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Human Toxocara infection of the central nervous system
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SUMMARY

Infection with Toxocara canis is a common world-wide human helminthiasis, which rarely elicits central nervous system
(CNS) impairment. A case-control study to investigate this discrepancy was carried out, in which the cases were 27 adult

neurological inpatients for whom a definite aetiological diagnosis was lacking, and for whom positive immunodiagnosis

of toxocariasis had been obtained, both in cerebrospinal fluid (CSF) and in serum. T'wo control groups were used. Controls

were adult inpatients with other neurological diseases who had no evidence of T. canis infection of the CNS. Multivariate

logistic regression analysis did not reveal any positive relation between case status and clinical signs. A significant
association was observed between case status and an elevated CSF cell count. Rural residence, ownership of dogs, and
dementia were shown to be risk factors for toxocaral infection of CNS. These results suggest that migration of 7. canis

larvae in the human brain does not frequently induce a recognizable neurological syndrome but is correlated with the

association of several risk factors including exposure to dogs, a status possibly responsible for repeated low-dose infections.
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INTRODUCTION

Toxocariasis is a parasitic zoonosis due to the
infection of human beings by L, larvae of Toxocara
canis, the common round worm of dogs (Soulsby,
1987). In northern industrialized countries,
epidemiological surveys have revealed that the
seroprevalence of this helminthiasis ranges from 25
to 59, in urban adults (Glickman & Schantz, 1981;
Glickman, Magnaval & Brochier, 1985; Cauchie et
al. 1990). In Europe, a higher rate has been reported
in rural people, ranging between 179, among
Swedish farmers (Ljungstréom & Van Knapen, 1989),
37% in French rural dwellers (Magnaval &
Baixench, 1993), and over 409, in Irish children
(Holland et al. 1995). Other studies in animal models
demonstrated that 7. canis larvae enter the CNS
(Sprent, 1952; Dunsmore, Thompson & Bates,
1983; Glickman & Summers, 1983). In small
rodents, larvae preferably accumulate in the brain
(Sprent, 1952; Kayes & Oaks, 1976; Dunsmore,
Thompson & Bates, 1983), thus producing a variety
of CNS disorders (Epe et al. 1994) and behavioural
changes (Hay et al. 1986). Given these observations,
neurological disorders in humans, if due to the
presence of T. canis larvae in the CNS, might not be
an uncommon event. In fact, a review of the English
literature, from the early 50’s to the present, found
only 12 cases of neurological toxocariasis, as de-

* Corresponding author: Service de Parasitologie, CHU
Purpan, 31059 Toulouse, France. Tel: 33 05 61 77 20 12.
Fax: 330561 77 23 78. E-mail : magnaval@cict.fr

Parasitology (1997), 115, 537-543.

termined by the finding of Toxocara larvae in the
CSF or inside the brain or the meninges, and/or by
immunodiagnosis on CSF (Beautyman & Woolf,
1951; Dent et al. 1956; Van Thiel, 1960; Moore,
1962; Beautyman et al. 1966; Schochet, 1967;
Mikhael et al. 1974; Wang et al. 1983 ; Hill, Denham
& Scholtz, 1985; Russegger & Schmutzhard, 1989;
Ruttinger & Hadidi, 1991; Villano et al. 1992;
Kumar & Kimm, 1994). Those patients had various
neurological sequelae, including behavioural changes
(1 patient), dementia (1 patient), encephalitis (5
patients), epilepsy (1 patient), meningitis (1 patient),
myelitis (1 patient) or paresia/tetraparesia (2
patients). Moreover, toxocariasis has been suggested
as a co-factor for epilepsy (Arpino et al. 1990) but a
case-control study in children found similar rates of
Toxocara seropositivity in epileptic patients with a
known etiology (other than toxocariasis) and in
patients with idiopathic epilepsy (Glickman et al.
1979).

The aim of the present study was therefore to
assess the potential existence of an expanded spec-
trum of neurological toxocariasis, originating from
non-specific features which together would make a
characteristic syndrome, so far unrecognized.

