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Abstract: Gurltia paralysans is a rare metastrongyloid nematode in South America that has begun
to gain relevance in feline internal medicine as a differential diagnosis of progressive degenerative
myelopathy disorders. The parasite life cycle has not been fully elucidated but probably involves
invertebrate gastropod fauna as obligate intermediate hosts; thus, G. paralysans remaining an ex-
tremely neglected parasitosis. Feline gurltiosis intra vitam diagnosis is highly challenging due to
lack of evidence in the excretion of G. paralysans eggs and larvae, neither in feces nor in other body
secretions because environmental stages and the transmission route of the parasite remain unknown.
Unfortunately, no experimental trials for the treatment of feline gurltiosis have been conducted to
date. However, there are some reports of the successfully antiparasitic drugs used with different
effectiveness and clinical improvement results in diagnosed cats. Further studies are needed to evalu-
ate the parasite occurrence among domestic cats and the neotropical wild felid species distributed
within Colombia in addition to the gastropod fauna that may harbor the developing larvae (L1-L3)
stages of this underestimated parasite.

Keywords: Gurltia paralysans; gurltiosis; paralysis worm; metastrongyloid; feline; South America

1. Introduction, Brief History, and the Enigmatic Life Cycle

Tropical and subtropical geographic areas offer appropriate ecological characteris-
tics for re-emergence, maintenance, and dissemination of multiple parasitic infectious
diseases, with some of them extremely neglected [1-3]. Rare and underestimated felid
parasites such as the nematodes Dracunculus insignis (Dracunculidae) [4], Brugia malayi
(Onchocercidae) [5,6], Thelazia callipaeda (Thelaziidae) [7,8], Ollanulus tricuspis (Molinei-
dae) [9,10], Physaloptera praeputialis (Physalopteridae) [11], Oslerus rostratus (Filariodidae),
Troglostrongylus subcrenatus (Crenosomatidae), and Angiostrongylus chabaudi (Angiostrongyl-
idae) [12]; the trematode Amphimerus sp. (Opisthorchiidae) [13]; and the cestode Mesocestoides
corti (Mesocestoididae) [14] have been documented in domestic cats (Felis catus) in the
Americas, Asia, and Europe. Additionally, Gurltia paralysans is a rare metastrongyloid
nematode in South America that has begun to gain relevance in feline internal medicine as
a differential diagnosis of progressive degenerative myelopathy disorders. However, it is
still neglected and underestimated [15]. This angio-neurotrophic nematode is infrequently
described, often unnoticed, and out of the diagnostic scope of even specialist veterinary
clinicians, similarly to other neglected parasitoses [16,17]. The poorly understood felid
angio-neurotrophic parasite was first classified as Hemostrongylus, then as Angiostrongylus,
and finally located as the only species of the genus Gurltia (Nematoda: Angiostrongylidae).
The first description of G. paralysans took place in the temperate forest ecoregion of Valdivia
in southern Chile by Wolffhiigel in 1933 [18]. The nematode genus was named in honor
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Order: Strongylida
Superfamily: Metastrongyloidea
Family: Angiostrongylidae
Genus: Gurltia

Species: paralysans

of both Dr. Ernst Friedrich Gurlt (1794-1882) and the species paralysans, due to observed
paralysis being the main clinical sign in infected felids [16,18]. This metastrongyloid ne-
matode was reported parasitizing domestic cats (F. catus) in southern Chile, and the small
wild kodkod (Leopardus guigna) has been proposed as the natural host [16,19]. The parasite
has been reported in other wild felids such as the margay (Leopardus wiedii) [20]. Moreover,
the Goeffroy’s cat (Leopardus geoffroyi) and the northern tiger cat (Leopardus triginus) have
also been proposed as potential native final hosts [15,21].

The nematode life cycle has not been fully elucidated but probably involves hypothe-
sized paratenic hosts such as amphibians, birds, insects, lizards, and rodents, and inverte-
brate gastropod fauna as obligate intermediate hosts in which the larvae developmental
process occurs from first-stage larvae (L1), second-stage larvae (L2), and final infective
third-stage larvae (L3) (Figure 1), as is the case for several metastrongyloid parasites in the
Angiostrongylidae family.

Adult worms
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Egg

Figure 1. Proposed life cycle of Gurltia paralysans. Felids become infected by consuming the L3 larvae (A) from an infected

intermediate host (B) or paratenic host (C). L3 migrates from the intestinal tract to the central nervous system and invades

the veins of the subarachnoid space (D) of the spinal cord. There, larvae mature to adult worms and produce eggs and

reproduce through eggs. The elimination route of the eggs or first larval stage (L1) or how the intermediate host becomes

infected with L1 is still unknown. * Definitive host.

An extensive survey to identify G. paralysans larval stages was conducted in terrestrial
gastropods (1 = 835) collected from a previous feline hotspot located in southern Chile
(Valdivia) showed that neither semi-nested PCR, enzymatic digestion nor histopathological
examination could identify the presence of G. paralysans larvae in mollusks of the families
Arionidae, Limacidae, Helicidae, and Milacidae [22]. Therefore, the obligate intermediate
hosts of this parasitic disease are still unknown, and the morphological traits of larvae
have not been identified so far. Notwithstanding the lack of epidemiological and life cycle
knowledge of G. paralysans, it has been known since 1930s that the kodkod is the natural
definitive host, allowing the pulmonary development of the parasite, while domestic cats
are accidental hosts [19,20]. Adult male specimens of G. paralysans have a total body length
of 12-18 mm and a width that varies from 72-103 um to 26-32 um anterior to the bursa and
the cephalic region, respectively. Consistently larger female adults show a total body length
ranging from 27 to 28 mm [21]. The parasite adult stages are located in the definitive host’s
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meningeal veins and spinal cord subarachnoid space [23], where undeveloped eggs passed
by the females, and 16-cell embryos eggs, have been found in the felid bloodstream [16].
The morphometrical measurements of known parasitic stages are summarized in Table 1.
To the best of our knowledge, to date, neither eggs nor larvae have been found in any felid
host gastrointestinal tract, nor in feces [16].

Table 1. Comparative morphometrical traits of Gurltia paralysans adult stages among related An-

giostrongylidae nematodes.

