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ABSTRACT

Background. Amoebiasis is one of the major public health problem:s, it is caused by the genus Entamoeba which includes
several species, such as E. histolytica, E. dispar and E. moshkovskii.

Purposes. The present study aimed to differentiate among Entamoeba spp. by using molecular method (PCR) and to
identify characteristic serum markers (I1gG and IL-6) according to species.

Methods. About 697 stool samples were collected from children under five years old, and blood samples (3 ml) of venous
blood were collected from patients with positive microscopic examination to evaluate some immune parameters (IL-6,
IgG) for children infected with the parasite using the ELISA test. DNA extraction was carried out from fecal samples using
a special stool DNA extraction kit and Multiplex PCR primers were designed to detect E. histolytica, E. dispar and E.
moshkovskii.

Results. About 100(14.34%) were infected with Entamoeba spp. by microscopic examination and 68 samples DNA-sam-
ples were positive. Fifty samples 50% were infected with E. histolytica, and 12% with a mixed infection. A significant in-
crease (p<0.05) in the concentration of IgG immunoglobulin in the sera of children infected with the E. histolytica parasite.
A significant increase (p<0.05) in the concentration of interleukin-6 in the sera of patients groups infected with Enta-
moeba spp., the highest significant increase (p<0.05) was recorded in patients group infected with the E. moshkovskii.

Conclusion. Molecular tests have the ability to detect and distinguish between the Entamoeba species infecting humans.
Amoebiasis caused an increase in the concentration of IgG and interleukin-6.
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INTRODUCTION

This illness, which is caused by different species
of the genus Entamoeba, is a major public health
concern in many nations. It is thought of as amoe-
biasis. This disease is particularly prevalent in un-
derdeveloped nations due to a combination of fac-
tors, including a lack of sanitation infrastructure,
polluted water supplies, and a general lack of aware-
ness about the prevalence of parasite infections [1].
Parasites such as Amoebiasis can infect humans
through the gastrointestinal tract. The most com-
mon species, E. histolytica, is responsible for the
illness, although other species, such as E. dispar and
E. moshkovskii, can also infect humans [2]. In hu-

mans, E. dispar colonizes the intestines in a manner
similar to that of E. histolytica. It is now known to be
an entirely separate species, completely devoid of
any potential for invasion [3]. Since its discovery as
a separate but closely related protozoan species, this
non-invasive organism has significantly impacted
the field of amoebiasis epidemiology; it causes most
asymptomatic infections worldwide [4].The cyst
and trophozoite forms of E. moshkovskii are visually
identical to those of E. histolytica and E. dispar, with
whom it shares a common ancestor [5]. While mi-
croscopic analysis of stool samples is the gold stand-
ard for human Entamoeba spp. laboratory diagno-
sis, it cannot differentiate between these species [6].
Because of the high risk of patient mistreatment due
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to morphological similarity among Entamoeba
species, an accurate diagnostic method is required.
One such method is molecular diagnosis, which
makes use of the polymerase chain reaction (PCR)
technique and has found application in various
parts of the world [7]. The process of cellular im-
mune response is initiated when the trophozoite
parasite penetrates the host’s intestinal tissue. In
order to form colonies, the parasite tries to attach to
the epithelial cells lining the large intestine, which
causes inflammation. As a result, these cells pro-
duce and release cytokines, which in turn serve as
proinflammatory factors. Systemic immune cells,
including macrophages, neutrophils, and mononu-
clear cells, then arrive at the site of inflammation
and attack the parasite [8]. The humoral immune
response is also activated when E. histolytica is in-
fected. There was a noticeable rise in the levels of
antibodies like IgG, IgM, and IgA [9]. The pathogenic-
ity of Entamoeba histolytica, E. dispar, and E. moshk-
ovskii differs significantly, despite the fact that they
have comparable appearance, gene profiles, and
protein profiles. Infection with Entamoeba histolyti-
ca may lead to amoebic dysentery and liver abscess,
but infection with E. moshkovskii produces moder-
ate diarrhea. While the pathogenic E. histolytica has
been the subject of numerous investigations into the
functions of the host immune system, data on E. dis-
par and E. moshkovskii is still in short supply.

This study set out to use polymerase chain reac-
tion (PCR) to distinguish between different species
of Entamoeba and to find serum markers (IgG and
IL-6) that are specific to each parasite type in infect-
ed individuals.

