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Toxocara infection and its Association with Allergic Manifestations
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Abstract: Toxocara canis and Toxocara cati are roundworms of dogs and cats that can also infect humans worldwide.
Although these parasites do not reach the adult stage in the human host the larvae migrate to different organs and can
persist for many years. Migration of larvae through the lungs may result in respiratory distress such as wheezing, coughs,
mucous production and hyper-reactivity of the airways. Epidemiological and experimental studies suggest that infection
with this helminth contributes to the development of allergic manifestations, including asthma. These findings are
however conflicting since in others studies no association between these two immunopathologies has been found. This
article reviews information on Toxocara spp. and findings from epidemiological and experimental studies on the
association between Toxocara infection and allergic manifestations. In addition, the immunological mechanisms and the
factors involved in the helminth allergy-association are discussed.
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INTRODUCTION

Human toxocariasis is a zoonotic infection caused by
Toxocara canis and T. cati, the roundworms of dogs and cats
respectively. These helminths have a cosmopolitan distribu-
tion and seroprevalence studies indicate that this is one of the
most common helmintic infections in humans worldwide [1].
Evidence from epidemiological studies [2-4] and experimental
models [5] suggests that infection with Toxocara worms
contributes to the development of allergic diseases, including
asthma which is prevalent worldwide [6]. A common
immunological feature in allergic asthma and toxocariasis is
the induction of a Th2 type of immune response characterized
by the production of high levels of IgE and eosinophilia.
Infection with Toxocara spp. shares in addition common
clinical features with allergic asthma such as wheezing, coughs,
mucus hyper-secretion and bronchial hyper-reactivity.
Although few epidemiological studies have suggested no
association between Toxocara infections and asthma [7-9] no
studies so far have reported on an inverse association. The
hygiene hypothesis proposes that infections with different
pathogens including helminths, confer protection against
allergies [10, 11]. Toxocara infections however, do not appear
to protect against allergy but on the contrary, it may contribute
to the development of this immunopathology. In this review
the different epidemiological studies and findings from experi-
mental models in addition to the immunological mechanisms
and factors involved in this association are discussed.

TOXOCARA: TRANSMISSION, EPIDEMIOLOGY,
CLINICAL DISEASE AND DIAGNOSIS
The Parasite

Toxocara canis and Toxocara cati are roundworms of
dogs and cats respectively that can also infect humans
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worldwide. These worms occupy the lumen of the small
intestine of these animals. Female worms can produce more
than 200,000 eggs per day which are passed together with
the faeces of the infected animals into the environment.
Playgrounds, backyards and sand-boxes are common places
were dogs and cats defecate and where Toxocara eggs are
present. The eggs embryonate within 2 to 6 weeks and
ingestion of these eggs containing an infectious larva (Fig. 1)
will result in infection [12]. After ingestion by the definitive
hosts, the eggs hatch and the freed larvae penetrate the small
intestine and enter the general circulation and migrate to
different organs. The larvae migrate first to the liver where
they moult to the third stage, re-enter the general circulation
and are carried to the lungs. In the lungs the larvae penetrate
the alveolar space, crawl up the bronchioles into the trachea,
bypass the epiglottis and are swallowed. In the small
intestine, larvae moult for a fourth time, transforming into
adult worms. Ingestion of infectious Toxocara eggs by
paratenic hosts such as mice, results in somatic migration of
the larvae remaining thereafter in the tissues. After predation
of paratenic hosts by dogs and cats the larvae are released
and develope into adult worms in the intestinal tract of these
animals [12-14]. Humans are accidental host for Toxocara
spp, meaning that although infection can be established,
these parasites do not reach the adult stage in the human
host. Infection is initiated, as in the dogs or cats, by the
ingestion of infectious eggs. Larvae hatch in the small
intestine, migrate to the liver and lungs but they do not reach
the intestine and therefore do not mature to the adult stage.
Instead the larvae migrate throughout the body, invading
different organs such as the liver, lungs, eyes and brain.
Although after infection most of the larvae eventually die,
some of them can survive for several months, up to years. In
experimentally infected rhesus monkeys Toxocara larvae
have been reported to remain viable in tissues for at least 9
years [15].

Transmission

Transmission to humans occurs by ingestion of Toxocara
infectious eggs present in soil, either directly by geophagia
or indirectly by consumption of unwashed contaminated
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Fig. (1). Toxocara canis embryonated eggs (a) or containing infectious larva (b) (x 400).

fresh vegetables. Ingestion of Toxocara eggs present in the
fur of dogs particularly the puppies of stray dogs, have been
suggested as a potential transmission route for this parasite
[16, 17]. The number of infectious eggs present in the fur
of the studied animals were however, either low or absent
[18].

Human infections with tissue larvae have also been
described and can take place by consumption of raw or
undercooked meat from potential paratenic hosts such as
chicken, lambs, rabbits and cattle [15, 19-21].