G. paralysans ? Ael. Abstrusus® Ang. Vasorum ©
Male
Body length 12,000-18,000 pm 5440-7080 um 14,000-16,000 pm
Body width 72-103 pm 42.5-92.7 um -
Esophagus length 360-432 um 219.4-360.9 pm 219 pm
Spicule length 650-816 pm 103.7-138.9 pm 360490 um
Gubernaculum length 37-39 um 18.8-31 um 3445 pm
Female
Body length 20,500-30,000 pm 7950-10,587 pm 15,000-21,000 pm
Vulva to tail tip 102-150 pm 223.6 um -
Tail length 30-50 um 27-29 um 27-29 um
Eggs 40-72 x 26-54 um  37.8-48.4 x 94.5-99.6 um  70-80 x 40-50 pm

References 2 [21-23], P [24,25], € [25-29].

The migration pathways of G. paralysans in vertebrate hosts begin when domestic cats
or wild felids acquire the infective third-stage larvae (L3) through ingestion of intermedi-
ate/paratenic hosts. Infective larvae penetrate the stomach into the vascular bed, migrating
to the portal vein toward the inferior vena cava and/or the thoracic venous system to finally
reach the spinal cord via the vertebral venous plexus and the intervertebral veins [30].
Understanding the current lifecycle brings up many questions, and therefore G. paralysans
remains an extremely neglected parasite.

2. Worldwide Distribution Range of Gurltiosis

Until recently, gurltiosis was a parasitic disease found only in South America, dis-
tributing from Aysén in southern Chile to the northernmost report located in Antioquia,
Colombia [31,32]. One confirmed case of gurltiosis has been reported in South America in
a domestic cat from the island of Tenerife, and this is also the first report of ophthalmic
G. paralysans parasitism [33]. However, a necropsy performed at Cornell University on a
cat with severe neuropathy revealed an extensive hemorrhagic lesion between the third
and sixth lumbar vertebrae, which contained a metastrongyloid female consistent with
G. paralysans morphologic traits [16]. Those reports possibly constitute imported cases to
Spain and the USA, respectively. Feline gurltiosis is often reported as sporadic single case
reports and limited sample size studies across South America. The vast majority of reports
had a small sample size, (x ~ 9.4), and were located in rural and suburban areas (Table 2).
In South America, the mean age of feline gurltiosis reported cases was 2.5 years old.
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Table 2. Chronologic confirmed case report of the angio-neurotrophic Gurltia paralysans parasite.

Year Location Area Host (n) Diagnosis Method Reference
1933 Chile Rural Felis catus - M [18]
1933 Chile Rural Leopardus guigna - - [19]
2010 Chile Rural Felis catus 4 Ct, Hp, M [34]
2011 Uruguay Rural Felis catus 2 Hp, M [35]
2011 Colombia Rural Felis catus 6 Ct, Hp [32]
2011 Argentina Suburban Felis catus 1 Hp [36]
2012 Chile Rural Felis catus 3 Hp, M [23]
2013 Chile Rural Felis catus 9 Ct [37]
2013 Brazil Rural Felis catus 4 Hp [38]
2016 Chile Rural Felis catus 1 Hp [39]
2016 Argentina Rural Felis catus 3 Hp, M [40]
2017 Chile Suburban/Rural Felis catus - SEM, phylogeny [21]
2018 Spain Suburban Felis catus 1 M, phylogeny [33]
2019 Brazil Rural Felis catus 7 Hp [41]
2020 Chile Rural Felis catus 4 Serology, M [42]
2020 Chile Suburban Felis catus 1 PCR [31]
2020 Chile Rural Felis catus 7 PCR [43]
2020 Brazil Rural Leopardus wiedii 1 M [20]
2021 Chile Urban Felis catus 93 PCR [15]

M: morphology, Ct: Computed tomographic-myelography, Hp: histopathology, SEM: Scanning electron microscopy. PCR: Polymerase
chain reaction.

A descriptive molecular epidemiology study from a total of 93 domestic cats located
in urban areas of Southern Chile, where 54.4% of the studied animals were G. paralysans-
positive, showed the feasible transmission of parasite among domestic cat populations in ur-
ban environments and proposed that predictors such as age, sex, lifestyle (indoor/outdoor),
anthelmintic use, and cat hunting behavior should be considered as potential risk factors as-
sociated with this angio-neurotrophic parasite infection [15]. Thus, those risk factors should
be considered in rural, suburban, and urban areas from Argentina, Brazil, Chile, Colombia,
Spain, and Uruguay, where G. paralysans-positive domestic cat cases have been confirmed.

Parasite biological characteristics such as host specificity, life cycle complexity, and
climatic tolerance may render parasite species particularly vulnerable or allow them to
proliferate [44]. As previously stated, gurltiosis in South America ranges from Colom-
bia to Chile, covering a wide range of environmental conditions. As a result, a climate
analysis could provide epidemiological insights into the ecoepidemiology of G. paralysans.
In accordance with the Koppen-Geiger climate classification, the parasite shows great
adaptation to different thermal floors and climates because the nematode has been iden-
tified in domestic and wild felids located in tropical rainforest (Af), savanna (Aw), hot
semi-arid (BSh), humid subtropical (Cfa), oceanic (Cfb), warm-summer Mediterranean
(Csb), and tundra (ET) climates [15,32,33,44,45] (Figure 2). Thus, confirmed gurltiosis cases
have been reported in tropical, arid (dry), and temperate climates, showing a considerable
climatic tolerance. Despite the natural gurltiosis distribution throughout South America, it
is essential to note that southern Chile is a well-known gurltiosis hotspot where the main
geographic distribution of gurltiosis cases in domestic cats occurs [22]. Meanwhile, the
only reports of the disease in wild felids are parasitic myelopathy in a Brazilian margay [21]
and the first Wolffhiigel report of the disease’s native host, the kodkod [20].
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Figure 2. Worldwide reported cases of feline gurltiosis in domestic cats and wild felids. (a) Enlargement
of the areas outside South America (i.e., Tenerife Island, Spain, and New York, NY, USA) where
imported cases have been recorded. (b) Képpen—Geiger climate classification from South American
case reports of the angio-neurotrophic parasite G. paralysans. Close-up location of the parasite
reports from Colombia, Brazil, and the triple border area between Brazil, Uruguay, and Argentina.
Additionally, feline gurltiosis hotspot area in Southern Chile where the most significant number of
occurrence disease cases have been reported. Af: Tropical rainforest, Aw: Savanna, Bsh: Hot semi-
arid, Cfa: Humid subtropical, Cfb: Oceanic, Csb: Warm-summer Mediterranean, Cwc: Monsoon-
influenced subpolar oceanic, Cwa: Monsoon-influenced humid subtropical, ET: Tundra.

