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Abstract. Blastocystis is a nonmoving pleomorphic stramenopile or chromist. 
Nineteen subtypes of this organism have been identified. It has a worldwide distribu-
tion. The prevalence rates in humans are lower than 1% in developed countries and up 
to 100% in developing countries. It is possible to recognize the fecal-oral transmission, 
through ingestion of contaminated food and water, and zoonotic spreads. The diagnosis 
is carried out by direct fecal examination, culture and molecular techniques. Blastocystis 
has virulence factors such as cysteine proteases, serine proteases and legumains, mostly 
secreted to the pathogen-host interface. This stramenopile has been linked to gastroin-
testinal symptoms, irritable bowel syndrome, urticarial and arthritis. However, there is 
not any conclusive evidence of association with the disease. Recently, the hypothesis of 
the opportunistic pathogen has emerged. Treatment has traditionally been based on met-
ronidazole and other imidazoles. The recent obtaining of the nuclear genome will allow 
the rational development of new effective drugs. The aim of this review is to highlight 
the main epidemiological, clinical, pathogenic, diagnostic and therapeutic aspects of the 
Blastocystis infection.
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Resumen. Blastocystis es un stramenopile o cromista, pleomórfico, no mó-
vil. Se han identificado diecinueve subtipos (genotipos) de este organismo. Tie-
ne una distribución mundial. Las tasas de prevalencia en humanos son inferio-
res al 1% en los países desarrollados, y hasta el 100% en los países en desarrollo. 
Se reconoce la transmisión fecal-oral, a través de la ingestión de alimentos y 
aguas contaminadas y la transmisión zoonótica. El diagnóstico se lleva a cabo 
mediante examen fecal directo, cultivo y técnicas moleculares. Blastocystis tie-
ne factores de virulencia tales como proteasas de cisteína, proteasas de serina 
y legumaínas, principalmente secretadas a la interface patógeno-hospedador. 
Este stramenopile se ha relacionado con síntomas gastrointestinales, síndrome 
de intestino irritable, urticaria y artritis. Sin embargo, no hay pruebas conclu-
yentes de asociación con la enfermedad. Recientemente, ha surgido la hipótesis 
de patógeno oportunista. El tratamiento tradicionalmente se ha basado en me-
tronidazol y otros imidazoles relacionados. La reciente obtención del genoma 
nuclear permitirá el desarrollo racional de nuevas drogas efectivas. El objetivo 
de esta revisión es destacar los principales aspectos epidemiológicos, clínicos, 
patogénicos, diagnósticos y terapéuticos de la infección por Blastocystis.
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INTRODUCTION

Blastocystis spp. is a polymorphic organ-
ism; the vacuolar, granular, amoeboid, and 
cystic forms are the most frequent. Avacu-
olar, multivacuolar, and with filamentous in-
clusions are also recognized forms (1-4). Al-
though some authors consider that the cyst 
designation is not adequate because it is a 
chromist, other authors maintain that desig-
nation, which will be used in this review (4). 
However, its life cycle, sources, and trans-
mission mechanisms are not well known. 
Its transmission occurs through a fecal-oral 
route, by ingestion of contaminated water 
and food, and zoonotic spread (5-7). This in-
fectious agent has a worldwide distribution 
and is the most prevalent stramenopile in 
humans with prevalence rates from less than 

1% in developed countries to 100% in devel-
oping countries (8, 9). The relatively recent 
interest on Blastocystis, despite its descrip-
tion a century ago is due to the belief that it 
causes intestinal disease (10-13).

The taxonomic classification of Blasto-
cystis has been very controversial and wrong-
ly considered as plant material, fungus, flag-
ellate and protozoan (14, 15). In 1996, the 
molecular analysis of the small sub-unit of 
the rRNA (SSU-rRNA) and elongation fac-
tor 1α, showed that Blastocystis could be in-
cluded in the heterokontophyta (strameno-
pile or chromista) category of eukaryotic 
phylum, (16, 17). Later studies, using mul-
tiple molecular sequences of eight genes of 
Blastocystis, confirmed its taxonomic status 
as a stramenopile (18). This heterogeneous 
group includes unicellular and multicellular 
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organisms, such as brown algae, diatoms, vis-
cous or mucilaginous elements, oomycetes 
and aquatic molds (17, 18). One of the dis-
tinguishing features of stramenopile is the 
presence of a flagellum, which gives mobility 
at some stage of their life cycle; contradicto-
rily, Blastocystis has no flagellum and is the 
only stramenopile implicated as a causative 
agent of human disease (13, 19).

Nineteen genotypes of Blastocystis have 
been identified (2). Denoeud et al. in 2011 
(20) obtained the nuclear genomic sequence 
of subtype 7 (ST7). This is the smallest stra-
menopile genome that has been sequenced, 
with 18.8 Mb. Blastocystis has a total of 6,020 
genes, equivalent to 42% of its genome, 
24,580 exons or coding regions, 18,560 in-
trons and 2,730 repeat regions. The genome 
is compact and 25% of the information con-
sists of repetitions. The organism has a ma-
nily anaerobic metabolism (20,21).

Blastocystis has been linked to human 
gastrointestinal disease, known as Blastocis-
tosis or Zierdt-Garavelli´s disease (11, 12). 
In addition, this infectious agent has been as-
sociated with irritable bowel syndrome (IBS), 
urticaria, ulcerative colitis, cancer and arthri-
tis (13, 22-25). Nevertheless, its pathogenic-
ity is controversial (15, 26-28). In this sense, 
it is important to highlight that until now, 
most studies refer to a possible link and not 
a causal relationship. The statistical analyses 
are based on statistics of independence and 
association between variables, without an 
adequate number of observations; therefore, 
they are partially conclusive. It is also impor-
tant to clarify that there are well-designed 
studies that suggest a pathogenic role of Blas-
tocystis. The aim of this review is to highlight 
the most important epidemiological, clinical, 
pathogenic, diagnostic, and therapeutic as-
pects of the Blastocystis infection.

