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ABSTRACT 

 

Distribution and risk factors for Blastocystis sp. 

infection:  

A cross sectional survey among health check-up 

participants in South Korea 

Tae Hee Chang 

Graduate School of Public Health 

Yonsei University 

 

Directed by Professor Sun Ha Jee 

 

Background: Blastocystis sp. is a common zoonotic intestinal parasite of humans, 

which has been classified into distinct subtypes (STs). Despite its potential impact 

on public health, the prevalence and subtype distribution of Blastocystis sp. in South 

Korea are rarely studied. 



vi 

 

Materials and Methods: In this study, I performed a cross-sectional study of health 

check-up participants, who visited Western-Seoul branch of Korea Association of 

Health Promotion (KAHP) for a routine health check-up in October 2019 to 

determine the frequency of the subtype distribution and to identify epidemiological 

data including the potential risk factors for Blastocystis sp. infection. A total of 293 

stool samples were collected from routine health check-up participants with 

questionnaires to obtain data on possible risk factors. All the samples were tested 

by qPCR screening and PCR targeting the SSU rDNA gene for the presence of 

Blastocystis sp. Sequenced positive sample data was used to identify the 

distribution of the subtypes in this study. Statistical analyses were conducted to 

determine associated risk factors for Blastocystis sp. infection. 

Results: A total of 293 stool samples were collected 128 males and 165 females, 

with a mean age of 64.7, ranging from 50 to 88 years. The overall prevalence of 

Blastocystis sp. was presented to reach 9.2% (27/293). Among the positive cases, 

subtype 3 was predominant (59%; 16/27), followed by subtype 1 (41%; 11/27). 

Multivariate logistic regression revealed that the prevalence of Blastocystis sp. was 

higher in participants who routinely consume vegetables less than 2 times weekly 

than otherwise participants (OR: 0.27 [95% CI = 0.09, 0.84]) and the difference was 

statistically significant (p = 0.02). The occurrence of Blastocystis sp. was not 

significantly associated with parameters of age, gender, presence of digestive 
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symptoms, source of drinking water, or history of drug intake in this study. 

Conclusion: The prevalence and subtype distribution of Blastocystis sp. were 

revealed in the study cohort. The predominant subtype of Blastocystis was ST3, 

followed by ST1. The frequency of vegetable intake was suggested as an associated 

risk factor for the infection. 

Keywords: Blastocystis sp., Prevalence, Molecular subtyping, Risk factors, Health 

check-up participants, South Korea 
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I. INTRODUCTION  

 

1. Study background 

Blastocystis sp. is a common anaerobic protozoan with worldwide distribution 

that inhabits the intestinal tract of humans and a wide range of animal hosts (Clark 

et al., 2013; Tan, 2008). Numerous epidemiological surveys carried out in different 

countries reported that this enteric parasite was frequently identified as the most 

common eukaryotic protozoa found in human fecal samples (Alfellani et al., 2013a; 

Clark et al., 2013; Tan, 2008). Indeed, the prevalence of Blastocystis sp. is revealed 

to be higher in developing countries (El Safadi et al., 2016; Ramirez et al., 2014; 

Tan, 2008). Since the fecal-oral route is considered to be the main mode of 

transmission, the difference in the infection status between countries can be 

explained by the consumption of food or water contaminated by cysts and poor 

hygiene practices (Leelayoova et al., 2008; Li et al., 2007). The infective form of 

cyst is resistant to standard water chlorination and survives in feces and 

environmental sources for a long period, facilitating waterborne transmission of the 

cyst (Lee et al., 2012; Suresh et al., 2005; Tan, 2008).   

 Blastocystis infection is usually diagnosed using light microscopy examination of 

stool smears or in vitro culture of fecal samples. However, these methods have 

relatively low diagnostic sensitivity compared with molecular assays. Therefore, 

real-time and conventional PCR methods were developed to detect the parasite with 
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higher sensitivity and specificity (Poirier et al., 2011; Roberts et al., 2011). 

Extensive genetic diversity among Blastocystis sp. isolates from humans and other 

animals were confirmed by phylogenic analysis inferred from small subunit (SSU) 

rDNA gene (Noel et al., 2005; Noel et al., 2003; Parkar et al., 2007; Scicluna et al., 

2006; Stensvold et al., 2009). At least 17 lineages of subtypes (ST1 to ST17) have 

been identified in humans, mammalian and avian hosts (Alfellani et al., 2013a). 

Nine of them (ST1 to ST9) are found in humans, while the other subtypes (ST10 to 

ST17) are exclusively found in animal hosts (Alfellani et al., 2013a; Alfellani et al., 

2013b; Clark et al., 2013; Stensvold et al., 2009). Blastocystis infection is reported 

across various geographical regions worldwide and ST1 to ST4 are the most 

common subtype of the parasite, with a predominance of ST3 (Alfellani et al., 

2013a). The predominance of 4 STs (ST1 to ST4) infecting humans is not fully 

explained by zoonotic transmission. Thus, it is likely that their predominance is due 

to human-to-human transmission, though the STs were also found in different 

animal hosts (Clark et al., 2013; Tan, 2008).   

