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1  | INTRODUC TION

For justified reasons, helminth parasites are considered detrimen-
tal organisms that, in addition to their well-known deleterious 
effects on millions of children, are able to manipulate the host im-
mune system, stimulating or suppressing its response. The increas-
ing knowledge of this dual effect has explained some (and raised 
many more) fundamental questions about the parasite/allergy re-
lationships. In addition, there is a growing discovery of potential 
anti-inflammatory helminth products, positioning these parasites 
as protagonists in the current debate about the high prevalence 
and possible therapies of chronic non-communicable inflammatory 
diseases. With regard to allergy, there are scientific questions that 
could be explored through these relationships; for example, the or-
igins of allergenicity, the mechanisms of allergenic activity and the 
evolutionary relationship between parasite immunity and allergy; 
and also practical questions such as the impact of cross-reactivity 
on the diagnosis of allergy.

Among the environmental factors influencing the pathogenesis, 
clinical manifestations and epidemiologic trends of allergic diseases 
in the tropics, there are two that seem to be the most important: 
permanent exposure to house dust mite (HDM) allergens (mainly 
Blomia tropicalis and Dermatophagoides pteronyssinus) and helminth 
infections.1 At the Institute for Immunological Research (http://
www.worldallergy.org/wao-centers-of-excellence) in Cartagena, a 
tropical Caribbean city of Colombia, we have analysed the relation-
ships between ascariasis and asthma, as a model to understand sev-
eral aspects of the helminth/allergy relationships.

Colombia is a tropical country with almost 50 million inhabitants, 
79% of them living in urban areas, where the basic health indicators 
of the last two decades reflected a global and health improvement.2 
The country has a distinct regional climate; in the Caribbean Coast, 
the mean annual temperature is 28°C and the humidity 85%, whilst 
in the Andeans, they are, respectively, 12°C and 65% humidity. The 
prevalence of parasite infections (among them ascariasis, caused by 
the helminth Ascaris lumbricoides) ranges from 5% in urban centres3 
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to 50% in some rural communities,4 although the actual frequency 
could be higher as detected by serology.5 The national prevalence of 
allergic diseases has changed in 10 years from 12% to 12.5%,6,7 the 
increase being driven by the rates in children.

Our work has followed three major lines of research: the evo-
lutionary links between the IgE responses to Ascaris and HDM 
allergens; the allergenic activity and cross-reactivity of Ascaris mo-
lecular components and the immunological and clinical influences of 
ascariasis on asthma. Here, we analyse data obtained from them and 
present some of the guiding hypotheses. Since ascariasis is the most 
frequent soil-transmitted helminthiasis, research about its impact on 
allergy is expected to be very instructive, but the role of other para-
sites should be kept in mind.

2  | GENETIC S OF THE IGE RESPONSES 
TO A SC ARIS AND HOUSE DUST MITE 
ALLERGENS

The polygenic character of immune responses to infective organisms 
has been supported in the last decades by a number of improve-
ments on sequencing-based genotyping and genomewide transcrip-
tional profiling. There is no need to explain the importance of finding 
genetic markers of resistance to helminthiases or those that influ-
ence the specific IgE hyper-responsiveness to allergens. However, 
there are other aspects less evident such as the origin of allergenic-
ity, which is the ability of a molecule to induce the production of spe-
cific IgE. Studying this in helminth models, especially in the tropics 
where high and low responders can be easily detected, would help to 
understand basic mechanisms of allergenicity and allergenic activity, 
the latter being the ability of specific IgE to induce an inflammatory 
cascade and clinical symptoms.

