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Abstract Nowadays, many studies have found low morbidity
of'asthma in epidemic areas of parasitic diseases, as shown by
the hygiene hypothesis. It is obvious that some parasite infec-
tions can prevent asthma and studies have been carried out to
clarify the mechanism of the preventive effect and search for
the future asthmatic therapies. Previous findings have indicat-
ed that this mechanism may be related to the immune response
switching from Thl to Th2 and important cells induced by
parasites, including the regulatory T cells, regulatory B cells,
dendrite cells, and alternatively activated macrophages.
Cytokine IL-10 also plays a nonredundant role in protection
against allergic airway inflammation in asthma. This review
focuses on the relationship between parasites and asthma, and
the potential protection mechanism involved.
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Introduction

Asthma is a chronic inflammatory disease of the airways of
the lungs, especially the bronchi and bronchioles.
Inflammation can cause the hypertrophy, hyperplasia and in-
creased contractibility of the smooth muscle of the airway, the
hyperplasia of the glands, and infiltration of the inflammatory
cell, especially the eosinophils (Maddox and Schwartz 2002).
The characteristic symptoms of asthma are chest distress,
breath shortness, wheezing, and coughing, occasionally with
sputum. These symptoms often exacerbate at night, in the
early morning, during exercising, and in cold air (British
Thoracic Society Scottish Intercollegiate Guidelines N
2008). A variety of factors are associated with asthma, such
as environmental factors and genes. For example, some aller-
gens like dust mites and pollen can cause asthma, and air
pollution like NO,, O3, and airborne traffic-related pollutants
can result in exacerbation of asthma (Kelly and Fussell 2011).
Infections of the respiratory syncytial virus (RSV) can also
give rise to asthma (Gern and Busse 2002). In addition, many
genes are closely related to asthma, like ADAM33, ADRB2,
CD14, FCER1B, HLA-DQBI1, HLA-DRBI1, IL13, IL4,
ILARA, and TNF which are mainly located on chromosomes
5931-33, 6p21, and 12q13—q24 (Ober and Hoffjan 2006).
Now, there are many drugs available for treatment. (3,-ago-
nists, such as salbutamol, are helpful to rapid symptoms, and
inhaled corticosteroids are effective in long-term control
(National Asthma and Prevention 2007). However, these
treatments show no effect on some asthmatics. As more and
more molecular studies on asthma are being performed, spe-
cific targeting therapy may be developed in the future
(Gauthier et al. 2015).

Nowadays, along with the development of the hygiene hy-
pothesis, many diseases have been linked to exposure to bac-
teria and parasites. What interests us is that parasites have
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been found to protect against many autoimmune diseases like
inflammatory bowel disease (IBD) and multiple sclerosis
(MS), in previous studies (Lin et al. 2014). It has been postu-
lated that immune system modulation can be induced by in-
fectious agents like parasites, which coevolve with their hosts
(Rook 2010). A rapid increase of asthma incidence is found in
developed countries, but does not appear in developing coun-
tries, especially in some parasite-prevalent countries.
According to the hygiene hypothesis, this may relate to the
diminishment of parasite infection, which can modulate the
immune response and establish a special microenvironment
that fits both the worm and the host. This provides a new area
in which to search for more effective approaches for treatment
and prevention of asthma.

Helminth and prevention of asthma
Epidemiological studies

According to meta-analysis, parasites are linked to asthma.
The analysis of epidemiological studies showed that helminth
infection such as hookworm can attenuate the risk of the asth-
ma, but not all helminths protect against asthma (Leonardi-
Bee et al. 2006; Ponte et al. 2014). A large cohort study re-
ported that the early heavy infection of Trichuris trichiura or
Schistosoma infection provided a protective effect, reducing
reactivity to allergen shown in the house-dust mite skin prick
test, which is a measurement of atopy similar to asthma
(Rodrigues et al. 2008; van den Biggelaar et al. 2000).
Moreover, it was demonstrated that Schistosoma infection
can relieve wheezing in asthmatic children in Brazil
(Medeiros et al. 2003). Yet, another study found that asthma
is less common in Enterobius-infected primary school chil-
dren in Taiwan (Huang et al. 2002). Therefore, there is an
association between parasite-infection and asthma, of which
the mechanism is gradually being revealed.

