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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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IMPACT OF BLASTOCYSTIS HOMINIS INFECTION ON IMMUNOLOGICAL 
PARAMETERS IN PATIENTS WITH DIARRHEA: A CROSS-SECTIONAL STUDY

Safaa Hussein Abdullah Al-Oda1, Shatha Khudiar Abbas2, Khetam Habeeb Rasool3.
1,2,3College Department of Biology, College of Science, Mustansiriyah University, Baghdad, Iraq.

Abstract.
Blastocystis parasites are common intestinal parasites found 

in various hosts, including humans. This study involved two 
groups: the patient group, consisting of 220 samples, and the 
control group, consisting of 100 samples. The participants' age 
range was 4-40 years, and the samples were obtained from Al-
Kadhimiya Teaching Hospital and Al-Shaheed Mohammed 
Baqir Al-Hakeem Hospital in Baghdad, Iraq. Stool samples 
were examined under a light microscope using Lugal's Iodine 
Stain and direct wet smears. The age group did not show a 
significant difference (P≥0.05) in patients with diarrhea infected 
with the Blastocystis hominis parasite compared to the control 
group. Furthermore, males had a higher infection rate (58.00%) 
compared to females (42.00%), and this rate was statistically 
significant (P≤0.05).

The aim of this study was to evaluate the effect of Blastocystis 
hominis infection on the levels of certain immunological 
parameters. The results of the ELISA technique for 
immunological examinations revealed a significant increase 
(P≤0.01) in the levels of IL-10 and IL-17 in the serum of 
patients with diarrhea infected with the Blastocystis hominis 
parasite compared to the control group. The immunological 
tests also showed a significant increase (P≤0.01) in IgG, IgM 
antibodies, and IgA levels in patients with diarrhea infected 
with Blastocystis hominis parasite compared to the control 
group. These findings suggest that Blastocystis infection may 
influence immunological responses.

Key words. Blastocystis Hominis, Interleukin-10, 
Interleukin-17, Immunoglobulin-A, Immunoglobulin-M, 
Immunoglobulin-G.
Introduction.

Blastocystis parasites are among the most prevalent eukaryotic 
organisms in human feces worldwide. However, their prevalence 
is higher in developing countries (30-100%) compared to 
developed countries (1.5-15%). This difference is attributed to 
factors such as inadequate personal and environmental hygiene, 
limited access to safe water supply, and insufficient waste 
removal services [1,2]. Various factors, including immune 
status, geographic location, age, and dietary habits, influence 
the prevalence of Blastocystis sp. infection [2,3]. Poor hygiene, 
consumption of contaminated food, contact with animals, and 
contaminated water are identified as risk factors for Blastocystis 
transmission, contributing to the high incidence of infection in 
developing countries [4].

Historically, Blastocystis diagnosis relied on light microscopy 
of fecal smears or in vitro cultures. The organism exhibits four 
morphological forms: vacuolar, granular, amoeboid, and cyst 
[5,6]. The lack of distinct morphological features previously 
obscured the understanding of Blastocystis diversity. Based on 
the genetic heterogeneity of the small subunit ribosomal RNA 
(SSU rRNA), Blastocystis is currently classified into at least 28 

subtypes (STs) including ST1-ST17, ST21, and ST23-ST32. 
These subtypes, found in mammalian and avian hosts, are likely 
separate species [7-9].

Numerous studies have demonstrated that Blastocystis sp. 
can elicit immune responses in infected individuals, including 
secretory and humoral antibody secretions such as IgA and 
IgG. However, these immune responses are significantly 
higher in individuals infected with symptomatic Blastocystis 
sp. Isolates than those infected with asymptomatic isolates 
[6,10]. B. hominis, for instance, has been reported to secrete a 
protease that can cause various diseases and syndromes, leading 
to symptoms such as intense neural activity, abdominal pain, 
muscle cramps, and generalized pains, which are not typically 
observed in bacterial and viral infections [11]. Additionally, 
some individuals infected with B. hominis exhibit skin allergy 
symptoms like erythema, itching, and urticaria, likely due to IgE 
secretion in response to the parasite's surface antigens [12,13].

