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ABSTRACT

Blastocystis spp. is an anaerobic, single-celled intestinal parasite with a global prevalence that is found
in the lower digestive tract of humans and many animals, such as numerous types of vertebrates. To date, 17 genotypes
have been identified. Nine of these genotypes are common in humans. The organism is found in both healthy and
compromised individuals, hence its pathogenicity is controversial. This study aimed to investigate the frequency of
Blastocystis spp. genotypes in Bandar Abbas, Iran in 2022.

A total of 378 stool samples were collected from hospitals and health centers of Bandar Abbas,
Hormozgan province, Iran. Stool samples were examined by direct and formalin ethyl acetate (concentration) methods.
Positive samples for Blastocystis spp. were isolated and DNA extraction was done. All extracted DNA specimens were
analyzed by NanoDrop to ensure quantity and quality. The PCR technique was used to identify parasite genotypes and all
samples were sequenced for genotype confirmation.

m Finally 14 samples were detected as positive microscopically and 8 samples were confirmed by PCR. Identified
isolated genotypes were 4 samples ST1 (50%), 3 ST3 (37.5%), and one ST2 (12.5%). All negative and positive samples were
analyzed 3 times to confirm accuracy.

Blastocystis spp. is the most common protozoan parasite of the human intestine, and despite the studies, there
are many uncertainties about its pathogenicity. The current study was designed and carried out during the COVID-19
pandemic and lower positive patients may be related to severe hygiene considerations and consumption of various
antibiotics amongst the population.
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1. Introduction

Blastocystis spp. is an obligate anaerobic protozoan endoplasmic reticulum, Golgi apparatus, and
parasite without a cell wall and has one or more nuclei mitochondria-like organelles. The lack of growth in
around the central vacuole, rough and smooth fungal environments and growth at 37°C and normal
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pH, as well as resistance to antifungal drugs such as
amphotericin B and sensitivity to metronidazole,
placed it among protozoa (1-3). This parasite is very
polymorphic and can be seen in several forms in direct
smears and the culture medium. Generally, the
parasite has four identifiable and main forms:
Vacuolar, granular, amoeboid, and Cystic form. The
formation of these shapes depends on factors such as
osmotic  changes, environmental  conditions,
metabolic status, and internal and external physical
factors (4). After long controversial evidence,
organisms were classified within Stramenopiles (5).
Nowadays, Blastocystis spp. is the most commonly
reported intestinal protozoa with many subtypes
indistinguishable microscopically (6). Blastocystis spp.
has strict diversity based on molecular identification
and to date 17 subtypes detected. Blastocystis spp.
isolated from humans and animals can be assigned as
9 genotypes that are distributed worldwide (7, 8).
Molecular epidemiological studies can be useful in
clarifying transmission modes, host specificity,
treatment algorithms, and resistance to some
medications. A significant correlation between certain
subtypes and pathogenicity remains to be established.
(9). Reported prevalence varies between developed
and developing countries and areas. Published studies
available in main databases reported frequencies of
5% and higher. In some studies, all collected samples
were positive for Blastocystis spp. (10-12). In most
studies, the dominant human subtype is 3, and other
less common subtypes have different prevalence in
different countries e.g., the main subtype in China and
Germany is subtype 2, in Japan, it is subtype 6, and in
England is subtype 4 (13, 14). In Iran, different studies
have detected various frequencies and subtypes.
Although molecular diagnostic studies carried out for
the genotype identification of Blastocystis spp. from
humans in Iran have reported the ST1, ST2, ST3, ST4,
ST5, ST6, and ST7, the most common genotype was
ST3 (15, 16).

The frequency and genotype identification of
Blastocystis spp. in Bandar Abbas, Hormozgan
province, South of Iran has not been determined. This
cross-sectional study was conducted to obtain data
about the Frequency of Blastocystis spp. and
determine molecular epidemiology and genotype
distribution.