Besides, there is a more general topic: the evolutionary rela-
tionship between parasite immune responses and immune mech-
anisms of allergy, a field with several hypotheses that can be 
advantageously tested in the tropics. In this regard, we have re-
marked that a fundamental unresolved question is whether current 
genotypes predisposing to allergic response were selected by hel-
minth infections or, to the contrary, these genotypes (shaped by 
factors different to parasites) generated resistance and exerted a 
selective pressure on them, in such a way that those with better im-
munomodulatory capacity survived as parasites.8,9 This possibility 
seems to be more in agreement with a general basis of parasitism, 
which considers that the success of parasitic relationships depends 
on both the parasite virulence and the host resistance (Figure 1). 
Resistance to helminths involves several innate and adaptive mech-
anisms, including antibody responses, whose protective role varies 
among parasite species, but independently of this effect, specific 
IgE hyper-responsiveness is a complex trait whose relationship 
with allergy to common allergens could be better analysed in places 
co-exposed to both sources; therefore, our work has been focused 
on these aspects.

The genetic variants influencing antibody responses to A. lumbri-
coides are still unclear. After the discovery of linkage of egg counts 
and total IgE with two loci in human chromosomes 1 and 13 by 
Williams-Blangero et al,10 our group detected a polymorphism in 
the gene encoding the B-cell activating factor (Chr. 13q33) associ-
ated with levels of specific IgG to Ascaris.11 The potential functional 
effect of this locus was further suggested by the inverse relation-
ship between BAFF levels (protein and mRNA) and antibody levels 
to Ascaris in humans.12 In addition, by targeted resequencing of 14 
immune gene regions, we recently detected 70 genetic variants dis-
tributed in eight genes that were enriched in high IgE responders 
to the whole Ascaris extract and to the Ascaris resistance marker 
ABA-1. We found associations between the IgE response to Ascaris 
and the chitinase-related genes acidic chitinase (CHIA) and chitinase 
3-like 1 (CHI3L1) in Chr. 1, as well as Chr. 13q33-34 ligase IV (LIG4) 
and abhydrolase domain containing 13 (ABHD13).13

Chitinase-related genes acidic chitinase encodes acidic mam-
malian chitinase (AMCase), an enzyme with functional catalytic and 
chitin-binding domains in humans; it stimulates IL-13 production14 
and some variants have been previously associated with asthma.15 
We also found that polymorphism rs4950928 CHI3L1 was asso-
ciated with high IgE levels to ABA-1 in the Colombian population 
and IgE levels to the birch pollen allergen Bet v 1 in a Swedish co-
hort unexposed to Ascaris.13 Together, these findings suggest that 
chitinase-related genes might be involved in immune responses 
to both Ascaris and non-parasitic allergens and act as a marker of 
pro-Th2 responses.

F IGURE  1 Factors determining the success of the parasitism 
relationships. The survival of both host and parasite increase if 
parasite virulence or host resistance decreases as shown in the 
crossline. One of the reasons the parasite virulence can decrease 
is the natural selection of those with greater immunomodulatory 
properties; which in turn modify the immune responses, including 
allergy inflammation. There is also evidence that humans 
with strong type-2 immunity to helminths limit the parasitism 
relationship and promote allergic responses
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In regard to total IgE, our results after fine mapping the 13q33 
region showed significant associations between two polymorphisms 
in TNFSF13B encoding the cytokine B-cell activating factor (BAFF) 
with increased total IgE levels in the Colombian and Swedish popula-
tion; in addition, a significant association between a variant of insulin 
receptor substrate 2 (IRS2) and increased IgE levels was found. IRS-2 
is an intracellular adaptor that is phosphorylated after interleukin 
4-receptor engagement and participates in receptor tyrosine kinase 
signalling leading to IgE production.16 Then, after its discovery,10 we 
have added data supporting the idea that the 13q33 locus influence 
IgE levels in humans. Indeed, in ongoing analyses, we have found as-
sociations between TNFSF13B variants, the expression of its mRNA 
transcripts and levels of specific IgE to Ascaris extract (manuscript 
in preparation).

