Distribution and molecular analysis of Blastocystis subtypes from gastrointestinal
symptomatic and asymptomatic patients in Iran

Asma Delshad', Mehrzad Saraei*?, Safar Ali Alizadeh*®, Soheila Rahimi Niaraki',
Mahmood Alipout®, Bahram Hosseinbigi*, Arezoo Bozorgomid’, Elham Hajialilo*?

—_

. Student Research Committee, Qazvin University of Medical Sciences, Qazvin, Iran.
. Cellular and Molecular Research Center, Research Institute for Prevention of Non- Communicable

\S)

Disease, Qazvin University of Medical Sciences, Qazvin, Iran.

. Department of Parasitology and Mycology, Qazvin University of Medical Sciences, Qazvin, Iran.

. Medical Microbiology Research Center, Qazvin University of Medical Sciences, Qazvin, Iran.

. Department of Microbiology, Qazvin University of Medical Sciences, Qazvin, Iran.

. Department of Social Medicine, Qazvin University of Medical Sciences, Qazvin, Iran.

. Infectious Diseases Research Center, Health Institute, Kermanshah University of Medical Sciences,
Kermanshah, Iran

~N O\ Ul AW

Abstract

Introduction: Blastocystis is a common intestinal parasite of human and animal hosts. The parasite has 17 subtypes, and
among those at least nine subtypes (ST1-ST9) are found in human hosts.

Objective: The aim of the present study was to investigate the presence of different subtypes of Blastocystis spp. among the
patients referred to Velayat hospital of Qazvin province, Iran.

Methods: Overall, 864 stool samples were examined by using formalin-ethyl acetate concentration method and Trichrome
staining. All specimens were cultured in clotted fetal bovine medium. Later, DNA extraction and PCR amplification of 18§
ribosomal RNA gene region was conducted and phylogenetic tree constructed.

Results: The results revealed 7.9% (68/864) of the study population were infected with Blastocystis. Intestinal symptoms
were obsetrved in 61% (36/59) of individuals positive for Blastocystis, with abdominal pain in 58% (21/306) of cases which was
more frequent than other intestinal signs. No significant relationship was observed among the study variables. By molecular
and phylogenetic analysis, three subtypes ST1 (45%), ST2 (30%) and ST3 (23%) of parasite were identified.

Conclusion: This study showed ST1 subtype was the predominant subtype among the positive specimens, meanwhile the
highest haplotype and nucleotide diversity were clarified in ST3 subtype.
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gut”*. The main route of transmission is fecal-oral, but
the exact source of transmission is unknown® . The
thick-walled cystic form of the polymorphic parasite
is probably a dominant form in external transmission
hence, poor sanitation has a major role in infection.
Moreover, contamination of food and water sources
as well as exposure to animals are considered as other
significant risk factors.”® Non-specific gastrointestinal
sings including acute or chronic diarrhea, abdominal
pain, vomiting, nausea and irritable bowel syndrome
(IBS) may be linked to the infection with this parasite”
?. Some studies did not reveal a correlation between the
occurrence of Blastocystis and IBS, although these stud-
ies demonstrated that Blastocystis is less prevalent among
IBS patients''".

Although the parasite is found in symptomatic and
asymptomatic individuals, immunocompromised peo-
ple including HIV/AIDS and cancer patients are clati-
fied as susceptible populations with diarrheal illness.'>"
Genetic heterogeneity of Blastocystis based on polymor-
phic small sub-unit ribosomal DNA (SSU rDNA) gene
region has shown the presence of at least seventeen
subtypes (STs) in mammals and birds hosts."*  The
ST1 to ST9 and ST12 are the predominant subtypes
in human populations with ST3 as the most common
among these subtypes”
surveys in different parts of Iran have demonstrated
the presence of ST1, ST2, ST3, ST4, ST5, and ST7 in
human host"™ . A study performed in southwest Iran
showed ST3 as the predominant subtype with gastro-
intestinal symptoms.” Another research from Iran re-
ported that the ST2 subtype is highly prevalent among
diarrheic patients*. The ST1 subtype in gastrointestinal

. Several epidemiological

patients, compared to asymptomatic cases, was signif-
icantly dominant in Iran®. Available information on
different subtypes indicates that each subtype could
have a diverse pathogenicity, so investigation and deter-
mination of subtypes can help improve knowledge of
parasite pathogenicity”?. This study aimed to fill the
geographic gap in the information of Blastocystis sub-
types and identify the different STs of parasite among
the human population of Qazvin, northern margin of
central Iran.

