
 
Cover Page 

 
 

 
 
 

 
 
 

The handle http://hdl.handle.net/1887/29660 holds various files of this Leiden University 
dissertation 
 
Author: Amoah, Abena Serwaa 
Title: Helminth infections and allergies in Ghana  
Issue Date: 2014-11-11 

https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/29660


Parasitic worms and allergies  
in childhood: insights from 
population studies 2008-2013

chapter 7

Abena S. Amoah1, 2, Daniel A. Boakye2, Ronald van Ree3 and Maria Yazdanbakhsh1 

Affiliations:
1 Department of Parasitology, Leiden University Medical Center, Leiden, The Netherlands; 
2 Department of Parasitology, Noguchi Memorial Institute for Medical Research, Accra, Ghana; 
3 Department of Experimental Immunology and Department of Otorhinolaryngology, 
Academic Medical Center, Amsterdam, The Netherlands

- Pediatric Allergy and Immunology 2014 May;25(3):208-17 - 



H
e

lm
in

th
s a

n
d

 a
lle

r
g

ie
s in

 c
h

ild
h

o
o

d

7

Abstract
The last few decades have seen a marked increase in the global prevalence of 
allergic diseases particularly among children. Among the factors attributed to this rise 
has been reduced exposure to pathogens during childhood leading to insufficient 
maturation of the regulatory arm of developing immune systems. Over the years, a 
number of epidemiological studies have observed an inverse relationship between 
parasitic worm (helminth) infections and allergies. The purpose of this review is to 
highlight insights from population studies conducted among children published 
between 2008 and 2013 that explore the complex dynamics between helminth 
infections and allergies. These insights include the effect of anthelmintic treatment 
on allergic responses, an elucidation of immune mechanisms and an examination of 
helminth-induced immunoglobulin E cross-reactivity. 

A better understanding of the relationship between helminths and allergies is 
imperative as research directions move towards harnessing the therapeutic potential 
of helminths and their products in the treatment of allergic disorders. 
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Introduction
Over the past few decades, there has been a sharp increase worldwide in the prevalence 
of allergic disorders such as asthma, rhinitis, eczema and food allergies particularly 
among children [1]. The hygiene hypothesis provides an explanation for these 
observations in terms of how over the course of time in Western countries, improved 
hygiene, smaller family sizes and fewer childhood infections may have driven an increase 
in allergies [2]. In immunological terms, reduced pathogenic exposure during childhood 
leads to inadequate maturation of the immune system’s regulatory arm thus resulting in 
uninhibited inflammatory responses towards harmless antigens [3, 4]. 

A rise in allergic diseases is also being observed in rapidly urbanizing developing 
countries where a reduction in infectious diseases, improved hygiene and the adoption 
of a so-called “western lifestyle” are factors driving this increase [5]. For example, studies 
from Asian economic hubs dating back to the 1970s illustrate how a higher prevalence of 
asthma among urban populations was associated with wealth and lifestyle in contrast with 
a lower prevalence of asthma in rural environments [6]. These investigations emphasize 
the importance of environmental exposures in the pathogenesis of allergic disorders in 
general. Key among such exposures is infections with parasitic worms (helminths). 

Helminths are metazoan parasites that have evolved the ability to down-regulate their 
host’s immune responses and thus protect against their own elimination as well as reduce 
severe pathology in the host [7, 8]. Over 1 billion people worldwide are infected with 
one or more helminth species [9]. Most of these individuals are currently found in tropical 
regions of the world where such infections are linked to poverty and poor sanitation [10]. 

Helminth infections are of particular interest to studies of allergic disorders as they 
induce strong T-helper-2 (Th2) responses leading to high levels of immunoglobulin E (IgE) 
antibodies. Despite the common immunological profiles associated with both helminths 
and allergies, there is little overlap in the geographical distribution of these two health 
problems. This suggests that not all Th2 responses lead to allergic outcomes and that 
strong Th2 profiles seen in helminth-infected subjects do not translate into allergic disease. 
In fact, studies show that helminth infections could even be inversely associated with allergic 
disorders [11, 12]. However, the interactions are indeed complex as some investigations 
find an inverse association but others show no effect or even a positive association. 

