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a  b  s  t  r  a  c  t

Blastocystis  is a human  common  enteric  protist  that  may  colonize  a large  variety  of non-human  hosts
linked  to  symptoms  and  diseases  such  as  abdominal  pain,  constipation,  diarrhea,  urticaria,  flatulence  and
irritable  bowel  syndrome  (IBS).  Blastocystis  exhibits  remarkable  genetic  diversity  and  multiple  subtypes
(STs)  within  the  genus  with  no absolute  associations  with  clinical  symptomatology.  Here  we analyzed
fecal  samples  from  Argentinean  patients  (n = 270)  belonging  to symptomatic  (urticaria  and  non-specific
gastrointestinal  symptoms,  n  =  39)  and  asymptomatic  control  (n =  28). Those  patients  infected  with  Blas-
tocystis  (n =  67)  were  submitted  for morphological  analysis,  DNA  extraction,  18S  PCR,  sequencing  and  STs
identification  according  to DNA  barcoding.  Blastocystis  vacuolar  forms  were  the  predominant  morpho-
type  (75%),  ameboid-like  forms  were  evidenced  in 1.5%  of samples.  Blastocystis  ST3  was  detected  in 71.6%
(n  =  48),  of which  71.4%,  (n = 35)  and  28.6%  (n =  14)  belonged  to symptomatic  and  asymptomatic  respec-
tively.  Other  subtypes  identified  were  ST1  (14.9%),  ST6  (7.5%)  and  ST2 (5.9%).  Blastocystis  18S  barcoding

evidenced  in  non-urticaria  symptomatic  patients  and  asymptomatic  control  group  the  presence  of  allele
134  (ST3)  (p < 0.0001),  while  allele  34  (ST3)  was  detected  in 85.7%  (18/21)  of  symptomatic  uricaria  as
compared  with control  group  (1/21)  (p < 0.0001).  The  presence  of  a particular  allele  (a34)  significantly
associated  with  urticaria  patients  was  detected  and  the  clinical  implications  of  these  findings  are  herein
discussed.

© 2015  Published  by  Elsevier  B.V.
. Introduction

For a long time, the taxonomy of Blastocystis was controversial.
espite the application of molecular phylogenetic approaches, it
as only recently that Blastocystis sp. was unambiguously classi-
ed within the Stramenopiles. This eukaryotic major lineage, also
alled Heterokonta, encompasses very diverse organisms (unicellu-
ar or multicellular, heterotrophic or photosynthetic) such as slime
ets, diatoms, water molds and brown algae (Silberman et al.,
996). With a cosmopolitan distribution, Blastocystis is often the
ost common protozoan isolated in parasitological surveys and

resents a different number of species living in the gastrointestinal

ract of humans, farm animals, birds, rodents, reptiles and others
Yoshikawa et al., 2004). The transmission is thought to occur via
ecal–oral route and the cyst is the only form involved; the extent to

∗ Corresponding author at: Departamento de Parasitología Hospital, Nacional de
línicas, Facultad de Ciencias Médicas, Universidad Nacional de Córdoba, Santa Rosa
564, (5008) Córdoba, Argentina. Tel.: +543514883756.

E-mail address: rodaca@argentina.com (R.D. Casero).

ttp://dx.doi.org/10.1016/j.actatropica.2015.05.004
001-706X/© 2015 Published by Elsevier B.V.
which human–human, human–animal and animal–human trans-
mission occur remains under debate (Yoshikawa et al., 2004).
Blastocystis displays a relevant genetic diversity where several dis-
tinct ribosomal lineages or subtypes (STs) have been reported.
In 2007, a consensus of Blastocystis nomenclature was  proposed
revealing nine subtypes infecting humans, other mammals and
birds, based on the polymorphisms of the small subunit (SSU) rRNA
gene. So far, no strict associations between the STs and the hosts
have been reported, although moderate host specificity is seen
(Stensvold et al., 2009; Victory et al., 2009). Today, at least 17
genetically distinct SSU rRNA clusters are known (Alfellani et al.,
2013 and Clark et al. 2013). In humans, nine subtypes have been
reported; the subtypes 1, 2, 3 and 4 are common in Europe; while
ST1, ST2 and ST3 seem to present equal prevalences in patients
with diarrhea and healthy individuals; ST4 is also linked to diar-
rhea and/or IBS (Ramírez et al., 2014). In America, the information
is scarce: in Colombia, ST1 (34%) and ST2 (23%) and lower propor-