2. Materials and Methods

Ethics Considerations

The study was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki and
protocols reviewed and approved by the Ethics
Committee of Hormozgan University of Medical
Sciences IR.HUMS.REC.1401.017.
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Direct Examination

This  descriptive  cross-sectional study was
conducted in 2022 on 378 human stool samples
collected from the patients referred to Shahid
Mohammadi Hospital and the city health center.
Samples were analyzed by direct and molecular
methods. Stool samples from the city health center
and Hospital were transferred to the laboratory of the
parasitology department of the Faculty of Medicine in
a special sampling box. Direct smears and formalin
ethyl acetate (concentration) were performed to
detect positive samples for Blastocystis spp. parasites.
A part of each sample was used for direct smear with
saline and Lugel's stain.

DNA Extraction

About 200 mg of stool was used for DNA extraction.
A stool DNA Extraction kit (100 prep. FPKT001.0100.
Kiagene, Iran) was implemented to extract genomic
DNA from stool specimens according to the
manufacturer’s instructions. To ensure the accuracy of
the method, quality, and quantity of DNA in samples,
all microtubes were checked via NanoDrop device.

Primer Design

To design the primer, previous studies were
reviewed and the primers of these studies were
analyzed (17). Using the following primers (Forward
primer: 5'- GGA ATC CTC TTA GAG GGA CAC TAT ACA
T-3', Reverse primer: 5' — TTA CTA AAA TCC AAA GTG
TTCATC GGA C- 3'), fragment of 590 bp for Blastocystis
spp. identified. Primers were based on a small subunit
of ribosomal DNA (SSU rDNA).

Polymerase Chain Reaction (PCR)

DNA samples were stored at -20°C until use. To
amplify segments of approximately 590 bp fragment,
a PCR reaction was performed in the final volume of
20 pL. Each reaction contained 10 pL of Master Mix,
0.5 puL of primer F, 0.5 Primer R, 5 uL sterile distilled
water, and 4 pL extracted DNA. The cycle algorithm
was designed as an initial activation step at 95°C for 1
min, followed by 35 cycles at 95°C for 1 min, 35 cycles
for annealing at 60 C for 1min, 35 cycles at 72°C for 2
min, with a final extension step at 72°C for 7 min. All
PCR reactions were done by the BIO-RAD
thermocycler system (C1000 Touch; Bio-Rad
Laboratories Inc., Hercules, CA, USA).

Gel Electrophoresis

The PCR products were electrophoresed on 1.5%
agarose and after optimal conditions stained with Gel
red (Biotium Cat. 41003). Gel analyzed by UV
transillumination system (Cambridge, UK).
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Sequencing of Positive Samples and Phylogenetic
Analysis

Sanger dideoxy sequencing technology was used to
determine the sequences of positive samples for
Blastocystis spp. The Sanger sequencing method is a
highly sensitive way to determine the order of
nucleotides in an organism (18). All positive samples
of the study were sequenced and subtypes were
identified. Phylogenetic analysis was performed using
the MEGA X software with the Neighbor-joining (NJ)
method. The phylogenetic tree’s reliability was
assessed by the maximum likelihood method with one
thousand bootstrap replications (19, 20). Blastocystis
lapemi was used as an outgroup for the Phylogenetic
tree.

Statistical Analysis

Statistical data were analyzed using the chi-square
test. In all cases, P-values below 0.05 were considered
as significant. All statistical analyses were performed
using the Statistical Program for Social Sciences (SPSS)
version 26 (SPSS Inc., Chicago, Ill., USA).

3. Results

The population study consisted of patients referred to
Bandar Abbas Hospital and medical enter. A total of 378
cases were enrolled in a cross-sectional study in 2022. By
direct examination, 14 cases (3.7%) were positive for

® OP150479

| | @ OP151092

© ® OP150928

£l . @ OP151089

Blastocystis spp., and 8 cases (2.2%) were approved by
PCR technique. Four cases of Giardia were identified and
5 patients were positive for Entamoeba coli.

Phylogenetic Analysis and Genotype Identification

Molecular methods revealed that the 8 positive samples
(Figure 1) for Blastocystis spp. were classified as ST1 (4
cases), ST3 (3 cases), and ST2 (1 case) (Figure 2).
Statistical analysis showed that there are no significant
differences between infection and age, gender,
residency location, and education level (P<0.005).