The host's immune response against Blastocystis spp. infection 
is not yet fully understood [14]. Therefore, the objective of 
the present study was to evaluate the serological levels of 
proinflammatory and anti-inflammatory cytokines, as well as 
antibodies, in patients with diarrhea infected with Blastocystis 
hominis parasite, and compare them with a control group.
Materials and methods.

The study was conducted between November 2022 and March 
2023 at Al-Kadhimiya Teaching Hospital and Al-Shaheed 
Mohammed Baqir Al-Hakeem Hospital in Baghdad, Iraq. The 
study involved two groups: the patient group and the control group.

The patient group consisted of 220 samples collected from 
individuals who were presented with gastrointestinal symptoms, 
including acute diarrhea and abdominal pain. The control group, 
on the other hand, consisted of 100 samples. Both male and 
female participants from various age groups (4 to 40 years) 
were included in the study.

Stool examinations were performed using microscopy to 
analyze the samples. Additionally, laboratory examinations 
were conducted to assess physical characteristics such as 
consistency, presence of mucus, and color.

Microscope Examination: The collected stool samples were 
divided into two portions for microscopy analysis. One portion 
was treated with Lugol's iodine (2-5%), while the other portion 
was treated with normal saline (0.9%).
Blood samples and measurement of immunological 
parameters:

Blood samples were obtained from both the patient and control 
groups using disposable syringes. A total of 5 ml of blood was 
collected into gel tubes and centrifuged at room temperature at 
2000 rpm for 15 minutes to separate the serum. The collected 
serum was then stored at -20°C until further use.

To measure the serum levels of IL-10, IL-17, IgA, IgM, and 
IgG, specific ELISA kits (Mybiosource, USA) were utilized. 
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The ELISA assays were performed following the manufacturer's 
instructions, adhering to the prescribed protocols and procedures.
Statistical Analysis:

The Statistical Analysis System (SAS, 2018) program was 
employed to determine the impact of different groups (patients 
and controls) on the study parameters. The t-test was utilized to 
compare means and determine statistical significance. The chi-
square test was employed to compare percentages and determine 
statistical significance at probability levels of 0.05 and 0.01.
Results and Discussion.

The current study involved the collection of 220 stool samples 
from individuals presenting with gastrointestinal symptoms, 
including acute diarrhea and abdominal pain. Microscopic 
examination was performed on all samples using Lugal's Iodine 
Stain and direct wet smears. Among the examined cases, 100 
were found to be positive for Blastocystis hominis based on 
microscopic examination, while 120 cases yielded negative 
results.

The microscopic examination involved observing the samples 
under a microscope at both low power (x10) and high power 
(x40). The observed forms of Blastocystis hominis exhibited 
a characteristic vacuolar morphology, characterized by a 
central body or vacuole surrounded by a thin cytoplasmic rim 
containing up to six nuclei.

This study categorized participants into four age groups. The 
first age group (4-10 years) had 16 (16%) individuals in the 
control group and 19 (19%) individuals in the patient group. 
The second age group (11-20 years) consisted of 23 (23%) 
individuals in the control group and 27 (27%) individuals in 
the patient group. The third age group (21-30 years) included 
34 (34%) individuals in the control group and 32 (32%) 
individuals in the patient group. The fourth age group (31-40 
years) comprised 27 (27%) individuals in the control group and 
22 (22%) individuals in the patient group. The P-value for all 
age categories was greater than 0.05.

The mean ± SE (mg/dL) of the control group was (19.53 ± 
2.06), while the mean ± SE (mg/dL) of the patient group was 
(17.02 ± 1.37), with a P-value greater than 0.05, as shown in 
Table (1).

Table 1. Distribution of the study samples is categorized according to 
age in both the control and patients' groups.

Variables
Control without 
Blastocystis / No 
(%)

Patients 
infected with 
Blastocystis / 
No (%)

P value

Average age 
(years ± SE) 19.53 ± 2.06 17.02 ± 1.37 0.302 NS

4– 10 yr. 16 (16.00%) 19 (19.00%) 0.612 NS
11– 20 yr. 23 (23.00%) 27 (27.00%) 0.571 NS
21– 30 yr. 34 (34.00%) 32 (32.00%) 0.805 NS
31– 40 yr. 27 (27.00%) 22 (22.00%) 0.475 NS
Total 100 100
NS: Non-Significant.