Our studies include the simultaneous evaluation of the IgE anti-
body response to Ascaris and HDM allergens among asthmatics and 
healthy controls from the same population, which has been exten-
sively characterized as an admixture of Spaniards, African and Native 
Americans.17 Most of the associations with IgE to Ascaris compo-
nents were not found with HDM allergens, and there was no associ-
ation of these variants with asthma in our population. These findings 
do not support the hypothesis that IgE specific to HDM allergens is 
a consequence of protective immunity to helminths. However, the 
detection of a CHI3L1 variant associated with the IgE response to 
both ABA-1 and Bet v 1 does support it. Thus, more studies involving 
large populations and the whole genome are needed to get a better 
picture of the evolutionary relationships between helminth immu-
nity and the allergic responses, which is largely dependent on the 
general parasitism relationships (Figure 1).

3  | THE ALLERGENIC AC TIVIT Y OF 
A SC ARIS IGE- BINDING MOLECUL AR 
COMPONENTS

In general, helminths have IgE-binding molecules that in some 
cases behave as truly allergens.18 In the particular case of Ascaris, 
its allergenic activity is evident during the natural infection in hu-
mans19-22 and also in experimental models in primates23,24 and 
mice.25 In addition, pig models of sensitization and challenge with 
Ascaris extracts have shown asthma symptoms.26,27 Furthermore, 
epidemiologic surveys have reported positive association between 
active infection and asthma symptoms.28 These pulmonary mani-
festations are caused by the larvae migration through the lungs, 
which induces an IgE-mediated inflammatory response, suggesting 
that Ascaris has great allergenic properties. However, although sev-
eral IgE-binding molecules are present in the whole-body extract, 
few of them have been characterized as real allergens. Therefore, 
in addition to their capacity to induce and bind human IgE, we are 
currently evaluating the allergenic activity of some Ascaris molecu-
lar components. Three A. lumbricoides allergens are listed in the of-
ficial WHO/IUIS site, one species-specific (Asc s 1, also known as 
ABA-1) and two cross-reacting, Asc l 3 (tropomyosin) and Asc l 13 

(glutathione-S-transferase), although at least nine additional IgE-
binding components have been reported.29

3.1 | Asc s 1

This molecule was first identified in A. suum but is also present in 
A. lumbricoides. It is officially accepted by the IUIS as an allergen be-
cause it binds human IgE, but its allergenic activity remains to be 
demonstrated. In humans, the IgE and IgG responses to ABA-1 have 
been associated with protection from ascariasis30 rather than allergy 
symptoms. Indeed, ABA-1 is a species-specific antigen and is consid-
ered a nematode-specific infection-marker; it does not cross-react 
with any of the B. tropicalis or D. pteronyssinus allergens.29 Studies 
in different populations show frequencies of sensitization from 25% 
to 70%,31,32 reaching 75% in Ascaris-sensitized children,5 which is 
expected because the pseudocelomic fluid of Ascaris contains abun-
dant amounts of this polyprotein.33 However, the relationship of 
this response with asthma is not clear; for example, in one study, 
we found no association between asthma and sensitization to Asc s 
1,34 but another report showed a strong relationship with the sever-
ity of asthma symptoms.31 ABA-1 belongs to a family of fatty acid 
binding proteins only found in nematodes; it binds different lipids 
and retinoids, but the influence of these biological properties on its 
allergenicity is unknown.35,36

3.2 | Asc l 3

Ascaris tropomyosin has strong cross-reactivity with those present 
in HDM and cockroaches, which is explained by the high structural 
homology between them.29,37,38 Tropomyosin is the most abundant 
protein of the worm’s body; thus, specific IgE highly contributes to 
the IgE levels detected with the somatic extract. It is one of the best-
characterized allergens from this helminth; there is evidence that it 
may induce mast cell degranulation and basophil histamine release.8 
Sensitization to this allergen is associated with asthma presentation 
and severity in the Colombian population31,34; in addition, because 
of its high cross-reactivity, an influence on allergy diagnosis, includ-
ing that of food allergy, is expected.39