Epidemiology and Risk Factors for Infection

Toxocara worms have a worldwide distribution and
according to seroprevalence studies human toxocariasis is
one of the most common zoonotic infections. The recorded
seroprevalence however, varies among countries or even
within countries. Seroprevalence can vary between 2,4% in
Denmark to 92,8% in la Réunion, a French island located in
the Indian Ocean [22, 23]. The exposure to Toxocara spp. in
the Netherlands based on serological surveys have been
reported to be 19 % on average, with 4 % to 15% in people
younger than 30 years and 30 % for the age-group older than
45 years, (reviewed in [13]). In another study carried out
with Dutch schoolchildren aged 4-6 years the Toxocara
seroprevalence was found to be 6 % in the city of Rotterdam
and 11 % in the city of The Hague [24]. The seroprevalence
in children in the state of Connecticut, USA, varied from
6.1% in New Haven to 27.9 % in Bridgeport, indicating a
high rate of exposure to Toxocara spp. in children living in
urban areas. In this study, the only risk factors for Toxocara
infection found were race and income [9]. Children are
most at risk to be infected, especially when there is a history
of pica (deliberate ingestion of non-food material, such
as soil). Other risk factors include education, gender,
socio-economic status, playing in sandpits and having dogs
as pets (reviewed in [1]).

Toxocara infections in the definitive hosts are not only
prevalent in dogs and cats but also in wild carnivores like
foxes and wolves. The prevalence of Toxocara spp. in
Poland has been reported to be 39% in cats, 32% in dogs and
16% in foxes [25] and in Spain 6,4% has been reported in
wolves [26]. In the Netherlands prevalence ranges in
household animals from 4,7% in cats and 2,9% in dogs to
21% in stray cats [13]. In Ciudad Bolivar (Bolivar State,

Venezuela) a city with a large dog population, 16.7 % of the
stool samples and 55% of the soil samples taken from public
squares and parks of the city were positive for Toxocara
eggs [27]. Children’s sandpits can be contaminated by
T. canis and T.cati, depending on their maintenance [28].
Contamination of soil with Toxocara eggs vary from 17,4%
and 60,3% in Brazil, 14,4% to 20,6% in de United States,
13,0% tot 87,1% in Europe, 30,3% to 54,5% in Africa and
6,6% tot 63,3% in Asia (reviewed in [1]).

Clinical Disease and Diagnosis

Toxocara infections are usually asymptomatic however
high parasite loads can result in clinical disease. Three
clinical syndromes of human toxocariasis have been
described: visceral larva migrans (VLM); ocular lava
migrans (OLM) and covert toxocariasis (CT) (reviewed in
[29]). VLM a systemic disease caused by migration of the
larvae through different organs is associated with non-
specific clinical symptoms such as fever, malaise, weight
loss, skin rash, respiratory complaints and hepatomegaly.
Laboratory findings include eosinophilia, leucocytosis and
hyperglobulinemia. Complications include myocarditis,
nephritis and involvement of the central nervous system [30].
OLM occurs when the larvae migrate to the eye and it
manifests mainly in older children. OLM usually appears as
an unilateral vision disorder often accompanied by
strabismus [31]. Invasion of the retina leading to granuloma
formation is the most serious consequence of the infection
and occurs peripherally or in the posterior pole [32]. CT is a
less severe syndrome found in patients with clinical
symptoms that are non-specific and do not match the VLM
or OLM. Symptoms include cough, sleep disturbances,
abdominal pain, headache and behavioural changes [33].

Diagnosis of toxocariasis is based mainly on serology
since biopsies are rarely positive. The most common
serological assays used for detection of antibodies against
these parasites are enzyme-linked immunoabsorbent assay
(ELISA) and Western blot (WB) (reviewed in [29]). The use
of ELISA based on excretory—secretory products released by
the second stage larvae (TES) for detection of IgG antibodies
has been shown to have sufficient specificity (ranging from
91% - 93 %) and sensitivity (ranging from 78%- 91%) [34,
35]. The use of WB and the TES antigen overcomes issues
with nematode cross-reactions because the low-molecular-
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weight bands (24-32 kDa) are specific for Toxocara
infection [36]. Serological analysis of paired serum samples
is also recommended for the best serodiagnostic results
[29]. OLM is diagnosed on clinical criteria during an
ophthalmologic examination. Serological tests for antibodies
are not as reliable for OLM as they are for VLM. A positive
titre may be a diagnostic aid, but a negative titre may not
exclude the diagnosis. IgG-ELISA and WB with specific
anti-Toxocara IgE detection have been reported to be an
accurate procedure for the immunodiagnosis of OLM, when
performed simultaneously on serum and ocular fluid [36,
37]. Combining information obtained from the clinical,
laboratory and serological evaluation is fundamental in order
to make a complete diagnosis.

ALLERGY AND IMMUNOLOGICAL MECHANISMS

Allergy is a hypersensitive reaction initiated by
immunological mechanisms in response to exposure to
innocuous antigens (allergens). In the majority of cases, IgE
is the antibody responsible for allergy, however not all IgE-
mediated allergic reactions occur in atopic subjects. Atopy is
a hereditary disorder characterized by the tendency to
produce high levels of IgE antibodies and to develop
localized immediate hypersensitivity reactions to allergens
such as pollen, food etc. [38]. In non-lgE-mediated allergy
the antibody can belong to the IgG isotype, as occurs in
anaphylaxis due to immune complexes containing dextran.
Allergic diseases include allergic asthma, allergic rhinitis,
allergic conjunctivitis, dermatitis (eczema and contact
dermatitis), allergic urticaria, food allergy, drug allergy and
anaphylaxis [38].