EPIDEMIOLOGY

Prevalence in humans
The infection is widespread (7-9, 29, 

30). The prevalence is higher in developing 

countries where water and sewage treat-
ment systems, sanitary facilities, and stan-
dard housing developments are insufficient 
or lacking (31-34). Under these condi-
tions, Blastocystis cysts could spread readily 
through water supplies and distribution sys-
tems and food (31-33).

Up to date, few epidemiological studies on 
the prevalence of Blastocystis in humans from 
developed countries have been conducted. 
Table I shows some of these reports (8, 30, 35-
55) with prevalence values from 0.08% in Ger-
many (8) to 70.3% in the United States (35). 
In many cases, participants included tourists, 
immigrants, and refugees. These reports are 
very interesting because they evaluate the risk 
of the population of non-endemic areas for in-
fection. In a study of 7,677 patients in Paris, 
the prevalence of Blastocystis varied according 
to the population group studied: 17.4% in sub-
jects free of any digestive tract disorders, 19.8% 
in adults with digestive tract disorders, and 
13.8% in children (p<0.01) (56). 

Table II summarizes some of the stud-
ies conducted about the prevalence of Blas-
tocystis in humans from developing countries 
from 1990 to 2017. (9, 29, 31, 57-94), these 
values ranged from 3.4% in Nigeria (60) to 
100% in Senegal (9).

Cekin et al., conducted a study in 2012 
(95) where 2334 patients with gastrointestinal 
symptoms composed the study group, which 
included 335 patients with diagnosed inflam-
matory bowel disease (IBS) and 877 with ir-
ritable bowel syndrome (IBS). Patients with-
out any gastrointestinal symptoms or disease 
(n = 192) composed the control group. The 
mean ± standard deviation age of patients 
with IBS, patients with IBD, patients with gas-
trointestinal complaints and the control group 
were 45.8 ± 16.2, 45.2 ± 13.2, 47.3 ± 16.1, 
and 45.5 ± 15.2 years old respectively with 
no statistically significant difference between 
groups (p = 0.597). The groups were also com-
parable to each other in terms of gender. In 
patients with gastrointestinal complaints, gen-
der distribution was homogenous in patients 
with (n = 134; 83 (62%) females and 51 (38%) 
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males) or without Blastocystis spp. (n = 2200; 
1260 (57.3%) females and 940 (42.7%) males) 
(p = 0.366).  In Venezuela, Panunzio et al., in 
2014 (96) observed 406 individuals from two 
communities of the city of Maracaibo in Ven-
ezuela, with the following demographic and 
socio-economic characteristics: over 18 years 
old (72.1%) with an age range between 1 and 
75, predominance of females (51.4%), a level of 

education higher or equal to diversified second-
ary education (70.6%) and with an active occu-
pation (89.2%). Regarding the environmental 
health characteristics, the inhabitants of these 
communities under study mostly had adequate 
conditions; nevertheless, 44.8% lived with 
more than 3 people per room, which showed 
overcrowding conditions. 44.3% admitted to 
consuming untreated water (non-mineral, non-
filtered, or chemically treated), 39.9% did not 
have adequate conditions for the disposal of 
garbage and a predominance of accumulation 
and presence of harmful fauna in the home was 
observed in the majority of cases 70.9%. Mainly 
flies were identified as vectors, and between 
reservoirs, rodents and dogs; the only activity 
of environmental sanitation with an adequate 
service for the entire population was the dis-
posal and elimination of excreta through the 
public network. These last two designs are spe-
cific to the search for Blastocystis spp. Other de-
signs are search-oriented.

There is a marked difference between 
subtypes of Blastocystis reported in Europe 
and the Unites States, and those from Latin 
America and Asia (molecular epidemiology). 
In developed countries, ST4 is predominant 
and in developing nations, there is a greater 
diversity of genotypes (ST1, ST2, ST3). Yason 
and Tan, 2015 (2) indicated the existence of 
19 subtypes, of which nine have been found 
in humans, ST3 being the most common. Yo-
shikawa et al. in 2004 (97) examined Blasto-
cystis in five populations from each of these 
countries: Germany, Japan, Thailand, Paki-
stan, and Bangladesh. The dominant geno-
type, excluding four populations from Thai-
land, was the ST3 (41.7 to 92.3%), followed 
by ST1 (7.7 to 25%) and ST4 (10 to 22.9%).

Distribution in animals
Blastocystis is also very common in ani-

mals. It has been detected in arthropods, an-
nelids, amphibians, reptiles, birds, and mam-
mals. High infection rates (from 50% to 100%) 
have been observed in rats, pigs, and poultry, 
particularly in domestic chickens (98).

TABLE I 
PREVALENCE OF BLASTOCYSTIS IN  

INDIVIDUALS OF DEVELOPED COUNTRIES

Country Infected individuals   
(n/N)             %

References

United States (581/826)         70.3 (35)

United States (10/139)           7.2 (36)

United States (46/1,736)         2.7 (37)

United States (5623/216,275)     2.6 (38, 39)

Italy (271/514 a)        52.7 (40)

Italy (1,234/8,886)      13.9 (41)

Italy (19/247)           7.7 (42)

Italy (155/2,138)        7.2 (43)

Italy (378/5,351)        7.1 (44)

Italy (67/1,503)         4.1 (45)

Russia (108/327 b, c)       33.0 (46)

Russia (62/1,273 c, d)       4.9 (46)

Netherlands (107/442)         24.2 (47)

France (143/788 c)        18.1 (48)

Germany (69/469 e)         14.7 (49)

Germany (900/16,817)       5.4 (50)

Germany (1/1,230 f)        0.08 (8)

Spain (585/8,313 d)       7.0 (51)

China (20/420)           4.8 (52)

China (32/1,020 g)        3.1 (30)

Sweden (42/1,054)         4.0 (53)

Japan (33/3,292)         1.0 (54)