Immune deviation of Th2 response and important
cytokines

Among all kinds of asthma, Th2 asthma is the most common.
Its characters include the proliferation of CD4* Th cells; ele-
vated levels of Th2 cytokines such as IL-4, IL-5, and IL-13;
increased production of IgE; and eosinophil infiltration
(Robinson 2000). This kind of asthma also leads to inflamma-
tion of the bronchi. Th2 asthma can be inhibited by increased
Th1 response or suppression of the Th2 response (Huang et al.
2001). IL-5 induces progenitor cells from bone marrow to
differentiate into eosinophils and produce IL-4 in the lung,
which amplifies the Th2 response (Chen et al. 2004;
Rzepecka et al. 2013). And IL-4 or IL-13 plays an important
role in antibody class-switching of IgE, which is the key
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antibody involved in Th2 asthma, and regulates the growth
and differentiation of mast cell and eosinophil (Hsich et al.
1992; Rincon et al. 1997). In addition, IL-13 promotes the
hyperplasia of goblet cells that contributes to asthma
(Palframan et al. 1998). Thus, the production of IL-4, IL-5,
and IL-13 may be critical in the pathogenesis of asthma.
Infection of Heligmosomoides polygyrus, Schistosoma
mansoni, and Litomosoides sigmodontis can induce suppres-
sion of IL-5 production in murine asthma model (Dittrich et al.
2008; Kitagaki et al. 2006; Pacifico et al. 2009). Not only
helminth infection but also products of helminth can achieve
the same effect. Cystatin, a secreted protease inhibitor of nem-
atodes, can modulate cytokine responses and result in an anti-
inflammatory environment (Hartmann and Lucius 2003).
Cystatins from filaria and from Angiostrongylus cantonensis
can suppress the production of IL-4, IL-5, and IgE, thus pro-
viding an effect of reduced allergic airway hyperreactivity in
ovalbumin (OVA)-induced asthma model (Ji et al. 2015;
Schnoeller et al. 2008). However, OVA models are difficult
to be extended to clinical allergic asthma. While grass pollen-
induced allergic model may be more convincing. Filarial
cystatin was found to be preventative of airway hyperreactiv-
ity and inflammation in the grass pollen-induced allergic mod-
el, when administrated to mice in the sensitization phase
(Danilowicz-Luebert et al. 2013). And data has shown that
the Th2 responses, like secretion of IL-4, IL-5, and IL-13,
were suppressed (Danilowicz-Luebert et al. 2013). In addi-
tion, treating human peripheral blood mononuclear cells
(PBMCs) from patients who are sensitive to timothy grass
pollen with filarial cystatin caused a Thl polarization,
pointing to a potential therapy for asthmatics (Danilowicz-
Luebert et al. 2013). In addition to cystatins, ES-62, a
phosphorylcholine-containing glycoprotein secreted by
Acanthocheilonema viteae, was shown to inhibit OVA-
induced allergic airway hyperresponsiveness (AHR) in mice
by balancing the Th1/Th2 response through increased IFN-y
production and downregulation of Th2 cytokines like 1L-4,
IL-5, and IL-13 and the level of IgE. And Treg cells were
not involved (Rzepecka et al. 2013). Extracts of Ascaris
lumbricoides and Angiostrongylus costaricensis also led to a
significant reduction of IL-5 in bronchoalveolar lavage (BAL)
of OVA model (Pitrez et al. 2015). IL-17, which may promote
Th2 polarization and eosinophil and neutrophil recruitment
and contribute to severe asthma, is critical in the pathogenesis
of asthma. Cystatins for A. cantonensis and ES-62 of A. viteae
can ameliorate the asthmatic response accompanied by reduc-
tion of IL-17 (Dias and Banerjee 2013; Iwakura et al. 2011; Ji
et al. 2015; Murdock et al. 2012; Rzepecka et al. 2013).
However, whole infectious agents or intact proteins may raise
side effects to patients, so peptides can be a safer choice for
prevention or treatment purposes (Ren et al. 2016).
Overlapping peptides of Schistosoma japonicum protein
SjP40 can reduce Th2 cytokine responses, like 1L4 and ILS,
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and increase Thl cytokine responses, like IFN-vy, thus
resulting in decreased airway inflammation and mucus pro-
duction in OVA-induced allergic asthma mice (Ren et al.
2016). In addition to IL-4, IL-5, and IL-17, other cytokines
may also participate in the preventive effect against asthma.
A. costaricensis-infected mice showed a decreased OVA-
challenged pulmonary inflammatory response, which may
arise through a downregulation of IL-1f3 and neutrophils, be-
cause IL-1f3 and neutrophils were found to be increased in
some asthma subjects. However, eosinophil counts were not
decreased in these experiments (Pinto et al. 2004). Previous
studies further point to the different immune responses trig-
gered via extracts or whole worm infection.