Materials and methods

Sample collection

A total of 864 stool samples were collected from the pa-
tients referred to Velayat hospital laboratory in Qazvin,
for routine stool examination in 2016. A questionnaire
was completed with demographic information such as
age, sex, and gastrointestinal symptoms of the partici-
pants. Ethical approval of the study was obtained from
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the Medical Ethics Committee of Qazvin University of
Medical Sciences (IR. QUMS. REC. 1395. 118).

Sample processing and Blastocystis cultivation

All specimens were processed and examined in the par-
asitology laboratory at Qazvin Medical School. Diag-
nosis of Blastocystis was performed by direct wet-mount
and formalin-ethyl acetate concentration method as well
as trichrome staining as a confirmatory method for the
detection of parasite. Clotted fetal bovine medium was
used to culture all specimens.” Briefly, 1ml of Locke's
solution was added to slant clotted fetal bovine serum
followed by addition of fresh stool sample (200 mg)
plus Streptomycin and Nystatin into the culture tubes
and finally incubated at 37 °C, under anaerobic condi-
tion for ten days. The cultures were followed up every
48 hours up to 10 days by light microscopy and exam-
ining the direct smears for growth of Blastocystis. The
negative culture was confirmed based on indiscernible
growth of parasite after ten days".

DNA extraction and PCR amplification

DNA extraction was carried out on 200ul of liquid
phase of positive medium. The samples were centri-
fuged, pellets harvested for extraction, and then the
genomic DNA was extracted using a commercial kit
(Stool DNA Isolation mini kit; Yekta Tajhiz Azma,
Iran). Small subunit rRNA gene region, thatis 18stRNA
was amplified by specific primers of Blastocystis, NC1
(5-AGCGTATATTAACGTTGTTGCAG -3") and
NC2 (5 TCAATCCTTCCTATGTCTGG -3'). The
primers used for Blastocystis were designed by Beacon
Designer7 and Primer-BLAST (http://blast.ncbi.nlm.
nih.gov/Blast.cgi). A 20 ul reaction volume contain-
ing 10 ul master mix (Amplicon; Taq DNA Polymer-
ase Master Mix RED, Denmark) and template DNA,
0.1 uM of each primer and distilled water was used for
PCR under following temperature conditions: 95 °C for
5 min; 35 cycles of 95 °C for 20 seconds, annealing step
at 64 °C for 20 seconds, and 72 °C for 30 seconds; final
extension at 72 °C for 5 minutes. subsequently, the PCR
product were stained and electrophoresed on a 1.5%
agarose gel in TBE buffer (Tris, boric acid and EDTA).
The specific band was viewed under UV light.

Sequencing analysis

All PCR products were purified (AccuPrep® PCR/Gel
Purification Kit- Bioneer, Korea) and sequenced with
ABI 3130X sequencer. The sequences were adjusted
manually by Chromas (version 1.0.0.1), and then com-
pared with available reference sequences in GenBank
database using NCBI BLAST (Basic Local Alignment
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Search Tool) by software (https://blast.ncbi.nlm.nih.
gov/Blast.cgi). All Blastocystis sequences were submitted
to the NCBI database under the Accession Numbers
MH177914- MH177915, MH220975-MH221018.

Phylogenetic analysis

Clustal W incorporated in the BioEdit software was
used to sequence alignment®™. Phylogenetic tree was
constructed by the MEGA7 software (Molecular and
Evolution Genetic Analysis v7), Maximum—Likelihood
algorithm with Tamura-3 parameter substitution model
was applied. Finally, a bootstrap of 1000 replicates was

considered.