 Regarding the public health impact of Blastocystis sp., it remains uncertain since 

the organism has been found in both symptomatic and asymptomatic infected 

persons with a wide range of non-specific digestive symptoms (Clark et al., 2013; 

Tan, 2008; Wawrzyniak et al., 2013). The pathogenic potential of the parasite was 

widely debated in previous studies (Boorom et al., 2008; Stark et al., 2007; Tan, 

2008).  
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 The proposed models for the pathogenesis of Blastocystis sp., involving 

degradation of tight junction proteins of intestinal epithelial cells and causing pro-

inflammatory cytokine reactions strongly suggest the pathogenic potential of the 

parasite (Ajjampur and Tan, 2016; Mirza et al., 2012; Poirier et al., 2012; Wu et al., 

2014). Major digestive-symptoms associated with Blastocystis sp. are reported to 

include diarrhea, abdominal pain, fatigue, nausea, bloating, and possibly Irritable 

Bowel Syndrome (IBS) (Clark et al., 2013; El Safadi et al., 2016; Poirier et al., 2012; 

Tan, 2008). However, a few studies on the relation between Blastocystis and the 

microbiome of humans described the parasite as a commensal protist in the 

intestinal tract of humans (Andersen et al., 2015; Audebert et al., 2016; Beghini et 

al., 2017; Forsell et al., 2017; Iebba et al., 2016; Nieves-Ramirez et al., 2018; Yason 

et al., 2019). These studies suggested that the presence of the Blastocystis shifts the 

intestinal bacterial and eukaryotic microbiome, which may result in a higher 

diversity of gut microbiota.  
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2. Objectives 

All these studies have reported the frequency of Blastocystis in human fecal 

samples, providing evidence that the public health burden of Blastocystis needs to 

be investigated further. Until now, very few analyses were conducted concerning 

both the prevalence and subtype distribution of Blastocystis sp. in South Korea, 

except for a study on a cohort including diarrheal and non-diarrheal groups (Kim et 

al., 2020).  

 

Therefore, the aims of this study are as follows:  

1) to acquire the picture of Blastocystis sp. prevalence and molecular subtype 

distribution in the human population of South Korea which can be compared 

with the data in other countries,  

2) to identify potential risk factors associated with the prevalence of the parasite 

and modes of the parasite transmission in the study cohort. 
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II. MATERIALS AND METHODS 

 

1. Participant selection and collection of samples 

 A cross-sectional study was performed in Seoul, South Korea in September 

2019 and recruited participants who visited the Western-Seoul branch of Korea 

Association of Health Promotion (KAHP) for a routine health check-up and agreed 

to participate in the study. Stool samples were collected from each participant, with 

or without clinical symptoms. A standardized questionnaire was designed and 

provided to participants to investigate information about each subject (age, sex, 

source of drinking water, frequency of weekly food intake, presence of digestive 

symptoms, history of drug intake). Stool samples were examined by staff of the 

Institute of Parasitic Diseases, KAHP for the presence of parasitic infections 

(Cryptosporidium parvum, Entamoeba histolytica, Cyclospora cayetanensis, 

Giardia lamblia, Blastocystis spp.) and sent to cooperate laboratory, Department of 

Biotechnology, College of Life Sciences and Biotechnology, Korea University, 

Seoul, Republic of Korea for the examination of bacterial infections (Aeromonas 

hydrophila, Acrobacter spp., Enterococcus spp.). Collected samples were stored at 

-20°C and then transported to the laboratory for molecular analysis. 
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2. Ethical issues 

The procedures of the present study were conducted following the guidelines and 

approval of the Institutional Review Board of Korea Association of Health 

Promotion (IRB no. 130750-201902-BR-019). 

 

3. DNA extraction from stool samples 

DNA was extracted from approximately 200 µg of the stored stool samples using 

the QIAamp DNA stool mini kit (Qiagen, Hilden, Germany) according to the 

manufacturer’s recommended procedures. DNA was eluted in 100 µl of AE buffer 

(Qiagen) and stored at -20°C until analysis. 

 

4. Screening of parasitic and bacterial infection using qPCR 

For each sample, 1 µl of the extracted DNA was subjected to quantitative PCR 

(qPCR) assay. qPCR was conducted using the primers and conditions described in 

previous studies (Verweij et al., 2003; Won et al., 2016) to detect parasitic infections. 

The qPCR amplification was carried out in 20 µl of taq DNA polymerase kit 

(Bioneer, Daejeon, South Korea).    
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5. Sequencing of positive samples, and subtyping of Blastocystis sp. 

