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Abstract

Blastocsytis sp. is a protozoan parasite that has been linked to common gastrointestinal

illnesses. Metronidazole, the first line therapy, was reported to show frequent inefficacy.

Previously, Blastocystis sp. isolated from different population showed varying metronida-

zole resistance. However, the effect of metronidazole treatment on pathogenic potentials

of Blastocystis sp. isolated from different populations, which is known to have different

gut environment, is unclear. This study investigates the in vitro effect of metronidazole on

the pathogenic potentials of Blastocystis sp. isolated from urban and orang asli individu-

als. Blastocystis sp. ST 3 isolated from symptomatic and asymptomatic individuals were

treated with a range of metronidazole concentration. The parasites’ growth characteris-

tics, apoptotic rate, specific protease activity and the ability to proliferate cancer cells

were analyzed upon treatment with 0.001 mg/l metronidazole. The study demonstrates

that Blastocystis sp. isolates showed increase in the parasite numbers especially the

amoebic forms (only in urban isolates) after treating with metronidazole at the concentra-

tion of 0.001 mg/ml. High number of cells in post-treated isolates coincided with increase

of apoptosis. There was a significant increase in cysteine protease of Blastocystis sp. iso-

lates upon treatment despite the initial predominance of serine protease in asymptomatic

isolates. Metronidazole resistant Blastocystis sp. also showed significant increase in can-

cer cell proliferation. Resistance to metronidazole did not show significant different influ-

ence on the pathogenicity between Blastocystis sp. isolated from urban and orang asli

individual. However, an increase in parasite numbers, higher amoebic forms, cysteine

protease and ability to proliferate cancer cells implicates a pathogenic role. The study pro-

vides evidence for the first time, the effect of metronidazole towards enhancing patho-

genic potentials in Blastocystis sp. when isolated from different gut environment. This

necessitates the need for reassessment of metronidazole treatment modalities.
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Introduction

Blastocystis sp. is a protozoan parasite with a worldwide distribution where more than a billion

individuals are estimated to harbor this organism[1]. High prevalence has been reported in

developing countries than the urbanized ones[2]. The detection of Blastocystis sp. in fecal

material has been commonly associated to non-specific gastrointestinal symptoms such as

diarrhea, flatulence, abdominal cramps[3] as well as iron deficient anemia [4] and urticarial

[5]. However, the pathogenicity of Blastocystis sp. remains controversial.

To date, up to 17 subtypes (ST) have been isolated where ST 1–9 are found in human infec-

tions. ST3 have been shown to have higher prevalence followed by ST1 and this ST has been

commonly incriminated to possess pathogenic potentials. Previous studies investigating on

subtype diversity reported that ST 3 is predominantly isolated from patients with gastrointesti-

nal symptoms such as IBS [6] and the solubilized antigens from ST3 was reported to trigger

increased proliferation in colon cancer cells[7]. Sporadic studies on pathogenic potential on

other STs, namely ST2 and ST4 have surfaced but at a lower consistency [8, 9].

Some studies observed persons infected with Blastocystis sp. has higher prevalence but

remained asymptomatic and suggested that this parasite could be a member of a healthy gut

with long-term colonization [10]. However, other studies demonstrated therapeutic improve-

ment upon clearance of this parasite, which suggest that this parasite has a pathogenic potential

and requires treatment [11]. Treatment with metronidazole is reportedly the first-line therapy

for eradication of the parasite.

Successful eradication of Blastocsytis sp. was seen in many studies [3]. However, reports

have also witnessed persistence in symptoms upon treatment and it could be due to the resis-

tance conferred by this organism or the failure of the drug to exhibit complete clearance of the

parasite. Various in vitro studies have shown evidence of resistance when treated with metro-

nidazole[12]. A previous study have reported an increase in mitochondrion-like-organelle and

the formation of amoebic forms when treated with low concentration of metronidazole[13].

Blastocystis sp. has also been isolated from different population showed variability in resisting

metronidazole[14]. However, there has been no study mounted to assess if treatment has the

same effect on the same subtype but isolated from different population groups

Urban and rural populations have showed different gut microflora, which has been attrib-

uted to mainly lifestyle factors [15]. A rural individuals’ gut possess greater microbial and func-

tional gene diversity. Urban population however have been reported to have lost this diversity

presumably due to diverse and varying lifestyles [16]. A study recently have pointed out that

the interaction of gut microbiome with Blastocystis sp. could be one of the important factors in

metronidazole treatment failure [17]. In the present study, Blastocystis sp. isolated from urban

population and orang asli population was compared in terms of treatment response and patho-

genic potentials to implicate the influence of gut environment in Blastocystis sp. treatment.

