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ABSTRACT: Toxocara (the cause of visceral larva migrans in humans) and aller-
gy have in common both elevated immunoglobulin E (IgE) levels and eosinophilia.
In the present study, we investigated: 1) associations between Toxocara seroposi-
tivity and allergic manifestations; 2) risk factors for Toxocara infection; and 3)
differences in Toxocara seroprevalence, allergic manifestations and the associa-
tions between these two, in children from urban and rural environments.

Blood samples from 1,379 Dutch urban and rural elementary schoolchildren,
were examined for Toxocara antibodies, eosinophil numbers, total IgE concentra-
tions, and the occurrence of inhaled allergen-specific IgE. Questionnaires investi-
gating respiratory health and putative risk factors for infection were completed.

It was found that 8% of the children had Toxocara antibodies, occurring sig-
nificantly less often in females than in males. The means of total serum IgE lev-
els and blood eosinophils were significantly higher in the Toxocara-seropositive
than in the seronegative group. Allergic asthma/recurrent bronchitis was found in
7% of the children, allergic reaction on animal contact in 4%, and IgE to at least
one inhaled allergen in 16%. These variables were associated with Toxocara sero-
prevalence. Inhaled allergen-specific IgE and asthma/recurrent bronchitis occur-
red significantly less often in rural than in urban areas, and significantly less often
among girls than among boys. Furthermore, occurrence of allergen-specific IgE
increased significantly with age. No association existed between Toxocara sero-
prevalence and assumed risks, i.e. contact with pet animals and public playgrounds.

In conclusion, our results indicate that allergic manifestations occur more often
in Toxocara-seropositive children. A relationship with an already existing allergic
condition is plausible.
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Recent investigations suggest an increasing preva-
lence of childhood asthma [1, 2]. Children at risk are
those with an atopic constitution [3, 4]. The age at
which allergy becomes manifest depends mainly on the
degree of exposure to inhaled allergens, the most obvi-
ous being that to house dust mite (Dermatophagoides
pteronyssinus) allergen [5]. Frequent exposure to aller-
gens may accelerate expression of allergic symptoms at
a young age [6]. Various products of biological origin,
such as antigens derived from parasitic worms, have
polyclonal Bε-cell-activating properties, and can, there-
by, induce high serum total immunoglobulin E (IgE)
concentrations [7, 8].

Toxocara spp., intestinal parasites of dogs and cats,
may spend part of their life cycle in noncompatible
hosts, including humans. Toxocara is endemic in the
Netherlands. About 8% of the children have antibodies
to this roundworm [9]. Eggs are passed on the soil with
dog/cat faeces; the infection, therefore, is soil transmit-
ted. Larvae, hatched in the intestine from ingested eggs,

migrate to the body tissues, such as liver and lungs. In
noncompatible hosts, the larvae do not develop, and
may survive as such for over 2 yrs [10]. Hatched lar-
vae release excretory/secretory antigens [11] during mig-
ration, that provoke immuno-inflammatory reactions
[8]. This results in a variety of ailments, including those
of the respiratory tract [7].

In a longitudinal study of experimentally infected
BALB/c mice, we observed that a raised serum total IgE
concentration and mixed cellular pulmonary inflamma-
tion lasted for more than 3 months [8]. The initially
eosinophilic inflammation had obtained chronic appear-
ance at 3 months postinfection. On investigating lung
function in the mouse model, we found that pulmonary
resistance was significantly increased and lung dynamic
compliance decreased [12]. Studies by other investiga-
tors, performed in humans and animals, demonstrated
that a major part of the newly produced IgE was non-
parasite-specific [13–15], showing the polyclonal char-
acter of Βε-cell stimulation. 
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In a previous epidemiological study, we demonstrat-
ed elevated serum total IgE levels and a more frequent
occurrence of inhaled allergen-specific IgE in Toxocara-
seropositive as compared to seronegative children. The
sample comprised 4–6 yr old elementary schoolchild-
ren from two densely populated Dutch urban areas. This
study also suggested an association of Toxocara sero-
prevalence with physician-confirmed asthma [9]. It was
assumed that seropositive children had, or had experi-
enced, an infection with Toxocara.

The endemicity of Toxocara in the Netherlands [9,
16], together with the pathological phenomena describ-
ed above, suggest that infection with this kind of para-
sitic roundworm may accelerate expression of asthma-like
affections in susceptible children, and possibly aggra-
vates already-existing asthma. Such an association may
be important in view of the increasing number of chil-
dren having such affections. 

In the present cross-sectional study, we investigated
whether an association between toxocarosis and aller-
gic manifestations could be established in elementary
schoolchildren, aged 4–12 yrs, of urban or rural origin.
We also investigated whether risk factors for infection
with Toxocara could be identified in this age group.
The study enabled us to establish whether differences
existed between urban and rural areas in the prevalence
of Toxocara antibodies and allergic manifestations, and
in the relationship between these two conditions. Fur-
thermore, the similar design of the previous and present
study allowed comparison of results. The presence of
allergic manifestations was to be estimated from ques-
tionnaires, from eosinophil numbers, total serum IgE
concentration, and from the presence of inhaled aller-
gen-specific IgE.

