A. abstrusus in South America are considered the
terrestrial mollusk species Rumina decollate or the neozoan African giant snail Achatina
fulica, which should be investigated for the presence of G. paralysans infective third-stage
larvae (L3) in future monitoring studies on gastropod-borne lungworms, as recently per-
formed in Colombia [29] and in the Macaronesian Archipelago of Spain [33], where feline
gurltiosis has recently been documented [13]. Additionally, these new data suggest that
the southern region of Chile may offer suitable biological and epidemiological conditions
for the occurrence and spread of these neglected metastrongyloid feline nematodes.

The conducted multivariate analysis showed that neither individual nor environmen-
tal factors were statistically significant in relation to the occurrence of mono or concomitant
A. abstrusus/G. paralysans infections. Frequency of prey captured by the domestic cats,
according to owners in this study indicated that rodents and birds were the most commonly
hunted prey species. In a recent study in Chile concerning hunting behavior of owned
cats, most cat owners (84.1%) reported that birds were the most common type of prey
species (49.9%), followed by diverse rodent species (39.3%), insects (29.5%), lizards (20.2%),
rabbits (0.95), and even bats (80.4%) [61]. Considering the fact that terrestrial snails and/or
slugs are hunted by felines to a lesser extent than other prey species, it seems reasonable to
investigate several PH for A. abstrusus (and probably for G. paralysans), including scavenger
insects, birds, reptiles, amphibians, and small mammals, to better understand the complex
epizootiology of feline gurltiosis [62]. The high level of infection with G. paralysans and
A. abstrusus in the current study could indicate that appropriate niches occur in these areas
that favor the infection of both nematodes. Of note, all geographic areas surrounding the
cities of Temuco, Valdivia, and Puerto Montt correspond to ecosystems of the Valdivian rain-
forest, characterized by an ecoregion of Central-Southern Chile, with temperate rainfalls,
an oceanic mild climate, abundant gastropod IH and PH species, other potential definitive
feline hosts (i.e., kodkods, pumas (Puma concolor)), and abundant forested areas [1].

In the present study, domestic cats under one year of age showed higher prevalence
rates for G. paralysans and A. abstrusus infections than older animals. Studies in Northern
and Central Italy with more than 800 domestic cats indicated that cats younger than one
year were at a higher risk of infection with A. abstrusus and T. brevior [63,64]. Another study
in Denmark reported a lower risk of A. abstrusus infection in kittens younger than 11 weeks,
compared to older cats [54]. However, other studies have reported that age, as well as
gender, do not seem to be risk factors for A. abstrusus infections [65,66].

Limitations of the study included a lack of copromicroscopic methods (i.e., Baermann
technique, fecal smears and/or fecal flotations) for the detection of L1. Although the
semi-nested PCR technique used in our study has been validated for intra vitam diagnosis
of G. paralysans using serum samples, further validation is required for A. abstrusus detec-
tion [2,9]. However, positive A. abstrusus DNA samples in our analysis were confirmed
with posterior sequencing analysis for the 28S rRNA gene. The molecular analysis used in
this study could be an alternative method for the diagnosis of mixed feline infections with
G. paralysans and A. abstrusus as previously suggested [9]. As already stated, further work
is required for validation of this molecular diagnostic tool for aelurostrongylosis detection
in blood samples, using simultaneous Baermann funnel assays and classical PCR protocols.

Thus, these results should be interpreted with caution, given that this cat popula-
tion was not sampled aleatorily, making estimation of the general prevalence of both
nematodes difficult to stablish in Southern Chile. Nonetheless, our results clearly indicate



Pathogens 2021, 10, 1195 8 of 13

that G. paralysans and A. abstrusus-infections are endemic in urban areas, with rather high
prevalence rates particularly for feline gurltiosis. Molecular diagnostic techniques will
hopefully support increased awareness and knowledge of the epidemiology and geograph-
ical distribution of these two underestimated feline metastrongyloid parasitoses in the
future, not only in Chile, but also in other South American and European countries.

4. Materials and Methods
4.1. Animals and Study Area

The domestic cats originated from three cities of Southern Chile: Temuco (La Arauca-
nia region, 38◦ S 73◦ W), Valdivia (Los Ríos region, 39◦ S 73◦ W), and Puerto Montt (Los
Lagos region, 41◦ S 73◦ W) (Figure 1). All study areas were located in Southern Chile,
where previous cases of feline gurltiosis had been reported. Blood samples were taken
from different Veterinary Hospitals from the cities of Temuco, Valdivia, and Puerto Montt,
Chile, which voluntarily collaborated with this study. The cats were sampled regardless
of age and gender. For this study, domestic cats without manifestations of neurological
signs, or that were treated for problems other than neurological ones, were selected. Data
obtained at the time of presentation included age, gender, lifestyle (i.e., indoor/outdoor
activities), and anthelmintic treatment, for potential risk factors analysis. Each owner
signed an informed consent form before sampling of the animals.

