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INTRODUCTION

Blastocystis is an unusual enteric protozoan parasite of hu-
mans and many animals (233, 250). It has a worldwide distri-
bution and is often the most commonly isolated organism in
parasitological surveys (6, 8, 21, 25, 179, 198). The parasite has
been described since the early 1900s (12, 37), but only in the
last decade or so have there been significant advances in our
understanding of Blastocystis biology. However, the pleomor-
phic nature of the parasite and the lack of standardization in
techniques have led to confusion and, in some cases, misinter-
pretation of data. This has hindered laboratory diagnosis and
efforts to understand its mode of reproduction, life cycle, prev-
alence, and pathogenesis. Accumulating epidemiological, in
vivo, and in vitro data strongly suggest that Blastocystis is a
pathogen. Many genotypes exist in nature, and recent obser-
vations indicate that humans are in reality host to numerous
zoonotic genotypes (1, 169). Such genetic diversity has led to a
suggestion that previously conflicting observations on its
pathogenesis are due to pathogenic and nonpathogenic geno-

types (53). Recent epidemiological, animal infection, and in
vitro host-Blastocystis interaction studies suggest that this may
indeed be the case. This review will focus on such recent
advances and also provide updates on laboratory and clinical
aspects of Blastocystis spp. Excellent reviews on various topics
in Blastocystis biology, including historical perspectives on par-
asite biology, animal isolates, and pathogenesis, were reported
elsewhere previously (33, 233, 250, 256, 319).

CLASSIFICATION

Genetic Diversity

Blastocystis spp. from humans and animals have been re-
ported to be morphologically similar. This is probably an over-
simplification, as there have been reports describing distinct
morphological differences among Blastocystis isolates (219,
236, 237, 303). However, it is nevertheless challenging to dif-
ferentiate one isolate from another based on morphological
criteria alone. Interestingly, extensive genetic variation has
been observed among numerous isolates from both humans
and animals. A number of molecular techniques to study the
genetic diversity of Blastocystis spp. have been described. The
techniques commonly employed are PCR-restriction fragment
length polymorphism (RFLP) (2–4, 31, 53, 113, 202, 223, 271,

* Mailing address: Laboratory of Molecular and Cellular Parasitol-
ogy, Department of Microbiology, Yong Loo Lin School of Medicine,
National University of Singapore, 5 Science Drive 2, Singapore 117597,
Republic of Singapore. Phone: (65) 6516 6780. Fax: (65) 6776 6872.
E-mail: mictank@nus.edu.sg.

639



305), PCR followed by dideoxy sequencing (1, 17, 100, 169,
170, 214, 218, 231, 271, 304), and PCR with subtype-specific
(sequence-tagged site [STS]) primers (2–4, 117, 119–121, 124,
128, 129). A few studies employed the use of arbitrary primed
PCR (103, 125) or karyotyping (38, 99, 219, 276). Clark (52,
53), by PCR-RFLP of the entire small-subunit rRNA (ssrRNA)
gene, revealed a remarkable amount of genetic variation that
existed among 30 randomly selected human isolates. These
RFLP profiles (riboprints) could be grouped into seven distinct
genotypes (ribodemes). It was previously observed that there
was a 7% divergence between ribodemes 1 and 2, which is
approximately four times the genetic distance between homol-
ogous genes of Entamoeba histolytica and Entamoeba dispar
(53). In the most extensive phylogenetic study to date, Noël et
al. (169) analyzed the ssrRNA genes of 12 Blastocystis isolates
from humans, rats, and reptiles together with 78 other Blasto-
cystis sequences available in the GenBank database at the time
of the study. They showed that Blastocystis spp. could be un-
ambiguously placed within seven distinct clades, with six of the
major groups comprising isolates from both humans and ani-
mals. Those authors concluded that numerous zoonotic iso-
lates existed, with frequent animal-to-human and human-to-
animal transmissions, and that animals represent a large
potential reservoir for human infections. Thus, in the absence
of genotype information and due to the extreme genetic diver-
sity among Blastocystis isolates, caution is warranted when in-
terpreting data or when extrapolating observations of mor-
phology, drug sensitivity, and pathogenesis from one isolate to
another.

Phylogenetic Studies and Identification of
Isolates to the Species Level

The taxonomic classification of Blastocystis spp. has proven
challenging and was only recently unambiguously placed within
the stramenopiles despite the application of modern molecular
phylogenetic approaches (18, 100, 218). The organism was
initially classified as the cyst of a flagellate, vegetable, yeast,
and fungus (319). It was subsequently reclassified as a protist
by Zierdt and colleagues (319, 322) based on a number of
protistan features, viz., one or more nuclei, smooth and rough
endoplasmic reticulum, Golgi bodies, and mitochondrion-like
organelles; it failed to grow on fungal media and was resistant
to antifungal drugs but was sensitive to the antiprotozoal drugs
metronidazole (Flagyl) and emetine (319, 322). The subse-
quent molecular analysis of Blastocystis ssrRNA and elonga-
tion factor 1� (EF-1�) gene sequences resulted in disparate
conclusions on its taxonomic and phylogenetic affiliations. An
earlier analysis of the ssRNA genes showed that Blastocystis sp.

is not monophyletic with the yeasts, fungi, sarcodines, or sporo-
zoans (108) and should be placed among the stramenopiles
(100, 218). In contrast, studies involving EF-1� suggested that
Blastocystis spp. diverged before the stramenopiles and may be
a close relative of Entamoeba spp. (97, 158). This apparent
discrepancy may be explained statistically by the low bootstrap
value (58.1) used to group Blastocystis spp. with E. histolytica.
Other possibilities for the variation in affinities exist. They may
be due to the choice of genes for analysis. The ssrRNA genes
have been known to possess drastic G�C content variation
among species (93), which may give rise to misleading trees,
and hence, other genes (e.g., EF-1�, EF-2, and RNA polymer-
ase III large subunit) with less extreme biases have been sug-
gested to be better candidates for phylogenetic studies. Other
possible factors contributing to the discrepancy include inad-
equate species sampling, relatively few informative positions,
mutational saturation, and long-branch attraction phenomena
(186, 203, 204). A later study involving sequences from multi-
ple conserved genes sought to resolve this discrepancy (18).
The molecular analysis of Blastocystis ssrRNA, cytosolic-type
70-kDa heat shock protein, translation elongation factor 2, and
the noncatalytic “B” subunit of vacuolar ATPase clearly dem-
onstrated that Blastocystis is a stramenopile. The strameno-
piles, synonymous with Heterokonta and Chromista (42), are a
complex collection of “botanical” protists comprising hetero-
trophic and photosynthetic representatives. Molecular phylo-
genetic studies indicated that Blastocystis sp. is most closely
related to Proteromonas lacertae (18, 100, 218), a flagellate of
the hindgut of lizards and amphibians. Members of the stra-
menopile group are characterized by possessing flagella with
mastigonemes (hair-like projections that extend laterally from
the flagellum). Interestingly, Blastocystis sp. does not possess
flagella, is nonmotile, and is therefore placed in a newly cre-
ated class, class Blastocystea, subphylum Opalinata, infraking-
dom Heterokonta, subkingdom Chromobiota, kingdom Chrom-
ista (41). A recent phylogenetic study showed that, based on
the genetic distance between homologous genes, Blastocystis
spp. from humans and animals can be potentially divided into
12 or more species (169). This and other studies have con-
firmed that Blastocystis genotypes are prevalent throughout the
animal kingdom, with a number of genotypes comprising iso-
lates from both humans and animals (1, 3, 4, 169, 214, 271, 295,
300, 305). In this regard, the practice of assigning Blastocystis
species according to host origin poses a problem and has prob-
ably resulted in confusing reports regarding variations in
pathogenesis and cell biology, since these differences could be
attributed to distinct genotypes. Table 1 illustrates new desig-
nations for some well-studied human and animal isolates based
on a recently published consensus terminology for Blastocystis

TABLE 1. Old and new classification of commonly studied Blastocystis isolates based on consensus terminologya

Species Isolate(s) Culture type Host New designation References

B. hominis Nand II Axenic Human Blastocystis sp. subtype 1 169, 218
B. hominis Si Axenic Human Blastocystis sp. subtype 1 164, 169
B. hominis B, C, E, G, H Axenic Human Blastocystis sp. subtype 7 98, 169
B. ratti S1, WR1, WR2 Axenic Rat Blastocystis sp. subtype 4 45, 169
Blastocystis sp. NIH:1295:1 Xenic Guinea pig Blastocystis sp. subtype 4 169, 306

a Terminology proposed by Stensvold et al. (229).
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sp. (229). Humans can be host to Blastocystis spp. from various
mammals (subtype 1), primates and pigs (subtype 2), rodents
(subtype 4), cattle and pigs (subtype 5), and birds (subtypes 6
and 7) (169, 295). Subtype 3 is the most frequently isolated
genotype in epidemiological surveys and is probably the only
genotype of human origin (31, 113, 291, 304). By phylogenetic
analysis, subtypes 8 and 9 cluster most closely to subtypes 4 and
6, respectively (169, 214). We have very little information on
both these subtypes except that subtype 8 has been reported in
three studies (1, 214, 228), from monkeys, a pheasant, and
humans, while subtype 9 was observed in 2 human isolates out
of 102 isolates in an epidemiological study (304). These distri-
butions of specific genotypes among various animal hosts
should be viewed as tentative and would, in due course, be-
come more representative as additional studies are performed.
For example, subtype 5 is currently accepted as being the main
Blastocystis genotype in pigs due the its high prevalence in this
host (1, 295, 297). However, other studies (163, 271) showed
that subtype 1 may dominates in pigs. Two recent reports (163,
201) revealed that pigs may harbor subtype 2, which, until
those studies, comprised isolates only from humans and pri-
mates.

Blastocystis cells often possess one or two nuclei, and occa-
sionally, quadrinucleate cells and cells possessing numerous
nuclei have been reported (65, 142, 146, 319, 321). Whether
these multinuclear states impact molecular and phylogenetic

analyses is currently not known. Karyogamy and the exchange
of genetic material have recently been demonstrated in the
binucleate enteric protozoan parasite Giardia intestinalis (189).
It is unknown if Blastocystis also undergoes such a process, and
if so, the implications of such a phenomenon for the construc-
tion of phylogenetic trees should be ascertained. Future stud-
ies should aim to elucidate the ploidy of the Blastocystis ge-
nome and to understand if it is an asexual or sexual parasite,
since such characteristics, which affect the extent to which
genes evolve, can have major implications for how molecular
phylogenetic data are interpreted (29, 174).

BIOLOGY

Morphological Forms

Blastocystis is a polymorphic protozoan, and four major
forms have been described in the literature (Fig. 1 to 5). In
reality, Blastocystis spp. can present with a bewildering array of
forms within a single culture, and it may be difficult to assign a
specific form to the cell in question (Fig. 1A and C). The
extensive variation in Blastocystis forms has made studies of its
cell biology challenging, resulting in misinterpretations of data
from time to time. The central vacuole form, sometimes re-
ferred to as the central body form, is the most frequently
observed form in laboratory culture and in stool samples. It is

FIG. 1. Morphological forms of Blastocystis sp. subtype 4 by phase-contrast microscopy. (A) Vacuolar and fecal cyst forms from in vitro axenic
culture displaying extensive size variation (arrowheads). Note the refractile appearance and loose outer coat of cysts (arrows). (B) Granular form
with distinct granular inclusions within the central vacuole (arrowhead). (C) Amoeboid forms occasionally seen in culture showing pseudopod-like
cytoplasmic extensions (arrow). Bar, 10 �m.
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spherical and may display large size variations, ranging from 2
to 200 �m (average of 4 to 15 �m) (233). Extensive size
variation can occur within and between isolates (65, 197).
Dunn et al. (65) observed size variations of 4 to 63 �m among
10 human isolates; the mean diameters between stocks also
varied significantly, with overlap between some isolates. A

FIG. 2. Transmission electron micrographs of Blastocystis sp. sub-
type 4. (A) Vacuolar form revealing large central vacuole (CV) result-
ing in a thin band of peripheral cytoplasm. (B) Granular form reveal-
ing electron-dense granules (arrowheads) occupying the entire central
vacuole. Note the surface coat surrounding the parasite. (C) Irregular-
shaped amoeboid form with central vacuole (asterisk) and empty vac-
uole (EV). M, mitochondrion-like organelle; N, nucleus. Bar, 1 �m.