Japan (30/6,422)         0.5 (55)
n = positive samples, N = examined samples, a im-
migrants, b patients with hepatitis C, c samples tested 
by PCR, d patients with digestive disorders, e tourists 
returning from tropical countries, f refugees, g preva-
lence of Blastocystis in diarrhea cases.
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TABLE II 
SELECT REPORTS ON PREVALENCE OF BLASTOCYSTIS IN INDIVIDUALS  

FROM DEVELOPING COUNTRIES

Country n/N Prevalence (%) Reference

Senegal 93/93 a 100 (9)

Brazil 149/172 86.6 (57)

Brazil 80/382 b 21.0 (58)

Nigeria 167/199 a 84.0 (59)

Nigeria 13/384 3.4 (60)

Ecuador 44/55 a 81.5 (61)

Argentina 90/115 78.3 (62)

Argentina 80/350 22.9 (63)

Venezuela 150/228 65.8 (64)

Venezuela 28/45 62.2 (31)

Venezuela 16/34 47.0 (65)

Venezuela 46/98 46.9 (66)

Venezuela 42/100 42.0 (67)

Venezuela 42/130 32.3 (68)

Venezuela 133/426 31.2 (33)

Venezuela 32/110 29.1 (69)

Venezuela 87/303 28.7 (68)

Venezuela 3/12 25.0 (70)

Venezuela 775/3,514 22.1 (71)

Venezuela 178/823 21.6 (72)

Venezuela 48/301 16.0 (73)

Venezuela 206/2,009 10.3 (74)

Chile 292/462 63.2 (75)

Chile 240/670 35.8 (76)

Chile 15,807/44,653 35.4 (29)

Chile 1,874/6,162 30.4 (77)

Lebanon 157/249 a 63.0 (78)

Tanzania 106/174 a 61.0 (79)

Côte d’Ivoire 64/110 d 58.2 (80)

United Arabian Emirates 59/133 44.4 (81)

Mexico 48/115 41.7 (82)

Malaysia 43/105 c 41.0 (83)

Malaysia 103/253 40.7 (84)

Malaysia 77/300 25.7 (85)

Malaysia 102/500 20.4 (86)

Malaysia 27/163 17.0 (82)
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Environmental distribution
Blastocystis has been isolated in develop-

ing and developed countries from several en-
vironmental water matrices such as surface 
water, wastewater, and potable water. The 
prevalence has ranged from 0% (99, 100) 
to 100% (99). Noradilah et al., 2016 (99) in 
addition to identifying Blastocystis, also in-
dicated the genotype, identifying ST3 and 
ST1 in rainy season and in less proportion to 
ST1 and ST2 during the dry season, in sur-
face waters of Malaysia (Table III) (1, 5, 31-
33, 99-104). The findings presented in this 
table suggest that the organism is prevalent 
in several types of water in developing coun-
tries and that this vehicle may represent a 
source of infection in these areas.

Transmission
The sources and transmission mecha-

nisms of Blastocystis have not been deter-
mined accurately. We know that the cyst is 
the only transmissible form of the chrom-
ists (105). Some studies have observed the 
same genotypes in infected patients and 
sewage samples, implying unfiltered or un-
boiled water from wells as a source of in-
fection (5). Estuaries of rivers and sewage 
water have also been involved in the trans-
mission, suggesting the fecal-oral route 

(85, 86, 106). In Argentina, Blastocystis was 
identified in the municipal water system 
(107). The identification of cysts in water, 
suggests this vehicle as a potential source 
of infection. Microorganisms considered as 
an index of water quality for human con-
sumption, include among others, Crypto-
sporidium and Giardia (108). Blastocystis 
is an agent to take into consideration with-
in international standards of microbiologi-
cal quality of water. Very few studies world-
wide relate to this point (Table III).

Some animals have been implicated as 
sources of zoonotic transmission based on 
phylogenetic research and other molecular 
studies (109). The recent determination of 
the genotypes of Blastocystis in different 
hosts showed a similarity between isolates 
from humans and animals (98). In another 
study, the genotypes isolated from humans 
and pets were equal (6). These findings sug-
gest the possibility of zoonotic potential of 
the stramenopile. In fact, the wide distri-
bution of Blastocystis in the animal king-
dom and zoonotic spread among animals, 
suggests this transmission mechanism in 
humans (110). It is essential to continue 
these investigations to elucidate this im-
portant aspect.

Continuation: TABLE II

n = positive samples, N = examined samples, a samples tested by PCR, b molecular characterization of Blastocystis 
in indigenous communities, cin vitro culture technique, din vitro culture and PCR.

Country n/N Prevalence (%) Reference

Malaysia 186/1,760 d 10.6 (87)

Cuba 40/104 38.5 (88)

Peru 728/2,056 35.4 (89)

Peru 9/91 9.9 (90)

Thailand 94/343 27.4 (91)

Bolivia 43/185 23.2 (92)

Karachi 59/339 17.4 (93)

Iran 81/500 16.2 (94)
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CLINICAL MANIFESTATIONS

Symptoms attributed to the chromist 
include nonspecific gastrointestinal symp-
toms such as diarrhea, nausea, vomiting, 
abdominal pain, flatulence, tenesmus, con-
stipation, anorexia, weight loss, fatigue, fe-
ver, chills, dehydration, itching, and insom-
nia (10-13). In some studies, the infection 
has been associated with IBS (Table IV) (22, 
23, 95,111-122), ulcerative colitis, urticaria, 
cancer, and arthritis (Table V) (24, 25, 123-
131). Eosinophilia and fecal leukocytosis 
have also been observed (10-12). Blastocys-
tosis has been frequently associated with di-
arrhea in immunosuppressed patients such 
as those with AIDS and solid organs trans-

plant (132). However, other studies suggest 
that the stramenopile is not significantly as-
sociated with inflammatory processes(28).
The differences between haplotypes of the 
major histocompatibility complex (HCM-I 
and HCM-II) in different populations, Blasto-
cystis strains (genetic variability), virulence 
factors, nutritional status, environmental 
factors and even the study design itself, 
could at least partially explain these discrep-
ancies (133).