It is estimated that over 20% of the world population
suffers from IgE-mediated allergic diseases [39]. Among
these diseases, asthma affects approximately 300 million
people of all ages and ethnic backgrounds [40]. For many
years it has been reported that allergic diseases including
asthma was increasing in Western countries [41, 42].
However, international surveys completed by the
International Study of Asthma and Allergy in Childhood
(ISAAC) carried out in 2007 report on a decrease of asthma
symptoms in Western countries. In contrast, the prevalence
of asthma symptoms has increased in regions such as Africa,
Latin America and parts of Asia where prevalence was
previously low [43]. Although asthma symptom prevalence
is no longer increasing in most Western countries, its global
burden continues to rise.

Allergic reactions that are IgE-mediated are initiated
when allergen is taken up by antigen presenting cells, such as
dendritic cells (DC) that process fragments of the allergen
and present it in the context of MHC class Il to T cells,
inducing a Th2 type of immune response. Allergen-specific
B cells that take up allergen through the cell-surface
immunoglobulin receptor may also initiate these allergic
reactions. Activation of the allergen-specific Th2 cells leads
to secretion of interleukin (IL)-4, IL-13 and subsequent
switching to IgE synthesis by B cells. In addition, basophils
secrete high levels of IL-4, IL-13 after activation and are
suggested to play a role in polyclonal amplification of IgE
production and in the differentiation of Th2 cells [44]. The
binding of secreted IgE to mast cells via high-affinity Fc
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receptors and subsequent cross linking of receptor-bound IgE
by allergen triggers the release of pro-inflammatory
mediators [45].

In allergic asthmatic patients, exposure to allergen leads
to an early-phase reaction that involves IgE-mediated
degranulation of mast cells and subsequent constriction of
the airway smooth muscle. This is followed 4-18 hours later
by the late-phase reaction, which is characterized by
recruitment of eosinophils and T cells [46]. Th2 cells
mediate IgE synthesis via IL-4, eosinophilic inflammation
via IL-5 and the recruitment and growth of mast cells via IL-
9, which, together with IL-13, contribute to airway hyper-
responsiveness (AHR) and other clinical features of allergic
disease [47]. Although lung DCs are sufficient to initiate and
maintain the adaptive Th2 cell responses to inhaled allergens
[48], it is now known that the epithelium cells and basophils
play a central role. Studies have shown that the house dust
mite (HDM) Der p 1 allergen activates airway epithelial cells
through protease-activated receptor 2, C-type lectin receptors
and Toll-like receptors leading to the production of thymic
stromal lymphopoeitin (TSLP), granulocyte-macrophage
colony stimulating factor, and IL-33 [49]. TSLP induces
immediate innate immune functions in DCs leading to
chemokine-driven recruitment of Th2 cells and eosinophils
to the airways. Epithelial cells produce CCL20 and IL-25 to
further attract innate immune cells and Th2 cells to the lungs.
TSLP and IL-33 induce DC migration to the mediastinal
lymph nodes and stimulate the functions of mast cells and
basophils. Induction of DC maturation by TSLP in the
absence of IL-12, induces expression of OX40L, the ligand
for the cell survival factor OX40, on DCs, and OX40-
OX40L interactions are critical for the ability of the DCs to
drive Th2 cell polarization. In addition to its effects on DCs,
TSLP can also activate mast cells and basophils to produce
IL-4 for Th2 cell development [49, 50]. In conclusion,
effector Th2 cells control the features of asthma in
combination with mediators released by eosinophils, mast
cells and basophils.

HELMINTH INFECTIONS, ALLERGY AND THE
FACTORS INVOLVED

The original hygiene hypothesis proposed that the lack of
childhood infections results in a weaker Thl cell
responsiveness, allowing the expansion of the Th2 cell
responses towards environmental allergens. However,
studies with helminths which are characterized by the
induction of Th2 cells, showed that infection with these
pathogens can also protect against allergic diseases [51]. It
has now become clear that the interaction between helminth
infection and allergy often involves T regulatory (Treg) cells
[52]. These cells have giving a new concept to the hygiene
hypothesis based on their role in damping both Th1l and Th2
effectors responses. Multiple subsets of Treg cells have been
identified in the last years. These cells are categorized
according to their origin, function, and expression of cell
surface markers: natural Treg cells (CD4+CD25+FOXP3+)
and inducible Treg cells that include the IL-10-producing
Trl cells and the Foxp3+ T cells induced in the periphery
[53].
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The inverse association between helminth infections and
allergy has been extensively reported. Van den Biggelaar et
al. have shown that chronic infection with Schistosoma
haematobium in an endemic area in Gabon was negatively
associated with skin-test reactivity to HDM. In addition,
schistosome-specific 1L-10 production was significantly
higher in infected children and negatively associated with the
outcome of skin-test reactivity to mite, suggesting an
important role for this cytokine in suppressing atopy [54].
An important role for IL-10 was also found in another study
where anti-helminthic treatment of Schistosoma mansoni-
infected patients with asthma resulted in down-modulation of
the Der p 1 specific IL-10 production in vitro [55]. In
Brazil, Medeiros et al. have reported that the frequency of
positive skin reactivity to HDM antigens in subjects with
history of wheezing was significantly lower in a S. mansoni
endemic area than in a non-endemic area [56]. Similar
studies in Ethiopia found that hookworm infection protects
against wheeze in atopic individuals and to a lesser extent,
Ascaris lumbricoides infection [57]. A recent study has
shown that in an area endemic for Brugia malayi infected
individuals had a significantly reduced risk for atopic
reactivity to cockroach [58].