3. Clinical Signs and Diagnostic

Feline gurltiosis should always be considered as a differential diagnosis in cats with
neurological signs related to thoracolumbar/lumbosacral spinal cord damage [39]. Demon-
stration and morphological identification of the nematodes in the spinal cord vasculature
is the definitive diagnosis. This approach, however, may only be used postmortem [34,37].
Necropsy findings include diffuse sub-meningeal congestion of spinal cord segments (i.e.,
lumbear, sacral, and coccygeal). The intravascular presence of adult nematodes and larvae
stages cause the thickening and congestion of subarachnoid vessels [24,36,43]. Microscopic
findings include vascular myelitis and intralesional adult parasites, which principally
locate at subarachnoid space in some segments of the spinal cord (third thoracic vertebra
to third lumbar vertebrae and fourth lumbar vertebrae to third sacral vertebrae) [38,39].
The gurltiosis intra vitam diagnosis is highly challenging due to the lack of evidence in
the excretion of G. paralysans eggs and larvae stages, neither in feces nor in other body
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secretions [42], because the environmental stages and parasite transmission route remain
unknown. Veterinary clinicians should include exhaustive clinical examination in cats with
typical hind limbs neurological signs and complementary tests to approach the diagnosis
of this parasitosis. Cats with a clinical history of progressing paraparesis or paraplegia
between 2 weeks and 48 months [32,34,37,39], pelvic limb ataxia, tail paralysis, and fe-
cal and urine incontinency in endemic areas should be considered for the diagnosis of
feline gurltiosis.

The neurological signs are related to the neuroanatomical lesions caused by the par-
asite and include bowel incontinence, urinary dysfunction, tail trembling/atony, pelvic
limbs ataxia and tights muscle atrophy and tremor, pelvic limbs tremors, and proprio-
ceptive deficit [37]. The classical chronic myelopathy signs are caused by the vascular
proliferation produced by the parasite and result from compression of the white matter in
the thoracolumbar and lumbosacral dorsal cord [38]. Some paraclinical findings include
non-regenerative anemia, hypochromia, and high blood urea nitrogen (BUN) levels with
consequently azotemia [37,46]. Neither eosinophilia nor coagulopathy are common find-
ings in cats with gurltiosis [37]. Ocular lesions and the parasite presence in the fluid-filled
space between the cornea and iris (i.e., anterior chamber of the eye) in a domestic cat
have also been reported [33]. Paraclinical analysis includes complete blood examination
(haemogram), fecal examination, analysis of cerebrospinal fluid (CSF), and imaging (com-
puted tomography, myelography, and magnetic resonance imaging) [37]. Recently, Gomez
et al. evaluated the commercial serological Angio Detect™ test IDEXX™ Laboratories,
ME, USA) as a suitable intra vitam diagnostic method for feline gurltiosis. They suggested
a cross-reaction between Angiostrongylus vasorum and G. paralysans-specific antigens, which
could be used as a new diagnostic tool for feline gurltiosis. Nevertheless, it is necessary to
analyze the sensibility and specificity compared with the specific antigen for this parasite
to validate the serological test result [42].

Additionally, semi-nested PCR analysis has been proposed as a routinary test for early
diagnosis of the parasite in serum. The PCR amplifies a 450 bp fragment of a common metas-
trongyloid sequence using universal oligonucleotides (please see Table 3). The semi-nested
PCR differentiates between G. paralysans DNA and Aelurostrongylus abstrusus with bands
of 356 and 300 bp, respectively [43]. It has been proposed that serum samples are more
effective than CSF in detecting the parasite by molecular analysis; nevertheless, the result
was not statistically significant, and further research is needed [43]. Furthermore, phyloge-
netic analysis of 285 rRNA (D2-D3 region), ITS1 and ITS2 of the 5.85 rRNA, and partial 185
rRNA sequences demonstrated that Gurltia spp. belongs to the family Angiostrongylidae
and is therefore morphologically similar to related genera (i.e., Aelurostrongylus sp., An-
giostrongylus sp., Didelphostrongylus sp., and Heterostrongylus sp.) [21,23]. Additionally, the
molecular analysis concluded that G. paralysans is most closely related to A. vasorum [30].
The parasite D2-D3 region is considered an adequate molecular marker [21,45]. Never-
theless, to date, it has not been possible to identify G. paralysans-DNA in fecal samples
with any coproparasitological tests, so it is alternatively recommended to use serum or
CSF samples [43]. Preliminary analysis also indicates the presence of G. paralysans DNA
in bronchoalveolar lavage, but it has not yet been validated [15]. Some primers used to
determine the presence of G. paralysans DNA are listed in Table 2. It is worth mentioning
that the accurate intra vitam diagnosis of the disease remains highly challenging and more
feasible via necropsy in clinically ill felids [18,19,21,30].
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Table 3. Reported PCR analysis for Gurltia paralysans proposed by Lopez-Contreras et al., 2020, and Barrios et al., 2021.

PCR Type & Gene Pr(?_eg,s)et Amplicon Size (bp) Identification
AaGp28Sal-R:
AGGCATAGTTCACCATCT 450 Common sequence
AaGp28Ss1-F: Metastrongyloidea
285 rDNA E1:Aa28Ss2-F:
CGTTGATGTTGATGAGTATC 300 A. abstrusus
E2:Gp28Sa3-R: 356 G. paralysans
TCTTGCCGCCATTATAGTA
Endpoint-PCR F: AGCAGGAGGTGTTGGAAGAG 100 Internal control

rDNA Feline

R: AGGGAGAGAGCCTAATTCAAAGG

4. Treatment

Even though the Tropical Council for Companion Animal Parasites (TroCCAP) has
affirmed neither a pharmacological treatment schedule nor a therapy that has been proven
effective against G. paralysans infection in cats [47], some empirical treatments have demon-
strated variable degrees of effectiveness against this angio-neurotrophic parasite in felids.
Unfortunately, no experimental trial for treating gurltiosis has been conducted to date.
However, there are some reports of the successfully antiparasitic drugs used with dif-
ferent effectiveness and clinical improvement results in diagnosed cats (Table 4). For
example, the oral (PO) administration of ivermectin resulted in clinical recovery in mild
or moderate neurodegenerative feline gurltiosis cases [48]. Moreover, the prophylactic
use of other macrocyclic lactones, such as selamectin and milbemycin, may prevent G.
paralysans infection in cats located in endemic areas [30], together with the control of
paratenic/intermediate hosts and responsible pet ownership practices such as keeping
the cats indoor and avoiding hunting behavior in gurltiosis hotspot areas could reduce
the possibility of acquiring this not yet wholly understand parasitosis [15]. Furthermore,
broad-spectrum fenbendazole (benzimidazole) and macrocyclic lactone moxidectin con-
comitantly administrated with the neonicotinoid imidacloprid may reduce the risk of G.
paralysans infection, as they do for other related nematode species, such as A. vasorum [30].