This study, for the first time extends the investigation to study the effect of metronidazole

on phenotypic properties and variation in pathogenic potentials of Blastocystis sp. ST 3 isolated

from 2 distinct population namely urban and orang asli population. The isolates obtained

from each population group were further classified as symptomatic and asymptomatic based

on clinical presentation.

Material and methods

Source of Blastocystis sp.

Blastocystis sp. was isolated from urban and orang asli (indigenous) population. Urban samples

were obtained from Pantai Hospital, Kuala Lumpur and University Malaya Medical Centre
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(UMMC), Kuala Lumpur. Urban individuals were approached with a questionnaire to validate

that they were truly urban settlers. Orang asli samples were obtained from 3 different villages at

the outskirts of Selangor, Malaysia. Samples were collected from the village dwellers directly at

their houses in their respective villages. These villagers worked as farmers deeper inside the jun-

gle. Those villagers who are working in nearby towns and return only during the evenings and

weekends were excluded from this study. Ethical approval for collection of stool samples was

obtained from the Medical Ethics Committee of University Malaya Medical Centre, Kuala Lum-

pur, Malaysia (20154–1281) according to the Declaration of Helsinki. Collection of samples

from orang asli settlements was approved by JAKOA (Department of Orang Asli Development).

A written consent was obtained from all the participants prior to sample collection.

Urban individual visiting a doctor with frequent and non-specific gastrointestinal (GI)

symptoms (flatulence, diarrhea abdominal cramps and etc.) were regarded as symptomatic

and those individuals without any incessant and debilitating GI symptoms were regarded

asymptomatic. Whereas for orang asli individuals who experienced any frequent GI symptoms

(GI symptoms >3 times a week) were regarded as symptomatic and healthy individuals with-

out any GI symptoms were grouped as asymptomatic. These individuals when questioned said

they had not taken any anti-protozoal or anti-diarrheal medication 1 month prior to sample

collection. Fecal samples collected from both symptomatic and asymptomatic individuals were

screened for parasitic infection using formal ether concentration technique. Blastocystis sp.

was detected by the in vitro culture method using Jones medium as described previously[18].

Only samples with Blastocystis sp. as the sole infectious agent was used in this study.

Culturing metronidazole resistant strain

Day 3 culture of Blastocystis sp. ST 3 isolated from urban and orang asli individuals were used

for this analysis. The parasite count was standardized to a concentration of 1 x 105 cells/ml in

fresh Jones’ medium supplemented with 10% horse serum and range of metronidazole concen-

tration (0.0001, 0.001, 0.01, 0.1, 1 mg/ml). The parasites were observed daily until it reached a

growth peak. Parasites, which showed maximum growth, were transferred to 3 ml Jones’

medium containing the same concentration of horse serum along with metronidazole. This was

maintained throughout the study. Subsequently, a growth profile was carried out comparing

the cells pre- and post-treatment. Cells were then washed and counted to 1 x 105/ml. The cells

were counted daily for 10 days. Generation time pre- and post-treatment was calculated for 24

hours as described in previous study [19].

Apoptotic characterization

Apoptotic characterization was done according to the protocol established previously[20]. Par-

asites from day 3 cultures were inoculated at a concentration of 1 x 105 cells/ml in 1 ml

medium. Cells were counted using tryphan blue exclusion assay to determine the viability. The

number of apoptotic, necrotic and viable cells was counted using Apoptosis, Necrotic and

Healthy Cell Quantification Kit (Biotium Inc., Hayward, CA, USA) at 4 time points. Cells were

harvested and washed twice with 1ml of sterile PBS (pH 7.4) before staining. The manufactur-

er’s protocol was followed and stained cells were observed under an Olympus BX 51 epifluor-

escence microscope (Olympus, Wetzlar, Germany) using image analyzer software. The control

experiment was day 3 Blastocystis sp. culture with PBS replacing the treatment.