tions of ST 3 (11.4%), ST 4 (0.8%), ST 6 (19.8%) and ST 8 (10.5%)
have been described. Domesticated mammals shared the same
STs as those usually seen in humans (ST1, ST2, ST3), while birds
and marsupials had STs, which are usually rare in humans (ST6,

dx.doi.org/10.1016/j.actatropica.2015.05.004
http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
http://crossmark.crossref.org/dialog/?doi=10.1016/j.actatropica.2015.05.004&domain=pdf
mailto:rodaca@argentina.com
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T8) (Ramírez et al., 2014). In Brazil, ST1 (41%), ST2 (32%) and ST3
17%) were identified in an ethnic group (Malheiros et al., 2011)
n Mexico a local survey identified 51% of ST1, 23% of ST2, 19% of
T3 and 2% of ST7 (Villalobos et al., 2014). Despite of the initial
escriptions of this protozoan in the early 1900s, there is scarce

nformation and misleading assumptions regarding the pathogen-
sis of this Stramenophile (Tan, 2008). Similarly, until a few years
go Blastocystis was considered as a gut commensal protozoan
ut later, accumulative epidemiological data suggested not only a
lose relationship between its presence or changing morphotypes
ith symptoms but often as a true pathogen (Tan, 2008; Roberts

t al., 2013). Thus, the pathogenic role of Blastocystis sp. as the
rimary cause of enteric symptoms is dubious. Clinical features
f illness attributed to this pathogen are non-specific (Tamalee
t al., 2014) and include nausea, abdominal pain, flatulence, acute
r chronic diarrhea, irritable bowel syndrome (IBS), (Yakoob et al.,
010), skin disorders such as allergic cutaneous lesions, urticaria
Ur) and angioedema (Logar et al., 1994; Surangsrirat et al., 2010;
ogelberg et al., 2010; Hameed et al., 2011; Verma and Delfanian,
013). Ur is a relatively common skin disorder that has been
ttributed to immunological, non-immunological and idiopathic
auses. Only few case reports have been published about the associ-
tion of Blastocystis infection and Ur but it seems to be an indication
hat pathogenicity might depend on the subtype (Vogelberg et al.,
010; Hameed et al., 2011; Verma and Delfanian, 2013; Katsarou-
atsari et al., 2008). Regarding the associations of subtypes with
orphotypes and clinical findings, PCR subtyping indicated not

nly that diverse STs correlates with different morphotypes but
lso their close relationship with defined symptoms (Dogruman-Al
t al., 2008; Jones et al., 2009). Although ST3 is the most common
ubtype found in the majority of human epidemiological studies,
here has been a lower association reported of ST3 with symptoms
s compared with ST1 (Ozyurt et al., 2008; Yan et al., 2006). In
rgentina, Blastocystis sp. represents one of the most common para-
ites detected in stools. In a previous report, of 924 asymptomatic
nd symptomatic patients (diarrhea, abdominal pain, constipa-
ion, flatulence, bloating, and urticaria), we detected a Blastocystis
p. prevalence of 24% (221/924), where urticaria and non-specific
astrointestinal symptoms were significantly associated with this
rotist as compared with asymptomatic carriers (p < 0.03). Accord-

ng to our previous results, the aim of this study was  to determine
he morphotypes and subtypes of Blastocystis present in stools
rom a Cordoba city population in Argentina. A further aim was
o determine if non-specific gastrointestinal symptoms (NSGI)
r urticaria (Ur), were related with any Blastocystis subtype or
orphotype.

