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Abstract
Background: We sought to determine how often Blastocystis. occurs and which sub-
types predominate in patients suffering from diarrhea in Van, Turkiye.
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Methods: We enrolled 200 volunteers—100 with diarrhea and 100 healthy con-
trols—and examined their stool samples both by light microscopy and by PCR am-
plification of the 18S SSU rRNA gene. DNA sequences from 14 positive PCR am-
plicons were analyzed for the 185 SSU rDNA gene, and the subtypes were identified
by sequence analysis of the PCR amplicons.

Results: Blastocystis was identified in 20 of 100 diarrheal patients (20%) and in 16 of
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Introduction

ommonly detected in humans and an-
imals, Blastocystis is an intestinal para-

100 controls (16%). Among patients, the highest carriage rate was seen in females
(21.6%), whereas in the control group it was males who showed the greatest preva-
lence (20.7%). When stratified by age, individuals aged 11-18 years exhibited the
highest positivity: 40% in the patient cohort and 21.4% among controls. No signifi-
cant differences emerged between patient and control groups with respect to age or
sex overall, although the comparison of under-18s (23%) versus those 19 and older
(10.3%) reached statistical significance (P = 0.013). Statistical analysis did not reveal
any link between Blastocystis carriage and gastrointestinal symptoms. Sequencing of
positive diarrheal samples showed that subtype 1 (ST1) accounted for 71.4% and
subtype 2 (ST2) for 28.6% of cases.

Conclusion: The dominance of ST1 in diarrheal patients supports the subtype-
pathogenicity relationship; however, further studies involving a large number of
symptomatic and asymptomatic individuals are required to elucidate this relationship

more precisely.

oral contact. The probability of encountering
Blastocystis is thought to be higher in individu-
als living in rural areas, especially due to their
close contact with animals (1, 2). The simulta-

site transmitted mainly through fecal-
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neous occurrence of Blastocystis in both
healthy and symptomatic individuals has
fueled ongoing discussions regarding its genet-
ic diversity, life cycle, treatment, and patho-
genic potential (3). Although often asympto-
matic, blastocystosis may present with non-
specific clinical manifestations, including diar-
rhea, nausea, vomiting, abdominal discomfort,
bloating, weight loss, and fatigue. (4).

Owing to its cost-effectiveness and operation-
al simplicity, microscopy continues to be the
primary diagnostic tool employed in the routine
identification of Blastocystis in many laboratories.
However, this method has high false-positive
and false-negative rates and identification diffi-
culties may be experienced, especially in fresh
stool samples where the classical vacuolar form
is not dominant, and the smaller cyst form is
present (4). The culture method, which is not
recommended as a routine procedure in clinical
samples, has been reported to be useful in cases
where microscopic diagnosis is uncertain (5).
Due to the low diagnostic accuracy of micro-
scopic methods, molecular methods have been
developed and used in the diagnosis of Blastocyst-
is (6,7).

To date, small subunit ribosomal DNA (SSU-
rDNA) analysis has identified at least 17 sub-
types, eight of which are zoonotic and can be
detected in both humans and different animal
species, while ST9 is observed only in humans
(8). Subtype 1 (ST1), ST2, ST3, and ST4 account
for 91.65% of all the identified subtypes, and in
epidemiologic studies, ST3 is the most common
subtype in humans (43.78%), followed by ST1,
ST2, and ST4, respectively (9).

A substantial proportion—ranging from 40% to
91.2%—of individuals diagnosed with blastocystosis
expetience spontaneous fesolution of symptoms
without medical intervention (10, 11). Treatment is
recommended in the case of a chronic course of in-
fection or to prevent the spread of the agent in the
community (12).

We aimed to investigate the frequency of
Blastocystis in patients with diarrhea and to de-
termine their subtypes using molecular se-
quencing methods in the Van region of Turki-

Available at: http://ijpa.tums.ac.ir

ye and identify the prevalent Blastocystis sub-
types in these individuals.

