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Abstract

Among 67 French patients presenting a toxocaral infection, various
demographic, environmental, clinical and laboratory parameters (blood
eosinophil count, eosinophil cationic protein (ECP), serum total IgE, specific
IgE against common inhalant allergens, specific IgE and IgG4 against Toxocara
excretory-secretory antigens) were investigated. Correlation studies and logistic
regression analyses were conducted, testing elevated levels of ECP, specific anti-
Toxocara IgE or IgG4 as outcome variables An elevated ECP level was
significantly associated with both cough and rhinitis, a high level of specific anti-
Toxocara IgE with itchy rashes and possible atopic status, and an increase of
specific anti-Toxocara IgG4 with rural residence.

Introduction

Toxocariasis is a worldwide helminthic zoonosis due to
the migration in humans of infective larvae of Toxocara
canis, an intestinal roundworm of dogs (Soulsby, 1987), or
T. cati, in cats (Nagakura et al., 1990). Common
toxocariasis, primarily described in France (Glickman
et al., 1987; Magnaval et al., 2001b), and covert toxocariasis
in Ireland (Taylor et al., 1988), are the most frequently
encountered syndromes in westernized countries. In
French adults, toxocariasis has been characterized by
chronic weakness, pruritus simplex, itchy rashes, difficult
breathing and abdominal pain, along with moderate
blood eosinophilia and increased serum total IgE level. In
Irish children, the most frequent clinical findings have
included fever, anorexia, headache, abdominal pain, sleep
and behaviour disorders, pneumonia, cough, wheeze and
hepatomegaly.
Toxocaral infection induces a complex immunological

response, including several humoral and cellular
changes. Among non-specific laboratory disturbances
that are usually observed, both increase in the blood
eosinophil count (Beaver, 1956) and that of serum total
IgE (Magnaval & Baixench, 1993) are the most prominent.
The measurement of eosinophil cationic protein (ECP),

that is released by activated eosinophils, has been
proposed for the monitoring of asthma, a disease in

which elevated levels of this protein have been reported
(Motojima et al., 1997). Serum ECP level has been studied
in very few helminthic infections, and has been found to
be elevated in filariasis and schistosomiasis patients
(Tischendorf et al., 2000) and also in common toxocariasis
patients (Magnaval et al., 2001a).
The presence of specific IgE has been previously

established in various helminthiases, including toxocar-
iasis (Genchi et al., 1988; Magnaval et al., 1992). The
kinetics of this parameter have been studied during the
post-treatment follow-up of toxocariasis patients (Mag-
naval et al., 1992; Magnaval, 1995), but the correlation
with patients’ status (atopy) or with other laboratory
parameters has only been partially investigated thus far
(Obwaller et al., 1998).
Specific IgG4 has been detected in sera from patients

suffering from helminth diseases such as cystic hydati-
dosis (Daeki et al., 2000), lymphatic filariasis (Addiss et al.,
1995) and schistosomiasis (Li et al., 2001). An increased
level of this subclass of immunoglobulins has correlated
with more serious features of these infections, such as cyst
proliferation for hydatidosis or a lack of resistance to
reinfection in japonicum schistosomiasis. The relation-
ship between specific IgE and IgG4 is intriguing and, e.g.
in lymphatic filariasis, a remarkable correlation exists
between these isotypes, according to the clinical
presentation. In areas endemic for bancroftosis, asympto-
matic individuals displayed high titres of specific IgG4,
whereas elephantiasis cases tended to have significantly
more elevated levels of specific IgE (Kurniawan et al.,
1993). Moreover, the mean value of specific IgG4 was
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found to be significantly increased, and that of specific
IgE lowered, in microfilaraemic vs. amicrofilaraemic
subjects (Simonsen & Meyrowitsch, 1998). Concerning
toxocariasis, an ELISA detecting IgG4 directed against
larval excretory–secretory antigens was found to be more
specific than in conventional assays (Noordin et al., 2005).
The aim of the present study is therefore to investigate

in toxocariasis patients the level of these three
parameters, then to assess any correlation with demo-
graphic, epidemiological and clinical features of the
disease, and also with the possible presence of an atopic
status. The design of this study was approved by the
Board of Clinical Research of Toulouse University
Hospitals.