FIG. 3. Phase-contrast microscopy of Blastocystis cysts. (A) Spher-
ical cysts of subtype 4 from an in vitro axenic culture displaying a loose
outer coat (arrows) among vacuolar forms (arrowheads). (B) Enrich-
ment of subtype 4 cysts and loss of outer coat are apparent after
overnight incubation in distilled water. (C) Cysts from a human isolate
revealing ovoid morphology distinct from the spherical cysts of subtype
4. Bar, 10 �m.
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study of Blastocystis strains isolated from chickens revealed
vacuolar forms ranging from 3 to 120 �m in diameter (132).
The vacuolar form is characterized by a large central vacuole
that occupies approximately 90% of the cell’s volume (142,
233) (Fig. 1A, 2A, and 5C to E). This relegates the cytoplasm
and organelles into a thin peripheral rim, which may some-
times be difficult to visualize under light microscopy (Fig. 5A
and C). Nuclei and mitochondrion-like organelles are usually
located within thickened cytoplasmic regions at opposite ends

of the cell (Fig. 5E). Certain amphibian isolates possess thick
cytoplasmic rims, which are easily discernible by conventional
light microscopy (219). The central vacuole may appear empty
or may contain fine to flocculant material. It was reported to
contain carbohydrates, evidenced by positive staining with pe-
riodic acid-Schiff and Alcian blue staining (299), or lipids,
evidenced by Sudan black B and Nile blue staining (302),
suggesting a storage role for the organelle. The vacuole has
also been suggested to play a role in schizogony-like reproduc-
tion (220, 241) by providing an environment for the develop-
ment of minute parasite progeny. This is highly unlikely
considering that these progeny appear strikingly similar to
metabolic granules described previously and are therefore sim-
ply variants of the granular form (257, 290). Cytoplasmic con-
tents, often containing organelles, may invaginate and deposit
filament- or vesicle-like membrane-bound structures into the
central vacuole (65, 159, 160, 181, 235, 239, 252). The exact
significance of this process is unclear, although it has been
postulated to be a mechanism of apoptotic body deposition in
Blastocystis cells undergoing programmed cell death (254). The
cytoplasm contains organelles typically observed in eukaryotes.
The features observable by transmission electron microscopy
(TEM) include one or more nuclei, Golgi apparatus, endo-
some-like vacuoles, microtubules, and mitochondrion-like or-
ganelles (Fig. 2 and 4). The organism is often surrounded by a
surface coat (Fig. 2B), sometimes referred to as the fibrillar
layer or capsule, of various thicknesses (65). The surface coat
is often thicker in parasites freshly isolated from feces and
gradually thins out during prolonged laboratory culture (40,
235), and cells without surface coats have been observed in
vitro (65). The reason for this thinning out is unknown but may
be due to the postulated role of the coat in trapping bacteria
for nutritional purposes (311, 314), which is not possible during
axenic culture, or may be unnecessary if nutrients provided in
laboratory culture are sufficient for growth. The surface coat
contains a variety of carbohydrates (127, 258) and has been
postulated to play a role in trapping and degrading bacteria for
nutrition (311, 314), protecting against osmotic shock (40), or
to provide a mechanical barrier for functionally important
plasma membrane proteins from the immune system (259).

The granular form resembles the vacuolar form except that
granules are present within the cytoplasm or, more commonly,
within the central vacuole of the organism (Fig. 1B and 2B and
5B). These are more frequently observed in nonaxenized,
older, and antibiotic-treated cultures and have been described
as being vacuolar forms containing granules rather than as
being a distinct parasite stage (33, 233). The intracellular gran-
ules are heterogeneous and have been described as being my-
elin-like inclusions, small vesicles, crystalline granules, and
lipid droplets (65). Reproductive granules within the central
vacuole have been described and have been reported to func-
tion in schizogony-like division (220, 241, 319). Other authors
argued that this cannot be accepted due to the lack of evidence
that these granules are indeed viable and develop into Blasto-
cystis cells (33, 233, 257, 290).

The amoeboid form (Fig. 1C and 2C) of Blastocystis spp. is
rarely reported, and there are contradicting descriptions of
what constitutes this morphological type. An early report de-
scribed numerous amoeba-like forms in the diarrheal fluid of a
patient who died of aspiration pneumonia (326). These cells

FIG. 4. Transmission electron micrographs of Blastocystis sp. sub-
type 4 cysts. (A) Mature cyst with a distinct double-layered cyst wall
(arrow) and reduced glycogen mass (asterisk). Mitochondrion-like or-
ganelles (M) contain faint saccate cristae (arrowhead). (B) Mature cyst
containing large vacuoles (V), a nucleus (N) with a dense chromatin
mass (arrowhead), and mitochondrion-like organelles (M) with saccate
and circular (arrow) cristae. Bar, 1 �m.
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were irregularly convoluted, and some cells possessed one or
two large pseudopods. In another study, amoeboid forms from
in vitro culture were observed to be 10 to 15 �m, possessing
features typical of vacuolar forms, with the exception of one or
two pseudopods (249). We have reported the presence of nu-
merous amoeboid forms (Fig. 6) from Blastocystis colonies
grown in soft agar (45, 252, 260, 261). Light microscopy and
TEM showed cells with a central vacuole, a surface coat, and
numerous Golgi bodies and mitochondria within the cytoplas-
mic extensions of pseudopods (252). Dunn et al. (65) previ-
ously described amoeboid cells ranging from 2.6 to 7.8 �m with
extended pseudopodia and lysosome-like compartments con-
taining ingested bacteria. In contrast to our studies, these
forms lacked a central vacuole, a Golgi complex, a surface coat,
and mitochondria (65). Considering the genetic diversity of the
organism, it is plausible that the differing descriptions are due
to genotypic variations among Blastocystis isolates. The pres-
ence of bacteria and bacterial remnants within the amoeboid
form suggests a nutritional role for this form. The amoeboid
form has been postulated to play a role in pathogenesis (115,
262, 264). However, the light and TEM micrographs in two of
these reports (262, 264) were unconvincing for this form and
appear more like irregularly shaped central vacuole forms, a

common artifact of TEM processing. Despite the observation
of pseudopod-like cytoplasmic extensions, the amoeboid form
appears to be nonmotile. The identification of stage-specific
molecular markers would be useful for studies of various de-
velopmental forms of the parasite and would obviate the prob-
lem of distinguishing the various forms by morphological cri-
teria alone.

The cyst form (Fig. 1A and 3) is the most recently described
form of the parasite, and the late discovery is due to its small
size (2 to 5 �m), which can result in confusion with fecal debris,
and the observation that cysts are infrequently seen in labora-
tory culture (46, 153, 154, 234, 312). The cysts are variable in
shape but are mostly ovoid or spherical. The cyst is protected
by a multilayered cyst wall (Fig. 4), which may or may not be
covered by a loose surface coat (153, 312, 313). The cytoplasm
of the cyst may contain one to four nuclei, mitochondria, gly-
cogen deposits, and small vacuoles (5, 46, 153, 312). One re-
port (237) described the presence of large multinucleate cysts
from the stools of Macaca monkeys, which were 15 �m in size,
and this was suggested to be an indication of differences among
Blastocystis species. Blastocystis cysts were reportedly able to
survive in water for up to 19 days at a normal temperature but
are fragile at extreme temperatures and in common disinfec-

FIG. 5. Light microscopy of nonaxenic Blastocystis sp. subtype 1 cultured in Jones’ medium. (A to C) Unstained wet mounts of various
diagnostic forms of Blastocystis. (A) Cells undergoing binary fission (arrow). (B) Granular forms commonly seen in laboratory culture. (C) Vac-
uolar forms with virtually indiscernible thin cytoplasmic rims. (D) Iodine-stained wet mount revealing cells with distinct organelles, a cytoplasmic
rim, and granular inclusions (arrowhead). (E) Giemsa-stained permanent smear of the large vacuolar form containing four nuclei (Nu) evenly
distributed around the cytoplasmic rim. (F and G) Trichrome-stained permanent smear of vacuolar forms. The central vacuole of some cells stain
strongly (arrow), while others stain less intensely; this may be due to the biochemical heterogeneity of the vacuolar contents. (G) Small vacuolar
form (arrowhead) revealing organelles within the cytoplasmic rim. Bar, 20 �m.
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tants (154). A later study (306) showed that cysts could survive
up to 1 month at 25°C and 2 months at 4°C. The contrasting
viabilities among the studies may be due to isolate variations.
Vacuolar and granular forms, in contrast, are sensitive to tem-
perature changes, osmotic shock, and exposure to air (146,
319). Experimental infectivity studies of BALB/c mice, Wistar
rats, and a variety of bird species with the cyst form indicate
that this form is undoubtedly the transmissible form of the
parasite. The formation of in vitro-derived cysts by the incu-
bation of vacuolar forms in encystation medium was reported
previously (240, 241, 244, 282). These “cysts” appear to be
curiously similar to the classical granular forms, and the gran-
ules within the central vacuole were reported to be reproduc-
tive in nature (240, 241, 243). It is likely that these are artifacts

of culture induced by the encystation medium, as they bear no
morphological similarity to the fecal cyst. Interestingly, in
vitro-derived cysts are able to infect Wistar rats (244) and were
apparently resistant to osmotic lysis (282).

Other forms have also been described, and these forms in-
clude the avacuolar and multivacuolar forms. These forms
reported from TEM studies of fresh stool samples were signif-
icantly smaller (5 to 8 �m) than culture forms and were sug-
gested to be the form that occurs in vivo (233, 235). However,
others observed typical vacuolar forms from fresh fecal sam-
ples (9, 64, 128, 132, 227, 232, 281, 318). The central vacuole
was absent in the avacuolar form, while the multivacuolar
forms contained multiple small vacuoles. The small size and
distinct multivacuolar or avacuolar morphology may be due to

FIG. 6. Colonies of Blastocystis sp. subtype 4 after 12 days of culture on an agar plate containing 0.3% Bacto agar in Iscove’s modified
Dulbecco’s medium containing 10% horse serum. (A) Petri dish with numerous buff-colored colonies. (B and C) Magnified view of single colonies.
(C) Occasionally, parasite cells spread out at the interface of the agar and the bottom surface of the plate. (D) Amoeboid cells isolated from a
colony with large inclusions (arrows) within the central vacuole. Bar, 10 �m.
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strain variations, or they are possibly cells in various stages
of encystation or excystation, as similar morphologies were
described in TEM studies of cells undergoing excystation
(46, 153).