Materials and methods

Population

The investigation was carried out among 1,379, 4–12
yr old, elementary schoolchildren from urban and rural
areas in the provinces of Utrecht and Brabant in the
Netherlands. Six hundred and eighty three of the chil-
dren lived in the province of Utrecht: 335 in Utrecht
city (urban), distributed over three schools; and 348 in
the countryside (rural), distributed over seven schools.
Six hundred and ninety six of the children lived in the
province of Brabant: 328 in Eindhoven city (urban), dis-
tributed over three schools, and 368 in the countryside
(rural), distributed over two schools. The province of
Utrecht is located in the centre and that of Brabant in
the south of the Netherlands. Both provinces have sim-
ilar demographic characteristics. Schools were selected
in co-operation with the community health services, in
order to obtain representative samples of the popula-
tion. 

The surveys were carried out in Utrecht from Novem-
ber 1989 to April 1990, and in Brabant from December
1991 to February 1992. To control for socioeconomic
status in the samples from the city populations, schools
were selected on the basis of the socioeconomic cate-
gory (low, middle and high) of the neighbourhoods.
National criteria, such as the parents' education, income

and housing, were used to categorize the schools; this
information was provided by the Municipal Centers for
Research and Statistics. An estimated 85% of the pupils
attending a particular school were of the same socio-
economic category as the neighbourhood in general.
Division by socioeconomic categories was not mean-
ingful in the countryside. In rural Utrecht, each village
had its own small size school attended by all children
in the vicinity. In rural Brabant, larger schools served
larger areas.

The parents were asked to complete a questionnaire,
which, together with a letter of consent for the partici-
pation of their child(ren), was returned to the school
staff. Per school, 60–85% of the parents returned the
letter of consent. Ethical aspects were considered and
approved by an independent group of public health
authorities of the Public Health Services. No such in-
vestigation has been performed in any of the study areas
previously.

Blood collection and examination

Schools were visited from 09.00 until 12.00 h, and
30–80 samples were collected per visit. For reasons of
anonymity, serial numbers were given to questionnaires
and blood samples. A 0.5 mL sample of blood was col-
lected by finger prick and was transferred into a 2 mL
anti-coagulant (dipotassium ethylenediamine tetra-acetic
acid) containing tube. The blood was centrifuged at 2,500
rpm for 15 min. The plasma collected was divided bet-
ween two tubes, one for Toxocara serology and the
other for measurements of total and inhaled allergen-
specific IgE. The tubes were stored at -20°C until used.

Toxocara serology

Antibodies to Toxocara were measured, as described
by VAN KNAPEN et al. [17]. Peroxidase-labelled rabbit-
anti-human immunoglobulin G (IgG) (Institut Pasteur,
Marnes la Coquette, France) was used as a conjugate. Each
microtitre plate contained 7–9 control sera, i.e. 6–8 known
negative samples and one standard serum with known
Toxocara antibody titre. Since contact of the children
with Toxocara (and not disease) was subject to study,
the sera were screened in a 1:20 dilution, the lowest dilu-
tion at which specific antibodies were detected. Results
were considered positive when the extinction value was
higher than the mean extinction value of 6–8 negative
control sera raised with three times the standard devia-
tion. Results were expressed as either negative or pos-
itive. Antibody measurement was performed according
to good laboratory practice procedures, including the
required controls for approval of new batches of reagents.

Estimations of serum total IgE concentration and of IgE
specific for inhaled allergens

The PharmaciaCAP System IgE radioimmunoassay
(RIA) and the PharmaciaCAP System radioallergosor-
bent test (RAST) were used for the estimation of serum



accepted only when allergic disorders observed by the
parents were subsequently confirmed by a physician.

Risk factors

Putative risk factors were also investigated by ques-
tionnaire. The parents were asked: 1) whether or not the
family owned dogs and/or cats, now or ever; 2) if their
children played at public playgrounds; 3) and if the chil-
dren had contact with animals which did not belong to
the household.

Statistical analysis

Logistic regression analysis was used to study the asso-
ciations between Toxocara seroprevalence and allergic
manifestations, inhaled allergen-specific IgE, the risk
factors, and the background variables: district (Utrecht
versus Eindhoven), environment (urban vs rural), sex,
school and age. These analyses were made using the
EGRET package [19]. Firstly, the relationships between
Toxocara seroprevalence and the five background vari-
ables were studied, and subsequently those between
Toxocara seroprevalence and allergic manifestations,
between Toxocara seroprevalence and inhaled allergen-
specific IgE, and between Toxocara seroprevalence and
the risk factors. The latter three associations were cor-
rected for confounding effects of the background vari-
ables. School was entered in the models as a random
effect, to account for the fact that children from the
same school were more alike than children from diffe-
rent schools. Not adjusting for school in this way may
cause an underestimation of confidence intervals of the
odds ratios, which in its turn may lead to spuriously
significant results [19]. For each model, all first order
interactions between fixed effects were examined, and
statistically significant ones were retained.