The PO or subcutaneously (5Q) ivermectin administration in cats is well-tolerated
at ranges between 0.2 and 1.3 mg/kg [51,52], the no-effect level is approximately 0.5
to 0.75 mg/kg of body weight, and toxicosis has been reported in a limited number of
cats. Routinely, a monthly deworming PO dose of moxidectin of 0.003 mg/kg and a
sustained release injectable formulation at a dose of 0.17 mg/kg could be preventively
administrated every six months in cats [50]. Additionally, a PO milbemycin monthly
dose of 2 mg/kg is available for cats, but adverse effects such as hypersalivation, ataxia,
mydriasis, and central nervous system depression should be constantly monitored [53].
Furthermore, the highest safe level of selamectin, which has been proven up to ten times
its recommended dose in kittens [49,50], is also a suitable and safe option to treat gurltiosis
in domestic cats. However, the PO selamectin administration at the recommended topical
dose (6 mg/kg) may cause salivation and vomiting in malnourished or underweight
cats [49]. As in other metastrongyloid parasitoses, it is well known that an efficient
treatment involves repeated check-ups and repeated treatments when necessary [54]. The
use of anti-inflammatory drugs such as non-steroidal anti-inflammatory drugs (NSAIDs)
and corticosteroids, neuroprotective vitamins (i.e., Vitamins B, C, E, and K), and other
medicaments is left to clinician discretion. The animal’s recovery depends on the gravity
of the vascular damage and the grade of limb cord compression. The longer it takes to
establish treatment, the lower is the recovery percentage [30].
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Table 4. Suitable pharmacological drugs for treating the metastrongyloid Gurltia paralysans in domestic cats.

Route and Frequency

§ +
Drug Structure Dose of Administration Reference
)Y~
o O \J,o\['/\ o \ p '\o
Ivermectin &* UJ\E/ - \V,ku«( ‘(/k] 0.2-0.4 PO, SID, 1x weekly, 4 doses [30,32,48]
e “”\ /j\.
‘ |
Selamectin P E’{A/)’:L:)’ 6 PO, SID [30,49]
You o
o
Milbemycin oxime ¢ ‘ N I 2 PO, SID, 1x monthly [30,50]
i
Ricobendazole -* | — 20 PO, SID, 2x days [30]
Fenbendazole € 50 PO, SID, 1x day, 3-5 doses [30]

t The doses are indicated in mg (milligrams) per Kg (kilogram) of body weight. § Chemical structure depiction adapted from PubChem™.

M

2 22,23-Dihydroavermectin Bla. ® 25-cyclohexyl-25-de(1-methylpropyl)-5-deoxy-22 23-dihydro-5-(hydroxyimino)-avermectin B1 monosac-
charide. ¢ Milbemycin a4 5-oxime. ¢ Methyl [5-(propane-1-sulfinyl)-1H-benzoimidazol-2-yl]-carbamate. ¢ 2-(Methoxycarbonylamino)-5-
(phenylthio)benzimidazole. * Drugs successfully administered to G. paralysans diagnosed cats.

5. The Northernmost G. paralysans Case Report in South America

In Colombia, a total of six feline gurltiosis case reports have been documented. Five
Siamese cats that lived in the same household (i.e., two kittens, one adult male, and two
adult females) from Tarso and one domestic mixed-breed cat from Amaga, Antioquia,
exhibited moderate to severe paraplegia with general ataxia, decreasing of superficial sen-
sitivity, and deep sensitivity loss. Additionally, the felids anamnesis evidence progressive
paralysis more severe in adults due to the chronic clinical manifestation of the disease.
Moreover, the cats showed hind limb atrophy and bladder and bowel dysfunction [32].
All described clinical signs correspond well with the chronic clinical evolution recorded
for this angio-neurotrophic parasitic disease [17]. Subsequently, the cats " necropsy and
histopathology analysis showed the presence of G. paralysans specimens in the meningeal
veins from the tenth thoracic vertebrae to the fourth lumbar vertebrae with medullar
compression concomitantly myelomalacia [32]. Locals have frequently reported chronic
long-lasting degenerative myelopathy in rural cats in the southwest and eastern Atrato
subregion in Antioquia and Choco, respectively, thereby suggesting G. paralysans infection
in other Colombian areas not yet studied.

The presence of metastrongyloid parasites such as Aelurostrongylus abstrusus (An-
giostrongylidae), Troglostrongylus brevior (Crenosomatidae), Crenosoma vulpis (Crenosomatidae),
and the zoonotic Angiostrongylus vasorum (Angiostrongylidae) have been reported in gas-
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tropods from the Achatinidae family in several Colombian regions [55], including Antio-
quia, where G. paralysans cases have been identified [32,55], and the traditional ecological
knowledge of peasant communities describing clinical signs in cats compatible with feline
gurltiosis (see Figure 3). Additionally, an epidemiological approach showed the patent
occurrence of A. abstrusus infections in domestic cats from Antioquia [56]. This region has
also recently shown the presence of neglected zoonotic parasites such as Spirometra sp. (Di-
phyllobothriidae) and Toxocara cati (Toxocaridae) in neotropical wild felids [57]. It is essential
to highlight that the Gastropoda class has been proposed as an obligate intermediate host
for G. paralysans and is a highly biodiverse taxon in Colombia with at least 56 families and
120 species spread across various biomes (Table S1). Terrestrial gastropod species do not
only inhabit humid and cool environments; they can also cope and prevail in hot and dry
environments, therefore successfully adapting to insolation, heat, and drought [58]. Thus,
those findings collectively demonstrate and highlight the epidemiological feasibility of a
wider distribution of metastrongyloid nematodes such as G. paralysans in Colombia, given
that the country has all the climates in which the parasite has been reported. Furthermore,
studies on concomitant infections have not been consistently conducted across reported
areas, despite their importance in understanding and identifying the epidemiological risk
factors associated with feline gurltiosis [15] in domestic cats and wild felid populations.

Figure 3. Ecoepidemiological factors that allow gurltiosis occurrence in the Colombian Andean
region. Images of G. paralysans gastropod intermediate hosts (IH) such as (a) smooth land slugs of
the genus Deroceras sp. found in the Southwest subregion of Antioquia, Colombia and (b) Giant
African snail (Lissachatina fulica) in an urban environment (Medellin city). (c) The natural domestic
cat’s curious behavior on a Giant African land snail favors close interaction with IH, demonstrating
the feasibility of parasite transmission in urban areas. (d) Clinically ill mixed-breed domestic cat in
an Andean rural area with long-lasting degenerative myelopathy and severe paraplegia.

