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Abstract
Blastocystis is a common polymorphic protozoan infecting human intestine with a zoonotic
potential. Despite the unclear pathogenicity, its existence may be linked to a wide range of
gastrointestinal disorders. The present cross sectional study was conducted to analyze Blasto-
cystis subtypes among 110 adolescents suffering from disturbing GIT symptoms in stool sam-
ples. Positive samples (21 (19.1%)) by microscopy were subjected to DNA isolation and sub-
typed by Sequence Tagged Site (STS)-PCR analysis, which successfully subtyped 10 (62.5%)
of 16 isolates. The dominant Blastocystis subtype was ST3 in 6 (40%) samples followed by 3
(30%) for ST2, but one sample (10%) was amplified for ST1. The results revealed significant
association between nausea and vomiting and Blastocystis infection. However, there was no
difference between the Blastocystis subtypes and demo-clinical characteristics.
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Introduction Although, its pathogenic potential was not
Blastocystis is unique obligate anaerobic clear (Valenga Barbosa et al, 2017), others
protist that classified within the phylum linked between blastocystosis and gastroint-
Stramenopiles (de Melo et al, 2021). Its dis- estinal symptoms (Alinaghizade et al, 2017),

tinguished features include a large membr- angioedema (Lugovi¢-mihi¢ et al, 2019), ur-
ane bound central vacuole, multiple nuclei,  ticaria (Aykur et al, 2022), palmoplantar pr-
and cytochrome free mitochondria (Arisue ez uritus (Kick ef al, 2002), infective arthritis
al, 2002). Blastocystis is an intestinal inhab- (Lee, 1990), iron deficiency anemia (Fonte
itants which commonly isolated from stool et al, 2022) and irritable bowel (Kesuma et
samples of man and other animals (Jha et al, al, 2019). Besides, blastocystosis was detec-

2021). It 1s widely prevalent in the world ted in subjects without any apparent sympt-
(Hammood et al, 2016). Prevalence rate var- oms (Mardani Kataki et al, 2019). Blasto-

ies according to the study population, geogr- cystis 1s a polymorphic and genetically vari-
aphical area and method of detection, linked able parasite (Mohamed et al, 2017). Its ba-
to poor hygienic practices, contaminated fo- sic diagnosis is by microscopy and cultures

od or water or animals contact (Nithyamathi to differentiate between the four morpholog-
et al, 2016). Infection rate was up to 100% ic forms (Dogruman-Al et al, 2008). Diagn-
in poor countries (Kaczmarek et al, 2020). osis of Blastocystis by PCR is more sensiti-
In Egypt, rate was 33.3% (Abdel Hameed et  ve than conventional basic methods (Chen et
al, 2011) up to 46.1% among schoolchildren  al/, 2023). Genetic identification of Blastocy-
(Abdo et al, 2023), and even was reported in stis spp. and subtyping has been approached
water (El Shazly et al, 2014). In Jordan Ab- mainly by a small subunit of ribosomal RNA
del-Dayem et al. (2014) found Blastocystis (SSU rRNA) gene or by diagnostic subtype-

hominis among food handlers in the luxuri-  specific sequence-tagged-site (STS) primers
ous hotels. In Saudi Arabia Amin (1997) in (Yoshikawa et al, 2004). The STS primers
Jeddah found (13.99%), and among the ap- are advantageous as they eliminate the need

parently healthy food-handlers was 61.0% in for sequencing of the PCR products (Stens-
the symptomatic patients in Riyadh (Abdel vold, 2013). Besides, Blastocystis subtyping
kareem et al, 2022). is important in clarification linked between
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epidemological factors, clinical aspects and
infection (Pandey et al, 2015)

Now, within the genus Blastocystis, there
are 32 genetic groups (subtypes) has been
identified in mammalian (including humans)
and avian hosts (Munsaka et al, 2022). Ten
subtypes were isolated from human stool;
subtypes1-9 & ST12 (Lhotska et al, 2020).
More than 90% of patients caused by STI1-
ST4 (Stensvold and Clark, 2016). Others
(ST5-ST9) were rare and linked to possible
zoonotic transmission (Cian et al, 2017).