Analysis of covariance (ANCOVA) was used to study
the relationships between Toxocara seroprevalence and
serum immunoglobulin E concentration, and between
Toxocara seroprevalence and eosinophil number. PROC
GLM of the Statistical Analysis System (SAS) pack-
age [20] was used to perform these analyses. IgE and
eosinophil values were log-transformed in order to ach-
ieve approximate normality. Toxocara seroprevalence
and the background variables, district, environment and
sex, were entered as fixed factors in the models. School
was entered as a fixed blocking factor, nested under dis-
trict and environment. Age was included as covariate.
This design contained 2 × 2 × 15 = 60 cells. One of the
cells was empty in the IgE data and two cells were
empty in the eosinophil data. To avoid the complica-
tion of analysing designs having some cells empty, one
artificial observation was placed in each of these cells.
These observations had the average IgE or eosinophil
value for the particular combination of levels of the fac-
tors, Toxocara seroprevalence, district, environment and
sex they were in, and also the average value for age.
These observations were not included in the numbers
of observations shown in the tables.

Initially, models containing all possible interactions
of all orders between Toxocara seroprevalence, district,
environment and sex were fitted. Interactions with school
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total IgE and of inhaled allergen-specific IgE, respec-
tively. The CAP System included equipment, test kits
and all required control and standard sera. The tests are
based on the ImmunoCAP technology. Briefly, the  anti-
gens, anti-IgE or allergens, are covalently coupled to
cyanogen bromide-activated sepharose beads (Im-
munoCAP). IgE or inhaled allergen-specific IgE, when
present in the serum, reacts with the ImmunoCAP. Radio-
actively labelled antibodies against IgE are then added,
which bind to the complex. The radioactivity of the
complex formed is measured in a gamma counter. The
amount of bound radioactivity is a measure of the quan-
tity of total IgE or inhaled allergen-specific IgE. The
detection limit for total IgE is 0.8 kU·L-1 and for inhaled
allergen-specific IgE is <0.35 kU·L-1. 

The allergens tested were Dermatophagoides pterony-
ssinus, Canis familiaris and Felis domesticus. Because,
the majority of the sera containing IgE specific for F.
domesticus and/or C. familiaris also contained D. ptero-
nyssinus-specific IgE, the samples were categorized as
either nonreacting or reacting with at least one aller-
gen. Results are expressed as kU IgE·L-1 for serum total
IgE, and as either negative or positive for inhaled al-
lergen-specific IgE. A concentration of >0.35 kU of
inhaled allergen-specific IgE·L-1 was considered posi-
tive.

Estimations of Toxocara-specific IgE

Toxocara-specific IgE was estimated by J-F. Magnaval
(Toulouse, France), in six Toxocara-seropositive and
seronegative samples, according to the method describ-
ed by MAGNAVAL et al. [18]. The Toxocara-positive sera
were selected on the basis of varying total IgE con-
centrations. The Toxocara-negative samples (controls)
were selected on the basis of high total IgE concentra-
tions.

Questionnaires

Prior to visiting the school, the school staff, the par-
ents and the general practitioners were informed in writ-
ing about the aim of the investigation, the life cycle of
the parasite, and the route of infection. Questionnaires
were distributed to the parents requesting: 1) name, date
of birth, and sex of the child; 2) information concern-
ing putative risk factors for infection, i.e. the presence
of dogs and cats in the home, contact with animals out-
side the home, and use of public playgrounds; 3) infor-
mation concerning allergic complaints, i.e. "Does the
child suffer from asthma/recurrent bronchitis?", "Does
the child react with allergic symptoms during or after
contact with animals?", "Does the child suffer from
eczema?"; and 4) whether the child had ever been hos-
pitalized with asthma Questions about allergic symp-
toms were followed by: "If the answer is yes, has it
been confirmed by a physician"? Asthma was diagnos-
ed using national criteria, which are concordant with
those of the American Thoracic Society. Recurrent bron-
chitis was mentioned, considering that 4 and 5 yr olds
are suspected of an asthmatic condition when they have
recurrent bronchial ailments at that age. Answers were



were assumed to be nonexistent. Nonsignificant inter-
actions were sequentially removed, starting with those
of highest order. When a significant interaction of order
higher than one was found, all interactions of lower
order included in that higher order interaction were also
retained. Because the data were highly unbalanced, type
III sums of squares [20] were used in hypothesis tests.
These sums of squares do not depend on cell frequen-
cies, and also allow interpretation of main effects in the
presence of interactions. In the tables and in the text,
we report least squares means transformed back to the
original scale to describe average IgE and eosinophil
levels in subgroups. Least squares means, also, do not
depend on cell frequencies and, thus, on the degree of
imbalance in the data.

All other results were calculated with the SAS pack-
age. In all analyses, p-values less than 0.05 were consi-
dered significant.  In evaluating interaction terms, p-values
less than 0.01 were used in view of the smaller statis-
tical power of these tests.