Life Cycle

Numerous conflicting life cycles have been proposed (33,
217, 220, 233, 250, 319, 321), and these discrepancies are due
largely to the belief that Blastocystis exhibits multiple repro-
ductive processes (83, 220, 318). The suggestion that Blasto-
cystis undergoes multiple fission has led to life cycles where
schizogony is one of the modes of reproduction (220, 319).
This and other proposed modes such as plasmotomy (budding)
(263), endodyogeny (318), and sac-like pouches (83, 242) are
more likely due to the pleomorphic nature of the organism and
not true modes of reproduction. A life cycle comprising thick-
and thin-walled cysts from multiple fission was proposed (220).
Those authors hypothesized that the thick-walled cysts are
important for external transmission, while the thin-walled cysts
were autoinfectious. There is little scientific evidence to sup-
port such a proposal, although schizogony-like reproduction in
Blastocystis has been perpetuated in a number of authoritative
sources, including medical parasitology textbooks and the
DPDx website of the Centers for Disease Control and Preven-
tion (www.dpd.cdc.gov/dpdx/HTML/Blastocystis.htm). Until
proven otherwise, the only accepted mode of reproduction is
binary fission. The application of live-cell imaging technology
should provide a better understanding of the modes of repro-
duction of Blastocystis spp.

A revised life cycle (Fig. 7) must take into account the large
reservoir of Blastocystis spp. among various animal populations
and that humans are potential hosts to numerous zoonotic
genotypes (subtypes). Upon ingestion of cysts, the parasite
undergoes excystation in the large intestines and develops into
vacuolar forms. Encystation occurs during passage along the
large intestines and is deposited in the feces (152). The fecal
cysts may be covered by a fibrillar layer that is gradually lost
during cyst development (313).

Apart from a few studies, the transitions from one of the
classically described forms to another are not well understood.
TEM studies of the development of cysts to vacuolar forms
were elegantly demonstrated with a human isolate and a rat
isolate (46, 153). In those reports, fecal cysts from both humans
and rat develop similarly and dramatically into vacuolar forms
within 24 h of inoculation into growth medium. In one of those
studies (153), cells undergoing excystation apparently devel-
oped from cysts into granular forms before becoming vacuolar
in morphology. Whether these granular forms are similar to
those from patient samples and laboratory culture is not
known. In a separate study (317), Blastocystis cysts enriched
from a patient sample were cultured in Jones’ medium and
characterized by TEM at 24 h. The micrographs revealed that
cell division of vacuolar forms occurs while the parasite is still
within the cyst wall and that both granular and vacuolar forms
were observed in the same sample. Because only one time
point was performed, it is difficult to conclude the order in
which these forms developed. Certain culture conditions were
reported to induce the development of the granular form from
the vacuolar form. These conditions include old cultures (250),

axenization (327), transfer to a different culture medium (235),
and increases in serum concentrations in the culture medium
(65, 130, 217, 321). Amoeboid forms probably arise from vac-
uolar forms. Some evidence for this is seen when vacuolar
forms are cultured in agar, and after incubation, the resultant
colonies contain numerous amoeboid forms (260, 261).

LABORATORY DIAGNOSIS

Microscopy

Blastocystis poses considerable challenges for the diagnostic
laboratory. Firstly, the uncertain pathogenesis of the parasite
discourages many clinicians from considering Blastocystis to be
the etiological agent of disease. Secondly, the polymorphic
nature of the organism in wet mounts can result in confusion
with yeast, Cyclospora sp., or fat globules. The classical vacu-
olar forms may not predominate in fresh fecal specimens (235),
while the smaller fecal cyst, when present, may be difficult to
identify. Direct microscopy is usually done with stained spec-
imens. Multiple stool specimens should be examined, since the
parasite may exhibit irregular shedding (88, 281). Morpholog-
ical features that may aid in the laboratory diagnosis of Blas-
tocystis infection are summarized in Table 2. Wet mounts with
Lugol’s iodine (Fig. 5D) and permanent-stained smears with
acid-fast, Giemsa (Fig. 5E), Field’s, and trichrome (Fig. 5F and
G) stains have been described, with trichrome being the most
popular stain employed (8, 171, 175, 179, 210, 227, 270, 289,
307). Trichrome is a routinely employed stain in many clinical
microbiology laboratories, and studies have shown that it is
more sensitive for the detection of intestinal protozoa than
iodine-stained wet mounts (71, 78, 117), and this is also the
case for Blastocystis spp. (179, 270). However, short-term (24 to
72 h) in vitro culture increases the sensitivity of detection
compared to that of direct microscopy of fecal smears stained
with Lugol’s iodine or trichrome (135, 227, 270), although one
study (245) did not mentioned the use of any staining method.
However, in the case of mixed infections, in vitro culture may
favor the preferential amplification of one subtype over an-
other (183, 295), although this was not seen in another study
involving a mixed infection (227). In contrast to in vitro cul-
ture, a number of reports indicated that the formol ethyl ace-
tate concentration technique (FECT) results in very poor sen-
sitivity for parasite detection (227, 231, 245). Subtype 3 was
apparently associated with false-negative results associated
with this method (227), although the reason for this bias is
currently unknown. This may explain a study in Thailand, em-
ploying only formol ethyl acetate concentration, revealing a
prevalence of 0.19% for Blastocystis isolates in primary school
children in central Thailand (211). Another study using a num-
ber of diagnostic approaches (simple smear, formol ether con-
centration, Boeck and Drbohlav’s Locke-egg-serum medium
culture, and modified acid-fast and modified trichrome stain-
ing) showed the prevalence of Blastocystis isolation to be
45.2% among Thai children in the same region (210). Present-
day diagnostic laboratories should also include the fecal cyst as
an indicator of infection. If necessary, these cysts can be selec-
tively concentrated by density gradient approaches to increase
sensitivity (309, 315). This enrichment approach may be more
practical in the research laboratory setting since it may be
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FIG. 7. Proposed life cycle for Blastocystis cells taking into account recent studies (163, 169, 201, 295) suggesting the existence of zoonotic
genotypes (subtypes 1 to 7) with various host specificities. Humans and animals are infected by fecal cysts, which develop into vacuolar forms in
the large intestines. In humans, vacuolar forms divide by binary fission and may develop into amoeboid or granular forms. Vacuolar forms undergo
encystation in the host intestines, and intermediate cyst forms may be surrounded by a thick fibrillar layer that is subsequently lost during passage
in the external environment. Information on the transition from the amoeboid to the vacuolar form and from the vacuolar to the cyst form is
lacking. These hypothetical pathways are represented by dotted lines. Subtype 1 is cross-infective among mammalian and avian isolates; subtypes
2, 3, 4, and 5 comprise primate/pig, human, cattle/pig, and rodent isolates, respectively; and subtypes 6 and 7 include avian isolates. The proposed
scheme suggests that humans are potentially infected by seven or more species of Blastocystis and that certain animals represent reservoirs for
transmission to humans. (Adapted from reference 251 with permission from Taylor and Francis.)
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cumbersome to perform during routine diagnosis or in large-
scale surveys. It was suggested that the intensity of infection
should be reported, and the general criteria are whether five or
more parasites are seen in a high-powered field (�400) for wet
mounts (77, 133, 166, 188, 194, 215, 319) or under oil immer-
sion (�1,000) (175, 179, 307) if permanent-stained smears are
used. Using this criterion and in comparison with reports that
do not use this criterion, accumulating studies suggest a cor-
relation between infection density and symptoms (51, 60, 67,
82, 85, 111, 116, 155, 165, 167, 175, 177, 215, 307). There are,
however, a number of studies that reported a lack of such a
correlation (63, 86, 131, 145, 180, 216). The reason for this
discrepancy is presently unclear but may be due to genotype
differences among Blastocystis isolates or to host factors such
as age and genetic background variations in the populations
studied.

Laboratory Culture

Xenic or monoxenic laboratory cultures of Blastocystis iso-
lates, which are cultures of Blastocystis cells grown in associa-
tion with nonstandardized or single known species of microor-
ganisms, respectively, can be maintained in Jones’ (110) or
Boeck and Drbohlav’s inspissated egg (30) medium. Jones’
medium is the medium of choice in studies involving culture to
identify the parasite in patient samples (135, 183, 227, 231, 245,
270, 291). There was one report (183) on the inability to grow
Blastocystis isolates from Australian marsupials in Jones’ me-
dia, suggesting that this medium may not support fecal cultures
from certain animal hosts. Other studies utilized diphasic agar
slant medium, which was useful for the culture of Blastocystis
isolates from cattle, pigs, and chickens (2–4, 109, 110). Ax-
enized cultures, that is, cultures of Blastocystis cells not asso-
ciated with any other living organism, display luxuriant growth
in a variety of media such as Iscove’s modified Dulbecco’s
medium, minimal essential medium, or biphasic inspissated
egg slant overlaid with Locke’s solution (98, 324). Cell densi-
ties of up to 2.5 � 107 cells/ml can be attained for monophasic
medium (98), while slightly higher densities of approximately
6.0 � 107 cells/ml were reported for cells cultured in biphasic

inspissated egg medium (324). The doubling time of axenic
isolates can be variable, ranging from 6 to 23 h, depending on
the isolate, study, and type of medium used (33, 324). Doubling
times of approximately 50 h can be deduced from growth
curves of Blastocystis isolates belonging to avian subtype 7 (98,
169), and this may be due to the nonoptimal incubation tem-
perature, as avian hosts, particularly chickens, generally have
higher body temperatures than mammals. The colony growth
of Blastocystis cells can be established in soft agar (Fig. 6) using
the pour plate method (260, 261, 277), and clonal growth was
achieved with the addition of sodium thioglycolate as a reduc-
ing agent (260). The technique was useful as a step toward the
axenization of Blastocystis isolates by physically isolating para-
site colonies from bacterial ones (45, 164) and for screening
surface-reactive antibodies for cytotoxic activity (259). Blasto-
cystis cells are also able to grow on solid medium, and parasite
clones appear to be macroscopically similar to bacterial colo-
nies (255). These cultures were viable for up to 2 weeks and
could be further expanded in liquid or solid medium. Interest-
ingly, for the same isolate grown in liquid medium (98), cul-
tures reach maximal cell densities around 4 days postinocula-
tion, enter death phase at day 5, and are subsequently difficult
to subculture. This indicates that the growth characteristics of
the same Blastocystis isolate in solid medium are markedly
different from those of the isolate in liquid medium.

Axenic cultures of Blastocystis isolates are important for
molecular and biochemical studies. Axenization can be
achieved by the addition of antibiotic cocktails to eliminate
contaminating bacteria and yeasts, and a variety of antibiotic
mixtures have been described, with various levels of success
(45, 128, 164, 269, 319). The process is generally laborious and
may take weeks to months, and the successful elimination of
microbial contaminants is not guaranteed. It has been sug-
gested that some isolates require the presence of bacteria to
survive, and therefore, the removal of all bacteria results in the
death of the parasite (319). Lanuza et al. (128) previously
described an improved method for Blastocystis axenization and
managed to axenize 25 out of 81 isolates using a combination
of Ficoll-metrozoic acid gradient and the addition of antibiot-

TABLE 2. Diagnostic features of Blastocystisa

Stage or form Size (�m) Presence of central
vacuole No. of nuclei Area(s) of

occurrence Description Reference(s)

Vacuolar 2–200 (usually 5–15) Present 1–4 (usually 1–2) Culture, feces Central vacuole occupies
70–90% of cell vol;
occasionally, giant
cells with multiple
nuclei are seen

142, 233

Granular 6.5–8 Present 1–4 Feces, culture Granules within central
vacuole

233

Multivacuolar 5–8 Present or absent 1–2 Feces, culture Rarely seen 233, 235
Avacuolar �5 Absent 1–2 Intestine, feces Rarely seen in feces 233, 235
Amoeboid 2.6–7.8 Present or absent 1–2 Feces, culture Rarely reported;

conflicting information
on morphology

65, 260, 326

Cyst 3–10 Absent 1–4 Feces, culture Rarely seen in culture;
cyst wall present; may
be surrounded by a
fibrillar layer

233, 309, 310

a Adapted from reference 233 with permission.
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ics. Cultures were initially treated with a basic antibiotic solu-
tion comprising 0.4% ampicillin, 0.1% streptomycin, and
0.0006% amphotericin B, and in subsequent subcultures, re-
sistant bacteria were isolated and antimicrobial assays per-
formed. The final stages of axenization involved the addition of
antibiotics against remaining bacteria with density gradient
enrichment for Blastocystis spp. The time required for axeni-
zation was approximately 3 weeks. In addition to antibiotic
treatment, some authors noted improved success when physi-
cal methods were employed during axenization to separate
parasites from the bulk of the bacterial load. This includes
differential centrifugation (269), density gradient separation
(128), and colony growth (45, 164). Such methods enrich for
the parasite and provide a growth advantage. Chen et al. (45)
noted that the axenization of Blastocystis would not have been
possible without parasite enrichment via colony growth. There
was a report on the use of micropipette manipulation to isolate
Blastocystis clones from nonaxenic cultures of turkey cecal con-
tents (95), and it would be interesting to investigate if this
technique could be exploited as a step toward axenization.