3.3 | Asc l 13

The glutathione-S-transferase (GST) family from Ascaris has differ-
ent isoforms with IgE-binding capacity; however, a member of the 
sigma class (Asc l 13) has been studied as a purified molecule. The 
frequency and strength of sensitization in the general population 
is low, and natural GST induces weak positive skin test responses 
in asthmatic patients.40 Antibody responses to Ascaris GST could 
be particularly important in the first years of life when Ascaris im-
munity starts. In early childhood, it is the most frequent Ascaris 
IgE-binding component, inducing also the greatest specific titres41; 
however, this response decreases with age 40 and there is no associa-
tion with asthma.34 The cross-reactivity of Asc l 13 with its ortho-
logue in HDM is still a matter of controversy. Based on a proteomic 
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approach, cross-reactivity with the GST from B. tropicalis was found; 
however, there was no confirmation when testing the purified re-
combinants Asc l 13 and Blo t 8 (the B. tropicalis GST) at least in the 
North American population.42 Homology of amino acid sequence 
between Asc l 13 and Blo t 8 is moderate, but IgE cross-reactivity 
has been found between the phylogenetically distant filarial and 
cockroach GSTs43 that share intermediate similarity. It is possible 
that other isoforms of GST mediate cross-reactivity between these 
species because at least six natural isoforms are expected in each 
organism.40 Public databases of Ascaris genome report five GST se-
quences with different predicted isoelectric points and belonging to 
several classes. We have confirmed the IgE-binding properties of an 
Omega GST isoform from Ascaris with an enzymatic activity differ-
ent from that of the sigma GST. Polyclonal antibodies from Asc l 13 
immunized animals do not recognize this new isoform, suggesting 
limited cross-reactivity.44 An extensive characterization of the aller-
genic properties of members of Ascaris GST family is an unmet need.

3.4 | Al16

We isolated a clone coding for Al16 by IgE immunoscreening of an 
A. lumbricoides cDNA library using sera from parasitized children. 
The protein is almost identical to As16, an antigen of A. suum that 
has been characterized in the race of developing vaccines against 
ascariasis. The recombinant version of Al16 has strong and frequent 
IgE-binding activity: 53.3% in normal children and 65.5% in asth-
matic patients sensitized to Ascaris, both groups living in economi-
cally deprived communities in Cartagena. Also, it induces basophil 
activation and histamine release in cells from individuals living in en-
demic villages and also passive cutaneous anaphylaxis in BALB/mice 
(manuscript in preparation). Another A. lumbricoides IgE-binding 
molecule, this with low allergenic activity, is cystatin, which has 
been studied as an immunomodulator (see below). The reasons why 
some Ascaris components that induce and bind IgE exhibit different 
degrees of allergenic activity are a matter of active research in our 
laboratory.

4  | IMMUNOLOGIC AL AND CLINIC AL 
INFLUENCES OF A SC ARIA SIS ON A STHMA

A major challenge for Latin American groups working on allergic dis-
eases was to scientifically document the high prevalence of allergic 
respiratory symptoms in the region and the tropics.1 The obvious, 
still open question is why in developing countries, with limited hy-
giene conditions, the prevalence of wheezing and asthma is as high 
as that observed in wealthy societies. As possible explanations, we 
have proposed the permanent exposure to mite allergens45-47 and 
helminth infections,5,8,34,48 although genetic factors may be in-
volved.49-51 However, the question does not necessarily have to be 
raised within the framework of hygiene hypothesis because other, 
more general factors, such as biodiversity and climate change could 
be involved with different relative role in geographic zones.52,53 

Besides, there are diagnostics problems that could limit the accuracy 
of some surveys, especially in children where viral respiratory infec-
tions are a frequent cause of wheezing.1,54,55

4.1 | The role of HDM permanent exposure

The proposed role of HDM in the increasing prevalence of asthma 
in industrialized countries56,57 is also valid, with even more reasons, 
in tropical regions where perennial exposure induces high frequency 
of sensitization with more clinical impact than other allergens.58,59 It 
has been reported that maternal HDM exposure during pregnancy 
enhances severity of HDM-induced asthma in murine offspring in 
an antigen-specific way, which was associated with greater Th2 cy-
tokine production, frequency of IL-13-producing T cells in the lung 
and immunoglobulin production.60 Theoretically, these findings can 
occur in humans, supporting a role of permanent HDM exposure on 
the inception of asthma; therefore, this should be further investi-
gated, especially because negative results have been obtained when 
exploring human cord blood cell proliferation in similar conditions.61