Materials and Methods

Prior to the commencement of the study, eth-
ical approval was granted by the Non-
Interventional Clinical Research Ethics Commit-
tee of Van Yizinci Yil University (Decision
No: 2021/13-07). This cross-sectional observa-
tional study was carried out from June 2022 to
August 2023 at the Van Yuzinct Yil University
Parasitology Laboratory. A total of 200 volun-
teers, including 100 individuals with diarrhea
(patient group) and 100 healthy individuals (con-
trol group), between the ages of 0-80 years, who
applied to the University of Health Sciences Van
Training and Research Hospital and had a stool
sample request, were included in the study.

Direct microscopy (DM)

The presence of Blastoeystis forms in 200
stool samples, which were brought to the la-
boratory in fixative-free, clean, spooned, plas-
tic stool containers, was investigated via the
DM method within the scope of routine para-
sitological examination. The stool samples
were suspended in saline (0.9% NaCl) and
Lugol’s iodine solutions, the patient’s protocol
numbers were written on the slides, and exam-
ined under light microscope at 10X and 40X
objectives.

Isolation of genomic DNA from the fecal
samples

All the stool samples were subjected to DNA extrac-
tion using a stool DNA isolation kit (Norgen Biotek
Cotp., Thorold, ON, Canada) according to the manufac-
turer’s instructions. The DNA samples were stored at —
20 °C until PCR was petformed.

Partial amplification and sequencing of the
Blastocystis 185 SSU rDNA gene by PCR

For the detection of Blastoystis, ptimers F1-50-(5
GGA GGT AGT GAC AAT AAATC 3)) and R1-50-
(6' CGT TCA TGA TGA ACA ATT AC 3)) targeting
a 1100 bp region of the 185 SSU rDNA gene were
used. The PCR reaction was prepared in a total volume
of 50 pl, containing 25 pl of Tag 2x master mix (12.5
mM MgCl2) (Ampliqon, Danimarka), 0.5 mM MgCI2,
02 uM of each primer, 4 ul MeCI2, 4 pl Q solution,
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and 6 ul of sample DNA. Amplification was performed
for 35 cycles, with each cycle consisting of 30 s at 95 °C,
40 s at 55 °C, and 45 s at 72 °C. Additionally, a 4-minute
denaturation step at 95 °C was applied before the first
cycle, and a 10-minute extension at 72 °C was pet-
formed after the last cycle. The PCR protocol was ap-
plied as described by Maksut et al. (13).

Sequence analysis and tree drawing

DNA sequences from 14 PCR samples were an-
alyzed for the SSU rDNA gene. The sequences
obtained were compared with reference genotypes
from the GeneBank (JQ665862, AB070989,
MKS801368, AB070987, KX618192, ]JQ974943,
MG831443, JQ665850, KF447171) using BLLAST.
Pairwise sequence analysis and reference gene se-
quences were compared with using SnapGen
(GSL Biotech LLC., San Diego, CA, USA). Base
changes in both chains of the same sample were
considered as single nucleotide polymorphisms
(SNPs), while changes in a single chain were con-
sidered as reading errors and corrected. Phyloge-
netic analysis was performed using the obtained
NAD1 sequence data and sequences of Blastocystis
genotypes from previous studies and Cryprosporidi-
um spp. as an outgroup. Phylogenetic analysis was
conducted using the Neighbor-Joining (N]) meth-
od implemented in MEGA version 11 (Molecular
Evolutionary Genetics Analysis software) (14).

Statistical analysis:
The student’s #test was used to compare
means of continuous variables, while the chi-

squared test was applied to analyze the rela-
tionships between categorical variables. Statis-
tical significance was accepted as P < 0.05 and
IBM SPSS Statistics for Windows 21.0 (IBM

Corp., Armonk, NY, USA) was used for the
statistical analysis.

Results

Stool Samples and Cases

The diarrheal patient group included 51 fe-
males and 49 males (mean age T standard devia-
tion: 15.76 £ 19.26; range: 0—79 years), and the
healthy control group included 47 females and
53 males (mean age * standard deviation: 19.95
* 19.18; range: 0-80 years).