In recent years, studies among children from helminth-endemic areas at various 
stages of urbanization have provided new and interesting insights. The purpose of this 
review is to highlight research findings from population studies focused on children 
aged 0 to 18 years and published between 1 January 2008 and 31 July 2013. To 
identify relevant publications, searches were conducted in PubMed using key words 
related to ‘allergy’ or ‘hypersensitivity’ in combination with ‘helminths’, ‘parasites’ or 
‘worms’. These were restricted to human studies in children (birth – 18 years). Studies 
focusing on helminths that have not evolved to infect humans but where humans 
acquire infections by accident such as Toxocara species [13-16], Echinococcus 
granulosus [17] and Ascaris suum [18] were excluded.
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Helminths and allergy: associations in population studies
Recent cross-sectional studies conducted in Brazil by the Social Changes, Asthma and 

Allergy in Latin America (SCAALA) group [19] have shown that among urban poor 

children aged 4-11 years living in Salvador, heavy infection with the helminth Trichuris 

trichiura in early childhood (on average at age 2 years) is associated with reduced odds 

of skin prick test (SPT) reactivity later in childhood [20]. Apart from demonstrating the 

importance of timing and early-life infections in the pathogenesis of childhood allergy, 

this study illustrates how heavy helminth infections (compared to light infections) may 

have a protective effect against allergies. Similarly, an investigation from South Africa 

comparing allergy outcomes among rural children of the Xhosa ethnicity to urban 

Xhosa children of low socioeconomic status found that after adjusting for area and 

detectable allergen-specific IgE, current Ascaris lumbricoides infection was associated 

with reduced odds of SPT reactivity [21]. 

However, other investigations have observed no effect of helminths on SPT reactivity. 

For example, among Cuban children aged 4-14 years living in helminth-endemic areas, 

current intestinal helminth infection was not associated with SPT reactivity [22]. However, 

it is important to note that among this study population, given the well-organized health 

provision in Cuba, it is very likely that the children were regularly dewormed and indeed 

the intensity of helminth infections was relatively low. Some studies have even observed 

a positive association between Ascaris-specific IgE (sIgE) and SPT reactivity for example, 

among urban black adolescents (median age 18 years) living in Cape Town, South Africa 

[23]. However, a limitation of the latter study is that Ascaris-sIgE may not be a useful 

marker for current ascariasis infection since elevated levels may indicate past infection 

or cross-reactivity due to other helminth antigens or environmental allergens.

Aside from SPT reactivity, the effects of helminths on other allergy outcomes have 

also been examined. Among a cohort of 3960 Afro-Ecuadorian children aged 6-16 

years living in Ecuador, heavy T. trichiura infection was inversely associated with atopic 

wheeze but not with non-atopic wheeze [24]. On the other hand, a case-control study 

among 219 5 year old rural Bangladeshi children reported that current A. lumbricoides 

infection was not significantly associated with reported wheeze [25]. 

With regards to airway hyperresponsiveness, Calvert and Burney examined urban 

and rural Xhosa children and observed that current A. lumbricoides infection was 

associated with increased odds of exercise-induced bronchoconstriction (EIB) [21]. Since 

they had also found an inverse association between A. lumbricoides and SPT reactivity, 

they concluded that in areas with a heavy burden of A. lumbricoides infection, this 

helminth may induce an inflammatory response in the lungs that is independent of the 

parasite’s effect on SPT reactivity [21]. In line with this, in a case-control study design, 

children with heavy A. lumbricoides infection (>100 eggs / grams) in Brazil, were found 

to be five times more likely to have bronchial hyperresponsiveness (BHR) measured by 

bronchial provocation tests compared to children with low loads or no infection [26]. 
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When it comes to reported allergic disease, current infection with A. lumbricoides 

was linked to a more than 4 times reduced odds of atopic eczema in rural Cuban children 

aged 4-14 years [27]. Conversely, a history of Enterobius vermicularis infection in the same 

children was associated with an increased risk of reported allergic rhinoconjunctivitis 

and atopic eczema, emphasizing the importance of taking into consideration species 

of helminth. A history of hookworm infection was also associated with reported allergic 

rhinoconjunctivitis [27]. However, given that reported history of helminth infection can 

be an unreliable parameter, these findings should be considered with caution.

