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Case Report
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Abstract Neural larva migrans (NLM) with eosinophilic
meningoencephalitis secondary to raccoon roundworm
(Baylisascaris procyonis) infection has been reported in
rural and suburban areas of North America and Europe
with extant raccoon populations. Most cases have occurred
in infants less than two years of age exposed to areas of
raccoon fecal contamination. Here, we present a case of
Baylisascaris-induced NLM from the densely populated
borough of Brooklyn in New York City and alert urban
pediatricians to consider this cause of clinical neurologic
disease even in areas not typically thought to be associated
with endemic risk factors. Infected raccoons also occur
in urban settings, and urban children may be exposed to
environmental areas or materials contaminated with their
feces and the parasite’s eggs.
Keywords Baylisascaris procyonis, Raccoon roundworm,
Eosinophilic meningoencephalitis, Neural larva migrans
1 Introduction
Neural larva migrans (NLM) is invasion of the brain and/or
spinal cord by migrating larvae of helminth parasites, most
commonly ascarids of carnivores [11, 13]. The most common cause of clinical NLM in animals is the raccoon roundworm, Baylisascaris procyonis, which has produced fatal or
severe neurologic disease in over 130 species of mammals
and birds in North America [13, K. Kazacos, unpublished].
Because of its high prevalence and widespread distribution,
B. procyonis is being increasingly recognized as a cause

of eosinophilic meningoencephalitis in humans, primarily
children with significant environmental contact [8, 20].
Cases of B. procyonis NLM are usually observed where
infected raccoons occur, such as in rural and suburban
communities in the northern and midwestern United States
and on the west coast [13]. NLM has been less often reported
within densely urban communities, even though raccoons
are also known to occur in this setting [8]. Unfortunately,
this geographical bias may obscure consideration of this
etiology and lead to delayed diagnosis and poor neurological
outcomes. As raccoons have migrated from rural to urban
settings, more city dwellers will be exposed to B. procyonis
infection and may suffer grave consequences [8, 20, 22].
Herein we present a case of an infant in New York
City in order to alert pediatricians in urban settings to
consider NLM as well as B. procyonis in patients with
eosinophilic meningoencephalitis. Recently, a New York
City Department of Health public health advisory was
released, in response to this case as well as another of our
urban patients, a teenager with B. procyonis-induced ocular
larva migrans (OLM), who suffered permanent severe vision
impairment [21].
2 Case report
A 12-month-old male presented to the Pediatric Emergency
Center with a three-week history of unexplained irritability and a three-day history of progressive weakness. The
patient developed head lag, loss of truncal tone, vacant stare,
inability to crawl or stand, and unresponsiveness to visual or
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auditory stimuli. However, the patient was afebrile, had a
normal appetite, and did not manifest gastrointestinal, respiratory, or cutaneous symptoms.
The infant had an unremarkable medical history and
was born by spontaneous vaginal delivery in Brooklyn,
New York, to a healthy 25-year-old woman, without
complications. He lived with his healthy parents, threeyear-old sister, and five-year-old brother, in a single
family dwelling in an urban area of Brooklyn known
to have dogs, cats, and raccoons. The infant was never
previously hospitalized, had up-to-date vaccinations,
and was progressing normally through developmental
milestones.
At presentation, the patient was alert but irritable.
His vital signs were temperature 100.1◦ F, heart rate
124 beats per minute (bpm), respiratory rate 20 breaths
per minute, oxygen saturation 98%, weight 8.9 kg (10th
percentile), and height 78 cm (75th percentile). Physical
exam was remarkable for markedly decreased tone in
the head and trunk, decreased deep tendon reflexes in
all extremities, and a searching-type nystagmus, with
associated unresponsiveness to track any visual stimuli.
Fundoscopic examination was within normal limits.
A peripheral complete blood count revealed white
blood cells (WBCs) 31,200/µL, hemoglobin 10.7 mg/dL,
and platelets 428,000/µL, with a manual differential
of neutrophils 24%, bands 9%, lymphocytes 33%, and
eosinophils 30% (Table 1). A repeat CBC performed the
next day confirmed the marked eosinophilia (24%). The
erythrocyte sedimentation rate was 35 mm/hr and serum
chemistries were within normal limits. A lumbar puncture
(LP) at the time of admission revealed red blood cells
(RBCs) 21 cells/µL, WBC 7 cells/µL (lymphocytes 14%,
monocytes 43%, eosinophils 29%), glucose 76 mg/dL,
protein 21 mg/dL, herpes simplex virus PCR negative, and
West Nile virus antibody negative. Radiologic imaging
included a normal chest X-ray; however, the brain MRI
(Figure 1) was consistent with an atypical pattern of acute
demyelinating encephalomyelitis (ADEM).
Given the marked eosinophilia at presentation, infectious disease consultation was requested at the time of
admission. Pending the serological analysis from the LP,
the leading differential diagnosis was considered ADEM
over NLM, and hence, the patient was administered 2 g/kg
intravenous immunoglobulin (IVIG). However, for the
next several days, the patient developed lip smacking,
worsening horizontal nystagmus, and decerebrate posturing.
On hospital day 7, a repeat LP revealed RBC 4 cells/µL,
WBC 110 cells/µL (lymphocytes 56%, monocytes 48%,
eosinophils 46%), glucose 81 mg/dL, protein 38 mg/dL. On
hospital day 8, a repeat brain MRI (Figure 2) demonstrated
increased demyelination. As the admission LP serologies
were not yet available, the patient was then started on
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(a)

