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Gurltia paralysans is a neglected and re-emerging metastrongyloid angio-neurotropic nematode causing severe chronic
meningomyelitis in domestic cats (Felis catus) as well as in free-ranging small wild felids such as kodkods (Leopardus
guigna), margays (Leopardus wiedii) and the northern tiger cat (Leopardus triginus) in South America. Within these
definitive hosts (DH), adult males and females of G. paralysans parasitize the leptomeningeal veins of the subarachnoid
space and/or the meningeal veins of spinal cord parenchyma, inducing vascular alterations.
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| 1. Introduction

Gurltia paralysans is a neglected metastrongyloid nematode (superfamily Metastrongyloidea, family Angiostrongylidae)
causing severe chronic meningomyelitis in domestic cats (Felis catus) as well as in free-ranging wild felids of the genus
Leopardus in South America. Historically, G. paralysans was first described by Kurt Wolfgang Wolffhiigel (1933), a
German scientist, naturalist, and parasitologist, who isolated adult nematodes from the vein system of the leptomeninges
of 11 domestic cats suffering from chronic pelvic paraparesis within the provinces of Llanquihue and Puerto Varas in
Southern Chile 2, The etymology of the genus Gurltia is explained by Wolffhiigel's intention to honour Ernst Friedrich
Gurlt (1794-1882), a German veterinary anatomist and teratologist. Wolffhiigel (1933) initially described this neurological
parasitosis associated with small felines as “paraplejia cruralis parasitaria felis” and placed the nematode species within
the genus Hemostrongylus, later renamed Angiostrongylus W. One year later, Wolffhiigel (1934) published an extended
description of its geographic distribution, morphology, pathological findings, and clinical signs and speculated on its
transmission and definitive host (DH) spectrum. This author showed the small wild felid species kodkod (Leopardus
guigna; Figure 1) to be the main natural DH in Southern Chile and in the border regions of Argentina, locally known as
“guifia” or “spotted tiger cat”. In addition, Wolffhiigel (1993, 1934) proposed domestic cats as aberrant DH that were first
introduced by European settlers into the South American continent and thereafter became exposed to this endemic
nematode B, More recently, the spectrum of wild felid species acting as DH has increased, nowadays including the
margay (Leopardus wiedii) and the northern tiger cat (Leopardus tigrinus) . Additionally, within the genus Leopardus,
other small wild felids have also been suggested as potential DH in South America WERIBIEIEI  Alongside the genus
Leopardus, larger wild felids of South America, i.e., pumas (Puma concolor concolor), jaguars (Panthera onca), and
jaguarondis (Herpailurus yagouaroundi), have also been suggested as potential DH, but this needs further investigation [
BIA, |n a recent study on free-ranging guifias in Chile, although no presence of G. paralysans was observed, the isolation
of other closely related nematodes such as Angiostrongylus sp., Oslerus sp. and Troglostrongylus sp. was observed,
indicating diversity, susceptibility, and the potential risk of lungworm infections in South America [&l.
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Figure 1. Distribution of wild guifias (syn. huifias, kodkods, spotted tiger cat) in South America. (A) Adult specimen of a
guifia (Leopardus guigna) (image reprinted with permission from © Joel Sartore/Photo Ark, 2022). (B) Geographic
distribution of guifia in Chile (orange) and Argentina (yellow). (C) Scale representation of an adult guifia.

In vivo, G. paralysans has a marked angio-neurotropism invading the venous system of leptomeninges, specifically the
thoracic, lumbar, and sacral spinal cord segments. The distribution of G. paralysans adults within the meningeal veins of
the subarachnoid space implies activation of the highly immunoreactive endothelium, as seen for Angiostrongylus
vasorum ¥ probably resulting in thrombophlebitis with thrombus formation, venous congestion, and meningeal
haemorrhages due to endothelium damage, as observed in severe feline gurltiosis 19. Clinical manifestations can include
chronic symmetrical or asymmetrical pelvic limb ataxia, ambulatory paraparesis, uni- or bi-lateral hyperactive patellar
reflexes, proprioceptive deficit of pelvic limbs, pelvic limb muscular atrophy, diarrhoea, weight loss, coprostasis, urinary
and faecal incontinence, and death MIZISIAISI6 (Table 1). Neurological signs are typically associated with
neuroanatomical lesions observed in post mortem examinations and histopathological specimens within the spinal cord &I
(10J14[A2]  Recently, histological and immunohistochemical characterization of vascular alterations in naturally G.
paralysans-infected domestic cats of Chile unveiled suppurative vasculitis, haemorrhages, vascular congestion, and
varicosis of not only spinal cord but also cerebrum-, cerebellum- and brain stem-associated veins 23], thereby supporting
endothelium-derived pro-inflammatory innate immune reactions.