Serology

Blastocystis infections lead to immunoglobulin G (IgG) and
IgA responses, as detected by indirect fluorescent antibody
(IFA) testing and enzyme-linked immunosorbent assay
(ELISA) (104, 112, 143, 323, 328). ELISA titers ranged from
1:50 to 1:1,600 (328), and previously reported studies revealed
that high titers are associated with symptomatic infections
(104, 143, 323, 328). Early ELISA studies showed that sera
from patients harboring Blastocystis spp. had high IgG titers
against parasite extracts (323, 328). In one of the studies (328),
30 sera from 28 patients were tested: 3 were negative at the
1/50 threshold dilution, 8 were positive at 1/50, 3 were positive
at 1/100, 2 were positive at 1/200, 3 were positive at 1/400, 6
were positive at 1/800, and 5 were positive at 1/1,600. Normal
sera (42 blood bank sera) were all negative at 1/50. Interest-
ingly, IgA responses against Blastocystis spp. could not be de-
tected in the symptomatic population. A recent study investi-
gated the secretory IgA, serum IgA, and serum IgG levels in
Blastocystis-positive individuals with and without symptoms by
ELISA (143). This study showed that only sera from symptom-
atic patients had significantly higher Blastocystis-reactive secre-
tory IgA, serum IgA, and serum IgG levels than did sera from
asymptomatic carriers and healthy controls. In contrast,
Kaneda et al. (112) showed by IFA that asymptomatic individ-
uals harboring Blastocystis spp. possessed serum antibodies to
the parasite, although antibody titers were very low, and serum
dilutions greater than 1:60 failed to elicit a reaction. However,
the strongest reaction was seen in an individual with chronic
infection. It was suggested that constant exposure to the par-
asite was necessary to elicit a serological response. The 1/50
ELISA cutoff used in studies of symptomatic patients reported
previously by Zierdt and colleagues (323, 328) is also rather
low and suggests that the parasite induces a weak immune
response. However, considering the genotypic (53, 169) and
antigenic (122, 126, 156, 258, 298) diversity among morpholog-
ically identical isolates, the low values may be due to the choice
of isolate used as the coating antigen. Such antigenic variations
may also explain the discrepant observations among studies

and must be taken into consideration should a serological test
kit be developed. Monoclonal antibodies against Blastocystis
spp. have been described (258, 298). The majority of antibodies
were IgM and localized to surface coat antigens. These anti-
bodies exhibited limited cross-reactivity against different geno-
types, indicating antigenic diversity among Blastocystis isolates
(253, 258). Although currently unavailable, monoclonal anti-
bodies specific for human-infective genotypes would be useful
for antigen detection studies, as was previously described for
Entamoeba histolytica/E. dispar (283). Similarly, the application
of genotype-specific antigens in ELISA or immunofluores-
cence formats should be useful for serological and epidemio-
logical studies.

Blastocystis-associated symptoms are generally self-limiting
and may last between 1 and 14 days (63, 131, 307, 320, 329).
However, some infections persist for months if left untreated
(90, 94, 112, 131, 165, 175), and it is currently unknown if
chronic infections influence seropositivity. A single study (112)
of the serological response of Blastocystis-positive asymptom-
atic individuals showed that the highest IFA titer was obtained
from a healthy individual infected with Blastocystis for 2 years.
An ELISA study reported previously by Zierdt et al. (328)
included two patients who provided sera within the first 2
weeks postsymptom and subsequently another sample at con-
valescence, about 6 weeks after onset. Comparison of acute-
phase sera with convalescent-phase sera revealed an eightfold
increase for one patient and a threefold increase for the other
patient. Although large-scale studies are needed to validate
these observations, results of those studies suggested that Blas-
tocystis sp. does elicit an immune response, and both chronic
and acute infections can result in significantly higher antibody
titers than asymptomatic infections. Currently, considering our
limited knowledge of the host immune response to Blastocystis
spp. and the apparent antigenic diversity of the parasite, it is
not practical to include serology in the routine laboratory di-
agnosis of Blastocystis, and it should be limited to epidemio-
logical and serological studies.

Molecular Approaches

Molecular PCR-based diagnostic approaches for Blastocystis
identification have been described. Subtype-specific diagnostic
primers, also referred to as STS primers, were developed from
random amplification of polymorphic DNA analysis of Blasto-
cystis isolates by Yoshikawa et al. (296, 297, 301), and these
approaches amplified seven distinct subtypes, which corre-
sponded to different clades inferred from ssrRNA. Such an
approach has been shown to be useful for epidemiological
studies, providing information on the distribution of various
genotypes among human and animal populations (2, 4, 138,
297, 304) and on the zoonotic nature of certain genotypes.

Other groups characterized isolates by PCR of ssrRNA fol-
lowed by RFLP analysis (2–4, 31, 53, 202, 271, 291, 295, 305),
dideoxy sequencing (183, 201, 227, 230, 231), or nested ampli-
fication of intragenic regions (270). PCR-RFLP analysis of the
Blastocystis ssrRNA gene is commonly employed for preva-
lence studies, and a variety of primers for its amplification have
been described (31, 53, 227, 291). However, major limitations
of this approach are the lack of standardization of the condi-
tions and choice of primers, mutations at restriction sites, and
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the difficulty in interpreting RFLP profiles from mixed infec-
tions. A high-throughput pyrosequencing technique for the
rapid sequencing of the Blastocystis ssrRNA gene was de-
scribed (230). This approach detects nucleotide polymor-
phisms in the gene and was able to genotype 48/48 Danish
isolates in approximately 1 h but was unable to detect mixed-
subtype infections. This approach would be extremely useful
for large-scale epidemiological studies and for the rapid iden-
tification of genotypes during outbreak situations (87, 114,
123). A recent study compared the relative performances of
various diagnostic methods for the identification of Blastocystis
isolates (227). The FECT, permanent trichrome staining of
feces fixed in sodium acetate-acetic acid-formalin, in vitro cul-
ture, and PCR approaches were compared using 107 samples
from 93 patients with suspected enteroparasitic disease. The
PCR approach was shown to be superior to the other ap-
proaches, and detection of Blastocystis-specific DNA was as
sensitive as the culture method. This is in contrast to data from
a study reported previously by Termmathurapoj et al. (270)
that suggested that in vitro culture expansion was superior to
direct PCR from stool samples. Another study (183) revealed
that direct PCR from stool samples was superior to the culture
method, with PCR detecting Blastocystis spp. in 35% of the
samples, while the culture method detected 19%. The discrep-
ancies observed in studies reported previously by Term-
mathurapoj et al. (270) and Parkar et al. (183) could be attrib-
uted to the fact that the latter involved the culture of feces
from various animals in Jones’ medium, which did not support
parasite growth, and that their DNA extraction method was
more efficient. Other possibilities include the different speci-
ficities of the PCR primers employed for these studies (227). A
method for the detection of Blastocystis spp. directly from
unpreserved stool samples was described and provides a rapid
diagnostic tool for Blastocystis identification (231). Primers
specific for Blastocystis ssrRNA were able to detect greater
than 32 parasites/200 mg stool artificially spiked with cultured
parasites. In the evaluation of 43 clinical specimens, the PCR
approach was tested against FECT and a culture technique,
proving 100% test specificity and a significantly higher sensi-
tivity than FECT. In that study, there were instances where
culture-negative samples were PCR positive. This was attrib-
uted to the degeneration of parasites in the stool or to low
numbers that prevented growth in vitro. Jones et al. (109)
recently reported a method for the real-time PCR detection of
Blastocystis spp. from stools. Primers specific to an undefined
152-bp region of the parasite genome was used for the assay
and was able to amplify 11 laboratory-cultured isolates from
the ATCC belonging to subtypes 1, 3, and 4. Results could be
obtained within 3 h, with a detection limit of 760 cells per 100
mg of stool. Oddly, only three clinical samples were used in
that study, and only one ATCC strain was spiked into Blasto-
cystis-negative stool samples to determine sensitivity. For spec-
ificity determinations, those authors excluded only cross-reac-
tions with bacterial but not protozoal pathogens. The assay was
not able to distinguish among Blastocystis subtypes.

In summary, a variety of methods for the laboratory diag-
nosis of Blastocystis spp. exist. The FECT should be discour-
aged due to low sensitivity. Trichrome staining of direct fecal
smears is sensitive, provides a permanent record of the speci-
men, and should be supplemented with information on

whether five or more parasites are visible per oil immersion
(�1,000) field. Other authors included more detailed reporting
on parasite abundance (11, 85, 131, 179, 180) and quantified
parasite abundance using terms such as rare (one to two par-
asites in every 10 high-power fields), few to moderate (one
parasite in every one to five high-power fields), or abundant
(five or more parasites per high-power field) (131). Such de-
tailed reporting, beyond whether five or more parasites are
present, is unnecessary since there is some controversy regard-
ing correlation between infection density and disease. In in-
stances of low parasite levels or when fecal cysts predominate
in stool or environmental samples, in vitro culture is a useful
method for diagnosis (245, 246). Direct wet mounts stained
with iodine do not seem to add additional value to the diag-
nostic process, since trichrome-stained permanent smears have
been shown to be more sensitive (179, 270). Considering cur-
rent data, trichrome staining of direct smears coupled with
stool culture in Jones’ medium, cost permitting, is the best
approach for diagnosing Blastocystis infection in terms of spec-
ificity and sensitivity. Future laboratory diagnosis may need to
include genotype information once a link between genotype
and parasite pathogenesis is firmly established. For screening
and epidemiological studies, PCR amplification of Blastocystis
DNA from fresh stools or stool cultures is a convenient alter-
native to microscopy, and genotyping should also be included
in the analysis. The development of real-time PCR for the
sensitive and rapid detection of Blastocystis spp. with the ability
to discriminate between multiple genotypes within a sample
would be similarly advantageous for screening and epidemio-
logical studies.

CLINICAL ASPECTS

Epidemiology and Prevalence

Authors of early studies lamented the lack of epidemiolog-
ical data on Blastocystis spp. (33, 233). However, recent years
have shown a dramatic increase in prevalence studies, and
these studies have shed light on the parasite’s genotype distri-
bution, mode of transmission, and pathogenesis.

