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ABSTRACT. Blastocystis hominis is an intestinal protozoan that inhabits the large intestine of humans and a wide
range of animals. Blastocystis species has a worldwide distribution. The current study aimed to determine the
prevalence and the genetic variety of Blastocystis sp. in Iraqi children in Salah AL-Deen province, Iraq. 150 faecal
samples were collected from children (5–10 years old) who attended the Salah AL-Deen hospital during the period from
March to November 2020. The results revealed that 33.3% of children (50 out of 150) were found infected with
Blastocystis sp., when the polymerase chain reaction (PCR) was used. The presence of ST3 gene was at a band of 526bp
where this gene was observed in 11 samples out of 50 samples. The results also showed significant differences in the
prevalence rate between rural and urban regions; between symptomatic and asymptomatic children, and between
children who contacted domestic animals and those who did not contact animals (P<0.05). No significant differences
in the prevalence rate were between different age groups (P>0.05). Regarding the genetic variation in subtype 3(ST3)
revealed in phylogenetic tree analysis, there were three variations (transversion, deletion, and transition) which were
detected through the sequence alignment, also the similarity was 97% with the sequences of Blastocystis sp. registered
in GenBank. The Iraqi ST3 isolate was registered with ID: OL410286 in GenBank.
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Introduction
Blastocystis infection rates vary in developing
and industrialized countries, reaching from 30–70%
[1–3]. The different types of Blastocystis are widely
distributed all over the world with a percentage of
up to 100% in humans [4]. Blastocystis hominis is
an intestinal protozoan that is endemic to humans
and animals. It can be distinguished by different
morphological forms in stool samples for one
billion people in the world [5], as it has four
morphological forms (central body, amoebic,
granular, and cystic) [4]. These microorganisms are
transferred via faecal-oral route, food, water and
human-to-human contact [6].
Blastocystis have been associated with diarrhea,
stomach pain, flatulence, colitis, irritable bowel
syndrome, and dermatitis [7,8]. Asymptomatic
spread is globally prevalent, but its pathogenicity is
still a point of contention [9,10]. It appears to be able
to produce cysteine proteins that interfere with the

release of IL-8 from enterocytes, promoting intestinal
cell death and increasing intestinal permeability
while potentially avoiding differentiation via Tolllike receptors, thus, it has the potential to evade the
immune system [11–13].
Blastocystis has many genotypes, at present,
there are 22 different ST subtypes. Where there are
subspecies of Blastocystis sp. including (ST1–
ST17), ST21, and (ST23–ST26) in humans and
various animals, these subtypes have been described
depending on the 18S rRNA polymorphism [14].
Besides, the prevalent subtypes vary by countries
and region in the same country. ST1–ST9 and ST12
were diagnosed in humans, and the most frequent
subtype was ST3, moreover, ST9 was also detected
in animals [5,15]. Regarding the epidemiology of
Blastocystis, there are several studies that have
shown this. Duda et al. [16] demonstrated in their
study of the peacekeeping missions of Polish
soldiers upon their return from Afghanistan and
Iraq. Whereas intestinal parasites were examined in
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1826 stool samples, the results were 15.3%, 1.0%
and 0.7% for Blastocystis hominis, Entamoeba coli
and Giardia lamblia, respectively. This indicates
that the risk of parasitic infection is associated with
countries that have tropical and subtropical climates
[17]. It appeared that the prevalence of Blastocystis
infection was 22.15% in children in Sulaymaniyah
city, Iraq. Moreover, some studies were conducted
on the prevalence of Blastocystis hominis in eastern
and southern Baghdad, which was detected in 59 out
of 250 samples with a percentage of 24.6% [18].
Also, other epidemiology research performed to
detect Blastocystis in Baghdad it was reported 60
out of 267 patients with a rate of 22.5% [19]. The
purpose of the current study was assessment the
prevalence and the genetic variety of Blastocystis in
Iraqi children in Salah AL-Din province, Iraq.