As mentioned above, the wild felid of the species Leopardus guigna, commonly known
as kodkod, is the natural definitive host, and domestic cats are considered accidental
hosts for gurltiosis [19,20]. The parasitic myelopathy due to G. paralysans adult nematodes
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and eggs inside the veins of subarachnoid space in the spinal cord of a margay has been
described in Santa Catarina, Brazil [20]. Both the Goeffroy’s cat (Leopardus geoffroyi) and
the northern tiger cat (Leopardus tigrinus) have been proposed as definitive hosts [15,21].
Neither the kodkod nor Goeffroy’s cat are distributed within Colombia; therefore, the
margay and the northern tiger cat should be considered potential gurltiosis hosts in this
geographical location. Other neotropical wild felid species found in Colombia such as
jaguarundi (Herpailurus yagouaroundi), ocelot (Leopardus pardalis), jaguar (Panthera onca), and
puma (Puma concolor) should not be ruled out as the natural definitive host in the North-
ernmost South American distribution area, where the parasite has so far been documented
(Table 5).

Table 5. Potential Gurltia paralysans definitive wild felid host species in South America.

Genus Species Common Name Conservation Status §
Herpailurus yagouaroundi ! Jaguarundi LC
Leopardus colocolo Pampas cat NT
Leopardus geoffroyi 2 Geoffroy’s cat LC
Leopardus quigna ? Kodkod VU
Leopardus quttulus Southern tiger cat VU
Leopardus jacobita Andean cat EN
Leopardus pardalis 1 Ocelot LC
Leopardus wiedii 12 Margay NT
Leopardus tigrinus 1 Northern tiger cat VU
Panthera onca ! Jaguar NT
Puma concolor ! Puma LC

! Felid species distributed within Colombia. 2 Species in which the parasite has been reported. § Based on
the IUCN threat levels of classifications for endangered species. LC: Least-concern, NT: Near threatened, VU:
Vulnerable, EN: Endangered.

6. Conclusions

In parallel with other neglected felid diseases frequently underestimated by veterinary
clinicians, gurltiosis should be included in the differential diagnoses of feline spinal cord
disorders. The prompt and accurate diagnosis of G. paralysans will contribute to improved
health of infected definitive hosts and result in proper anthelminthic treatments impeding
further gurltiosis spreading among felid populations. The poor understanding of this
neglected angio-neurotrophic parasite’s life cycle demands further research to identify the
potential gastropod intermediate host species and paratenic hosts such as amphibians,
birds, insects, lizards, and rodents. Additionally, comprehensive sampling efforts should
be developed throughout the Americas, where the majority of feline gurltiosis cases are
reported. Particular attention should be taken in North America, Africa, and Europe
because cases outside of South America were recently reported in the west Africa palearctic
realm and the north Nearctic realm, on the island of Tenerife, Spain, and NY, USA, respec-
tively [16,33]. In conclusion, further studies are needed to evaluate the parasite occurrence
among domestic cats and neotropical wild felid species distributed within Colombia as
well as the plethora of gastropod/paratenic fauna that may harbor the developing larvae
(L1-L3) stages of this underestimated parasite.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/pathogens10121601/s1, Table S1: Gastropod species as potential intermediate hosts for
G. paralysans in Colombia.

Author Contributions: Conceptualization, M.U. and ].J.C.-G.; methodology, ].J.C.-G., S.L.-O. and
M.U.; software, M.U.; investigation, M.U.; resources, ].].C.-G.; data curation, ].].C.-G., S.L.-O. and
M.U.; writing—original draft preparation, M.U.; writing—review and editing, S.L.-O. and ].].C.-G.;
visualization, M.U.; supervision, J.J.C.-G.; funding acquisition, J.J].C.-G. All authors have read and
agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/pathogens10121601/s1
https://www.mdpi.com/article/10.3390/pathogens10121601/s1

Pathogens 2021, 10, 1601 11 of 13

Funding: The APC was funded by the CIBAV Research Group-Centro de Investigaciones Bésicas y
Aplicadas en Veterinaria (COL0153246) Universidad de Antioquia, Consolidation Strategy 2018-2019.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank Marcelo Gémez from the Universidad Austral de Chile
who kindly provided the precise location for the vast majority of feline gurltiosis case reports in
domestic cats at the well-known hotspot in southern Chile.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Mackey, TK.; Liang, B.A.; Cuomo, R.; Hafen, R.; Brouwer, K.C.; Lee, D.E. Emerging and Reemerging Neglected Tropical Diseases:
A Review of Key Characteristics, Risk Factors, and the Policy and Innovation Environment. Clin. Microbiol. Rev. 2014, 27, 949-979.
[CrossRef]

Gebreyes, W.A.; Dupouy-Camet, J.; Newport, M.].; Oliveira, C.]J.B.; Schlesinger, L.S.; Saif, YM.; Kariuki, S.; Saif, L.].; Saville, W.;
Wittum, T.; et al. The Global One Health Paradigm: Challenges and Opportunities for Tackling Infectious Diseases at the Human,
Animal, and Environment Interface in Low-Resource Settings. PLoS Negl. Trop. Dis. 2014, 8, €3257. [CrossRef]

Rohr, J.R,; Barrett, C.B.; Civitello, D.].; Craft, M.E.; Delius, B.; DeLeo, G.A.; Hudson, P].; Jouanard, N.; Nguyen, K.H.; Ostfeld, R.S.;
et al. Emerging human infectious diseases and the links to global food production. Nat. Sustain. 2019, 2, 445-456. [CrossRef]
Lucio-Forster, A.; Eberhard, M.L.; Cama, V.A.; Jenks, M.H; Jones, C.; Sanders, S.Y.; Pongratz, ].P.; Bowman, D.D. First report of
Dracunculus insignis in two naturally infected cats from the northeastern USA. J. Feline Med. Surg. 2014, 16, 194-197. [CrossRef]
Mallawarachchi, C.H.; Chandrasena, N.T.G.A.; Wickramasinghe, S.; Premaratna, R.; Gunawardane, N.Y.LS.; Mallawarachchi, N.SM.S.M.;
de Silva, N.R. A preliminary survey of filarial parasites in dogs and cats in Sri Lanka. PLoS ONE 2018, 13, e0206633. [CrossRef]
[PubMed]