4.2. Selection of Participants and Biological Samples

Blood samples were collected individually from 171 domestic cats for which informed
consent had been obtained from their owners. The animals came from the cities of Valdivia
(n = 50), Puerto Montt (n = 53), and Temuco (n = 68), Southern Chile (Figure 1). Blood
samples were collected from January 2019 to December 2019. Blood was collected from
the cephalic or external jugular vein of each animal using tubes containing acid citrate
dextrose anticoagulant (ACD) (Vacutainer, BD Biosciences, Franklin Lakes, NJ, USA). The
blood samples were conserved on wet ice in an insulated container, then transported to the
Austral University of Chile (UACh), Clinical Pathology Laboratory, and stored at –80 ◦C
until required.

4.3. Extraction and Quantification of G. paralysans and A. abstrusus–Specific DNA

DNA extraction from the serum samples was performed according to the manufac-
turers instructions, using an E.Z.N.A.® Tissue DNA Kit D3396-02 (Omega Bio-tek, Inc.,
Norcross, GA, USA). Subsequently, the DNA samples were quantified by spectrophotom-
etry (Thermo Scientific NANODROP 2000, Waltham, MA, USA) and stored at −20 ◦C
until use. Molecular detection of G. paralysans was by semi-nested PCR. Two PCR assays
were performed, one general and two species-specific, for the detection of DNA from
G. paralysans and A. abstrusus [9]. The first general PCR assay amplified a common DNA
sequence of the metastrongyloids using the universal primers U1 (AaGp28Sa1) and U2
(AaGp28Ss1). The second specific test consisted of two semi-nested PCRs, which differen-
tiated between DNA from G. paralysans and A. abstrusus with a mixture of universal and
specific primers; in this case, U1/E2 (Gp28Sa3) for G. paralysans and U2/E1 (Aa28Ss2) for
A. abstrusus. This last species is phylogenetically very close to G. paralysans. The specific
primers were designed from the multiple alignments of the 28S subunit of the metastrongy-
loid rDNA (Table 5).
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Table 5. Universal primers and specific and internal controls used in the molecular detection of
Gurltia paralysans and Aelurostrongylus abstrusus DNA.

Oligonucleotide Target Primer Name Sequence

Universal Metastrongyloidea AaGp28Ss1 5′-CGAGTRATATGTATGCCATT-3′

Universal Metastrongyloidea AaGp28Sa1 5′-AGGCATAGTTCACCATCT-3′

Specific Gurltia paralysans Gp28Sa3 5′-TCTTGCCGCCATTATAGTAG-3′

Specific Aelurostrongylus
abstrusus Aa28Ss2 5′-CGTTGATGTTGATGAGTATC-3′

The reaction mix for the general and specific PCR assays consisted of GoTaq Green
Master Mix 2X® Polymerase (Promega Corporation, Fitchburg, MA, USA), with a final
concentration of 1X, 10 µM of each primer (general or specific assay), approximately 200 ng
of DNA obtained from the blood samples, and a sufficient quantity of nuclease-free sterile
water for a final volume of 25 µL. Semi-nested PCR assays were performed on all amplicons
from the general assay, regardless of whether they had been positive in the first reaction or
general reaction. The positive control used in the molecular analysis was DNA samples
positive for feline gurltiosis in previous investigations. The negative control consisted of
the same reaction mixture with nuclease-free water and without DNA.

The amplification for the general PCR assay was adapted to the following conditions:
initial denaturation at 94 ◦C for 5 min, followed by 35 denaturation cycles at 94 ◦C for 30 s,
alignment at 54 ◦C for 30 s, extension at 72 ◦C for 30 s, and a final extension at 72 ◦C for
5 min. Similarly, the amplification conditions established for the semi-nested PCR assays
consisted of an initial denaturation step at 94 ◦C for 4 min, followed by 35 denaturation
cycles at 94 ◦C for 30 s, alignment at 55 ◦C for 1.5 min, extension at 72 ◦C for 30 s, and the
final extension at 72 ◦C for 4 min.