Preparation of solubilized antigen and quantification of protease activity

Antigens were extracted from 3-day-old culture supplemented with metronidazole as outlined

in the past study[21]. Protease activity was determined using 1.5mg/ml azocasein solution.
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The antigens were standardized to 0.1mg/ml. Protease activity was quantified using Azocasein

Colorimetric Assay as described previously[22]. A control experiment of only bacterial solubi-

lized antigen was carried out.

Inhibition assay to determine specific protease activity

Four types of protease, namely, cysteine, serine, aspartic and metalloprotease are the common

mixture of parasitic protease. An array of protease inhibitor was deployed to detect the domi-

nant type of protease. Protease inhibitors used were E-64 (Cysteine protease inhibitor), Phe-

nylmethanesulfonyl fluoride (PMSF) (Serine protease inhibitor), Pepstatin A (Aspartic

protease inhibitor) and EDTA (metalloprotease inhibitor) (Sigma-Aldrich). In this study, spe-

cific protease inhibitors were optimized and used to determine predominant protease. A pro-

tocol used in the quantification of protease was applied with supplementation of protease

inhibitors at a particular concentration as reported by previous studies [23, 24].

Colon cell culture and proliferation studies

HCT 116 colonic cancer cells were maintained in RPMI medium supplemented with L-Gluta-

mine, antibiotics and fetal bovine serum (FBS). Cells were standardized to 1000 cells in 100 ml

and allowed to grow for 24 hours at 37˚C, 5% CO2. Next, antigens from Blastocystis sp. belong-

ing to urban and orang asli individuals as well as from treated and control parasites were intro-

duced to a final concentration of 0.01 μg/ml and allowed for further incubation. Cell

proliferation was analyzed after 48 hours through MTT assay as described previously [7].

Statistical analysis

All statistical analysis was done through IBM SPSS Statistics Version 21. Student’s t-test was

performed to compare the means of each group. Spearman’s correlation test was carried out

on viable cells and apoptotic forms. P<0.05 was regarded significant in this study.

Results

A range of metronidazole concentrations (1, 0.1, 0.01, 0.001 and 0.0001 mg/ml) was used and

cells treated with metronidazole at 0.001 mg/ml was found to show consistent resistance.

There was an increase in cell number and decrease of generation time per 24 hour in isolates

obtained from both urban and orang asli individuals upon treatment with 0.001mg/ml metro-

nidazole. Blastocystis sp. isolated from symptomatic urban and orang asli individuals showed

greater increase in cell number compared to asymptomatic isolates (Figs 1 and 2).

Amoebic forms of Blastocystis sp. were observed only in isolates obtained from symptom-

atic urban individuals. Treatment with metronidazole significantly increased number of amoe-

bic cells in these isolates where the cells reached peak cell count on day 3 during treatment

compared to the controls, which peaked on day 5. There was no formation of amoebic cells in

treated and untreated cultures of Blastocystis sp. isolated from asymptomatic urban individuals

and orang asli population (Fig 3).

Blastocystis sp. cultures showed significant increase in the apoptotic forms when treated

with metronidazole (Fig 4). There was significantly higher percentage of apoptotic forms in

isolates obtained from orang asli individuals than urban persons (P = 0.045). In both urban

and orang asli, isolates obtained from symptomatic individual harbored raised percentage of

apoptotic forms than isolates obtained from asymptomatic individuals. There was a positive

correlation between the apoptotic forms and number of viable cells found in the culture

(r = 0.9712; P<0.05).
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Fig 1. Treatment of Blastocystis sp. with various concentration of metronidazole. Growth profile of symptomatic and asymptomatic isolates from

urban and orang asli showed increased proliferation of cells at 0.001 mg/ml of metronidazole. Values are expressed as mean ± SD of 5 isolates. Cells

were counted in 1 ml. Control experiment was done using PBS to replace metronidazole. �P<0.05 in Students t-test for comparison of means of peak cell

count between different metronidazole concentrations.

https://doi.org/10.1371/journal.pone.0212542.g001

Fig 2. Generation time of Blastocystis sp. for control (Pre-treatment) and treated with 0.001 mg/ml metronidazole (Post-treatment). Symptomatic and

asymptomatic isolates and represented by black and blue circles respectively. Isolates obtained from symptomatic urban individual showed significant decrease in

generation time. The black lines represents mean of 5 isolates. �P = 0.005 for comparisons of mean between control and metronidazole treated Blastocystis sp. isolated

from symptomatic urban individual.