The study found no significant correlation between age and 
Blastocystis hominis infection, which is consistent with previous 

research conducted by Merza et al. [15] in Duhok City, Bugis 
et al. [16] in Saudi Arabia, and El Safadi et al. [17] in Lebanon. 
However, some studies, such as Dagci et al. [18], have reported 
a higher frequency of Blastocystis infection among the 20-29 
age group in symptomatic patients. This higher frequency was 
also observed in the current study, where the infection was most 
common in the 21-30 age group. Possible reasons for the higher 
infection rate among 21–30- year-olds may include factors such 
as increased exposure to contaminated environments, close 
contact with infected individuals, or dietary habits.

The study further observed that among patients with diarrhea 
and Blastocystis hominis infection, males had a higher 
proportion (58%) compared to females (42%). The P-values 
for gender distribution were 0.0499 for females and 0.033 for 
males, indicating a statistically significant difference in gender 
distribution between the healthy population and patients with 
Blastocystis hominis infection, as shown in Table (2).

Table 2. Distribution of study samples according to gender in the 
control and patients groups.

Variables
Control without 
Blastocystis / No 
(%)

Patients infected 
with Blastocystis / 
No (%)

P-value

Female 62 (62.00%) 42 (42.00%) 0.0499 *
Male 38 (38.00%) 58 (58.00%) 0.0330 *
* (P≤0.05)

These findings are consistent with previous studies conducted 
by Sylla et al. [19], Bugis et al. [16], and Khalili et al. [20], 
which also reported a higher prevalence of Blastocystis hominis 
infection in males compared to females. Sylla et al. [19] found 
a rate of 53.5% in males and 46.5% in females, Bugis et al. [16] 
reported a rate of 51.6% in males and 48.4% in females, while 
Khalili et al. [20] found a rate of 61% in males and 39% in 
females. The comparison of gender distribution in Blastocystis 
hominis infection across this study underscores the significance 
of accounting for regional and demographic factors. Several 
additional factors may contribute to the observed differences 
in infection rates between males and females. Behavioral 
differences between the genders, including variations in behavior 
and lifestyle patterns, can play a role. Males may be more prone 
to occupational exposures, hobbies, or activities that involve 
contact with contaminated environments or water sources, 
thus increasing their risk of infection. Moreover, variations in 
personal hygiene practices between males and females could 
also contribute to the disparity. Poor hand hygiene, inadequate 
sanitation practices, or a higher likelihood of engaging in 
activities with potential exposure to the parasite can elevate 
the risk of infection among certain populations. Considering 
these multifaceted factors alongside regional and demographic 
characteristics is essential for a comprehensive understanding 
of the higher infection rate among males in Blastocystis hominis 
infection.
The Level of IL-10 and IL-17 in the Study Groups:

The current study revealed that patients infected with 
Blastocystis exhibited significantly higher levels of IL-10 
(132.644 ± 1.084 pg/ml) compared to the healthy control group 
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(89.01 ± 1.73 pg/ml). Additionally, there was a significant 
increase in IL-17 levels among Blastocystis-infected patients 
(342.107 ± 3.729 pg/ml) compared to the healthy control group 
(239.86 ± 3.79 pg/ml). These findings, as presented in Table (3), 
suggest that Blastocystis infection is linked to elevated levels of 
IL-10 and IL-17, indicating an immune response and potential 
involvement in the pathogenesis of the infection.

Table 3. Comparison between patients and control groups in IL-10 
and IL-17.

Group Mean ± SE (pg/ml)
IL-10 IL-17

Patients 132.644 ± 1.084 342.107 ± 3.729
Control 89.01 ± 1.73 239.86 ± 3.79
T-test 3.896 ** 11.768 **
P-value 0.0001 0.0003
** (P≤0.01).