The current study aimed to analyze the BI-
astocystis frequency, subtypes infection, and
the correlation with demo-clinical variables
among of adolescents.

Materials and Methods

Study design and data collection: The
study was a cross-sectional design with total
of 110 labeled stool samples. Fresh samples
were collected from adolescents (aged 10-19
years old) having different gastrointestinal
complaints and attending outpatient clinics
in El-Fayoum Teaching Hospitals, from
May 2023 to July 2023.

Before sampling, the study aims and proto-
col were explained and informed consent
was obtained from the participants’ parents
or guardians. So, demographic variables and
gastrointestinal symptoms were in a questio-
nnaire by direct interview. Patients received
antiparasitic treatment was excluded.

Ethical consideration: The protocol was
approved by the Scientific Research Ethics
Committee, Faculty of Medicine, Fayoum
University (NO: R 450/2023), which agreed
with Helsinki Declaration (2008).

Direct Microscopy: Each stool sample was
divided into 2 portions. The 1* portion was
immediately mixed with 1-2 drops of Lug-
ol’s iodine (Merck, Germany) and smeared
on clean glass slide, and microscopy exam-
ined with magnification of 40x & 100x for
Blastocystis spp. (Calissendorf and Falham-
mar, 2017). The presence of vacuolar form
in more than one smear field was an indica-
tion of a positive sample (Darwish et al,
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2023). The 2nd positive portion was stored at
-20°C until subsequent extraction.

DNA Extraction: Total genomic DNA was
extracted from microscopy positive samples
using a commercial kit, QIAamp DNA Stool
Mini Kit (Qiagen GmbH, Hilden, Germany)
after the manufacturer’s instructions. Extra-
cted DNA was eluted in 200ul buffer and
stored at -20°C until PCR amplification.

Polymerase chain reaction (PCR): 2ul of
genomic DNA was used in PCR to detect
Blastocystis at genus level by using the for-
ward primer (5'-GGA GGT AGTG AC AAT
AAA TC-3") and the reverse primer (5'-CGT
TCA TGA TGAACA ATT AC-3') primers
(Bohm-Gloning ef al, 1997). PCR conditions
consisted of one initial cycle of denaturation
at 94°C for 4 min, 35 cycles of amplification
of 30s at 94°C, 30s at 54°C, 30s at 72°C and
an elongation cycle for Smin at 72°C. Amp-
lified products were visualized on 1.5% aga-
rose gel electrophoresis under UV light.
Amplicons were stored at 4°C until needed.

Subtyping by sequence-tagged site-PCR
assay: The 2ul of each positive amplicons
was subjected to sequence-tagged site-PCR
assay using sequence-tagged site (STS) pri-
mers (Maleki et al, 2022). The amplicons in
20ul reaction was mixed with 0.5uM of each
primers, 1UTaq DNA polymerase (Thermo-
Scientific, USA). PCR conditions was done
with one denaturing cycle at 94°C for Smin,
40 cycles including denaturing at 94°C for
30s, annealing at 57°C for 30s, extending at
72°C for 60s and additional elongation cycle
at 72°C for 7min. followed by documenta-
tion on 1.5% agarose gel electrophoresis.

Statistical analysis: Data were collected,
tabulated, computerized and analyzed by the
SPSS software (version 20, IBM Inc., USA).
To determine the frequency and the correla-
tion between Blastocystis infections and sub-
ject variables, the Chi-square test was used.
A P-value < 0.05 was statistically significant
(Gouda, 2015).

Details were given in tables (1, 2 & 3).



Table 1: Sequence-tagged site (STS) primers used for Blastocystis subtyping
Subtype | Primer sequence Product (pb)
1 F-GAAGGACTCTCTGACGATGA 351
R-GTCCAAATGAAAGGCAGC
2 F-ATCAGCCTACAATCTCCTC 704
R-ATCGCCACTTCTCCAAT
3 F-AGGATTTGGTGTTTGGAGA 526
R-TTAGAAGTGAAGGAGATGGAAG
4 F-GCATCCAGACTACTATCAACATT 338
R-CCATTTTCAGACAACCACTTA
5 F-TGTTCTTGTGTCTTCTCAGCTC 704
R-TTCTTTCACACTCCCGTCAT
6 F-GTGGGTAGAGGAAGGAAAACA 317
R: AGAACAAGTCGATGAAGTGAGAT
7 F-GTCTTTCCCTGTCTATTCTGCA 487
R-AATTCGGTCTGCTTCTTCTG
Results couldn’t be amplified by diagnostic PCR.