PATHOGENICITY

Despite the discovery of Blastocystis 
a century ago, its pathogenic role remains 
controversial. This aspect of the organism 

TABLE III 
DISTRIBUTION OF BLASTOCYSTIS IN ENVIRONMENTAL WATER MATRICES

Country Matrix Contaminated
n/N            (%)

Subtypes Reference

Malaysia Surface water 7/7            100 ST3 (99)

Malaysia Surface water 3/7           42.9 ST1 (99)

Malaysia  
and Scotland

Sewage 47/123        38.0 n.a (5)

Malaysia Surface water 80/240        33.3 n.a (32)

Malaysia Surface water 2/7           28.6 ST2 (99)

Malaysia DWTP* 22/85         25.9 n.a (32)

Malaysia Surface water 53/240        22.1 n.a (32)

Malaysia Surface water 0/7            0.0 ST1 (99)

Malaysia Surface water 0/7            0.0 ST2 (99)

Venezuela Surface water, wastewater,  
and drinking water

23/25         92.0 n.a (31) 

Venezuela Surface water 19/75         25.3 n.a (33)

Venezuela Drinking water 0/36           0.0 n.a (100)

Turkey Rivers, sea, drinking water 47/228        20.6 n.a (101)

Thailand Water reservoirs 1/5           20.0 n.a (102)

Egypt Water sources 53/336        15.8 n.a (1)

Egypt Water sources 13/1320        1.0 n.a (103)

Philippines WWTP & 9/62          15.0 n.a (104)
* DWTP = Drinking water treatment plants, & WWTP = Wastewater treatment plants, n = positive samples (Blas-
tocystis was observed), N = examined samples, n.a = not available.
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has been widely discussed in the literature 
during the last two decades, since Phillips 
and Zierdt, associated it with diarrhea (10). 
It is observed both in patients with or with-
out gastrointestinal manifestations, and the 
low number of patients examined in the in-
vestigations, preventing conclusions about 
the causal relationship between the agent 
and disease. We do not know with certainty 
if Blastocystis is a commensal, pathogenic 
or opportunistic organism. However, several 
in vitro and in vivo studies suggest that the 

stramenopile is actually a pathogen (13, 116, 
119, 134). In recent years, evidence suggests 
that Blastocystis causes gastrointestinal dis-
orders due to its significant association with 
individuals with diarrhea or IBS (13, 22). The 
emerging view is that the organism is an op-
portunistic pathogen by its association with 
immunosuppressed patients suffering of di-
arrhea (135). However, Shah et al. (136) re-
ported that Blastocystis and Endolimax nana 
co-infection resulted in chronic diarrhea in 
an immunocompetent human male.

TABLE IV 
RELATIONSHIP BETWEEN BLASTOCYSTIS AND IRRITABLE BOWEL SYNDROME

Country Patients
n/N     (%)

Control
n/N    (%)

Subtypes     (%) Reference

Italy 15/81  (18.5%) 23/307 (7.5%) n.a. (111 a)

France 13/56  (23.2%) 9/56  (16.1%) Patients: ST4 (46.2%),
ST3 (23.1%), ST2 (23.1%),  

ST1 (7.7%), ST5 (7.7)
Control: ST4 (100%), ST2 (11.1%)

(112a)

Denmark 18/124  (15%) 45/204 (22%) n.a. (113b)

India 50/150 (33.3%) 15/100 (15%) Patients: ST3 and ST1 * &

Control: ST3 and ST1 *
(114)

Malaysia 6/35    (17%) 4/75  (5.5%) Patients: ST3 (50%), ST4 (33.3%), 
ST5 (16.6%)

Control: ST3 (50%), ST2 (25%),  
ST1 (25%)

(115)

Pakistan 44/95  (46%) 4/55    (7%) n.a. (116 a)

Pakistan 95/158 (60%) 38/157 (24%) n.a. (117a)

Pakistan 90/171 (53%) 25/159 (16%) n.a. (118a)

Turkey 8/21     (38) 5/43  (11.6%) n.a. (119 a)

Turkey 51/877 (5.8%) 6/192  (3.1%) n.a. (95)

Mexico n.a./115 (15.7%) n.a./209 (12%) n.a. (23)

Mexico 14/45  (31.1%) 6/45  (13.3%) n.a. (22 a)

Peru 18/37   (49%) 105/148 (71%) n.a. (120a)

Thailand 8/59   (13.6%) 3/25   (12%) n.a. (121)

Thailand 11/66 (16.7%) 6/60   (10%) n.a. (122)
aAuthors concluded that there is an association between Blastocystis and IBS, b authors that concluded that there 
is not a relationship, *No statistical differences among Blastocystis subtypes, & No statistical differences between 
patients and controls, n.a. not available.
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Experimental studies in vitro, using hu-
man cell line polarized intestinal epithelial 
HT-29 and two strains of Blastocystis (PL34), 
suggest pathogenicity of the organism. 
Although no evidence of entry of the stra-
menopile into cells was observed, a decrease 
in transmembrane electrical resistance, ul-
trastructural changes in the cytoskeleton 
elements of cells, apoptosis of monolayer 
cell, and increased production of TNF-α were 
noted (137, 138).

Genotypes and pathogenicity
Blastocystis presents a large genetic varia-

tion and it is proposed that the different geno-
types or subtypes may be associated with its 

pathogenic potential (112). Several studies 
have tried to differentiate Blastocystis isolates 
from symptomatic and asymptomatic patients, 
through phenotypic characteristics such as iso-
enzymes models and proteins profiles (139).

Genetic studies have been used to elu-
cidate the pathogenic potential of Blastocys-
tis. The ST3 is the most frequently isolated 
in epidemiological surveys and is probably 
the only genotype of human origin (7, 140). 
In one study, ST3 was the most common in 
symptomatic (59.3%) and asymptomatic 
(48.5%) patients, followed by ST2 and ST1 
(29%). In an analysis of Blastocystis isolates 
by PCR, ST1 (28.6%), ST3 (57.1%) and ST4 
(25%) were identified in asymptomatic in-
dividuals (6). In another research, the ST1 

TABLE V 
RELATIONSHIP BETWEEN BLASTOCYSTIS SUBTYPES AND SOME DISEASES

Country Patients
Disease  (n)    

Control group (n) Subtypes
 %        (group)

Reference

Argentina Urticaria a and 
gastrointestinal symptoms

39

28 ST3  71.4% (patients) 
        28.6% (control).

(24)

Egypt Urticaria 54 b 50 ST3  100% (patients)
        100% (control).

