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Helminth parasites are well known to induce an immune response in their hosts
characterised by elevated IgE, peripheral blood or local tissue eosinophilia, and in some cases,
intestinal mastocytosis. This immunological response has a strong T-helper 2 (Th2) cytokine
bias and is reminescent of the immunological constellation found in allergic diseases. How-
ever, the molecular forces driving the Th2 response to helminth parasites are still not under-
stood. By using the human hookworm parasite Necator americanus as an example, the authors
of the current article propose that in the course of its life cycle, this parasite becomes innately
allergenic through the secretion of a molecular array designed to promote tissue migration
and homing, feeding and survival against immunological attack. This complex array com-
prises proteases, lectins and other classes of molecules. Subsequent immunological and physi-
ological events seemingly protect the host from both the allergic sequelae of exposure to
environmental allergens and, moreover, from the parasite itself.
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Parasite Habitats in Humans
Helminth parasites have evolved necessar-

ily complex life cycles, which frequently
involve temporary habitation in different tis-
sues within the hosts, to transmit infection.
Therefore, the different stages of many para-
sites display a high level of specialization and
adaptation to their hosts, and, within these
hosts, to specific tissues or locations. The
interim and final habitats in mammalian hosts,
where the parasites reach maturity and repro-
duce (see Fig. 1), can be very diverse.

The homing of the parasite to a specific tis-
sue or final location implies that the larval
stage of the parasite has to actively reach its
target, while at the same time negotiating
attack by the host’s immune response to avoid
recognition and destruction. The migratory
route of larvae in many cases involves the skin

and includes an obligatory lung stage (Schisto-
soma, Necator, Strongyloides, and Ascaris). In
order to migrate through the tissues, parasites
almost inevitably produce and release a set of
proteases and other molecules finely tuned to
the specific host and capable of digesting host
tissue (1,2), facilitating homing and immune
evasion. Adult stages, having reached their
final location, are faced with a completely dif-
ferent microenvironment from that initially
encountered during invasion (in the physical,
biochemical, and immunological sense), but
also have very different tasks to fulfill, notably
feeding (some feeding also occurs in the larval
stage [3]), reproduction, and immune evasion.
Overall, one would expect a complementary
(or completely different) set of genes to be
expressed and molecules to be secreted by the
different life stages. This principle is adequately
demonstrated by the comparative analysis of

Fig. 1. In humans, helminths can parasitize the lymphatic system (Brugia malayi, Wuchereria bancrofti),
blood vessels in the intestine and bladder (Schistosoma mansoni, Schistosoma haematobium), lungs (Para-
gonimus westermani), liver (Clonorchis sinensis, Fasciola hepatica), kidney (Dioctophyme renale), central
nervous system (Angiostrongylus cantonensis, Baylisascaris procionis), skin (Onchocerca volvulus), stomach
(Anisakis simplex), or muscle tissue (Trichinella spiralis). A common anatomical location for parasitism, per-
haps not surprisingly, given the ease of oral-fecal transmission, is the host’s gastrointestinal tract (Ascaris
lumbricoides, Taenia solium, Taenia saginata, Necator americanus, Ancylostoma duodenale, Enterobius
vermicularis, Trichuris trichiura, and Strongyloides stercoralis).



Innate Allergenicity of Helminth 63

Clinical Reviews in Allergy & Immunology Volume 26, 2004

parasitic secretions of larval and adult stages
of N. americanus hookworms (4,5).

In the following section, we will attempt to
illustrate how some of these secretions are
thought to assist parasites in fulfilling their
varying tasks “at hand” in their hosts, i.e.,
migration to the final location, feeding, growth
and development, reproduction, and immune
evasion. In subsequent sections, we shall out-
line how, in our view, these molecular arrays
cannot help but innately elicit a pro-allergic
immune response, while at the same time, per-
haps paradoxically, exerting antiinflamma-
tory, protective effects.

