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Mysterious chronic urticaria caused by Blastocystis spp.?
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Species of the genus Blastocystis, which are single-cell, intestinal protozoan parasites of
humans and animals, remain mysterious, with unclear clinical and epidemiologic
significance. In recent years, many researchers have suggested a possible connection
between Blastocystis spp. infection and chronic urticaria. In the present article, we review
the literature and discuss the possible associations between the clinical symptomatology

and pathogenicity of this organism in terms of its subtypes, morphologic forms, genetic
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Introduction

Species of the genus Blastocystis are unusual, unicellular,
enteric protozoan parasites present in humans throughout
the world. In the healthy population, prevalences of this
parasite have been reported at 30-50% in developing
countries and 1.5-10.0% in developed countries.” The
prevalence of Blastocystis spp. infestation is higher than
that of other intestinal protozoan parasites such as those
of the genera Giardia, Entamoeba, and Cryptosporidi-
um.” In immunocompromised people such as those with
human immunodeficiency virus (HIV) infection, preva-
lences have been found to approach 38% in developed
countries,? and an association with diarrhea is suggested.
The nutritional status of an individual may be one of the
most important risk factors for co-infection.* Children
and aged people are highly susceptible to Blastocystis
infection,>® whereas research showed that people aged
30—50 years are mostly infected.”

The pathogenic potential of Blastocystis spp. is still
controversial. For many years, it has been suggested that
Blastocystis spp. are commensal organisms of the human
intestine. Recent epidemiologic data demonstrate the
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diversity, and interactions with other intestinal microbiota.

association of Blastocystis spp. with a variety of disor-
ders, including diarrhea, abdominal pain, fatigue, consti-
pation, flatulence, and irritable bowel syndrome (IBS)," as
well as with extraintestinal manifestations such as skin
rashes or urticaria.®® However, Blastocystis spp. have
been found in both patients with gastrointestinal symp-
toms and asymptomatic individuals.*® The life cycle of
Blastocystis spp. and its pathogenic aspects remains
unclear. Among the major different morphologic forms
described to date, namely vacuolar, granular, amoeboid,
and cystic, the cyst acts as the infective stage and the
amoeboid form plays a more active role in the develop-
ment of clinical manifestations.” However, little is known
about the pathophysiologic mechanism involved in the
induction of urticaria.”™® The concept of intestinal proto-
zoa as causative agents for cutaneous symptoms is inter-
esting, especially with reference to the elicitation of
immunoglobulin E (IgE) allergic responses mediated by
parasite molecules.™™

In this article, we discuss the direct and indirect evi-
dence for a role of Blastocystis spp. in causing urticaria,
and examine the host microbiota and the subtypes,
genetic diversity, and morphologic forms of the parasite.
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Classification, life cycle, and pathogenicity of
Blastocystis spp-

Originally the parasite was considered as an innocuous
yeast until evidence collated in the 1970s showed that
species of the genus Blastocystis were actually protozoa.’
Recently, the parasite has been placed within an informal
group of organisms, the Stramenopiles, based on molecu-
lar studies.”® Irikov et al.™* proposed a revision of the
current five-kingdom classification and the placing of this
organism in a separate sixth kingdom named Chromista.
The taxonomy of the various species is still an unresolved
challenge. Until recently it was based on the host from
which the species was isolated (Blastocystis hominis from
humans, Blastocystis ratti from rats). Modern phylogenic
studies notice human-animal and animal-human trans-
mission and therefore propose to summarize the group as
Blastocystis species.”’

The life cycle and transmission of the parasite are still
under vigorous investigation. Two types of reproduction
have been described: asexual reproduction by binary fis-
sion, and sexual reproduction by autogamy to form pri-
mary cysts.* The cysts are the only transmissible forms of
Blastocystis spp. and are transmitted by a fecal-oral
route.’® After invasion in intestinal lumen, the cysts
develop first into the vacuolar form and then into the
multivacuolar or amoeboid form before they reach pre-
cyst status and then become either thick-walled or thin-
walled cysts that can infect other individuals. Blastocystis
spp. are strict anaerobes and common inhabitants of
the oxygen-poor environment of the gastrointestinal tract
in humans and other mammals. The organism’s cell con-
tains mitochondrion-related organelles (MROs) such as
mitochondrion-like organelles (MLOs), which function
like Hz-producing mitochondria or hydrogenosomes.*”
Blastocystis MROs contain genomes that have evolved
from mitochondrion under oxygen-restricted conditions.
The commensal or pathogenic nature of the infection has
been subject to controversy for decades. Many case
reports, as well as epidemiologic and microbiologic stud-
ies, support a pathogenic role of Blastocystis spp. in caus-
ing intestinal inflammation and symptoms of urticaria,*®
and a higher number of reports describe asymptomatic
infections by Blastocystis spp."® Blastocystis spp. are most
commonly associated with diarrhea in immunocompro-
mised hosts such as persons infected with HIV and also
in homosexuals, travelers, children in day care, animal
handlers, people with intellectual disabilities, and people
who are under high levels of stress.™