The association between helminths and allergy is
however not always consistent. In fact, infections with
geohelminths have actually been found in some studies to be
a risk factor for allergy. Cooper et al. suggest that high
infection prevalence with geohelminths may confer
protection against allergic disease whereas low prevalence
infections is associated with increased risk for allergy [59].
Fig. (3) summarizes findings on the effect of different
helminths on allergy. For instance, the prevalence of skin test
reactivity was significantly lower among children that had
heavy Trichuris trichiura infections compared to children with
light or no infection [60]. In contrast, in a cross-sectional
study of 2,164 children in China, the association between
A. lumbricoides and asthma was investigated. Infection
with this nematode was associated with increased risk of
asthma, increased skin test reactivity, and increased airways
responsiveness. Here, it was found that the intensity of
Ascaris infection was light to moderate in the majority of the
children studied [61]. Similar findings were obtained in a
study in Brazil [62] however, in a study with Cuban children
that had low prevalence and intensities of infection, no
association between A. lumbricoides infection and asthma or
positive skin prick test was found [63]. In a nested case-
control study drawn from a survey of 7,155 children (1 to 4
years old) from urban and rural areas of Jimma, Ethiopia it
was found that wheezing was significantly more prevalent in
urban than rural children, and was less prevalent in those
infected with Ascaris, particularly in those with high intensity
of infection [64]. A meta-analysis study analysed the effects
of parasite infection intensity of A. lumbricoides, T. trichuria,
and hookworm on asthma and wheeze. Results from this
study disclosed no effect of T. trichuria, non-significant
reductions in risk at higher levels of infection with A.
lumbricoides, and significant dose-related reductions in risk
of both asthma and wheeze with hookworm infection [65].

The ability to induce specific host immune regulatory
mechanisms may be partly determined by host genetics and
environmental factors. A study suggests that genetic variants
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of STAT6 can confer enhanced resistance to Ascaris spp. in
environments where this helminths are prevalent [66].
Interestingly, Africans in rural Africa seem to suffer less
from allergies while people of African ancestry living in
affluent countries have higher prevalence and severity of
allergic symptoms than natives of these host countries,
raising important issues on genetic control of allergic
diseases and the influence of environmental factors [67].
Different helminths may have different effects on allergy,
such as Toxocara spp. which has been suggested to be a risk
factor for allergic manifestations, as discussed below.

Animal models offer a great opportunity to analyze the
interaction between helminths and allergic diseases. Using a
well-defined model for allergic airway inflammation (using
ovalbumin-OVA as the allergen) it has been shown that
chronic, but not acute, schistosome infections can suppress
allergic airway inflammation in a dose-dependent manner.
Here, 1L-10 was shown to play a central role in suppressing
allergic airway inflammation after the adoptive transfer of
splenocytes from chronically infected mice [68]. Another
study showed that suppression of allergen-induced airway
eosinophilia and reduction of eotaxin production were not
observed in IL-10 deficient mice infected with Nippostrongylus
brasiliensis in comparison to control mice. These results
suggested that infection with this parasite suppresses the
development of allergen induced airway eosinophilia and
that this effect may be mediated by IL-10 [69].

Another animal model used to study the interaction
between helminths and airway allergy is Heligmosomoides
polygyrus, a natural intestinal parasite of mice. In this study
the effect of Th2 cells induced by this gastrointestinal
nematode, on experimentally airway allergy induced by
OVA and HDM Derpl was investigated. Infiltration of
inflammatory cells in the lungs induced by both allergens
was suppressed in infected mice compared to uninfected
controls. Suppression was reversed in mice treated with
antibodies to CD25. Most notably, suppression was
transferable with mesenteric lymph node cells (MLNC) from
infected animals to uninfected sensitized mice. MLNC from
infected animals were found to have elevated numbers of
CD4+CD25+FOXP3+ T cells producing TGF-$ and IL-10.
Thus, these data support the argument that helminth
infections elicit a Treg cell population able to down-regulate
allergen induced lung pathology in vivo [52].