(123)

Egypt Urticaria 54 50 ST3  100% (patients)
        100% (control).

(124)

Italy chronic urticarial 1 None n.a. (125)

Turkey Ulcerative colitis patients 
150 c

None ST3   66.7%
ST1   16.7% 
ST2     8.3%
ST7     8.3%

(126)

Turkey Cancer and Blastocystis 25 Cancer and no 
Blastocystis 207

ST3    59% (patients)
ST1    23% (patients)

 ST2    18% (patients).

(25)

Netherlands Ulcerative colitis 45 123 n.a. (127)

USA Ulcerative colitis 1 n.a n.a. (128)

Spain Reactive arthritis 1 n.a n.a (129)

Germany Arthritis 1 d n.a n.a (130)

Jamaica Rheumatoid arthritis 1 n.a n.a (131)
aAllele (a34) significantly associated with urticaria patients, b There was no significant difference between the pa-
tients with acute and those with chronic urticarial, c Low colonization of Blastocystis infection in ulcerative colitis 
patients during active stage, d the detection of Blastocystis in synovial fluid implicate an infectious rather than a 
reactive etiology of arthritis. 
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was the sole dominant in patients with symp-
toms, while ST3 was the most common in 
those without symptoms (141, 142). These 
findings suggest that ST1 and ST3 are asso-
ciated with pathogenicity and the relation-
ship of Blastocystis genotypes with disease 
(87). The amoeboid form of the strameno-
pile, which may adhere to the intestinal 
epithelial cells in symptomatic patients, has 
been suggested as pathogenic (143). It has 
been speculated that the amoeboid forms of 
ST3 contribute to the pathogenicity of Blas-
tocystis (127, 144). Other authors consider 
that the presence of the Blastocystis vacuolar 
form can invade the lamina propia, the sub-
mucose, and even the muscle layers in mice 
infected with Blastocystis by oral via (145).

The association of Blastocystis with IBS 
(Table IV) has been suggested. The ST3 was 
reported as a cause of intestinal disease. Ya-
koob et al. in 2010 (117) studied 330 indi-
viduals (171 with diarrhea and IBS and 159 
controls) by direct stool examination, cul-
ture, and PCR. Regardless of the technique 
used, they found differences between the 
symptomatic group and the control group 
(p<0,001), suggesting the stramenopile as 
a possible cause of IBS. These authors point 
out Blastocystis ST1 as the most frequent in 
patients with diarrhea and IBS, and ST3 as 
the most frequent in the group of clinical-
ly healthy people; 73% of patients with IBS 
were infected with one Blastocystis genotype 
(118). It appears that there may be marked 
differences in the virulence factors among 
isolates or strains from around the world 
(146). Rostami et al. in 2017 (147) did a sys-
tematic review and meta-analysis to examine 
the possible association of Blastocystis and 
Dientamoeba fragilis infections and the devel-
opment of IBS. In individuals with blastocys-
tosis, the authors found to have a positive 
association with IBS, while this association 
was not observed for D. fragilis infection.

Some reports associated Blastocystis ST2 
and ST3 with urticaria (127). A recent study 
revealed that the allele 34 of Blastocystis ST3 
was in 85.7% (18/21) of symptomatic urticaria 

patients as compared with the control group 
(1/21) (p<0.0001) (24). In another study, 
only ST3 was observed in 61.1% of 54 patients 
with acute or chronic urticaria, 21 of them had 
gastrointestinal manifestations. The amoe-
boid form of the stramenopile was detected in 
95.2% of patients with symptoms while in the 
control group, 8.0% harbored the strameno-
pile, but not with this form. The symptoms 
disappeared with the administration of metro-
nidazole (MTZ). The authors concluded that 
the amoeboid form of this infectious agent is a 
cause of urticaria (127). The concept of lumi-
nal organism, as etiologic agent of skin allergic 
lesions is very interesting.

Virulence factors
Blastocystis molecules considered factors 

of virulence include: cysteine-proteases (le-
gumains and cathepsins B); cyclophilin-like 
protein; serine-proteases; aspactic-proteases; 
sugar-binding-proteins; metalloprotease; gly-
cosyltransferases; hydrolases type glucide-hy-
drolase (fucosidase, hexosaminidase, and poly-
galacturonase); proteases inhibitors (cystatin, 
type 1-proteinase inhibitor and endopeptidase 
inhibitor-like protein) (20, 148,149) (Fig. 1). 
These factors are released by the strameno-
pile to the pathogen-host interface, and a re-
active on digestive enzymes or proteases I is 
involved in the immune response. Similarly, 
the presence of proteins with immunoglobulin-
like domains into the genome of Blastocystis 
could indicate factors that mediate adherence 
to host cells. Some proteases of the strameno-
pile degrade immunoglobulin A. Blastocystis 
has superoxide dismutase (SOD) containing 
iron, a virulence factor that allows resisting 
the respiratory crisis, a defense mechanism 
against pathogens of mammals (20). A type 1 
polyketide synthase (PKS) and non-ribosomal 
peptide synthetase (NRPS) (Fig. 1) in Blasto-
cystis can synthesize metabolites like simple 
fatty acids and many compounds, such tox-
ins, antibiotics or antimicrobials (20). Despite 
these findings, the pathogenic role of Blasto-
cystis is still controversial.
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Immunopathogeny
The immunopathogeny of the Blastocys-

tis infection depends on factors related to the 
human host and the infectious agent. In the 
first group, nutritional and immunological 
status, age, access to effective drugs (MTZ), 
and associated infections are included. In 
the second group, virulence factors, and mul-
tiple genotypes or a complex clonal lineage of 
Blastocystis would explain the differences in 
the prevalence and pathogenicity in different 
geographic areas (20, 49, 150).