Using PCR, Blastocystis positivity was detected
in a total of 36 individuals (18%), including 20
(20%) in the patient group and 16 (16%) in the
control group. In terms of gender distribution,
the highest positivity rate within the patient
group was observed among females (21.6%),
whereas in the control group, it was higher
among males (20.7%). Notably, the 11-18 age
range exhibited the greatest prevalence in both
groups—40% in patients and 21.4% in controls.
However, no statistical difference was found
between age and sex. Blastocystis was significantly
more prevalent in the 0-18 age group (23%)
compared to individuals aged 19 and above
(10.3%), suggesting an age-related variation in
infection rates. (P = 0.013; Table 1).

Table 1: Demographic distribution of Blastocystis-positive mndividuals by age and sex

Risk factor Patient
group
N n (%)

Sex Male 49 9 (18.4) 53
Female 51 11 (21.6) 47
Age 0-10 53 12 (22.6) | 45
group(yr) 1 | 11-18 10 4 (40.0) 14
19-40 26 2 (1.7 25
41-60 7 1 (14.3) 11
61+ 4 1(25) 5
Age 0-18 63 16 25.4) 59
group(yr) 2 | 19+ 37 4(10.8) | 41

Control *P-value
group
n (%) N n (%)
11 (20.7) | 102 = 20 (19.6) 0.761 0.545
5 (10.6) 98 16 (16.3) 0.135
9 (20.0) 98 21 (21.4) 0.750 0.091
3(21.4) 24 7 (29.2) 0.328
14 51 3 (5.9 0.572
2 (18.2) 18 3 (16.7) 0.825
1 (20) 9 2 (22.2) 0.859
12 (20.3) 122 28 (23) 0.052 0.013
4 (9.8) 78 8 (10.3) 0.130

*Comparison of the study groups, **: comparison of all the participants, N: total number of patients, n: num-
ber of positive patients
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There was no statistically significant relati-
onship between Blastocystis positivity and the
sex or age groups of the patients (Table 2).

In addition to Blastocystis, Giardia intestinalis
was found in 3% of the control group and
Entamoeba coli was detected in 3% of the pa-
tient group.

Table 2: Blastocystis positivity according to sex and age group in the patient group

Risk factor Blastocystzs
Negative Positive
n (%) N (%)
Sex Female 40 (78.4) 11 (21.6) 0.689
Male 40 (81.6) 9 (18.4)
Age 0-10 41 (77.4) 12 (22.6) 0.447
groups(  11-18 6 (60.0) 4 (40.0)
y1) 1940 24 (92.3) 2.(7.7)
41-60 6 (85.7) 1(14.3)
61 and 3 (75.0) 1 (25.0)
above

In the patient group, those positive and neg-
ative for Blastocystis were compared in terms of
abdominal pain, vomiting, fever, and nausea.
Abdominal pain was the most common symp-
tom in both groups, at a rate of 45% and
48.8%, respectively. However, no statistically
significant relationship was found between the
presence of Blastocystis and these symptoms.

Subtype Analysis

Sequence analysis was performed on the
PCR amplicons of 14 PCR-positive Blastocystis
samples from the patient group (Fig. 1). ST1
and ST2 were detected in 10 (71.4%) and four

(28.6%) of these samples. Of the 10 patients
with ST1, six were female and four were male;
of the four patients with ST2, one was female
and three were male; and two patients with
ST1 and two patients with ST2 were over 18
years of age.

Sequence analysis via BLAST revealed that
13 of the 14 samples were 100% compatible
with the reference strains and one sample had
a point mutation in two nucleotides in the
DNA sequence (ST1) (Fig. 2). The location of
the mutated sample in the family tree is shown
in Fig. 3.