METHODS

About 697 stool samples were collected from cas-
es under five years old, who suffer from diarrhea
and complain of abdominal pain in the Bint Al-Huda
Educational Hospital for Women and Children and
Mohammed Al-Musawi Hospital in Thi-Qar Prov-
ince for the period of October 2022- August 2023,
stool samples were examined by direct microscopic
method. About 3 ml of venous blood were collected
from patients with positive microscopic results and
50 blood samples were collected from healthy chil-
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dren as control group. The venous blood was drawn
using a wine-wine syringe in a test tube and left to
clot for half an hour, in order to obtain the serum.
Then it was placed in the centrifuge, where it was
stored. The serum is in the refrigerator at-20 degrees
for the purpose of later use in measuring some im-
mune parameters (IL-6, IgG) by using the ELISA test.

DNA extraction: DNA extraction was carried out
from fecal samples with positive microscopic results
by using a special stool DNA extraction kit prepared
(Geneaid), and the extraction was carried out ac-
cording to the company’s instructions.

Primers: Multiplex PCR primers were designed
to detect E. histolytica, E. dispar and E. moshkovskii
in this study using NCBI-Genbank and Primer 3 Plus.
These primers were provided by Macrogen Korea.
(Table 1).

Prepare a multiplex PCR mixture: Prepare the
reaction mix (Go Taq Green PCR Master Mix), and
this master mix was made according to the compa-
ny’s instructions (Table 2).

TABLE 2. Components of the multiplex PCR mixture

Master mix mPCR Size
Template DNA ML 5
Forward primer 20pmol | Entamoeba histolytica 1ML

Entamoeba dispar 1ML
Entamoeba moshkovskii | 1ML
Reverse primer 20pmol | Entamoeba histolytica 1ML
Entamoeba dispar 1ML
Entamoeba moshkovskii | 1 ML

Go Taq Green Master mix 12.5 ML
water PCR 1.5 ML
Total size 25 ML

The main PCR mixture component mentioned
above was then transferred to the Exispin vortex
centrifuge at 3000 rpm for 3 minutes and then
placed in the PCR machine.

Thermocycle conditions program for poly-
merase chain reaction: All thermal cycles of the
polymerase chain reaction were carried out using a
PCR Thermocycle device according to the conditions
shown in the Table 3.

Electrophoresis agarose gel: DNA samples are
detected using the electrophoresis agarose gel tech-
nique and the results of the PCR technique.

TABLE 1. Primers used in the Multiplex PCR technique and the size of the PCR test product

GenBank code | Product size 3-5 Sequence Initiator
oOM780326.1 | 5211 TTCTAAGGAAGGCAGCAGGC | F |Entamoeba
' P AAATGCTTTCGCTCTCGTGC R | histolytica
AACTGCGGACGGCTCATTAT F | Entamoeba
AB282661.1 356 bp di
GGTAATTTACGCGCCTGCTG R |dispar
MNS3649 4.1 | 645 b ATTGGAGGGCAAGTCTGGTG | F |Entamoeba
' P GTGCCCTTCCGTCAATTCCT R | moshkovskii
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TABLE 3. Heat cycles for multiplex PCR

PCR step Temp Time Repeat
Initial Denaturation 95°C 5 min 1
Denaturation 95°C 30 sec
Annealing 58°C 30 sec cycle 35
Extension 72°C 2 min
Final extension 72°C 5 min 1
Hold 4°C Forever -

Study of immunological parameters: Interleu-
kin 6 concentration was measured by using Human
Interleukin 6 (IL-6) ELISA kit and the concentration
of immunoglobulin G antibodies IgG was measured
by using Human immunoglobulin G (IgG) ELISA kit.

Statistical analysis: the data of current study were
statistically analysis by using SPSS at p. value <0.05.

RESULTS

The results of current study showed that 100 out
of 697 (14.34%) were infected with Entamoeba spp.
by microscopic examination (Figure 1).

Molecular method using polymerase chain reaction (PCR)
technique

Extraction of deoxyribonucleic acid DNA: Deoxy-
ribonucleic acid (DNA) was extracted from positive
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samples according to the direct microscopy method
and electrophoresed on an agarose gel at a concen-
tration of 0.8%, Figure 2.