In this study, Blastocystis-infected patients showed 
significantly higher levels of IL-10 compared to the healthy 
control group, consistent with previous studies' findings (Deng 
& Tan [21]; Yakoob et al., [22]). However, contrasting results 
were reported by Abdel-Hafeez et al. [14], who observed a 
decrease in IL-10 expression in mice infected with Blastocystis. 
Another study by El-Zawawy et al. [23] found elevated levels 
of IL-17 in patients with both Hashimoto's thyroiditis and 
Blastocystis hominis infection, suggesting a stimulating effect 
of Blastocystis on proinflammatory cytokine production. Wu et 
al. [24] also reported higher levels of IL-17 in mice infected with 
Blastocystis. The increase in IL-17 levels indicates its role in the 
inflammatory response and host defense against pathogens [25]. 
However, IL-17 can also contribute to inflammatory pathology 
in certain contexts [26].
The Level of IgG, IgM, and IgA Antibodies in the Study 
Groups:

The study revealed significant differences between 
Blastocystis-infected patients and the healthy control group 
regarding serum antibody levels. The patient group exhibited 
a notable increase in IgM (134.45 ± 3.54 g/dL vs. 93.91 ± 2.51 
g/dL), IgG (21.26 ± 0.71 g/dL vs. 19.45 ± 0.45 g/dL), and IgA 
(246.26 ± 3.35 g/dL vs. 157.61 ± 3.24 g/dL) compared to the 
healthy control group. These differences were highly significant 
(P ≤ 0.01) for IgM and IgA and not significant for IgG, as shown 
in Table (4).

Table 4. Comparison of IgM, IgG, and IgA between patient and control 
groups.

Parameter Mean ± SE (g/dL)
IgM IgG IgA

Patients 134.45 ± 3.54 21.26 ± 0.71 246.26 ± 3.35
Control 93.91 ± 2.51 19.45 ± 0.45 157.61 ± 3.24
T-test 10.568 ** 2.084 NS 10.457 **
P-value 0.0002 0.0890 0.0001
** (P≤0.01).

The levels of IgM and IgA were found to be significant, 
indicating an immune response in the infected group compared 
to the control group. However, it is worth noting that the IgG 

levels did not show significant elevation. This observation may 
be attributed to the timing of the measurements, which plays a 
crucial role in accurately interpreting the results. In our study, 
the samples from the infected group were collected 3-7 days 
after the presumed time of infection, capturing the early phase 
of the immune response.

The immune response against Blastocystis hominis involves 
the production of immunoglobulins IgG, IgA, and IgM, 
which play important roles in defending against extracellular 
pathogens. IgG is particularly effective against Blastocystis and 
constitutes a significant portion of circulating immunoglobulins 
[27]. The humoral immune response involves B cells producing 
different types of antibodies to fight infections [28]. IgM 
antibodies are released initially as a first line of defense against 
infection, indicating a current infection, while IgG antibodies 
can persist in the body and signal a past infection [29].

Blastocystis hominis employs adaptive mechanisms, such 
as Cystein Protease, to colonize and evade the host's immune 
system. Cystein Protease can bind with IgA, breaking it down 
and preventing colonization or invasion by the parasite [30]. The 
modified immune response allows Blastocystis to successfully 
colonize the host.

The results of the present study align with previous studies that 
found higher levels of IgA, IgG, and IgM in Blastocystis-infected 
patients compared to healthy individuals [31,32]. Increased IgG 
antibodies have been shown to stimulate the cellular immune 
response and indicate long-term immunity against pathogenic 
antigens. However, a contradictory study observed lower IgM 
levels in individuals with B. hominis compared to the control 
group [33].

Overall, the production of immunoglobulins is vital in 
defending against Blastocystis, but the interaction between the 
parasite and the immune system is complex, involving adaptive 
mechanisms and modifications to evade immune responses.
Conclusion.

The analysis indicated that there was no significant difference 
in the age distribution between patients infected with the 
Blastocystis hominis parasite and the control group. However, a 
statistically significant difference was observed in the infection 
rate between males (58.00%) and females (42.00%).

Infection with the B. hominis parasite in patients with diarrhea 
has an impact on stimulating the cellular immune response. 
This is evident by the increased levels of IL-10 and IL-17. 
Additionally, it stimulates the humoral immune response, 
as indicated by the increased levels of IgG, IgM, and IgA 
antibodies, when compared to the control group.
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