Mallawarachchi, C.H.; Chandrasena, T.G.A.N.; Withanage, G.P.; Premarathna, R.; Mallawarachchi, S.M.N.S.M.; Gunawardane, N.Y.;
Dasanayake, R.S.; Gunarathna, D.; de Silva, N.R. Molecular Characterization of a Reemergent Brugia malayi Parasite in Sri Lanka,
Suggestive of a Novel Strain. BioMed Res. Int. 2021, 2021, 1-8. [CrossRef]

Otranto, D.; Mendoza-Roldan, J.A.; Dantas-Torres, F. Thelazia callipaeda. Trends Parasitol. 2021, 37, 263-264. [CrossRef] [PubMed]
Hodzi¢, A.; Payer, A.; Duscher, G.G. The first autochthonous case of feline ocular thelaziosis in Austria. Parasitol. Res. 2019,
118,1321-1324. [CrossRef] [PubMed]

Schuster, R.K.; Thomas, K.; Sivakumar, S.; O'Donovan, D. The parasite fauna of stray domestic cats (Felis catus) in Dubai,
United Arab Emirates. Parasitol. Res. 2009, 105, 125-134. [CrossRef]

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]

Maharana, B.R.; Gupta, S.; Gupta, S.; Ganguly, A.; Kumar, B.; Chandratre, G.A.; Bisla, R.S. First report of molecular and
phylogenetic analysis of Physaloptera praeputialis in naturally infected stray cats from India. Parasitol. Res. 2021, 120, 2047-2056.
[CrossRef] [PubMed]

Morelli, S.; Diakou, A.; Colombo, M.; Di Cesare, A.; Barlaam, A.; Dimzas, D.; Traversa, D. Cat Respiratory Nematodes: Current
Knowledge, Novel Data and Warranted Studies on Clinical Features, Treatment and Control. Pathogens 2021, 10, 454. [CrossRef]
Calvopifia, M.; Cevallos, W.; Atherton, R.; Saunders, M.; Small, A.; Kumazawa, H.; Sugiyama, H. High Prevalence of the Liver
Fluke Amphimerus sp. in Domestic Cats and Dogs in an Area for Human Amphimeriasis in Ecuador. PLoS Negl. Trop. Dis. 2015,
9, €0003526. [CrossRef]

Dahlem, D.; Bangoura, B.; Ludewig, E.; Glowienka, N.; Baldauf, K.; Stoeckel, F; Burgener, 1. Tetrathyridiosis in a domestic
shorthair cat. J. Feline Med. Surg. Open Rep. 2015, 1, 205511691561559. [CrossRef] [PubMed]

Barrios, N.; Gémez, M.; Zanelli, M.; Rojas-Baroén, L.; Sepulveda-Garcia, P.; Alabi, A.; Adasme, M.; Miiller, A.; Rosenfeld, C.;
Gonzalez-Lagos, C.; et al. A Molecular Survey on Neglected Gurltia paralysans and Aelurostrongylus abstrusus Infections in
Domestic Cats (Felis catus) from Southern Chile. Pathogens 2021, 10, 1195. [CrossRef]

Bowman, D.; Hendrix, C.; Lindsay, D.; Barr, S. Feline Clinical Parasitology; Bowman, D.D., Hendrix, C.M., Lindsay, D.S., Barr, S.C.,
Eds.; Iowa State University Press: Ames, IA, USA, 2002; ISBN 9780470376805.

Pellegrino, E.C. Parasitic myelopathy by Gurltia Paralysans. Cienc. Vet. 2016, 18, 54—64. [CrossRef]

Wolfthtigel, K.W. Paraplegia cruralis parasitaria felis causada por Gurltia paralysans nov. gen., n. sp. Rev. Chil. Hist. Nat. 1933,
37,190-192.

Wolffhiigel, K.W. Paraplegia cruralis parasitaria felis durch Gurltia paralysans nov. gen., nov. sp. (Nematoda). Infektkr Haustiere
1934, 46, 28-47.

Dazzi, C.C.; Dos Santos, A.; Machado, T.P.; de Ataide, M.W.; Rodriguez, R.; Pereira, A.M.; Garcia, P.S.; da Motta, A.C. First case
report of nematode parasitic myelopathy in a wild feline in Brazil. Rev. Bras. Parasitol. Vet. 2020, 29, 1-7. [CrossRef]


http://doi.org/10.1128/CMR.00045-14
http://doi.org/10.1371/journal.pntd.0003257
http://doi.org/10.1038/s41893-019-0293-3
http://doi.org/10.1177/1098612X13502976
http://doi.org/10.1371/journal.pone.0206633
http://www.ncbi.nlm.nih.gov/pubmed/30388188
http://doi.org/10.1155/2021/9926101
http://doi.org/10.1016/j.pt.2020.04.013
http://www.ncbi.nlm.nih.gov/pubmed/32451294
http://doi.org/10.1007/s00436-019-06275-0
http://www.ncbi.nlm.nih.gov/pubmed/30826924
http://doi.org/10.1007/s00436-009-1372-6
http://doi.org/10.1016/j.vetpar.2019.109008
http://doi.org/10.1007/s00436-021-07163-2
http://www.ncbi.nlm.nih.gov/pubmed/33893552
http://doi.org/10.3390/pathogens10040454
http://doi.org/10.1371/journal.pntd.0003526
http://doi.org/10.1177/2055116915615595
http://www.ncbi.nlm.nih.gov/pubmed/28491396
http://doi.org/10.3390/pathogens10091195
http://doi.org/10.19137/cienvet-2016-1824
http://doi.org/10.1590/s1984-29612019099

Pathogens 2021, 10, 1601 12 of 13

21.

22.

23.

24.

25.
26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Muiioz, P.; Hirzmann, J.; Rodriguez, E.; Moroni, M.; Taubert, A.; Gibbons, L.; Hermosilla, C.; Gémez, M. Redescription and first
molecular characterization of the little known feline neurotropic nematode Gurltia paralysans (Nematoda: Metastrongyloidea).
Vet. Parasitol. Reg. Stud. Rep. 2017, 10, 119-125. [CrossRef]

Sepulveda-Garcia, P.; Gémez, M.; Moroni, M.; Munoz, P.; Miiller, A. Evaluation of terrestrial gastropods as possible intermediate
hosts of Gurltia paralysans in southern Chile. Rev. Bras. Parasitol. Vet. 2021, 30, 1-6. [CrossRef]

Moroni, M.; Mufioz, P.; Gémez, M.; Mieres, M.; Rojas, M.; Lillo, C.; Aguirre, F.; Acosta-Jamett, G.; Kaiser, M.; Lindsay, D.S. Gurltia
paralysans (Wolffhiigel, 1933): Description of adults and additional case reports of neurological diseases in three domestic cats
from southern Chile. Vet. Parasitol. 2012, 184, 377-380. [CrossRef]

Olsen, C.S.; Willesen, J.L.; Pipper, C.B.; Mejer, H. Occurrence of Aelurostrongylus abstrusus (Railliet, 1898) in Danish cats: A
modified lung digestion method for isolating adult worms. Vet. Parasitol. 2015, 210, 32-39. [CrossRef]

Nematoda. In Parasiticide Screening, Volume 2; Elsevier Inc.: London, UK, 2019; pp. 135-335.