The PCR products were analyzed by electrophoresis on 2% agarose gels (Fermelo
BIOTEC, Santiago, Chile), prepared in TAE (Tris-Glacial Acetic Acid-EDTA) buffer, sup-
plemented with 0.01% intercalating staining agent SYBR® Safe DNA Stain (Invitrogen,
Paisley, UK), and developed in the presence of ultraviolet light. A 100 bp molecular weight
marker (Maestrogen, Hsinchu, Taiwan) was implemented. The established electrophoresis
conditions were 90 V, 100 mA, and 10 W for one hour.

4.4. Amplification of IRBP as an Internal Control by Conventional PCR

The IRBP (interphotoreceptor retinoid binding) gene was amplified as a specific
internal control for vertebrate mammals [67]. The PCR reaction mixture consisted of
GoTaq Master Mix 2X (Waltham, MA, USA), 10 µM of each forward and reverse primer,
approximately 200 ng of DNA obtained from the blood samples, and a sufficient quantity
of nuclease-free sterile water for a final volume of 10 µL. The amplification conditions
consisted of an initial denaturation at 94 ◦C for 4 min, followed by 35 cycles of denaturation
at 94 ◦C for 30 s, alignment at 57 ◦C for 30 s, extension at 72 ◦C for 30 s, and a final extension
at 72 ◦C for 5 min. The electrophoresis analysis was carried out under the same conditions
as previously described.

4.5. Sequencing Analysis

Seven DNA samples that were previously positive for G. paralysans and two positives
for A. abstrusus were randomly selected for sequencing analysis. The purification of the PCR
products was carried out following the manufacturer’s instructions, using the Silica Bead
DNA Gel Extraction® kit (Thermo Scientific, Waltham, MA, USA). The results obtained
were evaluated using the biological sequence editing software BioEdit Version 7.0.9.0, and
the Basic Local Alignment Search Tool (BLAST) available at NCBI (National Center for
Biotechnology Information).
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4.6. Questionnaire for Domestic Cat Owners

A questionnaire form was provided to all domestic cat owners, which gathered infor-
mation concerning the origin of the cat, gender, age, indoor/outdoor lifestyle, anthelmintic
treatments, and hunting behavior (including the type of prey species).

4.7. Data Analysis

Molecular positivity for metastrongyloid nematodes and coinfection was summarized
by relative frequencies and contingency tables. To assess for statistical significance of
the potential risk factors associated with infection with G. paralysans, A. abstrusus and
their coinfection (‘positive’ versus ‘negative’ as the response variable), we estimated mixed
effects logistic regression models. Age (in months), sex (‘male’ versus ‘female’), and hunting
behavior (‘yes’ versus ‘no’) were used as individual level predictors. Anthelmintic use
(‘yes’ versus ‘no’) and lifestyle (‘indoor’ versus ‘outdoor’) were used as management level
categorical predictors. Hunted species were not considered because of the low sample size
(25% of the total cats, from two cities). A random intercept by city of origin was evaluated
(i.e., cats originating from the same city may share epidemiological and environmental
factors), but this factor produced model overfitting, and thus was not included in the
models. Risk factors, expressed as an odds ratio (OR) with a 95% confidence interval, were
determined by univariate and multivariable logistic regression analysis, where a p-value of
≤ 0.05 was considered statistically significant. These analyses were performed with the
package “lme4” implemented in the R software (R Core Team 2017).

5. Conclusions

In conclusion, our results demonstrated occurrence of G. paralysans and A. abstrusus
in clinically unaffected urban domestic cat populations of three Southern Chilean cities.
Additionally, the results indicated that infection levels of G. paralysans and A. abstrusus
seem to vary according to the geographical region in Southern Chile. Co-infection of
these metastrongyloids occurred in a considerable percentage of analyzed domestic cats.
Therefore, we encourage future studies on epizootiological drivers of feline gurltiosis and
aelurostrongylosis occurring in urbanized, peri-urban, and rural/wild geographic areas.
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36. Györke, A.; Dumitrache, M.O.; Kalmár, Z.; Paştiu, A.I.; Mircean, V. Molecular survey of metastrongyloid lungworms in domestic
cats (Felis silvestris catus) from Romania: A retrospective study (2008–2011). Pathogens 2020, 9, 80. [CrossRef] [PubMed]

37. Zottler, E.M.; Bieri, M.; Basso, W.; Schnyder, M. Intestinal parasites and lungworms in stray, shelter and privately owned cats of
Switzerland. Parasitol. Int. 2019, 69, 75–81. [CrossRef]

38. Escobar, R.; Illanes, O.; Fuentealba, I.; Cubillos, V. Nematodiasis pulmonar en el gato doméstico. Arch. Med. Vet. 1984, 16, 47–49.
39. Oyarzún-Cadagán, J.A. Pesquisa de nematodos pulmonares en perros y gatos de las ciudades de Río Bueno y La Unión, Provincia

del Ranco, Chile: Universidad Austral de Chile Valdivia. 2013. Available online: http://cybertesis.uach.cl/tesis/uach/2013/fvo.
98p/doc/fvo.98p.pdf (accessed on 8 March 2018).