Results

Sample characteristics

The number of children observed in each of the 15
schools, as well as the seroprevalence of Toxocara, asth-
ma/recurrent bronchitis and inhaled allergen-specific
IgE are presented in table 1. The numbers of subjects
varied considerably among schools. Relatively small

numbers were observed in the seven schools in the rural
vicinity of Utrecht. However, the numbers of children
in each of the four regions were very similar, namely
approximately 340. Also, the number of boys and girls,
688 and 691 respectively, were almost equal.

We first studied whether living in the district of Utrecht
or in the district of Eindhoven (district), living in an
urban or in a rural environment (environment), sex, age
or the school attended were associated with Toxocara
seroprevalence. The overall seroprevalence of Toxocara
was 8%. We did not find a relationship with district
(odds ratio (OR) 1.18; 95% confidence interval (95%
CI) 0.66–2.11) or with environment (OR 0.83; 95%
CI 0.46–1.49). Significantly less girls (7%) than boys
(10%) had Toxocara antibodies. Using boys as the
baseline category, the OR for sex  was 0.64 (95% CI
0.44–0.95). However, this OR varied between the four
subpopulations formed by combining the levels of dis-
trict and environment in the sample studied. This was
analysed by studying the association between Toxocara
seropositivity and sex separately in each of the four stra-
ta. This revealed that the odds for Toxocara seroposi-
tivity were always smaller in girls than in boys, except
in the city of Eindhoven, where girls had the larger
odds. The OR for sex was significant in the city of Utre-
cht (OR 0.35; 95% CI 0.13–0.93) and in rural Utrecht
(OR 0.43; 95% CI 0.18–1.05), but not in Eindhoven city
(OR 1.49; 95% CI 0.72–3.13) or in rural Eindhoven (OR
0.51; 95% CI 0.19–1.30).

Toxocara seroprevalence varied widely between the
schools from a minimum of 2% to a maximum of 24%
(table 1), which resulted in a highly significant random
effect of school (p<0.001, likelihood ratio test) in the
logistic regression model. The median age in the total
sample was 8 yrs. Age did not show a relationship with
Toxocara seroprevalence. Furthermore, no significant
interactions were found between age and the other vari-
ables investigated.

Association between Toxocara seroprevalence and
allergic manifestations

ORs for the associations between Toxocara sero-
prevalence and allergic manifestations, presented in
table 2, were adjusted for the background variables, dis-
trict, environment, sex and school. The allergic mani-
festations were not related to age. Age was, therefore,
omitted from the models. Asthma/recurrent bronchitis
and allergic reaction on animal contact were signifi-
cantly associated with Toxocara seroprevalence, where-
as eczema and hospitalization due to asthma/recurrent
bronchitis were not. No statistically significant inter-
actions between allergic manifestations and the back-
ground variables were found.

Association of inhalant allergen-specific IgE with Toxo-
cara seroprevalence, district, environment, sex, school
and age

Inhaled allergen-specific IgE was found significan-
tly more often in the Toxocara-seropositive group as
compared to the group in which no antibodies were
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Table 1.  –  Characteristics of the population studied on
the basis of division into schools: Dutch elementary
schoolchildren 1989–1992

Allergen-
Toxocara  Asthma/    specific‡

School                  Sex       +ve         RB          IgE
No.         n           M/F        %         %          %

Utrecht: rural
1 42 14/28 10 2 14
2 61 30/31 10 7 12
3 51 25/26 4 2 8
4 74 40/34 5 3 11
5 38 18/20 24 18 5
6 35 20/15 6 9 17
7 47 25/22 2 2 13
Utrecht: urban
8 101 48/53 3 4 27
9 79 40/39 6 10 13
10 155 72/83 10 9 15
Eindhoven: rural
11 185 93/92 8 8 17
12 183 96/87 6 4 14
Eindhoven: urban
13 117 63/54 11 8 16
14 118 55/63 8 9 23
15 93 49/44 16 10 25

Cohort 1379¶ (688/691)* 8 7 16
means

n:  number of children per school; M: male; F: female; +ve:
positive; RB: recurrent bronchitis; IgE: immunoglobulin E. ‡:
percentage of children having specific IgE against one or
more inhalant allergens; ¶: median age of the cohort was 8
yrs; *: Toxocara seroprevalence was 10% among males and
7% among females.



demonstrated (table 3). Furthermore, inhaled allergen-
specific IgE was found significantly more often in chil-
dren from urban than from rural backgrounds, and more
often in boys than in girls. Also, its occurrence increas-
ed with age. No difference was observed between the
districts of Utrecht and Eindhoven. 

The considerable variation among schools in percen-
tage of children presenting allergen-specific IgE, rang-
ing 5–27% (table 1), turned out to be nonsignificant in
this analysis after adjustment for the other variables in
the model (table 3).