PATIENTS AND METHODS
Subjects

Cases were 27 adult patients referred between
January 1990 and August 1993 to the Department of
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Table 1. Variables used for matching or found to be significant at

P < 01 by univariate analysis

Control Control Comparison*
Cases group 1 group 2
(n=27) (n=26) (n=41) Cases vs. 1 Cases vs. 2
Age (arithmetic mean)
520 54-3 512 P = 06691 P = 0935}
S.E. 319 2:92 315
Range (18, 74) (26, 80) (19, 82)
Sex-ratio (F/M)
14/13 13/13 23/18 P =0556 P = 0462
Ethnicity (caucasian/other)
24/3 25/1 39/2 P =0319 P = 0307
Travel outside EC1
(yes/no) 7/20 4/22 11/30 P=0273 P =0582
Residence in a town < 5000 people
(ves/no) 12/15 2/24 2/39 P =0-003 P =0-001
Ownership of dogs
(ves/no) 13/14 6/20 6/35 P =0052 P =0-003
Dementia
(ves/no) 5/22 1/25 1/40 P =0104 P =0032
EEG abnormalities
(ves/no) 5/12§ 8/13§ 20/10§ P = 0416 P = 0015
CSF cell count > 4 cells/mm?®
(yes/no) 14/13 4/22 7/34 P = 0054 P =0003
CSF eosinophil count > 1 cell/mm?
(yes/no) 4/23 2/24 1/40 P =0353 P =0076
CSF protein concentration > 0-5 g/1
(yes/no) 17/10 12/14 12/29 P=0170 P = 0006

* Fisher’s exact test, except otherwise indicated.

T Mann—Whitney test.
1 European Community.
§ Missing data.

Neurology from the University Hospital (CHU)
Toulouse-Purpan. Criteria for inclusion were a lack
of a definite aetiological diagnosis at hospital dis-
charge, together with a positive immunodiagnosis of
toxocariasis by Western blot analysis both on serum
and CSF. Moreover, cases had to exhibit negative
results on a parasitological assessment comprising
direct examination of blood, stools, and urine
for ova and parasites, and immunodiagnostic tests
for autochthonous (ascaridiasis, cystic hydatid-
osis, fascioliasis, strongyloidiasis, trichinosis) and
tropical (filariasis, schistosomiasis) helminthiases.
Laboratory investigations for Lyme borreliosis,
bacterial, fungal, and viral infections also had to be
negative.

T'wo control groups were assembled by identifying
patients from the Department of Neurology using
the same criteria as those cited for cases above,
except the controls had a negative Western blot
result for 7. canis on CSF. Control group 1 included
26 subjects with a history of exposure to T. canis
based upon a positive Western blot on serum.
Control group 2 comprised 41 patients who had a
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negative blot for 7. canis both in serum and CSF.

Direct examination of CSF was negative for
Toxocara larvae in all cases and in control patients.

Cases were frequency matched with controls on
the basis of age, sex, ethnicity and travel history
outside the European Community. Data were col-
lected by investigating medical files and by inter-
viewing patients, their family, and/or their personal
physician. A questionnaire was used which inquired
about: place of residence, consumption of raw or
undercooked liver, geophagia, consumption of salads
of dandelions gathered in the countryside, owner-
ships of dogs and their medical care status (e.g.
worming). Twenty-three clinical items
evaluated based on a general and neurological
examination, (weakness, loss of appetite, loss of
weight > 2 kg, fever = 38 °C, agnosia, aphasia,
apraxia, ataxia, cerebellar syndrome, coma, dementia,
encephalitis, epilepsy, meningitis, myalgias, cranial
nerve impairment, polyneuropathy, Guillain-Barré
syndrome, pyramidal syndrome, cutaneous and deep
sensibility  impairment), electroencephalogram
(EEG), and computerized tomography (CT scan

were
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Table 2. Logistic regression analysis of clinical and laboratory
findings associated with toxocaral CNS disease (cases) compared with

controls*

Variable Coeflicient Pt

Odds ratiof 959, CI

Overall model A, using controls from group 1

CSF cell count > 4 cells/mm?®
1-631

0-014

5-107 (1-384, 18:85)

Likelihood ratio statistic on 2 D.F. = 6:809, P = 0-033

Overall model B, using controls from group 2

CSF cell count > 4 cells/mm?®

1-655 0-003

5-231 (1-724, 15-87)

Likelihood ratio statistic on 2 D.F. = 12:10, P = 0-02

* Fully tabulated data, including non-adjusted odds-ratio values, concerning the
variables tested in these models are available on request.