Blastocystis is an extremely ubiquitous parasite with a world-
wide distribution (107, 250). It is not uncommon for it to be the
most frequently isolated parasite in epidemiological surveys
(15, 21, 51, 72, 94, 185, 210, 248, 287, 289). Prevalence varies
widely from country to country and within various communities
of the same country. In general, developing countries have
higher prevalences of the parasite than developed countries,
and this has been linked to poor hygiene, exposure to animals,
and consumption of contaminated food or water. Prevalence
can be low in countries such as Japan (0.5 to 1%) (96, 101) and
Singapore (3.3%) (291) and high in developing nations includ-
ing Argentina (27.2%) (25), Brazil (40.9%) (6), Cuba (38.5%)
(70), Egypt (33.3%) (198), and Indonesia (60%) (185). In some
countries, the carriage rate can be rather variable, depending
on the subpopulation studied. Prevalence ranges of 1.9 to
32.6%, 0.19 to 45.2%, and 1.04 to 18.3% in prevalence studies
from China (137), Thailand (210, 211), and Turkey (7, 56),
respectively, have been reported. Such variations within the
same country could reflect true differences between communi-
ties, especially if the same techniques were employed to iden-
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tify the parasite. However, variations are also likely due to the
use of different diagnostic approaches and the inherent diffi-
culty in identifying stages other than the vacuolar form.

Recent surveys incorporated genotype information by PCR
of Blastocystis DNA from feces or from stool culture. Such
studies are now shedding light on the distributions of geno-
types among human populations (Table 3) and animal hosts
and also provide information on transmission routes or
sources. A study by Yoshikawa et al. (304) employed the use of
PCR-based genotype classification to study the distribution of
Blastocystis genotypes among isolates from Bangladesh, Ger-
many, Japan, Pakistan, and Thailand. The most dominant sub-
type among four populations except Thailand was subtype 3
(41.7 to 92.3%), followed by either subtype 1 (7.7 to 25%) or
subtype 6 (10 to 22.9%). Similar genotype distributions in
Singapore (78% subtype 3 and 22% subtype 1) (291), China
(60.4% subtype 3 and 24.5% subtype 1) (137), Greece (60%
subtype 3 and 20% subtype 1) (147), Germany (54% subtype 3
and 21% subtype 1) (31), and Turkey (75.9% subtype 3) (180)
were also reported. In most studies, other genotypes were
identified at lower frequencies (Table 3). Collectively, those
studies suggest that subtype 3 is the subtype of human origin
and that there is no correlation between Blastocystis geo-
graphic origin and genotype. It may be worthwhile to note that
avian subtypes 6 and 7 may grow optimally at 40°C instead of
37°C, as is the case for the avian protozoan flagellate Histo-
monas meleagridis (84, 279). Isolates belonging to subtype 7
have longer doubling times, about 50 h, when cultured at 37°C
(98). In this case, these slow-growing subtypes may still be
missed during in vitro culture expansion of stool samples, re-
sulting in an underrepresentation of such subtypes in epidemi-
ological surveys. Although surveys revealed that the majority of
individuals are host to a particular Blastocystis subtype, mixed

infections in a minority of individual have also frequently been
reported (31, 62, 137, 138, 180, 183, 227, 271, 294, 295). De-
pending on the study, mixed subtypes have been seen among
1.1 to 14.3% of samples surveyed. Most are coinfections with
subtype 1 and subtype 3 (137, 138, 271, 294) while subtype
1/subtype 2 (137, 138), subtype 2/subtype 3 (137), and subtype
3/subtype 5 (295) combinations were infrequently reported.
Intra-subtype 1 and -subtype 2 variations in ssrRNA sequence
were also reported for single isolates (180, 227). It may be
difficult to ascertain the true distribution of mixed infections in
a particular individual, as this depends on the method em-
ployed to determine the Blastocystis subtype. Studies that ge-
notype parasites after in vitro propagation (31, 62, 137, 138,
271) risk underestimating mixed infections since certain sub-
types may outgrow others, as was shown recently (183, 295).
Hence, genotyping of Blastocystis DNA obtained directly from
stools may be more accurate for identifying mixed infections if
PCR conditions are optimal. PCR employing subtype-specific
STS primers is visually more discriminatory for mixed infec-
tions than is PCR-RFLP or sequence analysis of a single
ssrRNA amplicon. In the former approach, the presence of
bands corresponding to specific subtypes in agarose gels is
immediately indicative of a mixed infection (295, 304), while in
the latter two methods, mixed infections result in complicated
RFLP profiles or mixed peaks in sequencing chromatograms
(31, 183), which may be difficult to interpret.

Accumulating recent (2003 to 2008) epidemiological and
other studies suggest that Blastocystis is pathogenic or associ-
ated with a variety of disorders (16, 22, 39, 47, 50, 67, 72, 85, 90,
91, 134, 143, 149, 150, 161, 168, 179, 184, 191–193, 196, 205,
264, 293, 308). This is in contrast to reports that suggested
otherwise (43, 131, 180, 274). Certain populations may be
susceptible to Blastocystis-associated disorders, and risk factors

TABLE 3. Distribution of Blastocystis subtypes infecting humans in different geographic regions

Country/region and type of
isolates (no. of infected

individuals studied)

Subtype distribution (%)a
No. of positive
isolates/total

no. of isolates (%)b
Reference

1 2 3 4 5 6 7 8 9 Unknown/
mixed

Bangladesh (26) 7.7 — 92.3 — — — — — — — NA 304
Guangxi, China (35) 37.1 — 40 — — — 5.7 — — 17.2 NA 294
Yunnan, China (78) 20.5 1.3 70.5 1.3 — — — — — 6.5 NA 138
Denmark (29) 3.4 20.7 51.7 24.1 — — — — — — NA 231
Denmark (28) 17.9 32.1 46.6 3.8 — — — — — — NA 227
Egypt (44) 18.2 — 54.5 — — 18.2 9.1 — — — NA 105
Germany (166) 21 1 66 7 — — — — — 5 NA 31
Germany (12) 25 16.7 41.7 16.7 — — — — — — 12/67 (17.9) 304
Greece (45) 20 13.3 60 2.2 — 2.2 2.2 — — — NA 147
Japan (55) 20 21.8 43.6 10.9 — — — — — 3.6 NA 113
Japan (50) 8 — 52 4 — 22 10 — 4 — 50/2,037 (2.45) 304
Pakistan (10) 20 — 70 — — 10 — — — — NA 304
Singapore (9) 22.2 — 77.8 — — — — — — — 9/276 (3.3) 291
Thailand (153) 90.2 — 4.6 — — — 1.3 — — 3.9 334/924 (36.1)c 271
Turkey (87) 9.2 13.8 75.9 — — — 1.1 — — — NA 180
Turkey

Isolates from pediatric
patients (51)

21.6 19.6 52.9 — — — — — — 5.9 51/161 (31.7) 62

Isolates from adult
patients (41)

14.6 24.4 58.5 — — — — — — 2.4 41/125 (32.8) 62

a —, subtype not detected.
b NA, not available.
c Three hundred thirty-four Blastocystis-positive samples were obtained by in vitro culture of stool specimens. Out of these 334 isolates, only 153 were amenable to

PCR amplification.
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include immunocompromised health (36, 51, 79, 173, 176, 196,
267, 308), poor hygiene practices (32, 55, 57, 85, 168, 171, 200,
208, 225), immigrants from and travelers to developing tropical
countries (48, 51, 107, 216, 224), and exposure to animals or
consumption of contaminated food or water (10, 25, 55, 57,
111, 134, 138, 166, 167, 175, 183, 200, 207, 208, 211a, 248). In
a number of recent surveys, Blastocystis was reported to be
found with higher incidences in immunocompetent individuals
suffering from intestinal disorders than in the asymptomatic
group (67, 85, 116, 134, 149, 150, 168, 293). Interestingly, a
recent survey showed a high prevalence of Blastocystis isolation
in patients with allergic skin disease (179). Patients infected
with human immunodeficiency virus have a higher incidence of
harboring Blastocystis spp. (11, 36, 51, 72, 79, 91, 308). In a
number of those studies (36, 51, 79, 308), the presence of the
parasite was linked to nonspecific symptoms including abdom-
inal pain, diarrhea, and flatulence (51), although a report in-
dicated that there was no correlation between Blastocystis
infection and disease in individuals infected with human im-
munodeficiency virus/AIDS (11). Higher incidences of Blasto-
cystis isolation were observed in individuals under immunosup-
pressive therapy, such as renal transplant patients (176, 196)
and children with nephrotic syndrome receiving corticosteroids
(173). In a study of patients with hematological malignancies
undergoing chemotherapy-induced neutropenia, Blastocystis
was the most common parasite isolated, and infection was
linked to abdominal pain, diarrhea, and flatulence (267). Blas-
tocystis infection is commonly seen in children from various
geographical settings, and accumulating epidemiological and
case studies suggest that Blastocystis infection causes gastroin-
testinal disease in this cohort (13, 16, 35, 59, 85, 145, 149, 167,
221). Collectively, there is an increasing body of evidence sug-
gesting that Blastocystis is pathogenic or is an opportunistic
pathogen, with immunocompromised populations being more
susceptible to infection and its associated symptoms.

Blastocystis infections are common among certain occupa-
tions that involve exposure to animals, again reinforcing the
zoonotic nature of the organism. These include food handlers
(14, 57, 119, 200, 208) and animal handlers such as zookeepers
and abattoir workers (183, 211a).

Longitudinal epidemiological studies add an important char-
acteristic to point prevalence studies by permitting the char-
acterization of temporal changes in affected patients and in
disease characteristics, such as the frequency, complications,
and outcomes of a disease. There are only a few such studies
involving Blastocystis spp. (49, 94). An earlier study (49) in-
volving young (10 to 28 months of age) Kenyan children over
a 10-month period revealed a significant association between
Blastocystis infection with unformed stools and diarrhea, while
a later study (94) of Peace Corps volunteers in Guatemala over
a 2-year period showed no correlation between Blastocystis
infection and gastrointestinal symptoms. The discrepancy may
be attributed to the different age groups studied or to geo-
graphical differences in Blastocystis genotypes.

An increasing number of prevalence studies have implicated
contaminated water as being a source of Blastocystis infections
(24, 25, 34, 68, 114, 118, 138, 162, 166, 167, 175, 248, 273, 285).
This is not surprising since the transmissible form of the par-
asite is the water-resistant cyst (154). In a study involving a
Thai army population, Blastocystis was found to be the most

common (21.9%) intestinal parasite (248). This high preva-
lence among the soldier population was significantly linked to
the consumption of unfiltered or nonboiled water. A recent
study (138) involving the use of STS primers on stool samples
of 238 randomly selected individuals from a village in Yunnan
province, China, revealed high infection rates (32.6%). It was
observed that the consumption of raw water plants was asso-
ciated with subtype 1 infections, while drinking unboiled water
was associated with subtype 3 infections. This was the first
study to investigate the association between subtypes and
transmission routes, although more studies are needed before
any firm associations can be made.