There are also experimental studies that show that
infection with other helminths have a positive association
with allergy. A study using a murine model has shown that
T. canis infection results in exacerbation of experimental
airway inflammation [5], which supports finding from the
epidemiological studies, as discussed below. Other studies
using non-human primates have found that infection with
Ascaris suum results in AHR and eosinophilia [70, 71]. The
effect of this worm infection on an ongoing experimental
allergic asthma remains to be investigated.

Taking all these studies together, it is clear that there are
several factors that may influence the association between
helminth infections and allergic manifestations [5, 72, 73].
These include 1. The helminth species involved: studies
with different helminths suggest that depending on the
pathogen, infection can either protect or exacerbate allergies.
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2. Definitive vs accidental host: in an accidental host the
parasite does not develop to the adult stage. It is likely that
there are differences between parasites of humans that have
evolved with their host and have developed strategies to
survive without causing much damage compared to parasites
such as Toxocara spp. in the accidental host. 3. Host genetics:
gene polymorphisms have been found to be associated with
susceptibility to different helminth infections. 4. Sporadic vs.
chronic infection: chronic infections appear to result in
immunosuppression not only against the parasite but also
against other inflammatory diseases such as allergies.
Whereas sporadic or transient infections may enhance
allergic manifestations. 5. Intensity of infection: high parasite
burden may induce a suppressive type of immune response
compared to light infections. 6. Timing of infection in
relation to allergen exposure: for certain geohelminths
infection in the first years of life is crucial in order to induce
the type of immune response required for protection against
allergic diseases. Using murine models for toxocariasis
however, we show that the timing of infection in relation to
allergen exposure made no difference.

EPIDEMIOLOGICAL STUDIES ON THE INTER-
ACTION BETWEEN TOXOCARA SEROPREVALENCE
AND ALLERGY

Evidence from epidemiological studies appears to be
conflicting. While a large number of studies suggest that
infection with Toxocara worms contributes to the
development of atopic diseases, few others suggest no
association. Table 1 summarizes different epidemiological
studies on the association between Toxocara seroprevalence
and allergic manifestations. The majority of these studies use
the ELISA based on TES antigen, to measure antibodies
against this parasite. A positive association between
Toxocara infections and allergic asthma has been reported
already in 1981 by Desowitz et al. [4]. These authors
analyzed the prevalence of antibodies to T. canis and
Dirofilaria immitis, in asthmatic and non-asthmatic children
born and raised in Hawaii. A total of 176 children from 1 to
18 years of age were included in this study. The children
attended a children’s hospital where asthma was diagnosed.
Children of matched ages that were admitted to the same
hospital with a diagnose other than asthma were included.
The authors found a significant higher prevalence of
parasite-specific IgE in the asthmatic compared to the non-
asthmatic population. Since Toxocara serodiagnosis has been
reported to cross-react with other ascarids, stool examination
was performed. Results indicated that all the Toxocara-IgE
positive asthmatic children were negative for ova of parasites
including those of A. lumbricoides. The authors discuss that
if indeed zoonotic helminth infections enhances allergic
asthma this should be taken into account in the treatment of
asthmatics who are serologically positive for Toxocara spp.
[4]. Other studies reporting on a positive association between
Toxocara seropositivity and allergic manifestations are the
ones carried out in Malaysia [3, 74]. These are small studies
in which blood samples were taken from children below the
age of 10 years that were admitted to a hospital. A group of
children were diagnosed with bronchial asthma and the age
matched control group were children presenting other medical
conditions. The prevalence of Toxocara-1gG antibodies for
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children with bronchial asthma was found to be significantly
higher compared to the non-asthmatic controls. In the
Netherlands, Buijs and coworkers carried out cross-sectional
studies among elementary school children aged 4-6 years
[24]. These authors found that occurrences of asthma
recurrent bronchitis and hospitalization due to asthma/
recurrent bronchitis were significantly associated with
Toxocara seropositivity. A marginally significant relation
with eczema was also found. In this study IgE specific for
inhaled allergens occurred significantly more often in the
Toxocara-seropositive group. In another study, Buijs et al.
investigated differences in Toxocara seroprevalence, allergic
manifestations and the associations between these two, in
children from urban and rural environments. In this study
blood samples from 1,379 Dutch urban and rural elementary
schoolchildren were taken and Toxocara antibodies,
eosinophil numbers, total IgE concentrations, and the
occurrence of inhaled allergen-specific IgE were measured.
Questionnaires investigating respiratory health and putative
risk factors for infection were used. Results from this study
indicated that total serum IgE levels and blood eosinophils
were significantly higher in the Toxocara-seropositive than
in the seronegative group. Other results from this study were
that inhaled allergen-specific IgE and asthma/recurrent
bronchitis occurred significantly less often in rural than in
urban areas, and significantly less often among girls than
among boys [2]. Recently, Walsh carried out a study in the
United States using data from the Third National Health and
Nutrition Examination Survey, undertaken by the United
States Department of Health and Human Services, during
1988-1994 [75]. The study aimed at determining the
association between Toxocara infections and lung function.
Results from this study suggest diminished lung function in
the presence of Toxocara infection. This positive association
was found after controlling for age, sex, education level,
BMI, ethnicity, smoking status, whether the person was
born in the USA or immigrated there, rural residence and
dog ownership. The author stresses the urgent need for
longitudinal studies to more clearly define the immunological
mechanisms underlining Toxocara infection and its potential
influence on lung function.