Several studies have shown that HDM sensitization is the main 
risk factor for asthma in the tropics (reviewed in Refs [1,62]); but its 
historic epidemiological impact is difficult to evaluate because scien-
tific reports on asthma prevalence in tropical countries are relatively 
new, which makes it impossible to determine whether the current 
rates reflect a recent increase or a more permanent phenomenon; 
although mite levels of exposure might be modified by urbanization, 
climate change and Westernized lifestyles.

4.2 | The role of helminthiases

It has become progressively clear that helminthiases may influence 
several aspects of allergy, such as prevalence, diagnosis and sever-
ity ([63-65] reviewed in Ref. [1] Ascariasis may increase allergic sen-
sitization66 and asthma symptoms in different ways, among them 
allergen cross-reactivity and nonspecific boosting of mite-specific 
IgE responsiveness ([67]; experimental work also reviewed in Ref. 
[68,69]). Under appropriate conditions (eg, low-intensity infections 
as occurs in urban settings), these factors overshadow the immune 
suppressor effects, probably leading to the positive associations 
between asthma and helminthiases reported by several groups70-72 
(reviewed in Ref. [69]).

4.3 | Cross-reactivity between HDM and 
Ascaris components

Due to the permanent co-exposure to HDM and Ascaris, it is ex-
pected that the IgE responses to common epitopes from both 
sources could be increased, which has been supported by some ex-
perimental works.73,74 There is high cross-reactivity between HDM 
and Ascaris, in part determined by tropomyosins and GSTs, but other 
non-characterized components are also involved. We evaluated the 
role of these and other allergens as risk factors for asthma presen-
tation and severity. In a nationwide study including 356 asthmatics 
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and 435 controls, it was confirmed that sensitization to both Ascaris 
and D. pteronyssinus, as well as their tropomyosins, was risk factors 
for asthma,34 showing for the first time a molecular component of 
Ascaris strongly associated with this disease. In another asthma co-
hort, it was also found that not only sensitization to Ascaris extract 
but also to HDM and Ascaris components were associated with 
symptoms of asthma severity.31 It has been proposed that patients 
genetically predisposed to asthma, early age parasitized, under de-
worming programs, suffering several re-infections and permanently 
exposed to HDM probably have a stronger IgE response to allergens 
and more severe clinical symptoms. Indeed, several works show a 
role of Ascaris sensitization to species-specific and cross-reactive al-
lergens in asthma pathogenesis34,75,76 and together with other stud-
ies77-79 support that ascariasis is an important factor modifying the 
IgE responses and the natural history of asthma in the tropics.

It may be worth noting that IgE-binding carbohydrate determi-
nants could be implicated in cross-reactivity between helminth and 
HDM; in fact, a galactose β1-4fucose epitope has been detected 
in N-glycans shared by A. suum and D. pteronyssinus.80 We have 
found several glycosylated components of high molecular weight 
(>100 kDa) in A. lumbricoides extract that were inhibited by pre-
absorption of sera with HDM extracts; however, deglycosilation 
does not significantly affect the specific IgE antibody binding to the 
extract.29 Cross-reactivity due to carbohydrate determinants may 
affect specific IgE measurements in vitro.81 For example, a limita-
tion of serologic allergy diagnosis in patients with helminthiases 
could be the presence of the carbohydrate epitope galactose-α1,3-
galactose (α-Gal), expressed in non-primate mammalian proteins.82 
However, the presence of this epitope in Ascaris spp. has not been 
demonstrated.