Materials and methods

Patients’ group (group 1)

Sixty-seven patients who attended consultations in the
Department of Parasitology, and who were diagnosed as
having an active common toxocaral infection were
enrolled in the study. All these patients were from the
regional catchment of the Department of Parasitology.
They had to present a positive toxocariasis immunodiag-
nosis, to be symptomatic, to display a blood eosinophil
count greater than 500 cellsmm23 (Simmons et al., 1974),
and to be free of any concurrent microbial, viral, fungal or
parasitic infections. Especially, autochthonous parasitic
diseases were ruled out after stool examination and
serological investigations.
On the first visit, a detailed questionnaire inquired

about demographic (age and sex) and epidemiological
(place of residence: urban or rural) data. The medical
history was recorded, and special attention was paid to
any previous report of clinical atopy, e.g. asthma, hives,
itchy rashes, hay fever, seasonal conjunctivitis. The period
of time which elapsed between the disease onset and the

consultation, termed as ‘duration of the disease (DD)
before consultation’ was recorded in months. The
presence of 14 clinical items, that were the most
frequently encountered in these toxocariasis patients,
was evaluated on general examination and these included
arthralgias, chronic weakness, conjunctivitis or ‘itchy
eye’, chronic cough or laryngeal irritability, digestive
pain, oedemas, headache, loss of appetite, loss of weight,
myalgias, pruritus simplex, rhinitis, sneezing, and chronic
urticaria or any itchy rash. In order to quantify the clinical
impact of toxocariasis, a score system was used: before
treatment, the 14 clinical items were rated as ‘0’ when
absent and ‘1’ when present. The total represented the
‘clinical score’ value. All consultations were done and
the questionnaire was approved by the same investigator
(JFM).
A blood sample was collected for the following

laboratory tests: total and differential blood counts, the
detection of specific IgE against 14 common inhalant
allergens, and measurement of the levels of ECP, serum
total IgE, specific anti-Toxocara IgE and specific anti-
Toxocara IgG4, respectively. Serological detection of
autochthonous diseases other than toxocariasis was also
carried out using this blood sample.

Reference group (group 2)

To assess the normal level of laboratory tests, 27
apparently healthy subjects (residents or technicians)
consented to be included in the study, but they had to
display negative results for stool examination, serological
check-up for autochthonous helminthiases including
toxocariasis, and for the detection of specific IgE to
common inhalant allergens. These subjects also had a
blood eosinophil count ,500 cellsmm23, and a serum
total IgE ,150 kilo International Units (kIU) l21. Results
of laboratory investigations are displayed in table 1.

Table 1. Comparison of continuous variables including age, duration of disease, clinical score, eosinophil count result,
eosinophil cationic protein level, serum total IgE level, and specific anti-Toxocara IgE and IgG4 titres between patients (group 1)
and reference subjects (group 2).

Mann-Whitney U

Variable Group Geometric mean 95% CI Median Z-statistic P

Age 1 37.2 31.9 43.4 44.0
2 28.1 26.4 29.9 27.0 3.98 0.0001

DD 1 8.25 6.2 11.1 8 NA NA
Clinical score 1 3.75 3.25 4.34 4.0 NA NA
Eosinophils (cells mm23) 1 919.0 790.0 1068 850

2 103.0 67.0 158.0 124.0 7.55 ,0.0001
ECP (mg l21) 1 31.2 25.9 37.7 30.0

2 8.7 6.7 11.3 8.0 5.97 ,0.0001
Serum total IgE (kIU l21) 1 546.1 364.7 817.6 547.0

2 29.4 20.0 43.1 31.0 6.60 ,0.0001
Specific IgE (TU l21) 1 7.4 4.1 13.4 4.0

2 0 0 0 0 5.19 ,0.0001
Specific IgG4 (FU l21) 1 414.7 341.2 504.1 335.0

2 118.2 114.5 121.9 116.0 7.24 ,0.0001

CI, confidence interval; DD, duration (months) of the disease between onset and consultation; ECP, eosinophil cationic protein;
FU, fluorescence units, kIU, kilo International Units; NA, not applicable; TU, Toxocara units.
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Stool examination

For every patient or control, stool examination was
based upon a zinc sulphate flotation technique along with
a merthiolate-iode-formol diphasic method. Moreover,
detection of Strongyloides stercoralis larvae was carried out
using Baermann’s method.

Blood count and serum total IgE measurement

Total and differential blood counts were performed in
the Department of Haematology using a SHT 330e blood
analyser (TOA Sysmex, Roche Diagnostics, Neuilly-sur-
Seine, France). Eosinophilia level was expressed in
cellsmm23. The total IgE assay was carried out using
the IMXe system (Abbott Laboratories, Rungis, France),
and results were expressed in kilo International Units
(kIU) per litre.