Association of eosinophil numbers and serum IgE lev-
els with Toxocara seroprevalence

Overall, the number of eosinophils was higher in the
Toxocara-seropositive group (221 cells·µL-1; 95% CI
188–259 cells·µL-1) as compared to the seronegative
group (175 cells·µL-1; 95% CI 167–184 cells·µL-1), as
indicated by a statistically significant main effect of
Toxocara seroprevalence (p=0.008). However, the sim-

plest ANCOVA model that adequately described the re-
lationships between eosinophil number and Toxocara,
district, environment, sex, school and age included, in
addition to the main effects of all factors, a significant
second order interaction between Toxocara seropreva-
lence, district and environment (p=0.043). We have inter-
preted this as the effect of Toxocara seroprevalence on
eosinophil numbers being different in each of the four
subgroups formed by combining the levels of district
and environment. Results for these groups are presen-
ted in table 4. Although the direction of the difference
between Toxocara-seronegative and seropositive groups
was the same in all groups, the magnitudes of the dif-
ferences varied considerably. The largest and only sig-
nificant difference was found in the rural vicinity of
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Table 2.  –  Logistic regressions of allergic manifestations on Toxocara seroprevalence: Dutch elementary school-
children 1989–1992

Outcome              Toxocara Cases Crude† Adjusted‡ 95% CI§

Total* (%) OR OR

Asthma/RB -ve 77/1257 (6) Baseline Baseline
+ve 17/114 (15) 2.69 2.49 1.41–4.39

Allergic reaction -ve 41/1251 (3) Baseline Baseline
on animal contact +ve 12/113 (11) 3.51 3.25 1.65–6.42

Eczema -ve 61/1252 (5) Baseline Baseline
+ve 5/112 (4) 1.18 0.86 0.34–2.19

Hospitalization -ve 31/1258 (2) Baseline Baseline
due to asthma/RB +ve 5/114 (4) 1.82 1.58 0.59–4.22

*: number of cases of the outcome variable versus the total number of children in that Toxocara category; †: odds ratios
(OR) versus baseline category; ‡: ORs adjusted for district, urban/rural environment, sex and school; §: confidence inter-
vals (CI) of the adjusted OR. -ve: negative; +ve: positive; RB: recurrent bronchitis.

Table 3.  –  Logistic regressions of inhalant allergen-
specific immunoglobulin E on Toxocara seroprevalence,
environment, district, sex, age and school: Dutch ele-
mentary schoolchildren 1989–1992

Variable           Cases          Crude   Adjusted   95% CI$

Total*    (%)      OR        OR‡

Toxocara
Negative 193/1238 (16) BL BL
Positive 28/112 (25) 1.81 1.66 1.04–2.65

Environment
Urban 126/647 (20) BL BL
Rural 95/703 (14) 0.65 0.61 0.43–0.87

District
Utrecht 97/647 (15) BL BL 0.86–1.74
Eindhoven 124/684 (18) 1.30 1.23

Sex
Boys 133/671 (20) BL BL
Girls 88/679 (13) 0.60 0.61 0.45–0.82

Age (yrs)
continuous 1.10 1.10 1.04–1.17

School (random) p-value=0.186

*: number of children with inhalant allergen-specific immuno-
globulin E versus the total number of children in that cate-
gory; ‡: odds ratio (OR) adjusted for all other variables in the
table; $: 95% confidence intervals (CI) of the adjusted ORs;
BL: baseline.

Table 4.  –  Analysis of covariance of eosinophil num-
bers in relation to Toxocara seroprevalence, district,
environment, sex, age and school: Dutch elementary
schoolchildren 1989–1992

Eosinophils  cells·µL-1 p-value

n     L-S Mean† 95% CI†

Utrecht: urban
Toxocara -ve 303 198 180–219

+ve 24 260 183–367 0.1404‡

Utrecht: rural
Toxocara -ve 304 178 161–197

+ve 26 195 141–269 0.6050‡

Eindhoven: urban
Toxocara -ve 287 190 172–210

+ve 38 195 148–255 0.8767‡

Eindhoven: rural
Toxocara -ve 340 141 129–154

+ve 24 241 171–339 0.0030‡

Sex
Boys 672 205 187–226
Girls 674 189 171–208 0.0669§

Age (yrs) (-0.0179; 0.00944)# 0.0576
School 0.3259

n: number of children in that category; -ve: negative; +ve:
positive. †: least squares (L-S) means and their 95% confi-
dence intervals (CI), transformed back to the original scale;
‡: p-value belonging to the tests of the contrast between Toxo-
cara-negative and positive groups within each of the four com-
binations of the levels of the factors, district and environment;
§: p-value of the difference in eosinophil numbers between
the sexes; #: coefficient and standard error of the covariable
age indicating the change in log eosinophil numbers by a
change of 1 yr in age.



Eindhoven, whilst in Eindhoven city a very small dif-
ference was found. The two samples from Utrecht were
intermediate. There was a considerable variation among
the seropositive groups, and less so among the seroneg-
ative ones.

The number of eosinophils was higher in boys than
in girls, a difference that was borderline significant
(table 4). Furthermore, a small and almost significant
negative trend with age was found, corresponding with
a decrease of almost 2% in the number of eosinophils
for a 1 yr increase in age. No significant differences
between schools were found. Least squares means trans-
formed back to the original scale ranged 166–247 cells·
µL-1 (detailed results not shown).