Aside from just helminths, some investigations have looked at multiple infections 

with other childhood pathogens. For example, among the SCAALA cohort in Salvador, 

Brazil, a cross-sectional study investigated whether helminth, viral and bacterial 

infections were associated with reported wheeze, SPT reactivity and specific IgE to 

locally important allergens. The study observed that in addition to the protective 

effect of A. lumbricoides infection, past exposure to Toxoplasma gondii, Epstein - 

Barr virus and herpes simplex virus (assessed by seropositivity) were each associated 

with a lower prevalence of SPT reactivity but not reported wheeze [28]. This finding 

highlights the important role of diverse childhood pathogens in reducing the risk of 

SPT reactivity. Furthermore, a birth cohort of children from Ethiopia observed that at 3 

years, Helicobacter pylori infection was linked to borderline reduced odds of reported 

eczema as well as SPT reactivity to house dust mite [29].

Taken together, although there is strong evidence for protective effects of 

helminths on allergic outcomes in animal models [8], the results of cross-sectional 

studies in humans vary. Though it is generally agreed that helminth infections are 

often negatively associated with SPT, no or positive associations are reported with 

lung function or reported clinical symptoms of allergy. It is important to bear in mind 

that species of helminth as well as timing and burden of infection can all contribute to 

inconsistent findings in population studies particularly when the study outcome is as 

complex and multifactorial as clinical allergy. 

Effect of anthelmintic treatment on allergy markers 
Cross-sectional studies examining associations between helminths and allergy outcomes 

are prone to the problem of temporality [30] since these parameters are determined at 

the same time. Therefore, prospective studies are needed to fully investigate causality. 

Some early longitudinal studies on the effect of repeated anthelmintic treatment 

among children in helminth-endemic areas observed an increase in SPT reactivity 

to aeroallergens in treated compared to placebo groups [31, 32] while another 

investigation found no effect [33]. Among studies published in the last 5 years, a 

randomized double-blind placebo-controlled trial on the effect of anthelmintic 

treatment among 1566 Vietnamese schoolchildren aged 6-17 years observed that 

after 12 months of anthelmintics at 0, 3, 6 and 9 months, treatment was associated 
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with an increased risk of SPT reactivity to any allergen [34]. However, the trial did 
not observe an effect of anthelmintic treatment on EIB, wheeze, rhinitis or flexural 
eczema. Also in Southeast Asia, a household-based cluster-randomized, double-blind 
place-controlled trial in a helminth-endemic area on Flores Island, Indonesia, assessed 
the effect of anthelmintic treatment (albendazole) every 3 months for 21 months on 
SPT reactivity among 1364 children aged 5-15 years [35]. At 21 months, treatment 
was associated with a statistically significant increase in the risk of SPT reactivity 
to cockroach allergen but not to ‘any allergen’ [35]. Similar to the trial in Vietnam, 
anthelmintic treatment had no effect on reported symptoms of asthma and atopic 
eczema in this study population [35].

Among 108 intestinal helminth positive Cuban schoolchildren aged 5-13 years, 
van der Werff et al. investigated the effect of anthelmintic treatment every 6 months 
for 24 months on SPT reactivity and reported allergic disease outcomes [36]. During 
the follow-up period, four groups of infected children from randomly selected primary 
schools in the same municipality as the treated cohort were used as reference groups 
to assess general trends over time in the outcomes of interest. The prevalence of 
SPT reactivity increased significantly following 1st and 2nd anthelmintic treatment 
but returned to the baseline prevalence subsequently [36]. The study observed that 
deworming was associated with a significant reduction in the proportion of children 
reporting asthma but not allergic rhinoconjunctivitis or atopic eczema [36]. 

Altogether, the majority of recent studies appear to suggest that anthelmintic 
treatment of at least one year increases SPT reactivity (Figure 1) but has no effect on 
reported allergic symptoms. As the prevalence of clinical symptoms is generally low, 
the question remains whether studies are sufficiently powered for these outcomes.

In terms of long-term anthelmintic treatment, a study in Ecuador in rural communities 
examined the impact of 15-17 years of community treatment with the anthelmintic 
drug ivermectin on the prevalence of SPT reactivity and allergic symptoms among 
schoolchildren aged 6-16 years [37]. The study found that the prevalence of SPT reactivity 
was two times greater among children living in treated communities compared to children 
living in adjacent untreated areas. Treatment was also associated with more than 2 times 
the odds of reported eczema but not symptoms of asthma and rhinoconjunctivitis [37]. 