Blastocystis spp. are speculated to represent a direct or
indirect cause of gastrointestinal symptoms including
IBS.** The proposed mechanism in IBS involves a low-
grade inflammation caused by ongoing immune activation
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induced by Blastocystis, which provides a persistent anti-
genic exposure.”” Hussain ef al.** showed that IgG anti-
body levels to Blastocystis in patients with IBS were
significantly higher than those in asymptomatic controls.
In addition to humans, Blastocystis spp. also exist in
other mammals, such as dogs, cats, pigs, rats, and other
primates.*>** A recent study conducted in the Pacific
northwest of the USA showed that carriage of Blastocystis
was not associated with increased risk for gastrointestinal
signs in shelter-resident or client-owned dogs and cats.*’

Urticaria as symptom of parasite infection

Urticaria represents a heterogeneous group of diseases
associated with a large variety of underlying causes. Its
clinical presentation is highly variable and can be elicited
by a great diversity of factors.*® Parasitic diseases have long
been considered as potential causes of urticaria.*” Blasto-
cystis spp., Giardia lamblia, and some other parasites are
reported to be associated with urticaria in a few case
reports.’*® Clinical investigations of the link between par-
asitosis and skin allergic symptoms are very limited, despite
the fact that some parasites are among the most potent in-
ducers of IgE production.*® Recent reports suggest that
interaction between parasites and host immunity is more
complex than previously understood, especially with refer-
ence to Trichuris muris, Strongyloides spp., Echinococcus
spp., and Aumisakis simplex.>® Mouse studies on the
immune response to G. lamblia and Giardia muris showed
that Giardia spp. can express different types of variant sur-
face protein.?* Each parasite is able to induce a different
mechanism of immune reaction according to its life cycle.
Parasites can efficiently manipulate host behavior and their
immediate life cycle can also change according to the
behavior of the infected host.?*33

In comparison with only 1.1% of healthy controls,
38.8% of patients with chronic urticaria of unknown
etiology were found to have protozoan infestations of
Entamoeba coli, Blastocystis spp., or Giardia spp.>*
There was a four-fold increase in total serum IgE levels in
urticaria patients with protozoa in comparison with those
without protozoa. A recent retrospective study reported
that 11.25% of enrolled patients, mainly women, exhib-
ited skin manifestations associated with Blastocystis spp."
However, by contrast with helminth infestations, the
urticaria and protozoa
appears to be less clear. In endemic areas where raw or
marinated fish is eaten frequently, A. simplex hypersensi-

association between chronic

tivity is a common cause of chronic urticaria.?> In a pro-
spective study of 92 children with chronic urticaria aged
4-15 years, 5.4% were found to have parasitic infections,
including those of Blastocystis spp., Dientamoeba fragilis,
and G. lamblia.?®
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The possible role of Blastocystis spp. in the
etiopathogenesis of urticaria

Asymptomatic carriage is a common form of intestinal
parasitic infestation worldwide.?” Findings in one study
demonstrated that 33 of 54 (61.1%) urticaria patients
(chronic and acute urticaria) were positive for Blastocystis,
whereas only 8.0% of the control group were infested."*
Of these 33 Blastocystis-positive patients, 21 had intestinal
symptoms (abdominal pain, diarrhea, constipation) and 12
were asymptomatic. After two administrations of treat-
ment with metronidazole, all patients became free of
symptoms.”* In another study, which investigated the asso-
ciation of Blastocystis with urticaria by determining the
genotypic subtypes of parasites in an Egyptian population,
the parasite was detected in a significantly higher number
of people in the patient group than in the control group.3®
A similar study from Saudi Arabia showed that 13.7% of
stool samples from patients with chronic urticaria, atopic
dermatitis, or pruritus of unknown origin were infected by
Blastocystis spp. in the absence of other known allergic
causes of urticaria.’® Nonetheless, there are some single
case reports describing the presence of Blastocystis spp.
and symptoms of urticaria in which the causal association
remains to be determined.®*237