. Materials and methods

.1. Patients

A total of 270 patients (141 female, 129 male, ranging from
 to 57 years old) from the metropolitan area of Cordoba city,

n Argentina attended to the University Hospital and the Benito
oria Dispensary during a 6-month period and were subsequently
nrolled in the study. After the regular health checks, clinical his-
ories with data of recent travels, clinical examinations (within
he last 6 months) were recorded and patients were submitted
o the laboratory for a fecal microscopy examination. Patients
ere grouped in asymptomatic control group and symptomatic

roup, where individuals with chronic Ur or NSGI (intestinal

ymptoms like diarrhea, constipation, abdominal pain and bloat-
ng) were included. The local study ethics committee approved
his study and written informed consent was obtained from all
articipants.
a 148 (2015) 156–161 157

2.2. Stool specimens and microscopy

Fresh and SAF (saline, sodium acetate, formalin) preserved
stool specimens (four different specimens per person, along
four days collection) were examined immediately by performing
formalin–ethyl acetate and Hoffman sedimentation concentrations
techniques and iodine wet mounts, Gram-chromotrope, trichrome-
stained smears, modified acid-fast and modified-trichrome stains
were performed in parallel (Garcia, 2007). Positive stools for Blasto-
cystis and Blastocystis co-parasitized with other intestinal parasites
were selected for culturing. Duplicate fresh samples containing
Blastocystis from symptomatic and asymptomatic patients were
immediately cultivated in Jones’s medium at 37 ◦C (Suresh and
Smith, 2004) and checked by light microscopy to record par-
asite growth and morphologic features on days 1, 2 and 7 as
described previously (Tan, 2008). Blastocystis morphotype preva-
lence was  estimated by counting 100 parasites in 50 fields (light
microscopy, magnification 400×). Blastocystis forms were classi-
fied as vacuolar (V): round or spherical trophozoites with the
presence of an evident central body surrounded by a cytoplasm
with peripheral nucleus; granular (Gr): trophozoites with cen-
tral body and cytoplasm covered with granules; ameboid-like
forms (Am): irregular ameboid-shaped trophozoites with absent
central body in the cytoplasm but with peripheral nucleus as
described before (Tan and Suresh, 2006; Zhang et al., 2012). The
percentage and type of parasite (morphotype) in co-parasitized
samples in symptomatic and asymptomatic control group was  also
estimated.

2.3. DNA extraction, PCR and sequence analysis

Fresh portion of stool (500 mg)  was stored in 70% ethylic alco-
hol after collection and frozen at −20 ◦C for DNA extraction. From
each sample, 250 mg  were submitted to DNA extraction using the
QIAmp DNA Stool Mini Kit (Qiagen, Hilden, Germany) according
to manufacturer’s instructions. Genomic DNA was preserved until
analysis. The samples were verified for the presence of Blastocystis
via PCR amplification of Blastocystis-specific SSU rDNA using the
primers RD5 (5′-ATC TGG TTG ATC CTG CCAG T-3′) and BhRDr (5′-
GAG CTT TTT AAC TGC AAC AAC G-3′) as recently recommended
(Scicluna et al., 2006; Stensvold, 2013). PCR products were puri-
fied and sequenced by both strands using de dideoxy-terminal
method (Macrogen, Korea). Sequences were edited in MEGA 4.0
(Tamura et al., 2007) and compared with reference sequences
representing each ST in GenBank by BLAST queries. Additionally,
sequences were submitted to sequence queries at the Blastocys-
tis 18S database available at http://pubmlst.org/blastocystis/ for
Blastocystis 18S allele calling and confirmation of ST.

2.4. Statistical analysis

Blastocystis morphotypes and STs in asymptomatic (con-
trol group) and symptomatic patients (Ur and NSGI) were
analyzed statistically using the chi-square test from the pro-
gram MedCal Version 10.0.2. p < 0.05 was considered statistically
significant.

3. Results

The partial results of this research were presented in the Inter-

national Conference of Parasitology held in Mexico city in 2014
(Casero DR, Mongi F, Ramírez JD. 2014). Blastocystis subtype 3
(Allele 34) is associated with urticaria in Argentinean patients.
ICOPA XIII. P#2212.

http://pubmlst.org/blastocystis/
http://pubmlst.org/blastocystis/
http://pubmlst.org/blastocystis/
http://pubmlst.org/blastocystis/
http://pubmlst.org/blastocystis/
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Table  1
Gender, age, and co-parasitism distribution of Blastocystis isolates from asymptomatic and symptomatic patients.