The fact that most studies on the effect of anthelmintic treatment focus on school-
age children has led to speculation that the lack of an effect of treatment on clinical 
allergy outcomes may be due to the age of children enrolled in these studies. By school-
age, these children may have passed through the key windows in early life during which 
their immune systems are primed towards phenotypes that are more susceptible to 
or protected against allergies later in childhood. Therefore, studies among younger 
children in helminth-endemic countries are essential in furthering our understanding of 
how the developing immune system is protected against allergies at a young age. 

One such study was a large randomized, double-blind, placebo-controlled trial 
carried out in Uganda that examined the effects of anthelmintic treatment among 
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pregnant women on allergy outcomes in their offspring. In this trial, 2507 women in 

an area endemic for soil-transmitted helminths as well as the water-borne helminth 

Schistosoma mansoni were recruited and allocated to receive either albendazole (for 

soil-transmitted helminths) versus placebo or praziquantel (for S. mansoni) versus 

placebo. The trial found that treatment with albendazole (compared to placebo) among 

pregnant women was strongly linked to an increased risk of doctor-diagnosed infantile 

eczema in their offspring [38]. Praziquantel treatment had no overall effect but among 

infants whose mothers were S. mansoni positive at baseline, praziquantel treatment was 

associated with an increased risk of doctor-diagnosed infantile eczema but had no effect 

among infants whose mothers were S. mansoni negative [38]. The trial also found that 

albendazole treatment was positively associated with reported recurrent wheeze.

Within the same Ugandan birth cohort, the offspring of the enrolled pregnant 

women were randomized to receive quarterly single-doses of albendazole or placebo 

from the age of 15 months to 5 years [39]. By 5 years, no effect of quarterly albendazole 

treatment on eczema was observed. However, this may not be surprising given that 

the prevalence of helminth infections was extremely low in this cohort. 

Figure 1: The effect of anthelmintic treatment on IgE sensitization and SPT reactivity

(a) During a chronic helminth infection, elevated levels of allergen-specific IgE are observed but 
helminth-induced regulatory mechanisms suppress SPT reactivity. (b) Following anthelmintic 
treatment and the removal of helminths, IgE memory remains largely unaffected but regulatory 
mechanisms decrease allowing increased SPT reactivity.
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Aside from helminth infections in endemic areas, a Danish study examined whether 
enterobiasis infection, common in Western Europe and North America [40], protects 
against chronic inflammatory diseases [41]. The study examined prescriptions for the 
anthelmintic medication mebendazole as a proxy for enterobiasis infection among 924,749 
children. Mebendazole prescription information was linked to diagnoses of asthma from 
the age of 5 years onwards through the national patient registry. Filling a prescription for 
mebendazole was associated with a very small but significant increased risk of asthma [41].

Taken together, these studies suggest that worms in early life are able to lower the risk 
of developing clinical allergy, the most common in this time window being eczema, while 
this does not seem to apply to airway allergy, which often develops later in life (Figure 2).

Figure 2: The effects of anthelmintic treatment on allergy-related symptoms in early life and later 
childhood.

Theoretical framework for the effects of anthelmintic treatment on allergy-related symptoms in 
early life and later childhood. (a) The current model of the Allergic March with atopic eczema 
peaking in the first years of life while asthma peaks later in childhood. (b-i) In pregnant women with 
helminth infections, in utero signals alter the immune system of the foetus resulting in a lack of early 
symptoms of allergy such as infantile eczema. However, treatment of pregnant women removes this 
immune modulatory activity and leads to increased manifestation of infantile eczema (b-ii) In later 
childhood, helminth infections either have no effect on allergy-related symptoms or in the case of 
Ascaris lumbricoides which has a lung stage, there is airway inflammation and symptoms of asthma. 
Anthelmintic treatment in A. lumbricoides-infected individuals would lead to the restoration of 
normal airway activity and fewer reports of asthma symptoms.
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Immune mechanisms  
Type 2 immune responses induced by helminths are characterized by the expansion 
of innate lymphoid cells-2 [42] as well as Th2 cells that lead to increased production 
of cytokines such as interleukin 4 (IL-4), IL-5, IL-9 and IL-13 [43]. During a helminth 
infection, these factors are all key to the control of inflammation, enhancement of tissue 
repair and can result in worm expulsion [44]. Moreover, chronic helminth infections 
can induce an immune regulatory network in the host characterized by regulatory T 
cells, regulatory B cells and alternatively activated macrophages [43]. The result is an 
anti-inflammatory environment typified by elevated levels of IL-10 and TGF-β as well 
as general T-cell hyporesponsiveness [8] which is thought to enhance survival of the 
worms within their immunocompetent host. 