Genetic differentiation and haplotype network
analysis

Genetic variability for ribosomal RNA marker was
evaluated by the number of haplotypes (Hn), haplotype
diversity (Hd), nucleotide diversity (m), number of var-
iable sites (S), number of nucleotide differences (K),
neutrality indices including Tajima's D and Fu's Fs sta-
tistic using DnaSP v.5.0%". Pairwise fixation index (FST)
values obtained from Blastocystis spp populations were
calculated using Atlequin 3.5 A median joining net-
work haplotype network® to visualize the relationships
among 406 isolates was constructed using PopART soft-
ware (http://popart.otago.ac.nz).

Population structure

Genetic structure was assessed by STRUCTURE
2.3.4*. An admixture model with correlated allele fre-
quencies was chosen.en replicates for each K (from 1to
4) were computed, with 100,000 Markov chain Monte
Carlo MCMC) iterations after a burn- in of 100,000
iterations. The optimal K was determined based on the
AK method implemented in Structure Harvester™. The
STRUCTURE results were calculated using CLUMP-
AK 1.1.2 %
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Statistical method

Chi-square test in SPSS software version 17.00 (SPSS
Inc., Chicago, I, USA) was used to determine sig-
nificance between variables. A p value of <0.05 was
considered statistically significant for the differences
observed.

Results

Blastocystis was detected in 7.9% (68/864) and 6.8%
(59/864) of participants using formalin-ethyl acetate
concentration and culture methods, respectively. Blas-
tocystis infection was found among both female 7.7%
(38/492) and male 5.6% (21/372) individuals. The
parasite prevalence rate in >70-year old age group was
higher 8.8% (8/91) than other age groups while no
infection was found among 0-9 years old age group.
Gastrointestinal signs among positive specimens for
Blastocystis was 61% (36/59) whereas 39% (23/59) of
the individuals did not show any intestinal symptoms.
Abdominal pain with 58% (21/36) was the most pre-
dominant intestinal symptom. Finally, there was no sig-
nificant relationship between Blastocystis infection and
the study variables including gender, age, and gastroin-
testinal signs (Table 1). All positive specimens in culture
demonstrated a specific band by PCR reaction and for-
ty-six isolates were sequenced successfully. According to
molecular and phylogenetic analysis presented in Fig, 1,
three subtypes (ST1, ST2, and ST3) of Blastocystis were
identified in the present study. The percentage and the
number of cases detected for 3 different subtypes were
45% (21/406), 30% (14/46), and 23% (11/46) for ST1,
ST2, and ST3 subtypes, respectively. ST1 was the most
prevalent subtype in the present study. Also, ST1 was
the dominant subtype in symptomatic patients, never-
theless no significant relationship between the subtypes
and gastrointestial symptoms was found.
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Table 1 Socio-demographic features of people referred to Velayat Hospital Lab
in Qazvin, Iran.

Variable Number examined Number P. Value
(%) infected (%)
Sex
Male 372(43) 21(5.6)
Female 492( 57) 38(7.7) 0.2
Age
0-9 15(1.76) 0 B
10-19 59(6.92) 2(3.4)
20-29 144(16.82) 10(6.9)
30-39 147(17.2) 8(5.4)
40-49 143(16.7) 10(6.9)
0.1
50-59 161(18.8) 12(7.5)
60-69 96(11.2) 8(8.3)
70> 91(10.6) 8(8.8)
Symptomatic® 526(64.4) 36 (6.8)
Asymptomatic 291(35.6) 22(7.6) 0.7

*Symptomatic: People who had at least one of the digestive tract symptoms including abdominal pain,
diarrhea, bloody diarrhea, nausea, vomiting.
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Fig. 1 Phylogenetic tree of Blastocystis spp. isolates from Qazvin, Iran. Three subtypes of Blastocystis were identified in the
present study (%), according to phylogenetic analysis of nucleotide sequences. The tree was designed by using the