T Wald test based.

T Estimates adjusted for the other variables by logistic regression analysis.

showing low density areas) and/or magnetic res-
imaging (MRI showing T2 weighted
images). Seven laboratory items were considered,
including total white blood cell count, blood eosino-
phil count, CSF cell count, CSF eosinophil count,
CSF protein concentration, and results from
immunodiagnosis by Western blot
analysis both in serum and in CSF. For all patients,
clinical, radiological and laboratory investigations
were performed in the Departments of Neurology
and Neuroradiology, and in the Laboratories of
Parasitology, Clinical Chemistry, Hematology and
Microbiology, from CHU Toulouse-Purpan. The
collection of interview data was carried out by the
same investigator (V.G.).

onance

toxocariasis

Toxocara immunodiagnosis

Immunodiagnosis of toxocariasis was based upon the
results of a Western blotting procedure that detected
IgG specific for T. canis excretory—secretory larval
antigens (TES—-Ag).

Production of TES—-Ag was by cultivation of 7.
canis larvae according to De Savigny’s method (De
Savigny, 1975). The Western blot procedure has
been previously described by Magnaval et al. (1991).
Assessment of Western blot specificity had been
undertaken using sera from laboratory animals
infected by various helminths including T. canis,
from French toxocariasis cases, from French people
exhibiting chronic eosinophilia and a positive
Toxocara ELLISA test, and from patients with other
helminthic diseases. By Western blotting, animal
and human reference sera from toxocariasis cases
showed a typical pattern in which 7 bands were split
into 2 groups, the first group including 4 low
molecular weight bands, the other group 3 high
molecular weight bands. Statistical analysis of the
results from all sera demonstrated that these 7-band
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patterns were significantly correlated with toxo-
cariasis cases. Banding patterns showing only the
high molecular weight bands were evocative of
cross-reactions, since they were significantly more
often yielded by sera from various helminthiasis. In
the present work, all cases (in CSF and serum) and
controls from group 1 (in serum) exhibited blotting
profiles with a typical 7-band pattern.

Statistical analysis

Data were analysed using Statpak™ statistical soft-
ware (Northwest Analytical, Portland, USA) and
Epi-Info™ (Center for Disease control, Atlanta,
USA). Continuous laboratory variables were split in
2 classes (elevated or not) according to the upper
limits used in the laboratories from CHU Toulouse-
Purpan. All epidemiological, clinical and laboratory
variables were tested one at a time (univariate
analysis) for their association with neurotoxocariasis.
This was performed by comparing the distribution
of these variables between the cases and each of the
2 control groups separately, by the Mann—Whitney
or Fisher’s exact tests as appropriate. In this
screening procedure, a P < (-1 was used to identify
variables for inclusion in the multivariate logistic
regression models. The rationale for using P < 0-1 in
the univariate analysis was to avoid premature
dismissal of potentially important symptoms or risk
factors for neurotoxocariasis. T'wo multiple logistic
models, A and B, implemented with Egret™ (Statis-
tics and Epidemiology Corporation, Seattle, USA)
were used to further evaluate questionnaire items
that were significant in univariate analysis at P < 0-1.
Model A compared cases with control group 1;
model B compared cases with control group 2. Odds
ratio estimates were adjusted for the other variables
by logistic regression analysis; approximate 95 9,
confidence limits were based on maximum likelihood
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Table 3. Logistic regression analysis of risk factors for toxocaral CNS
disease (cases) compared with controls*

Risk factor Coeflicient Pt Odds ratiof 959, CI
Overall model A, using controls from group 1
Residence in a town < 500 people

2:262 0-007 9-6 (1-881, 49-0)

Likelihood ratio statistic on 2 p.F. = 10-:02, P = 0-007

Overall model B, using controls from group B

Residence in a town < 5000 people

2:86 0-001
Ownership of dogs

1-848
Dementia 2:578

0-007
0-038

17-46 (3063, 99-48)
6345 (1-643, 24-51)
1317 (1152, 150-6)

* Fully tabulated data, including non-adjusted odds-ratio values, concerning the
variables tested in these models are available on request.

T Wald test based.