One of the key questions in Blastocystis biology is whether
disease is genotype related. A few studies have been carried
out to address this issue, although the results have been equiv-
ocal. A study by Kaneda et al. (113) employed PCR-RFLP
ribotyping on Blastocystis spp. isolated from asymptomatic in-
dividuals and patients with gastrointestinal symptoms. Their
results suggested that ribodemes I, III, and VI (subtypes 1, 4,
and 2, respectively) were associated with symptoms, with
colonoscopic evidence of inflammation in patients harboring
ribodemes III and VI. Ribodeme II (subtype 3), which was the
most commonly isolated genotype, was not associated with
symptoms. In a similar study, genotyping was carried out with
isolates of 28 patients with gastrointestinal disorders and 16
asymptomatic individuals (105). Subtype 1 was found exclu-
sively in symptomatic patients, while subtypes 3 and 6 were
found in both groups. Subtype 7 was found only in asymptom-
atic individuals. Those authors concluded that subtype 1 was
the most virulent, while subtypes 3 and 6 consisted of patho-
genic and nonpathogenic strains. A study of isolates from
China revealed an association between subtype 1 and disease,
while subtype 3 was isolated predominantly from asymptom-
atic individuals (294). Tan et al. (265) employed arbitrary
primed PCR on Blastocystis DNA and were able to distinguish
among isolates obtained from eight symptomatic and eight
asymptomatic isolates. In contrast, other studies indicated no
association between disease and parasite genotype (31, 304).
Böhm-Gloning et al. (31) analyzed 158 isolates by PCR-RFLP
and determined that the study population was infected by five
subgroups (genotypes), none of which was significantly corre-
lated with intestinal disease. A study involving isolates from
asymptomatic and symptomatic individuals from Bangladesh
revealed no association between genotypes and disease, al-
though only 26 samples were analyzed (304). In a recent case
study, Blastocystis sp. subtype 8 was isolated from a Danish
woman suffering from diarrhea, abdominal pain, bloating, and
flatulence. No other infectious cause was evident, and her
symptoms subsided after a course of trimethoprim-sulfameth-
oxazole (TMP-SMX) therapy (228). A recent study among
Blastocystis isolates from a Turkish hospital revealed the pres-
ence of subtypes 1, 2, and 3 among adult and pediatric patients
(62). Only subtype 2 showed a statistically different distribution
between asymptomatic and symptomatic patients, with a
greater proportion within the asymptomatic group. One reason
for the discrepant conclusions on subtype association with dis-
ease is how the data were interpreted. Most authors seek
statistical differences in subtype distribution between asymp-
tomatic and symptomatic groups (31, 62, 180, 294, 304), while
others consider the possibility that pathogenic subtypes can be
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present in approximately equal numbers in either group, pos-
sibly due to intrasubtype variations (105) or the presence of
pathological evidence within the symptomatic group (113).
Due to these complications, Dogruman-Al et al. (62) suggested
that it is clearer to identify nonpathogenic subtypes since these
subtypes should consistently be found in greater proportions
within the asymptomatic group. Indeed, more studies with
larger sample sizes are needed before this issue is resolved.
Genotyping of isolates during outbreak situations may provide
a valuable opportunity to identify pathogenic subtypes. The
possibility of intrasubtype variation in pathogenesis should also
be considered, as was suggested previously (105, 113). Collec-
tively, studies suggest that at least subtype 1 is associated with
disease, while subtypes 2 and 3 may be nonpathogenic.

Infection and Disease

Signs and symptoms. An earlier report by Clark (53) indi-
cated that there are about equal numbers of studies that either
implicate or exonerate Blastocystis spp. as a cause of disease.
This balance has tipped dramatically over the last decade, with
evidence accumulating from epidemiological, in vitro, and an-
imal studies strongly suggesting the pathogenic potential of the
parasite. Clinical features of illness that have been attributed
to Blastocystis spp. are nonspecific and include nausea, an-
orexia, abdominal pain, bloating, flatulence, and acute or
chronic diarrhea. Of these features, the most commonly re-
corded symptoms among patients are abdominal pain and di-
arrhea (67, 116, 245, 267). Symptoms can be variable, ranging
from mild diarrheal illness (90) and chronic diarrhea (205) to
acute gastroenteritis (16, 136, 161). A number of studies sug-
gested that the finding of greater than five parasites per high-
power field (�400) or, less commonly, oil immersion (�1,000)
objective is associated with the acute presentation of gastroin-
testinal symptoms (51, 67, 82, 85, 111, 116, 155, 165, 167, 177,
215), while one study described an association between infec-
tion density and allergic cutaneous diseases (80). In a study of
Blastocystis-positive patients from a Turkish hospital, the cri-
teria for selection were the absence of any other coinfecting
pathogens and the presence of more than five parasites per
high-power field (116). The symptoms from this group were
abdominal pain (76.9%), diarrhea (50%), distention (32.6%),
and urticaria (5.7%), suggesting an association between para-
site density and pathology. Other signs and symptoms associ-
ated with Blastocystis infections include fecal leukocytes (60,
89, 116, 206, 208, 280), eosinophilia (75, 124, 161, 215, 280,
307), and cutaneous rashes, particularly urticaria (19, 28, 278).

There are no reports of Blastocystis-associated dysentery,
and it appears that the parasite is generally noninvasive, as
indicated by endoscopy (43, 76, 329, 330) and histology of
experimentally infected animals (5, 152, 187). An interesting
case study described Blastocystis trophozoites present in the
liver abscess aspirate of a 63-year-old man with a 5-day history
of fever and blood-tinged watery diarrhea (102). Blastocystis
was also present in stools, while E. histolytica could not be
detected, suggesting an invasive extraintestinal Blastocystis in-
fection. This was subsequently ruled out, as serology indicated
high titers of E. histolytica antibodies, which subsided following
metronidazole treatment, and because E. histolytica DNA was
detected by PCR in the liver aspirate. Those authors concluded

that the patient suffered amebic dysentery and liver abscess,
with the latter being coinfected with Blastocystis. The findings
of that study indicated that extraintestinal infections with Blas-
tocystis spp. may occur, with invasion mediated by some other
pathogen. Fecal leukocytes, when present, are indicative of
inflammatory diarrhea, which may be due to infectious and
noninfectious etiologies such as inflammatory bowel disease
and infections with Clostridium difficile, Salmonella spp., and
Shigella spp. (23, 172, 212, 213). Some studies reported the
presence of fecal leukocytes in symptomatic patients suffering
from Blastocystis-associated diarrhea (60, 89, 116, 206, 208,
280), while others did not observe such an association (81, 275,
329). There is currently little evidence to suggest that Blasto-
cystis infection results in or is associated with inflammatory
diarrhea (157), and if fecal leukocytes are present, other pos-
sible causes should be pursued. Two studies reported an asso-
ciation between Blastocystis infection and the presence of
Charcot-Leyden crystals in stools (14, 161). Charcot-Leyden
crystals are breakdown products of eosinophils, and their pres-
ence in stools is traditionally associated with E. histolytica in-
fections (73). The significance of Charcot-Leyden crystals in
Blastocystis infections is presently unclear, although an unde-
tected E. histolytica infection could have resulted in such an
observation, since mixed infections with Blastocystis and E.
histolytica are not uncommon (102, 144, 171, 197, 215).

Accumulating reports also suggest an association between
Blastocystis and irritable bowel syndrome (IBS), a functional
bowel disorder in which abdominal pain is associated with a
defect or a change in bowel habits (82, 104, 144, 293). In two
studies (82, 293), Blastocystis was detected more frequently in
IBS patients than in a control group consisting of IBS-negative
patients with gastrointestinal symptoms. A serological study
revealed significantly higher IgG2 levels against Blastocystis in
IBS patients who were both stool positive and negative for the
parasite (104). Those authors suggested that carbohydrate an-
tigens of the parasite were responsible for the increase in IgG2
levels. In contrast, others found no correlation between Blas-
tocystis infection in IBS patients and that in controls (274). The
current data suggest an association between the parasite and
IBS, although it cannot currently be concluded that it is the
etiological agent of the disease, since an abnormal intestinal
condition may provide an environment in which the parasite
can thrive (275).

Parasites have been known to be associated with allergic
cutaneous lesions, particularly urticaria. Helminths including
Strongyloides stercoralis, Ascaris lumbricoides, Anisakis simplex,
and Trichuris trichiura have been reported to exhibit a direct
relationship with chronic urticaria (80). Among the protozoa,
there is some evidence linking G. intestinalis with urticaria (80).
Interestingly, accumulating case reports also suggest a causal
link between Blastocystis and cutaneous lesions (19, 28, 39, 90,
115, 120, 148, 184, 278). In those studies, the presence of the
parasite was seen concurrently in patients with acute or chronic
urticaria (19, 28, 115, 278), delayed-pressure urticaria (39),
angioedema (148), and palmoplantar pruritis (120). Treatment
of the parasite leads to the resolution of both the infection and
cutaneous lesions. The concept of luminal protozoa as being
causative agents of allergy-like cutaneous lesions is interesting
and has been suggested to be linked to the activation, by
parasite molecules, of certain specific immune cell subsets such
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as interleukin 3 (IL-3)-, IL-4-, IL-5-, or IL-13-secreting Th2
cells, which mediate IgE allergic responses (184). It was also
suggested that Blastocystis molecules may activate the comple-
ment pathway with the generation of anaphylotoxins C3a and
C5a. The interactions of these molecules with mast cells and
basophils induce histamine release and subsequent related skin
disorders (278). Some studies suggested an association be-
tween Blastocystis infection and the use of nonsteroidal anti-
inflammatory medications, although the significance of this
association is unknown (28, 90). A recent study revealed that
acute urticaria was associated with amoeboid forms belonging
to subtype 3 (115). Future studies should investigate the pres-
ence of Blastocystis-specific IgE as an indication of parasite-
specific allergic responses. The possibility of IgE-independent
allergy mechanisms also exists and should be considered (278),
since some studies showed that patients with Blastocystis-asso-
ciated urticaria have IgE levels within the normal range (39, 80,
115, 184, 278). Eosinophils were recently postulated to play a
direct role in the pathology of urticaria (226), and it may be
interesting to investigate if there is any association between
Blastocystis and eosinophil-mediated urticaria. Taken together,
those studies suggested that Blastocystis can cause a variety of
disorders not necessarily confined to the intestinal tract. In this
regard, the presence of Blastocystis infection in patients with
urticaria indicates a causal role of the parasite, and appropri-
ate chemotherapy should be considered.

Pathogenic potential. Among the studies that purported a
lack of association between Blastocystis infection and intestinal
disease, many of them focused on the distribution of the par-
asite between symptomatic and asymptomatic individuals (11,
43, 81, 94, 131, 216, 247, 275). Such studies indicated either no
significant difference between the prevalences of the parasite
in either group (11, 94, 131, 216, 275) or a higher prevalence in
asymptomatic individuals (43, 81, 247). Leder et al. (131) con-
ducted a case-controlled study in a cohort of 2,800 people and
concluded that there was no correlation between clinical symp-
toms and Blastocystis infection in immunocompetent individu-
als. This finding was based on the following observations. In
the absence of any enteric pathogen, Blastocystis was detected
without significant differences between asymptomatic and
symptomatic groups. Symptoms did not correlate with parasite
abundance, and individuals were likely to harbor Blastocystis
isolates during both symptomatic and asymptomatic periods.
Such conclusions are based on the assumption that the parasite
is biologically homogenous, and therefore, if pathogenic, more
symptomatic individuals would harbor the parasite than
asymptomatic ones. However, these assumptions do not imply
that Blastocystis is nonpathogenic since infections with other
established enteric protozoan pathogens do not always lead to
disease. Most Giardia (approximately 60%) and E. histolytica
(approximately 90%) infections are asymptomatic or mildly
symptomatic in immunocompetent individuals, and only a mi-
nority of infections lead to intestinal disease (26, 103, 178).
Furthermore, a number of asymptomatic E. histolytica carriers
may subsequently develop intestinal disease (121), and this
may also be true for Blastocystis. The asymptomatic state also
appears to be common for Cryptosporidium infections based on
the high frequency of seroconversion compared to that of
clinically diagnosed disease (74, 125, 190). Studies of these
pathogens revealed that clinical outcome is multifactorial, in-