4.4 | Nonspecific boosting of the immune responses

Theoretically, the strong Th2 responses during ascariasis could 
nonspecifically increase the memory responses to non-related al-
lergens. However, it is still a mystery what components of Ascaris 
are the inducers of this type of response that, at the end, might fa-
vour parasitism83 and no “sterile immunity.” There are few reports 
showing experimentally that specific Ascaris molecules induce a Th2 
response,84,85 although indirect evidence shows that it has several 
IgE inducers, such as carbohydrates,86 glycolipids87 and the proteins 
ABA-1, tropomyosin and GST.29,30,38,40 Whether these components 
are genuinely responsible for the Th2 responses or there are non-
specific Th2 inducers that create an appropriate environment for 
specific IgE responses88 remains to be defined, but there is evidence 
that ascariasis can boost the IgE/Th2 responses to bystander an-
tigens.89-91 Since it might help to explain the allergenic effects of 
Ascaris, we have explored this aspect in human ascariasis.

Evaluating the evolution of the immune responses in children of 
the FRAAT birth cohort,3 we observed that Ascaris-sensitized chil-
dren had stronger IgE to B. tropicalis. To rule out the effect of cross-
reactivity, species-specific components were used, finding that 
those reacting with IgE to ABA-1 had increased IgE responses to Blo 

t 5 and Blo t 12, two species-specific allergens of B. tropicalis.92 This 
Ascaris-induced nonspecific boosting was also detected in a large 
nationwide population co-exposed to A. lumbricoides and HDM, 
where IgE levels and frequencies of sensitization to mite allergen 
extracts were greater in subjects sensitized to ABA-1. In fact, these 
individuals had at least twice the odds of being sensitized to HDM.34 
Furthermore, in a cohort of asthmatic patients living in the tropics, 
Ascaris-sensitized patients had significantly higher IgE levels to the 
HDM allergens Der p 2 and Blo t 5.31 All these findings support the 
idea that the Th2/IgE hyper-responsiveness induced by Ascaris in-
fection includes the responses not only to Ascaris antigens but also 
to HDM allergens. It is well known that ascariasis induces a polyclonal 
nonspecific stimulation of B cells67; therefore, it can be hypothesized 
that the involved components also stimulate mite allergen-specific 
memory B cells that in the tropics are theoretically in permanent 
allergen-specific stimulation. Since specific IgE to HDM is the most 
important risk factor for asthma in the tropics, any condition that 
increases the allergic response against them could also increase 
symptoms and severity of this disease.31,65 Ascaris components and 
host genetic background influencing this boosting effect are only 
beginning to be unravelled, deserving further investigations.

4.5 | Cross-reactivity and allergy diagnosis

Helminthiases jeopardize the diagnosis of allergy not only because 
sometimes they induce allergy symptoms but also because the simi-
lar immune responses can confound laboratory parameters such as 
total IgE and blood/sputum eosinophilia (reviewed in Ref. [9]) and 
(theoretically) other eosinophil-related biomarkers such as exhaled 
nitric oxide and eosinophil cationic protein. Under these circum-
stances, specific IgE remains the most appropriate biomarker for 
allergy diagnosis in the tropics, although in some cases the cross-
reactivity between HDM and Ascaris components can interfere the 
serological diagnosis.

In the majority of cases, skin testing with mite extracts can 
detect sensitization in patients with asthma, being component-
resolved diagnosis very useful when genuine sensitization is not 
clear. Component-resolved decision algorithms for both temperate 
and tropical countries have been proposed,93 considering cross-
reactivity between mite tropomyosins (Blo t 10 and Der p 10) and 
Ascaris tropomyosin (Asc l 3) as a diagnostic confounder. However, 
as already mentioned there is evidence that in the tropics IgE to 
Ascaris tropomyosin could influence asthma symptoms,34 so more 
studies are needed to define its impact on respiratory allergy, es-
pecially because we have evidence that tropomyosins from other 
sources such as mosquitoes induce IgE sensitization.94,95