https://doi.org/10.1371/journal.pone.0212542.g002
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Cysteine protease and serine protease were predominantly observed in Blastocystis sp. iso-

lated from symptomatic and asymptomatic of urban and orang asli individuals. Upon metro-

nidazole treatment, there was increase in protease activity in Blastocystis sp. isolated from both

urban and orang asli individuals (Fig 5). A significant rise in proteases (P<0.05) was seen only

in isolates obtained from urban individual where the predominant type of proteases, which

were initially cysteine and serine in symptomatic and asymptomatic isolates respectively,

reverted to predominant presence of cysteine type in both. Similar observation was seen in iso-

lates obtained from orang asli individual where cysteine proteases were seen to be high in

Fig 3. Amoebic forms seen in Blastocystis sp. isolated from urban symptomatic individuals. (A) Amoebic forms

(arrow) seen under microscope at 40X magnification coexisting with vacuolar forms. Amoebic forms are seen with

protrusion of the cytoplasm. Bar = 10μm (B) Increase in the number of amoebic morphology upon 0.001 mg/ml

metronidazole treatment (Post-treatment) compared to the control (Pre-treatment). Amoebic forms were only

observed in isolates from symptomatic urban individuals. Values are expressed as mean ± SD of 5 isolates. �represent

P<0.001 in Students t-test comparing means of peak amoebic formation count in control and metronidazole treated

isolates.

https://doi.org/10.1371/journal.pone.0212542.g003
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Fig 4. Staining of Blastocystis sp. cells to identify apoptosis and rate of apoptosis in control (Pre-treatment) and 0.001 mg/ml metronidazole

treated (Post-treatment) Blastocystis sp. isolated from urban and orang asli individuals. (i) Light microscopy image of 0.001 mg/ml drug

treated Blastocystis sp.(ii) Fluorescence image of parasite cells stained blue with Hoechst stain binding to DNA and staining nuclei in the

periphery of the viable parasite(V). (iii) Fluorescence image of parasite stained with fluorescein isothiocyanate (FITC) labeled Annexin V

identifying the apoptotic cells (A) through the binding with phosphatidylserine at the outer cell surface. The scatterplots show percentage of

apoptotic forms in five Blastocystis sp. isolates. Black and blue circles represent symptomatic and asymptomatic isolates respectively. The black

and blue lines represent the mean of respective data. Significantly higher rate of apoptosis was seen in isolates obtained from orang asli

individuals. �represents P = 0.001 in Students t-test for comparison of percentage of apoptotic forms between pre- and post-treatment.

https://doi.org/10.1371/journal.pone.0212542.g004
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isolates obtained from symptomatic and asymptomatic individuals post-treatment. In short,

isolates obtained from both urban and orang asli showed an increased level of protease activity

in symptomatic as well as asymptomatic conditions with cysteine protease as the predominant

type. However, significant effect of treatment was only observed in urban isolates.

The current study also attempted to investigate the effect of metronidazole treated parasites

on the proliferation of cancer calls in vitro. Blastcystis sp. isolated from urban individuals,

upon treatment demonstrated an increase in the proliferation when triggered with antigens

from both symptomatic and asymptomatic isolates. Metronidazole treated isolates from

asymptomatic individuals exhibited increased proliferation in cancer cells. However,

Fig 5. Specific protease activities in control (Pre-treatment) and 0.001 mg/ml metronidazole treated (Post-treatment) Blastocystis sp. isolated from urban and

orang asli individual. Black circles and red circles represent protease activity of pre-treated and post-treated isolates respectively. The black line represent the mean(SD) of

the 5 isolates tested. Note the predominance of cysteine protease upon treatment in Blastocystis sp. isolated from urban and orang asli individuals. �represents P<0.001 for

the comparison with the mean of control. #represents P<0.001 in Students t-test for comparison of protease activity pre- and post treatment.

https://doi.org/10.1371/journal.pone.0212542.g005
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treatment on Blastocystis sp. from orang asli individuals did not show any significant differ-

ence to proliferation of cancer cells (Fig 6).

Discussion

Metronidazole is the most commonly deployed drug for the treatment of Blastocystis sp. infec-

tion. Its prescription in adults involves dosages ranging from 250–800 mg, 3 times a day for 10

days or given in combination with other drugs such as paramomycin [25], co-trimoxazole [26]

and trimethoprim-sulfamethoxazole [27] at varying dosages. In pediatric treatment, metroni-

dazole is prescribed based on patient’s body weight at the dosage of 20–30 mg/kg/day [17].