It is well known that parasite infection can induce a shift to
Th2 response. However, this kind of infection can actually
ameliorate AHR rather than enhance it (Moncayo and
Cooper 2006). The mechanisms may rely on immune re-
sponse deviation, which refers to the suppression of Th2 re-
sponse to protect them from the host immunity and facilitate
their survival in the human body. And the Th2 response bias-
ing may be induced by the increased production of IFN-y,
because anti-IFN antibodies blocked protection against airway
inflammation (Rzepecka et al. 2013). And immune regulation,
like the elevated production of IL-10 and increased population
of Treg cells, may contribute to the alleviation of asthma.

Immune regulation of IL-10

IL-10 plays an important role in the suppression of the symp-
toms of asthma (Fig. 1). It downregulates the production of IL-
5, antigen-presenting cell (APC) functions, and IgE production
(Jeannin et al. 1998; Moore et al. 2001; Schandene et al. 1994).
The suppressive role of IL-10 induced by Schistosoma
haematobium infection was found in atopy, which may present
as allergic asthma (van den Biggelaar et al. 2000). IL-10-
producing B cells have been shown to alleviate AHR, and this

Fig. 1 Schematic illustration
about IL-10’s function in the
relationship between parasitic
infection and asthma. Asthmatic
response can be ameliorated in an
IL-10-dependent manner induced
by parasites. APC antigen-
presenting cell, £ eosinophil, 742
T helper cell-producing type 2
cytokines, Treg regulatory T cell, Breg
Breg regulatory B cell
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may relate to the downregulation of Th2 cytokines and other
anti-inflammatory response (Barnes 2001; Mangan et al.
2006). Therefore, further study of IL-10 will be important in
the search for asthma therapy. Infection of S. mansoni and
H. polygyrus can suppress asthma and exhibit an increased
level of IL-10 (Amu et al. 2010; Kitagaki et al. 2000).
Trichuris muris-infected mice experienced an increase of
IFN-y and IL-10, resulting in inhibition of allergic airway in-
flammation (AAI) development induced by papain. Moreover,
IFN-y and IL-10 play nonredundant roles in protection against
AAL, given that the upregulation of IL-10 in Ragl™" mice
without IFN-y responses does not reduce the airway inflam-
mation (Chenery et al. 2016). In addition to the parasite infec-
tion, extracts or products of parasite can also induce the ele-
vated level of IL-10. Schistosomula tegument (Smteg) can
increase IL-10 production from CD11b*F4/807IL-10* and
CD11¢*CD11b*IL-10" cells, and it may be the main substance
that cause the similar result in S. mansoni infection experi-
ments (Marinho et al. 2016). Extracts from A. lumbricoides
and cystatins of A. cantonensis can reduce eosinophilic inflam-
mation in mice with OVA-induced asthma with an increased
IL-10 production, while inhibition of airway inflammation by
A. costaricensis extract exposure was still observed in IL-10-
deficient mice (Ji et al. 2015; Pitrez et al. 2015). Furthermore,
products can also function on human cells. ES products of
Marshallagia marshalli and human macrophage migration in-
hibitory factor (MIF)-like protein (As-MIF) isolated from hel-
minths induce an increase on IL-10 production when culturing
with PBMCs from asthmatics, which can potentially be used as
an prevention or therapy for asthma (Jabbari Azad et al. 2017).