Among 110 adolescents; 69 males (62.7%)
and 41 females (37.3%) with ages of
14.2343.1 years (range 10-19years), micros-
copy showed that 21 (19.1%) were positive.
The infection was found in 5(23.8%) in fe-
males and in 16 (76.19%) males. Parasite
was detected in 13 (61.9%) adolescences
lived in rural area and 8 (38%) in urban one,
without significant association between age,
gender, residence and blastocystosis, highly
significant association (p <0.005) with found
between vomiting, nausea and infection.

All microscopy positive Blastocystis sam-
ples were confirmed by diagnostic PCR
primers and amplification was detected in
16/21 (76.1%) samples. Only five samples

These PCR positive samples were subsequ-
ently screened with STS primers-PCR to id-
entify Blastocystis hominis subtypes. Ampli-
fication with STS primers was observed in
10 (62.5%) of 16 i1solates. There was a signi-
ficant association (p< 0.000) between the
microscopy and STS-PCR results. The dom-
inant Blastocystis subtype was ST3 in six
(40%) samples followed by three (30%) for
ST2, and one sample (10%) was ST1 ampli-
fied. The ST4-7 and mixed subtypes was not
detected. No association was found between
Blastocystis subtypes and any demo-clinical
presentations.

Details were given in tables (1, 2 & 3) and
figure (1).

Table 2: Descriptive demo-clinical criteria of participants and Blastocystis infection:

Variations Presenting symptoms | Positive cases | P-value
110 (No. %) 21 (No. %)

Age 10-14 57(51.8%) 8(38%) 0.162
15-19 53(48.2%) 13(61.9%)

Sex Male 69(62.7%) 16(76.1%)
Female | 41(37.3%) 5(23.8%) 0.156

Residence Rural 51(46.4%) 13(61.9%) 0.112
Urban 59(53.6%) 8(38%)

Diarrhea Yes 63 (57.2) 15(71.4%) 0.145
No 47(42.7) 6(28.5%)

Abdominal pain | Yes 50 (45.4%) 13(61.9%) 0.092
No 60 (54.5) 8(38%)

Vomiting Yes 29(26.4%) 13(61.9%) *0.000
No 81(73.6%) 8(38%)

Flatulence Yes 35(31.8) 9(42.8%) 0.227
No 75(68.2%) 12(57.1)

Nausea Yes 24(21.8) 9(42.8%) *0.009
No 86(78.2%) 12(57.1)

* P<0.05 significant
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Table 3: Association between Blastocystis subtypes and clinical factors.

Variations ST3 | ST2 | ST1 P-value
No. No. | No.

Age 10-14 2 1 0 0.475
15-19 4 2 1

Sex Male 4 3 1 0.467
Female 2 0 0

Residence Rural 3 2 1 0.623
Urban 3 1 0

Diarrhea Yes 5 1 1 0.364
No 1 2 0

Abdominal | Yes 4 2 0 0.465

pain No 2 1 1

Vomiting Yes 3 2 1 0.060
No 3 1 0

Flatulence Yes 3 2 1 0.300
No 4 0 0

Nausea Yes 2 1 1 0.214
No 4 2 0

Discussion In the present study, only 16 positive sam-

The PCR, in human blastocystosis, was as
fast as the formalin ether concentration tech-
niques and the cultures (Dagci et al, 2014).
PCR has a high accuracy without parasite
viability (Sekar and Shanthi, 2015). Moreo-
ver, the PCR technique in epidemiological
studies proved to be more realistic estimates
of any parasitic prevalence (Matovelle ef al,
2022)

In the present study, for identification
of seven subtypes of Blastocystis, a total
of seven pairs of STS primers were used
and the Blastocystis subtypes were determ-
ined by PCR in the stool positive samples.