PCR Technology

The data showed that 68 samples out of 100 (68%)
DNA-Samples were positive for infection with Enta-
moeba spp. parasites according to PCR technique by
using special primers for each species. A significant
differences (p<0.05) were recorded among the iden-
tified species. Fifty samples 50% were infected with
E. histolytica, and 12 samples 12% with a mixed in-
fection (E. histolytica + E. dispar), 2 samples 2% were
infected with E. dispar, 4 samples 4% were infected
with the E. moshkovskii (Table 4, Table 5).

TABLE 4. The number and percentage of positive stool
samples by PCR

No. samples No. positive samples %
100 68 68

Infection with E. histolytica: 50 samples 50%,
were infected with the E. histolytica by PCR tech-
nique, the size of the parasite’s DNA was 521 bp,
compared to the DNA ladder (Figure 3).

Infection with E. dispar: 2 samples 2%, were in-
fected with the E. dispar by PCR technique, the size

B

FIGURE 1. A — Cyst; B — Trophozoite of Entamoeba spp. under light microscope (100X)

FIGURE 2. Electrophoresis of DNA samples extracted on a 0.8% agarose gel
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TABLE 5. Percentage of infection with Entamoeba spp. by of the parasite’s DNA was 356 bp, compared to the
PCR technology DNA ladder (Figure 4).
NO. positive ] Infection With E. moshkovskii: 4“samp1es 4%,
Entamoeba spp. samples % were infected with the E. moshkovskii by PCR tech-
E. histolytica 50 50 nique, the size of the parasne"s DNA was 645 bp,
£ dispar 5 5 compared to the DNA ladder (Figure 5).

- 9I5P Prm— Mixed infection: 12 samples 12%, were infected
E. moshkovskii 4 4 with E. histolytica + E. dispari by PCR technique
Mixed (E. histolytica + E. dispar) 12 12 (Figure 6).

TOTAL 68 68 The data recorded a significant increase (p<0.05)

in the concentration of IgG immunoglobulin in the
sera of children infected with the E. histolytica para-
site compared to the control group, and a significant
rise also for this group compared to the rest of the
groups of patients infected with other species of
Entamoeba (E. dispar and E. moshkovskii) and the
group of patients with mixed infection (E. histolytica
+ E. dispar) (Table 6).

The results of the current study recorded a sig-
nificant increase (p <0.05) in the concentration of
interleukin-6 in the sera of patients groups infected
with Entamoeba spp. compared with the control
group, the highest significant increase (p <0.05)
was recorded in patients group infected with the

FIGURE 3. Electrophoresis of DNA isolated from samples E moshkovsl‘di compal“ed with th? rest O_f the ba-
infected with the E. histolytica. The size of the parasite’s tients groups 1Ilf('?Cted'VV1th t‘he parasites E. histolytica,
DNA is 521 bp compared to the DNA ladder E. dispar, and mixed infection (Table 7).

FIGURE 4. Electrophoresis of DNA isolated from samples infected with the E. dispar.
The size of the parasite’s DNA is 356 bp compared to the DNA ladder

FIGURE 5. Electrophoresis of DNA isolated from samples infected with E. moshkovskii.
The size of the parasite’s DNA is 645 bp compared to the DNA ladder
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FIGURE 6. Electrophoresis of DNA isolated from samples infected with E. histolytica + E. dispari

TABLE 6. Effect of infection with Entamoeba spp. on the concentration of 1gG

Immune E. histolytica E. dispar E. moshkovskii Mix (E. histo + E. dispar) Control
parameter (n=50) (n=2) (n=4) (n=12) (n=50)
18G mg/dl 0.037 £0.0122 0.020 +0.013" 0.018 +£0.013" 0.017 £0.011° 0.017 +0.008°

TABLE 7. Effect of infection with Entamoeba spp. on the concentration of IL-6

Immune E. histolytica E. dispar E. moshkovskii Mix (E. histo + E. dispar) Control

parameter (n=50) (n=2) (n=4) (n=12) (n=50)

IL-6 pg/ml 31.5+5.29¢ 37.8+3.94° 40.4 +3.33° 35.1+5.27¢ 23.7 £2.69°
DISCUSSION was the most common. Another study in Al-Qadisiya

Since it is not possible to distinguish between En-
tamoeba species by direct microscopy, a very sensi-
tive approach is to use the polymerase chain reac-
tion (PCR) technique. PCR provides a more precise
picture of the epidemiology of infection produced
by several species of Entamoeba.