Immune regulation of Tregs

IL-10 can be produced by various kinds of immune cells such
as CD4*CD25%FoxP3™* cells, and can also induce
CD4*CD25"FoxP3" cells (Amu et al. 2010), so the preventive
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effect of IL-10 against asthma may be closely related with
CD4"CD25*FoxP3* cells. Suppression of AAI in OVA-
sensitized mice occurs as IL-10-dependent induction of Treg
(CD4"CD25*FoxP3™) cells by IL-10-producing CD1d"€" B
cells in S. mansoni-infected mice (Amu et al. 2010). The pre-
ventive effect against allergen-induced atopy asthma of
H. polygyrus is IL-10-dependent and may occur through IL-
10-induced CD4*CD25*FoxP3™" T cells (Kitagaki et al. 2006).
But the preventive effect of Treg against asthma may be IL-
10-independent in other studies, too. The S. mansoni infection
can ameliorate OVA-induced asthma via CD4"CD25FoxP3*
T cells in an IL-10-independent manner (Pacifico et al. 2009).
And the infection of H. polygyrus alleviates the allergen-
induced airway inflammation and hyperreactivity in OVA or
house-dust mite allergen Der p 1 model in an IL-10-
independent manner via Treg, and TGF-3 may be an impor-
tant candidate for this AAI suppression (Hansen et al. 2000;
Wilson et al. 2005). The discrepancy between the studies can
be explained by the difference of insufficient blocking of IL-
10 response and complete abrogation of the cytokine in the IL-
107" mouse (Kitagaki et al. 2006). TGF-f3 is reported to be
capable of inducing T cells to Tregs (Fantini et al. 2004).
Therefore, TGF-{3 or TGF-f3-like substance may play an im-
portant role in the prevention of asthma. Foxp3-expressing
Treg cells induced by H. polygyrus excretory-secretory
(HES) antigen in vitro were found to protect against OVA-
challenged allergic airway inflammation in mice. Moreover,
the induction of Treg may occur through TGF-f3-like signal-
ing, which is distinct from TGF-f3 (Grainger et al. 2010).
Further study found that inhibition of 1L-33 release, which
can promote release of IL-5 and IL-13 for initiation of asthma,
contribute to this suppressive effect in Alternaria/OVA model
(Cayrol and Girard 2014; McSorley et al. 2014). Trichinella
spiralis infection can also induce the CD4*CD25FoxP3* T
cell and ameliorate the inflammation of the bronchial tree and
AHR in the airways of OVA-challenged mice both in chronic
infection form (Aranzamendi et al. 2013; Park et al. 2011). In
addition, the splenic CD4™ T cells isolated from the chronic
infected group can provide a partial protection, as well
(Aranzamendi et al. 2013). Administration of
CD4*CD25"Foxp3* T cells induced by the 7. spiralis infec-
tion before sensitization can produce a more preventive effect
in reducing the allergic airway inflammation compared to the
group which received CD4*CD25*Foxp3™ T cells from unin-
fected mice, which demonstrate the function of Treg more
precisely than Aranzamendi’s study. Th2 cytokine expression,
like IL-4, IL-5, and IL-13, decreased in the infected Foxp3™
group; this is consistent with the above study indicating that
suppression of Th2 response is critical in the prevention of this
type of asthma (Kang et al. 2014).

Above all, the infection of different helminths may have
preventive effects on asthma through regulation of different
immune responses. Thus, what will happen if infection is
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relieved by anti-parasite treatment? Studies have reported that
anthelmintic treatment increased mite skin test reactivity in
chronically infected children, which is the measurement for
atopy (van den Biggelaar et al. 2004). However, no signifi-
cance positive relationship with clinical asthma was found
when treating helminth-infected children with albendazole
(Cooper 2009; Flohr et al. 2010). Lack of causality, incomplete
helminth eradication, or repeated infection in the epidemic area
may be attributed to this phenomenon (Flohr et al. 2010).