A number of studies in humans have provided evidence that IL-10 plays a key role in 
the helminth-induced immune regulation of allergic responses [8]. A study conducted 
in Gabon, Central Africa had established that children infected with the helminth 
Schistosoma haematobium had lower SPT reactivity to house dust mite compared 
to uninfected children in the same area [45]. The study showed that IL-10 production 
by parasite-antigen stimulated peripheral blood mononuclear cells (PBMCs) was 
higher in S. haematobium infected children compared to uninfected and elevated 
IL-10 levels were negatively associated with SPT reactivity [45]. In line with this, the 
recent anthelmintic trial conducted among Vietnamese children [34] found that SPT 
reactivity was inversely associated with higher IL-10 in response to hookworm antigen 
[34] and that after 12 months of deworming, there was a trend towards lower IL-10 
responses in the treatment group although this was not statistically significant [34]. In 
contrast however, a study among Ecuadorian children living in a helminth-endemic 
area, observed no relationship between A. lumbricoides antigen induced IL-10 (or the 
frequency of IL10+ T cells) and SPT reactivity [46]. 

In another study in Ecuador, at the end of 12 months of deworming with albendazole 
(cluster-randomized study design), Cooper and colleagues examined whole blood 
cytokine responses of 214 children from 42 schools selected from a total of 1,632 children 
[47]. Results indicated that anthelmintic treatment was associated with enhanced Th2 
cytokine responses to A. lumbricoides adult worm antigen (but lower IL-10 responses) 
as determined by whole blood cultures. Although this profile would support the 
notion that allergic responses increase with deworming, the investigators did not see 
differences in these cytokines in SPT positive versus negative subjects [47]. In addition, 
as one of the few studies using cytokine responses to aeroallergens (Dermatophagoides 
pteronyssinus and Periplaneta americana) the group found no differences between 
treated and untreated subjects. However, like studies conducted in affluent countries 
[48], the induction of cytokine production by these allergens was altogether very low.

Regarding the development of Th2 immune responses from infancy, a birth cohort 
study performed in a helminth-endemic area near Jakarta, Indonesia followed Th2 
immune responses from 2 to 48 months among 240 children whose mothers were 
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recruited during pregnancy [49]. In this study, whole blood cultures were used to 
assess Th2 cytokine responses by measuring IL-5 response to a mitogen as well as to 
helminth antigens at 5 time-points between 2 and 48 months. The study found that 
substantial Th2 responses were seen from 5 months onwards and increased over time. 
Concurrently, total IgE levels were shown to gradually increase over time peaking 
at 48 months. Remarkably, when SPT reactivity was assessed at 48 months, strong 
Th2 immune responses did not translate into SPT reactivity [49]. Rather, low maternal 
education was associated with reduced odds of SPT reactivity while maternal infection 
with the filarial worm Wuchereria bancrofti during pregnancy tended to reduce the 
odds of SPT reactivity but this was not statistically significant. This longitudinal study 
demonstrates how children born into helminth-endemic areas develop strong Th2 
responses that increase with age but do not translate into allergic response.

A number of recent reports from the SCAALA cohort of urban children aged 
4-11 living in Salvador, Brazil where past and current infections (helminth, viral and 
bacterial) were associated with reduced SPT reactivity, have provided further insight 
into the immunological control of allergies in an emerging economy [50-53]. First, 
the effect of environmental exposures on cytokine production in unstimulated whole 
blood from 1376 children was examined [50]. It was observed that the proportion of 
children spontaneously producing IL-10 was significantly greater among those without 
access to drinking water [50]. It was also found that intestinal helminth infection was 
associated with the induction of immune hyporesponsiveness that was stronger in 
children producing spontaneous IL-10 [51]. Later, cytokine responses from whole 
blood cultures stimulated with mitogen were measured in 1127 children and different 
immunological phenotypes were defined: ‘responsive’ (characterized by generalized 
cytokine production above cytokine detection limits), ‘under-responsive’ (characterized 
by few responses above the detection limit) and ‘intermediate’ [52]. The responsive 
phenotype was strongly associated with higher maternal education, adequate street 
paving and light infection burden. Furthermore, the responsive phenotype was also 
linked to increased odds of SPT reactivity as well as allergen-specific IgE sensitization. 
Thus, enhanced immune responsiveness seemed to be linked to environmental 
factors and atopic outcomes. However, the study found no evidence of a significant 
association between the different immune phenotypes and reported wheezing or 
asthma. This is consistent with other epidemiological study findings where effects are 
observed for allergic sensitization but less for wheeze or asthma [54]. 