The samples which showed a positive signal with a molecular screening test were 

selected for further DNA sequencing. For each sample, 2 µl of the positive genomic 

DNA was submitted to conventional PCR analysis. PCR was carried out using the 

pairs of primers targeting the SSU rRNA gene. The primers used in this study was 

derived from the study previously described by (Santin et al., 2011), which 

differentiate the subtypes of Blastocystis sp.: forward primer Blast 505–532 (5′-

GGAAGTGGTGACAATAAATC-3′) and reverse primer Blast 998–1017 (5′-

TTTTGCCGCACTTGTTCATC-3′). After denaturation at 94°C for 5 min, each 20 

µl of PCR premix kit (Dongin, Seoul, South Korea) was amplified 35 cycles as 

follows: 1 min at 94°C, 30 sec at 55°C, and 1 min at 72°C. The final extension step 

was continued for 10 min at 72°C. PCR amplification was also performed using the 

primer sets and conditions published by (Xiao et al., 1999), targeting the SSU rRNA 

gene of Cryptosporidium sp. Sanger sequencing method was applied to analyze 

sequences of PCR products using the services of Macrogen (Macrogen, Seoul, 

South Korea). 

 

6. Phylogenetic reconstruction of Blastocystis sp. sequences 

Multiple sequence alignment was constructed with Clustal W (Larkin et al., 2007). 

A phylogenetic tree of Blastocystis sp. sequences identified in this study and 
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representative sequences of Blastocystis STs available in the GenBank database was 

constructed using the maximum-likelihood (ML) method based on the Tamura-nei 

model of nucleotide substitution. Bootstrap values were calculated with 1,000 

replications. Anisakis simplex (accession no. AB831878) was used as the outgroup. 

 

7. Isolation of Enterococcus spp. from the stool samples 

Certain amount (0.5 g) of feces sample was aseptically harvested and suspended 

in 1 ml of sterile phosphate-buffered saline (pH 7.4). After homogenizing the 

diluted sample through vortexing, 100 μl of diluted sample was inoculated to 5 ml 

of Streptococcus faecalis broth (KisanBio Ltd., Seoul, South Korea) and incubated 

anaerobically at 42°C for 48 hr. The enriched broth was inoculated to KF 

Streptococcus agar (KisanBio Ltd.) supplemented with 1% triphenyl tetrazolium 

chloride and incubated aerobically at 37°C for 48 hr. Colonies with the morphology 

of violet color and a maximum diameter of 1.5 mm were selected and were 

transferred to the blood agar (KisanBio Ltd.) supplemented with 5% defibrinated 

horse blood. Biochemical identification of the transferred colonies was conducted 

using the VITEK 2 system (bioMérieux, March I'Etoile, France) and a GP card 

(bioMérieux). Molecular identification was performed using PCR methods 

targeting 16s rRNA and the superoxide dismutase gene (Kim et al., 2020). 
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8. Statistical analysis 

To explore the association between Blastocystis sp. infection status and risk factors 

for the infection, statistical analyses were performed using the SAS statistical 

software (SAS Institute, North Carolina, USA). The categorical data of the study 

were presented as the number of participants and associated percentages. 

Independent groups of the participants were compared between each other by Chi-

square or Fisher’s exact tests in univariate analysis. Multivariate logistic regression 

was applied to determine potential predictors associated with Blastocystis sp. 

infection. The multivariate analysis included variables presenting groups of age, 

gender, and the ones revealed statistically significant in univariate analysis 

(Enterococcus infection, weekly vegetable intake frequency). Results were reported 

as odds ratio (OR) and 95% confidence intervals (95% CI). Values of p below 0.05 

were considered statistically significant in both analyses. 
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Ⅲ. RESULTS 

1. Analysis of the study cohort  

Stool samples were collected from a total of 293 participants, 128 males and 165 

females, with a mean age of 64.7, ranging from 50 to 88 years (Table 1). Among 

participants revealed to be infected with Blastocystis sp., the sex ratio (M/F) was 

0.92 and the age of the participant were ranged from 50 to 84 years (Table 2). 

Among this cohort, 173 (61.8%) participants answered that their main drinking 

water resource is tap water, while 20 (7.1%) were spring water and 87 (31.1%) were 

bottled water (Table 3). Epidemiological records revealed that 32 (11.1%) 

participants had digestive symptoms, such as diarrhea, abdominal pain, bloating, 

and vomiting, and 256 (88.9%) subjects were asymptomatic. Sixty-seven 

participants had a recent history of drug intake within a month with 28 (10%) 

subjected presenting antibiotics intake and 39 (13.9%) probiotics. Regarding the 

Enterococcus sp. infection statuses of the participants, 196 (66.9%) were infected 

with E. faecium, 19 (6.4%) E. faecalis, 18 (6.1%) E. hirae, 16 (5.4%) E. gallinarum, 

7 (2.4%) E. durans, 3 (1.0%) E. avium, 2 (0.7%) E. casseliflavus and 42 (14.3%) 

participants were not infected with Enterococcus sp. Weekly food intake frequency 

data for commonly consumed food categories among the Korean population (rice, 

vegetables, fruits, and meats) were recorded and divided into two groups, taking the 

food less than 2 times for a week and the other. 
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Table 1. Age and gender information of the participants. 