Figure 1. Gel electrophoresis of the 185 rRNA gene for
Blastocystis spp. PCR amplicons for genotyping. The ladder,
positive samples, and size of bands are visible on the gel. The
negative sample is distinguishable.

kel

51

L

L—— & AY266471 1 Blastocystis lapemi 18S ribosomal RNA gene partial sequence

‘OM478513.1 Blastocystis sp. subtype 1
QOLB23671.1 Blastocystis sp. subtype 2
1007 @ OP149618
MK244933 1 Blastocystis sp. subtype 17
ON738411.1 Blastocystis sp. subtype 15
MWBE82203.1 Blastocystis sp. subtype 13
MF186664.1 Blastocystis sp. subtype 14
MF186709.1 Blastocystis sp. subtype 5
OK285228 1 Blastocystis sp. subtype 4
KY488576.1 Blastocystis sp. subtype 10
KX352008.1 Blastocystis sp. subtype 8
ON185815.1 Blastocystis sp. subtype 3
@® OP150486
| @ OP150913
® OP150921
MW867033.1 Blastocystis sp. subtype 7
MK930361.1 Blastocystis sp. subtype 18
KX234623.1 Blastocystis sp. subtype 9
84 MW713074.1 Blastocystis sp. subtype 6

— EU427514 1 Blastocystis sp. subtype 16

005

KY823301.1 Blastocystis sp. subtype 12
(GU256922 1 Blastocystis sp. subtype 11

Figure 2. Phylogenetic analysis for Blastocystis spp. Genotypes.
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Notes: The phylogenetic tree’s reliability was assessed by the maximum likelihood method with one thousand bootstrap
replications and the evolutionary distances were analyzed using the Kimura 2-parameter method. Blastocystis lapemi was used

as an outgroup for the Phylogenetic tree.

Nucleotide Sequence Accession Number

The GenBank accession numbers of the 185 rRNA
gene of Blastocystis spp. determined in this study are
OP149618, O0OP150479, 0P150486, 0P150913,
OP150921, OP150928, OP151089, and OP151092.

4, Discussion

Blastocystis spp. shows genetic diversity in patients
and according to identified genotypes, signs, mode of
infection, and treatment algorithms could be distinct
and different (21). To determine Blastocystis subtypes
in Bandar Abbas, Hormozgan province, South of Iran,
we designed a survey on stool samples of referred
patients to hospital and clinical centers of Bandar
Abbas city. Our findings demonstrated that the most
common genotype is ST1. Maleki et al. conducted a
study in 2022 on 950 stool samples by culture method
and conventional PCR. The study isolated ST1-ST6 and
ST3 was the dominant genotype (22). They concluded
that microscopic examination can't diagnose all
positive samples accurately, which is in agreement
with our study that we have discrepancies between
positive samples by direct and PCR methods (14
positive, 8 positive). Salehi in 2017 investigated
samples of the patient in northern Iran and reported
ST3 as the dominant genotype. They isolated ST1,2,3
and ST7 (23). Shaker in 2017 carried out a study on 420
stool samples and detected ST3 as the most prevalent
subtype of Blastocystis. This study is similar to a survey
of subtypes in Lorestan (west of Iran) (24).
Khademvatan and colleagues performed a study in
southern of Iran in 2014 and isolated five subtypes
that ST3 was frequent. In our study, ST1 was dominant
after ST3 (25). Khodabakhsh in 2018 studied 1118
stool samples in Kashan, Iran, and findings
demonstrate that ST3 and ST1 are the most frequent
isolates. Infection rate was correlated to age and
education level (26).

A study from Ahvaz showed that of 481 samples
collected, 14.35% were positive for Blastocystis spp.
and the frequency of Blastocystis spp. in females and
males was 13.36% and 15.26% respectively. There was
not any statistically significant (P=0.3) (27). In line with
this research, our study results showed that there are
no significant differences between infection and age,
gender, residency location, and education level
(P<0.005).

In our study, 14 patients tested positive by direct
microscopic examination, and after the PCR test 8
cases were approved. Molecular tests were repeated
and results were similar at all times. Caterine Potes
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Morales (2020) performed a study on fecal samples
and identified ST1 as the dominant genotype which is
in agreement with our findings. They demonstrated
that some patients that were positive in direct smear,
were detected as negative by PCR (28). Sari et al.
investigated a study on ore school children's stool
samples. The genotypes of ST1, 3, and 4 were
diagnosed and ST1 was most dominant. This study
compared molecular and culture methods. Results
showed agreement between methods (29).