The Molecular Array of Hookworms
The molecular array of parasites is neces-

sarily diverse, given their complex life cycles,
and now includes a number of reasonably well-
defined entities for which examples can be
given. For an insight into the known molecu-
lar array of Necator, see NemBase= (http://
nema.cap.ed.ac.uk/nematodeESTs/nembase.html).

Tissue Migration and Feeding
N. americanus infective larvae have to

migrate through the skin, where key develop-
mental cues appear to be received (3,6). Skin
penetration is assisted by the secretion of pro-
teinases with elastin-cleaving properties, and
other (aspartyl) proteinases, which digest col-
lagens (types I, II, IV, and V), fibronectin,
elastin, and laminin (7,8). The importance of
parasitic proteinases to infection is convinc-
ingly demonstrated by experiments showing
that penetration of hookworm larvae is signifi-
cantly inhibited by treatment with pepstatin A
(selectively inhibiting the aspartyl proteinase
activity) (7), and by antisera raised to hook-
worm aspartyl proteinases (2). Another mem-
ber of the parasite’s aspartyl proteinase
repertoire is involved in the later digestion of
hemoglobin by adult stages, and has also been
shown to digest fibrinogen, imparting an anti-
hemostatic property to what could be an
important feeding enzyme, given the hemato-

phagous life style of this parasite (1). The
antihemostatic strategy is supported by the
secretion of molecules that inhibit coagulation
factors and platelet activity (9).

It may also be proposed that nematodes
secrete and express lectins and glycoproteins
designed to assist parasite homing in the man-
ner described for leucocyte adhesion to, and
margination from, selected tissues (10,11).
Lectins, in particular C-type lectins (C-TLs)1

were recently shown to be the major family of
proteins secreted by tissue-stage larvae of the
parasitic nematode of dogs Toxocara canis (14).
T. canis larvae remain developmentally (but
not metabolically) arrested in tissues of verte-
brate hosts for many years without succumb-
ing to immune responses, and it has been
suggested that the major secreted antigens of
this stage of the parasite, C-TLs and mucins
(15,16), are aimed at immune evasion. In pub-
lished (17,18) and unpublished work (A.
Loukas), we have found that C-TLs are an
abundant family of secreted molecules in hook-
worms, other strongylid, and ascarid nema-
todes. Some of these nematode lectins such as
TES-32 and TES-70 from T. canis are more simi-
lar in sequence and predicted tertiary structure
to host lectins involved in immune responses
than they are to Caenorhabditis elegans lectins,
implying roles in a parasitic existence. Indeed,
a recent analysis of pseudogenes in C. elegans
revealed that the most common pseudofold
(determined by the presence of disablements
such as insertions/deletions, frame shifts, and
truncations) was that of C-TLs (19). Therefore,
given their apparent demise in free-living nema-
todes and their relative abundance in some
parasitic species (as defined by EST frequen-
cies [17,18,20]), it appears that C-TLs might be
a requisite for a parasitic existence in tissue-
and gut-dwelling nematodes at least.

1C-type lectins (C-TLs) are proteins with a carbohydrate
recognition domain (CRD) that bind to glycoprotein ligands
in a calcium-dependent manner. They are pivotal in a mul-
titude of physiological processes in animals, including
innate and acquired immunity (12) and venom-induced
hemostasis (13).
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Immune Defense
The secretion of anti-oxidants (glutathione-

S-transferase [GST] [21,22] and superoxide
dismutase [SOD] [23,24]) to potentially inhibit
lipid peroxidation of parasite membranes,
combined with an ability of parasite secretions
to selectively induce apoptosis in activated T
cells, and the secretion of proteinases, which
digest the eosinophilic chemokine eotaxin (25)
and IgA (26), have been proposed to establish
a site of immune privilege around hookworms,
which may explain the longevity of infection
in humans in the presence of a highly activated
immune system. Furthermore, a secreted cal-
reticulin has been shown to interfere with
complement activation and, potentially, integrin-
mediated cell activation (27). Calreticulin also
possesses a biologically active lectin domain
(see previous section), and has been implicated
as an antihemostatic molecule (28), suggesting
the presence of multifunctional molecules in
nematode parasites.