Aside from immune profiles based on cytokine responses, other mechanisms 
have also been investigated [55-57]. One of particular interest is a study determining 
whether basophil suppression occurs in humans infected with helminths. Larson et al. 
examined histamine release by whole blood cells of a subset of 28 helminth-infected 
children from Ecuador aged 8-14 years before and two weeks after anthelmintic 
treatment [58]. Stimulation of blood with anti-IgE showed a considerable increase in 
basophil activation post helminth treatment. This indicates that the ability of basophils 
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to respond to both IgE-dependent and IgE-independent activation is suppressed 

during intestinal helminth infection in humans [58]. Given the role of basophils as 

effector cells in the allergic immune response, suppression of basophil functionality 

may be an additional mechanism by which helminths protect against allergies [58].

Helminth-induced IgE cross-reactivity
Cross-reactivity reflects the phylogenetic relations between organisms that results in 

a large degree of homology in the primary structure of proteins eventually leading to 

homologous three dimensional structures and potential cross-reactivity [59]. Since the 

1980s, two types of IgE cross-reactivity related to allergy have been recognized: cross-

reactivity due to proteins and cross-reactivity due to glycans on glycoproteins known 

as cross-reactive carbohydrate determinants (CCDs) [59].

The first indications of possible helminth involvement in IgE cross-reactivity came 

from observations in population studies of elevated levels of allergen specific IgE 

without skin reactivity or symptoms among helminth-infected children [3]. 

A. Protein cross-react iv i ty  and helminths

Although there has been extensive characterization of cross-reactivity between 

plant-derived proteins for example between birch and apple allergens, cross-

reactivity between allergens from invertebrates such as mites, shrimp, cockroach 

and schistosomes is a growing area of interest [59]. A number of proteins such as 

tropomyosin [60], paramyosin [61] and glutathione-S-transferase (GST) [62] have 

recently been studied in some detail. In Brazil, among children aged 3 to 6 years from 

a helminth-endemic area as well as patients with cockroach allergy from an allergy 

clinic, a strong correlation was observed between IgE against Ascaris tropomyosin and 

IgE against P. americana tropomyosin [60]. Notably, 75.6% of the children from the 

helminth-endemic area had IgE antibodies against cockroach tropomyosin yet had no 

symptoms of cockroach allergy [60]. 

IgE cross-reactivity between house dust mite tropomyosin (Der p 10) and the 

filarial nematode Onchocerca volvulus has also been demonstrated and may account 

for elevated levels of mite-specific IgE seen in helminth exposed individuals [63]. With 

respect to GST protein, GST from cockroach (Bla g 5) and from the filarial worm W. 

bancrofti (WbGST) were found to be 30% identical at the amino acid level and IgE 

against Blag 5 strongly correlated with IgE against WbGST [62]. 

An analysis of cross-reactivity between extracts of A. lumbricoides and dust mite 

allergens was conducted in the Philippines in subjects with high levels of IgE to extracts 

of Ascaris and mite allergens [61]. Absorption assays demonstrated that A. lumbricoides 

antigens could inhibit up to 92% of mite-specific IgE among allergic subjects while 

mite allergens inhibited up to 54% of Ascaris-sIgE among Ascaris-infected subjects. 

IgE responses to the recombinant form of the paramyosin Blomia allergen (Blo t 11) 
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were also assessed and positive rBlot t 11-fD –specific IgE reactivity was seen in 80% 
of allergic subjects and 46% of A. lumbricoides positive subjects thus indicating cross-
reactivity between paramyosin from Blomia and paramyosin from A. lumbricoides [61].

