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Diare merupakan penyebab kematian ketiga di dunia pada anak di bawah 5
tahun. Diare disebabkan oleh infeksi bakteri, virus, hingga parasit yang
mengganggu sistem pencernaan. Diare akibat parasit terbanyak disebabkan
oleh Blastocystis hominis. Sehingga perlu dilakukan penelitian terkait
morfologi Blastocystis hominis untuk membantu menegakan diagnosis
penyebab diare. Penelitian ini merupakan penelitian eksperimental yang
dilakukan pada medium kultur Jones yang telah dimodifikasi dengan fetal
bovine serum dalam lima kelompok uji dengan konsentrasi P1 (0.1 mL), P2 (0.5
mL), P3 (1.0 mL), P4 (1.5 mL), dan P5 (2.0 mL). Temuan morfologi Blastocystis

hominis pada masing-masing kelompok uji dengan rerata pH ¢ menunjukan
hasil yang optimal pada pemeriksaan mikroskopis dengan nilai P>0.05 pada uji
t dua sampel berpasangan. Sedangkan, kelompok uji P5 (6.15) menunjukan
perbedaan bermakna dengan nilai P<0.001 dengan baku emas. fetal bovine
serum dapat digunakan pada konsentrasi 0.1 mL dengan pH 7.29 untuk
kebutuhan klinis karena sudah mampu menunjukan temuan morfologi.
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ABSTRACT

Diarrhea is the third leading cause of death among children under the age of five worldwide. Diarrhea can result from
bacterial infections, viral infections, or parasitic infestations that disrupt the functioning of the digestive system.
Therefore, research on the morphology of Blastocystis hominis is necessary to aid in the diagnosis of diarrhea. This
study is an experimental investigation conducted on Jones culture medium that has been altered with fetal bovine
serum. The study consists of five trial groups with different volume: P1 (0.1 mL), P2 (0.5 mL), P3 (1.0 mL), P4 (1.5 mL),
and P5 (2.0 mL). The morphological findings of Blastocystis hominis in each trial group, with pH averages P1 (7.29), P2
(7.27),P3 (7.30),dan P4 (7.31), were examined microscopically. The results were found to be optimal, with a statistical
value of P>0.05 in the independent t-test. The P5 test group (6.15) differed significantly from the gold standard at
P<0.001. The fetal bovine serum can be utilized for clinical reasons at a volume of 0.1 mL and a pH of 7.29, as it is already
capable of displaying morphological results.

1. INTRODUCTION

Diarrhea is the third leading cause of mortality among children under the age of 5 globally, resulting
in the demise of around 443,832 children annually. The source cited is the World Health Organization
(WHO) in the year 2024. According to the Indonesian Ministry of Health (Almasi et al.,, 2022; Permenkes,
2020), itis also established that diarrhea is responsible for 7% of newborn mortality in Indonesia. Diarrhea
is the result of infections caused by bacteria, viruses, and parasites. Blastocystis hominis is one of the
parasites most frequently responsible for diarrhea (Deng et al, 2019; Hublin et al., 2021). Improper
treatment of diarrhea can result in complications since the underlying pathogen responsible for the
condition is not effectively addressed, allowing it to persist and progress. Microscopic, culture, and
molecular studies are employed to validate the diagnosis of Blastocystis hominis infection (Aldahasi et al.,
2020; Padukone etal., 2018). The microscopic examination allows for the identification of the main physical
characteristics and reproductive processes of Blastocystis hominis (Ahmed & Karanis, 2019; Elsayad, Mona
et al., 2019). The transient transformation of the vacuolar structure into an ameboid form in Blastocystis
hominis results in the progression from asymptomatic to symptomatic due to pathological growth.
Demonstrated that the pH level has a significant impact on the survival and physical characteristics of
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Blastocystis hominis. Specifically, Blastocystis hominis requires a pH that is neither acidic nor basic in order
to grow properly (Mahmoud etal., 2023; ZAKI et al., 2024).