Treatment failure of metronidazole have been reported as early as in 1976 [28]. Various

other reports subsequently observed similar cases of treatment failure and resistance towards

metronidazole. Despite being the first line of treatment for Blastocystis sp. infection, efficacy of

metronidazole treatment ranges from anywhere between 0% to 100% with varying effective

dosage from 250-750mg [29, 30]. Previous reports have demonstrated varying metronidazole

resistance and evidence on mitochondrion-like structure when treated with metronidazole

suggesting the need for energy [13]. There are currently studies carried out to investigate the

efficacy of different drugs and its respective regimes on infected patients [3, 31] but there has

been no study conclusively showing the effect of metronidazole on the pathogenicity of Blasto-
cystis sp..

The present study reports on the pathogenic consequence in Blastocystis sp. due to inappro-

priate treatment administration. Previously, studies have reported that possible reason for fail-

ure in metronidazole treatment could be due to the absence of nim and ntr genes (genes

responsible for the activation and inactivation of metronidazole into a toxic form) in the para-

site[32]. Furthermore, inability of metronidazole to be at high concentration in the lumen sug-

gest its failure in complete clearance of Blastocystis sp. [27]. In this study we observed at a

concentration of 0.001 mg/ml, the parasite was not only resistant but triggered higher parasite

growth. This provided a strong evidence for a possible mechanism that the parasite might

undertake in order to evade the effect of metronidazole treatment at low concentrations.

Other factors such as heightened chance of re-infection in endemic regions [33] and the influ-

ence of gut flora [30] may also result in treatment ineffectiveness.

Cysteine proteases have been reported to play an established role as virulent factor in many

protozoan parasites such as Entamoeba histolytica and Giardia sp.[34] Proteases from Blasto-
cystis sp. have not been clearly described and its association to pathogenicity has not gained

conclusive evidence. Nevertheless, recent studies reporting on the predominance of cysteine

protease in Blastocystis sp. [23] and its ability to degrade immunoglobulin A [35], increase in

intestinal epithelial permeability by rearrangement of tight junction complex[36] and elicit IL-

8 inflammatory response in in vitro condition[37] identifies the promising role of cysteine pro-

tease as a virulent factor of this parasite. Two secretory cysteine proteases from Blastocystis sp.

have been identified through mass spectrometry [38]. These proteases were reported to be the

virulent factor responsible for intestinal pathologies. Moreover, complete genome sequencing

of Blastocystis sp. ST7 revealed 22 genes coding for proteases that was predicted to be molecu-

lar candidates for pathogenesis[39]. Out of these, 20 coded for cysteine protease, 1 for serine

protease and 1 aspartic protease.

The present study concurs with previous findings[23] where we saw the predominance of

cysteine protease in symptomatic isolates. For the first time, this study also reports the pres-

ence of serine protease in asymptomatic isolates of Blastocystis sp.. The exact role of serine pro-

tease seen in these isolates is unclear and more studies will be needed to characterize and

understand its function. A physiological role of serine proteases in protozoan parasites such as

Metronidazole enhances pathogenicity of Blastocystis sp.
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Entamoeba sp. and Acanthemoeba castellanii has been reported [40, 41]. Entamoeba invadens
possessed serine protease that was involved in excystation and metacystic development [40].

On the other hand, Acanthemoeba castellanii trophozoite and cysts treated separately with ser-

ine protease inhibitors demonstrated decreased number of cysts and tropozhoite formation

respectively suggesting a pivotal role of serine protease in trophozoite differentiation and

excystation [41]

In the present study, significant increase of cysteine protease levels in metronidazole treated

Blastocystis sp. isolated from urban individuals imply that resistance to treatment can enhance

the pathogenic potential of Blastocystis sp. However, isolates obtained from orang asli individ-

uals showed insignificant change in protease activity upon treatment in comparison to urban

isolates. We have witnessed in our laboratory, where Blastocystis sp. isolated from orang asli

showed heightened robustness evidenced by the cysts not lysing in distilled water compared to

isolates from urban individuals. The robustness seen in this Blastocystis sp. isolates could be

the reason for insignificant response towards metronidazole. The response of isolates obtained

from orang asli towards metronidazole treatment was however limited only to the apoptotic

mechanism and increase in cell numbers. Therefore, more studies are warranted to character-

ize the Blastocystis sp. isolated from urban and orang asli individuals.