Rosen, L.; Ash, L.R.; Wallace, G.D. Life history of the canine lungworm Angiostrongylus vasorum (Baillet). Am. ]. Vet. Res. 1970,
31, 131-143.

Ferdushy, T.; Hasan, M.T. Angiostrongylus vasorum: The ‘French Heartworm'. Parasitol. Res. 2010, 107, 765-771. [CrossRef]
Colella, V,; Lia, R.P; Premont, J.; Gilmore, P.; Cervone, M.; Latrofa, M.S.; D’Anna, N.; Williams, D.; Otranto, D. Angiostrongylus
vasorum in the eye: New case reports and a review of the literature. Parasit. Vectors 2016, 9, 161. [CrossRef]

Olivieri, E.; Zanzani, S.A.; Gazzonis, A.L.; Giudice, C.; Brambilla, P.; Alberti, I.; Romussi, S.; Lombardo, R.; Mortellaro, C.M.;
Banco, B.; et al. Angiostrongylus vasorum infection in dogs from a cardiopulmonary dirofilariosis endemic area of Northwestern
Italy: A case study and a retrospective data analysis. BMIC Vet. Res. 2017, 13, 165. [CrossRef] [PubMed]

Goémez, M.; Moroni, M.; Munoz, P; Taubert, A.; Hermosilla, C.; Hirzmann, J.; Rojas, L. Gurltia paralysans: A neglected parasite of
domestic cats. Austral J. Vet. Sci. 2021, 53, 33-45. [CrossRef]

Gutiérrez, C.; Acufia, G.; Pérez, N. Monoplegia by Gurltia paralysans in a cat. Rev. Hosp. Vet. 2020, 12, 1-7.

Gomez, G.A,; Taborda, D.A.; Andrés Alzate, G.; Gutiérrez, ].J.C. Domestic cat paraplegia compatible with Gurltia paralysans
nematode. First cases reported in Colombia. Rev. Colomb. Cienc. Pecu. 2011, 24, 663—669.

Udiz-Rodriguez, R.; Garcia-Livia, K.; Valladares-Salmerén, M.; Dorta-Almenar, M.N.; Martin-Carrillo, N.; Martin-Alonso, A.;
Izquierdo-Rodriguez, E.; Feliu, C.; Valladares, B.; Foronda, P. First ocular report of Gurltia paralysans (Wolffhiigel, 1933) in cat.
Vet. Parasitol. 2018, 255, 74-77. [CrossRef]

Goémez, M.; Mieres, M.; Moroni, M.; Mora, A.; Barrios, N.; Simeone, C.; Lindsay, D.S. Meningomyelitis due to nematode infection
in four cats. Vet. Parasitol. 2010, 170, 327-330. [CrossRef]

Rivero, R.; Matto, C.; de Adrien, M.L.; Nan, F; Bell, T.; Gardiner, C. Parasite meningomyelitis in cats in Uruguay. Rev. Bras.
Parasitol. Vet. 2011, 20, 259-261. [CrossRef] [PubMed]

Guerrero, I; Paludi, A.; Saumell, L. Primera Descripciéon en Argentina de Gurltia paralysans en un Felino Doméstico. DVM
Thesis, Universidad Nacional del Centro de la Provincia de Buenas Aires, Tandil, Argentina, 2011.

Mieres, M.; Gémez, M. A ; Lillo, C.; Rojas, M.A.; Moroni, M.; Mufioz, P.; Acosta-Jamett, G.; Wiegand, R. Clinical, imaging, and
pathologic characteristics of gurltia paralysans myelopathy in domestic cats from chile. Vet. Radiol. Ultrasound 2013, 54, 237-244.
[CrossRef] [PubMed]

Togni, M.; Panziera, W.; Souza, T.M.; Oliveira Filho, J.C.; Mazzanti, A.; Barros, C.S.L.; Fighera, R.A. Aspectos epidemiolégicos,
clinicos e anatomopatolégicos da infec¢ao por Gurltia paralysans em gatos. Pesqui. Vet. Bras. 2013, 33, 363-371. [CrossRef]
Moroni, M.; Munoz, P.; Mieres, M.; Gémez, M.A.; Vera, F. Severe myelopathy with thrombophlebitis caused by Gurltia paralysans
infection in a cat. Vet. Rec. Case Rep. 2016, 4, 2-5. [CrossRef]

Bono, M.E; Orcellet, V.; Marengo, R.; Bosio, A.; Junkers, E.; Plaza, D.; Marini, M.R.; Sanchez, A.; Rubio, M.G.; Candiotti, V. A
description of three cases of parasitic meningomyelitis in felines from the province of Santa Fé, Argentina. Parasitaria 2016,
74,1-4.

De Melo Neto, G.B.; Da Silva, L.R.; Alves, R.D.C.; Olinda, R.G.; Medeiros Dantas, A.F.; De Medeiros Torres, M.B.A. Gurltia
paralysans Infection in Domestic Cats in the State of Pernambuco, Brazil. Acta Sci. Vet. 2019, 47, 1-6. [CrossRef]

Goémez, M.; Garcia, C.; Maldonado, I.; Pantchev, N.; Taubert, A.; Hermosilla, C.; Moroni, M.; Mufioz, P.; Duran, A.; Mieres, M.;
et al. Intra vitam diagnosis of neglected Gurltia paralysans infections in domestic cats (Felis catus) by a commercial serology test
for canine angiostrongylosis and insights into clinical and histopathological findings—Four-case report. Pathogens 2020, 9, 921.
[CrossRef] [PubMed]

Lopez-Contreras, F.; Rojas-Barén, L.; Gomez, M.; Morera, E; Septlveda, P.; Moroni, M.; Mufioz, P.; Acosta-Jammett, G.; Mieres, M.;
Hirzmann, J.; et al. Molecular Detection of Gurltia paralysans by Semi-Nested PCR in Cerebrospinal Fluid and Serum Samples
from Domestic Cats (Felis catus). Animals 2020, 10, 1169. [CrossRef]

Cizauskas, C.A.; Carlson, C.J.; Burgio, K.R.; Clements, C.F; Dougherty, E.R.; Harris, N.C.; Phillips, A J. Parasite vulnerability to
climate change: An evidence-based functional trait approach. R. Soc. Open Sci. 2016, 4, 160535. [CrossRef]

Hermosilla, C.; Gémez, M.; Mufioz, P.; Moroni, M.; Mieres, M. Molekulare Charakterisierung von Gurltia paralysans und Etablierung
einer Speziesspezifischen PCR. In Proceedings of the DVG Parasitologie Meeting, Giessen, Germany, 8-10 July 2013; p. 1.