Although cross-reactivity between HDM (Der p 8, Blo t 8), 
cockroach (Bla g 5) and Ascaris GST (Asc l 13) has been detected 
using sera from individuals living in the tropics,40 it seems than that 
observed between cockroach and Asc l 13 is not a problem in the 
United States.42 Cross-reactivities of HDM (Blo t 10) and mosquito 
tropomyosin (Aed a 10) with shrimp tropomyosin Lit v 1 have been 
described.94 Asc l 3 shares epitopes with shrimp tropomyosins; 
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therefore, cross-reactive IgE response is expected and could inter-
fere with the serological diagnosis of allergy to shellfish tropomyosin. 
Then, in the tropics, there are four known sources of tropomyosins 
(helminths, HDM, shellfish and mosquitoes) that induce IgE sensiti-
zation, which precludes their use as specific markers for allergy diag-
nosis. This could be overcome if epitope specific diagnosis becomes 
available, but the effect of the allergenic burden and particularly that 
of helminth tropomyosins on the inception of food tropomyosin al-
lergy remains to be studied.

4.6 | The patterns of IgE sensitization to HDM and 
Ascaris in humans

It is generally accepted that patterns of sensitization and risk for 
allergic diseases depend on the genetic background and early-life 
environmental exposure.3,92 The IgE responses to Ascaris and HDM 
grow in parallel since early life in co-exposed tropical inhabitants.5 
Results obtained from longitudinal analyses of IgE to Ascaris and 
B. tropicalis in a birth cohort of children living in Cartagena, Colombia 
(FRAAT study) indicate a high correlation between them, and a half 
of Ascaris-sensitized children also respond to HDM. Remarkably, al-
most a third of the 3-year-old cohort showed positive B. tropicalis 
responses independently of presenting allergic symptoms.

Using specific markers for both sources Asc s 1, Blo t 5 and Blo 
t 12,96,97 primary sensitization to both B. tropicalis and Ascaris was 
found.5 Almost 25% of children as young as 6 months were sensi-
tized to Asc s 1 and the cross-reactive Asc l 3 and Asc l 13. The IgE 
antibodies to Asc l 3 detected before the first year of life highly cor-
related with those against Asc s 1 and Asc l 13 but not with those to 
the B. tropicalis components Blo t 5 and Blo t 12, suggesting that the 
cross-reactive anti-tropomyosin IgE response is primarily induced by 
Asc l 3.41 Regarding the environmental factors influencing the IgE 
responses to Ascaris and HDM, poverty and unhygienic living condi-
tions increase the odds of sensitization for both sources in children.5 
The reason for this pattern seems to be beyond cross-reactivity be-
cause we have also observed that poverty is a risk factor for sensiti-
zation to the HDM specific markers Blo t 5 and Blo t 12 (JZ, NA, LC, 
unpublished data).

4.7 | Ascaris-induced immunoregulation

Ascaris spp. are also able to down-regulate the immune responses 
of hosts,98 which explains why it is one of the most successful 
parasites (Figure 1). This has been shown in both, humans and ex-
perimental animals, using various strategies. For example, different 
patterns of cytokine production have been detected among young 
adults living in an A. lumbricoides endemic area. Chronically infected 
Ascaris and Trichuris patients with high parasite load presented re-
duced cellular reactivity and lower type 1 cytokines TNF-α, IFN-γ 
and IL-12 than those non-infected endemic controls.99 This immune 
hypo-responsiveness has been associated with greater frequencies 
of the spontaneous production of IL-10100 and modified Th2-like im-
mune phenotype101 that is also able to impair the immune response 

to co-infecting parasites102 and probably the normal response to 
vaccines.

Whether Ascaris/Trichuris-induced immune hypo-
responsiveness has an impact on preventing asthma or other allergic 
diseases remains to be defined, but recent reports show that soil-
transmitted helminthiases during childhood protect from wheezing 
and asthma but not from allergen sensitization.86,103 Since Ascaris 
and Trichuris co-infection is very frequent, it is difficult to evaluate 
their individual down-regulatory properties in humans; however, 
progress on the molecular characterization of parasite immunomod-
ulatory components is expected to facilitate this research.