In a pathogenic pathway similar to the food-dependent,
exercise-induced anaphylactic reaction, it is proposed that
aspirin or nonsteroidal anti-inflammatory drugs (NSAIDs)
may act as cofactors to Blastocystis spp. in causing the
urticarial reaction. Other authors have hypothesized an
IgE-mediated allergic response, in which parasite antigens
induce activation of specific clones of Th2 lymphocytes
with production of specific cytokines such as interleukin
(IL)-3, IL-4, IL-5, and IL-13, leading to antibody switch
and IgE production. An increase in circulating eosinoph-
ils, which is often found in patients with parasitic infec-
tion, can be another factor related to allergic
reaction.”™*° Yan et al.** speculated that ST3 of Blasto-
cystis spp. may contribute to the pathogenic potential
only when the amoeboid form is present. It has been sug-
gested that the amoeboid form may adhere better to the
epithelial cells lining the gut, affecting gut immune
homeostasis and resulting in immune responses against
antigens on the surface of parasites, with consequent
recruitment of inflammatory cells.#* Histamine-releasing
factors could then be released by immigrant cells, activat-
ing mast cells, and basophils, and lead to short-lived urti-
caria.® Furthermore, the parasite antigen can induce
activation of specific clones of Thz lymphocytes to release
cytokines, as well as IgE production and mast cell activa-

' The significant oxidative stress associated with

tion.
Blastocystis spp. infection is currently considered to be a

predisposing factor in the pathogenesis of chronic urti-
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caria. The ability of the vacuolar form of Blastocystis
spp. to invade the gut wall may facilitate the absorption
of other antigens.**> A recent in vitro study demonstrated
that Blastocystis antigens can induce abundant expression
of proinflammatory cytokines in mouse macrophages,
including IL-1f, IL-6, and tumor necrosis factor-a (TNF-
o), with activation of ERK, JNK, and p38, the three
major groups of mammalian mitogen-activated protein
(MAP) kinases that play essential roles in the expression
of proinflammatory cytokines. The serine proteases pro-
duced by Blastocystis were found to play an important
role in the induction of ERK activation and proinflamma-
tory cytokine expression by macrophages (Fig. 1).44

Influence of the morphologic forms of
Blastocystis on urticaria induction

Four different major morphologic forms of Blastocystis
spp. have been described in the literature: the vacuolar,
granular, amoeboid, and cystic forms.”>*> Other vegeta-
tive forms identified include the avacuolar and multivacu-
olar forms.”> Certain morphotypes have been found to
play a more active role in the development of clinical
manifestations in patients infected with Blastocystis.’
Irregular and polymorphic amoeboid forms with multiple
extended pseudopodia were observed predominantly in
symptomatic patients.”*¢ This parasite form is strongly
adherent and considered to be associated with higher
pathogenicity.*® The amoeboid form was found in 20 of
21 (95.2%) symptomatic urticaria patients, whereas no
amoeboid form was found in a control group with
Blastocystis infection."" The detection of numerous amoe-
boid forms in patients with severe urticaria and diarrhea
indicates their greater virulence.’>*® The demonstration
of more than five specimens of Blastocystis per high-
power field (x400) in stool samples was found to be
associated with certain allergic cutaneous diseases, includ-
ing urticaria.®*" Whether or not the rarely reported irreg-
ular amoeboid form is clinically of pathogenic importance

has been the subject of some controversy.®**4¢

Genetic diversity of Blastocystis in
connection with urticaria

Techniques using small subunit rDNA (SSU rDNA) analy-
sis have detected at least 17 subtypes (STs) of Blastocystis
which colonize a wide range of hosts including humans,
other mammals, birds, reptiles, and insects. In animals,
the parasites occur asymptomatically or rarely cause gas-
trointestinal symptoms.*” Some STs exhibit host specific-
ity with variable geographic distribution.*® There are high
prevalences of STt and STz in North and South America,
STt and ST3 in Australia, Europe, and Southeast Asia,
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Figure 1 Hypothetical model of the pathogenic roles of Blastocystis spp. ST2, ST3, ST4, ST7 in chronic urticaria

and ST4 in Europe. Humans are colonized mainly by
ST1—4, but, depending on the region and country in ques-
tion, infections by ST5—9 are also observed.*®*° To date
STro-17 have not been found in humans.**>*° Gender
differences in prevalences of Blastocystis subtypes have
been reported. In Sweden, for instance, ST3 was found to
be more common in males than in females, and in
females ST4 was almost as common as ST3. However,
the difference in the relative frequency of ST4 between
men and women was statistically insignificant.’*