Studies in the past have suggested differential expression of proteases due to changing con-

ditions of the protozoan parasite, Entamoeba histolytica. This parasite naturally expresses 86

genes for proteases coding for cysteine, serine, aspartic and metallo proteases and mostly with

non-described functions. However, axenization altered the protease expression where some

cysteine protease were highly expressed and some serine and metallo-proteases were expressed

only intermediately[42]. In another similar study, Entamoeba histolytica exposed to heat stress

were observed to express higher cysteine protease[43]. In contrast, another study have also

reported that heat stress at 42˚C causes 4–6 fold reduction in cysteine proteases but increased

expression (up to 2-fold) of metalloproteases[42]. These studies suggest the influence of

Fig 6. Effect of antigens from control (Pre-treatment) and 0.001 mg/ml metronidazole treated (Post-treatment) Blastocystis sp. on the proliferative ability of colon

cancer cell, HCT116. The black and blue circles represent antigens extracted from symptomatic and asymptomatic isolates respectively. The black lines represent the

mean of 5 isolates. Note the increased proliferative ability in antigens of Blastocystis sp. isolated from urban individuals upon metronidazole treatment. �represents

P<0.001 in Students t-test for comparison of mean between pre- and post-treatment.

https://doi.org/10.1371/journal.pone.0212542.g006
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changing environmental conditions in the expression of proteases in parasitic protozoa. Simi-

larly, in the present study, for the first time, expression of protease was demonstrated to change

upon metronidazole treatment. Levels of cysteine protease increased and expression of pre-

dominant protease in asymptomatic isolates was seen to change from serine to cysteine type

upon metronidazole treatment at 0.001 mg/ml. This data not only points to the possibility of

Blastocystis sp. altering its protease expression in different conditions, but also suggest the pos-

sibility of dormant asymptomatic parasite reverting to active symptomatic ones. However, this

postulation must be verified using molecular studies.

GI symptoms have been shown to persist in patients even after treatment with metronida-

zole [44]. Recently, we have reported 2 cases of patients experiencing exacerbation of gastroin-

testinal symptoms when treated with metronidazole[45]. The continued exacerbation and

worsening of symptoms could be directly linked to increase in the cysteine protease levels in

both Blastocystis sp. due to resistance towards metronidazole treatment. Whereas in asymp-

tomatic Blastocystis sp. infection, if at all metronidazole treatment was administered and with

inappropriate dosage, there are high possibilities of Blastocystis sp, reverting to symptomatic

forms.

Presence of amoebic forms had been associated to pathogenicity in Blastocystis sp. Studies

carried on previously reported high occurrence of amoebic forms in symptomatic isolates over

asymptomatic isolates [5, 46]. The ultrastructural studies on amoebic forms of Blastocystis sp.

exhibited the presence of surface coat, which facilitates adherence to the intestinal walls and

surrounding bacteria[47]. The surface of amoebic form has also been shown to possess strong

fluorescent lectin binding sites suggesting surface properties that may imply pathogenic poten-

tial[48]. Another study reported on transition of vacuolar and granular forms to amoebic

forms in patients who showed progression from asymptomatic to symptomatic state[49]. Our

previous finding showed a positive correlation of amoebic forms in culture with protease activ-

ity[22]. The accumulated evidence further strengthens the pathogenic role of amoebic forms.

In this study, we saw an increase in the amoebic forms in Blastocystis sp. isolated from symp-

tomatic urban individuals upon metronidazole treatment. This evidence could further suggest

increased pathogenicity due to treatment at inappropriate concentration of metronidazole.

Parasites isolated from orang asli individuals demonstrated an increase in parasite numbers

and this can be due to higher apoptotic formation when treated with metronidazole. Apoptosis

in Blastocystis sp. was shown previously to be subtype related as higher rate of apoptosis in ST

3 against other subtypes was reported (Dhurga et al. 2012). In the present study, Blastocystis
sp. ST 3 not only showed apoptosis but its rates differed between isolates obtained from urban

and orang asli suggesting that apoptosis could be influenced by the community of locality

where the parasite is isolated from. Previous in vitro study reported when Blastocystis sp. was

isolated from Malaysian, Indonesian, Singaporean and Pakistan population the parasite

showed difference in the resistance towards metronidazole [14]. This concurred with our

study where difference in metronidazole resistance was seen among different subtypes tested

[50]. This suggests that response to metronidazole is highly variable.