Results of a study from Khuzestan province,
southwest of Iran, showed that among 268 stool
samples, most isolates were related to ST3 with 29
(56.8%) positive cases and ST1 with 11 (21.6%) cases
(30), which were in agreement with our results.

Tamas Suli et al. designed and carried out a study on
pig stool samples that investigated the molecular
epidemiology of Blastocystis spp. using direct smear,
xenic culture, and PCR. They compared the sensitivity
of 3 methods in isolation of parasite and concluded
that molecular technique can be a choice method to
approve Blastocystis spp. and has higher sensitivity.
Culture is more suitable than direct stool examination
(31). Our findings showed that the frequency of
Blastocystis spp. is less than in similar studies and
direct examination can’t be the only method for
diagnosis of this parasite.

5. Conclusion

This research was conducted at the same time as the
COVID-19 pandemic, and there has been an increase in
the observance of personal and social hygiene, as well
as a decrease in the use of fast food among different
classes of society. Therefore, the frequency of
Blastocystis spp. parasite in Bandar Abbas compared to
other studies is low. Consumption of anti-parasitic
drugs and antibiotics during the pandemic may be one
of the reasons for reducing the spread of parasites. It is
suggested that other investigations be done after the
end of the pandemic.

Limitations

It is better to survey large regions in southern Iran to
elucidate the exact rate of genotype distribution. Our
study was designed as an MSc dissertation and had
some limitations including time and cost.
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Iranian Journal of Medical Microbiology



Zahra Rajaei al., 445

Acknowledgment

We would like to thank and appreciate all colleagues
in the faculties and laboratories of Hormozgan
Medical Sciences University for their cooperation in
sampling and processing of samples and providing
facilities.

Availability of data and materials

The GenBank accession numbers of the 18S rRNA
gene of Blastocystis spp. determined in this study are

0OP149618, 0P150479, 0P150486, 0OP150913,
OP150921, OP150928, OP151089, and OP151092 and
can be accessed in GenBank (GenBank:
Reference

1. Chen CH, Sun HY, Chien HF, Lai HS, Chou NK.
Blastocystis hominis infection in a post-cardiotomy
patient on extracorporeal membrane oxygenation
support: A case report and literature review. Int J
Surg Case Rep. 2014;5(9):637-9.
[DOI:10.1016/j.ijscr.2014.07.010] [PMID] [PMCID]

2. Tan KS. New insights on classification,
identification, and clinical relevance of Blastocystis
spp. Clin Microbiol Rev. 2008;21(4):639-65.
[DOI:10.1128/CMR.00022-08] [PMID] [PMCID]

3. Javaherizadeh H, Khademvatan S, Soltani S,
Torabizadeh M, Yousefi E. Distribution of
haematological indices among subjects with
Blastocystis hominis infection compared to
controls. Prz Gastroenterol. 2014;9(1):38-42.
[DOI:10.5114/pg.2014.40849] [PMID] [PMCID]

4. Zhang X, Qiao JY, Zhou XJ, Yao FR, Wei ZC.
Morphology and reproductive mode of
Blastocystis hominis in diarrhea and in vitro.
Parasitol Res. 2007;101(1):43-51.
[DOI:10.1007/s00436-006-0439-x] [PMID]

5. Hoevers J, Snowden K. Analysis of the ITS region
and partial ssu and Isu rRNA genes of Blastocystis
and Proteromonas lacertae. Parasitol. 2005;
131(2):187-96.
[DOI:10.1017/50031182005007596] [PMID]

6. Windsor J, Macfarlane L, Hughes-Thapa G, Jones S,
Whiteside T. Incidence of Blastocystis hominis in
faecal samples submitted for  routine
microbiological analysis. Br J Biomed Sci. 2002;
59(3):154-7.
[DOI:10.1080/09674845.2002.11783653] [PMID]

7. Stensvold CR, Suresh GK, Tan KS, Thompson RA,
Traub RJ, Viscogliosi E, et al. Terminology for
Blastocystis  subtypes-a  consensus. Trends

Year 17, Issue 4 (July — August 2023)

https://www.ncbi.nlm.nih.gov/). All data generated or
analyzed during this study are included in this article.

Funding

This project was approved and funded by
Hormozgan University of Medical Sciences (HUMS) as
an MSc dissertation.