T Estimates adjusted for the other variables by logistic regression analysis.

estimates of logistic parameters. Assessment of the
best fit model was realized by forward and backward
stepwise regressions (Statistics and Epidemiology
Research Corporation, 1993).

RESULTS
Epidemiological, clinical and laboratory findings

Table 1 compares the cases with the 2 control groups
for variables used for matching, or found to be
significantly (P < 0-1) different between the cases,
and at least 1 control group.

In models A and B, an unconditional regression
analysis of significant clinical and laboratory results
was conducted. EEG abnormalities were not in-
cluded in the models, since complete data were not
available. Table 2 shows that, in model A, case status
(positive Western blot result in CSF) positively
correlated with a CSF cell count greater than
4 cells/mm?. In model B, a significant association
was found only with an elevated CSF cell count; an
independent association was demonstrated between
case status, and a CSF protein concentration
=05 g/l

Risk factor analysis

The risk factors are shown in Table 3. In both
models, regression analysis showed that residence in
a town with less than 5000 inhabitants was sig-
nificant. In model B, dog ownership and dementia
were also significantly associated with toxocaral CNS
infection.

DISCUSSION

Whether the specific IgG detected in CSF by
Western blotting was intrathecally synthesized, or
due to a leakage from blood was not determined in
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the study. Since Western blotting is not a quan-
titative method, it was not possible to use the
standard ratio of specific anti-T. canis 1gG levels in
CSF and in serum divided by their respective
albumin levels to evaluate antibody production in
CSF (Reiber, 1986). Due to ethical and funding
reasons which limited the number of lumbar
punctures and the cost of CSF investigations, more
accurate assays, including protein profiles of CSF,
were not performed. However, intra-CNS pro-
duction of Toxocara antibodies in cases who had a
positive Western blot with both CSF and blood is
suggested by a lack of evidence for blood leakage into
the CNS. That is, the mean CSF protein level and
the percentage of patients with an elevated CSF
protein concentration were similar in cases and
patients in control group 1 who had a negative
Western blot with CSF, but a positive blot with
blood.

When 27 adult in-patients from the Department of
Neurology exhibiting a positive Toxocara immuno-
diagnosis in CSF and serum, together with various
unexplained neurological signs or syndromes at
hospital discharge were compared with 26 controls
previously exposed to T'. canis infection and 41 non-
exposed controls, both having a negative Western
blot in CSF, a previous CNS infection with 7. canis
larvae was not positively correlated with any specific
clinical signs or clinical syndrome.

Light or transient infection of CNS by 7. canis
larvae could be a partial explanation for this negative
finding since larvae were not found by microscopical
examination of CSF. In mice, a larval inoculum per
os as large as 2500 embryonated eggs (Sprent, 1952)
resulted in a relatively small percentage (6:69,) of
larval recovery from the brain. Moreover, the larval
density in mouse brain has been correlated with the
size of inoculum (Kayes & Oaks, 1976). In 16
monkeys (Macaca fascicularis) given a dose of 45000
Toxocara embryonated eggs per os, a visceral larva
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migrans (VLLM) syndrome (Beaver, 1956) was pro-
duced. Three of these animals also developed
neurological signs characterized by ataxia and nys-
tagmus, and larvae were observed within granulomas
in frontal and occipital cortex and the cerebellum
(Glickman & Summers, 1983). In humans, among
the recognized risk factors for toxocariasis (Glickman
& Schantz, 1981; Glickman, 1993), only contact
with puppies and geophagia are implicated in the
swallowing of large 7. canis inoculums by children.
None of the cases or controls in the present study
had a history of contact with puppies, and geophagia
was reported in only 1 case. Therefore the 27 cases
were likely to harbour only a few larvae in their
CNS. These light infections were sufficient, how-
ever, to produce positive Western blot results,
despite the fact they did not elicit a specific clinical
CNS syndrome.

A genetic susceptibility factor may also be
involved. When mice of 5 different strains were
inoculated with 1000 Toxocara embryonated eggs,
BALB mice exhibited less CNS signs and a better
survival rate than the other strains (Epe et al. 1994).
Histological examination showed that demyeliniza-
tion and mixed-cell infiltration occurred later and to
a lesser extent in brains of BALB mice.