Studies that indicate no association between Toxocara
infections and allergic manifestations include that of Shargi
et al. [9]. The authors conducted a clinic based case-control
study in which blood samples were collected from 95
children aged 2-15 years that had physician diagnosed
asthma and from 229 children that did not have asthma.
Toxocara 1gG antibodies were measured using ELISA. Risk
factors for asthma and Toxocara infection were assessed by a
questionnaire. Significant associations were found between
asthma and risk factors and between Toxocara infection and
risk factors but not between Toxocara infection and asthma.
In Spain a cross-sectional survey of 463 subjects from an
adult population to study the association between Toxocara
exposure and atopic features was conducted. Skin prick test
to different aeroallergens, total IgE, allergen-specific IgE,
blood eosinophil counts and serum Toxocara-lgG were
determined. Information concerning respiratory symptoms
was collected using a questionnaire. The main outcome from
this study is that the Toxocara seropositive individuals
showed higher total serum IgE levels and higher prevalence
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Table1. Epidemiological studies on the association between Toxocara seroprevalence and allergic manifestations.
Association between
Authors, Country Sample | Population Antibody Clinical Statiscal Analysis Toxocara Ref.
Year (City/State) Size Age (Years) Detected- Manifestations seroprevalence and
Serological Allergic
Assay™* Manifestations
Desowith USA X2 test Positive.
etal., 1981 (Hawaii) 176 Children 1gG-CEP and Asthma for Toxocara-IgE [4]
(1-18) IgE-RAST
¥2 test and
Hakim et al., Malaysia 45 Children 1gG-ELISA Bronquial asthma Mann-Whitney Positive [74]
1997 (Kuala Lumpur) (1-10) U test
Student’s t-test,
Chanetal.,, Maylasia 124 Children Commercial Bronchial asthma ¥2 test or Positive [3]
2001 (mean age IgG-ELISA Fishers exact test
8.1+3.1)
The Netherlands
Buijsetal., | (The Hague and 712 Children IgG-ELISA Recurrent Logistic Regression Positive [24]
1994 Rotterdam) (4-6) bronchitis/
Asthma
The Netherlands Logistic
Buijs etal., (Utrecht and 1.379 Children IgG-ELISA Recurrent Regression, Positive [2]
1997 Brabant) (4-12) bronchitis/ ANCOVA
Asthma
Multiple linear
Walsh, 2010 USA 11.606 Adults IgG-ELISA Lung functionas | regression, using Positive [75]
(National study) (18-65) an indicator of different models
asthma
Multivariate model
Shargi et al., USA 324 Children IgG-ELISA Asthma by stepwise logistic No association [9]
2001 (New Haven and (2-15) regression
Bridgeport)
Pearson 2 test, No association with
Gonzalez- Spain 463 Adults Commercial Respiratory Student’s t-test | respiratory symptoms [8]
Quintela (>18) IgG-ELISA Symptoms but a positive
etal., 2006 association with
allergic sensitization
¥2 test or Positive association in
Fernando Sri Lanka 196 Children Commercial Bronchial asthma | Fishers exact test | a univariate model but [7]
etal., 2009 (5-12) IgG-ELISA no association in a
multivariate model.

*Serological assays include: Enzyme-linked immunosorbent assay (ELISA), Counter-electrophoresis (CEP) and Solid phase radio-allergosorbent test (RAST). For these serological
tests, the excretory-secretory products from Toxocara canis second-stage larvae were used as antigen.

of aeroallergen sensitization compared to the Toxocara
seronegative subjects. No association was found between
Toxocara seropositivity and respiratory symptoms. Since the
Toxocara exposure and allergic sensitization was restricted
to mites the authors suggest that common antigens present in
Toxocara and mites may favour mite sensitization [8].
Whether indeed there is cross-reactivity between Toxocara
and mite antigens, remains to be investigated. Recently,
Fernando et al. carried out a study with Sri Lankan children
on the association between Toxocara seropositivity and
asthma [7]. The studied population consisted of 196 children
aged 5 — 12 years that were taken to the hospital. One group
of children were confirmed to be suffering from bronchial
asthma and the control group consisted of children attending

the same hospital for different reasons but who had never
had bronchial asthma and were not suffering from upper
respiratory tract infection at the time of the study. Findings
from this study indicate that Toxocara seropositivity was
identified as a significant risk factor in the development of
asthma. However, this was only true when a univariate
model was used to analyse the data. When a multivariate
model was used there was no significant difference in the
Toxocara seroprevalence for the group of children with
asthma compared to the age, sex and ethnic group matched
controls. The authors suggest an association between
toxocariasis and other risk factors of asthma, rather than a
direct association between toxocariasis and asthma.
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The different conclusions drawn from all these studies
could be due to differences in the study design, which
include the size of the studied population, the different
serological assays used and the statistical analysis employed
(Table 1). Studies should therefore be carried out: a) in
different countries; b) with larger sample size; c) for both
children and adults; d) using a standardize serological assay
to determine both 1gG and IgE antibodies against this
parasite; e) including other laboratory findings such as
eosinophilia as well as information on clinical examination
for both toxocariasis and asthma and f) using multivariate
analysis of the data, corrected for well known risk factors for
asthma such as smoking, lower respiratory tract infections
and parents with asthma. Understanding any possible
contribution of Toxocara infections to the pathogenesis of
asthma is important since it would provide a potential
strategy for prevention of this disease.