Therefore, we can conclude at this stage
that N. americanus is adequately adapted to life
in humans, in terms of the production of a
molecular array designed to promote the pas-
sage of worms through the tissues to sites of
ultimate feeding and reproduction, and to
establish sites of immune privilege. Another
result of the presentation of this molecular
array to the host immune system is the genera-
tion of the allergic or T helper 2 (Th2) phenotype.
This is reflected by the appearance of IgE (29),
eosinophilia (30), high levels of soluble CD23
(31), interleukin-4 (IL-4) secretion by activated
T cells (32), and mast-cell sensitization (author’s
unpublished observations). The aims of the
next sections of this article will be to link the
parasite molecular array described earlier with
the establishment of the allergic phenotype,
suggesting a combined role for lectins, protein-
ases, and pro-apoptotic factors in the genera-
tion of this phenotype. First, evidence will be
presented to support the appearance of this
phenotype in necatoriasis.

Immune Responses
to Helminth Parasites

Most helminth parasites induce a Th2 host
immune response at some stages of their life
cycles, and are seemingly potent adjuvants for
the development of polyclonal IgE responses
to bystander antigens, which are associated
with local and systemic eosinophilia and baso-
philia. There are obvious immunological par-
allels to atopy and asthma, suggesting an
etiological link between the molecular stimu-
lation and control of allergy and helminth
infections, but the precise nature of this link
still remains elusive. There is, however, an
important difference in terms of sensitization
and control: helminth parasites appear to be
“obligate” inducers of the allergic phenotype,
because they will effectively raise a Th2-biased
immune response in most infected hosts
(although the intensity may vary [30,33]),
whereas only a subpopulation of people exposed
to the same common allergens will become
sensitized and display an allergic phenotype.

This may suggest that there are subtle dif-
ferences in the pathways of induction of an
allergic response or, alternatively, indicate that
helminths are particularly powerful inducers
of allergy, over-riding intrinsic control mecha-
nisms. This makes them an interesting study
object not only for the immunoparasitologist,
but also for the allergist. Paradoxically, studies
are appearing where allergenic parasites
downregulate atopic and allergic responses to
environmental aerosol allergens (34–38).

Why and How Are Helminth Parasites
So Efficient at Inducing an Allergic
Phenotype in Their Host?

We are still far from understanding the
intricate network of interactions from the
moment of infection to the establishment of
the full-fledged allergic phenotype. Any
approach that is likely to explain allergic sensi-
tization will also have to take into consider-
ation not only the products released by the
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parasites (as well as other physical properties
of the parasite, such as cuticular components),
but also the specific context of the immuno-
logical environment encountered during the
parasite’s migration. In the following section,
continuing to use the example of hookworm
infection, we project a scenario of how the milieu
generated by this parasite may interact with
the local microenvironment, resulting in the
induction of an allergic phenotype, which in turn
may protect against subsequent development
of allergy to environmental aerosol allergens.

The Allergenic Nature
of Hookworm Infection

Human hookworms are at all stages of their
life cycles in intimate contact with components
of the immune system, in the skin, lungs, and
gut, prime sites for allergic sensitization (39,40).
The first contact with the host’s immune sys-
tem in the skin is likely to involve the activation
of Langerhans cells, as shown for the infec-
tive skin stage of S. mansoni (41). This will
induce priming against the parasite, unless, as
in the case of S. mansoni, the parasite has
evolved specific strategies interfering with leu-
kocyte trafficking (41,42).