For the IgE values, the same model was found to be
adequate as that used for the eosinophil numbers. There-
fore, for this variable also, a second order interaction
between district, environment and Toxocara (p=0.0402)
was included in the model. Overall, a significantly higher
serum total IgE concentration was found in the sero-
positive group (126.9 IU·mL-1; 95% CI 94–172 IU·mL-1)
than in the seronegative group (66.3 IU·mL-1; 95% CI
61–73 IU·mL-1; p=0.0001). In this case, also, examina-
tion of this difference in the four subpopulations sepa-
rately revealed a substantial variation (table 5). Large
and statistically significant differences were found in
the city of Utrecht and in rural Eindhoven. A much
smaller difference was observed in the city of Eindhoven,
and a very small difference in rural vicinity of Utrecht.
Again, the direction of the difference was the same in
all subgroups. Serum IgE levels were higher in children

from an urban (113.4 IU·mL-1) than from a rural envi-
ronment (74.2 IU·mL-1, p=0.0055), higher in males than
in females, and increased almost 9% with a 1 yr in-
crease in age (table 5). IgE levels varied widely among
schools, ranging 29.4–237.8 IU·mL-1, a variation that
was highly significant.

Toxocara-specific IgE

Serum samples, selected from the Toxocara-seroposi-
tive and seronegative groups on the basis of total serum
IgE concentrations, were analysed for Toxocara-speci-
fic IgE. No relationship was found between levels of
total IgE and Toxocara-specific IgE concentrations in
the six seropositive samples, two of which even demon-
strated absence of specific IgE. Five of the six sero-
negative samples were negative for specific IgE. One
sample, however, demonstrated a low positive reaction
(table  6).

Risk factors 

Relationships between Toxocara seroprevalence and
the putative risk factors were adjusted for confounding
effects of district, environment, school, sex and age.  Hav-
ing kept a dog as a pet at sometime in the life of a child
resulted in higher odds for having Toxocara antibodies
(OR 1.52; 95% CI 1.01–2.29). Currently keeping a dog,
raised the odds for having Toxocara antibodies only
slightly, and not significantly (OR 1.22; 95% CI 0.80–
1.86). Similarly, having a dog in the past but not at pre-
sent raised the odds, but not significantly (OR 1.47; 95%
CI 0.98–2.22). Having kept a cat at sometime, or hav-
ing a cat in the past but not at present, also yielded (not
significantly) higher odds (OR 1.23; 95% CI 0.80–1.86
and OR 1.49; 95% CI 0.95–2.33, respectively). Cur-
rently having a cat was not related to Toxocara sero-
prevalence at all (OR 0.99; 95% CI 0.59–1.67). The dog
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Table 5.  –  Analysis of covariance of serum total im-
munoglobulin E (IgE) levels in relation to Toxocara sero-
prevalence, district, environment, sex, age and school:
Dutch elementary schoolchildren 1989–1992

Serum total IgE IU·mL-1

n     L-S Mean† 95% CI†       p-value

Utrecht:urban
Toxocara -ve 306 85.1 70.7–102.5

+ve 24 212.4 110.6–407.8 0.0078‡

Utrecht:rural
Toxocara -ve 315 45.7 38.1–54.9

+ve 27 54.6 29.8–100.0 0.5824‡

Eindhoven:urban
Toxocara -ve 286 76.0 63.0–91.7

+ve 38 120.2 72.1–200.2 0.0998‡

Eindhoven:rural
Toxocara -ve 340 65.4 55.2–77.6

+ve 24 186.0 97.8–353.6 0.0021‡

Sex
Boys 678 101.2 84.9–120.6
Girls 674 83.2 69.1–100.0 0.0249§

Age (yrs) (0.0844; 0.0176)# 0.0001
School 0.0001

n: number of children in that category; -ve: negative; +ve:
positive. †: least squares (L-S) means and their 95% confi-
dence intervals (CI), transformed back to the original scale;
‡: p-value belonging to the tests of the contrast between Toxo-
cara-negative and positive groups within each of the four
combinations of the levels of the factors, district and envi-
ronment; §: p-value of the difference in IgE concentrations
between the sexes; #: coefficient and standard error of the
covariable age indicating the change in ln IgE level by a
change of 1 yr in age.

Table 6.  –  Serum total immunoglobulin E (IgE) con-
centration versus Toxocara-specific IgE in Toxocara-
seropositive and seronegative samples

Total IgE† Tox.-specific IgE‡

No.                       kU·L-1 U·L-1

Toxocara seropositive
1 727 40.0  
2 >2000 2.5 
3 >2000 <1.0 
4 673 1000.0 
5 481 <1.0 
6 866 3.0 

Toxocara seronegative
7  1261 4.0
8 1669 <1.0
9 >2000 <1.0

10 1243 <1.0
11 1759 <1.0
12 >2000 <1.0

†: serum total IgE concentration expressed in international
kilo units per litre of serum; ‡: Toxocara-specific IgE express-
ed in Toxocara units per litre of serum; Tox.: Toxocara.



ownership variables were included in the models descri-
bing the associations between Toxocara seroprevalence
and allergic manifestations to check for possible con-
founding effects. This did not appreciably lower the
odds ratios for Toxocara, and thus did not change the
findings.