Detection of specific IgE against airborne allergens

The IgE against 14 inhalant allergens were detected on a
MatrixAeroe (Abbott Laboratories, Rungis, France).Only
subjects exhibiting a titre greater than 0.70 kIU l21 (class 2)
against at least one aeroallergenwere classified aspositive.

ECP assay

ECP titration was performed using the CAPe system
(Pharmacia, Guyancourt, France). Blood samples were
taken according to the manufacturer’s instructions, with
special attention paid to the clotting temperature (always
between 20 and 248C). Values were given in mg l21.

Immunodiagnosis of toxocariasis

The serodiagnosis was performed by Western-blot
(Magnaval et al., 1991) using Toxocara canis excretory-
secretory antigens (TES Ag) that were produced according
to de Savigny’s prototype method (De Savigny, 1975)
modified by Bowman et al. (1987). With Western blotting,
animal and human reference sera from toxocariasis cases
showed a typical patternwhere seven bandswere split into
two groups, the first group including four lower molecular
weight bands, the second three higher molecular weight
bands. Statistical analysis of results from all sera has
previously demonstrated that this seven-band pattern was
significantly correlated with a toxocaral infection.

Specific anti-Toxocara IgE

Specific IgE raised against TES Ag were detected and
their level quantified according to the method previously
described by Magnaval et al. (1992). This technique was
subsequently adapted to the CAP e FEIA Pharmacia
system. Briefly, 96-well microtitration polystyrene plates
(Immunoplatee Nunc, Poly-Labo Block, Strasbourg,
France) were loaded with a TES-Ag solution (50ml per
well) containing 5.0mg protein ml21 in a 0.1M pH 9.6
carbonate-bicarbonate buffer. The plates were maintained
for 18 h at 258C in a moist chamber. Then the antigenic
solution was discarded and the plates were washed three
times with PBS Tween (Tween 20: 0.05%) pH 7.2 buffer.

They were then dried and finally stored at 2708C. Sera
from patients were tested undiluted, according to
Pharmacia’s procedure. Results were expressed in
Toxocara units (TU) per litre.

Specific anti-Toxocara IgG4

The CAPe FEIA Pharmacia system was also used to
detect and quantify the level of this subclass of
immunoglobulin. The same 96-well plates coated with
TES-Ag were utilized. Sera were also tested undiluted,
according to instructions from the CAPe specific IgG4
FEIA Pharmacia kit. Results were expressed in fluor-
escence units (FU) l21.

Serological tests for other autochthonous diseases

Specific antibodies were searched using ELISA only
(anisakiasis, strongyloidiasis and trichinellosis) or a
combination of ELISA and indirect haemagglutination
(fascioliasis and hydatidosis).

Statistical analysis

The distribution of values was compared between
groups using the Mann-Whitney U test, as implemented
with the SPSS 11.0 statistical software (SPSS, Chicago,
Illinois, USA). Correlation studies were based upon the
Spearman’s rank test, also from SPSS. Multivariate
unconditional regression analyses were implemented
with Egrete (Cytel Corp., Cambridge, Massachusetts,
USA). The set of variables included the following: age,
sex, place of residence, clinical score value and results
from blood eosinophil counts, measurements of ECP,
detection of specific IgE for inhalant allergens, levels of
serum total IgE and those of specific anti-Toxocara IgE and
IgG4. In order to be used as outcome variable, ECP,
specific anti-Toxocara IgE and IgG4 results were sorted in
two classes (elevated or not) using the upper limit of 95%
CI of the geometric mean as a cut-off limit.
Each of these three parameters was tested as outcome

variables by forwards and backwards stepwise
regressions in three different logistic models. Egrete
started any analysis by a screening procedure of the
variable set, and only the parameters displaying in the
score test a P-value #0.05 (forwards stepwise) or #0.15
(backwards stepwise) were tested by regression. Odds
ratio estimates were adjusted for other variables by
logistic regression analysis; approximate 95% confidence
limits were based on maximum likelihood estimates of
logistic parameters.

Results

Table 1 displays the geometric means, 95% confidence
intervals and medians for the continuous laboratory
variables, and the results of the comparison between
groups 1 and 2.