Successive reinfection such as trickle infec-
tion will boost the initial immune response. In
a sensitized host, the invading larva will also
encounter and activate effector cells such as
eosinophils and mast cells sensitized with IgE.
In N. americanus infection, invasion of the skin
is accompanied by an urticarial reaction called
“ground itch.” This condition tends to be much
more severe when hookworms infect a
nonpermissive host (e.g., Ancylostoma
braziliense in humans) and are not able to pen-
etrate the basal layer (“creeping eruption”).
This suggests that N. americanus in its natural
host, despite being powerfully immunogenic
(43–45), somehow manages to downregulate or
elude the effector part of the immune response.
Partial protection may be conferred to the skin
stage by the antigenic sheath (46), or the depo-
sition of collagen-binding molecules that may

leave a false antigenic trail behind the migrat-
ing worm (47,48). It is currently unknown
whether skin-stage hookworms, by releasing
proteases or other substances with pro-allergic
properties, and interacting with, for example,
skin mast cells or basophils recruited from
peripheral blood, can skew the immune
response to the Th2 phenotype already at this
early stage. Other parasites such as S. mansoni
and T. spiralis are known to induce a Th1-like
response at this stage (49,50).

Despite a varying degree of attrition that is
difficult to quantify, some hookworm larvae
will gain entry to lymphatic or blood vessels
and through the heart, finally reaching the
lungs. In experimental infections, entry of
Necator larvae into the lung triggers a rapid
influx of eosinophils (51). This situation is akin
to eosinophilic pulmonary syndromes associ-
ated with the lung stage of other helminth
parasites, such as infection with Ascaris
lumbricoides (Loeffler’s syndrome) and Brugia
malayi (tropical pulmonary eosinophilia [TPE]
[52]) and resembles the pathophysiological fea-
tures of chronic asthma (53). Previous immu-
nization through exposure to irradiated larvae
or multiple infections resulted in a more pro-
nounced, faster eosinophil recruitment, higher
IL-5 and IgE levels in the serum, and marked
lung pathology. In this experimental setting,
the allergic phenotype established during
repeated infection is clearly host-protective,
because none of the immunized animals pro-
gressed to patency (51). These results also point
out the lung as the main site of parasite attri-
tion, as described in lung stages of other helm-
inth parasites such as S. mansoni (54). In the
natural human host, however, evidence sug-
gests that parasites have evolved strategies
targeted at downregulating and modulating
potentially lethal arms of the immune
response, thus displaying anti-allergic, antiin-
flammatory properties. An example of such
properties is the selective cleavage and inacti-
vation of the chemokine eotaxin by adult N.
americanus metalloproteinases (25).
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Indeed, this type of molecular protection
may account for the apparent absence of dis-
tinct pathology seen in the gut of people
infected with N. americanus (40), compared
with zoonotic infections with canine hook-
worms, where the type 2 phenotype is seem-
ingly uncontrolled, manifesting itself as
eosinophilic gastroenteritis in a number of
patients (55). In contrast, the classical symp-
toms of eosinophilic gastroenteritis are clearly
not seen in communities with significant levels
of human hookworm infection.

Therefore it is apparent that necatoriasis
does result in the expression of the Th2 pheno-
type and indeed there is evidence that Th2
responses to hookworm infection are host-
protective, because anti-hookworm IL-5
responses are negatively correlated with worm
burdens after reinfection (32), and total and
specific IgE are negatively correlated with hook-
worm weight and fecundity (30). The “aller-
genic” nature of hookworm infection is also
demonstrated by cytokine responses to hook-
worm antigens in infected individuals. The
majority of infected individuals produce IL-4
and IL-5 in response to stimulation of periph-
eral blood mononuclear cells (PBMC) with adult
N. americanus ES products (32), and both IL-5
and IL-10 are produced in response to adult
homogenate (56). However, in this in vitro
analysis, cytokine responses are better described
as mixed Th1/Th2 than Th2, because signifi-
cant amounts of interferon-γ (IFN-γ) and IL-12
are also produced. This mixed response is typi-
cal of cytokine responses to helminth infec-
tions, including Trichuris trichiura (57),
Schistosoma, and filarial infections (58), though
responses to Ascaris lumbricoides have been
reported to be more Th2-biased (59). Mixed
Th1/Th2 responses to aeroallergens are also
typically seen in asthmatics (60).