Rojas, M. Analisis clinico-patolégico en 7 gatos domésticos (Felis catus) con paraparesis/plejia producida por Gurltia paralysans.
DVM Thesis, Universidad Austral De Chile, Valdivia, Chile, 2011.


http://doi.org/10.1016/j.vprsr.2017.10.001
http://doi.org/10.1590/s1984-296120201087
http://doi.org/10.1016/j.vetpar.2011.08.035
http://doi.org/10.1016/j.vetpar.2015.03.016
http://doi.org/10.1007/s00436-010-2026-4
http://doi.org/10.1186/s13071-016-1440-6
http://doi.org/10.1186/s12917-017-1083-7
http://www.ncbi.nlm.nih.gov/pubmed/28592295
http://doi.org/10.4067/S0719-81322021000100033
http://doi.org/10.1016/j.vetpar.2018.03.027
http://doi.org/10.1016/j.vetpar.2010.02.039
http://doi.org/10.1590/S1984-29612011000300017
http://www.ncbi.nlm.nih.gov/pubmed/21961761
http://doi.org/10.1111/vru.12026
http://www.ncbi.nlm.nih.gov/pubmed/23464605
http://doi.org/10.1590/S0100-736X2013000300015
http://doi.org/10.1136/vetreccr-2016-000327
http://doi.org/10.22456/1679-9216.93778
http://doi.org/10.3390/pathogens9110921
http://www.ncbi.nlm.nih.gov/pubmed/33172186
http://doi.org/10.3390/ani10071169
http://doi.org/10.1098/rsos.160535

Pathogens 2021, 10, 1601 13 of 13

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

Dantas-Torres, F.; Ketzis, J.; Mihalca, A.D.; Baneth, G.; Otranto, D.; Tort, G.P.; Watanabe, M.; Linh, B.K.; Inpankaew, T.;
Jimenez Castro, P.D.; et al. TroCCAP recommendations for the diagnosis, prevention and treatment of parasitic infections in dogs
and cats in the tropics. Vet. Parasitol. 2020, 283, 109167. [CrossRef] [PubMed]

Goémez, M.; Mieres, M; Lillo, C.; Rojas, M.; Mufioz, M. Clinical and imaging findings in feline myelopathy induced by Guritia
paralysans: A neglected neuroparasite in domestic cats. In Proceedings of the DVG Parasitologie Meeting, Hannover, Germany,
2—4 July 2012; p. 2.

Bishop, B.; Bruce, C.; Evans, N.; Goudie, A.; Gration, K.A.; Gibson, S.; Pacey, M.; Perry, D.; Walshe, N.D.; Witty, M. Selamectin: A
novel broad-spectrum endectocide for dogs and cats. Vet. Parasitol. 2000, 91, 163-176. [CrossRef]

Plumb, D.C. Veterinary Drug Handbook, 9th ed.; Iowa State University Press: Ames, IA, USA, 2018; ISBN 978-1-119-34445-2.
Lovell, R.A. Ivermectin and Piperazine Toxicoses in Dogs and Cats. Vet. Clin. N. Am. Small Anim. Pract. 1990, 20, 453—-468.
[CrossRef]

Lynn, R.C. Drugs for the treatment of helminth infections. In Small Animal Clinical Pharmacology and Therapeutics; Saunders:
Philadelphia, PA, USA, 2008; p. 594, ISBN 978 0 7020 2858 8.

Tranquilli, W.J.; Paul, AJ.; Todd, K.S. Assessment of toxicosis induced by high-dose administration of milbemycin oxime in
collies. Am. |. Vet. Res. 1991, 52, 1170-1172.

Gyorke, A.; Dumitrache, M.O.; Kalmar, Z.; Pastiu, A.IL; 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]
Penagos-Tabares, F.,; Lange, M.K; Vélez, ].; Hirzmann, J.; Gutiérrez-Arboleda, J.; Taubert, A.; Hermosilla, C.; Chaparro Gutiérrez, J.J.
The invasive giant African snail Lissachatina fulica as natural intermediate host of Aelurostrongylus abstrusus, Angiostrongylus
vasorum, Troglostrongylus brevior, and Crenosoma vulpis in Colombia. PLoS Negl. Trop. Dis. 2019, 13, e0007277. [CrossRef]
Lopez-Osorio, S.; Navarro-Ruiz, ].L.; Rave, A.; Taubert, A.; Hermosilla, C.; Chaparro-Gutierrez, J.J. Aelurostrongylus abstrusus
Infections in Domestic Cats (Felis silvestris catus) from Antioquia, Colombia. Pathogens 2021, 10, 337. [CrossRef]

Uribe, M.; Payan, E.; Brabec, J.; Vélez, ].; Taubert, A.; Chaparro-Gutiérrez, J.J.; Hermosilla, C. Intestinal Parasites of Neotropical
Wild Jaguars, Pumas, Ocelots, and Jaguarundis in Colombia: Old Friends Brought Back from Oblivion and New Insights.
Pathogens 2021, 10, 822. [CrossRef]

Schweizer, M.; Triebskorn, R.; Kohler, H. Snails in the sun: Strategies of terrestrial gastropods to cope with hot and dry conditions.
Ecol. Evol. 2019, 9, 12940-12960. [CrossRef]


http://doi.org/10.1016/j.vetpar.2020.109167
http://www.ncbi.nlm.nih.gov/pubmed/32580071
http://doi.org/10.1016/S0304-4017(00)00289-2
http://doi.org/10.1016/S0195-5616(90)50038-8
http://doi.org/10.3390/pathogens9020080
http://www.ncbi.nlm.nih.gov/pubmed/31991881
http://doi.org/10.1371/journal.pntd.0007277
http://doi.org/10.3390/pathogens10030337
http://doi.org/10.3390/pathogens10070822
http://doi.org/10.1002/ece3.5607

	Introduction, Brief History, and the Enigmatic Life Cycle 
	Worldwide Distribution Range of Gurltiosis 
	Clinical Signs and Diagnostic 
	Treatment 
	The Northernmost G. paralysans Case Report in South America 
	Conclusions 
	References