Use of public playgrounds and the amount of contact
with animals outside the home were measured on a
three-point scale, having the categories: no, infrequent,
and frequent use or contact. Of the children reporting
no contact with animals outside the home, 14.5% were
Toxocara seropositive. In the groups reporting infre-
quent and frequent contact these percentages were 6
and 10.5%, respectively. Frequent and infrequent con-
tact, therefore, resulted in lower odds for Toxocara sero-
prevalence when compared to the group that reported no
contact. The OR for infrequent contact was 0.42 (95%
CI 0.24–0.74), which was significant, and for frequent
contact 0.77 (95% CI 0.42–1.41), which was not signi-
ficant.

Of the children who never played in public play-
grounds, 9.3% were Toxocara seropositive; 6.9% were
seropositive in the group who played only infrequently
in these playgrounds; and 10.4% in those who did so
frequently. Thus, when using the group who never played
in public playgrounds as the baseline category, the OR
for infrequent use was 0.73 (95% CI 0.42–1.29) and for
frequent use 1.11 (95% CI 0.62–2.00), neither of them
being significant.

Discussion

The main aim of the present study was to investigate
whether or not an association exists between allergy-
related phenomena and Toxocara seroprevalence. Such
an association was hypothesized on the basis of charac-
teristics that toxocarosis and allergy have in common,
i.e. excessive IgE production, eosinophilia, and respi-
ratory complaints [1, 3, 13]. Excessive IgE production
after contact with IgE-stimulating agents is an inherit-
ed phenomenon [21]. Young children with an atopic
condition risk development of allergic asthma during
growth [22]. Since accumulated exposure to inhaled aller-
gens of 4–12 yr old children may not yet have initia-
ted allergic manifestations, this association could be
best studied in this age group.

We found that asthma/recurrent bronchitis and aller-
gic reaction on animal contact were diagnosed signifi-
cantly more often in the Toxocara-seropositive group
than in the seronegative group. Moreover, inhaled aller-
gen-specific IgE was observed significantly more often
among Toxocara-seropositive than among seronega-
tive individuals. Furthermore, overall eosinophil numbers
and total IgE levels were significantly increased in the
seropositive group as compared to the seronegative group.
However, an analysis of the four subsamples revealed
that, although the direction of the differences was the
same in all four subgroups, a significant increase in eosi-
nophil numbers existed in rural Eindhoven, and signi-
ficantly raised serum total IgE concentrations in urban
Utrecht and rural Eindhoven.

The observed associations between Toxocara sero-
prevalence and allergy-related variables, including aller-

gen-specific IgE, strongly suggest that Toxocara stim-
ulates the production of allergen-specific IgE. Since var-
ious parasitic infections induce polyclonal Bε-cell activation
[14, 15], it is conceivable that infection with IgE-
inducing parasites, including Toxocara, results in nonspe-
cific stimulation of dormant allergic manifestations in
children prone to atopy. The causative mechanism may
be that both conditions stimulate the immune response
in a similar fashion. Allergens and parasite-derived anti-
gens stimulate type 0 T-helper cells to develop into type
2 T-helper cells (Th2), which produce the cytokines
interleukin (IL)-4 and IL-5 [23, 24]. IL-4 stimulates IgE
production by inducing the B-cell switch from µδ to ε
expression [24]. IL-5 stimulates eosinophil proliferation
and maturation [23]. Under  normal conditions, type 1
T-helper cells (Th1), which produce interferon-gamma
(IFN-γ), are also activated. IFN-γ is responsible for the
downregulation of Th2 cell activity [25]. The balance
between the two T-helper cell subpopulations in allergy
susceptible individuals may be disturbed in such a way
that no downregulation of the Th2 cells occurs. 

The ability of Toxocara larvae to survive in their hosts
for many months may stimulate Th2 cells and, conse-
quently, IgE production for a longer period. We demon-
strated in Toxocara-infected mice that elevated serum
total IgE levels lasted for at least 3 months postinfection
[8]. Recently, VAN OMMEN et al. [26] demonstrated in a
trinitrophenol (TNP)-keyhole limpet haemocyanin (KLH)
immunization model, that longstanding elevated IgE
levels induced a decrease in antigen-specific IgE, but
an increase in serum total IgE. It was demonstrated that
parasites, such as Toxocara, induced high serum total
IgE levels, of which only a fraction was parasite-spe-
cific [14, 15]. Thus, it may be the case that allergen-
primed resting Bε-cells, induced previously to Toxocara
infection, and newly Toxocara-primed Bε-cells are stim-
ulated, simultaneously, to produce allergen-specific IgE
and Toxocara-specific IgE, respectively. This supposi-
tion was supported by the results of Toxocara-specific
IgE estimated in a few selected serum samples from in-
fected and noninfected children participating in the pre-
sent study. 