Asymptomatic (n = 28) Symptomatic (n = 39) Only Blastocystis (n = 50) Co-parasitism (n = 17)

Ur (n = 18) NSGI (n = 18) UR + NSGI (n = 3)

Adults 10 18 16 2 34 12
Children 18 0 2 1 16 5
Men  15 8 6 1 24 9
Women 13 10 11 3 26 8

§ Endolimax nana (5/17), Dientamoeba fragilis (5/17), Giardia inestinalis (5/17), Entam
toisospora belli (1/17), Chilomastix mesnilii (1/17), Iodamoeba butschlii (1/17).
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black bars) and children (gray bars) with urticaria and other gastrointestinal symp-
oms*.

.1. Morphotypes distribution

Sixty-seven patients out of the 270 included in the study were
ositive for Blastocystis (24.8%). From the positive patients 39 out
f 67 (58.2%) and 28 out of 67 (41.8%) were symptomatic and
symptomatic respectively (Fig. 1). In the symptomatic patients,
he distribution of Blastocystis infection was as follows NSGI (48.7%),
r (46.6%), and Ur + NSGI (7.7%) (Table 1). Co-infections with other

ntestinal parasites (direct-mount examination and permanent
taining) were detected in 25.4% (17/67) of the total of patients
arboring Blastocystis infection.

The predominant morphotypes observed in fresh stools were V
nd G forms in 75% and 23.5% respectively. Only one adult with
r revealed Am-like forms (1.5%) (Fig. 2). Under Jones’ culture

edia after 7 days culture follow-up, V forms were observed in

7% of cultures followed by G forms (3%), no Am-like forms were
etected. No statistical association was observed when Blastocystis

Fig. 2. Ameboid-like form detected in a Blastocystis infected patient.
oeba coli (3/17), Entamoeba hartmanni (3/17), Enterobius vermicularis (3/17), Cys-

morphotype and symptoms were compared (p > 0.05). Blastocystis
alone or co-parasitized revealed no significant association in both
asymptomatic and symptomatic groups (p = 0.5).

3.2. Blastocystis subtypes detected

Blastocystis subtypes demonstrated that 71.6% (n = 48) showed
a ST3 profile, of which 71.4%, (n = 35) and 28.6% (n = 14), belonged
to symptomatic and asymptomatic respectively. Other subtypes
identified were ST1 (14.9%, n = 10), ST6 (7.5%, n = 5) and ST2 (5.9%,
n = 4) (Fig. 3). Alleles retrieved from the Blastocystis 18S database
evidenced that, while a34 and a134 represented 72% (49/68) of all
alleles retrieved; a34 was  detected in 85.7% (18/21) of patients with
Ur as compared with asymptomatic and NSGI cohorts (p < 0.0001)
(Table 2). On the other hand, a134 predominated in 46.4% of asymp-
tomatic (control group) (p < 0.0001) and in 42.8% of patients with
NSGI symptoms (p < 0.0001).

4. Discussion

Blastocystis is a protist able to colonize the intestinal tract of a
diverse range of hosts and the fact Blastocystis is detected among
healthy and diseased individuals complicates efforts to reach a con-
sensus regarding its clinical significance. The increasing interest in
deciphering Blastocystis biology has been driven by the unresolved
controversy concerning its role in pathogenicity. This microorgan-
ism appears to exist in different morphological forms and whether
the morphotypes observed are truly linked to gastrointestinal or
extraintestinal disorders is still under revision and controversy.
Blastocystis pathogenic potential (if any) is still puzzling. Recently
there is increasing evidence that Blastocystis is a proxy for gut health
(Stensvold, 2014).