In the recent literature, researchers have debated the
correlation between distinct Blastocystis subtypes and
their pathogenic potentials. In 1997, Clark was the first
to suggest that different subtypes with different patho-
logic potentials may exist.’* Consequently in 2001, Kane-
da er al>?® indicated that STs 1, 2, and 4 may be
responsible for gastrointestinal symptoms. In 2012, Poiri-
er et al.>* suggested ST7 is correlated with IBS. Puthia
et al.5> have shown that in rat epithelial cells ST4 can
induce apoptosis in a contact-independent manner to
increase epithelial permeability. ST7 is likely to use
hydrolases to attack host tissue for its nutrient supply.’*
In 2006, Yan et al.** demonstrated only STt in a group
of symptomatic patients, a finding that was confirmed in
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2013 by El Safadi et al.,’® who demonstrated that ST
was associated with an elevated pathogenicity. The patho-
genicity of ST4 was also hypothesized by Stensvold
et al.’” in a short report in 2011. Explanations for patho-
genicity may include intra-subtype differences in Blasto-
cystis protease activity.’® The cysteine proteases produced
by ST4 and ST7 were revealed to be able to cleave human
IgA in vitro,>® a capacity that was suggested to represent
a mechanism for parasite survival and colonization in
gut, and for immune evasion, as well as virulence and cell
cycle regulation.®® Enzymes can also modulate inflamma-
tory IL-8 production®’ and are able to increase the per-
meability of intestinal epithelial cells.®*

By contrast, several studies showed no distinct differ-
ences in STs between isolates from symptomatic and
asymptomatic groups of individuals with gastrointestinal
disorders.®> In addition to nonspecific gastrointestinal
symptoms, associations between the parasite subtypes and
certain cutaneous disorders have been observed, ">37-3%:¢3
such as the presence of Blastocystis spp. ST2,>7 ST3
(especially the amoeboid form), and ST4 in patients with
acute or chronic urticaria.®*%**3%% To date, little is
known about why certain subtypes cause urticaria only in
certain groups of patients. Probable explanations may

© 2015 The International Society of Dermatology
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include intra-subtype differences in protease activity,®
variations in intestinal microbiota among individual
hosts, and the symbiotic role of viruses associated with
Blastocystis,®> which can interact to mediate host coloni-
zation and Blastocystis virulence. In this sense, the pres-
ence of gut microbiota seems to be essential for the
pathogenic expression of enteric protozoa such as Blasto-
cystis spp., Entamoeba histolytica, and different species
of Eimeria and Giardia. The hypothesis of protozoan axe-
nization by some bacteria has been proposed. There is
evidence that interactions of E. histolytica of low patho-
genicity with a variety of Gram-negative bacteria, mainly
Escherichia coli or Shigella dysenteriae strains, may be
responsible for the increase in amoebic virulence.®® Oxi-
dative stress may be another reason why certain Blasto-
cystis subtypes are more virulent. Blastocystis infection
has been reported to correlate with significant oxidative
bursts, leading to oxidative stress.” Some subtypes may
induce higher concentrations of oxidative stress and pre-
cipitate skin reactions such as urticaria. It would be
highly interesting to examine and compare the pathogenic
subtypes of Blastocystis spp. in patients with chronic urti-
caria from different countries and populations. A recent
study showed that live Blastocystis spp. parasites and
whole-cell lysate alone did not activate toll-like receptors
(TLRs) in the human TLR reporter monocytic cell line
(THP1-Blue), whereas live ST4-WR1 parasites inhibited
the lipopolysaccharide (LPS)-mediated NF-xB activation.
By contrast, whole-cell lysates of ST7-B and ST4-WRt
induced pleiotropic modulation of ligand-specific TLR-2
and TLR-4 activation, with an augmenting effect of ST7-
B on LPS-mediated NF-«B activation.®® A higher caspase-
like activity of Blastocystis spp. ST3 was found in isolates