Medical imaging abnormalities, namely low den-
sity areas by C'T scan and/or T2-weighted images by
MRI, have been reported from histologically es-
tablished cases of 7. canis infection of the CNS
(Ruttinger & Hadidi, 1991) and liver (Dupas, Barrier
& Barre, 1986; Ishibashi et al. 1992), and were due
to parasitic granulomas. In this study, imaging
abnormalities did not significantly differ between the
cases and the controls. However, the borderline
value of P = 0-13 and the relatively small size of the
groups, suggest a trend that should be further
investigated.

Surprisingly, a low rate of elevated blood eosino-
phil count was found in cases, and the univariate
analysis of laboratory results indicated that this
abnormality did not significantly differ between
cases and controls. Blood eosinophilia has been
frequently observed in patients with visceral larva
migrans syndrome (Ehrard & Kernbaum, 1979) and
in French adults with immunoblot-confirmed 7.
canis infection (Glickman et al. 1987), but was noted
in only 5 from 9 patients with neurological
toxocariasis for whom this information was available,
which is consistent with the results from the present
study. Light and/or transient, or conversely long-
standing T'. canis infection in cases could explain this
discrepancy. In mice experimentally infected with
T. canis larvae, peripheral eosinophilia gradually
decreased and returned to the baseline level at 21
weeks post-infection (Epe et al. 1994). Moreover, the
pathogenesis of neurological toxocariasis might be
similar to that of the ocular form of the disease, since
both eye and CNS are closed environments. In
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ocular toxocariasis, only 3 patients out of 16 in one
study had a blood eosinophilia of = 0-5 x 10° cells/1
(= 500 cells/mm?®) (Gillespie et al. 1993). This may
reflect the presence of only a few larvae in the eye or
CNS, which is sufficient to cause local lesions but is
insufficient to provoke blood eosinophilia.

Multivariate logistic regression analysis showed a
significant association of a positive Western blot
result in CSF with an elevated CSF cell count. This
finding is consistent with published reports. For
example, among neurological toxocariasis cases for
whom the information was available, the CSF cell
count was found elevated in 6 out of 7 patients
(Beautyman & Woolf, 1951; Schochet, 1967; Wang
et al. 1983; Russegger & Schmutzhard, 1989;
Ruttinger & Hadadi, 1991; Kumar & Kimm, 1994).

Rural residence, ownership of dogs, and dementia
were found to be risk factors for CNS toxocariasis.
Presence of dementia was associated with case status
while controlling for other significant risk factors.
Toxocariasis is primarily a soil-borne zoonosis
(Glickman, 1993) in which humans are infected by
ingesting embryonated eggs from contaminated
soils. In the United States (Herrmann et al. 1985)
and in France (Glickman et al. 1987) controlled
studies found that living in a rural area was a risk
factor for toxocariasis. Rural environments favour
the persistence of 7. canis eggs, and increase human
exposures. People suffering from dementia problems
might be at a greater risk of repeated 7. canis
infection due to behavioural troubles and/or poor
personal hygiene. A survey carried out among
mentally retarded adults indeed showed that mental
retardation was a significant risk factor for
toxocariasis when associated with contact with dogs
and pica (Huminer et al. 1992). Demented patients’
activity should therefore be closely supervised in
potentially 7. canis contaminated environments, e.g.
around dogs.

In conclusion, the results of this study suggest
that, following low dose and repeated infections by
T. canis, some larvae migrate to the CNS and induce
local antibody production as evidence by a positive
Western blot result with CSF. These light parasitic
burdens do not appear to elicit a specific clinical
syndrome, but longer term follow-up is needed to
fully evaluate this significance. Moreover, since all
subjects included in the present study were adults,
possible differences could be observed in children,
given their greater exposure potential.

Since commercial test kits for the immuno-
diagnosis of toxocariasis by ELISA are currently
available, this assay can be easily performed on CSF
and serum. Neurologists and other medical prac-
titioners could require T. canis antibody tests for
neurological patients in whom a definite aetiological
diagnosis is difficult to establish. Surely a positive
result is always important, but particularly so if
consistent with epidemiological findings of a rural
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dwelling, ownership of dogs and dementia, lab-
oratory results such as elevated CSF cell count and
protein concentration, and possibly imaging ab-
normalities such as low-density areas by CT scan
and/or T2-weighted images by MRI.
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