Materials and Methods
Samples collection
Total, 150 faecal samples were collected from
children (5–10 years) attending Salah AL-Din
hospital from March to November 2020.
Blastocystis detection
Stool samples were concentrated by
sedimentation method and one drop of concentrated
faeces was taken, then a drop of Lugol’s solution was
added to it and examined by optical microscope with
magnification of 40× and 100×. Positive samples
were used in genetic techniques
DNA extraction and genetic detection
DNA extracted from faeces samples by using the
Quick-DNA MiniPrep Catalog number D3024
(Zymo Inc., USA). The genetic of Blastocystis was
detected via PCR amplification of 526 bp fragment
of ST3 subtype diagnostic primer that the forward
sequence was 5’-TAGGATTTGGTGTTT GGAGA3’ and the reverse was 5’-TTAGAAGTGAAGG
AGATGGAAG-3’ where the characteristics primers
were GC 40% and Tm 51°C for forward and
GC40.9% and Tm 51.6°C for reverse. The mixture
reaction contents with the final volume 25 µl were
included Taq PCR PreMix(2X) 5 µl (iNtRON,
Korea), forward primer10 picomols/µl (1 µl),
reverse primer10 picomols/µl (1 µl), DNA sample
1.5 µl, free nuclease water 16.5 µl. The conditions’
reaction was initial denaturation 94°C for 5 min., 1
cycle; final denaturation 94°C for 30 sec., 35 cycles;
annealing 57°C for 30 sec., 35 cycles; initial

Figure 1. The product PCR for ST3 (526bp) for some
samples. The electrophoresis on 2% agarose at 75
volt/15cm2. 1× TBE buffer for 1:30 hours. DNA ladder
(1000plus)

extension 72°C for 1 min., 35 cycles; final extension
72°C for 7 min., 1 cycle. The electrophoresis (2%
agarose gel) was utilized to visualize the products of
PCR with Red safe staining (Intron, Korea).
The sequence and phylogenetic assays
The sequence of PCR products was conducted
for the gene by Macrogen Korea in both directions
via the BigDye Terminator v3.1 Cycle Sequencing
Kit on an ABI 3130 Genetic Analyzer (Applied
Biosystems, Foster City, CA). The sequence of
nucleotides was aligned in the nucleotide databases
using the NCBI’s Basic Local Alignment Search
Tool Bio ID program to identify the sample and
submit it to GenBank (ID). The related sequences of
the sample were obtained from the NCBI’s
nucleotide database (www.ncbi.nlm.gov/nucleotide)
and included in the multiple alignments using the
Bio ID program [20]. The phylogenetic tree was
inferred via the Neighbor-Joining method. The
phylogenetic distance was computed using the
Jukes-Cantor model by MEGA X [21].
Statistical analysis
Graphpad Prism version 8.0.1 for Windows (San
Diego, California, USA) was used for statistical
analysis. Fisher’s exact test was used to compare
Blastocystis prevalence depend on molecular
detection. The results are significant when the Pvalue is less than 0.05.
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Table 1. The distribution of B. hominis in according demography data
Variables

Number of detected

Positive number

P-value

(3–6)

40

10(16.7%)

0.5

(7–10)

110

40(36.4%)

Rural

115

30(26.1%)

Urban

35

20 (57.1%)

Yes

40

40(80%)

No

10

10(20%)

Yes

60

35(58.3)

No

90

15(16.7%)

Ages

Habitation
0.03

Clinical symptoms
<0.001

Domestic animals handling

Ethics approval
Ethics approval for the current study was
properly gained from Committee Ethics of the Iraqi
Ministry of Health.