It may be of immunological significance
that heavy parasite burdens are associated
with downregulated cellular responses, which
increase again after successful chemotherapy.
High N. americanus burden was associated with
lowered IFN-γ responses (32), whereas both

Th1 and Th2 responses are downregulated in
chronic schistosomal and filarial infection (58).
The mechanisms underlying downregulation
have not been investigated in N. americanus
infection, but evidence from schistosomal and
filarial infections suggests that IL-10 and trans-
forming growth factor-β (TGF-β) are important
mediators of hyporesponsiveness (58,61). There-
fore, it can be concluded in this section that,
although a Th2 phenotype is highly evident in
necatoriasis, in vitro experiments would indi-
cate that the driving force is not over-riding an
ability to recruit the Th1 phenotype, which is
of considerable importance to immunity to
other pathogenic organisms. Nevertheless, the
induction of the Th2 phenotype by nematode
infections is unequivocal, and in the following
section we will discuss the molecular forces we
believe to be driving the event.

The Molecular Basis for the
Generation of the Superallergenic
Milieu in Necatoriasis

Given our knowledge of the parasite
molecular array presented to the host in necato-
riasis, and the response elicited, the potential
contribution of life-style molecules to the gen-
eration of the immunological phenotype is dis-
cussed here. In this section, we use the term
“superallergen”2 to highlight the innate nature
of the pro-allergic parasitic molecular array.
The pathways described in this section are
summarized in Fig. 2.

The Contribution of Proteases
As described in the initial section of this

review, N. americanus secretes numerous pro-

2The term “superallergen” was used by Patella et al. (62)
in describing molecules that, like allergens or anti-IgE anti-
bodies, can cross-link FcεRI-bound IgE and trigger degran-
ulation of mast cells and basophils. Unlike allergens,
however, superallergens mediate this effect in a nonanti-
gen-specific manner, e.g., by binding to the VH3 regions of
receptor-bound IgE. Examples of superallergens are the
endogenous protein Fv (62), the HIV glycoprotein gp120
(63), and Peptostreptococcus magnus protein L (64).
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teases with nutritional or other functions. Many
allergens, including Der p1 from house dust
mites (65) and Fel d1 from domestic cats (66),
are also proteinases, and although proteolytic
activity is not a conditio sine qua non for allerge-
nicity, deletion of proteolytic activity abolishes
allergenicity, as shown with papain as a proof
of principle (67). Also, a recent paper by
Kheradmand and colleagues highlights the
potency of exogenous proteinases as allergens

even in the absence of adjuvants by bypassing
the normal tolerogenic mechanisms of the lung
(68). This work also implies that proteinases act
as powerful allergenic adjuvants. An impor-
tant aspect in this scenario may be the disrup-
tion of epithelial tight junctions by proteinases,
resulting in better access of allergens to anti-
gen-presenting and other immunologically rel-
evant cells (69,70). Evidence also exists for the
cleavage of the allergy regulatory low-affinity

Fig. 2. The “superallergenic” (see Footnote 2) milieu generated by hookworms. The biology of hookworm
infection (tissue migration, skin and lung stages, hematophagous gut life stage) entails the generation of a
superallergenic environment, rich in proteinases and lectins, which arguably results in the induction of a
protective allergic phenotype. However, the parasite has also evolved defense mechanisms that control
potentially lethal effector pathways, such as the induction of apoptosis of activated T cells by parasitic
kaliseptines, the inactivation of host eotaxin by a metalloproteinase, or the sequestration of C1q by hook-
worm calreticulin. Hypothetical pathways still in need of experimental backing are indicated by open arrows.
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IgE receptor by N. americanus secretions
(unpublished data), supporting our early work
on CD23 cleavage by Der p1 (65), a process that
perhaps contributes to the high levels of sCD23
observed in the plasma of hookworm patients
(31). Furthermore, polyclonal antisera to human
CD23 cross-react with products in N.
americanus secretions (unpublished data), rais-
ing the possibility that pro-allergic sCD23
homologs exist in hookworm secretions.
Indeed, some homology exists between CD23
and lectins identified in or on N. americanus.

