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Toxocara Brain Infection in Pigs is Not Associated with Visible Lesions on Brain Magnetic
Resonance Imaging
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Abstract. Human exposure to Toxocara spp. is very frequent, and its larvae can cross the blood–brain barrier and
invade the central nervous system (CNS), causing neurotoxocariasis. We aimed to establish a neurotoxocariasis animal
model in pigs confirmed by necropsy. Also, the presence of larvae in the CNS was assessed using magnetic resonance
imagings (MRIs), to establish brain lesions caused by the larvae migration. Ten pigs were infected intraperitoneally with
3,000 Toxocara larvae. Cerebral toxocariasis was evaluated using MRIs at days 7, 14, 21, and 49, and pigs were
euthanized after the examination. Brain tissues were examined by microscopy, and five pigs presented Toxocara, most
frequently at day 21 after infection. None of the 10 pigs showed alterations on MRIs. Our study confirms that in-
traperitoneal Toxocara infection produces neurotoxocariasis in pigs. Toxocara larvae passage through the brain does not
seem to produce lesions detectable at MRIs.

Human toxocariasis is a zoonosis caused by the larval
stages of Toxocara canis and Toxocara cati, the common
roundworms of dogs and cats. Humans are infected by acci-
dental ingestion of embryonated Toxocara eggs present in
contaminated soil or food, or by the ingestion of encapsulated
larvae contained in the raw tissues of paratenic hosts, such as
cattle and chickens.1 When ingested, embryonated eggs de-
velop into juvenile larvae that crossing the small intestine mi-
grate to any organ through the circulatory system determining
a multisystemic inflammatory tissue reaction. Visceral and
ocular larva migrans are the most common clinical manifes-
tations. Toxocara larvae can cross the blood–brain barrier,
invading the central nervous system (CNS) and leading to
neurotoxocariasis.2

Despite consistent evidence that exposure to Toxocara is
very common, CNS infection in humans is thought to be rare,
and to date, only about 100 cases of neurotoxocariasis have
been reported in the literature since 1956.2–4 Clinical presen-
tations of neurotoxocariasis include a wide spectrum of
neurological manifestations including seizures, meningitis,
encephalitis, myelitis, and cerebral vasculitis.5,6 Neuro-
toxocariasis is rarely considered in the differential diagnosis
of neurological pathologies, and the disease is probably
underdiagnosed.2

Animal models serve as a comparison to human toxocar-
iasis, althoughmigration routes and predilection sites depend
on the host species. Toxocara larvae generally migrate to the
brain in animal models including rodents, pigs, primates, and
others.7 Among animal models, pigs have been largely
adopted because of physiological and biochemical similari-
ties, particularly in terms of immune response.7 In pigs, Tox-
ocara larvae exhibit an extensivemigration pattern and induce
a strong immune response,8 with a lack of clinical symptoms
despite extended larval migration and the presence of path-
ological changes in different neural tissues.9 Toxocara larvae

can be recovered from the lymph nodes around the intestines,
from the lungs, liver, and brain of experimentally infected pigs
on days 10–21 postinfection, but totally disappeared after
126 days postinfection.8–10

Pathology in porcine cerebral toxocariasis demonstrates
congestion, edema, shrinkage of nerve cells, vacuolization,
gliosis, satellitosis, neurophagia, and liquefactive necrosis.11

Disease in the pig is self-limited, with a significant decrease in
larval numbers over time and a tendency of lesions to heal
from 28 days postinfection onward.10

This study aimed to establish an animal model using in-
traperitoneal inoculation ofT. canis larvae in pigs confirmedby
necropsy and microscopical diagnosis. In addition, the pres-
ence of larvae in the CNS was also assessed using magnetic
resonance imagings (MRIs), to establish if the passage of
larvae through the brain may produce lesions detectable by
neuroimaging.
Tenpigs of approximately 8weeksof age, of both sexes and

from a technified farm, were used. The piglets were kept in the
animal facilities of the School of Veterinary Medicine from the
National University of San Marcos, Lima, Peru, and fed on
commercial food and sterile water ad libitum.
Toxocara eggs were collected directly from the uterus of

adult nematodes obtained from naturally infected dogs
(treated with pyrantel pamoate). The eggs were placed in a
2.5% potassium dichromate solution for 30 days until the
larvae developed. Subsequently, egg hatching was induced
for larvae to come out. Larvae viability was determined by
observation of movement under a microscope.
Infectivity of the larvae was evaluated in 20 BALB/c mice, in

which 500 larvae were inoculated intraperitoneally (IP). Five
days postinfection, mice were euthanized with 60 mg/kg so-
dium pentobarbital (IP) and the presence of Toxocara larvae in
liver and lung tissues was evaluated using pepsin digestion.
Tissues were cut with scissors into small pieces and digested
for 24 hours at 37�C in a solution consisting of 1% pepsin and
1%HCl in tap water, and sedimented in 50-mL conic tubes by
centrifugation. The sediment was examined under micros-
copy at ×40 of magnification to detect larvae.12 After con-
firming viable larval infection in mice, the pigs were infected IP
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with 3,000 larvae, under anesthesia with intramuscular ket-
amine at 20 mg/kg and xylacine at 1.5 mg/kg.
Cerebral toxocariasis in pigs was evaluated using MRIs at