Our findings regarding the prevalent morphotypes detected in
feces and culture are in agreement with previous reports where
V and Gr forms are described as the predominant ones (Tan
and Suresh, 2006; Zhang et al., 2012). The fact that the Am-like
parasites were detected only in a low percentage of fresh feces
(1.5%) but not in culture, leads us to consider they are rare and
probably their presence are likely to be the result of changes
in biological–physical–chemical conditions rather than particular
morphotypes (Alfellani et al., 2013). Similarly, the fact that 95%
of V forms were associated with Ur as to NSGS, might reflect that
Blastocystis pathogenic potential could be triggered whether in its
amoeboid form or not. Amoeboid Blastocystis relevance with gas-
trointestinal symptoms and hives could possibly be interpreted as
a collateral outcome (and not a cause) of gut microbiota imbal-
ance as reported elsewhere (Vassalos et al., 2010; Katsarou-Katsari
et al., 2008; Valsecchi et al., 2004). Nevertheless, samples from new
surveys have to be higher and statistically validated in order to cor-

roborate these findings in our populations. On the other hand, we
compared Blastocystis morphotypes from asymptomatic and symp-
tomatic groups and found not to be significantly different (p = 0.5).
Presumably, different morphologies linked to symptoms reported
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Table 2
Blastocystis and alleles (a) distribution among asymptomatic carriers and symptomatic subjects with (Ur) urticaria and NSGS*.

ST3 (n = 49) ST1 (n = 10) ST6 (n = 5) ST2 (n = 4)

a34 a134 a2 a4 a122 a 9

Ur 18** (p < 0.00001) 3 0 0 0 0
NSGS* 1**, 13 (p < 0.00001) 1 1 0 2
Asymptomatic 2 12 (p < 0.00001) 5 3 5 2
Total  21 28 6 4 5 4

* Diarrhea, constipation, abdominal pain, bloating.
**
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Includes one patient with Ur and diarrhea (NSGS) who  presented both a34 and
§ Non significant, p > 0.05.

n different regions of the world, not seen in our isolates, might
eflect geographic variations of this protist (Tan, 2008; Malatyali
nd Ozç elik, 2011; Ragavan et al., 2014).

The genus Blastocystis comprises a variety of lineages or so-
alled STs where more than 90% of human isolates are grouped
nto STs 1—4. Although dramatic differences are seen across regions
Ramírez et al., 2014; Rivera, 2008), the distribution of STs in our
amples demonstrated that ST3 was the most frequently detected
T, followed by STs 1, 6 and 2; these findings are similar to those
reviously reported in the Americas (Alfellani et al., 2013). The
resence of ST6 is of interest, because particularly this subtype has
een only detected in wild animals but not in humans across South
merica (Ramírez et al., 2014; Malheiros et al., 2011; Villalobos
t al., 2014) and the fact that ST6 in Europe represents one of

he STs identified in human samples might reflect the European
enetic background present in Argentinean populations or vast
igrant flow among these areas suggesting that host-factors might

lay a relevant role on the pathogenesis adaptation of Blastocystis
infection. An interesting point to address is the absence of ST4;
this ST appears relatively common in Blastocystis-positive European
human patients with diarrhea. In South-America, only in Colombia,
ST4 was  detected in two specimens of Alouatta spp., which are con-
sidered primates linked to wild-life habitats and not presenting any
or little synanthropic activities relation which does not associate
this ST with human infection. The fact that ST4 was  not identi-
fied in our patients, might indicate not only the relative diversity
and prevalence of STs isolated from humans, but the different epi-
demiological/geographical/demographic patterns of this parasitic
colonization and/or infection.

The development and implementation of molecular tools
together with the characterization of STs/alleles allowed us explor-
ing possible associations between Blastocystis genetic diversity

and certain disease/health aspects. Although our results reflect a
clear excess of ST3 in Ur and NSGI samples, the distribution of
this ST within symptomatic groups and asymptomatic controls
did not show any overall significant difference (p = 0.05) but it is
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f interest the detection of a34 in 85.7% (18/21) of patients with
r (p < 0.0001). Although no previous reports describe the likely
athogenic relationship of a particular allele and the fact that we
annot conclude that clones of Blastocystis carrying this allele could
rigger this condition, our findings lead us to report the presence
f a predominant allele significantly associated in patients with
r.