Helminth and therapy of asthma
Tregs or Bregs

As mentioned above, one effective therapy is transferring the
regulatory lymphocytes in parasite-infected subjects to unin-
fected sensitized ones, either through an IL-10-independent or
IL-10-dependent mechanism. Transfer of CD4*CD25" T cells
of mesenteric lymph node cells from H. polygyus-infected
mice to uninfected sensitized mice before challenge resulted
in a reduction in airway inflammation among the recipient
mice. And to further demonstrate the mechanism, CD4* T
cells were transferred from the mesenteric lymph node of the
IL-10 deficit group with chronic infection to the sensitized
wild-type group without infection. This also led to a signifi-
cant reduction in eosinophilia and airway infiltration, which
suggested that IL-10 did not play an essential role in this
suppressive pathway (Wilson et al. 2005). Further studies
found that transfer of the CD19* CD23hi B cell from wild-
type and IL-10 defective mice with H. polygyus chronic infec-
tion to the Der p 1 sensitized mice could both lead to the
suppression of the allergen-induced airway eosinophilia and
a decreased production of IL-5 (Wilson et al. 2010). Reduced
levels of IL-5 and IgE and a higher ratio of Treg cells were
also detected when HES was added to OVA for sensitization,
in which the recipient mice experienced a suppressive allergic
airway response and reduced cell infiltration. Interestingly, the
heat-treated HES lost the ability of suppression after sensiti-
zation but still retained the ability after challenge, indicating
that the different components of HES regulate the immune
response in different ways (McSorley et al. 2012). These
studies showed that both the regulatory lymphocytes and
IL-5 play key roles in the protective effect provided by
H. polygyrus. While transferring S. mansoni-induced, IL-
10-producing Bregs to OVA-sensitized recipient murine
models can inhibit allergic airway inflammation via
CD4"CD25*FoxP3* T cells (Amu et al. 2010). Later, it
was further demonstrated that the suppressive effect on
ovalbumin-induced allergic airway inflammation is IL-
10-dependent and only partly dependent on FoxP3(+) reg-
ulatory T cells (van der Vlugt et al. 2012).
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Antigen-presenting cells

Besides Tregs and Bregs, other immune cells like dendritic
cells (DCs) and macrophages, as antigen-presenting cells, are
also involved in parasites’ curative effect on asthma.
Transferred S. japonicum infection-induced DC can suppress
inflammatory reactions such as mucus production in the OVA-
sensitized and challenged mice, with increased level of IL-10
and reduction in IL-4/5 production, but INF-y not significantly
affected (Liu et al. 2010). Besides, parasitic products can alter
DC'’s function. Total protein derived from Clonorchis sinensis
can ameliorate OVA-induced AAI and methacholine-induced
AHR by interfering with the activating function of DCs in
naive T cells and Treg induction, mediated indirectly by IL-
10 (Jeong et al. 2011), which was consistent with what we
mentioned before that IL-10 may be an important cytokine in
inhibiting airway inflammation. While Ascaris suum
pseudocoelomic fluid (PCF), a substitute for A. suum infection,
provides suppression of bronchial inflammation in an IL-10-
independent manner through interference with the DC function
(McConchie et al. 2006). Furthermore, activation of
Nippostrongylus brasiliensis-induced alveolar macrophages
can alleviate airway responsiveness and lung inflammation
(Reece et al. 2008). Filarial cystatin, secretory products from
filarial nematodes, can alleviate allergic airway hyperreactivity
and result in decreased production of IL-4 and IgE when ad-
ministrated to sensitizing or sensitized mice before OVA chal-
lenge, in which macrophages and IL-10 play a key role in this
suppressive pathway because their depletion leads to loss of
curative effects (Schnoeller et al. 2008).

TLRs

Studies show that TLRs play a key role in asthma, because the
involved immune cells are all armed with TLRs. It has been
reported that TLR ligands provide therapeutic potential for
asthma (Kawai and Akira 2010). Since parasites may modu-
late the immune response and facilitate survival in the human
body via TLR which recognize conserved structure of patho-
gen, TLRs may be a potential mechanism that can explain the
therapeutic effect of parasite infection in asthmatics and
should be a target of further studies (Zakeri et al. 2016). In
2015, a study showed that the recombinant type II macro-
phage migration inhibitory factor homolog (rAs-MIF) secret-
ed from Anisakis simplex ameliorated AAl induced by OVA in
normal mice, but the suppressive effect diminished in mice
subjected to TLR2 blocking, indicating the key role of
TLR2 (Cho etal. 2015). ES-62, a molecule secreted by filarial
nematodes, also has a TLR-4-depentent inhibiting effect on
the mast cell response, which can promote bronchus remod-
eling, leading to hyperreactivity, and thus shows therapeutic
potential (Melendez et al. 2007).

