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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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
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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 Bagqir 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
parameters:

and measurement of immunological

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 lodine
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.

Control without ::}2::::; with
Variables Blastocystis / No . P value

(%) Blastocystis /

No (%)

Average age 19.53 +2.06 1702137  0.302NS
(years + SE)
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
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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.

Control without Patients infected

Variables Blastocystis / No  with Blastocystis / P-value
(%) No (%)

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



(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.

Mean + SE (pg/ml)

Group 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
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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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