Fig. 1 shows a possible link between 
the interplay of the chromist and its host, 
and humoral and cellular factors associated 
with the genesis of IBS and urticaria. Blas-

tocystis is located in the intestinal lumen, 
particularly in the ileum and colon, where 
it releases proteases, generates apoptosis, 
and immunomodulation (by degrade IgA). 
These events alter paracellular permeability, 
cause dysbiosis and promote the release of 
pro-inflammatory cytokine locally (13).The 
first phase of the inflammatory process in-
volves mast cells, basophils, monocytes, TH2 
cells, neutrophils, and eosinophil, mast cells 
and basophiles appear to be the most impor-
tant. When a chronic inflammatory process 
such as urticaria occurs, cells, eosinophils, 
neutrophils, monocytes, macrophages and 
T lymphocytes, besides the release of his-
tamine and its interaction with the H1 re-

Fig. 1. Immunopathogeny of Blastocystis infection. Lepczyńska, Chen and Dzika (149). With permission of 
the author.
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ceptors in the endothelium of blood vessels, 
contributes to the chronicity of the disease 
(149, 151, 152).

After the extravasations of antibodies, 
macrophages, and anaphylatoxins of the 
complement system (C3a, C4a, C5a), there 
is an increase of lymphocyte reactivity, due 
to the Blastocystis infection. The platelet-ac-
tivating factor stimulates the secretion of se-
rotonin, eosinophils chemotactic factor and 
IL-5. Stimulated eosinophils release cationic 
protein (ECP), peroxidase (EPO), and X pro-
tein (EPX). These changes lead to hypersen-
sitivity and skin lesions similar to urticaria 
(124, 149, 153-155). 

Several etiologic factors have been asso-
ciated with chronic urticaria such as thyroid 
diseases, pseudo-allergens, allergens, Helico-
bacter pylori, other infections/infestations, 
and autoimmunity/autoreactivity. Patients 
with chronic urticaria more frequently had 
seropositivity for fasciolosis, Anisakis sim-
plex sensitization, and the presence of Blas-
tocystis allele 34 (ST3) as compared with 
control subjects (155). In 18 independent 
studies, the reported rate of urticaria in pa-
tients with parasitic infections was 1-66.7%. 
Urticaria, including chronic spontaneous ur-
ticaria, might be a quite common symptom 
of strongyloidiasis and blastocystosis. Patho-
genic mechanisms in chronic spontaneous 
urticaria due to parasite or stramenopile 
infections may include the participation of 
specific IgE, Th2 cytokine, eosinophils, ac-
tivation of the complement and coagulation 
systems. It has been suggested that urticaria 
is caused by molecules of the stramenopile 
that activate certain subsets in Th2 cells, 
which produce interleukins 3, 4, 5 or 13 (IL-
3, IL-4, IL-5, IL13) which mediate allergic 
responses by IgE (149, 151-155) (Fig. 1).

Panaszek et al. in 2016 (156) reported 
that monomeric IgE may enhance mast cell 
activity without cross-linking of FcεRI by IgE 
specific allergen or autoreactive IgG anti-IgE 
antibodies. Monomeric IgE molecules are 
heterogeneous concerning their ability to 
induce survival and activation of mast cells 

only by binding the IgE to FcεRI, but not 
affecting degranulation of cells. It was also 
evident that IgE may react to autoantigens 
occurring in the blood, not only in chronic 
spontaneous urticaria, but also in other au-
toimmune diseases.

LABORATORY DIAGNOSIS

Fresh fecal smear
Diagnosis by direct examination in fresh 

form with physiological saline solution and 
diluted lugol solution is widely used in devel-
oping countries; however, there is low sen-
sitivity for cysts. In developed countries, ac-
cess to techniques such as PCR has allowed 
a better diagnosis in terms of sensitivity. 
A valuable alternative in developing coun-
tries would be the cultivation of Blastocystis, 
which is not necessarily available for reasons 
of cost and infrastructure (157-160).

Microscopic detection by fresh fecal 
smears is difficult, mainly due to morphologi-
cal diversity of the parasite, leading to false 
negatives. The classic vacuolar form may be 
infrequent and the rarer cystic, amoeboid, 
avacuolar and multivacuolar forms may be 
predominant. The cysts, different in size and 
appearance with respect to the vacuolar form, 
may be undetected (161). The variability of 
the prevalence of Blastocystis in the epidemi-
ologic surveys could be due to the difficulty 
of identifying the organism by examination 
of fresh fecal smears, especially the cysts be-
cause of their small size. Hence, it can be con-
fused with yeasts or detritus. It is likely that 
surveys underestimate the prevalence of the 
stramenopile. This technique is not adequate 
to differentiate Blastocystis subtypes.

Staining techniques
A variety of dyes have been successfully 

used in identifying Blastocystis, even when 
they are not used routinely in the clinical lab-
oratory. With the acridine orange procedure, 
the Blastocystis DNA in the nucleus stains 
bright green, the mucus stains green or red, 
and the RNA stains orange. In a study, this 
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dye was used to differentiate the cyst from 
the vacuolar form of Blastocystis in cultures 
with means to promote encystment. The 
vacuolar form stained yellow and the cyst 
stained red (1), suggesting that the latter 
consists of the reproductive granules men-
tioned by Zierdt (10), who found no evidence 
that the vacuole plays a role in metabolism 
and reproduction. This staining technique is 
simple but its use as a diagnostic procedure 
requires experience and Blastocysti sculture 
in vitro (157).

Concentration techniques
They are a good choice for the diag-

nosis of the cyst forms of the stramenopile. 
The density gradient technique method has 
shown a great sensitivity for the selective 
concentration of the cysts (19). However, it 
is not useful in daily diagnostic practice.