40. Trein, E.J. Lesões produzidas por Aelurostrongylus abstrusus (Railliet, 1898) no pulmão do gato doméstico. In Tese Para Inscrição ao
Concurso Para a Cadeira de Anatomia Patológica e Técnica de Necropsia; Universidade do Rio Grande do Sul: Porto Alegre, Brazil, 1953.

41. Mundim, T.; Oliveira Júnior, S.; Rodrigues, D.; Cury, M. Frequency of helminths parasites in cats of Uberlândia, Minas Gerais.
Arq. Bras. Med. Vet. Zoo. 2004, 56, 562–563. [CrossRef]

42. Headley, S.A. Aelurostrongylus abstrusus induced pneumonia in cats: Pathological and epidemiological findings of 38 cases
(1987-1996). Semin. Ciências Agrárias 2005, 26, 373–380. [CrossRef]

43. Ramos, D.G.D.S.; Scheremeta, R.G.A.D.C.; De Oliveira, A.C.S.; Sinkoc, A.L.; Pacheco, R.D.C. Survey of helminth parasites of cats
from the metropolitan area of Cuiabá, Mato Grosso, Brazil. Rev. Bras. Parasitol. Vet. 2013, 22, 201–206. [CrossRef] [PubMed]

44. Kusma, S.C.; Wrublewski, D.M.; Teixeira, V.N.; Holdefer, D.R. Parasitos intestinais de Leopardus wiedii e Leopardus tigrinus (Felidae)
da Floresta Nacional De Três Barras, sc. Luminária 2015, 17, 82–95.

45. Oliveira, B. Politraumatismo em gato-maracajá (Leopardus wieddi) com infecção por Gurltia paralysans. In Integrando Prácticas e
Transvesalizando Saberes; Semana do Conhecimiento UPF: Passo Fundo, Brazil, 2015.

46. Dazzi, C.C.; Santos, A.; Machado, T.P.; Ataíde, M.W.; Rodriguez, R.; Pereira, A.M.; García, P.S.; Da Motta, A.C. First case report of
nematode parasitic myelopathy in a wild feline in Brazil. Braz. J. Vet. Parasitol. 2020, 29, e014619. [CrossRef] [PubMed]

47. Castro, O.; Valledor, S.; Crampet, A.; Casás, G. Aporte al conocimiento de los metazoos parásitos del gato doméstico en el
Departamento de Montevideo, Uruguay. Veterinaria 2013, 49, 28–37.

48. Idiart, J.; Martín, A.; Venturini, L.; Ruager, J. Neumonía por Aelurostrongylus abstrusus en gatos. Primeros hallazgos en el gran
Buenos Aires y La Plata. Veterinaria Argent. 1986, 23, 229–237.

http://doi.org/10.17420/ap6401.126
http://www.ncbi.nlm.nih.gov/pubmed/29716180
http://doi.org/10.3390/pathogens10050602
http://doi.org/10.1016/j.vetpar.2013.10.015
http://doi.org/10.3390/pathogens10050595
http://www.ncbi.nlm.nih.gov/pubmed/34068219
http://doi.org/10.1177/1098612X13489977
http://www.ncbi.nlm.nih.gov/pubmed/23708183
http://doi.org/10.3390/pathogens10030337
http://www.ncbi.nlm.nih.gov/pubmed/33805839
http://doi.org/10.1186/s13071-018-2765-0
http://www.biblioteca.unlpam.edu.ar/pubpdf/revet/v18n2a05pellegrino.pdf
http://www.biblioteca.unlpam.edu.ar/pubpdf/revet/v18n2a05pellegrino.pdf
http://doi.org/10.1186/s13071-017-2054-3
http://doi.org/10.1007/s00436-021-07203-x
http://doi.org/10.1016/j.actatropica.2019.03.009
http://doi.org/10.1007/s00436-020-06839-5
http://doi.org/10.3390/pathogens9020080
http://www.ncbi.nlm.nih.gov/pubmed/31991881
http://doi.org/10.1016/j.parint.2018.12.005
http://cybertesis.uach.cl/tesis/uach/2013/fvo.98p/doc/fvo.98p.pdf
http://cybertesis.uach.cl/tesis/uach/2013/fvo.98p/doc/fvo.98p.pdf
http://doi.org/10.1590/S0102-09352004000400022
http://doi.org/10.5433/1679-0359.2005v26n3p373
http://doi.org/10.1590/S1984-29612013000200040
http://www.ncbi.nlm.nih.gov/pubmed/23856737
http://doi.org/10.1590/s1984-29612019099
http://www.ncbi.nlm.nih.gov/pubmed/32049140