In view of helminth-associated IgE cross-reactivity, Carvalho and colleagues 
evaluated the use of IgE responses to recombinant Blomia allergens (rBlo t 5 and rBlo 
t 21) to improve specificity in determining allergy to mite in a population from the 
tropics [64]. To this end, sera from a subset of children (N=35) enrolled in the SCAALA 
study in Brazil all of whom had elevated allergen-specific IgE was assessed for IgE 
reactivity to recombinant Blomia allergens. The study found that 82.9% of the children 
who had elevated IgE against B. tropicalis extract had IgE to rBlo t 5 and rBlo t 21 [64]. 
Absorption assay results showed that pre-incubation with Ascaris antigens affected 
IgE reactivity to B. tropicalis extract but not to rBlo t 5 and to rBlo t 21. This study 
demonstrates the value of using recombinant mite allergens rather than crude mite 
extract for serodiagnostic purposes in a population from a helminth-endemic area.

B. Carbohydrate cross-react iv i ty  and helminths

One of the earliest investigations into carbohydrate cross-reactivity observed that 
one third of grass pollen-sensitized individuals in an outpatient population in the 
Netherlands had elevated levels of IgE against peanut extract without peanut SPT 
reactivity or peanut allergy symptoms [65]. Further analysis revealed that in 91% of 
cases, IgE directed against N-linked carbohydrates of glycoproteins known as cross-
reactive carbohydrate determinants (CCDs) could be detected [65]. Cross-reactive 
IgE directed against CCDs in this population was also demonstrated to have poor 
biological activity [65]. It is estimated that between 15% and 30% of allergic patients 
generate IgE directed against glycans [66]. The two major N-glycan motifs involved 
in cross-reactivity are xylose and core-3-linked fucose which are found in plants and 
invertebrates including helminths [67]. 

A prominent feature of helminth infections is elevated levels of IgE directed 
against allergens without SPT reactivity [68]. A recent study in Africa has demonstrated 
that carbohydrate cross-reactivity might play a role in this phenomenon [69]. In 
schoolchildren aged 5-16 years in Ghana, 17.5% of subjects were IgE sensitized to 
peanut (≥0.35 kU/L) yet 92.4% of those sensitized were peanut SPT negative [69]. In 
addition, current infection with S. haematobium was strongly associated with peanut 
IgE sensitization and a strong correlation was observed between IgE against whole 
peanut extract and IgE against CCDs. Notably, inhibition assays demonstrated that 
not only could this IgE against whole peanut extract be almost completely inhibited 
by the CCD marker bromelain, but also by S. haematobium soluble egg antigen 
which is enriched with N-glycans [69]. Furthermore, basophil histamine release assays 
demonstrated that the IgE directed against peanut in this population had low biological 
activity [69]. This study provides a model which proposes that in helminth infections, 
primary sensitization may occur to carbohydrate moieties present in helminths which 
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are also present in some well-characterized allergens such as peanut and that such IgE 

antibodies have low biological activity (Figure 3). 

Although the lack of clinical relevance of IgE antibodies against CCDs has been 

demonstrated [70], in recent years, IgE directed against the carbohydrate epitope 

galactose-α-1,3-galactose (α-gal) has been linked to two forms of anaphylaxis 

[71]. The first being immediate onset anaphylaxis following the first infusion of the 

monoclonal antibody cetuximab among patients from the Southeastern United States 

receiving therapy for cancer [72]. Further analysis determined that reactions occurred 

in patients with pre-existing IgE against α-gal [71] possibly induced by the lone star tick 

Amblyomma americanum [73]. The second form of anaphylaxis associated with α-gal 

is delayed onset reactions 3-6 hours following ingestion of mammalian meat products 

(Figure 3) [71]. Although the reasons behind the delay in the onset of reactions are 

Figure 3: Immunoglobulin E antibody binding to different allergen epitopes

A simplified illustration of IgE antibody binding to different allergen epitopes. (a) IgE directed against 
protein epitopes of an allergen has strong biological activity and can lead to mast cell degranulation 
and allergy-related symptoms. (b) IgE directed against the N-glycan xylose or core-3-linked fucose 
carbohydrate epitopes has low biological activity and does not result in strong mast cell degranulation 
and related symptoms (c) IgE directed against the galactose-α-1,3-galactose (α-gal) carbohydrate 
epitope can result in mast cell degranulation and delayed symptoms. However, in some cases where 
α-gal is intravenously infused, symptoms can be immediate. The different colours of IgE antibodies 
are used to suggest strong (red), weak (purple) or intermediate (orange) biological activity.
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yet to be fully understand, it is believed that it represents the time for red meat to be 
digested and for associated lipids to be absorbed [71]. 