from individuals with gastrointestinal symptoms.®®

Treatment

As a result of the controversy over the potential pathoge-
nicity of Blastocystis spp. and the self-limiting nature of
most symptoms, the treatment of this disease is equivo-
cal.”® It has also been proposed that the different STs of
Blastocystis have varying susceptibility to antimicrobial
drugs. Treatment with metronidazole at 250—750 mg three
times per day for 1o days is the most frequently prescribed
regimen. There have been reports of treatment failure or
resistance to metronidazole, especially in the cyst form. In
these cases, a combination of metronidazole with other
drugs, such as paromomycin or trimethroprim—sulfameth-
oxazole, is required. In a case report on the simultaneous
occurrence of gastrointestinal illness and generalized
chronic urticaria possibly linked with Blastocystis spp.
ST2 infection, the eradication of the parasite and perma-
nent resolution of clinical symptoms were finally achieved
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with the combined use of metronidazole and paromomy-
cin.?” No standard therapy for the eradication of Blasto-
cystis has yet been established, and well-controlled clinical
studies demonstrating the benefit of eradication in infected
patients with chronic urticaria are so far lacking.

Conclusions

Although Blastocystis spp. were identified over a century
ago, their physiologic role and clinical significance remain
enigmatic. Genomic studies have identified various puta-
tive genes responsible for the physiology, virulence, and
intra-subtype genetic diversity of the organism. Further
characterization of the microbial and viral communities
associated with specific Blastocystis genotypes is impor-
tant to understanding their role in mediating host coloni-
zation and in modulating the severity of disease.

Blastocystis infection has been controversially discussed
as a causative factor in urticaria of unknown etiology.
There is some evidence to show that the amoeboid morpho-
logic form and genetic subtypes ST2, ST3, and ST4 may be
more closely associated with chronic urticaria. Further
studies that compare patients with chronic urticaria with
control groups from the general population in different
regions for different pathogenic subtypes, concomitant viral
or bacterial infections, and how cofactors such as the intake
of certain medications or nutrition influence pathogenicity,
are required. Well-designed interventional studies that
observe alterations in urticarial activity before and after the
effective treatment of patients infected with Blastocystis
spp. may help to clarify the pathogenic role of the protozoa.

Open challenges for researchers may include ascertain-
ing the correlation between morphology and molecular
biology, the interplay and homeostasis with other intesti-
nal microorganisms among the intestinal microbiota, and
the host—parasite immune interaction, and resolving ques-
tions of potential endosymbiosis in pathogenicity. Human
Blastocystis infestation can serve as a good model for the
study of human-—parasite relations and interactions.

Questions (answers provided after
references)

1 Where can Blastocystis spp. parasites be found?
a) In the blood
b) Under the skin
¢) In the gastrointestinal tract
d) (b) and (c)
2 The invasive stage of Blastocystis spp. for humans is:
a) The vacuolar form
b) A thick-walled cyst
¢) The amoeboid form
d) The granular form
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3 Humans are colonized mostly by Blastocystis spp. sub-
types:

a) STt - ST4

b) STs5 - ST9

¢) STro - ST13

d) ST14 - ST17
4 How many subtypes of Blastocystis spp. have been
detected so far?

a) 9

b) 14

¢) 17

d) 21
5 The most common subtype identified worldwide is:

a) STx

b) ST2

c) STz

d) ST4
6 Which morphologic form of certain subtypes (e.g. ST3)
of Blastocystis spp. is most likely to be connected with
urticaria symptoms?

a) The vacuolar form

b)
¢) The multivacuolar form

d) The cyst
7 Blastocystis spp. are anaerobes containing mitochon-
drion-related organelles (MROs) such as:

a) Mitochondrion-like organelles (MLOs)

b) Hz-producing mitochondrion

The amoeboid form

¢) Hydrogenosomes
d) Mitosomes
8 The pathogenesis of Blastocystis spp. in inducing urti-
caria may include:
a) Aspirin or NSAIDs may act as cofactors with Blasto-
cystis spp.
b) Oxidative stress associated with Blastocystis spp.
c) Parasite antigens induce the activation of specific
clones of Thz lymphocytes with the production of spe-
cific cytokines
d) All of the above
9 Which enzymes produced by Blastocystis were found to
play an important role in the induction of ERK activa-
tion?:
a) hydrolases
b) cysteine proteases
¢) oxydases
d) serine proteases
10 The prevalence of Blastocystis spp. in immunocom-
promised people such as HIV-infected individuals is esti-
mated to be:
a) 30-50% in developing countries
b) 1.5-10.0% in developed countries
¢) 30-38% in developed countries
)

d

None of the above
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