Maximum-Likelihood test and the Tamura 3-parameter model as implemented in the MEGA7 software.
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Genetic diversity indices of Blastocystis spp were shown
in Table 2. The number of haplotypes (Hn) was 5, 2 and
6 for ST1, ST2 and ST3, respectively. Highest haplotype
and nucleotide diversity (0.727 and 0.01728, respective-
ly) in ST3 were clearly evident in the large values of
average number of nucleotide differences. Tajima’s D
value was negative in all three subtypes, although statis-
tical significance existed for ST1 and ST3. According to
Fu’s Fs statistic, the only negative value was observed
in ST1 which agrees with Tajima’s D value, thus it is

suggestive of a recent population expansion, although
statistically not significant. The range of pairwise Fst
estimates among subtypes were high (ranging from
0.75910 to 0.90874) and the highest difference was seen
between ST2 and ST3 that indicated highest genetic
differences between these two subtypes (Table 3). The
population structure of the 46 Blastocystis sequence was
inferred using STRUCTURE 2.3.4 and the peak of del-
ta K was observed at K = 2, suggesting the presence of
two main populations in the Blastocystis sp. (Fig. 2, 3).

Table 2 Diversity and neutrality indices of Blastocystis spp based on nucleotide sequences of

ribosomal RNA gene
Subtypes No Hn Hd T S K Neutrality indices
Tajima's D Fu's Fs
ST1 21 5 0424 0.00336 9 094286 -2.11446* -1.203
ST2 14 2 0.143 0.00052 1  0.14286  -1.15524  0.937
ST3 11 6 0.727 0.01728 26  4.87273 -2.07567**  (.657

No: number of sequences; Hn: number of haplotypes; n: nucleotide diversity; S: Number of variable sites, k: average

number of nucleotide differences. P < 0.05, " P<0.01

Table 3 Pairwise fixation indices (Fst) of the Blastocystis

isolates calculated from nucleotide sequences derived from

18srRNA gene.
STI ST2 ST3
STI 0.00000
ST2 0.75910* | 0.00000
ST3 0.87641* | 0.90874* | 0.00000

* Statistically significant P < 0.05.

African Health Sciences Vol 20 Issue 3, September, 2020

1184



Population 1

Paopulation 2

Fig. 2 Bayesian cluster analysis using the STRUCTURE program: results for K = 2. Graphical representation of the dataset

for the most likely K (K = 2), where each colour corresponds to a suggested cluster.

Fig. 3 Haplotype network of Blastocystis population in Qazvin region. Each circle represents

a haplotype. Circle sizes are proportional to the corresponding haplotype frequencies. Small

black dots represent hypothetical missing and the short lines show the mutational steps. ST1

and ST2 are population (Popl) and ST3 is Pop2.

Discussion

Blastocystis is a ubiquitous parasite with worldwide distri-
bution’. In the present study this parasite was the most
common parasite among stool specimens in which
7.9% cases of Blastocystis were found by direct micro-
scopic survey although 6.8% of isolates were positive
in the culture method. Variation in results could be due
to the polymorphic diversity of the parasite and misdi-
agnosis with other intestinal parasite and the presence
of artifacts. Although the results of our study failed to
show a significant relationship between age and Blasto-
¢ystis, few studies have revealed significant correlation

with age vatiable® .
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In the present study, the ST1, ST2, and ST3 subtypes
of the parasite were detected among the Blastocystis pos-
itive specimens and these three subtypes were reported
to be the most common subtypes in various parts of
the country'™ 2" * Moosavi and colleagues showed
the presence of ST5 along with three other subtypes
in symptomatic and asymptomatic individuals®. In an-
other study carried out in south Iran, ST1, ST2, ST3,
ST4, ST5 subtypes plus mixed subtypes were observed
in human stool specimens®. Also, a study from Iran
reported ST2, ST3 and ST4 plus mixed subtypes in-
cluding (ST3 and ST5) and (ST2 and ST3) in patients™.
The heterogeneity diversity of this parasite is demon-