Age (years) 
Male (n=128) Female (n=165) 

            Mean ± SD 

Total  64.7 ± 7.6 

Subtotal 65.3 ± 7.7 64.3 ± 7.6 

  Percent distribution of the population (%) 

50-59 20.3 28.5 

60-69 48.4 44.2 

70-79 28.9 26.1 

80 years or over 2.3 1.2 

SD, standard deviation
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Table 2. Information of the participants who were infected with Blastocystis 

sp. 

Participant no. Age & sex Blastocystis sp. subtype Accession no. 

1 71 M 3 MT903358 

2 70 M 1 MT903359 

3 84 M 3 MT903360 

4 62 F 1 MT903361 

5 74 F 3 MT903362 

6 66 F 1 MT903363 

7 68 F 1 MT903364 

8 66 F 1 MT903365 

9 72 F  1 MT903369  

10 80 F 3 MT903366 

11 68 M 3 MT903367 

12 78 F 3 MT903368 

13 61 F 3 MT903370 

14 79 M 3 MT903371 

15 56 M 3 MT903372 

16 73 M 1 MT903373 

17 68 F 1 MT903375 

18 54 F 1 MT903376 

19 58 F 3 MT903374 

20 62 M 1 MT903382 

21 64 M 3 MT903377 

22 50 F 3 MT903378 

23 60 M 3 MT903379 

24 60 M 3 MT903380 

25 60 F 3 MT903381 

26 64 M 1 MT903383 

27 66 M 3 MT903384 
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2. Prevalence of Blastocystis sp. and correlation with parameters 

The prevalence of Blastocystis sp. was 9.2% (27/293) in our study using the 

qPCR method and confirmed with conventional PCR (Table 2). Among the positive 

cases, subtype 3 was predominant (59%; 16/27), followed by subtype 1 (41%; 

11/27). All samples showed positive qPCR results were positive by the 

conventional PCR assay. Participants no. 12 was revealed to be infected both with 

Blastocystis ST3 and Cryptosporudium parvum (Table 2). The participant was not 

reported to have digestive symptoms. The differences in prevalence between groups 

based on age (10.4% versus 8.2%) and gender (8.6% versus 9.7%) were not 

significant (Table 3). Some parameters expected to be relevant to the parasite 

infection were analyzed. Though the prevalence of Blastocystis infection was 

higher for participants who use purified tap water or spring water compared to the 

ones who drink bottled water, the difference was not significant. Among the 

participants, 32 showed digestive symptoms. However, while the prevalence of 

Blastocystis sp. was lower (6.3%; 2/32) in those participants, the statistical analysis 

did not confirm the difference with subjects not presenting the clinical symptoms 

(9.4%; 24/256). The history of drug intake was revealed not to be associated with 

Blastocystis sp. infection status.  

 The univariate analysis confirmed some parameters are statistically significant 

(Table 3). Participants who routinely consume vegetables 2 or more times weekly 

showed a lower prevalence of Blastocystis sp. than participants who consume 
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vegetables less than 2 times (8.1% versus 26.3%) and the difference was statistically 

significant (p = 0.018). The prevalence of Blastocystis sp. reached 22.2% (4/18) in 

the participants who are infected with Enterococcus hirae, compared to 8.3% 

(23/273) in subjects not infected with the bacteria (p = 0.048). However, The 

infection with E. hirae was not confirmed to be associated with Blastocystis sp. 

infection in a multivariate analysis (OR = 2.45 [95% CI = 0.71, 0.46], p = 8.16) 

(Table 4). 
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Table 3. The association between Blastocystis infection and each variable among the participants (n = 293) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable 
Blastocystis infection 

OR (95% CI) P 
No. examined % infected (n) 

Age (n=293)     

≥65 135 10.4 (14) 1.3 (0.58, 2.85) 0.528 

<65 158 8.2 (13) 1.0  

Gender (n=293)     

Male 128 8.6 (11) 0.8 (0.39, 1.90) 0.746 

Female 165 9.7 (16) 1.0  

Drinking water (n=280)     

Purified tap water 173 10.4 (17) 1.6 (0.59, 4.10) 0.651 

Spring water 20 10 (2) 1.5 (0.28, 8.05) 0.361 

Bottled water 87 6.9 (6) 1.0  

Presence of digestive symptoms (n=288)     