Blastocystis hominis is found globally, with a prevalence ranging from 1% to 30%. Developing
countries and locations with poor sanitation have a higher prevalence compared to developed regions with
acceptable sanitary practices. Nevertheless, the precise mechanism by which this protozoan causes disease
is still a subject of debate, despite professionals successfully diagnosing and treating infected people. The
prevalence of Blastocystis hominis is estimated to occur in 58% of the Indonesian population during one
episode of infection. Blastocystis isolates from humans and non-human animals share morphological
similarities and can be vacuolar, granular, cystic, or amoeboid. The encystation stage refers to the
transformation of the ameboid and multivacuolar forms into the infectious form, known as a cyst (Abdullah
& Dyary, 2023; Rozi, 2019). A positive diagnosis of B. hominis infection in a clinical environment is
contingent upon the presence of the cystic stage or the confirmation of vacuolar, granular, or amoebic forms
in diarrhea samples. The vacuolar morphology of Blastocystis hominis exhibits a unique central body,
resulting in a remarkably low diagnostic accuracy. On the other hand, vakuolar forms and others can easily
be confused with other intestinal protozoa (Hegazy et al,, 2021; Science, 2023). According to multiple
studies, individuals who do not show symptoms of a disease often test positive for the vacuolar phase. The
granular form (3-80 um) is characterized by the presence of several granules inside the cytoplasm, together
with two nuclei. This form closely resembles the vacuolar type. Moreover, the presence of the granular
phase is indicative of cellular demise, and it is frequently found in mature cultures or in the culture medium
supplemented with antibiotics. The ameboid form, measuring 2.6-7.8 um, exhibits a distinct resemblance
to macrophages and neutrophils. It is equipped with two pseudopodia and a sizable vacuole within the
cytoplasm (Golen et al,, 2020; Mylvaganam et al., 2021). Pseudopodia is crucial for adhering to the mucous
membrane of the gut. The pathogenic subtype of Blastocystis hominis cultures contain an ameboid form,
which leads to various gastrointestinal issues in patients. The cystic form, measuring 3-6 pm, has 1-4 nuclei
and possesses a multilayered wall that enables it to remain viable for up to a month in the external
environment. Consequently, it has the potential to trigger epidemics among the susceptible demographic,
particularly children (Davies et al., 2020; Gaythorpe etal.,, 2021).

The detection and identification of Blastocystis hominis is still challenging due to its morphological
alterations, which greatly complicate the diagnosis of this infection. The culture approach combined with
immunoserological testing demonstrates the highest sensitivity for detecting Blastocystis hominis. Previous
research have demonstrated that the usage of Jones media exhibited greater cultural sensitivity in
comparison to polymerase chain reaction (PCR) (Lawrence Panchali etal., 2022; Schoonbroodtetal., 2022).
Prior research included three serum modifications: horse serum, human serum, and donkey serum, with
horse serum being the major serum used. Previous research conducted using horse serum in an in vitro
method found that between pH 7.0 and 7.5, vacuolar, granular, ameboid, and cyst morphologies were seen.
However, pH 8.0, certain parasites exhibited irregularities and were difficult to distinguish. Horse serums
are costly, inaccessible, and have a propensity to harm cells, rendering them useless for promoting cell
proliferation. Highly sensitive serums, such as fetal bovine serums, which are more effective than horse
serum, can be readily found at a reasonable cost without causing harm to cells. Fetal bovine serum is
commonly used in cell cultures, including cancer cell culture SKBR3, follicle culture, and goat PE oocyte
quality on TCM culture medium 199, as well as in improving the post-vitro maturation rate of cow oocytes.
This is due to its effective growth factors (Ahn et al., 2020; Suren et al., 2020).