Table 1. Reported cases of feline gurltiosis including age, geographic location, clinical presentation and diagnosis.

Number
Age Location of Clinical Presentation Diagnosis Reference
Cases
. Paraparesis (ambulatory)
Chile PL ataxia Post mortem
1-3y (Los Rios/Los 3 R 12
. PL muscle atrophy (histopathology)
Lagos regions) . . .
Anallurinary incontinence
Paraparesis (ambulatory)
PL ataxia
Colombia Spinal pain Post mortem
6-8 m (Antioquia 6 PL muscle atrophy (histopathology, Myelo) a4
municipality) Anallurinary incontinence p 9%, My
Decrease superficial/deep
pain in PL
Paraparesis (non-ambulatory)
Argentina PL muscle atrophy
R . . Post mortem [15]
2y (Buenos Aires 1 Increase spinal reflexes in PL (histopathology)
province) Decrease superficialldeep P 9y
pain in PL
NA Uruguay 2 Parapal;aasrlz (;milr;ulatory) Post mortem [16]
(Fray Bentos) pleg (histopathology)

PL ataxia



Number

Age Location of Clinical Presentation Diagnosis Reference
Cases
Paraparesis (ambulatory)
PL ataxia
Analrltrrir:'ll;sr(:l?nigsz::nce Post mortem
1-3y Chile 3 - y . (histopathology, specimens e
Spinal hyperaesthesia
. extracted from SSE)
PL trembling
Increase spinal reflexes in PL
Paraplegia
Paraparesis (ambulatory)
Paraparesis (non-ambulatory)
8m- Paraplegia Post mortem
10 Chile 9 PL ataxia (histopathology, specimens un
y Increase spinal reflexes in PL extracted from SSE, Myelo, CT, MRI
Spinal hyperaesthesia
Anallurinary incontinence
Paraparesis (ambulatory)
NA Brazil 4 PL muscle atrophy Post mortem [18]
(Rio Grande do Sul) Vesical atony (histopathology)
Tail atony
Paraparesis (ambulatory)
Paraplegia
Decrease spinal reflexes in
NA Argentina 3 PL Post mortem [19]
(Santa Fé) Decrease superficial pain in (histopathology)
PL
Skin lesions in the metatarsal
region
Chile Paraparesis (ambulatory) Myelo-CT, CSF (mononuclear
8m (Ancud, Los Lagos 1 Anallurinary incontinence pleocytosis), post mortem ua
regions) Tail atony (histopathology)
Spain s Specimen extracted from anterior [20]
2y (Tenerife) 1 Uveitis in left eye chamber of the eye, PCR
Paraparesis (ambulatory)
. PL ataxia,
NA (Perr?a:?nzlloluco) n PL muscle atrophy (hf::csat ;ntzrotlim ) =
Skin lesions in metatarsal p 9.
and phalangeal regions
Paraparesis (ambulatory) Post mortem
36 m Chile 10 Paraplegla (histopathology), IDEXX (Angio [5]
PL ataxia Detect),

Anallurinary incontinence

specimens extracted from SSE

| 2. Hypothetical Life Cycle of Gurltia paralysans (Angiostrongylidae)

Small felids of the genera Felis and Leopardus are considered as DH of G. paralysans, as sexual replication occurs within
these carnivorous mammals. As such, intravascular gravid G. paralysans females passing non-embryonated eggs (i.e.,
those containing 16 blastomeres) within the subarachnoid leptomeningeal veins of spinal cords from domestic cats (F.
catus) 14, kodkods (L. guigna) WIAR! margays (L. wiedii) and northern tiger cats (L. tigrinus) ¥ have been reported.
Within Chilean territories, other small wild felids of the genus Leopardus have been discussed as potential DH WEIE such
as the Andean cat (Leopardus jacobita) and the Pampas cat (Leopardus colocolo). In semiarid, subtropical and tropical
regions of South America, the southern tiger cat (Leopardus guttulus), Geoffroy's cat (Leopardus geoffroyi) and the ocelot
(Leopardus pardalis) might also act as DH WIEI422 \oreover, in South, Central and North America, larger wild felids
such as the cougar (P. concolor concolor), the jaguar (P. onca) and the jaguarundi (H. yagouarundi) are proposed as DH,
but this needs further clarification 22,