The current study showed strong evidence of varying response towards metronidazole in

Blastocystis sp. isolated from individuals within the Malaysian population (Urban and orang

asli). Orang asli population and settlements, regarded to be the most rural in Malaysia, live on

high fibre diet comprising of natural foods and mostly depend on agricultural economy for liv-

ing (based on personal observation during sample collection). These type of populations are

reported to have an increased microbial and functional diversity of the gut flora[15, 51]. In

contrary to this, the urban population lives a lifestyle consuming highly industrial and pro-

cessed food rich in simple sugars and fats. As a result this population reportedly, have lost a

great deal of diversity especially that of the beneficial and protective bacteria[52]. Blastocystis
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sp. isolated from these environments may possess distinct phenotypic characteristics that

could have resulted the variation in response towards metronidazole. Therefore, population-

based variation of resistance towards metronidazole discussed above could also be explained

by the distinction of gut environment in the studied populations.

Previously, a study reported the ability of solubilized antigen from symptomatic isolates

induced greater percentage of cancer cell proliferation compared to asymptomatic isolates

[53]. Subsequently, another study reported that symptomatic ST 3 could trigger greater prolif-

eration of cancer cells with immune alterations[7]. These data suggest that the ability to prolif-

erate cancer cells by Blastocystis sp. solubilized antigens can be well used to distinguish

alterations of pathogenic potential. In this study, drug treated urban symptomatic and asymp-

tomatic isolates stimulated significantly higher cell proliferation in cancer cells. We also have

observed that the raise in proliferation of cancer cells coincided with increasing cysteine prote-

ase activity of Blastocystis sp. This suggests the possible role of cysteine protease in inducing

cell proliferation. However, more study is needed to confirm this postulation. Previous report

suggested screening for Blastocystis sp. in colorectal cancer patients as it could facilitate the

tumor growth[21]. Based on results from the current study, deploying metronidazole treat-

ment in cancer patients with Blastocystis sp. infection should be reconsidered as this shows the

Fig 7. Schematic diagram depicting the major findings in the current study. Metronidazole treatment at a certain concentration (0.001 mg/ml)

heightens the parasite number. (1), (2) The parasite cells forms high number if granular forms that in turn produce viable vacuolar forms. (3) When the

condition turn unfavourable, the parasites may encyst and excreted in large numbers as reported in a case study previously. (4) It could be that some

vacuolar forms that is metronidazole resistant Blastocystis sp. would retain. (5) This resistant vacoular forms and increased amoebic forms of Blastocystis
sp. exhibit increased pathogenic potentials (as shown by the thunder symbols) in terms of greater cysteine protease activity, amoebic forms and ability to

proliferate cancer cells.

https://doi.org/10.1371/journal.pone.0212542.g007
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possibility of increasing the pathogenic potentials of the organism resulting in exacerbated

symptoms in immune-compromised cancer patients.

Solubilized antigen was extracted from in vitro culture of Blastocystis sp., which was purified

to minimal bacterial contamination. This condition, compared to the axenic ones mimics the

natural environment of Blastocystis sp. and better explains its mechanisms. However, a control

experiment with only bacterial solubilized antigens showed negligible protease activity and

proliferative ability of cancer cells. In conclusion, this study provided evidence for possible

pathophysiological effect of metronidazole treatment on Blastocystis sp., which varies depend-

ing on the source where the parasite is isolated from. Blastocystis sp. exposed to a specific con-

centration of metronidazole does develop resistance, which in turn increase its cell numbers

and gain more pathogenic potentials such as protease activity, amoebic formations and ability

in cancer cell proliferation. A sschematic diagram depicting the major findings in the current

study is provided (Fig 7). However, more in depth functional studies on cysteine proteases as

well as cellular and molecular mechanisms in metronidazole treated Blastocystis sp. would

shed light in understanding the resistance towards the drug and pathogenicity. It is essential to

elucidate the role of gut flora on Blastocystis sp. treatment modalities. Re-assessment of treat-

ment options on Blastocystis sp. should be carried out to find better for drug with greater

efficacy.
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