day 7 (two pigs), day 14 (two pigs), day 21 (three pigs), and day
49 (three pigs). Before MRIs, pigs were anesthetized with
ketamine xylacine as described earlier, and then, a catheter
was inserted into the marginal ear artery of each pig and kept
latent by very slownormal saline dripwith ketamine as needed
(Figure 1). Magnetic resonance imagingswere performed on a
3-Tesla MRI scanner (Philips Achieva, Best, the Netherlands).
Sequences included coronal, sagittal, and axial turbo field
echo T1-weighted gradient echo images under conditions of
repetition time = 7 ms, echo time = 4 ms, flip angle = 8�, pixel
bandwidth = 270 kHz, section thickness = 0.5–4 mm, and
matrix = 256–480 pixels, before and after injection of a con-
trast solution (gadolinium diethylene triaminopentaacetic acid
at 0.1 mmol/kg) through the ear IV catheter.
After MRIs, pigs were euthanized with a lethal intravenous

dose of 120 mg/kg of sodium pentobarbital. The pigs’ brains
were retrieved at necropsy. All brain tissue was used for the
detection of Toxocara larvae. The brain was divided into left
and right hemispheres, as well as anterior and posterior re-
gions. Also, the cerebellum was totally evaluated. Small
pieces of the brain and cerebellum tissue of approximately
5 mm3 were crushed between two glass slides, and the
presence of Toxocara larvae was diagnosed under micros-
copy at ×40 of magnification.
The study was approved by the Institutional Ethics Com-

mittees for the Use of Animals at the Universidad Peruana
CayetanoHeredia (protocol number 032-09-18). Treatment of
animals adhered to theCouncil for International Organizations
of Medical Sciences International Guiding Principles for Bio-
medical Research Involving Animals.
All pigs underwent brain MRIs with contrast injection at

different times between day 7 and day 49 after infection as
described earlier. None of the 10 pigs showed alterations on
MRIs.
Necropsy and MRIs were performed in the same day. Tox-

ocara larvae were found in the brain tissues of five of the 10
study pigs: 0/2 at day 7, 1/2 at day 14 (three larvae in the right
hemisphere, two in the anterior region and one in the posterior
region), all three pigs at day 21 (pig 1: one larva in the posterior
region of the right hemisphere; pig 2: three larvae in the left
hemisphere, two in the anterior region and one in the posterior

region; and pig 3: five larvae in the right hemisphere, three in
the anterior region and two in the posterior region; one larva in
the posterior region of left hemisphere; and three larvae in the
cerebellum), and 1/3 at day 49 (one larva in the right posterior
region) (Figure 2).
Our study confirms that intraperitoneal infection of Tox-

ocara larvae produces neurotoxocariasis in pigs. In particular,
in agreement with the literature, all pigs sacrificed 21 days
postinfection presented Toxocara larvae in the brain. Our
findings also support the hypothesis that larvae do not seem
to persist for prolonged periods; literature, in fact, suggests
that larvae totally disappeared after 126 days postinfection,
indicating self-limiting factors.10

We assessed the presence of Toxocara larvae in the brain
using a 3-Tesla MRI. However, all encephalic MRIs were
negative, including the five pigs in which the presence of the
larvae in the brain was demonstrated by necropsy. Reported
cases of human neurotoxocariasis are supported by neuro-
imaging findings and involve diverse clinical presentations.4

Beyond reported clinical cases and case series, several epi-
demiological studies have suggested a possible association
between Toxocara seropositivity neurological disorders,
without neuroimaging confirmation.2 In particular, several
case–control studies and two meta-analyses suggest a pos-
sible role of toxocariasis in the incidence of epilepsy.13

FIGURE 1. Cerebralmagnetic resonance imaging procedure (A) and image (B) on a participant pig. This figure appears in color at www.ajtmh.org.

FIGURE 2. Toxocara canis larvae in the brain tissue. This figure ap-
pears in color at www.ajtmh.org.
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In animal models, larvae become undetectable in the brain
after a certain period of time.10 The passage of Toxocara lar-
vae through the brain does not seem to produce lesions de-
tectable at MRIs, suggesting that it does not necessarily
produce structural lesions and is likely followed by complete
resolution of lesions.
Diverse, nonspecific MRI lesions have been found in

biopsy-confirmed cases of human neurotoxocariasis, in-
cluding ring-enhancing lesions typical of a granulomatous
reaction.4 Histological examination generally shows a granu-
lomatous inflammatory response containing large numbers of
eosinophils and neutrophils in the parenchyma with peri-
vascular lymphocytic infiltrates, but larvae are rarely detected
inside the lesion.3 An intuitive hypothetical explanation for the
lack of MRI lesions in pigs with brain toxocariasis would be
that the migration of the larvae across the brain not necessary
lead to an inflammatory granuloma. The development of a
granulomatous reaction dependson several factors, including
the host immune response as well as the parasitic load. It
should be noted that the parasitic load in our experiment is
lower than that reported in other studies probably because of
the lower number of larvae (3,000) inoculated IP. The short
time to MRIs could also contribute to explain our negative
findings. In experimental infections in mice, granuloma for-
mation was observed at 11 weeks postinfection.14

How larval Toxocara infection can result in seizures and
epilepsy is yet unknown. Although seizures can be caused by
a granulomatous reaction induced by Toxocara larvae, there
are only a few proven cases in the literature.4,15 In experi-
mental studies in animals, cerebral Toxocara infection pro-
ducesamarked immune response thatdisrupts thepermeability
of theblood–brain barrier, increasingproinflammatory cytokines
and leading to neuronal damage.2 Toxocariasis also leads to
autoantibody production,16 and autoantibodies against neuro-
nal elements have been involved in some type of human
epilepsies.17–20 In this scenario, the lack of abnormal MRI find-
ings during the passage of Toxocara larvae suggests that epi-
leptogenic mechanisms are unlikely to be due to a focal,
granulomatous reaction. Further studies in the pig model can
contribute to determine whether the other proposed mecha-
nisms (blood–brain barrier disruption, inflammation, neuronal
damage, and autoantibody production) contribute to seizures in
neurotoxocariasis and define the underlying pathophysiological
mechanisms.
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