Results
The results showed the prevalence of B. hominis
in children was 33.3%. The stool samples were
examined microscopically and 50 samples were

0.0003

positive out of 150 samples. Also, the presence of
ST3 gene was diagnosed by PCR in a band of 526
bp where this gene was observed in 11 samples out
of 50 samples (Fig. 1).
The results of demography data indicated
significant differences in the habitation area, the
urban habitation recorded a percentage of 57.1%
more than rural which was 26.1% (P=0.03), the
presence of clinical symptoms was recorded in the
most children (40 patients out of all 50 patients)

Figure 2. Alignment analysis and location variation of ST3 for B. hominis
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Figure 3. Phylogenetic tree for B. hominis

high percentage 80%, while 10 patients of children
did not appear symptoms with percentage 20% (P<
0.0001), and the percentage of handling with
domestic animals was a high percentage 58.3%
compared with non-handling at percentage 16.7%
(P=0.0003). While there were no significant
differences between the ages range where the range
age (3–6) years recorded 16.7% as positive
infection and the range age (7–10) years recoded
36.4% as positive infection with P=0.5 (Tab. 1).
Regarding the results of genetic detection, there
were three variations of the ST3 subtype which were
detected through the sequence alignment, also the
similarity was 97% with the sequences of
Blastocystis (ID:AB714502.1) in GenBank. The
variations types were six transversion in locations
(22,26,27,41,225, and 410 nucleotide), one deletion
in location (34 nucleotide), and seven transition in
locations (60,66,90, 97,156,278, and 358 nucleotide),
also their location was shown in figure 2.
Moreover, these variations of Iraqi ST3 isolate
were registered with ID:OL410286 in GenBank.
Figures 3 and 4 represent phylogenetic analysis for
Blastocystis to match Iraq’s isolate with the world
isolates.

Discussion
The infection of Blastocystis was appeared to be
spread in children in Salah AL-Deen hospital for the
study region; the percent infection in this study of
33.3% was the raising than the recorded in children
in Sulaimani hospital (22.15%) [17], also in
Baghdad city recorded 22.5% [19], in Duhok city
was the rate infection 22.79% [22]. Besides,

previous studies indicated that B. hominis infection
in children was higher than adults [23–25]. In
addition, in the developing countries, such as
Nigeria, the rate of infection was 83.9% at the age
2–14 years, and in Turkey was 38.0% at the age
3–13 years [26,27]. Also, in Europe, the average of
B. hominis prevalence reached 20% and increased
to 50% in Africa [28]. The rising of B. hominis
prevalence is associated with consuming the water
and food polluted and the absence of hygiene [29].
Further, in China (Guangxi Province) was recorded
the highest rates of infection at 43.3% [30].
Consequently, some studies have pointed out that
the difference in Blastocystis prevalence in humans
was related to the host’s age, immunological status,
and geographical locations [31–33]. On the other
hand, clinical research pointed, B. hominis that
cause gastrointestinal disease including diarrhea,
and colitis. Furthermore, it noted a possible relation
between irritable guts syndrome and Blastocystis
infection [8,34,35]. Shaker et al. [36] illustrated
there were significant differences between
Blastocystis infection prevalence and the habitation
(P=0.007), where the rural people were risky to
infect with Blastocystis (20.71%) due to loss of
hygiene, food habits, agriculture, livestock
husbandry, and contact with animals [37].
Consequently, these studies agreed with our study.
Moreover, Lee et al. [6] demonstrated
the
differences in the prevalence of Blastocystis infection
due to the deficiency of drinking water, the health
system, and the loss of sewage system in rural areas
versus urban.
In the present study conducted subtyping by
molecular analysis, the ST3 has been diagnosed in
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Figure 4. Match Iraq’s isolate with the world isolates Mexico (ID:MZ351753);
Iran (ID:AB7:14502); Iraq (ID:MZ645596) and OL410286 the registered isolate for this study

the most samples, therefore this study was
approximately consistent with another study, where it
recorded 62% for ST3 [38]. Besides, the
epidemiological research worldwide notified that

Blastocystis infection in humans is attributed to
isolates of ST3 in various countries with rates
(31.2–53%) [39–44]. Subtype 3 (ST3) was associated
with the problems acute gastrointestinal in the studies
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in Singapore, Malaysia, and the U.S [45,46]. While
Dogruman-Al et al. [47] have illustrated that ST3 was
predominant in both asymptomatic and symptomatic
categories but no relation between Blastocystis
subtypes and intestinal symptoms.
The prevalence rate of Blastocystis in children
was the highest in rural than urban. Also, there were
three genetic variations in subtype3 when sequences
analysis. Phylogenetic tree investigation appeared
to similarity was 97% with the sequences of
Blastocystis registered in GenBank. Also, these
variations for ST3 in Iraqi isolate were registered
with ID:OL410286 in GenBank.