It has been suggested that within ST3, the amoeboid form is
he prevalent one may  be due to the fact that parasites might
dhere better to the epithelial cells lining the gut affecting gut
mmune homeostasis and resulting in an immune response against
he parasite surface antigens, with consequent inflammatory-cell
ecruitment, release of histamine factors consequently activating
ast cells and basophils leading to Ur (Valsecchi et al., 2004). On

he other hand, a134 significantly present in NSGI and in the asymp-
omatic control group (p < 0.0001), might indicate a link between
his allele with gastrointestinal symptoms other than skin patholo-
ies in our patients. However, these associations are not merely
bsolute because for the case of Colombia, a34 was  present in
atients with IBS and in Argentina this allele was associated with Ur
s compared with NGSI (Ramírez et al., 2014). These analyses sug-
est that a spatiotemporal sampling is required in South-America
o understand Blastocystis pathogenic potential in different genetic
ackground populations. Another aspect to be considered is the
elated with the frequent associations in literature between Blas-
ocystis and the irritable bowel syndrome (IBS) because symptoms
eferred as NSGS may  resemble IBS (not previously diagnosed in our
ohort after patient clinical examinations), the presence of Blas-
ocystis/IBS association, as previously reported in other countries
eserves to be investigated in our geographical area (Poirier et al.,
012; Yakoob et al., 2010). In Colombia, there was described a strict
ssociation between IBS and ST3 in humans (Ramírez et al., 2014)
ut other groups have not detected this association at all. Moreover,
he fact that Blastocystis is detected in both healthy and diseased
ndividuals, its implication with gastrointestinal symptoms and
he few reports dealing with Blastocytis/urticaria relationship com-
licates a consensus regarding a clinical significance. Our results
ot only represent the first report regarding Blastocystis genetic
iversity in Argentina that contributes to the understanding of the
olecular epidemiology of Blastocystis in South-America but also

epresent a good approach to understand the plausible associa-
ion between Blastocystis STs and clinical manifestations probably
aused by this protozoan. Our attempt clearly demonstrates the
eed to pursue investigations with the aim of establishing the real
ole of this protozoan in skin disorders and other types of sym-
tomatology. The advent of new studies will undoubtedly expand
he knowledge of human prevalent Blastocystis subtypes related to
athology/colonization.

cknowledgements

This research received no specific grant from any funding
gency, commercial or not-for-profit sectors. This research was
onducted by funds of Facultad de Ciencias Naturales y Matemáti-
as of Universidad del Rosario. JDR is principal professor at
niversidad del Rosario. We  thank the reviewers for their rele-
ant comments that helped to improve drastically the quality of
he manuscript.

eferences

lfellani, M.,  Stensvold, C.R., Vidal-Lapiedra, A., Uche Onuohad, E., Fagbenro-

Beyiokud, A., Clark, G., 2013. Variable geographic distribution of Blastocystis
subtypes and its potential implications. Acta Trop. 126, 11–18.

lark, G., van der Giezen, M.,  Alfellani, M.,  Stenvold, R., 2013. In: Rollinson, D.
(Ed.), Recent Developments in Blastocystis Research. Academic Press, London,
pp. 1–23.
a 148 (2015) 156–161

Dogruman-Al, F., Dagci, H., Yoshikawa, H., Kurt, O., Demirel, M., 2008. A possible
link between subtype 2 and asymptomatic infections of Blastocystis hominis.
Parasitol. Res. 103, 685–689.

Garcia, L.S., 2007. Diagnostic Medical Parasitology, 5th ed. ASM Press, Washington,
DC.

Hameed, D.M., Hassanin, O.M., Zuel-Fakkar, N.M., 2011. Association of Blas-
tocystis hominis genetic subtypes with urticaria. Parasitol. Res. 108,
553–560.

Jones, M.S., Whipps, C.M., Ganac, R.D., Hudson, N.R., Boorom, K., 2009. Association
of Blastocystis subtype 3 and 1 with patients from an Oregon commu-
nity presenting with chronic gastrointestinal illness. Parasitol. Res. 104,
341–345.

Katsarou-Katsari, A., Vassalos, C.M., Tzanelou, K., et al., 2008. Acute urticaria asso-
ciated with amoeboid forms of Blastocystis sp. subtype 3. Acta Derm. Venereol.
88,  80–81.

Logar, J., Andlovic, A., Poljsak-Prijatelj, M.,  1994. Incidence of Blastocystis hominis in
patients with diarrhea. J. Infect. 28, 151–154.
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