Yes 32 6.3 (2) 0.6 (0.15, 2.87) 0.564 

No 256 9.4 (24) 1.0  

History of drug intake within a month (n=280)     

Antibiotics 28 3.4 (1) 0.4 (0.05, 2.80) 0.325 
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OR, odds ratio; CI, confidence interval. *Significant association (P < 0.05) 

Probiotics 39 12.8 (5) 1.4 (0.50, 4.04) 0.512 

No drug intake 213 9.4 (20) 1.0  

Infection of Enterococcus (n=293)     

Enterococcus hirae 18 22.2 (4) 3.4 (1.01, 11.79) 0.048* 

others 275 8.3 (23) 1.0  

Weekly food intake frequency (rice) (n=160)     

≥2 times  125 9.6 (12) 0.6 (0.21, 1.95) 0.431 

<2 times 35 14.3 (5) 1.0  

Weekly food intake frequency (vegetables) (n=279)    

≥2 times  260 8.1 (21) 0.2 (0.08, 0.75) 0.018* 

<2 times 19 26.3 (5) 1.0  

Weekly food intake frequency (fruits) (n=264)     

≥2 times  227 10.1 (22) 0.9 (0.30, 2.86) 0.899 

<2 times 37 10.8 (4) 1.0  

Weekly food intake frequency (meats) (n=252)     

≥2 times  140 7.1 (10) 0.5 (0.21, 1.16) 0.104 

<2 times 112 13.3 (15) 1.0  
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3. Association between Blastocystis sp. infection and weekly food 

intake 

A multivariate logistic regression test was performed using variables confirmed 

as statistically significant in univariate analysis. Age and gender parameters were 

included as confounders. The multivariate analysis highlighted that frequency of 

weekly vegetable intake 2 or more times was associated with a lower prevalence of 

the parasite than otherwise participants (OR = 0.27 [95% CI = 0.09, 0.84], p = 0.02) 

(model 2, Table 4). However, the prevalence of Blastocystis sp. was not 

significantly different between groups in other variables related to weekly food 

intake (rice, fruits, and meats) (Table 3).
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Table 4. Results of multivariate logistic regression analysis of potential predictors for Blastocystis infection among 

the participants 

 Model 1. 

Variable 
Blastocystis infection 

P 
Adjusted OR (95% CI) 

Age (≥65 years) 1.02 (0.97, 1.08) 0.37 

Gender (male) 0.76 (0.33, 1.74) 0.51 

Weekly vegetable intake frequency (≥2 times) 0.25 (0.08, 0.76) 0.01* 

OR, odds ratio; CI, confidence interval. *Significant association (P < 0.05) 

Model 2. 

Variable 
Blastocystis infection 

P 
Adjusted OR (95% CI) 

Age (≥65 years) 1.02 (0.96, 1.07) 0.46 

Gender (male) 0.75 (0.32, 1.72) 0.49 

Enterococcus infection (E. hirae to others) 2.45 (0.71, 8.46) 0.16 

Weekly vegetable intake frequency (≥2 times) 0.27 (0.09, 0.84) 0.02* 

OR, odds ratio; CI, confidence interval. *Significant association (P < 0.05)
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4. Distribution of Blastocystis subtypes 

The subtypes of Blastocystis sp. were identified with PCR amplification targeting 

the SSU rDNA gene. This amplified region of SSU rDNA has been revealed to 

provide enough information for subtyping (Scicluna et al., 2006). The amplified 

fragments of each sample were analyzed with the Sanger sequencing method 

(Macrogen, Seoul, South Korea). Each of the sequences obtained from the 

participants in this study was submitted to the Genbank (Table 1). The subtypes of 

the positive samples were identified by reconstructing the Maximum-likelihood 

phylogenetic tree with the representative sequences of Blastocystis subtypes 

available in the Genbank database (Figure. 1) and comparing them using the 

BLAST software. The phylogenetic tree distinctly separated our sequences into 2 

subtypes, which include both isolates from humans and animals. The nomenclature 

of Blastocystis subtype followed the terminology suggested in the previous study 

(Stensvold et al., 2007). Only subtype 3 and subtype 1 were detected from the 

samples. Subtype 3 was predominant (59%; 16/27), followed by subtype 1 (41%; 

11/27). The clustered groups including our sequences showed relatively strong 

bootstrap values. 
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Figure 1. A phylogenetic tree of Blastocystis spp.
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Ⅳ. DISCUSSION 

1. The prevalence and subtype distribution of Blastocystis 

Human Blastocystis sp. infection has been reported worldwide, not only in 

developing countries but also in countries with developed infrastructure (Jantermtor 

et al., 2013; Mehlhorn et al., 2012; Souppart et al., 2010). In South Korea, the first 

study reported a prevalence of 9.0% in a cohort of 324 participants, by a molecular 

assay (Kim et al., 2020a). This value is similar to the prevalence of Blastocystis sp. 