fluenced by host and parasite factors, and it may therefore be
difficult to predict pathogenic potential even from case-con-
trolled studies. As such, studies that do not show a significant
difference between the occurrence of Blastocystis spp. in
asymptomatic populations and the occurrence in symptomatic
populations cannot be used as an argument that the parasite is
nonpathogenic. In recent years, a number of studies focused on
Blastocystis infections in symptomatic individuals in the ab-
sence of coinfecting enteric pathogens (116, 140, 161, 165, 177,
205). All those studies revealed the resolution of symptoms
upon antiprotozoal treatment with the concomitant eradica-
tion of the parasite (Table 4). Currently, there have been two
reports on the placebo-controlled treatment of Blastocystis-
positive symptomatic patients, with both studies showing that
chemotherapy was successful in both clinical cure and eradi-
cation of the parasite (165, 205). Nigro et al. (165) conducted
a placebo-controlled treatment trial of Blastocystis infection
with metronidazole to evaluate the drug’s efficacy in inducing
clinical remission and parasite clearance in immunocompetent
individuals with Blastocystis infection as the only cause of di-
arrhea. Out of 616 subjects with diarrhea, 76 patients were
infected with Blastocystis spp. in the absence of other infectious
or noninfectious causes of diarrhea. Of these patients, 40 were
assigned to the treatment group and 36 were assigned to the
placebo group. After therapy, 35 of 40 (88%) patients in the
treatment group reported clinical cure, with parasitological
clearance in 32 cases (80%), whereas only one case (3%) in the
placebo group achieved intestinal clearance of Blastocystis. In
the other placebo-controlled study, Rossignol et al. (205) in-
vestigated the efficacy of nitazoxanide for the treatment of
diarrhea and enteritis with Blastocystis as the sole identified
pathogen. The results indicated that in contrast to the placebo
group, the drug was effective in the resolution of symptoms,
with parasite eradication in the nitazoxanide-treated group. A
recent study (116) investigated the effect of metronidazole on
52 individuals infected with Blastocystis spp. in the absences of
other enteric parasites or bacterial pathogens. Intestinal symp-
toms were evident in 46 of 52 (88.4%) of these patients. Out of
41 individuals who submitted a second stool specimen after
metronidazole therapy, 39 reported eradication of the parasite,
with clinical cure in 36 of the 39 (92.3%) patients. Intestinal
symptoms persisted in the remaining two individuals, who
failed to respond to chemotherapy. A study by Ok et al. (177)
investigated the effect of TMP-SMX on Blastocystis-positive
patients. Fifty-three symptomatic patients harboring Blastocys-
tis spp. as the sole evident cause of diarrhea were treated with
TMP-SMX for 7 days. The parasite was eradicated in 50 of 53
(94.3%) patients, with clinical symptoms disappearing in 39
(73.6%) patients and decreasing in 10 (18.9%) patients, and no
change was observed in one (1.9%) patient, whereas symptoms
persisted in all three patients in whom Blastocystis infection
could not be eradicated.

Studies of therapeutic improvement concomitant with par-
asite clearance in symptomatic patients with Blastocystis infec-
tion as the only evident cause of disease are compelling for a
pathogenic role of the organism. However, there are a number
of caveats to such a conclusion. The drugs used in these stud-
ies, metronidazole, nitazoxanide, and TMP-SMX, are all
broad-spectrum antibiotics, and clinical cure may have been
attributed to some as-yet-unidentified, missed, or occult micro-
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bial enteric pathogen. Secondly, some studies did not include a
comprehensive exclusion of possible enteric pathogens, espe-
cially viruses or bacterial toxins (116, 177, 205), which may
have contributed to the reported symptoms. A major gap in
our understanding of Blastocystis pathogenesis is the inability
to fulfill Koch’s postulates. Recent studies suggested that rats
and chickens are good candidates as animal models (105, 106,
266, 306), and future studies should focus on the pathology and
transmissibility of Blastocystis spp. in these hosts. The use of
Blastocystis-specific inhibitors such as cytotoxic monoclonal an-
tibodies (253, 254) in these animal models would be an invalu-
able strategy to investigate if there is a correlation between
infection and disease, as these would circumvent the broad-
spectrum effects of drugs commonly administered. Taking into
account that there are no reports that unequivocally prove that
Blastocystis is nonpathogenic and that there are accumulating
studies that indicate otherwise, it would be prudent to consider
Blastocystis to be an emerging protozoan pathogen. Treatment
should be administered for acute and chronic cases when all
other possible infectious or noninfectious etiologies have been
excluded.

Animal Studies

A major obstacle to our understanding of Blastocystis patho-
biology is the absence of a good animal model in which to test
Koch’s postulates. A variety of experimental infection studies
involving rats, mice, guinea pigs, and chickens have been de-
scribed (5, 105, 106, 151, 152, 182, 187, 244, 266, 306). An early

study showed that germ-free guinea pigs were susceptible to
Blastocystis infections via oral and intracecal inoculations
(187). Heavy infections led to diarrhea and gross cecal hyper-
emia. A later study involved the experimental infection of
young (less than 8 weeks old) BALB/c mice with Blastocystis
(152). Infections were generally self-limiting, although some
mice showed weight loss, and histological examination re-
vealed inflammatory responses and mucosal sloughing. The
mild and self-limiting nature of this infection may be due to the
low pathogenic potential of this particular isolate or the pos-
sibility that mice in general may not be good hosts for Blasto-
cystis. Surveys have shown that laboratory mice generally do
not harbor Blastocystis, while rats and domestic fowl, particu-
larly chickens, are often infected with the parasite (44, 132).
Subsequent experimental infection studies focused on rats and
chickens as hosts and potential animal models (105, 106, 266,
306). Those studies showed that the cyst is the transmissible
form of the parasite and that as few as 10 to 100 cysts are
sufficient to establish an infection (266, 306). Studies have
shown that isolates from a guinea pig and a laboratory rat can
infect Wistar rats (306) and that isolates from chickens, quails,
and geese easily infect chicks (266). More recently, the infec-
tivity of various zoonotic Blastocystis genotypes from humans
was tested in rats and chickens (106). There was variability
in the infectivity of the isolates in relation to rodent subtype
4 and avian subtype 6. Interestingly, subtype 3, a possible
human isolate, could not infect chickens and rats, while
avian subtype 7 could infect only chickens, suggesting that
these subtypes have a restricted host range. In another

TABLE 4. Studies of treatment and outcome of symptomatic individuals harboring Blastocystis as the sole identified pathogen

Study type Drug administered, dosagea

Duration
between

treatment
and clinical
evaluation

Outcome

Description ReferenceNo. of patients with
clinical cure/total no.

of patients (%)

No. of patients with
total parasite

eradication/total
number of patients

(%)

Placebo controlled,
single blind

Metronidazole,1.5 g single
dose/day for 10 days

1 mo Drug, 35/40 (88);
placebo, 5/36 (14)

Drug, 32/40 (80);
placebo, 1/36 (3)

Excluded Clostridium
difficile toxin, pathogenic
parasites, bacteria,
viruses, and
noninfectious causes;
follow-up at 6 mo
suggested parasitological
relapses

165

6 mo Drug, 30/40 (75);
placebo, 12/36 (33)

Drug, 19/40 (48);
placebo, 5/36 (14)

Placebo controlled,
double blind,
randomized

Nitazoxanide, 500 mg bid
for 3 days

7 days Drug, 36/42 (86);
placebo, 16/42 (38)

Drug, 36/42 (86);
placebo, 5/42 (12)

Excluded parasitic and
bacterial but not viral
causes of diarrhea

205

University-based survey 177
Adults 320 mg TMP and 1,600 mg

SMX daily in two equal
doses for 7 days

7 days 8/15 (53)b 14/15 (93) Excluded parasitic and
bacterial but not viral
causes of diarrhea

Children 6 mg/kg TMP and 30 mg/kg
SMX daily in two equal
doses for 7 days

7 days 31/38 (82) 36/38 (95)

University-based survey Metronidazolec 14 days 36/41 (88) 39/41 (95) Excluded parasitic and
bacterial but not viral
causes of diarrhea

116

a bid, twice a day.
b Six out of 15 individuals in this group showed decreases in symptoms; collectively, 14 out of 15 individuals were cured or experienced alleviation of symptoms.
c Information on the dose for metronidazole was not included in that study.
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study, isolates from asymptomatic and symptomatic patients
were genotyped and used for experimental infections in rats
(105). Interestingly, isolates from symptomatic patients in-
duced moderate to severe pathological changes in infected
rats, while isolates from asymptomatic individuals induced
mild pathology. Those authors concluded that subtype 1,
which induced 25% mortality in rats, was pathogenic, while
pathogenic and nonpathogenic variants exist among sub-
types 3 and 4. This is the first study to correlate Blastocystis
genotypes with virulence in a laboratory animal and suggests
that rats are good animal models for the study of Blastocystis
pathobiology. However, the observation that variations in
host specificity may exist for different Blastocystis subtypes
may limit experimental infection studies using rats (106).
Hence, the lack of pathology may reflect resistance to col-
onization in the rat rather than a nonpathogenic role of the
parasite. More studies are urgently needed to validate the
roles of various genotypes in intestinal disease.

In Vitro Studies

Cytopathic effects on host cells. A few studies have sought to
investigate the effects of Blastocystis spp. on mammalian cell
cultures (139, 191, 192, 286). Cells and lysates of Blastocystis
spp. isolated from asymptomatic carriers and symptomatic pa-
tients induced cytopathic effects on Chinese hamster ovary
cells but not in HT-29 colonic epithelial cells (286). The lack of
cytopathic effects on HT-29 was validated in a later study,
which was also absent in T-84 cell lines exposed to Blastocystis
(139). However, it was observed that 24 h of incubation of
these colonic epithelial cells lines with Blastocystis induced the
production of proinflammatory cytokines IL-8 and granulo-
cyte-macrophage colony-stimulating factor. At 6 h of incuba-
tion, Blastocystis cells did not induce IL-8 production but re-
duced the Escherichia coli- or lipopolysaccharide-induced
secretion of IL-8. Those authors suggested that Blastocystis is
able to modulate the host immune response, and at initial
stages of infection, the parasite may downregulate the host
immune response to improve survival, as was demonstrated for
Toxoplasma gondii (58) and Cryptosporidium parvum (129).
Our laboratory recently showed that Blastocystis ratti (subtype
4) cysteine proteases induced IL-8 production from T-84 cells
in an NF-�B-dependent manner (191). Besides a proinflam-
matory role, the upregulation of NF-�B can also be a mecha-
nism to enhance replication, survival, and dissemination of the
parasite within the host (268). Sustained NF-�B activation has
been shown to increase the expression of antiapoptotic mole-
cules, hence preventing the death of host cells, which may
allow the pathogen to replicate (268). Whether this phenom-
enon operates in Blastocystis-host interactions or if various
subtypes modulate host responses differently is unknown, and
this should be investigated. The exposure of intestinal epithe-
lial cells to Blastocystis sp. subtype 4 led to limited apoptosis
not associated with compromise in host cell barrier function
(192), suggesting that the parasite may exert an antiapoptotic
effect on host cells. We recently reported a systematic in vitro
study to investigate the effect of Blastocystis ratti (subtype 4) on
a rat intestinal epithelial cell line (IEC-6) (192). The assays
were carried out using Millicell cell inserts, which facilitated
the study of contact-independent effects on host cells via par-

asite secretions. The exposure of IEC-6 cells to Blastocystis
induced apoptosis in a contact-independent fashion. Host cells
also revealed F-actin distribution, a loss of transepithelial re-
sistance (TER), and increased permeability. The inhibition of
apoptosis did not rescue cells from TER loss and increased
permeability, suggesting that apoptosis may not play a major
role in barrier function compromise. Metronidazole was able
to abrogate TER loss and increased permeability, indicating
that live parasites were required to mediate these adverse
effects and also suggesting the therapeutic role of the drug in
vivo. Those authors proposed that barrier function compro-
mise, evidenced by TER and permeability assays, is related to
Blastocystis-associated diarrhea. Taking into account the geno-
typic and antigenic diversity of the parasite, more studies
should be carried out on a range of Blastocystis subtypes and
their effects on colonic cell lines.