IMMUNE RESPONSES TO TOXOCARA INFECTIONS
AND ITS ASSOCIATION WITH EXPERIMENTAL
AIRWAY INFLAMMATION

Toxocara infection results in the induction of Th2 cells
[76] that make cytokines such as IL-4, IL-5, and IL-13,
which induce responses to the parasite such as increased
IgE levels and eosinophilia [77]. Several studies using
murine models for toxocariasis have shown that infection
with T. canis lead to persistent pulmonary inflammation,
eosinophilia, IgE production, airway hyper-reactivity and
production of Th-2 type cytokines [78-80]. Pulmonary
inflammation develops as soon as 48 hours after infection
and it can persist up to 2 or 3 months [80, 81]. Granulomas
develop within a week and could be found throughout
the anterior musculature, in the liver, kidneys, heart and
sometimes in the eye [82]. Analysis of cell composition in
bronchoalveolar lavage (BAL) indicate that at two weeks
post infection (p.i.) eosinophils account for more than 75%
of the recovered cells compared to 25% in peripheral blood
[83]. The parasite-specific antibody response peaks around
14 days after infection, but it depends on the load of
administered eggs and the mice strain used [84]. Studies

from our group indicate that infection of BALB/c mice with
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1,000, 100 and 10 T. canis embryonated eggs resulted in a
dose dependent response characterized by pulmonary
inflammation (Fig. 2), increased levels of total IgE, and
Toxocara-specific 1gG1 that persisted up to 60 days p.i.
Relative quantification of cytokine expression in lungs of
mice infected with different doses showed proportional
increased expression of the IL-4, IL-5, and IL-10 transcripts,
whereas the expression of the IFN-gamma transcript was not
different from that of uninfected controls. Results from this
study indicate that infection of mice with T. canis results in
chronic pulmonary inflammation and a dominant Th2 type of
immune response, independent of the inoculum size [85].

We have also shown that infection of BALB/c mice with
1,000 embryonated eggs resulted in hyper-reactivity of the
airways that persisted up to 30 days p.i. At 60 days p.i. the
reactivity of the airways decreased to background levels
however, pulmonary inflammation as well as increased
levels of IgE and eosinophils in BAL persisted up to 60 days
p.i. Evaluation of parasite burden revealed that few T. canis
larvae were still present in the lungs of infected mice at 60
days p.i. which could explain the persistent immune response
observed in these mice [80].

T cells characterized by the expression of CD4 and CD25
on the cell surface and the presence of Foxp3 has been
shown to play an important role in regulating immuno-
pathology including those caused by parasites [86, 87].
Recently, Othman et al. have described the kinetics of
Foxp3-expressing cells during the course of experimental
infection with T. canis. Findings indicate progressive
increase in Foxp3-expressing cell counts in the liver starting
from 5 weeks p.i. These cells were detected within and
around Toxocara- induced granulomas as well as in isolated
inflammatory foci in the portal tracts or within the hepatic
parenchyma. The authors suggest a potential role for
Foxp3-expressing regulatory cells in the T. canis induced
immunopathology [88].

Common features in allergic asthma and toxocariasis are
the induction of a Th2-cell mediated immune response
including the production of high levels of IgE, inflammation
of the airways, and the accumulation of eosinophils [89]. In
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Fig. (2). Pulmonary inflammation induced by Toxocara canis infection. (a) Lung from an un-infected mouse showing bronchiole without any
sign of inflammation. (b) Lung from a mouse 7 days after infection with 1,000 T. canis embryonated eggs. Perivasculitis (arrow),
peribronchiolitis (arrow head) and bronchiolar lumen filled with mucus (*) are shown. Stained with haematoxylin-eosin (HE), x160.
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Fig. (3). Association between helminth infections and allergic manifestations. Several factors may influence the association between
helminth infections and allergies. Infections with certain helminths have been reported to protect against allergies while others have the
opposite effect or no effect at all. Being a definitive host could be beneficial while being an accidental host could be a risk factor for allergy.
Chronic and heavy parasite burdens may be associated with protection against allergies compared to periodic and light infections.