(b)
Figure 1: (a) and (b): T1 MRI of patient consistent with atypical
pattern of acute disseminated encephalomyelitis (arrows).

high-dose pulse methylprednisolone (15 mg/kg/day) for
refractory ADEM, without a clinical benefit.
A third LP performed during hospital week three
revealed RBC 250 cells/µL, WBC 16 cells/µL (lymphocytes
56%, monocytes 75%, eosinophils 19%), glucose 61 mg/dL,
and protein 58 mg/dL. Given the lack of response to the current treatment for ADEM, the leading differential diagnosis
was now more consistent with NLM, and the patient was
immediately treated with albendazole (20 mg/kg/day orally,
divided every 12 hours) and prednisone (1 mg/kg/day). The
admission stool analysis for ova and parasites was negative
as were serum and cerebrospinal fluid (CSF) Toxocara canis
and T. cati IgM and IgG serologies.
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Day 1

WBC (cells/µL)
7

Lymph.
14%

Mono.
43%

Eosino.
29%

Glucose (mg/dl)
76

Protein (mg/dl)
21

Day 7

110

56%

48%

46%

81

38

Day 18

16

56%

75%

19%

61

58

Regimen
Started intravenous
immunoglobulin
Started pulse
methylprednisolone
Started albendazole
and prednisone

Table 1: Cerebrospinal fluid results and regimen

(a)
Figure 3: A third T1 MRI showing worsened atrophy, as demonstrated
by sulcal prominence.

doubled starting hospital day 33, and a second high-dose
pulse of methylprednisolone (4 mg/kg/dose, every 6 hours)
was given for 4 days due to the lack of clinical improvement
and worsening atrophy noted on the third MRI (Figure 3).

(b)
Figure 2: A second (a) TI and (b) FLAIR MRI demonstrating
worsened demyelination (arrows).

The admission serum and CSF samples, obtained prior
to the administration of IVIG, returned as strongly positive
via ELISA for anti-Baylisascaris procyonis antibodies, with
optical density readings of 1.385 for serum and 1.453 for
CSF (putative cutoff 0.250). Upon confirmation of the diagnosis of B. procyonis NLM, the dose of albendazole was