No relationship was found between the level of total
IgE concentration and that of Toxocara-specific IgE
in the seropositive samples. MAGNAVAL [27] reported
similar observations from patients with toxocarosis in
France. We performed a study among children selected
on the basis that they (and their relatives) did not have
or had not had established allergic asthma. Both groups
demonstrated increased IgE levels in the Toxocara-
seropositive groups. IgE levels, although increased as
compared to the seronegative children, remained with-
in  normal limits in the asthma-free group, whereas in
the asthma group the already highly increased IgE level
in seronegative children was doubled in the seroposi-
tive children [28]. It is plausible that Toxocara infec-
tion initially induces an IgE increase in a majority of
infected individuals, and that only those with unbalanc-
ed T-helper cell function demonstrate excessive IgE
production. 

Our results are in agreement with the observations of
HAGEL et al. [29] from a study performed in Venezuela.
They observed that rural children with low socioecono-
mic background had a high and diverse parasite burden,
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and that urban children from medium to high socioe-
conomic backgrounds had a low and less diverse para-
site burden. Both had highly increased serum total IgE
levels, but the rural children presented significantly less
often with positive skin tests on allergen challenge than
urban children. They proposed that, in the case of high
parasite burden, mast cell receptors were saturated with
IgE molecules of great diversity. This prevented the
bridging of two identical IgE molecules upon allergen
challenge and the subsequent histamine release. In the
case of low and less diverse parasite burden, the IgE
molecules on mast cell receptors would be more homo-
geneous, allowing the bridging of IgE molecules upon
allergen challenge followed by histamine release. Dif-
ferences between socioeconomic classes in the Nether-
lands are much smaller than in Venezuela, and all classes
are probably comparable to Venezuela's highest socio-
economic class. Children harbouring different helmin-
thic parasites have become rare in the Netherlands [28].

A relationship between eosinophil numbers and Toxo-
cara seroprevalence was demonstrated in the sample,
although the increase was only significant in the sub-
population of rural Eindhoven. Eosinophils are tissue
cells and migrate to inflammatory sites. In a mouse
study, we found that infection caused a rapid increase
in blood eosinophils, returning to near normal values
after 4 weeks. Eosinophils were still present at inflamma-
tory sites in the tissues (lungs) 3 months after infection
[8]. TAYLOR et al. [7] investigated Toxocara seropreva-
lence among children reporting with allergic complaints
at an out-patient department. Although blood eosino-
philia was observed, it was not a consistent characteri-
stic. It is plausible that, during the acute phase, eosinophils
migrate from bone marrow to inflamed tissues via the
peripheral circulation. When the inflammation has be-
come chronic, the chemotactic stimulus and, thus, the
stimulus for eosinophil migration decreases.

In addition to the association between allergy-relat-
ed phenomena and Toxocara infection, we studied dif-
ferences in Toxocara seroprevalence among schools,
between girls and boys, between urban and rural envi-
ronments, and between the districts of Utrecht and Eind-
hoven, and we tried to identify risk factors for Toxocara
infection. 

In the sample as a whole, significantly more boys than
girls had Toxocara antibodies. This difference varied in
the four subpopulations, and was even reversed in the
city of Eindhoven, though not significantly so. There
were no differences between the districts of Utrecht and
Eindhoven, nor between urban and rural environments.
However, we did find a very large variation among the
schools, which is hard to explain. Variations in seropos-
itivity within countries have been reported by other in-
vestigators [30–32]. This observation was attributed
mainly to factors such as social class [33] and contact
with animals. In the present study, no relationship was
found between seroprevalence and socioeconomic class,
which was investigated in the cities only (results not
shown). Rural schools are attended by children irre-
spective of socioeconomic background, living both in
villages and on farms in the neighbourhood. Analysis
of apparent risk factors for Toxocara infection yielded
no clear relationships. Similar results (including the
variability among schools) were obtained in a previous

study carried out at 15 schools in two Dutch cities [9].
Although contamination of the outside environment by
pets is the main source of infection, environment-rela-
ted risks analysed in a cross-sectional study did not clar-
ify how children became infected, nor did it explain the
large variation among schools. A longitudinal study and
investigation into factors such as children's behaviour
when playing, and hygiene of the inside environment at
home and at school may provide a better understanding
of infection dynamics and merit investigation.

Our study showed that children from urban areas
more often than those from rural areas had allergen-spe-
cific IgE. One explanation may be that the quality both
of indoor and outdoor environment in cities is different
from that in rural areas, in such a way that the immune
response in susceptible individuals is triggered to pro-
duce IgE at a younger age.

In conclusion, an association was demonstrated bet-
ween Toxocara seroprevalence and various manifesta-
tions of allergic disease, including allergic asthma. It
was suggested that the mechanisms by which Toxocara
stimulates these manifestations were based on a combi-
nation of a hereditary tendency for skewing to type 2
T-helper cell function and the longevity of the parasite
within in its host. Longstanding elevated levels of inter-
leukin-4 may have induced excessive production of
polyclonal immunoglobulin E which was directed partly
against inhaled allergens. As excessive immunoglobulin
E production, which has been shown to be hereditary [21],
appears to play a role, we speculate that only children
with an atopic predisposition demonstrate an association
between Toxocara infection and allergic manifesta-
tions.
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