Fig. 1: Gel images of the positive PCR amplicons (M: DNA marker (Grisp Brand), PK: positive control, P:
positive sample, NK: negative control, N: negative sample)
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& Downloadv  GenBank Graphics
Blastocystis sp. subtype 1 isolate KS24-1 18S ribosomal RNA gene, partial sequence
Sequence ID: JO665862.1 Length: 1010 Number of Matches: 1

Range 1: 209 to 853 GenBank Giaphics

Score Expect Identities Gaps Strand
1181 bits(639) 0.0 643/645(99%) 0/645(0%) Plus/Plus

Query 1 TGGGTATTCAGTTACTTACTATTGTGTGTTGGTCATTTACTGTGAGAAAATTAGAGTGTT 60
I|IIIIIIIIII|I|IIIIIIIIIIlIIIIIIII[IIIIIIIIIII|IIIII|I|lII|I
Sbjct 209 TGGGTATTCAGTTACTTACTATTGTGTGTTGGTCATTTACTGTGAGAAAATTAGAG 268

Query 61  CAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTCGTGTTC 120
III|II1I|II!IIIII1IIIHIHIIII|III[I1IIIHIIIIIIIIIIIIIIIIII

Sbjct 269 CAAAGCAGGCGTTTGCTTGAATAGATTAGCATGGAATAATAATTGAAGGCTTTCGTGTTC 328
Query 121 GATTTGATTGGTTTGTTCATGG Ana GGAACAGTTGGGGGTATTCATATT 180
II|l||I|l|||II|||lI| || IIIIIIIIIIlIllIIIIIIIIlIIIIIlIIIIIII
Sbjct 329 GATTGGTTTGTTCATGGAAGCAA! TTGGGGGTATTCATATT 388
Query 181 CACTAGTTAGAGGTGAAATTCT sc rn 166 GCGAAAGCATTTAC 240
III|IIIIlII!IIIII|II l IIIIIIlI]IIIIIIIIIIIIIIIIIIIIIII
Sbjct 389 CACTAGTTAGAGGTGAAATT GAAAGCAT a8
Query 241 CAAGGATGTTTTCATTAATCAAGAACG AGATACCCT 300

III]IIIIIIIIIIIIIIIIIIIIHIIIHIIIIHIIIIIIIIIIIIIIIIII[IIII
Sbjct 443 CAAGGATGTTTTCATTAATCAAGAACGAAAGCTAGGGGATCGAAGAGGATTAGATACCCT 508

Query 301 CGTAGTCTTAGCTATAAACGATACCGACTAGGGGTTAGTAGAGGTCAAAGTGTCTTTATT 360

lII|IIIIlI|||I|IIIIIIIIIHIIIHI|IIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 509 CGTAGTCTTAGCTATAAACGATACCGACTAGGGGTTAGTAGAGGTCABAGTGTCTTTATT 568

Query 361 AGTACCTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCGCAAGGCTGAA 420
IIIIIIII!IIIII|IIIIIllIll|III|II|IIHIIIIIIIIII|II|I1I|lIIII

Sbjct 569 AGTACCTTATGAGAAATCAAAGTCTTTGGGTTCCGGGGGGAGTATGGTCGCAAGGCTGAA 628
Query 421 ACTTAAAGG AGTGG, c T6C6 c,crwnn ACTC 480
IIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIl I I IIIIIlIIlIIII
Sbjct 629 CGGAAGGGCACCACCAGGAGTEG AG GCGGCTTAATTTGACTC 688
Query 481 TTGATAGCTCTTTC 540
IIIIIIII!IIlIIIII|IIIIHHIIIIIIIIlIlIIIlIIlIIIIIIIIIIIlIIII
Sbjct 689 GGGGAAACT TACCAGGTCCA! ACAGATTGATAGCTCTTTC 748

Query 541 nmn(mm(.cmem{.mmmccq TCTTAATTGGTGGAGTGATTTGTCTGGCTA 600
IIIIIIIIlIIIIIIIIlIIIIHllI II|I LLLLLELEERERRETRLLiii|

Sbjct 749 nmncurc.ccmcmcrcmmc,c TCTTAGITGGTGGAGTGATTTGTCTGGCTA 808

Query 601 ATTCCGATAACGAACGAGACCTCCGC

C
II|IIIII!IHIIIIIIII!IIIIII
Sbjct 809 ATTCCGATAACGAACGAGACCTCCGCCT

AACTAGTGACGTGTA 645

T
11 IlIIIlI |l
T GTA

T
| Il
AACTAGTGACGT!