African Health Sciences Vol 20 Issue 3, September, 2020



strated in human and animal hosts’, *°. Since the pattern

of Blastocystis subtypes changes by geographic distribu-
tion, it could be reflected in reservoirs and transition
pattern among the population”. In this context, the
ST4 subtype is a good example as it is most prevalent
in European patients whereas it is rare in Asia®™*. The
predominant subtype in our research was ST1 and sev-
eral studies similar to the present work have found ST'1
as the dominant subtype in the human host*>*. How-
ever, further investigations mainly reported from Iran
showed that ST3 was the most common subtype in the
human population while the subtype is less common
among animals®>? 5% #_ST1 and ST3 subtypes have
a potentially zoonotic transmission*>*. According to
previous data, ST1 and ST2 were described with low
host specificity in animals whereas ST3 subtype is of
human origin”*>*. The findings of this study i
dicate the risk of zoonotic transmission of Blastocyst-
75 in these areas which probably arose from different

n-

backgrounds including agricultural, animal husbandry,
and other activities'* ***. The pathogenicity of Blasto-
¢ystis is still controversial and not fully understood, due
to the presence of parasites in both symptomatic and
asymptomatic population. The microbiota communi-
ties associated with the parasite may complicate proper
explanation of Blastocystis disease'™ *>*". Some evidence
shows that immunocompromised patients are more
susceptible to the parasite and develop diarrheal illness.
°1-32 Certain subtypes may have a role in the pathgenicity
of the parasite, so that a patient with severe intestinal
signs may be infected with ST8 subtype of Blastocyst-
s whereas ST4 subtype could be frequently observed
among acute diarrhea patients and this, to some extent,
could explain the reason for this claim®* *. The vari-
ant subtypes have a significant association with clinical
signs, although in our research a correlation between in-
testinal signs and the present subtypes was not detected.
Similar to our findings, a number of studies failed to
reveal any significant relationship™>**. In contrast, an-
other study showed significant dominance of subtype 1
in irritable bowel syndrome-diarrhea (IBS-D) patients*.
Consistent with the result of the study by Yakoobt al,
a significant domination of ST1, 3 in patients with
gastrointestinal symptoms was reported by Moosavi,
2012%. Also, a research in the Middle East performed
by non-quantitative polymerase chain reaction (non-qP-
CR) showed ST1 was significantly predominant among
patients®. Despite all information, the genetic diversity
over intra- and inter-subtypes variation fails to produce

African Health Sciences Vol 20 Issue 3, September, 2020

sufficient logical explanations for the presence of any
correlation between Blastocystis genotypes and the po-
tential pathogenicity of the parasite'.

Results of DnaSP showed that haplotype diversity, nu-
cleotide diversity and number of segregating sites in
ST3 was higher compared to ST1 and ST2. This result
is supported by a previous study on intra-subtype varia-
tions of Blastocystis that revealed high diversity amongst
ST3 isolates compared with ST1 and ST2."” According
to the 46 Blastocystis sequences, cluster analysis showed
that the primary peak of AK was observed at K = 2
(Fig. 2), suggesting that the entire Blastocystis popula-
tion from Qazvin Province could be divided into two
subgroups, population (Pop1 and Pop2). Pop1 includes
ST1 sequences and ST2 sequences were clustered to-
gether. In contrast, ST3 sequences clustered in Pop2
(Fig 3). To further confirm the above results for the
population structure, the existence of two major clus-
ters was supported by the Network. As shown in Fig,
3, all haplotypes were constructed into two major inde-
pendent groups. The results suggest that both ST1 and
ST2 had a dependent ancestor.

Significant negative results of neutrality tests indicate
a recent population expansion. Nevertheless, Tajima’s
D and Fu’s FS test for neutral evolution of the gene
ribosomal RNA had different results which can be due
to the heterogeneity of the mutation rate during the nu-
cleotide sequence of the gene or because of a small
number of samples. These results imply surplus of the
rare mutation across the barcoding region suggesting
recent population extension or genetic drift amongst
ST3 isolates.

Conclusion

We conclude that the ST1, ST2, and ST3 subtypes of
Blastocystis are the most common subtypes in the study
areas, similar to several studies previously reported from
Iran. In contrast, several investigations have shown that
subtype 1 is the predominant subtype among Blastocys-
#is positive specimens, indicating the presence of geo-
graphical genetic variations in the parasite across the
country. Thus, health education for high risk popula-
tion coupled with health promotion could reduce the
degree of contamination in the region.
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