addition, infections with this helmnth share common clinical
features with allergic asthma such as wheezing, coughs,
mucus hyper-secretion and bronchial hyper-reactivity. In
order to study the effect of Toxocara infection on allergic
manifestations we combined two murine models namely, the
murine model for toxocariasis and the well characterized
experimental model for allergic airway inflammation [5]. For
this study we infected BALB/c mice with 500 embryonated
T. canis eggs and exposed them to OVA treatment. Results
indicate that infection with T. canis in combination
with OVA treatment led to exacerbation of pulmonary
inflammation, eosinophilia, airway hyper-responsiveness,
OVA specific and total IgE. Cytokines were also measured
in this model by relative quantification indicating increased
expression of IL-4 compared with mice that were only T.
canis infected or OVA treated. The observed exacerbation of
experimental allergic airway inflammation was independent
of the timing of infection in relation to allergen exposure. In
conclusion, a previous infection with T. canis leads to
exacerbation of experimental allergic airway inflammation
[5]. These findings confirm the epidemiological studies on
the positive association between Toxocara seropositivity and
allergic manifestations and have extended our knowledge on
the immunological mechanisms underlying this association.
Studies using murine models for toxocariasis are relevant
since mice are natural (paratenic) hosts of Toxocara canis.

The precise underlying mechanism in the association
between Toxocara infection and experimental allergic
airway inflammation is still not clear. Fig. (4) proposes a

mechanism where Toxocara infections leads to a dominant
type of Th2 response which is characterized by increased
IL5 and IL4/IL13 production that results in eosinophilia
and increased levels of IgE respectively [90]. The lungs
are one of the organs where the larvae migrate to. Also in
the lung a dominant type of immune response is observed
and infiltration of inflammatory cells such as eosinophils,
macrophages and mast cells takes place [80, 81]. After
allergen exposure, activation of cells bearing allergen-
specific IgE such as eosinophils, mast cells and macrophages
will take place.

During asthma in humans it has been shown that in the
early-phase reaction activated mast cells and macrophages
rapidly release pro-inflammatory mediators such as
histamine, eicosanoids, and reactive oxygen species. These
mediators induce contraction of airways smooth muscle,
mucous secretion, and vasodilation, contributing therefore to
airflow obstruction. In the late-phase reaction which occurs
between 4 to 18 h after allergen exposure, recruitment
and activation of eosinophils, CD4+ T cells, basophils,
neutrophils, and macrophages takes place (reviewed in [91]).

In mice we observe that once the Toxocara-infected
animals are exposed to the allergen, exacerbation of allergic
airway inflammation takes place [5]. Whether functional
Tregs are present in the lungs of these animals and if so,
what role do they play in disease, still remain to be
investigated.
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Fig. (4). Immune response in murine toxocariasis and possible association with allergic asthma. Infection with Toxocara spp. results in the
induction of a dominant T-helper 2 (Th2) type of immune response characterized by the production of cytokines such as Interleukin-4 (IL-4),
IL-13 and IL-5. Toxocara larvae migrate to the lungs and due to the Th2 type of immune response induced, infiltration of eosinophils (Eo),
macrophages (M) and mast cells (Mc), in addition to increased levels of IgE takes place. After allergen challenge, IgE interacts with
specific allergen and bind to high and low affinity receptors on mast cells, eosinophils and macrophages that secrete several mediators
involved in the induction of airway inflammation. FOXP3+ cells have been recently described to increase during pathogenesis of
toxocariasis, however it is not known whether these are functional T-regulatory cells or their role in pathology. The role of Thl in
toxocariasis is still not clear: are parasite-specific Thl cells induced during infection and if so, what role do they play in the induction,
maintenance or suppression of allergic asthma? And finally, the question as whether Toxocara antigens could trigger allergic asthma in
Toxocara infected individuals, still remain to be investigated. APC: antigen presenting cell; B: B cells. TReg: T-regulatory.

FINAL REMARKS

Helminths modulate the host immune response in order
to survive in their host. A regulatory type of immune
response has been suggested to be induced during chronic
infections, which benefits parasite survival and at the same
time benefits the host by suppressing other inflammatory
diseases. Although this might be true for certain helminths,
many factors may influence the association between
helminth infections and allergy as discussed above.
Toxocara spp. is a parasite of dogs and cats that can also
infect humans where the larvae migrate but do not reach the
adult stage. Migration of the larvae through different organs
including the lungs may results in tissue damage and
inflammation. Findings from human epidemiological studies
are conflicting with some suggesting that Toxocara
infections are a risk factor for allergy, whereas others find no
association at all. More studies including larger population
size, standardized serological assays and statistical analyses
are required.

To establish and understand the relation between
Toxocara infection and allergic asthma, the immunological
and molecular mechanisms that can explain the observed
association clearly need to be further investigated. Murine
models have proven to be very valuable to investigate the

possible factors that contribute to the observed association
between these two disorders. Future studies should focus on
determining whether Treg cells are induced in toxocariasis
and if so, what role they play in regulating pathology. Other
questions that remain to be investigated include: 1. What is
the effect of T. canis infection during allergen challenge?
2. Which parasite antigens exacerbate allergic airway
inflammation? 3. Do Toxocara antigens have common
structures with known allergens? 4. Can Toxocara antigens
trigger allergic airway inflammation in Toxocara infected
mice? Answer to these questions are essential in order
to understand the relation between allergic airway
inflammation and Toxocara infections and will contribute to
development of alternative means to combat or prevent these
inflammatory diseases.
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