It is therefore reasonable to assume that the
proteolytic secretions of parasites also may
have similar pro-allergic effects, and by com-
promising the integrity of the respiratory epi-
thelium, gain access to other immunologically
important compartments in the lung. This may
in turn result in the activation of specific, pro-
allergic pathways of innate immunity. This is
supported by our recent data showing that Der
p1 and the proteinases in N. americanus secre-
tions induce a Th2 cytokine profile (IL-4, IL-5,
and IL-13) in the KU812 human basophilic cell
line and the production of IL-4 from purified
human peripheral-blood basophils (71), thus
generating an environment that is conducive
to an allergic phenotype. A similar response
may be triggered in resident mast cells, result-
ing not only in the release of IL-4 and IL-13,
but also mast cell-derived proteinases such as
tryptase and chymase, TNF-α, histamine, and
the de novo synthesis of leukotrienes C4 and B4
as well as prostaglandin D2 (72), although this
effect of hookworm proteases remains hypo-
thetical. Recent data by Asokananthan et al.
(73) show an involvement of protease-acti-
vated receptor (PAR)-2 in Der p1-induced
inflammatory cytokine release from respira-
tory epithelial cells. Because mast cells derived
from human lung and other tissues are known
to express PAR-1 and PAR-2 on their surface
(74), it may well be that PAR activation of mast
cells by parasitic proteinases, with the result-
ing release of endogenous pro-inflammatory
and pro-allergic mediators and cytokines, ini-

tiates a cascade of events contributing to the
establishment of an allergic phenotype.

Drouin et al. suggest an important role for
a C3a/C3aR-mediated pathway for the devel-
opment of an allergic phenotype in a murine
model of pulmonary allergy (75). In murine
schistosomiasis, C3 deficiency is associated
with an impaired ability to mount a Th2-like
response to the parasite (76). Thus, generation
of C3a by proteolytic cleavage of the precursor
C3 by parasitic proteinases may be an alterna-
tive route of Th2 activation in helminth infec-
tion certainly worth studying. There is
evidence coming from our lab (77) and other
labs (78) showing that nematode cuticles con-
vert (or at least attract) C3b, lending further
support to older literature showing that nema-
tode cuticles can activate the alternative path-
way (79–82). We are investigating the role of
the C1q binding and inhibitory secretion of
calreticulin in modifying this process.

The Contribution of Lectins
Because IgE is a heavily glycosylated

immunoglobulin with a carbohydrate content
of 11.7% (83), lectins specific for the carbohy-
drate side-chains could also cross-link mem-
brane-bound IgE on basophils and mast cells,
thus inducing IL-4 and IL-13 release in an anti-
gen-independent manner. In fact this has been
shown for plant lectins such as concanavalin A
(Con A), lentil lectin, phytohemagglutinin,
Pisum sativum, and Sambucus nigra agglutinin
(84). IgE binding has been demonstrated for
animal lectins, such as Galectin-3, which had
originally been described as IgE-binding
protein εBP (85). In particular, tandem-type
galectins with two separate carbohydrate rec-
ognition domains and a specific affinity for
ß-galactoside sugar structures are interesting
candidates as IgE cross-linkers and Th2-
cytokine inducers. It is therefore interesting to
note that such tandem-repeat type galectins
have been cloned from intestinal parasites such
as Teladorsagia circumcincta (Tci-gal-1 and Tci-
gal-2) (86), Haemonchus contortus (Hco-gal-l),
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and Trichostrongylus colubriformis (Tco-gal-2)
(87,88), as well as filarial worms (OvGalBP)
(89). Indeed OvGalBP, a galectin from Onchocerca
volvulus, was found to bind to IgE but not other
immunoglobulins, in a lactose-inhibitable
manner, and thus might potentially cross-link
cell surface-bound IgE; this filarial lectin, how-
ever, did not bind to sera obtained from nonin-
fected individuals (89). Nematode lectins that
bind IgE might directly induce basophil or
mast cell-derived Th2 cytokines (as well as
histamine and other active mediators) in non-
immune hosts, thus skewing the early immune
response to the allergic phenotype. It is inter-
esting to note in this context that histamine is
known to stimulate feeding in helminths (90).

