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Abstract Blastocystis sp. has been described as the most
common intestinal parasite in humans and has an increased
impact in public health. To improve our understanding of
the molecular epidemiology of this human-emerging para-
site, we determined the Blastocystis subtypes (STs) and
their relative frequency in Egyptian patients living in or in
the vicinity of Cairo and presenting gastrointestinal symp-
toms. We obtained a total of 20 stool samples identified as
positive for Blastocystis by microscopic examination of

smears. Genotyping using partial small subunit ribosomal
RNA gene analysis identified a total of 21 Blastocystis
isolates corresponding to 19 single infections and one
mixed infection (ST1 and ST3). Three STs were identified:
ST3 was the most common ST in the present Egyptian
population (61.90%) followed by ST1 (19.05%) and ST2
(19.05%). Together with previous studies carried out in
different areas in Egypt, a total of five STs (ST1, ST2, ST3,
ST4, and ST6) have been found in symptomatic patients.
These data were compared to those available in the literature,
and we underlined variations observed in the number and
relative proportions of STs between and within countries. On
the whole, it seemed that Blastocystis infection is likely not
associated with specific STs even if some STs are predom-
inant in the epidemiologic studies, but rather with a
conjunction of factors in the course of infection including
environmental risk and parasite and host factors.

Introduction

Blastocystis sp. is a single-celled anaerobic and enteric
parasite that inhabits the lower gastrointestinal tract of
humans and many animals, such as a large variety of
vertebrates (for reviews, see Stenzel and Boreham 1996;
Abe et al. 2002; Tan et al. 2002; Tan 2004, 2008; Stensvold
et al. 2009a). This emerging parasite with a worldwide
distribution is often identified as the most common
eukaryotic organism reported in human fecal samples, and
its prevalence has shown a dramatic increase in recent years
(for review see Tan 2008). Moreover, its prevalence is
higher in developing countries, and this has been linked to
poor hygiene practices, exposure to animals, and consump-
tion of contaminated food or water (Li et al. 2007b;
Leelayoova et al. 2008) since the fecal–oral route is
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considered to be the main mode of transmission of this
parasite. Indeed, a higher risk of infection has been found in
humans with close animal contact (food and animal
handlers) reinforcing the zoonotic nature of this parasite
(Salim et al. 1999; Yan et al. 2007; Yoshikawa et al. 2009).

At the morphological level, Blastocystis is a highly
polymorphic organism with various forms (Stenzel and
Boreham 1996; Tan et al. 2002; Zhang et al. 2007; Suresh
et al. 2009). The water-resistant infective cyst possibly
represents the transmissible stage of the parasite (Moe et al.
1996; Suresh et al. 2005), whereas the large amoeboid form
has been suggested as being associated with pathogenicity
(Tan and Suresh 2006; Katsarou-Katsari et al. 2008).
However, we have recently shown that the presence of the
amoeboid form may be poorly correlated with patient status
(Souppart et al. 2009). Although its role in human diseases
was widely debated in the literature during the two last
decades, numerous recent in vivo and in vitro studies
strongly suggest that Blastocystis is a pathogen (for
reviews, see Stark et al. 2007; Boorom et al. 2008; Tan
2008; Stensvold et al. 2009a). Case reports have linked
Blastocystis infection with various gastrointestinal and
extraintestinal symptoms including diarrhea, abdominal
pain, depression, fatigue, vomiting, constipation, anorexia,
urticaria, skin rash, headaches, and flatulence, but this
parasite may also play a significant role in several chronic
gastrointestinal illnesses such as irritable bowel syndrome
and inflammatory bowel disease (Giacometti et al. 1999;
Yakoob et al. 2004; Boorom et al. 2008; Dogruman-Al et
al. 2009; Jones et al. 2009; Stensvold et al. 2009c).
Moreover, Blastocystis infection is frequent in cancer and
HIV/AIDS patients with gastrointestinal symptoms (Tan et
al. 2009).