Additionally, parasites can enhance the suppressive func-
tion of Tregs by reacting with TLRs. Secretory products from
Schistosoma can promote Treg expansion via TLR-2 signaling
(Layland et al. 2007). Tregs suppress inflammation via TLR2-
dependent ERK signaling in the SEA-treated model (Correale
and Farez 2013). And SIMHEL, from S. japonicum, both en-
hances Treg proliferation and promotes their suppressive ac-
tivity via TLR2 stimulation (Wang et al. 2009). Schistosome-
specific phosphatidylserine (PS) activates TLR2 and promotes
the ability of mature DCs to induce IL-10-producing Tregs
(van der Kleij et al. 2002). Though their direct effects on
asthma have not yet been found, they do provide a new insight
for studying the mechanism and potential for more effective
asthmatic therapies.

Studies on the challenge phase

Nowadays, studies of therapies mostly focus on the sensitiza-
tion phase, which can be used to prevent airway inflammation
and achieve a curative effect in the sensitized patients, but
fewer attention are paid to the challenge phase. This may
result from the long time to achieve a steady immune status
that the parasites or extracts of parasites take. However, there
are still some studies concerning about this aspect. The ad-
ministration of CD4"CD25%Foxp3™ T cells induced by the
T. spiralis infection during challenge can produce a therapeu-
tic effect in reducing the allergic airway inflammation when
compared to a group receiving CD4*CD25 Foxp3* T cells
from uninfected mice, but with no Treg recruitment in spleen
comparing with before-challenge group (Kang et al. 2014).
Macrophage migration inhibitory factor (MIF)-like protein
from A. simplex third-stage larvae have been shown to ame-
liorate AHR and suppress eosinophilia and goblet cell hyper-
plasia via recruitment of CD4"CD25"Foxp3™ T cells to the
OVA-induced asthma model during the challenge phase.
Meanwhile, an obvious reduction of Th2 cytokines (IL-4,
IL-5) and elevated levels of IL-10 and IFN-y have also been
found (Park et al. 2009).

Arthropod and asthma

In addition to helminths, the arthropod may also have preven-
tive or therapeutic effect toward asthma. Studies show that IL-
9 derived by Th9 cells plays a significant role in inducing the
symptoms of asthma. IL-9 production can be inhibited by the
salivary product of hard tick Ixodes scapularis, sialostatin L,
an inhibitor of immunosuppressive cysteine protease, and thus
prevent experimental asthma (Horka et al. 2012). wAnother
salivary protein of I. scapularis, Salp15, can also reduce AHR
and eosinophilia, through inhibiting the activation of T cells
and IL-2 secretion in the OVA-challenged allergic asthma
mice models (Paveglio et al. 2007). Ha24, a kind of lipocalin
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protein of the tick Hyalomma asiaticum, was found to be
effective in relieving the symptoms of asthma model mice
by binding to histamine, showing a reduction of the inflam-
mation and protein secretion, and destruction of tissue (Wang
et al. 2016). These protective effects show different mecha-
nisms, compared to those mentioned above, thus providing us
more new ideas to fight against asthma.

Not all parasite protects against asthma

However, not all parasites are helpful in prevention of asthma
in children. In 2010, Feary, J et al. found that mice infected
with Necator americanus larvae experienced a nonsignificant
increased dose of inhaled adenosine monophosphate and no
significant improvement in bronchial responsiveness. This re-
sult may be attributed to an inadequate dose of worm infection
to establish a fit immune environment or the inhalation of
corticosteroid, which suppressed the proliferation of Tregs
(Feary et al. 2010). Unlike N. americanus, Toxocara not only
provides no protection against asthma but even enhances asth-
ma. Allergic manifestations or morbidity of asthma were pos-
itively associated with Toxocara seropositive in children in
cross-sectional studies in the Netherlands and Acre State,
northwestern Brazil (Buijs et al. 1997; Ferreira et al. 2007).

Furthermore, the elevation of IL-4 in Toxocara canis-in-
fected mice may account for the exacerbation of experi-
mental allergic airway inflammation and the phenomenon
talked above (Pinelli et al. 2008). However, in 2016, a
study showed that the seropositivity to Toxocara sp. is
not significantly associated with the risk of asthma in chil-
dren (Cadore et al. 2016). The conflicting results may be
explained by the participants’ family history of asthma,
different environments, or diagnostic standards and tech-
niques (Cadore et al. 2016; Ferreira et al. 2007).