Interestingly, in serum samples from children living in rural helminth-endemic 
communities in Kenya and Ecuador, positive IgE responses to α-gal have been observed 
which could be tick-related but could also indicate the involvement of helminths or other 
ectoparasites [71]. In addition, a study conducted in Zimbabwe examined IgE responses 
against α-gal in rural helminth-infected subjects as well as urban doctor-diagnosed cat 
allergic patients [74]. In the parasite-infected group, 85% had IgE against α-gal and 66% 
had IgE against the cat allergen Fel d 5 found in cat dander extract (CDE) [74]. The IgE 
to α-gal and IgE to Fel d 5 were highly correlated which is in line with recent studies 
that have demonstrated that α-gal is present on Fel d 5 [75]. Furthermore, only 2 out 
of 47 of the parasite-infected had IgE to the recombinant form of the cat allergen Fel 
d 1 which does not carry α-gal. By contrast, among the cat allergic patients, only a few 
had IgE responses to Fel d 5 and α-gal while 74% had responses to recombinant Fel 
d 1 [74]. These observations imply that in helminth-endemic areas, the IgE to α-gal is 
not clinically relevant. However, given that no information was collected on reactions to 
mammalian meat in the helminth-endemic areas [76], more in-depth studies are needed 
to assess the prevalence of sensitization to α-gal in populations in different geographical 
areas and the relationship between sensitization and clinical outcomes.

Future directions
Recombinant  a l lergen technology

IgE cross-reactivity between helminth antigens and environmental as well as food 
allergen extracts has demonstrated the potential limits in diagnostic value of testing IgE 
responses against whole allergen extracts in helminth-endemic populations. Therefore, 
the use of recombinant allergen technology for the evaluation of IgE responses to 
allergens is much needed for better specificity and to improve diagnostic accuracy. 

Helminth products  as  therapies

Given the abundant evidence from epidemiological and experimental studies of the 
immunomodulatory properties of helminths, in the past few years, steps have been 
taken towards harnessing the potential of helminths and their products in the treatment 
of allergies as well as autoimmune conditions. One such therapeutic possibility is the 
use of eggs from the pig nematode Trichuris suis which was first used in clinical trials to 
treat inflammatory bowel disease [77]. Since then, a double-blind, placebo-controlled, 
parallel group trial among adults in Denmark has examined the efficacy of T. suis 
ova therapy in the treatment of grass pollen-induced allergic rhinitis and has shown 
no therapeutic effect [78]. There are currently 13 active or completed clinical trials 
with T. suis eggs [79] and their results will establish whether treatment later in life (as 
opposed to in early life) with relatively low exposure to helminths might be effective. 
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In addition, hookworm larvae have also been used to infect human volunteers with 
the view towards a potential therapy for inflammatory diseases [80]. For helminthic 
therapy research in general, much effort is being put into the characterization of 
helminth-derived molecules with modulatory activity to be able to treat patients with 
well-defined products rather than full infections [81].

Novel  a l lergens re levant  in  the tropics

The recent study on peanut allergy among schoolchildren in Ghana found that in 
a subset of those with elevated IgE responses to whole peanut extract, a few had 
elevated IgE to the recombinant form of the peanut allergen Ara h 9 [69]. Furthermore, 
IgE antibodies against Ara h 9 were biologically active at low allergen concentrations 
as determined by basophil histamine assays. Ara h 9 is a member of the nonspecific 
lipid transfer protein (LTP) family of allergens and appears to play a role in peanut 
allergy among patients in the Mediterranean region [82]. It is believed that the peach 
LTP allergen Pru p 3 may act as primary sensitizer among peanut allergic subjects in 
Spain [83]. The origin of sensitization to LTPs in areas of the tropics such as Ghana 
and the role of helminths remain unknown but provide future directions for further 
research. Aside from the case of Ara h 9, other novel allergens found in the tropics 
exist that require better characterization [84]. 

Concluding remarks
The intersection between helminths and allergies has been an interesting area of 
research which has shed light on immunological pathways, on allergen structure 
and on cross-reactivity as well as on differences in allergic phenotypes / outcomes 
in different geographical locations. Future studies have to build on these findings 
in order to generate the tools to diagnose, treat and prevent allergic disorders not 
only in affluent countries where they are rampant but also in areas where allergies are 
emerging as chronic diseases of public health importance.  
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