Blastocystis isolates from humans and other animals
have been reported to be morphologically similar. However,
extensive genetic variation among numerous isolates has
been identified using molecular methods including, in most
cases, polymerase chain reaction (PCR)–restriction frag-
ment length polymorphism, random amplified polymorphic
DNA, and PCR using sequence-tagged site primers (for
reviews see Stensvold et al. 2007b; Tan 2008). This large
diversity was subsequently re-emphasized by molecular
phylogenies inferred from small subunit (SSU) ribosomal
RNA (rRNA) gene sequences (Noël et al. 2003, 2005;
Scicluna et al. 2006; Li et al. 2007a; Rivera 2008;
Stensvold et al. 2009b). Recently, a consensus approach
recommended assigning Blastocystis isolates from humans,
mammals, and birds to one of nine subtypes (ST1 to ST9),
each of them exhibiting sufficient genetic diversity to be
classified as separate species (Stensvold et al. 2007b).
Interestingly, all nine of the STs described in mammals and
birds can be found in humans as well, confirming the low
host specificity and zoonotic potential of Blastocystis. This

also suggests animals may serve as a large potential
reservoir for infections in humans. Lately, a novel subtype
(ST10) was shown to be hosted by primates and artiodac-
tyls (Stensvold et al. 2009b).

Epidemiological surveys have reported the frequency of
subtypes from symptomatic and asymptomatic patients in
several countries (for reviews see Boorom et al. 2008; Tan
2008; Souppart et al. 2009). These studies have provided
new insights into the taxonomy of this parasite, host range,
transmission route, and contamination sources, and data
concerning a hypothetical link between genotype and
pathogenic potential of this parasite. In the present study,
in the aim at enhancing our understanding of the influence
of ST differences in pathogenicity, genotypes of several
Blastocystis clinical isolates were identified from symp-
tomatic patients living in or in the vicinity of Cairo in
Egypt. This study is of crucial interest regarding the high
prevalence (33.3%) of this parasite in this country (Rayan
et al. 2007).

Materials and methods

Patient selection

Samples were collected at the Laboratory of Parasitology of
the Cairo University, Egypt during parasitological examina-
tions of stool samples from symptomatic patients living in or
in the vicinity of Cairo. Blastocystis sp. was identified in a
total of 20 stool samples through direct light microscopy of
smears. Patients were classified as “symptomatic” (= with
digestive symptoms) based on responses to a standardized
questionnaire. Stool samples were examined for the presence
of other parasitic infections. No information was available on
potential viral or bacterial infections.

DNA extraction

DNA was extracted from fecal samples cultured in Jones'
medium (Jones 1946), supplemented with 10% horse serum
(Invitrogen, Groningen, The Netherlands), 100 UI/ml
penicillin, and 100 µg/ml streptomycin (Sigma-Aldrich,
St. Louis, MO, USA) at 37°C for 2–3 days. The cultures
were screened for Blastocystis cells by standard light
microscopy and subcultured for an additional 2–3 days in
fresh medium. Approximately 106 Blastocystis cells were
isolated by centrifugation at 500×g for 10 min. The pellet
was washed two times with phosphate-buffered saline (pH
7.4) before centrifugation. The supernatant was discarded,
and genomic DNA was extracted from the pellet with the
High Pure PCR Template Preparation Kit (Roche Applied
Science, Mannheim, Germany) according to the manufac-
turer's protocol.
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PCR amplification, cloning, and sequencing

For each sample, genomic DNA was submitted to a
nested PCR using two Blastocystis-specific pairs of
primers targeting the SSU rRNA gene. The primers used
in this study were previously designed by Souppart et al.
(2009). It allowed the amplification of the same genomic
region than that described by Scicluna et al. (2006). This
amplified domain of the SSU rDNA coding region has
been shown to provide sufficient information for accurate
subtyping. Successive PCR amplifications were performed
as previously described (Souppart et al. 2009). The
products of the second PCR were separated by agarose
gel electrophoresis, and bands of the expected size
(approximately 600 bp) were purified using the Wizard
SV Gel and PCR clean-up system (Promega, Madison,
WI, USA). Purified PCR products were cloned in the
T-vector, pCR 2.1-TOPO (Invitrogen) and amplified in
Escherichia coli One Shot TOP10 competent cells.
Minipreparations of plasmid DNA were done using the
QIAprep Spin Miniprep kit (Qiagen). Two clones contain-
ing inserts of approximately the expected size were arbitrarily
selected for each sample and sequenced on both strands. The
SSU rRNA gene sequences obtained in this study have been
deposited in GenBank under accession numbers GU130218
to GU130247. These new sequences were alignedwith the use
of the BioEdit version 7.0.1 package (http://www.mbio.ncsu.
edu:BioEdit/bioedit.html) then compared with all the Blas-
tocystis SSU rRNA gene sequences available from the
National Centre for Biotechnology Information database
(http://www.ncbi.nlm.nih.gov) using the basic local align-
ment search tool (BLAST) program (Altschul et al. 1997).
Subtypes were identified by determining the exact match or
closest similarity against all known Blastocystis subtypes
according to the last classification by Stensvold et al.
(2007b).