Extensive study has demonstrated the efficacy of fetal bovine serum. However, a suitable pH for
the utilization of Jones culture medium has not yet been identified. Imbalanced pH levels can lead to the
formation of wrinkles, making it difficult to detect Blastocystis hominis. Extensive study has demonstrated
the efficacy of fetal bovine serum. However, a suitable pH for the utilization of Jones culture medium has
not yet been identified. Inappropriate pH will induce wrinkles, preventing Blastocystis hominis from being
detected, complicating research. Therefore, more research is needed on pH changes in the use of fetal bovine
serum in modified Jones culture medium to determine the morphological picture of Blastocystis hominis.

2. METHOD

Study Population

A cross-sectional study conducted in RSUD Buleleng and Puskesmas Buleleng polyclinics between
May and November 2021 collected 35 samples of parasite diarrhea that tested positive. As a mains of
engagement, we are instructed to endorse a letter. After the patient has completed defecation, the stool
sample is collected in a sterile container and stored in an ice box. The samples underwent examination at
the Medical Faculty Laboratory and the Faculty of Mathematics and Natural Sciences at Ganesha University
of Education. The specimens were categorized into two methods for investigation: direct microscope
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examination and culture. The study has received approval from the Ethics Committee of Ganesha University
of Education.

Microscopic and Culture

The Jones culture medium was modified by including fetal bovine serum. The volumes used for
each treatment are as follows: P1 (0.1 mL), P2 (0.5 mL), P3 (1.0 mL), and P5 (2.0 mL). The specimens were
acquired by collecting fecal samples from patients suffering from diarrhea, utilizing containers specifically
designed for collecting stool. Cultivation was initiated by introducing 50 mg of feces into the prepared
culture medium and incubating it at a temperature of 37°C. pH measurements will be taken for every
treatment at 24, 48, and 72 hours. At the same time, microscopic inspection was used to describe main and
reproductive morphological features of Blastocystis hominis.

Statistical Analysis

Morphological analysis is performed using the independent t-test to see the significance of the
average of pH at P1, P2, P3, P4, and P5 against positive controls as gold standard. The variable is considered
statistically significant when P<0.05, indicating a meaning that is significantly different from the control
variable. If P>0.05, it indicates that the variable is not statistically significant, meaning that it is not
significantly different from the control variable.

3. RESULT AND DISCUSSION

Result
The morphological findings of the test groups P1, P2, P3, P4, and P5 were tested at 24, 48 and 72
hours and the pH ratio as follows.

Table 1. Morphological Findings of Blastocystis Hominis In Microscopic

Main Morphology
Findings
Vacuolar, granular,
amoeboid, cyst

Reproductive
Morphology Findings
Budding, binary
fission, plasmotomy
No visible parasite is
present

Variable Time

Positive Control -

Negative Control i No visible parasite is

present
24 hour Vacuolar, granular Budding, binary fission
P1 (0.1 mL) 48 hour Vacuolar, granular Budding, binary fission
72 hour Vacuolar, granular, cyst  Budding, binary fission
24 hour Vacuolar, granular Budding, binary fission
P2 (0.5 mL) 48 hour Vacuolar, granular Budding, binary fission
72 hour Vacuolar, granular, cyst  Budding, binary fission
24 hour Vacuolar, gra}nular, . dedlng, binary
amoeboid fission, plasmotomy
P3 (1.0 mL) 48 hour Vacuolar, gra}nular, . dedlng, binary
amoeboid fission, plasmotomy
Vacuolar, granular, Budding, binary
72 hour ; .
amoeboid, cyst fission, plasmotomy
24 hour Vacuolar, grgnular, . B'uddmg, binary
amoeboid fission, plasmotomy
P4 (1.5 mL) 48 hour Vacuolar, gra}nular, . B'uddlng, binary
amoeboid fission, plasmotomy
Vacuolar, granular, Budding, binary
72 hour ; .
amoeboid, cyst fission, plasmotomy
24 hour Wrinkle formation Budding, binary fission
vacuolar
P (2.0 mL) 48 hour Wrinkle formation Budding, binary fission
vacuolar
72 hour Wrinkle formation Budding, binary fission
vacuolar
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Figure 1. Main Morphological Test Results of Blastocystis Hominis Culture at Strong Magnification
(indicated by Arrow Mark) at 24, 48, and 72 Hours. (a) The Vacuolar form; (b) the Granular; (c) the; (d)
the Amoeboid form (Pseudopodia are Indicated by Arrows). Scale bar: 10 um