Fig. 2: BLAST results of the mutated sample and location of the mutations (red boxes)

B
5,
S
N
s
o, 3
%,7,% \/\\ N /‘p‘w
N N
K
( )
51— N / e
Bl \ Vo >/ /“‘ 070957 (S12)
\e Ve WL g ~./
N4 =5 7
N\ §
X (e ™~
& b \ “,
o 2
2 I/ \\ “)‘)j
3 %
3

Fig. 3: Location of the mutated isolate in the pedigree (MGVAN700)

Discussion that Blastocystis is detected in 1.5% to 10% of
individuals in developed nations, compared to

Although Blastocystis was first described in markedly higher prevalence rates of 30% to
the early 1900s, its pathogenicity, taxonomy, 60% in developing countries. (15). Clinically,
clinical manifestations, and treatment remain acute cases are often characterized by profuse
uncertain (4). Epidemiological studies indicate watery diarrhea, whereas chronic infections
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tend to present with milder, intermittent di-
arrheal episodes (4, 16-18). However, due to
uncertainty over its pathogenicity, the parasite
is given insufficient attention in routine fecal
examinations. This calls into question the reli-
ability of prevalence data. The introduction of
molecular methods has enabled epidemiologi-
cal studies to demonstrate a higher prevalence
of Blastocystis (19).

In studies on the pathogenic status of Blasto-
¢ystis, its prevalence was evaluated in patient
groups with diarrhea and gastrointestinal
complaints. In a study conducted in Iran, Blas-
tocystis was detected in 19.41% of patients with
diarrhea and 17.47% of patients without it
(20). In a study (21), the positivity rate was
3.1% in patients with diarrhea and 18% in pa-
tients without it, and this difference was statis-
tically significant (P < 0.001). In another study
conducted in Cuba, Blastocystis was detected in
44.5% of patients with gastrointestinal com-
plaints and 22.4% of patients without them
(22). In addition, Gureser et al. (23) found
Blastocystis positivity in 21.7% of patients with
diarrhea and 30% of healthy individuals in a
study conducted on 142 participants. These
studies show that the relationship between
Blastocystis and gastrointestinal complaints is
important.

Although the pathogenicity of Blastocystis has
not yet been fully elucidated, some studies
have indicated that this parasite is found at
higher rates in individuals with diarrhea (20)
or gastrointestinal complaints (22). In some
other studies (21, 23), a higher prevalence was
observed in healthy individuals. In the current
study, in line with the results of Cafiete et al.
(22) and Jalallou et al. (20), Blastocystis was de-
tected at a higher rate in patients with diarrhea
(20%); however, positivity was also observed
in the healthy control group (16%). Statistical
analysis showed no significant difference in
parasite positivity between the two groups

Previous research has indicated a possible
correlation between Blastocystis infection rates
and demographic variables like age and sex. In
a study conducted in Saudi Arabia, it was re-

Available at: http://ijpa.tums.ac.ir

ported that Blastocystis was found at the highest
rate in the 31-50 age group (25.5%) and
51.6% of the positive patients were male (24).
Jalallou et al. (20) found a higher positivity rate
in individuals aged 70 years and older. In a
study in France, it was reported that it was
most common in children aged 5-9 years and
more common in those 15-49 years (25).
Beyhan and Gorgisen (26) found a positivity
rate of 28.8% in males and 24.2% in females,
in their study on patients with diarrhea. Gi-
reser et al. (23) found 31.4% positivity in pa-
tients with diarrhea aged 60 years and older,
but no significant difference was found in
terms of age and sex. In the current study, the
positivity rate was 18.4% in males and 21.6%
in females in the patient group and 20.7% in
males and 10.6% in females in the control
group. The analysis revealed a significant dif-
ference in Blastocystis prevalence between the
0—18 age group (23%) and the 19+ age group
(10.3%) (P = 0.013). Moreover, the highest
positivity rate was in the 11-18 age group. In
conclusion, no significant relationship was
found between sex and parasite positivity, and
this finding was consistent with those of Lu
and Sung (27) and Khoshnood et al. (28).