Acknowledgements
We are thankful to all the participants and also
the staff of Salah AL-Deen Hospital, Baghdad, Iraq.
We did not get the financial source of the study.

References
[1] Pandey P.K., Verma P., Marathe N., Shetty S.,
Bavdekar A., Patole M.S., Shouche Y.S. 2015.
Prevalence and subtype analysis of Blastocystis in
healthy Indian individuals. Infection, Genetics and
Evolution 31: 296–299.
doi:10.1016/j.meegid.2015.02.012
[2] Souppart L., Sanciu G., Cian A., Wawrzyniak I.,
Delbac F., Capron M., Viscogliosi E. 2009. Molecular
epidemiology of human Blastocystis isolates in
France. Parasitology Research 105(2): 413–421.
doi:10.1007/s00436-009-1398-9
[3] Scanlan P.D., Stensvold C.R., Rajilić-Stojanović M.,
Heilig H.G., De Vos W.M., O’Toole P.W., Cotter P.D.
2014. The microbial eukaryote Blastocystis is a
prevalent and diverse member of the healthy human
gut microbiota. FEMS Microbiology Ecology 90(1):
326–330. doi:10.1111/1574-6941.12396
[4] El Safadi D., Gaayeb L., Meloni D., Cian A., Poirier
P., Wawrzyniak I., Viscogliosi E. 2014. Children of
Senegal River Basin show the highest prevalence of
Blastocystis sp. ever observed worldwide. BMC
Infectious Diseases 14(1): 1–11.
doi:10.1186/1471-2334-14-164
[5] Ramírez J.D., Sánchez A., Hernández C., Flórez C.,
Bernal M.C., Giraldo J.C., Casero R.D. 2016.
Geographic distribution of human Blastocystis
subtypes in South America. Infection, Genetics and
Evolution 41: 32–35.
doi:10.1016/j.meegid.2016.03.017
[6] Lee L.I., Chye T.T., Karmacharya B.M., Govind S.K.
2012. Blastocystis sp.: waterborne zoonotic organism,
a possibility?. Parasites and Vectors 5(1): 1–5.
doi:10.1186/1756-3305-5-130