in our study (9.2%; 27/297). Interestingly, these results are roughly similar to each 

other, despite the studies were conducted in different Provinces of the country. This 

seems to be because both study cohorts consist of routine health check-up 

participants who mostly are older than 50. In other neighboring countries of East 

Asia, the prevalence reported was 1.13% (Chen et al., 2003) among native 

inhabitants and 11-18% (Su et al., 2009) among immigrants in Taiwan, 3.37% 

(0.08-100%) in China (Deng et al., 2019), 1.0% in Japan (Hirata et al., 2007; 

Kaneda et al., 2001; Yoshikawa et al., 2000; Yoshikawa et al., 2004). Except for 

some studies performed in China, the East Asian epidemiological studies were 

conducted using in-vitro culture or direct-light microscopy methods, while the 

studies performed in South Korea applied molecular assay, which was known to be 

more sensitive than others (Poirier et al., 2011). Therefore, the present study showed 

a relatively higher prevalence than other neighboring countries in East Asia. 
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However, it is generally difficult to compare the prevalence data obtained from 

these various regions since the composition of the cohorts and diagnostic tools are 

different from each other. A total of 27 Blastocystis sp. isolates were analyzed for 

the identification of subtypes to evaluate the subtype distribution within our study 

cohort. Only subtype 3 and subtype 1 were detected from the samples. Subtype 3 

was predominant (59%; 16/27), followed by subtype 1 (41%; 11/27). The clustered 

groups including our sequences showed relatively strong bootstrap values. The 

distribution of the subtype is similar to that observed in South Korea (Kim et al., 

2020a) and most areas over the world, including China and Japan (Hirata et al., 

2007; Kaneda et al., 2001; Su et al., 2009; Yoshikawa et al., 2000; Yoshikawa et al., 

2004; Chen et al., 2003; Deng et al., 2019), with a predominance of subtype 3, 

followed by subtype 1, subtype 4, or subtype 2. Our data may confirm the 

hypothesis that subtype 4 is less frequently detected in Asia and other continents, 

compared to Europe (Bart et al., 2013; Mattiucci et al., 2016). The Blastocystis sp. 

isolates from a variety of hosts were classified as the same subtype, with isolates 

from humans. These distribution patterns suggest that there are various sources of 

contamination within the cohort, including zoonotic and human-to-human 

transmission. The association between subtype distribution and the clinical 

symptoms of Blastocystis was not observed in the cohort of this study. 

 



23 

 

2. Other variables 

Gender was not identified to correlate with Blastocystis infection, since the 

difference of the prevalence between females (9.7%) and males (8.6%) was not 

statistically significant (Table 2). Similarly, among our overall population, 

Blastocystis infection was not associated with the age groups. Though the age group 

over 65 (10.4%) showed a higher prevalence of the parasite than the group under 

65 (8.2%), the statistical significance was not identified (Table 2). However, some 

previous studies reported a different age-related pattern of Blastocystis infection 

(Dagci et al., 2008; El Safadi et al., 2016; Haider et al., 2012; Nimri, 1993; 

Pipatsatitpong et al., 2012). They showed that middle-aged or younger groups were 

more susceptible to the infection compared to the older groups, with the peaked 

prevalence of the parasite in groups aged under 10 years. The mean age of our 

cohort was 64.7 ± 7.4, ranging from 50 to 88 years, suggesting that the cohort 

includes data from groups classified mainly as older groups in other studies. Thus, 

further study needs to utilize a stratified sample collection to identify an age-related 

pattern of Blastocystis infection in South Korea.  

Though the prevalence of Blastocystis infection was higher for participants who 

use purified tap water or spring water compared to the ones who drink bottled water, 

the difference was not significant. Several studies have suggested that Blastocystis 

can be transmitted with water (Li et al., 2007; Leelayoova et al., 2008). This is 
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predictable since the cysts of the parasite can survive in several types of water. 

Besides, Blastocystis can remain viable even in chlorinated water at a standard 

water purification system (Zaki et al., 1996). Our study showed that the source of 

drinking water was not related to the infection of Blastocystis, unlikely what was 

known previously. However, it remains controversial whether this result is because 

drinking water sources of the cohort are free from concerns of parasitic infection, 

or that all the sources are exposed to possible contamination. Therefore, it seems 

necessary to evaluate the parasitic infection of drinking water sources through 

follow-up studies to identify the source of Blastocystis infection in South Korea. 

From our cohort population, 32 showed digestive symptoms. While the prevalence 

of Blastocystis sp. was lower (6.3%; 2/32) in those participants, the statistical 

analysis did not confirm the difference with subjects not presenting the clinical 

symptoms (9.4%; 24/256). This result does not however prejudge the pathogenicity 

of the parasite. Numerous studies comparing the prevalence of Blastocystis between 

symptomatic and asymptomatic persons were published to identify the clinical 

relevance of the parasite (Boorom et al., 2008; Clark et al., 2013; Stark et al., 2007; 

Tan, 2008). However, the association of the parasite with gastrointestinal disorders 

including Irritable Bowel Diseases and Irritable Bowel Syndrome remains uncertain. 