Unfortunately, nothing is known on other aspects of the life cycle, such as the mode of DH infection, exogenous larval
development in obligate intermediate hosts (IH), endogenous in vivo migration of infective L3, pre-patency, patency and
post-patency EI8I12] Neijther eggs nor first-stage larvae (L1) have been detected in faeces, blood, bronchial lavage and/or
other body fluids of naturally G. paralysans-infected domestic cats, northern tiger cats and margays [L2122][23],



As reported for other nematodes of the family Angiostrongylidae, terrestrial/aquatic gastropods (shails, semi-slugs and
slugs) acting as obligate IH as well as paratenic hosts (PH) have been proposed in the biology of G. paralysans.
Therefore, larval development occurring through moults from first-stage larvae (L1) to second-stage larvae (L2) and to the
final infective third-stage larvae (L3) (Figure 2) has recently been proposed EISIA The suspected PH in this life cycle,
such as crustaceans, amphibians, reptiles, rodents and birds, might become infected after ingesting L3-carrying
gastropod IH, as reported for closely related Angiostronglylus species 24123l To elucidate the presence of G. paralysans
larval stages in obligate gastropod IH, a large-scale epidemiological survey was recently conducted in the southern parts
of Chile [28], 835 terrestrial gastropods from a previously well-recognized endemic focus surrounding the city of Valdivia,
Chile 28] were collected, demonstrating that neither PCR, enzymatic digestion nor histological examinations revealed
the presence of larvae W28, Collected gastropods included slugs of the families Arionidae, Limacidae and Milacidae as
well as snails of the family Helicidae. Nonetheless, neither terrestrial semi-slugs (family Helicarionidae) nor aquatic snails
were included in this survey, and thus this needs further investigation 71281,
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Figure 2. Proposed life cycle and migration pathways of Gurltia paralysans. (A) Cranial end of an adult specimen of G.
paralysans. (B) Domestic cats (Felis catus) or wild felids (Leopardus spp.) acquire the L3 larvae by ingesting an infected
obligate intermediate host (gastropods) or paratenic hosts (lizards, rodents, amphibians, birds or insects). Infective larvae
penetrate the stomach and enter the hepatic portal system, and then the caudal vena cava and/or the azygous venous
system. From these vein systems, the larvae migrate to the spinal cord via the intervertebral veins and the vertebral
venous plexus. The larvae invade the veins of the subarachnoid space of the spinal cord, where they mature and lay
eggs. It is still unknown on how domestic cats eliminate the eggs or the first-stage larvae (L1) into the environment, their
further development into the L2 and L3 larval stages, or how the obligate intermediate hosts become infected with L1. AV:
azygos vein; CV: caudal vena cava; IV: intervertebral veins; H: heart; L: liver; S: stomach; SC: spinal cord; VVP: vertebral
venous plexus; L1: first-stage larvae; L2: second-stage larvae; L3: third-stage larvae. The inserted QR code shows a
video of a G. paralysans-infected cat with clinical signs of paraparesis.

Proposed infection routes for felid DH are either after consumption of G. paralysans L3-infected gastropod IH or after
consumption of L3-infected PH, as initially proposed by Wolfthiigel (1934) Bl. As such, in his article, he referred to the
colloquial name of feline gurltiosis used by locals, namely “lizard disease”, highlighting the pivotal role of PH in
transmission. Alongside lizards, fish, frogs, toads, newts, snakes, turtles, birds, rodents, planarians, crustaceans, insects
and myriapods have also been suspected in the life cycle of G. paralysans within South America LIBI2L28] | jkewise,
infective A. cantonensis-L3 larvae liberated from dead or living gastropods can survive outside IH for a short time, forming
an important source of infection. The L3 larvae of A. cantonensis can enter new IH through the process known as
intermediasis, which might occur in this life cycle as well, thereby extending the survival strategies of G. paralysans.
These alternative transmission routes can occur with ease in neotropical South American rainforests, which have the
highest biodiversity of protist, invertebrate and vertebrate species in the world [,