Correlation studies and logistic regression analyses

Table 2 shows the results from the Spearman’s rank test
between eight continuous variables (age, DD, clinical
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score, eosinophil count, ECP, serum total IgE, and specific
anti-Toxocara IgE or IgG4). The most important finding
was a significant correlation between specific anti-
Toxocara IgG4 level and eosinophil count value or ECP
level, respectively.
For two binary variables, namely the type of residence

(rural or urban) and the presence of a possible atopic
status, as suspected by a positive detection of specific IgE
against common airborne allergens (Aalberse, 2000), the
correlation with the eight above-cited continuous par-
ameters was studied using a comparison of distribution
(Mann-Whitney test). Between 32 rural and 35 urban
patients, only eosinophil count levels differed signifi-
cantly (Mann-Whitney test: U ¼ 403.8; Z ¼ 21.982;
P ¼ .049). Geometric means of this variable were
786 cellsmm23 (95% CI: 657, 942) in patients from cities
having 2500 inhabitants or more, and 1087 (95% CI: 852,
1387) in those from rural areas. Between 31 possibly
atopic patients and 37 negative subjects, only the level of
specific anti-Toxocara IgE was significantly different
(Mann-Whitney test: U ¼ 328; Z ¼ 22.932; P ¼ .003).

Geometric means were 20.4 TU l21 (95% CI: 6.8, 62) in
31 possibly atopic cases, and 3.1 TU l21 (95%CI: 2.0, 4.75)
in 36 patients without any sensitization to common
allergens.
The results of the logistic regression analyses are

displayed in table 3.

Discussion

ECP values correlated with eosinophil count results,
a fact previously reported in toxocaral disease
(Magnaval et al., 2001b). More surprisingly, another
correlation was observed with specific IgG4 level
whereas a linkage with specific IgE was expected,
since antibody-dependent cell cytolysis (ADCC) follow-
ing eosinophil activation by these homocytotropic
immunoglobulins has been claimed to be the killing
mechanism in some helminth infections such as
mansoni schistosomiasis (Capron & Capron, 1992).

Table 2. Results of the correlation study between continuous variables including age, duration of disease, clinical score, eosinophil count,
eosinophil cationic protein level, serum total IgE level, and specific anti-Toxocara IgE and IgG4 titres.

Specific anti-Toxocara

Variable Age DD Clinical score Eosinophil count ECP Total IgE IgE IgG4

Age NA NS NS NS NS r ¼ 0.290 NS NS
P ¼ 0.017

DD NA NS NS NS NS NS NS
Clinical score NA NS NS NS NS NS
Eosinophil count NA r ¼ 0.442 r ¼ 0.246 NS r ¼ 0.353

P , 0.001 P ¼ 0.045 P ¼ 0.003
ECP NA NS NS r ¼ 0.347

P ¼ 0.004
Total IgE NA r ¼ 0.537 NS

P , 0.001
Specific anti-Toxocara IgE NA NS
Specific anti-Toxocara IgG4 NA

DD, duration of disease before consultation; ECP, eosinophil cationic protein level; NA, not applicable; NS, non-significant; r, Spearman’s
correlation coefficient.

Table 3. Logistic regression analysis of demographic, epidemiological, clinical and laboratory
findings associated with elevated values of eosinophil cationic protein, specific anti-Toxocara
IgE and IgG4.

Variable Coefficient P Odds ratio 95% CI

A. Associated with elevated ECP result ($ 30mg l21)
Cough 1.7 0.004 5.4 1.7 16.7
Rhinitis 2.9 ,0.0001 18.0 6.7 48.1

Likelihood ratio statistic on 3 DF ¼ 287.5, P ,.0.001

B. Associated with elevated specific anti- Toxocara IgE result ($ 4 TU l21)
Itchy rashes 2.6 ,0.001 13.3 3.6 49.1
Presence of sp. IgE IA 3.1 ,0.001 22.6 7.9 65.25

Likelihood ratio statistic on 3 DF ¼ 308.1, P , 0.001

C. Associated with elevated specific anti-Toxocara IgG4 result ($ 504 FU l21)
Rural residence 3.7 ,0.001 41.0 16.2 104.6

Likelihood ratio statistic on 2 DF ¼ 280.5, P , 0.001

CI, confidence interval; ECP, eosinophil cationic protein level; FU, fluorescence units; sp. IgE
IA, specific IgE for common inhalant allergens; TU, Toxocara units.
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Specific IgG4 is not known to induce the release of
eosinophil granule proteins.
With logistic regression analysis (model A), higher