Figure 2. Reproductive Morphology test Results of Blastocystis Hominis culture at Strong Magnification
(indicated by Arrows) at 24, 48, and 72 Hours. (a) Binary Splitting Shape; (b) Plasmotomy form;
(c) Budding. Scale bar: 10 um
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Figure 3. Blastocystis Hominis Morphology Test Results in P5 test Group (Indicated by Arrows). See a
Picture of the Curved Vacuolar Morphology as well as an Image of a Perfectly Irregular cyst.
Scale bar: 10 pm

On the modified culture medium Jones obtained a picture of his main form and reproductive at 24,
48, and 72 hours. In groups P1 and P2 only vacuolar, granular, and cyst forms appear in the main
morphology. Reproductive morphologies in this group show budding and binary fission. Groups P3 and P4
show the whole main forms, vacuolar, granular, ameboid, and cysts. Furthermore, there are also
reproductive morfologies such as binary fission, plasmotomy, and budding. The test group P5 shows the
main morphological picture of wrinkle vacuolar forms and irregular cyst walls.

Table 2. Table of Independent T-test Results

No Positive P1 P2 P3 P4 P5
) Control* (0.1 mL) (0.5 mL) (1 mL) (1.5 mL) (2.0 mL)
1. 7.29 7.29 7.26 7.30 7.31 6.15
2. 7.30 7.30 7.28 7.27 7.28 6.18
3. 7.26 7.28 7.27 7.30 7.34 6.13
4, 7.28 7.28 7.25 7.32 7.32 6.14
5. 7.30 7.30 7.29 7.31 7.30 6.15
7.29 £ 7.27 £ 7.30 £ 7.31% 6.15 =
Mean + SD 7.28£0.01 0.01 0.01 0.01 0.02 0.01
Data normality 0.314 0.119 0.967 0.453 1.000 0.453

Pvalue* |G o659 0.159 0.248 0.091 <0.001
*This inspection serves as the gold standard.
**The significance of the difference in average pH can be determined using the independent t-test.

According to the provided table, there is no statistically significant difference in the average pH test
results among the P1, P2, P3, and P4 test groups compared to the gold standard (P>0.05). The P5 test group
exhibited statistically significant differences (P<0.001). The morphological results of the P1, P2, P3, and P4
that there was no difference of the positive control group. Significant differences were observed only in the
P5 group when compared to the positive controls.