Results and discussion

In this study, stool specimens were collected from a total of
20 gastrointestinal symptomatic patients, nine males and 11
females, ranging in age from 8 to 45 years (Table 1). These
patients presented various symptoms including diarrhea,
abdominal pain, flatulence, and constipation. Stool samples
were cultured in Jones’ medium, and DNA was extracted
for each of the isolates. All 20 isolates were successfully
amplified by nested PCR, and two clones were completely
sequenced for each of the 20 samples. Each of the SSU
rDNA gene sequences obtained in this study showed very
high similarity (from 98% to 100%) to homologous
sequences of the other Blastocystis isolates reported so far.
The comparison with representative sequences of all known

Blastocystis STs using the BLAST software allowed the
direct genotyping of the new isolates (Table 1) according to
the consensus terminology by Stensvold et al. (2007b). For
ten of the 20 samples, the two sequenced clones were
identical (Table 1). Clones showed one nucleotide difference
for five of the samples. For the samples AC11 (ST3), AC17
(ST1), AC18 (ST3), and AC19 (ST2), the number of
nucleotide differences between the two clones was of 6, 11,
4, and 3, respectively. Despite the differences, the two
different clones for each of these four latter samples
belonged to the same Blastocystis subtype according to
BLAST search. The differences observed between the two
clones of a same sample are unlikely to be due to PCR
artifacts, as the study used high fidelity Taq DNA polymer-
ase. Therefore, as suggested in previous studies (Scicluna et
al. 2006; Souppart et al. 2009), the cause may be coinfection
with two variants within the same subtype or sequence
variations between SSU rDNA gene copies within the same
isolate. In the present analysis, we have considered that two
different clones of the same subtype identified in the same
patient derived from the same strain of Blastocystis. In
contrast, for one of the 20 samples (AC6, Table 1), we
identified mixed infection containing two subtypes of
Blastocystis (ST1 and ST3). The prevalence of mixed
infections observed in the present study (5%) was roughly
similar to that described in other countries such as Germany
(5%; Böhm-Gloning et al. 1997), Turkey (4.3%; Dogruman-
Al et al. 2008), France (7.5%; Souppart et al. 2009), and
different Chinese regions (2.6% to 14.3%; Yan et al. 2006;
Li et al. 2007a, b). In these latter studies, most are
coinfections with ST1 and ST3.

The majority of the samples included in this study
(19/20) represented single infections. With the addition of
one mixed infection, we analyzed a total of 21 isolates. As
summarized in Table 1, three STs were identified, and ST3
was the most common in our Egyptian population (61.90%)
followed by ST1 (19.05%) and ST2 (19.05%). Globally, the
subtype distribution in the present study showed similarities
with that found in other countries (for review, see Souppart
et al. 2009). Indeed, all these studies reported that a large
majority of human Blastocystis infections (an average of
more than 60%) were attributable to ST3 isolates whereas
the proportions of other subtypes differ between locations.
Although the most dominant genotype was ST3, the ST
distribution reported here significantly differed to that
described in a recent epidemiologic survey performed in
another Egyptian area (Hussein et al. 2008). Indeed, in this
latter study including 16 symptomatic and 28 asymptomatic
patients, four Blastocystis STs (ST1, ST3, ST6, and ST7)
were detected (18.2%, 54.5%, 18.2%, and 9.1%, respec-
tively). In addition, only three STs (ST1, ST3, and ST6) but
not ST2 were identified (28.6%, 57.1%, and 14.3%,
respectively) in the symptomatic group. On the other hand,
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ST6 was not detected in our Egyptian population. However,
the ST distribution observed in the present study was
similar to that described in a third Egyptian area (only 14
isolates collected) in which four STs were identified (ST1
to ST4; Elwakil and Talaat 2009) according to the new
classification by Stensvold et al. (2007b). Recently, the
genetic diversity of Blastocystis was studied in different
parts of China (Li et al. 2007a). Prevalence of Blastocystis
was shown to be different in the four epidemiological
settings analyzed. However, unlike Egypt, the number of

subtypes identified and their relative frequency were
roughly similar from a Chinese province to the other one.
On the other hand, in Japan, two epidemiological studies
were performed in the Osaka (Yoshikawa et al. 2004) and
Tokyo (Kaneda et al. 2001) area and like Egypt, showed
differences in the number of subtypes identified and their
relative frequency. As previously suggested (Li et al.
2007a; Stensvold et al. 2009a), such variations in the
number and relative proportions of STs between countries
as within the same country could reflect true differences

Table 1 Clinical data and Blastocystis subtypes among symptomatic patients

Patients Age/
sex

Symptoms Associated parasites Blastocystis sp. subtypea Nucleotide differencesb Accession no.