Culture
Culture techniques have proved more 

sensitive than coproparasitoscopic techniques 
in identifying Blastocystis (157). But their use 
in routine diagnosis is not viable. However, they 
are the tool of choice for the recovery of viable 
cysts from drinking water, surface water, and 
wastewater samples (5, 100).

Serological techniques
There are few studies about Blastocystis 

antibodies and the results are somehow con-
tradictory. In a study, no immune reaction 
was observed (162). However, other reports 
showed an IgG anti-Blastocystis response with 
ELISA in 25% of 28 infected patients (163) 
and a significant increase of IgG against the 
stramenopile in patients with IBS (13). With 
the indirect immunofluorescence test, Blas-
tocystis antibodies were detected in 70% of 
asymptomatic infected individuals (164). 
These studies suggest that the strameno-
pile causes a humoral immune response in 
humans. Monoclonal antibodies were char-
acterized against various isolates of Blasto-

cystis; the absence of cross-reactivity of these 
antibodies in humans and animals support 
the concept that the stramenopile is anti-
genically heterogeneous.

Molecular techniques
Molecular biological tools have been 

developed to detect and differentiate Blasto-
cystis at the species and genotypes levels but 
they are not in widespread use since these 
methods are not viable in third world coun-
tries. They have greater sensitivity and speci-
ficity than microscopies for detection and 
diagnosis. Several techniques including PCR 
have been applied in epidemiological studies 
of the stramenopile (6, 47, 98, 157).

Mohammad et al., in 2018 (165) did a 
comparative study of Wheatley’s trichrome 
stain and In-vitro culture against PCR as-
say for the diagnosis of Blastocystis spp. in 
359 stool samples. The agreement between 
Wheatley’s trichrome stain, in-vitro cul-
ture and combination of microscopic tech-
niques with PCR assay were statistically sig-
nificant by Kappa statistics. These authors 
suggest the use of combination of Wheat-
ley’s trichrome stain and in-vitro culture as 
screening tools for detection of Blastocystis 
especially in community laboratories fac-
ing financial constraints and that are not 
equipped with molecular facilities. However, 
whenever applicable, PCR assay should act 
as a confirmatory test as it is the only meth-
od that can recognize subtypes of Blastocys-
tis. Moreover, Skotarczak in 2018 (166) in-
dicates that the development of PCR assays 
is needed for molecular epidemiology and 
for mixed infections in health and disease 
cohorts, and also to help identify sources of 
Blastocystis spp. transmission to humans, as 
well as to identify potential animal and envi-
ronmental reservoirs.

A combined study using PCR, as well 
as 18S mitochondrial sequencing and inter-
mediary metabolism (pyruvate: ferredoxin 
oxidoreductase, PFOR) genes, in addition to 
phylogenetic analysis performed in Mexico 
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on samples derived from 192 children with 
gastrointestinal symptoms. Taking 21 stool 
samples from children infected only by Blas-
tocystis spp. as a starting point, they found 
that although the fragment of the PFOR gene 
analyzed did not allow discrimination be-
tween Blastocystis STs, this marker grouped 
the samples in three clades with strength-
ened support, suggesting that PFOR may 
be under different selective pressures and 
evolutionary histories than the 18S gene. In-
terestingly, the ST3 sequences showed lower 
variability with probable purifying selection 
in both markers, meaning that evolutionary 
forces drive differential processes among 
Blastocystis STs (167). As a future perspec-
tive, the development of better and more 
powerful molecular tools will allow us to ob-
tain better bases to understand the biologi-
cal and diagnostic aspects in an “enigmatic 
organism” at present.

TREATMENT

The treatment is another controversial 
topic, at the beginning Blastocystis spp. was 
considered to be a commensal, and therefore 
no treatment was required. As the knowledge 
progressed, an attempt was made to reach 
consensus on the need for treatment accord-
ing to the number of organisms present in 
the patient’s fecal sample and the combina-
tion of signs and symptoms, when Blastocys-
tis was presented as a possible cause of dis-
ease. At present, we can reach a consensus 
regarding its pathogenic potential, therefore 
it should be treated. Some authors suggest 
that it is not significantly associated with 
inflammatory processes or diarrhea in HIV 
patients (168) and that the presence of the 
organism does not justify prescribing treat-
ment. Others believe that the stramenopile 
may be pathogenic according to its genotype 
and therapy is recommended in cases where 
Blastocystis is involved in gastrointestinal or 
extra-intestinal diseases (169). In most in-
dividuals, without concomitant health prob-

lems, diarrhea is often self-limited, suggest-
ing that treatment is unnecessary.

There are few studies on drugs against 
Blastocystis. In 1983, emetine, MTZ, furazoli-
done, trimethopriminsulfametoxazole (TMP-
SMX), 5-chloro-8-hydroxy-7-iodo-quinolone, 
and pentamidine were reported as the most 
effective drugs in vitro (170). In 1991, one 
study revealed that 5-nitroimidazoles were 
effective against the stramenopile (171). In 
1996, a study related to traditional Chinese 
medicine reported the inhibitory effects in 
vitro on Blastocystis of Bruceajavanica and 
Coptis chinensis extracts, at concentrations 
of 500 and 100 µg/mL (172).

Batista et al. in 2017 (173) demon-
strated low efficacy with the use of MTZ in 
39 patients, 31 of whom obtained a clinical 
response (79.5%) but only 15 a microbio-
logical response (48.4%). No dose-effect re-
lationship was observed.