Throughout his hospital course, the patient remained
on a normal oral diet and did not require respiratory
support. The patient did not demonstrate recognition of his
parents or any awareness of his environment, despite being
awake most of the day. Unfortunately, the patient further
developed hand contractures which worsened progressively
despite daily physical therapy and splinting. At the time
of discharge, the patient’s clinical status was assessed as
stable with significant neurological impairment, including
apparent cortical blindness, total lack of cognitive function,
and spastic diplegia. Dilated retinal examination failed to
demonstrate any presence of chorioretinitis, neuroretinitis,
or parasite larvae.
After a period of approximately one month under our
care, the patient was discharged to a specialized pediatric
rehabilitation center, continuing on albendazole (200 mg
twice daily) and hydrocortisone (5 mg crushed tablets in
water every six hours).
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3 Discussion
The patient’s diffuse neurological deficits, peripheral
serum and LP eosinophilia, and MRI findings, initially
suggested a broad differential diagnosis. The eosinophilia,
in particular, could have been secondary to leukemias, carcinomas, idiopathic hypereosinophilic syndrome, collagen
vascular diseases, allergic angitis, hyperimmunoglobulin
E syndromes, and eosinophilia myopathy syndromes.
Alternatively, eosinophilia may be secondary to infectious
organisms such as Ascaris lumbricoides, Toxocara canis,
Trichinella spiralis, Angiostrongylus cantonensis, Baylisascaris procyonis, Strongyloides stercoralis, filarial worms,
Schistosoma species, liver and lung flukes, Cryptococcus
neoformans, and Coccidioides immitis [16].
Among these varied etiologies, there was unfortunately
less consideration given to the likelihood of a nematode
larval infection in a densely urban setting, including B.
procyonis. Indeed, when B. procyonis was first proposed as
an etiology of OLM [17], it was downplayed by others who
stated “several patients with [OLM] lived in highly urban
centers in the northeast and midwest, making exposure to
raccoons highly unlikely” [14, 15]. This was and still is
untrue, based on the present case, other cases from urban
localities, and the well-known occurrence of raccoons
in some of our largest cities. Urban raccoon populations
carrying Baylisascaris have been documented recently in
metropolitan Atlanta, Georgia; Portland, Oregon; Chicago,
Illinois; the Twin Cities metroplex in Minnesota; Orange
County, California; and Toronto, Canada [3, 4, 13, 25]. In
such urban settings where raccoons occur and leave feces,
B. procyonis eggs are extremely hardy, infective for years in
the soil, and are resistant to destruction by most chemicals
and environmental conditions [13]. As much as raccoons
have been documented rummaging through garbage cans,
their feces may also contaminate sidewalks, front porches,
small yards, and local parks in cities.
Since B. procyonis is not a neurotropic parasite, but an
accidental invader of the CNS, a relatively low percentage
of larvae (est. 5–7%) actually enters the CNS following oral
infection [10]. Hence, humans will not normally develop
clinical CNS disease during accidental contaminative ingestion of low numbers of eggs [8, 13, 20]. However, neurological symptoms may indeed manifest when the ingested
larval load is significant, as when infants engage in pica
or geophagia of soil or other materials contaminated with
raccoon feces and B. procyonis eggs [8, 13, 20]. The number
of larvae entering the CNS is what determines the clinical
severity of B. procyonis NLM, and the clinical syndrome
may vary from subtle to severe [8, 20].
Once the CNS is infected with B. procyonis larvae,
patients with NLM typically present with acute eosinophilic
meningoencephalitis. Mechanical damage to the CNS
caused by larval migration is compounded by the host
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inflammatory response, consisting largely of eosinophils,
which is neither protective nor curative, but no doubt damaging [11, 19]. From a clinical and diagnostic perspective,
one of the most serious problems with B. procyonis NLM
is the lag time in development of clinical signs. Even in
heavy infections, it typically takes two to three weeks
before enough CNS damage occurs so that clinical signs are
manifested and medical assistance is sought; by then the
ensuing damage and complications may be very difficult to
deal with [8, 9, 13, 20, 19, 5, 24].
After being suspected clinically, the definitive diagnosis
of B. procyonis NLM is dependent on the demonstration of
anti-B. procyonis antibodies by ELISA in serum and CSF
coupled to negative serology for Toxocara spp. and other
agents. Western blotting is also very useful for separating
infections with B. procyonis from Toxocara spp., which is
known to cross-react in the B. procyonis screening ELISA
[2]. Although elevated serum isohemagglutinins caused by
cross-reactions between larval glycoproteins and human
blood group antigens are not specific for B. procyonis, they
do provide an additional clue, as they do for toxocariasis.
Stool studies for ova and parasites are not helpful as B.
procyonis does not complete its life cycle in humans [6].
With this infection, waiting for serologic results may
unduly delay the initiation of treatment with albendazole
(25–50 mg/kg daily, or 400 mg twice daily, each for 10–
20+ days), and early empirical treatment is critical for
hope of better outcome [8, 12, 13, 20]. In animal studies, the
greatest protection was seen when treatment was started
within 1–3 days of infection and extended for 10 days [7, 13,
18]. Unfortunately, except in cases of recognized exposure
and probable infection, in most cases treatment initiation
with albendazole will be delayed due to the lag time in
development of clinical signs [8, 20, 12]. Corticosteroids
have been used to mitigate the effects of eosinophil
degranulation as well as the inflammation that occurs
in the setting of larvicidal anthelmintic treatment.
Despite treatment with albendazole and corticosteroids,
the prognosis for B. procyonis NLM is guarded to poor
with or without treatment. However, with early and
aggressive treatment or in cases of low infection with
acute manifestations, several patients have been stabilized
or have shown improvement [1, 23]. Most other survivors,
however, have been left in a persistent vegetative state
or with severe residual deficits [8, 13, 20]. Thus, early
consideration and empiric treatment are both imperative
for the best hope of maintaining neurological function in
the affected patient [8, 12, 20]. In cases of eosinophilic
meningoencephalitis of unknown etiology, particularly in
children, it is recommended that B. procyonis be strongly
considered and that treatment with albendazole and steroids
be initiated promptly, while awaiting results of diagnostic
tests and environmental sampling. Time is clearly of the
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essence in the treatment of this infection, and treatment can
always be suspended later pending other results.
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