Helminth Superallergens?
A parasite molecule that could fit the

description of a superallergen (see Footnote 2)
is an extracellular calreticulin. This was discov-
ered in N. americanus following the screening
of cDNA libraries with IgE from infected
humans, and has subsequently been shown in
the secretions/saliva of N. americanus,
Meloidogyne incognita (nematodes), fleas, and
ticks (27,91–93). Calreticulin is a multifunc-
tional molecule, with anticomplementary and
integrin-binding activity. It is also implicated
in the clearance of apoptotic cells via CD91 (94),
which may be relevant to the antiinflammatory
strategy of N. americanus, the secretions of
which induce apoptosis in activated human T
cells (95). However, for the purpose of this
review, it is the lectin domains of hookworm
calreticulin that attract interest, given their
specificity for sugars expressed by the human
IgE molecule. This potentially confers on
calreticulin the ability to cross-link IgE allerge-
nically, and via the lectin domains. Given that
calreticulin is monovalent in its native form,
the ability of calreticulin to readily complex
with human proteins such as C1q and MBL
would confer the multivalency required for
mast-cell and basophil activation via engage-
ment of IgE Fab and Fc regions. It is of rel-

evance that the C1q binding domains of calreti-
culin do not fall into the highly antigenic
domains of the molecular sequence, albeit fol-
lowing PEPSCAN on linear sequences (96); this
may allow calreticulin to bind C1q despite
being targeted by the immune system.

Additional Potential Molecular
Contributors

Very recently, another parasitic factor
inducing production and release of Th2-pro-
moting cytokines (IL-4 and IL-13) from puri-
fied human basophils in vitro has been cloned
from an S. mansoni egg-stage cDNA library (97)
and expressed as a fusion protein. IPSE is an
IgE-binding factor that strongly activates
basophils of nonimmune donors, probably by
cross-linking membrane-bound IgE in an anti-
gen-independent manner. As such, IPSE may
be the first parasite-derived representative of a
new category of molecules, which, in analogy
to superantigens and their effects on T-cell
activation, have been termed “superallergens”
(see Footnote 2) (98). As such, IPSE may be a
further candidate for a parasite-derived repre-
sentative of the suggested category of super-
allergens (see Footnote 2) (98).

Summary: The Parasite Paradox
Parasites are potent inducers of a pro-aller-

gic immune response, and parasite products
such as proteinases and lectins, which fulfill
nutritional or other tasks of central importance,
could mediate this effect. Our general view is
that the helminth parasite, by generating a
(superallergenic) milieu that is rich in pro-
teases, lectins, and other biologically active
molecules, is bound to interact with cells of the
innate immune system such as mast cells and
basophils as described, resulting in a Th2 pro-
moting cytokine milieu and the establishment
of an allergic phenotype. Specific mechanisms
of immune evasion displayed by the different
life stages may guarantee a survival of the
parasite, but also reduced pathology in the
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host. In the case of human necatoriasis—and
this may be applicable to other parasitic infec-
tions—this overall phenotype will generate an
environment that will protect the host, but also
preserve the integrity of the parasite (30).

The downstream effect of this molecular
balance between parasite and host is down-
regulation of allergic manifestations to aerosol
allergens, such as those generated by dust
mites (35,36). This then calls into question the
true nature of parasitism with hookworms, if
low-intensity infections can be tolerated and
provide some medical benefit to the host (40).
It also illuminates the paradoxical nature of
this relationship, where an allergenic parasite
protects the host against the manifestations of
respiratory wheeze to dust mites in the absence
of an effect on sensitization to environmental
allergen (indicated by the retention of skin-test
positivity to dust mites [35]). This leads to a
number of interpretations, the best-favored at
present being an organ-specific suppression of
the allergic phenotype in the lung. The molecu-
lar basis for this immune modulation is under
active investigation.
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