Concerning the endogenous migration of G. paralysans L3 in felid DH in vivo, nothing is known so far. Hypothetically, L3
migration could be through the small intestinal mucosa in order to reach the mesenteric veins and/or lymphatic vessels of
the abdominal viscera and thereafter via connections of either the azygos or the caval venous system (CVS) with the



thoracic, lumbar or sacral intervertebral veins until they reach the vertebral venous plexus (VVP, Figure 2) . The VVP is
in direct communication with the cranial venous system, and because no valves exist in either of them, blood might flow
cranially or caudally, depending on blood pressure W24, G. paralysans could take advantage of the absence of valves in
the VVP to reach either the spinal subarachnoid space or even the brain W22l28] Simijlarly, in spinal schistosomiasis in
humans, the dissemination of the parasite occurs via the intestinal veins to the VVP 22, Spinal schistosomiasis usually
involves the lower thoracic and lumbosacral spine, probably because the VVP connects the intra-abdominal veins with
those of the lower spine Y. The presence of fertile male and female nematodes, and gravid females passing eggs within
the ventral VVP and basivertebral veins located in the vertebral bodies, were isolated during necropsies, confirming the
marked angiotropism of G. paralysans in DH W2l Moreover, parasitic localization within the VVP’s venous connections
may explain the presence of eggs, L1, pre-adults and adults of G. paralysans in distant places, such as the cerebrum,
cerebellum and anterior chamber of the eye of infected cats L2273 Nonetheless and in contrast to all Angiostrongylus
species residing within arterial vessels, G. paralysans dwells within venous vessels. Thus, the adaptations of G.
paralysans to the VVP’s venous connections might be associated not only with abiotic factors of the venous
microenvironment, such as hypoxia and CO, concentrations, but may also be linked to physical factors (e.g., temperature,
blood flow velocity) and even nutrients, among others L. It seems indispensable for future investigations on the migratory
pathways of G. paralysans to include not only vein tropism but also neuroanatomical localization within the subarachnoid
VVP in felids &. During the patency period, gravid G. paralysans will then release un-embryonated eggs into the
leptomeningeal vein system. Intravascular eggs will develop into L1, and hatching of the L1 will occur within the VVP, as
demonstrated previously L2, The free-released L1 will then breach the alveolar walls in order to access the bronchioles,
bronchia and trachea, and are most likely expelled via faeces into the environment. Consistently, the life cycles of other
closely related angio-neurotropic metastrongyloid genera of cervids (Elaphostrongylus and Parelaphostrongylus) might
explain the final localizations of G. paralysans in the subarachnoid leptomeningeal veins of felid spinal cord. Likewise,
adults of Elaphostrongylus alces occur in vessels of the epidural space of the vertebral canal and in the skeletal muscles
of moose (Alces alces) B33l Similar to G. paralysans, E. alces has obligate gastropod IH, causing neurological disorders
in wild moose populations after ingestion of L3-carrying gastropods 233, Earlier researchers suggested that E. alces L3
migrate directly from the gut into the epidural space of the caudal vertebral canal, where development to the adult stages
takes place. During endogenous development, E. alces nematodes produce severe inflammation of the epidural tissue
and spinal nerves 2. In line with this, development of Elaphostrongylus rangiferi also takes place only within the brain
and spinal cord vessels of reindeer (Rangifer tarandus), with subsequent migration of adult nematodes into the skeletal
muscle B4, In the case of Parelaphostrongylus tenuis, also known as “meningeal worm” or “brain worm”, which typically
occurs in wild cervids (Cervidae), adult nematodes mate in the blood vessels of deer heads, and gravid females start
releasing eggs into the circulatory system B2, In fact, the release of eggs or larvae into the circulatory blood system might
be linked with the appearance of P. tenuis larvae in the ventral portion of the anterior eye chamber 8, similar to a recent
ophthalmic finding in a G. paralysans-infected domestic cat of Tenerife Island, Spain 22,

One of the most peculiar features of some Angiostrongylus species (Angiostrongylidae) is their strong neurotropism within
warm-blooded DH or accidental/aberrant hosts (AH). As such, infectious A. cantonensis L3 must migrate through the
central nervous system (CNS), where they develop further, reaching the L5 larval stage in the subarachnoidal space
within two weeks post infection B8] This part of the life cycle usually does not produce severe signs in DH (e.g., rats);
however, infections in AH commonly result in eosinophilic meningitis, with several clinical scenarios 38 as was also the
case for G. paralysans-infected domestic cats considered by Wolffhiigel (1934) as AH. Clinical manifestations are
common between G. paralysans and A. cantonensis due to the signs observed in infected animals resulting in increased
intracranial pressure, neural tissue damage, the hosts’ pro-inflammatory response, congestion, thrombosis,
thrombophlebitis, varices and thickening of the affected vessels [LIIL&I37],
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