In rural China, A. lumbricoides infection in children in-
creased the risk of asthma and allergic sensitization (Palmer
et al. 2002). In the Netherlands, a positive association of anti-
bodies against A. suum and allergic symptoms and sensitiza-
tion were reported among 4-year-old children (Pinelli et al.
2009). This may result from the IgE cross-reactivity of tropo-
myosin in Ascaris with that in house-dust mites, which cause
allergic asthma. Interestingly, the tropomyosin sequence iden-
tity of Ascaris and Schistosoma is relatively low, and this may
explain the different effects of these two parasites in the de-
velopment of asthma (Arruda and Santos 2005). And it may
provide a new prospect for further studies on the mechanism
of this item. However, studies also found that in rural tropics,
A. lumbricoides infection can reduce the reactivity of allergen
skin tests in children of school age. The opposite effect may be
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protect individuals against asthma through these potential mechanisms.
AAMs alternatively activated macrophages, APCs antigen-presenting
cells, DCs dendrite cells, /LC2 type 2 innate lymphoid cells, P parasites
or products of parasites, SMCs smooth muscle cells
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Effects on asthma

Main mechanisms

Functional components

Table 1 (continued)

Parasites

@ Springer

Immune cells

Cytokines

Feary et al. (2010)
Reece et al. (2008)

No significant improvement

Necator americanus

Protection

Macrophages

a

Nippostrongylus brasiliensis

Pinelli et al. (2008)
Cadore et al. (2016)

Exacerbation

Increased 1L-4

Toxocara canis

No significant

Toxocara sp.

association

Protection

Aranzamendi et al. (2013)

Treg (CD4"CD25"FoxP3")

Trichinella spiralis

and Park et al. (2011)

Kang et al. (2014)

Protection

Treg (CD4*CD25"FoxP3™)

Decreased IL-4, IL-5,

T. spiralis

and IL-13
Increased IFN~y and IL-10

Chenery et al. (2016)

Protection

Trichuris muris

Arthropod

Wang et al. (2016)

Protection

Ha24

Hyalomma asiaticum

Horka et al. (2012)

Protection

Decreased 1L-9

Sialostatin L

Ixodes scapularis

? Infection with the parasite

explained by the intensity of infection and the acute or chronic
type of the infection (Cooper et al. 2003).

Conclusion

Current epidemiological studies have been carried out to de-
scribe the association of parasites and asthma. Most of the
results point to a negative association between parasite infec-
tion and the incidence of asthma, as the hygiene hypothesis
has demonstrated. Further studies have been performed to
describe the mechanism of this phenomenon. As the results
show (Fig. 2 and Table 1), the key point of the protective effect
may be the immune regulation of parasites, which causes the
Th response switch and induction of some immune-related
molecule and cells. Some parasites or products from parasites
can shift the Th2 response to the Thl response, thus amelio-
rating airway inflammation. Some may interact with the im-
mune system to induce Tregs and Bregs to achieve a protec-
tive effect. Moreover, some of these models act in an IL-10- or
IFN-y-dependent manner, while some are IL-10 or IFN-y
independent. In addition, DCs, alternatively activated macro-
phages, and mast cells also play significant roles in this path-
way. Interestingly, A. lumbricoides provides both preventive
and worsening effects on asthma models in different studies.
All of these results suggest us that different parasites modulate
the immune system in various ways, and the intensity and
types of the infection can also affect the result. As we can
see, most of the models are established in an OVA-induced
way, but allergens like dust mites and pollen are more preva-
lent in real life, so more attention should be paid to these
models. What is more, many studies infect the mice before
sensitization or apply the products or cells during the sen-
sitization phase, whereas few studies focus on the chal-
lenge phase of asthma treatment. Therefore, therapies
should also focus more on ongoing asthma. Another ques-
tion is whether parasite infection or therapeutic molecules
and cells are capable of attenuating the repeated challenge
of allergens, as patients may encounter allergic substances
many times in their life. Nowadays, few human studies
have been carried out due to the following considerations.
First, widespread parasite infection can lead to correspond-
ing syndromes, so the specific molecules that work in the
therapy or prevention should be identified. Even if the
molecule is identified, we should avoid immune suppres-
sion to human, in case of other complications. Therefore,
anti-inflammation responses will be better if they are re-
stricted to the local site and are allergen specific. All in all,
parasites and their related molecules have potential in the
prevention and therapy of asthma, but there is a long way
to go to clarify the mechanism and find more effective
strategies for fighting against asthma.
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