Pathogens 2021, 10, 1195 13 of 13

49. Martínez, A.; Santa Cruz, A.; Lombardero, O. Histopathological lesions in feline aelurostrongylosis. Rev. Med. Vet. 1990,
71, 260–264.

50. Cardillo, N.; Clemente, A.; Pasqualetti, M.; Borrás, P.; Rosa, A.; Ribicich, M. First report of Aelurostrongylus abstrusus in domestic
land snail Rumina decollata, in the Autonomous city of Buenos Aires. InVet 2014, 16, 15–22.

51. Barutzki, D.; Schaper, R. Results of parasitological examinations of faecal samples from cats and dogs in Germany between 2003
and 2010. Parasitol. Res. 2011, 109, 45–60. [CrossRef] [PubMed]

52. Jefferies, R.; Vrhovec, M.G.; Wallner, N.; Catalan, D.R. Aelurostrongylus abstrusus and Troglostrongylus sp. (Nematoda: Metas-
trongyloidea) infections in cats inhabiting Ibiza, Spain. Vet. Parasitol. 2010, 173, 344–348. [CrossRef] [PubMed]

53. Gavrilovic, P.; Jovanovic, M.; Gavrilovic, A.; Nesic, S. Fatal aelurostrongylosis in a kitten in Serbia. Acta Parasitol. 2017, 62,
488–491. [CrossRef] [PubMed]

54. Hansen, A.P.; Skarbye, L.K.; Vinther, L.M.; Willesen, J.L.; Pipper, C.B.; Olsen, C.S.; Mejer, H. Occurrence and clinical significance
of Aelurostrongylus abstrusus and other endoparasites in Danish cats. Vet. Parasitol. 2017, 234, 31–39. [CrossRef]

55. Diakou, A.; Di Cesare, A.; Barros, L.A.; Morelli, S.; Halos, L.; Beugnet, F.; Traversa, D. Occurrence of Aelurostrongylus abstrusus
and Troglostrongylus brevior in domestic cats in Greece. Parasites Vectors 2015, 8, 590. [CrossRef]

56. Willard, M.D.; Roberts, R.E.; Allison, N.; Grieve, R.B.; Escher, K. Diagnosis of Aelurostrongylus abstrusus and Dirofilaria immitis
infec- tions in cats from a humane shelter. J. Am. Vet. Med. Assoc. 1988, 192, 913–916. [PubMed]

57. Carruth, A.J.; Buch, J.S.; Braff, J.C.; Chandrashekar, R.; Bowman, D.D. Distribution of the feline lungworm Aelurostrongylus
abstrusus in the USA based on fecal testing. J. Feline Med. Surg. Open Rep. 2019, 5. [CrossRef]

58. Nagamori, Y.; Payton, M.E.; Looper, E.; Apple, H.; Johnson, E.M. Retrospective survey of parasitism identified in feces of
client-owned cats in North America from 2007 through 2018. Vet. Parasitol. 2020, 277, 109008. [CrossRef]

59. Traversa, D.; Iorio, R.; Otranto, D. Diagnostic and clinical implications of a nested PCR specific for ribosomal DNA of the feline
lungworm Aelurostrongylus abstrusus (Nematoda, Strongylida). J. Clin. Microbiol. 2008, 46, 1811–1817. [CrossRef] [PubMed]

60. Traversa, D.; Di Cesare, A.; Milillo, P.; Iorio, R.; Otranto, D. Aelurostrongylus abstrusus in a feline colony from central Italy: Clinical
features, diagnostic procedures and molecular characterization. Parasitol. Res. 2008, 103, 1191–1196. [CrossRef] [PubMed]