I.G. ABDULWAHHAB
[7] Casero R.D., Mongi F., Sánchez A., Ramírez J.D.
2015. Blastocystis and urticaria: examination of
subtypes and morphotypes in an unusual clinical
manifestation. Acta Tropica 148: 156–161.
doi:10.1016/j.actatropica.2015.05.004
[8] Cifre S., Gozalbo M., Ortiz V., Soriano J.M., Merino
J.F., Trelis M. 2018. Blastocystis subtypes and their
association with irritable bowel syndrome. Medical
Hypotheses 116: 4–9.
doi:10.1016/j.mehy.2018.04.006
[9] Yason J.A., Liang Y.R., Png C.W., Zhang Y., Tan
K.S.W. 2019. Interactions between a pathogenic
Blastocystis subtype and gut microbiota: in vitro and
in vivo studies. Microbiome 7(1): 1–13.
doi:10.1186/s40168-019-0644-3
[10] Lepczyńska M., Białkowska J., Dzika E., PiskorzOgórek K., Korycińska J. 2017. Blastocystis: how do
specific diets and human gut microbiota affect its
development and pathogenicity?. European Journal
of Clinical Microbiology and Infectious Diseases:
36(9): 1531–1540.
doi:10.1007/s10096-017-2965-0
[11] Puthia M.K., Lu J., Tan K.S. 2008. Blastocystis ratti
contains cysteine proteases that mediate interleukin-8
response from human intestinal epithelial cells in an
NF-κB-dependent manner. Eukaryotic Cell 7(3):
435–443.doi:10.1128/EC.00371-07
[12] Teo J.D., MacAry P.A., Tan K.S. 2014. Pleiotropic
effects of Blastocystis spp. subtypes 4 and 7 on
ligand-specific toll-like receptor signaling and NF-κB
activation in a human monocyte cell line. PLoS
One 9(2): e89036.
doi:10.1371/journal.pone.0089036
[13] Abdulwahhab I.G. 2021. Effect of Crataegus
azarolus extracted in treatment of Giardia lamblia
infection. Indian Journal of Forensic Medicine and
Toxicology 15(2): 1702–1705.
doi:10.37506/ijfmt.v15i2.14583
[14] Stensvold C.R., Clark C.G. 2020. Pre-empting
Pandora’s box: Blastocystis subtypes revisited. Trends
in Parasitology 36(3): 229–232.
doi:10.1016/j.pt.2019.12.009
[15] Alfellani M.A., Stensvold C.R., Vidal-Lapiedra A.,
Onuoha E.S.U., Fagbenro-Beyioku A.F., Clark C.G.
2013. Variable geographic distribution of Blastocystis
subtypes and its potential implications. Acta Tropica
126(1): 11–18.doi:10.1016/j.actatropica.2012.12.011
[16] Duda A., Kosik-Bogacka D., Lanocha-Arendarczyk
N., Kołodziejczyk L., Lanocha A. 2015. The
prevalence of Blastocystis hominis and other
protozoan parasites in soldiers returning from
peacekeeping missions. The American Society of
Tropical Medicine and Hygiene 92(4): 805–806.
doi:10.4269/ajtmh.14-0344
[17] Mohammed R.M., Ali S.A.K. 2015. A study of
Blastocystis hominis infection in Sulaimani Pediatric
Teaching Hospital. International Journal of Current

Phylogenetic tree
Research and Academic Review 3(8): 290–299.
http://www.ijcrar.com/archive-19.php
[18] Raof S.A.W., Abdul-Rahman N.H. 2011. Prevalence
of Blastocystis hominis and Giardia lamblia parasites
in patients of four regions in East–South Baghdad.
The Iraqi Journal of Veterinary Medicine 35(2):
74–84. doi:10.30539/iraqijvm.v35i2.579
[19] Hasan W.A., Al-Samarrai A.S.M. 2020. Evaluation
the effect of Blastocystis hominis to the levels of
ghrelin, growth hormone and lipoproteins in sera of
patients with gastrointestinal manifestations in
Baghdad. Medico Legal Update 20(4): 721–725.
doi:10.37506/mlu.v20i4
[20] Tamura K., Peterson D., Peterson N., Stecher G., Nei
M., Kumar S. 2011. MEGA5: molecular evolutionary
genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony
methods. Molecular Biology and Evolution 28(10):
2731–2739. doi:10.1093/molbev/msr121
[21] Kumar S., Stecher G., Li M., Knyaz C., Tamura K.
2018. MEGA X: molecular evolutionary genetics
analysis across computing platforms. Molecular
Biology and Evolution 35(6): 1547–1549.
doi:10.1093/molbev/msy096
[22] Merza A.S., AL-Saeed A.T.M., Najeeb M.K. 2020.
Detection of Blastocystis hominis among patients
attending hospitals of Duhok City, Kurdistan Region,
Iraq. Journal of Duhok University 23(2): 1–8.
doi:10.26682/ sjuod.2020.23.2.1
[23] Nimri L.F. 1993. Evidence of an epidemic of
Blastocystis hominis infections in preschool children
in northern Jordan. Journal of Clinical Microbiology
31(10): 2706–2708.
doi:10.1128/jcm.31.10.2706-2708.1993
[24] Martín-Sanchez A.M., Canut-Blasco A., RodríguezHernández J. 1992. Montes-Martínez I., GarcíaRodriguez J.A. Epidemiology and clinical significance
of Blastocystis hominis in different population groups
in Salamanca (Spain). European Journal of
Epidemiology 8: 553–559.
doi:10.1007/BF00146376
[25] Angelov I., Lukanov T., Tsvetkova N., Petkova V.,
Nicoloff G. 2008. Clinical, immunological and
parasitological parallels in patients with blastocystosis.
Journal of IMAB 1: 55–58.
https://scholar.google.com/scholar
[26] Poulsen C.S., Efunshile A.M., Nelson J.A.,
Stensvold C.R. 2016. Epidemiological aspects of
Blastocystis colonization in children in Ilero,
Nigeria. The American Journal of Tropical Medicine
and Hygiene 95(1): 175. doi:10.4269/ajtmh.16-0074
[27] Dogan N., Aydin M., Tuzemen N.U., Dinleyici E.C.,
Oguz I., Dogruman-Al F. 2017. Subtype distribution
of Blastocystis spp. isolated from children in
Eskisehir, Turkey. Parasitology International 66(1):
948–951. doi:10. 1016/j.parint.2016.10.008
[28] Greige S., El Safadi D., Bécu N., Gantois N., Pereira