Discussion

Diarrhea was the second leading cause of post-pneumonia fatalities in the post-neonatal period (29
days - 11 months), increasing 14% from 2020 and accounting for 9.8% of all deaths. Furthermore, diarrhea
is the leading cause of death in the group of young children (12 - 5 months), accounting for 10.3% of deaths,
an increase of 4.55% from 2020 (Kemenkes, 2021b). According to the Indonesian Nutrition Status Survey
2021, the occurrence of diarrhoea is 9.8% (Kemenkes, 2021a). Based on the national data, it is evident that
despite a drop in the number of cases, diarrhoea continues to be the leading cause of suffering and mortality
among other diseases (Hasan et al.,, 2021; Kemenkes, 2020; Ugboko et al., 2020).
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Diarrheais a consequence of illnesses caused by bacteria, viruses, and parasites (Almasi etal., 2022;
Hublin etal.,, 2021; Mahmood etal., 2021; Saha et al., 2022). Parasite infestation is a significant global health
issue, affecting around 3.5 billion individuals worldwide. Parasite infections result in 450 million cases of
illness and 200,000 deaths per year. Protozoa infections, including Blastocystis hominis, are one of the
causes of diarrhea associated with these infections (Deng et al., 2019; Tegen et al,, 2020). The prevailing
parasite is currently detected in human fecal samples, exhibiting a greater occurrence in underdeveloped
nations (50-60%) compared to wealthy nations (about 10% or less). Blastocystis hominis is a highly
polymorphic parasite that exhibits several kinds of morphology, such as vacuolar, non-vacuolar, granular,
amoeboid, and cyst forms. It can be transmitted through the fecal-oral route, particularly under unsanitary
environments. Blastocystis hominis is one of the parasites most frequently responsible for diarrhea (Fahim
etal, 2021; Rossi et al., 2024). The prevalence of Blastocystis infection is higher than that of other intestinal
parasites, such as Giardia, Entamoeba, or Cryptosporidium. The majority of Blastocystis isolates detected in
fecal samples exist in either cyst or vacuolar forms(Candela et al.,, 2021; Tapia-Veloz et al., 2023). The
amoeboid type is infrequently observed, however it is mostly linked to symptoms. Thus, it is likely that the
amoeboid forms of Blastocystis are pathogenic. On the other hand, gastrointestinal or dermatological
symptoms such diarrhea, bloating, nausea, vomiting, urticaria, or, less frequently, severe itching or urticaria,
as well as iron deficiency anemia, were also found to be exclusively caused by Blastocystis hominis
(Matovelle et al., 2022; Rudzinska & Sikorska, 2023).

The diagnosis of Blastocystis hominis infection can be confirmed using microscopic, culture, and
molecular test (Aldahasi et al.,, 2020; Mahmoud et al., 2023). The microscopic examination allows for the
observation of the main physical characteristics and reproductive processes of Blastocystis hominis (Ahmed
& Karanis, 2019; Mahmoud et al., 2023). The transient transformation of the vacuolar structure into an
ameboid form in Blastocystis hominis results in the progression from asymptomatic to symptomatic due to
pathological growth. Blastocystis isolates from humans and non-human animals share morphological
similarities and can be vacuolar, granular, cystic, or amoeboid. The encystation stage refers to the
transformation of the ameboid and multivacuolar forms into the infectious form, known as a cyst (Badparva
& Kheirandish, 2020; Rozi, 2019). A positive diagnosis of B. hominis infection in a clinical environment is
contingent upon the presence of the cystic stage or the confirmation of vacuolar, granular, or amoebic forms
in diarrhea samples. The vacuolar morphology of Blastocystis hominis exhibits a unique central body,
resulting in a remarkably low diagnostic accuracy. On the other hand, vakuolar forms and others can easily
be confused with other intestinal protozoa (Guilavogui et al., 2022; Markell & Udkow, 2023).

Identification of Blastocystis hominis infection can be challenging due to the presence of other
dangerous parasites that exhibit comparable circumstances, such as Giardia lamblia, Entamoeba histolytica,
and Trichomonas vaginalis (Barrow et al.,, 2020; Sood, 2022). Other than, The detection and identification of
Blastocystis hominis is still challenging due to its morphological alterations, which greatly complicate the
diagnosis of this infection. The culture approach combined with immunoserological testing demonstrates
the highest sensitivity for detecting Blastocystis hominis. Previous studies have demonstrated that the use
of Jones medium resulted in greater culture sensitivity when compared to polymerase chain reaction (PCR).
Fetal bovine serum is commonly used in cell cultures, including cancer cell culture SKBR3, follicle culture,
and goat PE oocyte quality on TCM culture medium 199, as well as in improving the post-vitro maturation
rate of cow oocytes. This is due to its effective growth factors (Reyes-Lopez et al.,, 2022; Sood, 2022).