61. Escobar-Aguirre, S.; Alegría-Morán, R.A.; Calderón-Amor, J.; Tadich, T.A. Can Responsible Ownership Practices Influence
Hunting Behavior of Owned Cats? Results from a Survey of Cat Owners in Chile. Animals 2019, 9, 745. [CrossRef]

62. Falsone, L.; Colella, V.; Napoli, E.; Brianti, E.; Otranto, D. The cockroach Periplaneta americana as a potential paratenic host of the
lungworm Aelurostrongylus abstrusus. Exp. Parasitol. 2017, 182, 54–57. [CrossRef]

63. Di Cesare, A.; Frangipane di Regalbono, A.; Tessarin, C.; Seghetti, M.; Iorio, R.; Simonato, G.; Traversa, D. Mixed infection by
Aelurostrongylus abstrusus and Troglostrongylus brevior in kittens from the same litter in Italy. Parasitol. Res. 2014, 113, 613–618.
[CrossRef] [PubMed]

64. Di Cesare, A.; Veronesi, F.; Grillotti, E.; Manzocchi, S.; Perrucci, S.; Beraldo, P.; Cazzin, S.; De Liberato, C.; Barros, L.A.;
Simonato, G.; et al. Respiratory nematodes in cat populations of Italy. Parasitol. Res. 2015, 114, 4463–4469. [CrossRef]

65. Genchi, M.; Ferrari, N.; Fonti, P.; De Francesco, I.; Piazza, C.; Viglietti, A. Relation between Aelurostrongylus abstrusus larvae
excretion, respiratory and radiographic signs in naturally infected cats. Vet. Parasitol. 2014, 206, 182–187. [CrossRef] [PubMed]

66. Elsheikha, H.M.; Wright, I.; Wang, B.; Schaper, R. Prevalence of feline lungworm Aelurostrongylus abstrusus in England.
Vet. Parasitol. Reg. Stud. Rep. 2019, 16, 100271. [CrossRef] [PubMed]

67. Ferreira, E.C.; Gontijo, C.M.; Cruz, I.; Melo, M.N.; Silva, A.M. Alternative PCR protocol using a single primer set for assessing
DNA quality in several tissues from a large variety of mammalian species living in áreas endemic for leishmaniasis. Mem. Inst.
Oswaldo Cruz. 2010, 105, 895–898. [CrossRef] [PubMed]

http://doi.org/10.1007/s00436-011-2402-8
http://www.ncbi.nlm.nih.gov/pubmed/21739375
http://doi.org/10.1016/j.vetpar.2010.06.032
http://www.ncbi.nlm.nih.gov/pubmed/20674179
http://doi.org/10.1515/ap-2017-0058
http://www.ncbi.nlm.nih.gov/pubmed/28426412
http://doi.org/10.1016/j.vetpar.2016.12.015
http://doi.org/10.1186/s13071-015-1200-z
http://www.ncbi.nlm.nih.gov/pubmed/3366677
http://doi.org/10.1177/2055116919869053
http://doi.org/10.1016/j.vetpar.2019.109008
http://doi.org/10.1128/JCM.01612-07
http://www.ncbi.nlm.nih.gov/pubmed/18367571
http://doi.org/10.1007/s00436-008-1115-0
http://www.ncbi.nlm.nih.gov/pubmed/18651179
http://doi.org/10.3390/ani9100745
http://doi.org/10.1016/j.exppara.2017.09.023
http://doi.org/10.1007/s00436-013-3690-y
http://www.ncbi.nlm.nih.gov/pubmed/24271082
http://doi.org/10.1007/s00436-015-4687-5
http://doi.org/10.1016/j.vetpar.2014.10.030
http://www.ncbi.nlm.nih.gov/pubmed/25466621
http://doi.org/10.1016/j.vprsr.2019.100271
http://www.ncbi.nlm.nih.gov/pubmed/31027590
http://doi.org/10.1590/S0074-02762010000700009
http://www.ncbi.nlm.nih.gov/pubmed/21120359

	Introduction 
	Results 
	Animals 
	Descriptive Epidemiology 
	Epidemiological Factors 
	Molecular Detection of G. paralysans and A. abstrusus 

	Discussion 
	Materials and Methods 
	Animals and Study Area 
	Selection of Participants and Biological Samples 
	Extraction and Quantification of G. paralysans and A. abstrusus–Specific DNA 
	Amplification of IRBP as an Internal Control by Conventional PCR 
	Sequencing Analysis 
	Questionnaire for Domestic Cat Owners 
	Data Analysis 

	Conclusions 
	References