Blastocystis is a an enteric protozoan with
worldwide distribution (Cian et al, 2017).
The frequency of this polymorphic parasite
was variable between studies in the same
and in different localities around the world.
In the present study, Blastocystis infection
was screened with Lugol’s iodine smear of
freshly collected stool samples collected
from adolescents. With this tool, the infec-
tion was microscopically detected in 19.1%
of the participants’ samples. This more or
less agreed with El Safadi ef al. (2013); El-
Badry et al. (2018); Mardani Kataki et al.
(2019); Ahmed et al. (2022). High records
(61.1% ), (33/5%) and (35.7%) were report-
ed in other Egyptian studies done by Abdel
Hameed et al. ( 2011); Fouad e et al. (2011);
Mokhtar and Youssef (2018).
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ples were confirmed by diagnostic PCR.
This finding could be explained be the pol-
ymorphic natures of the parasite with possi-
bility of misdiagnosis with other intestinal
parasite and the presence of artifacts (Del-
shad et al, 2020). Besides, the PCR results
may be affected by the used extraction
methods, paucity of parasites in the sample
and presence of polymerase inhibitory fac-
tors in stool samples (Miilayim et al, 2021).
The results of present study couldn’t reach
to a significant relationship between Blasto-
cystis infection and demo-clinical presenta-
tions except for nausea and vomiting as sim-
ilar as reported by Souppart et al. (2009);
Abdulsalam et al. (2013); and Hamdy et al.
(2020).But this disagreed with El Safadi et
al. (2013). Again, Asghari et al. (2021) re-
vealed that the infection in males was signif-
icantly higher than females (p = 0.024),
without association of age and residence.
Also, El-Badry et al. (2018) found a signifi-
cant risky association between Blastocystis
and living in rural areas.

In the present study, 3 Blastocystis subty-
pes are identified in 10 amplified samples by
STS —PCR technique among the examined
adolescents without a correlation with demo-
clinical presentations. Although the nonspe-
cific nature of symptoms, studies have re-
ported abdominal pain and diarrhea were
two major symptoms in Blastocystis-patients



(Tan, 2008; Mohammad et al, 2018).

In the current study, ST3 identified as dom-
inant (40%) subtype among the amplified
positive samples followed by ST2 (30%)
then ST1 (10%). These dominant subtypes
suggested that they were adolescents living
in urban areas (Fouad et al, 2011).

Also, the ST4-7 and mixed subtypes could
not be detected in current study. These re-
sults could be explained by parasitic poly-
morphism (Melo et al, 2017); Mardani
Kataki et al, 2019; Milayim et al, 2021;
Asghari et al, 2021; Ahmed et al, 2022).
This superiority was reversed as reported by
Abdulsalam et al. (2013) and Delshad et al.
(2020) as the ST1 was the most prevalent
followed by ST2 then ST3. Moreover, Vas-
salos et al. (2010); Deeb et al. (2012); El-
Badry et al. (2018); Rahimi et al. (2022) re-
ported a predominant ST3, followed by sub-
type 1.But, Badparva et al. (2014) gave sub-
types 2 the superiority followed by ST3 and
ST4 plus mixed infection by ST3,ST5 and
ST2 ,ST3. Moreover, all seven Blastocystis
subtypes were reported by Yakoob ef al.
(2010) and Seyer et al. (2017) in addition to
mixed subtypes infection. Theses variability
in subtypes in different studies in different
location could be explained by the hetero-
genic nature of parasite in different hosts
(Delshad et al, 2020). The ST1-ST3 was a
common subtypes identified in humans, but
without specificity (Munsaka et al, 2022).

Conclusion

Blastocystis subtype 3 was the most preva-
lent subtypes in the adolescents with varia-
ble enteric symptoms. More studies are on-
going to identify B. hominis subtypes in man
and animals to explore the zoonotic trans-
mission and clinical associations and will be
published in due time elsewhere.

Authors' Declaration: The authors declared
that they neither have any conflict of interest
nor received any funds. They added that
they both equally contributed in the study.
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Explanation of figure
Fig. 1: Amplified samples by the sequence-tagged site (STS) primers. Lanes 1, 100 bp DNA ladder; Lane 2 subtype 1 (351 bp); Lanes 3-4
subtype 2 (704 bp); Lanes 5-6 subtype 3 (526 bp); Lane 7 unamplified sample.
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