Competing interests

The authors whose names are listedin the
manuscript certify that they have NO affiliations with
or involvement in any organization or financial
matters that are considered in this study.

Parasitol. 2007;23(3):93-6.
[DOI:10.1016/j.pt.2007.01.004] [PMID]

8. Srichaipon N, Nuchprayoon S, Charuchaibovorn S,

Sukkapan P, Sanprasert V. A Simple Genotyping
Method for Rapid Differentiation of Blastocystis
Subtypes and Subtype Distribution of Blastocystis
spp. in Thailand. Pathogens. 2019;8(1).

[DOI:10.3390/pathogens8010038] [PMID] [PMCID]

9. Motazedian H, Ghasemi H, Sadjjadi S. Genomic

diversity of Blastocystis hominis from patients in
southern Iran. Ann Trop Med Parasitol. 2008;102
(1):85-8. [DOI:10.1179/136485908%252197]
[PMID]

10. Pandey PK, Verma P, Marathe N, Shetty S,
Bavdekar A, Patole MS, et al. Prevalence and
subtype analysis of Blastocystis in healthy Indian
individuals. Infect Genet Evol. 2015;31:296-9.
[DOI:10.1016/j.meegid.2015.02.012] [PMID]

11. Sylla K, Sow D, Lelo S, Dieng T, Tine RC, Faye B.
Blastocystis sp. Infection: Prevalence and Clinical
Aspects among Patients Attending to the
Laboratory of Parasitology-Mycology of Fann
University Hospital, Dakar, Senegal. Parasitologia.
2022;2(4):292-301.
[DOI:10.3390/parasitologia2040024]

12. Zanetti AdS, Malheiros AF, De Matos TA, Longhi FG,
Moreira LM, Silva SL, et al. Prevalence of
Blastocystis sp. infection in several hosts in Brazil:
a systematic review and meta-analysis. Parasit
Vectors. 2020;13(1):1-15. [PMID] [PMCID]
[DOI:10.1186/s13071-020-3900-2]

13. Wong KH, Ng G, Lin RT, Yoshikawa H, Taylor MB,
Tan KS. Predominance of subtype 3 among
Blastocystis isolates from a major hospital in

Iranian Journal of Medical Microbiology


https://doi.org/10.1016/j.ijscr.2014.07.010
https://www.ncbi.nlm.nih.gov/pubmed/25160800
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4200881
https://doi.org/10.1128/CMR.00022-08
https://www.ncbi.nlm.nih.gov/pubmed/18854485
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2570156
https://doi.org/10.5114/pg.2014.40849
https://www.ncbi.nlm.nih.gov/pubmed/24868297
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4027846
https://doi.org/10.1007/s00436-006-0439-x
https://www.ncbi.nlm.nih.gov/pubmed/17216486
https://doi.org/10.1017/S0031182005007596
https://www.ncbi.nlm.nih.gov/pubmed/16145935
https://doi.org/10.1080/09674845.2002.11783653
https://www.ncbi.nlm.nih.gov/pubmed/12371057
https://doi.org/10.1016/j.pt.2007.01.004
https://www.ncbi.nlm.nih.gov/pubmed/17241816
https://doi.org/10.3390/pathogens8010038
https://www.ncbi.nlm.nih.gov/pubmed/30901902
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6471993
https://doi.org/10.1179/136485908X252197
https://www.ncbi.nlm.nih.gov/pubmed/18186983
https://doi.org/10.1016/j.meegid.2015.02.012
https://www.ncbi.nlm.nih.gov/pubmed/25701123
https://doi.org/10.3390/parasitologia2040024
https://www.ncbi.nlm.nih.gov/pubmed/31937366
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6961275
https://doi.org/10.1186/s13071-020-3900-2

446 Molecular Epidemiology of Blastocystis sp.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Singapore. Parasitol Res. 2008;102(4):663-70.
[DOI:10.1007/s00436-007-0808-0] [PMID]

Li LH, Zhang XP, Lv S, Zhang L, Yoshikawa H, Wu Z,
et al. Cross-sectional surveys and subtype
classification of human Blastocystis isolates from
four epidemiological settings in China. Parasitol
Res. 2007;102(1):83-90. [PMID]
[DOI:10.1007/s00436-007-0727-0]