Symptomatic

AC1 8/F Diarrhea None 3 0 GU130218

AC2 35/M Diarrhea None 3 0 GU130219

Abdominal pain

AC3 41/F Diarrhea None 3 0 GU130220

AC4 28/F Diarrhea None 1 1 GU130221, GU130222

Abdominal pain

Flatulence

AC5 30/M Abdominal pain None 3 0 GU130223

AC6 43/F Diarrhea None Mixed 1 and 3 –c GU130224, GU130225

Abdominal pain

Flatulence

Constipation

AC7 24/F Diarrhea None 3 0 GU130226

Abdominal pain

AC8 20/M Diarrhea None 3 0 GU130227

AC9 36/M Diarrhea None 3 0 GU130228

AC10 40/F Diarrhea None 1 0 GU130229

Abdominal pain

AC11 34/F Diarrhea Entamoeba sp. 2 6 GU130230, GU130231

AC12 26/M Abdominal pain None 3 0 GU130232

AC13 45/M Abdominal pain None 3 1 GU130233, GU130234

AC14 38/F Abdominal pain None 2 0 GU130235

AC15 28/M Diarrhea Giardia intestinalis 3 1 GU130236, GU130237

Abdominal pain

AC16 33/F Abdominal pain None 2 1 GU130238, GU130239

AC17 45/M Abdominal pain None 1 11 GU130240, GU130241

AC18 25/F Abdominal pain None 3 4 GU130242, GU130243

AC19 35/F Abdominal pain None 2 3 GU130244, GU130245

AC20 40/M Diarrhea None 3 1 GU130246, GU130247

Abdominal pain

Flatulence

Constipation

a According to the new standard terminology by Stensvold et al. (2007b)
b Determined in the common region of two clones sequenced for each sample
c Not determined in mixed infections consisting of two clones representing two different subtypes
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between communities and might indicate divergent epide-
miological contexts including reservoirs and ways of
transmission. These differences are likely due to prevailing
local living conditions and customs, rather than differences
in the susceptibility to infection. In China (Li et al. 2007b),
it has been shown that the consumption of raw water plants
was a risk factor for ST1 infections while drinking unboiled
water was significantly associated with infections involving
ST3. The dominant ST3 was suggested to be the only
subtype of human origin, while the remaining subtypes
would be zoonotic (Böhm-Gloning et al. 1997; Kaneda et
al. 2001; Yoshikawa et al. 2004; Noël et al. 2005; Tan
2008). In the present study, the predominance of ST3 might
be explained by large-scale human-to-human transmission
in Egypt as in other countries. Regarding ST1 and ST2,
their presence in our Egyptian population might be linked
to zoonotic transmission from farm animals and monkeys
(Noël et al. 2005; Tan 2008). The finding that these latter
STs were common in our Egyptian population suggested
that contamination from mammals and birds might be a
significant source of transmission. To clarify this point,
future attempts to identify specific risk factors for infection
with different Blastocystis STs have to be performed in
other areas of Egypt in the aim at exploring the potential
association of STs with specific environmental compart-
ments and reservoirs.

In the recent literature, it is still matter of debate whether
disease is ST related. Clark (1997) was the first to suggest
that Blastocystis ST correlates with the pathogenic potential
of this parasite. In that way, a study by Kaneda et al. (2001)
suggested that ST1, ST2, and ST4 were associated with
gastrointestinal symptoms while the most commonly
isolated ST3 was not responsible for symptoms. More
recently, Yan et al. (2006) overrepresented only ST1 in a
group of symptomatic patients, while ST3 was isolated
predominantly from asymptomatic individuals. In parallel,
Hussein et al. (2008) confirmed this hypothesis by
concluding that ST1 was the most virulent, while ST3 and
ST6 consisted of pathogenic and nonpathogenic strains, and
ST7 was irrelevant to the pathogenicity of Blastocystis. In
contrast, several studies showed that none of the STs was
significantly correlated with intestinal disease (Böhm-
Gloning et al. 1997; Yoshikawa et al. 2004; Özyurt et al.
2008; Souppart et al. 2009). To evaluate the pathogenic
potential of the different Blastocystis STs in our Egyptian
population, we examined the phylogenetic distribution of
isolates from symptomatic individuals. Two symptomatic
patients (AC11 and AC15) coinfected with Entamoeba sp.
or Giardia were excluded in this analysis because these
might have caused similar symptoms. The symptomatic
patient (AC6) with mixed infection was also removed from
the present analysis, as the preferential growth of a
particular isolate could potentially impact analysis (Parkar