A hospital-based, case-control study of participants with gastrointestinal disorders 

and control participants without symptoms to evaluate associations between 

Blastocystis infection and the pathogenicity of the parasite might clarify the clinical 
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relevance of Blastocystis sp. 

 

3. Bacterial infection 

Most species of the genus Enterococcus are commensal gut bacteria which are not 

virulent, with little potential for human infection (Chenoweth and Schaberg, 1990). 

However, they have also been identified as an opportunistic pathogen and have 

become known as an important cause of nosocomial infections; Enterococcus 

faecalis and E. faecium are the most common species isolated from human 

infections (Chan et al., 2012). E. hirae is a zoonotic pathogen rarely isolated from 

human clinical samples (Salem-Bekhit et al., 2012). In this study, enterococci were 

detected from human stool samples, not as an opportunistic pathogen, but as 

commensal members of the gut community. In this study, the infection rate of 

Blastocystis in the participants who are infected with E. hirae was higher, compared 

to the rate in subjects not infected with the bacteria (p = 0.048). Based on some 

studies (Andersen et al., 2015; Audebert et al., 2016; Beghini et al., 2017; Forsell 

et al., 2017; Iebba et al., 2016; Nieves-Ramirez et al., 2018; Yason et al., 2019) 

which suggested the association between gut microbiome and Blastocystis, further 

studies including cultivation-based approaches or comparative metagenomics are 

needed to identify potential ecological interactions of Blastocystis with gut 
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microbiome in the Korean population.  

3. Vegetable consumption 

The main mode of transmission of Blastocystis is considered to be the fecal-oral 

route. Humans can be infected by ingesting the excreted cysts from reservoir hosts, 

which are present in the environment, food, or water (Leelayoova et al., 2008; Li et 

al., 2007). The contamination of Blastocystis was detected from drinking water 

(Leelayoova et al., 2008), treated irrigation water (Javanmard et al., 2019), and 

leafy vegetables (Al-Binali et al., 2006; Clark et al., 2013). Therefore, the 

consumption of vegetables was predicted to be a potential risk factor for 

Blastocystis infection in this study. The multivariate logistic regression however 

showed a preventive effect of frequent vegetable intake to Blastocystis infection in 

the cohort. Information on the weekly consumption of vegetables collected using a 

questionnaire was on slightly boiled vegetables, which are routinely consumed in 

South Korea. Eating boiled vegetables would have reduced the risk of contracting 

Blastocystis compared to the Middle East or other regions where people usually 

consume raw vegetables rather than cooked ones. Also, some studies have 

suggested that Blastocystis should be considered an opportunistic parasite, which 

shows increased incidence in immunocompromised participants (Adamu et al., 

2013; Alemu et al., 2011; Cirioni et al., 1999; El Safadi et al., 2016; Gassama et al., 

2001; Hailemariam et al., 2004; Kurniawan et al., 2009; Prasad et al., 2000; 
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Stensvold et al., 2011; Tasova et al., 2000). The study has suggested Blastocystis 

was the cause of diarrhea in HIV-positive participants (Gassama et al., 2001). This 

reported similar results with studies done in African countries, Senegal, and 

Ethiopia, which revealed that the incidence of Blastocystis infection was higher in 

HIV-infected participants compared to a control group (Adamu et al., 2013; Alemu 

et al., 2011; Gassama et al., 2001; Hailemariam et al., 2004). The prevalence of 

Blastocystis was also negatively correlated with the count of CD4+ T-cell in 

Indonesia (Kurniawan et al., 2009). Besides, in immunocompromised participants, 

Blastocystis showed a statistically significant association with gastrointestinal 

disorders than in immunocompetent groups (Cirioni et al., 1999; Tasova et al., 

2000). This contrasted with a previous study that showed no association between 

immune status and digestive disorders in participants (Poirier et al., 2011). To sum 

up, immunocompetency seems to be a primary factor in the pathogenic role and 

infection of Blastocystis sp. Several micronutrients high in fruits and vegetables, 

such as vitamins, carotenoids, flavonoids, and antioxidants, have been proven to 

improve the immune function of the body (Lampe, 1999; Webb and Villamor, 2007). 

The effect of some types of fruits and vegetable supplementation on markers of the 

immune response was also tested with a randomized controlled trial (Bub et al., 

2003; Gibson et al., 2012). Therefore, the inverse relationship between vegetable 

intake and the probability of Blastocystis infection seems to be because vegetables 

play a role in enhancing immunity. However, there are various factors related to the 
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amount of vegetable intake, and the group who consumes vegetables less than twice 

a week may be a group with poor health status due to reasons such as not paying 

attention to diet or low income, so follow-up studies are needed to clarify the 

relationship between vegetable intake and Blastocystis infection.  