Haghighi L, Talebnia SE, Mikaeili F, Asgari Q,
Gholizadeh F, Zomorodian K. Prevalence and
subtype identification of Blastocystis isolated from
human in Shiraz city, southern Iran. Clin Epidemiol
Glob Health. 2020;8(3):840-4.
[DOI:10.1016/j.cegh.2020.02.010]

Badparva E, Ezatpour B, Mahmoudvand H,
Behzadifar M, Behzadifar M, Kheirandish F.
Prevalence and genotype analysis of Blastocystis
hominis in Iran: a systematic review and meta-
analysis. Arch Clin Infect Dis. 2017;12:1-9.
[DOI:10.5812/archcid.36648]

Badparva E, Sadraee J, Kheirandish F. Genetic
diversity of blastocystis isolated from cattle in
khorramabad, iran. Jundishapur J Microbiol. 2015;
8(3):e14810. [DOI:10.5812/jjm.14810] [PMID]
[PMCID]

Maloney JG, Molokin A, Santin M. Next generation
amplicon sequencing improves detection of
Blastocystis mixed subtype infections. Infect Genet
Evol. 2019;73:119-25.
[DOI:10.1016/j.meegid.2019.04.013] [PMID]

Tamura K, Peterson D, Peterson N, Stecher G, Nei
M, Kumar S. MEGA5: molecular evolutionary
genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony
methods. Mol Biol Evol. 2011;28(10):2731-9.
[DOI:10.1093/molbev/msri121] [PMID] [PMCID]

Saitou N, Nei M. The neighbor-joining method: a
new method for reconstructing phylogenetic trees.
Mol Biol Evol. 1987;4(4):406-25.

Sekar U, Shanthi M. Recent insights into the
genetic diversity, epidemiology and clinical
relevance of Blastocystis species. JMR. 2015;1(1):
33-9. [DOI:10.31254/jmr.2015.1110]

Maleki B, Sadraei J, Dalimi Asl A, Pirestani M. High
occurrence of Blastocystis sp. subtype 3 in
individuals referred to medical laboratories in
Kermanshah, Iran. Gastroenterol Hepatol Bed
Bench. 2022;15(2):164-71.

Salehi M, Mardaneh J, Niazkar  HR,
Minooeianhaghighi M, Arshad E, Soleimani F, et al.

Year 17, Issue 4 (July — August 2023)

24.

25.

26.

27.

28.

29.

30.

31.

Prevalence and Subtype Analysis of Blastocystis
hominis Isolated from Patients in the Northeast of
Iran. J Parasitol Res. 2021;2021:8821885.
[DOI:10.1155/2021/8821885] [PMID] [PMCID]

Shaker D, Anvari D, Hosseini SA, Fakhar M, Mardani
A, Ziaei Hezarjaribi H, et al. Frequency and genetic
diversity of Blastocystis subtypes among patients
attending to health centers in Mazandaran,
northern Iran. J Parasit Dis. 2019;43(4):537-43.
[DOI:10.1007/s12639-019-01123-5] [PMID]
[PMCID]

Khademvatan S, Masjedizadeh R, Rahim F,
Mahbodfar H, Salehi R, Yousefi-Razin E, et al.
Blastocystis and irritable bowel syndrome:
Frequency and subtypes from Iranian patients.
Parasitol Int. 2017;66(2):142-5.
[DOI:10.1016/j.parint.2017.01.005] [PMID]

Arbat SK, Hooshyar H, Arbabi M, Delavari M, Rasti
S, Mousavi G. Subtypes identification and
frequency of Blastocystis isolated from patients in
Kashan, Central Iran. Int Arch Health Sci. 2021;8(1):
56.