Out of 697 participants, 100 (14.34%) tested posi-
tive for Entamoeba spp. After carefully examining
the samples under a microscope, those that tested
positive were subjected to polymerase chain reac-
tion (PCR) in order to distinguish between different
species of Entamoeba. The primers utilized in this
study were derived from the central region of the
small-subunit rRNA gene, which is conserved across
all organisms and used for species identification
and classification due to its distinct characteristics
[10]. When tested for infection with Entamoeba spp.,
68 out of 100 (68%) DNA-samples came back posi-
tive.

With a prevalence of 50%, E. histolytica was the
most common, followed by a mixed infection of 12%
with E. dispar and 4% with E. moshkovskii. Using
specific primers for each species, the PCR method
was able to effectively differentiate the three spe-
cies.

AL-Abodi, [11] in Al-Qadisiya province, several
species of Entamoeba was found to have varying pre-
valence rates. When looking at prevalence, E. histol-
ytica (74%), E. dispar (26%), and E. moshkovskii (7%),

province reported E. histolytica 47%, E. dispar 31%
and E. moshkovskii 19% AL Khafaji, [12]. AL-Yaquob,
[13] Different prevalence rates were noted for these
three species in Basrah: E. dispar at 42%, mixed in-
fection with E. histolytica and E. dispar at 30%, and
no infection with E. moshkovskii. The prevalence of
E. histolytica and E. dispar was 39.29% in Thi-Qar
province, according to the study [14]. AL-Hamdani
et al. [15] recorded high prevalence of E. dispar 53%
compared with prevalence of E. histolytica 18.6%.

According to research, Iran had the greatest oc-
currence of E. dispar at 58% and the lowest preva-
lence of E. moshkovskii at 7%. That was Bahrami et
al. [16]. According to Shimokawa et al. [17], the prev-
alence of E. histolytica infections was 4.63%, E. dis-
par infections were 0.35%, and E. moshkovskii infec-
tions were 2.95% in Bangladesh. Ngobeni et al. [18]
found 8.5% E. histolytica prevalence in South Africa,
but no cases of E. moshkovskii infection were re-
ported.

One possible explanation for discrepancies in
PCR results is that various stool samples or different
ways of extracting DNA from them yield varied par-
asite densities. Furthermore, the samples may have
varied in age, transportation, and preservation
methods utilized in each study, all of which contrib-
ute to the observed diversity [19,20].

If the wrong type of Entamoeba is diagnosed, pa-
tients may undergo needless therapy, which might
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lead to drug resistance in the parasite. Therefore, it
is crucial to distinguish between invasive and non-
invasive Entamoeba species [21,22].

Immune cells’ cytotoxic activity and their capac-
ity to produce various cytokines, such as interferon
gamma (IFN-y), tumor necrosis factor alpha (TNF-a),
and interleukin (IL) 2, recruit the inflammatory re-
sponse against the parasite, making the immune
and inflammatory responses pivotal in fighting E.
histolytica infection [23,24].

The results showed that compared to the control
group, children infected with other Entamoeba spe-
cies (E. dispar and E. moshkovskii) and those with a
mixed infection (E. histolytica + E. dispar) had a sig-
nificantly higher concentration of IgG immunoglob-
ulin in their serum (p<0.05), these results agreed
with study of Kaur et al. [25] that recorded a signifi-
cant increase in the concentration of IgG immuno-
globulin four times in sera of patients infected with
E. histolytica when compared with the control
group. The impact of the IgG anti E. histolytica
antibodies was shown to be statistically significant
(P <0.05) when compared to the control group, ac-
cording to AL-Rwi et al. [26]. Even if the concentra-
tion of anti-amoebal IgG in serum is raised, Haque et
al. [27] found that it does not provide protection
against repeated infections. According to the results
of the IgG test in reference [28], both severe amoe-
bic patients and amoebic carriers exhibited elevat-
ed levels of IgG specific to E. histolytica. Severe
amoebic patients also exhibited the highest levels of
IgA, IgG, and IgG2 titers against the glycolipid E. his-
tolytica lipophosphoglycan. Trigger a cascade of
events that culminate in the synthesis of the inter-
leukin IL-6 by mast cells, dendritic cells, and T-cells
[29]. An uptick in IL-6 and other cytokines is indica-
tive of inflammation [30]. IL-6 is a pleiotropic pro-
inflammatory cytokine [31].

In comparison to the control group, the groups
of patients infected with various types of Entamoeba
spp- showed a significant rise (p <0.05) in interleu-
kin-6 concentration in their sera. Among these groups,
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