The mechanisms of the immune down-regulatory effects of 
A. suum infection have been recently explored in a LPS-induced in-
flammatory response in mice,104 finding that infection suppressed 
secretion of pro-inflammatory cytokines (IL-1β, TNF-α and IL-6) and 
induces high levels of IL-10 and TGF-β, as well as CD4+CD25high, 
Foxp3+ T cells in the mesenteric lymph nodes. This has also inves-
tigated in pigs using transcriptomic analysis, showing that chronic 
A. suum infection induces suppression of inflammatory pathways in 
the intestinal mucosa, down-regulating genes encoding cytokines, as 
well as antigen-processing and co-stimulatory molecules. The effect 
was reproduced by A. suum body fluid in human dendritic cells (DCs) 
in vitro.105

The immunomodulatory capacity of A. suum and A. lumbri-
coides components has also been studied in animal models,106-108 
and some immunomodulatory components found in excretory/
secretory products of Ascaris have been identified. Among them, 
phosphorylcholine-containing glycosphingolipids109,110 and PAS-
184,111 have been more analysed; however, according to the 
A. suum genome,112 this genus might have more than 15 potential 
immunomodulators. In this regard, the recent analysis of the anti-
inflammatory properties of A. lumbricoides cystatin (rAl-CPI)113 
started a new stage of research on the immunosuppressive face of 
this nematode. Cystatins, a family of cysteine protease inhibitors, are 
well-known immunosuppressors and have been identified in several 
helminths such as O. volvulus, B. malayi, N. brasiliensis and A. viteae; 
that from the last species (AvCystatin) being the most studied.114

The rAl-CPI was able to ameliorate the inflammation in a mouse 
model of DSS-induced colitis. Treatment with this molecule sig-
nificantly reduced disease activity index, myeloperoxidase activity 
and inflammation score without toxic effects. Also, IL-10 and TGFB 
gene overexpression was observed together with a reduction in IL-6 
and TNFA expression. rAl-CPI also induced the production of IL-10 
and TGFB by macrophages,113 and further work in an animal model 
of airway inflammation has confirmed its IL-10-associated anti-
inflammatory activity showing the induction of regulatory T cells as 
well as the production of IL-10 by human monocyte-derived dendritic 
cells.115 In addition, since some helminth products could be poten-
tial inducers of adverse allergic reactions, several tests for allergenic 
activity have been done on rAl-CPI, finding that it binds IgE but does 
not have allergenic activity116; therefore, this A. lumbricoides-derived 
immunomodulator seems promising for treating immune-mediated 
inflammation of intestine and lung.
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Since Ascaris have both stimulating and suppressing effects on 
the Th2 responses, an important unsolved question is why one of 
them predominates during infections. As mentioned before, several 
studies suggest that light infections promote the Th2 responses 
and chronic severe infections suppress it. In the tropics, the later 
are present in rural areas, whilst intermittent and low-intensity in-
fections occur mainly in urbanized areas. Therefore, a gradient of 
A. lumbricoides effects on the allergic response can be observed in 
this zone.53 Due to the increasing trends of urbanization, the stim-
ulating effects on the Th2 responses are currently more frequent, 
which is just a historical circumstance and does not mean that 
Ascaris is unable to induce immunosuppression, a property that 
seems to be important for surviving as parasite (Figure 1).

5  | CONCLUSIONS

The impact of ascariasis on the inception and evolution of allergic 
diseases such as asthma is part of the long co-evolutionary history 
of helminths and humans and deserves more investigation, but ad-
vances have been made during the recent years. The concurrent 
parasite-induced immunostimulatory and immunosuppressive ef-
fects during ascariasis can modify the natural history of asthma 
and some aspects of the practice of allergology in the tropics. 
Theoretically, it can also influence the epidemiological trends of al-
lergic diseases either by its absence or presence in different regions 
and countries. Basic research in this field will help to understand 
fundamental questions about parasite immunity and allergy.
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