Khademvatan S, Masjedizadeh R, Yousefi-Razin E,
Mahbodfar H, Rahim F, Yousefi E, et al. PCR-based
molecular characterization of Blastocystis hominis
subtypes in southwest of Iran. J Infect Public
Health. 2018;11(1):43-7.
[DOI:10.1016/j.jiph.2017.03.009] [PMID]

Potes-Morales C, Osorio-Delgado LA, Carranza JC,
Vallejo GA. The first molecular detection of
Blastocystis subtypes in human faecal samples
from Ibague, Colombia. Parasite Epidemiol
Control. 2020;9:e00132. [PMID] [PMCID]
[DOI:10.1016/j.parepi.2020.e00132]

Sari IP, Benung MR, Wahdini S, Kurniawan A.
Diagnosis and identification of blastocystis
subtypes in primary school children in Jakarta. J
Trop Pediatr. 2018;64(3):208-14.
[DOI:10.1093/tropej/fmx051] [PMID]

Piranshahi AR, Tavalla M, Khademvatan S.
Genomic analysis of Blastocystis hominis isolates in
patients with HIV-positive using locus SSU-rDNA. J
Parasit Dis. 2018;42:28-33. [PMID] [PMCID]
[DOI:10.1007/s12639-017-0957-8]

Sali T, Kozoderovi¢ G, Potkonjak A, Vidanovié D,
TeSovi¢ B, Vracar V, et al. Subtyping Blastocystis in
pigs and humans revealed unusual avian-specific
subtype ST6 in humans in Serbia. Zoonoses Public
Health. 2021;68(5):544-8.
[DOI:10.1111/7ph.12829] [PMID]

Iranian Journal of Medical Microbiology


https://doi.org/10.1007/s00436-007-0808-0
https://www.ncbi.nlm.nih.gov/pubmed/18064490
https://www.ncbi.nlm.nih.gov/pubmed/17912552
https://doi.org/10.1007/s00436-007-0727-0
https://doi.org/10.1016/j.cegh.2020.02.010
https://doi.org/10.5812/archcid.36648
https://doi.org/10.5812/jjm.14810
https://www.ncbi.nlm.nih.gov/pubmed/25964846
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4417945
https://doi.org/10.1016/j.meegid.2019.04.013
https://www.ncbi.nlm.nih.gov/pubmed/31026606
https://doi.org/10.1093/molbev/msr121
https://www.ncbi.nlm.nih.gov/pubmed/21546353
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3203626
https://doi.org/10.31254/jmr.2015.1110
https://doi.org/10.1155/2021/8821885
https://www.ncbi.nlm.nih.gov/pubmed/33510903
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7822675
https://doi.org/10.1007/s12639-019-01123-5
https://www.ncbi.nlm.nih.gov/pubmed/31749521
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6841765
https://doi.org/10.1016/j.parint.2017.01.005
https://www.ncbi.nlm.nih.gov/pubmed/28087441
https://doi.org/10.1016/j.jiph.2017.03.009
https://www.ncbi.nlm.nih.gov/pubmed/28404232
https://www.ncbi.nlm.nih.gov/pubmed/31956703
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6957836
https://doi.org/10.1016/j.parepi.2020.e00132
https://doi.org/10.1093/tropej/fmx051
https://www.ncbi.nlm.nih.gov/pubmed/28977665
https://www.ncbi.nlm.nih.gov/pubmed/29491555
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5825359
https://doi.org/10.1007/s12639-017-0957-8
https://doi.org/10.1111/zph.12829
https://www.ncbi.nlm.nih.gov/pubmed/33822468

	1. Molecular Medicine Research Center, Hormozgan Health Institute, Hormozgan University of Medical Sciences, Bandar Abbas, Iran
	2. Infectious and Tropical Diseases Research Center, Hormozgan Health Institute, Hormozgan University of Medical Sciences, Bandar Abbas, Iran
	3. Molecular and Medicine Research Center, Khomein University of Medical Sciences, Khomein, Iran
	4. Department of Medical Laboratory Sciences, Khomein University of Medical Sciences, Khomein, Iran
	5. Social Determinants in Health Promotion Research Center, Hormozgan Health Institute, Hormozgan University of Medical Sciences, Bandar Abbas, Iran
	1. Introduction
	2. Materials and Methods
	Ethics Considerations
	Direct Examination
	DNA Extraction
	Primer Design
	Polymerase Chain Reaction (PCR)
	Gel Electrophoresis
	Sequencing of Positive Samples and Phylogenetic Analysis
	Statistical Analysis

	3. Results
	Nucleotide Sequence Accession Number

	5. Conclusion
	Limitations
	Consent for publication
	Acknowledgment
	Availability of data and materials
	Funding
	Competing interests

	1.  10.30699/ijmm.17.4.441