The prevalence of intestinal parasitic 
infections was evaluated in immunocom-
promised children with persistent and/or 
recurrent diarrhea. Blastocystis infection 
was predominant and clinical remission and 
eradication of the stramenopile was achieved 
in patients treated with MTZ (174). In an-
other report, six cases of ulcerative colitis 
associated with Blastocystis were cured clin-
ically and parasitologically  after the admin-
istration of MTZ at a dose of 910 mg bid for 
10-14 days (175). In immunocompromised 
patients, treatment with MTZ for 10-14 days 
seems to be the best option. According to 
these clinical studies, the drug of choice for 
treatment of infection appears to be MTZ, 
followed by other nitroimidazoles, at doses 
of 750 mg tid for 5 to 10 days. However, resis-
tance of the vacuolar form and cystic forms 
in some isolates of Blastocystis has been 
shown, in vitro. The cyst is very resistant to 
drugs that are effective against protozoa; it 
is resistant to cytotoxic effect of MTZ at the 
concentration of 5 mg/mL. These findings 
may explain the ineffectiveness of the drug in 
the Blastocystis clearance in some patients.
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Nitazoxanide is a new antiparasitic drug re-
markable for its broad spectrum of activity 
against bacteria, protozoa, and helminths. It 
could be used as an alternative drug in the 
treatment of this infection. In a study of 10 
children in Mexico, the cure rate was 84% 
(176). The doses used may be the same used 
against protozoa; a course of therapy bid for 
3 days of 500 mg in adults and adolescents, 
200 mg/10 mL in children 4 to 11 years old, 
and 100 mg/5 mL in children 1 to 3 (177). 
Studies about drug activity against the stra-
menopile are very scarce.

Traditionally, MTZ is considered a first-
line treatment for Blastocystis infection; how-
ever, there has been increasing evidence for its 
lack of efficacy. Treatment failure has been re-
ported in several clinical cases, and recent in 
vitro studies have suggested the occurrence 
of MTZ-resistant strains. Roberts et al. in 2015 
(178), tested 12 antimicrobial drugs (MTZ, 
paromomycin, ornidazole, albendazole, iver-
mectin, TMP-SMX, furazolidone, nitazoxanide, 
secnidazole, fluconazole, nystatin, and itra-
conazole) at 10 different concentrations in vi-
tro against 12 Blastocystis isolates, ST1, ST3, 
ST4, and ST8. It was found that each subtype 
showed little sensitivity to MTZ, paromomycin, 
and triple therapy (furazolidone, nitazoxanide, 
and secnidazole) while TMP-SMX and ivermec-
tin were effective. These same authors reported 
long-term infection and treatment failure in 18 
symptomatic individuals infected with Blasto-
cystis. Patients were initially treated with MTZ, 
iodoquinol or triple combination therapy con-
sisting of nitazoxanide, furazolidone, and sec-
nidazole. Following treatment, resolution of 
clinical symptoms did not occur and follow-up 
examination revealed ongoing infection with 
the same subtype. Patients then underwent 
secondary treatment with a variety of anti-
microbial agents but remained infected and 
symptomatic. Sequencing of the SSU rDNA 
was completed on all isolates and four subtypes 
were identified in this group: ST1, ST3, ST4, 
and ST5 (179).

In the case of HIV patients, the use of 
highly active antiretroviral therapy in individ-

uals with AIDS has dramatically decreased the 
prevalence of infectious agents and the dura-
tion and severity of the symptoms. If despite 
this therapy, Blastocystis is not eliminated, 
the patient can be treated again according 
to clinical criteria (180, 181). The patient 
responded well to cotrimoxazole and alben-
dazole (182). Studies conducted in Nepal and 
Iran demonstrate enteric parasitic infections 
are common in HIV-infected people. The poor 
immune status as indicated by low CD4 T-cell 
count may account for higher risk of both 
opportunistic and non-opportunistic enteric 
parasitic infection (183). In Iran, the results 
of genomic analysis of Blastocystis isolates in 
patients with HIV-positive using locus SSU-
rDNA indicated a relatively high prevalence of 
Blastocystis in HIV-positive patients. This may 
also represent that the number reduction of 
TCD4-positive cells has an effective role in 
the increased risk of the parasitic infection in 
HIV-positive patients (184).

PREVENTION AND CONTROL 
STRATEGIES

Improving personal and environmental 
sanitation may reduce exposure to feces and 
contamination of the environment. Proper 
hygiene habits, food washing, and sanitizing 
may reduce the risk of acquiring infections 
(185-187).

In the developing world, where intesti-
nal parasites are prevalent and represent a 
persistent public health problem (188-191), 
the most important steps to prevent infec-
tion are health education, personal hygiene, 
adequate hand washing, safe drinking water, 
proper sanitary infrastructures, and treat-
ment of human sewage. However, these 
steps represent a difficult challenge for low 
income-countries.Since water is a potential 
source of Blastocystis cysts, and the organ-
ism is resistant to chlorine (192, 193), the 
quality of drinking water is essential to pre-
venting infection. Water treatment through 
standard procedures to inactivate cysts by 
filtration or heating is necessary. For pre-
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vention and control of waterborne blastocys-
tosis, specific instructions and regulations 
developed by international organizations for 
controlling waterborne protozoa could be 
used for this organism. From a public health 
perspective, potential spread of the parasite 
from water can be avoided only by adequate 
treatment of household water sources. Stud-
ies to assess the quality of stored water and 
household practices which stimulate post-
treatment contamination are highly recom-
mended. Consumers should be aware of risks 
associated with consumption of raw fruits 
and vegetables. Boiled or filtered water must 
be used for washing them and for food prep-
aration (194-196). As Blastocystis is very 
common in many types of animals and there 
has been speculation that they are a source 
of zoonotic transmission, steps must be tak-
en to reduce contact with animals.

CONCLUSIONS  
AND RECOMMENDATIONS

In the post-genome era, investigations 
have focused on the etiological role of this 
stramenopile in human disease. Clinical and 
molecular studies are inconclusive and more 
causality case-control studies are needed. The 
equilibrium between investigations that bind 
or not Blastocystis to disease seems to begin 
to lean in favor of the association with IBD 
and urticaria. The hypothesis of “opportu-
nistic pathogen” has emerged. The zoonotic 
potential of Blastocystis and its consideration 
as an index of water quality for human con-
sumption should be addressed and discussed. 
New chemotherapeutic strategies are needed 
since resistance to MTZ and related com-
pounds has been reported. Finally, due to its 
pathogenic potential on cells, the host cells 
(197), Blastocystis infection has become a 
public health problem that we must address 
from a global point of view (198).
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