ECP levels were explained by both chronic cough and
rhinitis. There was no association with laboratory
abnormalities usually evocative of allergic disease, such
as elevated total IgE levels and the presence of specific
IgE against common inhalant allergens. The present
association of higher ECP titres with cough and rhinitis
was similar to that described in asthma (Fujisawa et al.,
1998) or common allergic rhinitis (Tomassini et al.,
1996). Hence the infection by Toxocara canis larvae
appears to also induce – or boost in atopic patients –
inflammation of the respiratory tract, by release of
cationic proteins inside bronchial and nasal mucosae.
Such an effect was probably systemic, but the transient
presence of Toxocara sp. larvae in the airways cannot be
excluded.
Titres of specific anti-Toxocara IgE correlated classi-

cally with serum total IgE levels. Following logistic
regression analysis (model B), higher values of specific
anti-Toxocara IgE were explained by the likely presence
of atopy and chronic urticaria or itchy rashes. These
clinical symptoms of allergy are commonly observed in
patients sensitized to common food or inhalant
allergens. The finding of the association of high
specific anti-Toxocara IgE with atopy and skin allergy
signs therefore strengthens the hypothesis of allergy
symptoms caused by sensitization to TES-Ag, that are
probably close to the so-called TBA-1 (Yahiro et al.,
1998). It also suggests that an atopy status could be a
worsening factor among toxocariasis patients.
Specific IgG4 levels significantly correlated with both

blood eosinophil levels and ECP values, and this is
related to the results of the regression analysis (model C).
Higher levels of specific anti-Toxocara IgG4 were then
explained only by rural residence, namely by the risk of
having repeated and/or stronger infections, where
chronic blood eosinophilia is common. IgG4 antibodies
are known to become prominent later on when a chronic
antigenic stimulation is encountered, since IgG4 switched
B-cells are more likely to proliferate than IgE switched
B-cells (Brinkman & Heusser, 1993).
Although the degranulation of eosinophil cells

obviously occurred in toxocariasis patients, any
ADCC killing mechanism involving both eosinophil
and specific IgE does not seem to exist here, unlike
that reported in mansoni schistosomiasis (Nutten et al.,
1997). No correlation was found between ECP and
specific anti-Toxocara IgE levels, a point that supports
two explanatory hypotheses. Firstly, the detection of
specific anti-Toxocara IgE by ELISA would have been
biased by a masking effect from more abundant
specific IgG. However, in this event, specific anti-
Toxocara IgE would not have significantly correlated
with total IgE, the detection of which is based upon a
sandwich assay not affected by the level of other
immunoglobulin isotypes.
Secondly, Toxocara canis larvae have developed an

escape mechanism, namely an abundant production of
soluble antigens against which the mammal host
preferentially mounts the immunological response
(Kayes, 1997). These TES-Ag are located on the larval

epicuticle, which permanently sheds (Maizels & Page,
1990). Within about 3 h, a complete turn-over of the
protein outer larval surface is achieved (Smith et al., 1983).
Hence, specific IgE that would be fixed on the parasites
peel off, and eosinophil degranulation occurs far away
from the parasitic tissue targets. Subsequently, it can be
inferred that the larval killing process relies upon another
immunological mechanism than ADCC. Experimental
data suggest that larval trapping inside granulomata
could be a candidate. This phenomenon was discovered
in a mouse model, and seemed to be genetically
controlled (Parsons & Grieve, 1990). Moreover, in mice
infected by Toxocara canis larvae, parasitic elimination
occurred at the same rate in IL-5 transgenic animals as in
normal individuals (Sugane et al., 1996). In human
toxocariasis, dying larvae in the centre of granulomata
were reported in hepatic (Kaplan et al., 2001), neurological
(Hill et al., 1985) and especially ophthalmological (Werner
et al., 1999) cases. Muscle granulomatous lesions were
described in laboratory-infected rodents (Kayes & Oaks,
1978). Since the novel so-called Th3 lymphocyte subset,
producing TGF-b, could be mainly involved in this kind
of granulomatous response (Meeusen, 1999), further
oriented studies should be considered.
Concerning the relationship between atopy and

toxocariasis, data from the present study are consistent
with results reported by Buijs et al. (1994) and suggest
that, in subjects having a hypothetical ‘atopic genotype’
(Moffatt & Cookson, 1998), toxocariasis could boost
preexistent allergy symptoms or, acting as a ‘developer’,
elicit these signs in previously asymptomatic patients.
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