Cysteine proteases as virulence factors. Cysteine proteases
of parasitic protozoa have been implicated in a number of
important biological functions including the invasion of host
cells, immune evasion, pathogenesis, and virulence (209). Like
most other protozoan parasites, Blastocystis contains predom-
inantly cysteine proteases, evidenced by sensitivity to the in-
hibitors iodoacetamide and E-64 in azocasein assays (191,
222), and these localize to the parasite central vacuole (191).
Parasitic lysates of Blastocystis isolate B (subtype 7) were found
to have high protease activity, and nine protease bands of low
(20 to 33 kDa) and high (44 to 75 kDa) molecular masses were
reported in sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis gelatin assays. Proteases were found to be pH depen-
dent, and the highest proteolytic activity was observed at neu-
tral pHs (222). Blastocystis lysates and spent medium were able
to degrade human secretory IgA, the predominant immuno-
globulin defense at the mucosal surface (193). Two isolates
were investigated, and it was observed that B. hominis isolate B
(subtype 7) and B. ratti (subtype 4) cleaved secretory IgA with
cysteine and aspartic protease activities, respectively. This sug-
gests that Blastocystis proteases are virulence factors and con-
tribute to parasite survival in vivo by degrading neutralizing
mucosal antibodies. The in vivo role of IgA in mucosal defense
against Blastocystis is unknown, although a serological study
(143) showed significantly higher secretory IgA levels in symp-
tomatic individuals with Blastocystis infections than in asymp-
tomatic carriers and healthy individuals. Secretory IgA has
been shown to be important for the control and host eradica-
tion of Giardia (66, 103), evidenced by the inability of IgA-
deficient mice to clear experimental infections. Blastocystis
does not readily colonize mice (44), and although rats can be
experimentally infected with Blastocystis, IgA-deficient rats
have not been described in the literature. However, IgA-defi-
cient chickens have been described (141, 272), and it would be
interesting to investigate the role of IgA using chickens, since
chickens can be experimentally infected with Blastocystis (106).
Additionally, longitudinal epidemiological studies focusing on
the persistence of Blastocystis infection in individuals suffering
from selective IgA deficiency may shed light on the pathogen-
esis of the parasite. Cysteine proteases from live Blastocystis
parasites and lysates were shown to mediate IL-8 secretion
from T-84 colonic epithelial cells in an NF-�B-dependent man-
ner. This was evidenced by the protease-induced nuclear trans-
location of NF-�Bp50 and the transcription, expression, and
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secretion of IL-8 (191). Those authors proposed that in vivo,
Blastocystis-mediated intestinal epithelial cell production of
IL-8 causes an influx of inflammatory cells into the intestinal
mucosa with resultant tissue damage and gastrointestinal dis-
turbances. It was reported that the invasion of the intestinal
epithelium by pathogens is not necessary for the induction of
inflammation (27), and since Blastocystis is a noninvasive par-
asite, secreted products from the parasite might initiate the
inflammatory process by activating cell surface receptors.
Pathogenic E. histolytica cells produce the extracellular release
of 10- to 1,000-fold more cysteine proteases than the noninva-
sive E. dispar (199). It would be worthwhile to study the rela-
tive protease levels among the various Blastocystis subtypes and
to investigate if there is a similar correlation between protease
activity and virulence. Most parasite cysteine proteases that
have been characterized fall into clan CA (papain-like). These
are assigned to various clans by a number of characteristics
including sequence homology directly spanning the catalytic
cysteine and histidine (209). The cysteine protease of Blasto-

cystis should accordingly be further classified into their respec-
tive clans and families to obtain a clearer picture of their
biological functions.

Current in vitro studies support a pathogenic role for Blas-
tocystis. Parasite secretory components, such as cysteine pro-
teases, may exert a variety of detrimental effects on host cells,
resulting in cytopathic effects, barrier compromise, and the
production of proinflammatory cytokines (Fig. 8).

Treatment

The need to treat individuals infected with Blastocystis is
equivocal, considering the controversial pathogenesis of the
organism and the apparent self-limiting nature of symptoms
(11, 20, 63, 131, 238, 284, 307, 320, 329). In instances where
treatment is warranted, metronidazole is the most frequently
prescribed antibiotic (39, 155, 161, 165, 267, 278). Various drug
regimens for metronidazole have been prescribed, ranging
from 250 to 750 mg three times a day for 10 days (155, 161,

FIG. 8. Model for pathogenesis of Blastocystis spp. Blastocystis infection may result in a variety of pathological outcomes such as secretory IgA
degradation, barrier function compromise, host cell apoptosis, and induction of proinflammatory cytokines. IgA degradation and barrier disruption
may promote the growth and invasion of neighboring pathogens. GM-CSF, granulocyte-macrophage colony-stimulating factor. (Adapted from
reference 251 with permission from Taylor and Francis.)
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278) to 1.5 mg/day for 10 days (39, 165, 267), or used in
combination with other drugs such as paromomycin (184) or
cotrimoxazole (TMP-SMX) (16). A placebo-controlled treat-
ment trial was carried out in order to evaluate the efficacy of
metronidazole treatment in inducing clinical remission and
parasitological eradication in immunocompetent individuals
with Blastocystis infection as the only evident cause of diarrhea
(165). The data suggested that Blastocystis induced intestinal
disease and responded to metronidazole treatment. In another
study involving 28 individuals severely infected with Blastocystis
spp. (155), 12 were administered metronidazole at 250 to 750
mg three times/day for 10 days, while 9 patients were admin-
istered one tablet of cotrimoxazole (TMP-SMX) three times/
day for 10 days. Eradication was observed in 4 of the 12 and 2
of the 9 patients treated with metronidazole and cotrimox-
azole, respectively, indicating treatment failure in some pa-
tients with severe Blastocystis infections, possibly due to drug
resistance. Studies have shown that Blastocystis strains isolated
from patients may exhibit differences in sensitivity to metroni-
dazole (92, 292, 316), ranging from 0.01 to 5 mg/ml, depending
on the study. A report of isolates from IBS patients revealed
60% resistance to 0.1 mg/ml of metronidazole (292). Another
study of isolates from different geographical locations reported
an Indonesian isolate showing resistance at 1.0 mg/ml metro-
nidazole (92). The cyst form has been shown to be resistant (up
to 5 mg/ml) to the cytotoxic effect of the drug (316). Those
observations, together with the extensive genetic heterogeneity
of the organism, may offer explanations for the variability in
drug susceptibilities and treatment failures.

Studies to investigate the usefulness of cotrimoxazole in
Blastocystis infections have been carried out (155, 177). Ok et
al. (177) observed that the drug eradicated Blastocystis infec-
tions and resolved or decreased symptoms in over 90% of the
cohort. In contrast, a study by Moghaddam et al. (155) showed

only 22% (two of nine patients) eradication of the parasite in
Blastocystis-infected individuals. Nitazoxanide, a 5-nitrothia-
zole broad-spectrum antiparasitic agent, has been reported to
be effective against Blastocystis (50, 61, 205). A placebo-con-
trolled study revealed that 36 (86%) of the 42 Blastocystis-
infected patients who received nitazoxanide showed resolution
of symptoms, compared with 16 (38%) of 42 patients who
received placebo, with a concurrent absence of the parasite in
stool samples.

Paromomycin, a broad-spectrum antibiotic indicated for
acute and chronic intestinal amoebiasis, was shown to success-
fully treat Blastocystis infections associated with cutaneous le-
sions, predominantly urticaria (19, 120, 184, 278). Treatment
failure was suspected for one of three patients in one study,
who was subsequently successfully treated with metronidazole
(278). Curiously, an early in vitro study to investigate the sus-
ceptibilities of four axenic strains of Blastocystis to a variety of
drugs revealed that paromomycin was not inhibitory to the
parasites (325). This suggests that the drug acts by destroying
bacterial flora necessary for the parasite’s growth. Alterna-
tively, this discrepancy may reflect genotype variations of Blas-
tocystis in the drug’s killing effects, and there is therefore a
need to reevaluate all in vitro sensitivity studies, case studies,
and treatment trials in relation to the actual genotype exposed
to the drug.

In summary, a variety of drug treatment options are avail-
able for Blastocystis infections (Table 5), and metronidazole
appears to be the most effective drug for Blastocystis chemo-
therapy despite some evidence for treatment failures (75, 155,
288). In such circumstances, cotrimoxazole and nitazoxanide
may be considered as second-choice drugs. Treatment should
be considered if diarrhea is persistent and no other pathogen
apart from Blastocystis is identified in fecal specimens. Future
studies should investigate if there is an association between

TABLE 5. Treatment options and regimens for Blastocystis infections

Drug Dosagea Side effects Reference(s)

Metronidazole 750 mg tid for 10 days Metallic taste, transient nausea 90, 115, 161
Adult 500 mg tid for 10 days 140, 267

1.5-g single dose/day for 10 days 39, 165
Pediatric 15 mg/kg/day for 7 days 307

20–30 mg/kg/day for 10 days 175

TMP-SMX
Adult 320 mg TMP and 1,600 mg SMX daily in 2 equal

doses for 7 days
Hives, lack or loss of appetite,

nausea, skin rash, vomiting
177

Pediatric 6 mg/kg TMP and 30 mg/kg SMX daily in 2 equal
doses for 7 days

177

Nitazoxanide 205
Adult 500 mg bid for 3 days Yellowish urine, abdominal

pain, headache, nausea
Pediatric

1–3 yr 100 mg bid for 3 days
4–11 yr 200 mg bid for 3 days

Paromomycin 25 mg/kg tid for 10 days Nausea, abdominal cramps,
diarrhea

278

Paromomycin-metronidazole
combination

1,000 mg paromomycin bid for 10 days and 750 mg
metronidazole tid for 10 days

184

a tid, three times a day; bid, twice a day.
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genotype and variations in drug sensitivity and should also
focus on the mechanism(s) of action of and resistance to metro-
nidazole.

CONCLUSIONS

The authors of the last extensive review on Blastocystis,
which was published in 1996 (233), wrote in their conclusion,
“Our current knowledge of Blastocystis hominis and the puta-
tive disease it causes is insufficient to determine the signifi-
cance of the parasite in humans.” In the 12 years since, our
knowledge of this interesting parasite has increased tremen-
dously. The term B. hominis is no longer applicable to all
human isolates, since we now know that humans can be in-
fected by numerous genotypes, many of which are zoonotic.
Hence, laboratories should report the presence of the parasite
from patient samples as being Blastocystis sp. instead of B.
hominis and, in addition, include details on whether five or
more parasites are observed per oil immersion (�1,000) field.
A standardization of Blastocystis terminology to improve com-
munication and correlate research results has been proposed.
All mammalian and avian isolates are designated Blastocystis
sp. and assigned to one of nine subtypes (229). Current data
suggest that subtype 3 is the only subtype of human origin and,
therefore, is the true B. hominis. Laboratory rats or chicks
appear to be good candidates for the development of an ani-
mal model, and major efforts should be directed at this en-
deavor. Once this is achieved, issues pertaining to pathogene-
sis, life cycle, and roles of various stages can be better
addressed. Our understanding of Blastocystis biology will ac-
celerate once genome information is available, as has been the
case for other parasitic protozoa (54, 69). There are limited
studies of the molecular and cell biology of Blastocystis. De-
spite accumulating evidence indicating that the parasite is
pathogenic and that proteases are involved in pathogenesis,
not a single virulence factor gene has been identified, cloned,
and characterized. As more studies are conducted, the roles of
each Blastocystis subtype in disease will become clearer.
Greater collaboration among research groups is needed. A key
research priority is to elucidate the pathogenic potential of the
parasite and to understand its pathogenesis. Once these are
clarified, there will be a surge in interest in other relevant
aspects of Blastocystis biology, including diagnosis and treat-
ment.
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