The pathogenic potential of Blastocystis is as-
sociated with gastrointestinal complaints in
some symptomatic cases, but there are also
asymptomatic cases. Some studies have sug-
gested that Blastocystis is pathogenic (29), while
others have argued that it is a commensal pro-
tozoan (30). In a study by Sheehan et al. (31),
symptoms such as abdominal pain, anorexia,
diarrhea, and flatulence were obsetved in 19
symptomatic patients. In a study conducted in
Cuba, the prevalence of Blastocystis was higher
in patients with gastrointestinal complaints
(22). Jha et al. (32) emphasized the association
with chronic diarrhea and abdominal pain. In
other studies, a relationship between intestinal
symptoms (abdominal pain, diarrhea, disten-
sion) and Blastocystis was found, but the patho-
genicity has not been clearly proven (33). In
the current study, symptoms such as fever,
vomiting, and abdominal pain were observed
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in the patient group, but no significant rela-
tionship was found between Blastocystis positiv-
ity and clinical symptoms. These findings are
consistent with previous studies (22, 31, 32),
and suggest that other factors should be ruled
out for a more accurate assessment of the
pathogenicity.

A wide range of studies have employed mo-
lecular phylogenetic techniques to determine
the subtypes of Blastocystis, resulting in diffe-
ring conclusions. In studies in which the Blas-
tocystis subtypes were determined and com-
pared in individuals with and without diarrhea,
the dominant subtypes were found to differ.
Zulfa et al. (34) reported a significantly higher
frequency of ST3 in diarrheal patients than in
healthy controls. In contrast, Kim et al. (21)
found ST1 to predominate in those with di-
arrhea and ST3 to be more common in
asymptomatic subjects, yet still observed a sta-
tistically significant elevation of ST3 among
symptomatic cases. Jalallou et al. (20) similarly
noted ST2 as the chief subtype in the diarrheal
group and ST1 as most frequent in symptom-
free individuals. Conversely, Adiyaman et al.
(35) identified ST3 as the dominant subtype
across both symptomatic and asymptomatic
participants and did not detect any significant
association between subtype distribution and
clinical presentation. The dominant subtype
was ST2 in patients with diarrhea and ST3 in
those without it (23). The dominant subtype
was ST2 in patients with diarrhea and ST1 in
those without it (36). Alinaghizade et al. (37)
found that ST2 was the dominant subtype in
patients with and without diarrhea, and there
was no statistically significant relationship be-
tween the subtypes and diarrhea. In one study,
only patients with diarrhea were evaluated and
ST4 was the dominant subtype in these indi-
viduals (38). ST2 was the dominant subtype in
four of these studies (20, 23, 36, 37), ST3 was
dominant in two (34, 35), ST1 was dominant
in one (21), and ST4 was dominant in one (38)
in patients with diarrhea. In the present study,
ST1 was the predominant subtype in the pa-
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tient group. This result was similar to only one
study (21).

Some studies have examined Blastocystis sub-
types by considering multiple gastrointestinal
symptoms, not just diarrhea. In several stud-
ies, ST3 was the most common subtype in
individuals with GI symptoms, while ST1 and
ST2 were also prominent in some studies; for
example (39-42), In the current study, ST1
was determined as the predominant subtype in
the patient group and this result is consistent
with the findings of others (43-45). Moreover,
ST1 was detected in 71.4% and ST2 was
found in 28.6% of the patient group, and alt-
hough these findings are consistent with the
literature, larger samples and comprehensive
analyses are needed to clearly demonstrate the
relationship between the Blastocystis subtypes
and pathogenicity.

Herein, Blastocystis was detected by both DM
and PCR in 20% of the diarrhea patients and
16% of the healthy individuals. The compara-
ble positivity rates between the two methods
suggest that DM may be a reliable tool for di-
agnosing the causative agent.

Conclusion

Although the pathogenicity of Blastocystis and
the pathogenicity-subtype relationship are still
controversial, a link between gastrointestinal
symptoms and blastocystosis was not estab-
lished, based on statistical analysis. In addi-
tion, while no significant differences were ob-
served across the age groups or between sex-
es, parasite positivity differed significantly be-
tween individuals under and over 18 years of
age, and the ST1 subtype was predominant in
the patient group. Further studies are needed
to clarify this.
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