et al. 2007; Yan et al. 2007). In other patients of this study,
Blastocystis was the sole pathogen found. Therefore, in the
final analysis, 17 isolates from symptomatic patients were
considered. The most dominant genotype was ST3
(64.70%), followed by ST1 (17.65%) and ST2 (17.65%).
Interestingly, the three ST2 isolates included in our analysis
were associated with symptoms. However, it has first been
suggested that this subtype was a nonpathogenic genotype
of Blastocystis sp., (Dogruman-Al et al. 2008) although in a
more recent study, the same authors identified ST2 to be
associated with chronic infection in symptomatic individu-
als (Dogruman-Al et al. 2009). Besides, ST2 represented
one of the predominant genotype in Danish (Stensvold et
al. 2007a, 2009c) and Turkish (Özyurt et al. 2008)
symptomatic individuals. To the author's knowledge, it is
the first time that ST2 strains are isolated from Egyptian
symptomatic patients. We also confirmed that ST1 isolates
could be associated with pathogenicity as suggested in
previous studies carried out in Egypt (Hussein et al. 2008;
Elwakil and Talaat 2009) and others countries (Yan et al.
2006; Dominguez-Marquez et al. 2009; Souppart et al.
2009; Stensvold et al. 2007a, 2009c). Moreover, ST3 was
the most common in our Egyptian symptomatic group as
described in other countries (Stensvold et al. 2007a, 2009c;
Wong et al. 2008; Eroglu et al. 2009; Jones et al. 2009;
Souppart et al. 2009; Tan et al. 2009). In addition, ST4 was
not found in our symptomatic group as well as in that of the
previous Egyptian study by Hussein et al. (2008). In the
opposite, ST4 was identified in only four Egyptian
symptomatic patients by Elwakil and Talaat (2009).
However, ST4 was recently identified as the most frequent
genotype in a large symptomatic group of patients in Spain
(Dominguez-Marquez et al. 2009), which included 94.1%
of the isolates.

Almost all the data available from epidemiological
surveys of symptomatic groups of patients including this
study confirmed that several Blastocystis STs would be
involved in human infections associated with gastrointesti-
nal symptoms, and that the implicated STs and their relative
frequency would broadly differ between countries as within
the same country. In Turkey, striking differences were
observed between communities since four STs (ST1 to
ST4) were detected by Özyurt et al. (2008), while ST1 was
the only ST detected in 20 symptomatic patients (Eroglu et
al. 2009). In Egypt, together with the studies by Hussein et
al. (2008) and Elwakil and Talaat (2009), a total of five STs
(ST1, ST2, ST3, ST4, and ST6) have been identified in
symptomatic patients. In recent studies, at least four
different STs (ST1 to ST4) were also found in Danish
(Stensvold et al. 2009c), French (Souppart et al. 2009),
Turkish (Özyurt et al. 2008), and Malaysian (Tan et al.
2009) individuals with gastrointestinal symptoms. In
numerous studies, the existence of pathogenic and non-
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pathogenic variants in different STs including ST3 was also
suggested (Hussein et al. 2008; Özyurt et al. 2008;
Dogruman-Al et al. 2009; Souppart et al. 2009). Therefore,
according to all these observations, it may be suggested that
Blastocystis infection is likely not due to a particular ST
even if some STs are frequently dominant in epidemiologic
studies but rather to a conjunction of factors in the course of
infection including environmental risk (transmission routes
and contamination sources) and parasite (pathogenic and
zoonotic potential) and host factors (genotype, immunity,
and age). The apparent lack of correlation between
symptoms and subtypes as the differences noticed in the
frequency of the STs between and within countries could
undoubtedly be explained by taking into account these
parameters in further studies.
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