397
B., Chabé M., Viscogliosi E. 2018. Prevalence and
subtype distribution of Blastocystis sp. isolates from
poultry in Lebanon and evidence of zoonotic
potential. Parasites and Vectors 11(1): 1–10.
doi:10.1186/s13071-018-2975-5
[29] Belleza M.L.B., Cadacio J.L.C., Borja M.P., Solon
J.A.A., Padilla M.A., Tongol-Rivera P.N., Rivera
W.L. 2015. Epidemiologic study of Blastocystis
infection in an urban community in the Philippines.
Journal of Environmental and Public Health 2015:
article number 894297. doi:10.1155/2015/894297
[30] He S.S., Wu L.Y., Liu X.Q., Shi H.H., Chen Z.,
Zhang H., Li Y.M. 2013. Investigation on the
infection of Blastocystis hominis in populations in
Bama Yao Autonomous County of Guangxi. Chinese
Journal of Parasitology and Parasitic Diseases
31(1): 76–77.
http://www.jsczz.cn/EN/ Y2013/V31 /I1/20
[31] Li L.H., Zhou X.N., Du Z.W., Wang X.Z., Wang
L.B., Jiang J.Y., Zhang L. 2007. Molecular
epidemiology of human Blastocystis in a village in
Yunnan province, China. Parasitology International
56(4): 281–286. doi:10.1016/j.parint.2007.06.001
[32] Chen B.J., Xie H.G., Zhan R.Y., Li Y.R., Lin C.X.,
Xie X.L., Zhang S.Y. 2018. Human intestinal
protozoa diseases in Fujian Province, China. Chinese
Journal of Zoonoses 34(6).
https://scholar.google.com/scholar
[33] Zhang W., Ren G., Zhao W., Yang Z., Shen Y., Sun
Y., Cao J. 2017. Genotyping of Enterocytozoon
bieneusi and subtyping of Blastocystis in cancer
patients: relationship to diarrhea and assessment of
zoonotic transmission. Frontiers in Microbiology 8:
article number 1835. doi:10.3389/fmicb.2017.01835
[34] Poirier P., Wawrzyniak I., Vivarès C.P., Delbac F., El
Alaoui H. 2012. New insights into Blastocystis spp.:
a potential link with irritable bowel syndrome. PLoS
Pathogens 8(3): e1002545.
doi:10.1371/ journal.ppat.1002545
[35] Khademvatan S., Masjedizadeh R., Rahim F.,
Mahbodfar H., Salehi R., Yousefi-Razin E., Foroutan
M. 2017. Blastocystis and irritable bowel syndrome:
frequency and subtypes from Iranian patients.
Parasitology International 66(2): 142–145.
doi:10.1016/j.parint.2017.01.005
[36] Shaker D., Anvari D., Hosseini S.A., Fakhar M.,
Mardani A., Ziaei Hezarjaribi H., Gholami S.,
Gholami S. 2019. Frequency and genetic diversity
of Blastocystis subtypes among patients attending to
health centers in Mazandaran, northern Iran. Journal
of Parasitic Diseases 3(4): 537–543.
doi:10.1007/s12639-019-01123-5
[37] Wang J., Gong B., Yang F., Zhang W., Zheng Y., Liu
A. 2018. Subtype distribution and genetic
characterizations of Blastocystis in pigs, cattle, sheep
and goats in northeastern China’s Heilongjiang
Province. Infection, Genetics and Evolution 57:

398
171–176. doi:10.1016/j.meegid.2017.11.026
[38] Mossallam S.F., El-Mansoury S., Tolba M.M.,
Kohla A.A., Khedr S.I. 2021. In vitro susceptibility of
human Blastocystis subtypes to simeprevir. Saudi
Journal of Biological Sciences 28(4): 2491–2501.
doi:10.1016/ j.sjbs.2021.01.050
[39] Meloni D., Sanciu G., Poirier P., El Alaoui H., Chabé
M., Delhaes L., Viscogliosi E. 2011. Molecular
subtyping of Blastocystis sp. isolates from
symptomatic patients in Italy. Parasitology Research
109(3): 613–619. doi:10.1007/s00436-011-2294-7
[40] Forsell J., Granlund M., Stensvold C.R., Clark G.C.,
Evengård B. 2012. Subtype analysis of Blastocystis
isolates in Swedish patients. European Journal of
Clinical Microbiology and Infectious Diseases 31(7):
1689–1696.doi:10.1007/s10096-011-1416-6
[41] Moosavi A., Haghighi A., Mojarad E.N., Zayeri F.,
Alebouyeh M., Khazan H., Zali M.R. 2012. Genetic
variability of Blastocystis sp. isolated from
symptomatic and asymptomatic individuals in
Iran. Parasitology Research 111(6): 2311–2315.
doi:10.1007/s00436-012-3085-5
[42] Roberts T., Stark D., Harkness J., Ellis J. 2013.
Subtype distribution of Blastocystis isolates identified
in a Sydney population and pathogenic potential of
Blastocystis. European Journal of Clinical
Microbiology and Infectious Diseases 32(3): 335–343.
doi:10.1007/s10096-012-1746-z

I.G. ABDULWAHHAB
[43] Seyer A., Karasartova D., Ruh E., Güreser A.S.,
Turgal E., Imir T., Taylan-Ozkan A. 2017.
Epidemiology and prevalence of Blastocystis spp. in
North Cyprus. The American Journal of Tropical
Medicine and Hygiene 96(5): article number 1164.
doi:10.4269/ajtmh.16-0706
[44] Jiménez P.A., Jaimes J.E., Ramírez J.D. 2019. A
summary of Blastocystis subtypes in North and South
America. Parasites and Vectors 12(1): 1–9.
doi:10.1186/s13071-019-3641-2
[45] Tan T.C., Suresh K.G. 2006. Amoeboid form of
Blastocystis hominis – a detailed ultrastructural
insight. Parasitology Research 99(6): 737–742.
doi:10.1007/s00436-006-0214-z
[46] Yoshikawa H., Abe N., Wu Z. 2004. PCR-based
identification of zoonotic isolates of Blastocystis from
mammals and birds. Microbiology 150: 1147–1151.
doi:10.1099/mic.0.26899-0
[47] Dogruman-Al F., Yoshikawa H., Kustimur S.,
Balaban N. 2009. PCR-based subtyping of
Blastocystis isolates from symptomatic and
asymptomatic individuals in a major hospital in
Ankara, Turkey. Parasitology Research 106(1):
263–268. doi:10.1007/s00436-009-1658-8
Received 10 January 2022
Accepted 28 April 2022