 

Ⅵ. CONCLUSION 

In this study, there are some limitations. The population was not over 300, which 

was recruited from a single center. Besides, only 50 years of age or older 

participated. Some risk factors (seasonal variation, travel history, etc.) which were 

known to be related to the infection status of Blastocystis sp. in other countries were 

not included in this study. 

Our study suggests new insights into the distribution in risk factors of Blastocystis 

sp. in Seoul and surrounding areas, South Korea. Such a cross-sectional study 

conducted with molecular methods provides a comprehensive view of Blastocystis 

infection situation in South Korea, by obtaining data on the prevalence and subtype 

distribution of the parasite. From our overall data, the prevalence of Blastocystis 

was 9.2% (27/293) and ST3 was a predominant type of the parasite, followed by 

ST1. Among our study cohort, a group of participants who consume vegetables 

more than 2 times weekly was less likely to be infected with Blastocystis. Further 
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studies using molecular methods in other regions of South Korea are required to 

establish data regarding the prevalence and subtype distribution of Blastocystis and 

to improve our comprehension of the risk factors of the parasite within the 

population. 
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Korean Abstract 

 

국내에서 블라스토시스티스의 감염양상과  

위험요인 분석: 건강검진 내원자의 단면연구를  

중심으로 

 

장 태 희 

연세대학교 보건대학원 

 

배경 및 연구 목적 

블라스토시스티스는 인체의 소장에 기생하는 인수공통 기생충의 한 종류이

며, 종이 아닌 하위유형(subtype)으로 분류하는 분류체계를 따르고 있다. 기

존에 연구된 바, 블라스토시스티스는 보건학적, 역학적으로 중요한 기생충으

로 알려져 있지만, 그 중요성에 비하여 대한민국에서의 블라스토시스티스 감

염상 및 분포는 거의 연구가 진행되지 않았다. 따라서, 해당 논문에서는 건강

검진을 위해 방문한 내원자들을 대상으로 단면연구를 실시하여, 한국에서 블

라스토시스티스의 감염양상을 파악하고 해당 기생충 감염과 관련된 위험요인

을 밝히고자 하였다. 

방법 

2019년 9월 중 한국건강관리협회 서부지부에 건강검진을 위해 내원한 내

원자들 중 자발적 동의자에 한하여 총 293 건의 대변샘플과 설문지를 수거하

였다. 수거한 대변샘플에 대하여 실시간 중합효소 연쇄 반응(qPCR)과 중합효

소연쇄반응(PCR) 실험법을 사용하여 기생충 감염여부를 검사하였다. 중합효

소 연쇄 반응을 통해 얻은 DNA 산물의 염기서열을 확인하여 블라스토시스티
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스의 하위유형을 파악하고 계통수를 분석하였다. 또한 수거한 설문지의 항목

들을 일변량 및 다변량 통계분석을 사용하여 분석하고 위험요인을 파악하였다.  

연구결과 

검사한 대변샘플 중 9.2%(27/293)가 블라스토시스티스에 감염되어 있는 

것으로 나타났으며, 감염된 샘플 중 하위유형3(ST3)이 59%(16/27), 하위유

형1(ST1)이 41%(11/27)인 것으로 나타나, 해당 코호트에서 블라스토시스티

스 우점종은 하위유형3인 것을 알 수 있었다. 로지스틱 회귀분석을 통해 분석

한 결과에 따르면, 일주일에 채소류 섭취가 2회 이상인 집단이 채소류 섭취가 

2회 미만인 집단에 비해서 블라스토시스티스 감염률이 더 낮게 나타났으며, 

이는 통계적으로 유의하였다(OR = 0.27 [95% CI = 0.09, 0.84], p = 0.02). 

연령, 성별, 소화기 증상 유무, 식수원, 장내구균 감염여부, 약 복용 여부 등의 

변수는 블라스토시스티스 감염 여부와 통계학적으로 유의한 관련성이 나타나

지 않았다. 

결론 

 해당 연구를 통해, 서울에 위치한 건강검진센터에 내원한 내원자들의 블라스

토시스티스 감염양상을 파악하였으며, 우점종은 하위유형3인 것으로 나타났다. 

주간 채소류 섭취 빈도와 블라스토시스티스 감염여부 간에 통계적으로 유의미

한 상관관계가 존재하였고, 한국에서 블라스토시스티스의 주요 감염원에 대한 

연구가 필요할 것으로 보인다. 

 

핵심어:  블라스토시스티스, 유병률, 분자유전학적 종동정, 위험요인, 건강검진 내원

자, 대한민국 