Jones culture medium was modified by adding fetal bovine serum in the following volumes: P1 (0.1
mL), P2 (0.5 mL), P3 (1.0 mL), P4 (1.5 mL), and P5 (2.0 mL). Microscopic investigation revealed the main
morphological and reproductive characteristics of Blastocystis hominis at 24, 48, and 72 hours. The main
morphological types identified in groups P1 and P2 were vacuolar, granular, and cyst. This group's
reproductive morphology is determined by binary fission and budding. Groups P3 and P4 exhibited all of
the major morphologies, including vacuolar, granular, ameboid, and cyst. The reproductive morphology
includes three processes: binary fission, plasmotomy, and budding. The main morphological features in the
P5 test group were a vacuolar shape with wrinkled walls and an irregular-walled cyst. There was no
reproductive morphology in this group.

The best morphological findings in the microscopic examination were seen in test groups P3 and
P4, with average pH values of 7.30 and 7.31. Groups P1 and P2 which had average pH values of 7.29 and
7.27, they are unable to demonstrate ameboid and plasmotomy characteristics. Meanwhile, in group P5
with a pH of 6.15, the worst morphological appearance is observed, characterized by vacuolar wall
morphology and wrinkled cysts. Indicates that the pH level affects the viability and morphology of
Blastocystis hominis, wherein the organism requires a neutral pH to grow (Ismai et al., 2022; Sharpe, 2022).
Utilized six media, specifically Jones medium mixed with 10% horse serum. These media were generated
with decreasing pH values of 6, 5, 4, 3, 2, and 1, and the pH was altered by adding 0.1M HCl. Additionally, a
control medium with a pH of 7 was also created . Previous research conducted using horse serum in an in
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vitro method found that between pH 7.0 and 7.5, vacuolar, granular, ameboid, and cyst morphologies were
seen. However, pH 8.0, certain parasites exhibited irregularities and were difficult to distinguish. This
supporting the study by using a modified Jones culture medium, which results in ideal morphology for
Blastocystis hominis at neutral pH and wrinkle morphology findings at acidic pH, or 6.15 at P5 group
(Guilavogui et al., 2022; Markell & Udkow, 2023).

The average pH test results in this study were analyzed using an independent t-test to determine
the significance of each test group compared to the positive control group as the gold standard. P1 (7.29),
P2 (7.27),P3 (7.30), and P4 (7.31) have a P>0.05. There are no significant differences between the group in
question and the standard gold. Furthermore, P5 (6.15) have a P<0.001. There are significant differences in
this group compared to gold standards (Ahmed & Karanis, 2019; Tegen et al., 2020). Therefore, this study's
findings indicate that the morphology of Blastocystis hominis is significantly impacted by pH differences.
The utilization of fetal bovine serum at a volume of 0.1 mL with a pH of 7.29 in Jones culture medium is
sufficient to demonstrate the morphological characteristics of Blastocystis hominis for diagnostic purposes.
However, a volume of 1.0 mL with a pH of 7.30 can be used to provide a complete morphological picture
(Almasi et al., 2022; Deng et al., 2019).

The future benefit of this research is that it can serve as a reference for the use of fetal bovine serum
in healthcare services, as it can be utilized in many cultures. Fetal bovine serum is affordable, readily
available, and possesses excellent growth factors that do not harm cells and promote optimal cell growth. A
comprehensive clinical practice guide for the diagnostic testing of Blastocystis hominis infection in a hospital
setting. This is done to streamline the identification of diarrhea caused by the parasite Blastocystis hominis
in order to ensure appropriate treatment for the patient. Gathered precise epidemiology data. This was
undertaken in an effort to streamline the gathering of epidemiological study data on instances of diarrhea
caused by the parasite Blastocystis hominis in a specific area.

4. CONCLUSION

The main morphological and reproductive observations of Blastocystis hominis were identified in
P1, P2, P3, and P4. From a clinical perspective, the unintentional use of fetal bovine serum in modified Jones
culture medium. The main morphological types identified in groups P1 and P2 were vacuolar, granular, and
cyst. This group's reproductive morphology is determined by binary fission and budding. Groups P3 and P4
exhibited all of the major morphologies, including vacuolar, granular, ameboid, and cyst. The reproductive
morphology includes three processes: binary fission, plasmotomy, and budding.
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