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ABSTRACT. The study involved the estimation of the prevalence of Entamoeba spp. using microscopy and molecular
techniques among symptomatic outpatients from April 2021 to March, 2022. Stool samples were collected from 2592
outpatients with amoebosis symptoms of both sexes and different ages (< 1to 60). Also, 207 stool samples were taken
randomly from asymptomatic individuals and examined microscopically to detect infection with Entamoeba spp. the
positive specimens were used for molecular analysis with positive symptomatic samples targeting the 18S rRNA gene
by nested PCR. Microscopically 21.68% (562/2592) were positive, for Entamoeba spp. Males showed highest infection
rate than females (67.43% vs 32.56%). Ages from 1-10 years showed the highest rate (54.09%), and urban inhabitant
had somewhat a higher rate than rural one (58.54% vs 41.45%) which was statistically non-significant (P>0.05). Among
asymptomatic individuals, 57% (61/107) were positive for Entamoeba spp. Nested PCR analysis yielded 73% positive
samples for Entamoeba spp. with a fragment size of 897 bp. Three fragment sizes were produced, for E. histolytica, E.
dispar and E. moshkovskii which were 439, 174 and 553 bps, respectively. Single infection occurred with, E. histolytica
in 46%, of symptomatic and 6% of asymptomatic cases, E. dispar in 38% of asymptomatic and 10% of symptomatic

cases, E. moshkovskii, was reported at very low rate among both groups.
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Introduction

Amoebosis has a worldwide spread mainly in
tropical and subtropical countries. Yearly around 50
million cases were reported, from them 10% turned
to invasive disease, causing 40,000—100,000 deaths
annually [1,2]. Entamoeba genus comprise between
30-50 different species, of which there are 10
accepted species infecting humans, 9 of them live in
the intestinal lumen namely: E. histolytica, E.
dispar, E. moshkovskii, E. bangladeshi, E. coli, E.
harmanni, E. polecki, E. chattoni and E. struthionis
while only one species E. gingivalis live in the oral
cavity. The known pathogenic species among them
are E. histolytica, E. moshkowskii and E. bangla-
deshi all of them are identical morphologically
(Entamoeba complex), and cannot be differentiated

microscopically from each other [3-6]. Entamoeba
dispar, a non-invasive species, was proposed for the
first time by Brumpt but soon discarded and
considered as a synonym of E. histolytica because at
that time (the first half of the 20th century) both
species cannot be differentiated on morphological
grounds. Until the 1990 decade, it was thought
that E. histolytica had three forms, ,races” or
zymodemes: the ,minuta”. the ,non-pathogenic
magna” and the ,pathogenic magna” races.
Evidences were accumulating until [7] proposed the
zymodemes were in fact different species. Thus, the
,minuta” form corresponded to E. hartmanni, the
,hon-pathogenic magna” form to E. dispar, and the
,pathogenic magna” form to E. histolytica. In 1978,
Tanyuksel et al. [8] supported the distinction
between E. histolytica and other two species which
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were isolated from asymptomatic and symptomatic
individuals using the isoenzymatic profile. Then the
differences between both species were further
confirmed using biochemical, immunological and
molecular studies [8]. The third species E.
moshkovskii was first detected by [9] in sewage
water in Moscow and was considered as free-living
organism until 1991 when Clark and Diamond,
using molecular techniques, identified the Laredo
strain of E. histolytica (an isolate obtained in 1956
and identified as ,aberrant” or ,atypical” E.
histolytica due to its ability of growing at room
temperature) as in fact E. moshkovskii when was
isolated from an inhabitant in Laredo, Texas, USA
suffering from epigastric pain, intestinal
disturbances, weight loss and diarrhea [10]. Later
on, this species was isolated from patients and
discriminated from other Entamoeba species in
many countries, such as Bangladesh, Thailand,
Australia and India [11-14], respectively. The
fourth species E. bangladeshi was first identified in
Bangladesh in 2010-2011, through the investigation
of diarrheal stool positive for Entamoeba via
microscopy or culture, but they were negative for E.
histolytica, E. dispar and E. moshkovskii via PCR, a
new species was recognized and called E.
bangladeshi [15], this species is also considered as
a pathogenic species.

Despite to many published studies that
distinguished Entamoeba spp. using molecular tools
worldwide, limited studies have been performed in
Iraq in general and in Kurdistan region particularly.

The published data in Iraq are those conducted in
Al-Najaf by [16] who reported the presence of E.
histolytica in 24% (25/104) stool samples
examined, in Baghdad [17] detected E. histolytica at
a rate of 7% (7/100) in diarrheal stool of children
using multiplex RT-PCR test. While in Al-
Qadisiyah [18] recorded infection with Entamoeba
spp. in 85.18% (92/108) of the examined stool
samples constituted, E. dispar and E. dispar in
combination with E. moshkovskii in 83.33%
(90/108) and 1.85% (2/108) of the samples,
respectively, without any case of E. histolytica. On
the other hand, in Diwaniya [19] proved the
presence of the three species of Entamoeba in single
and mixed infections, with E. dispar at the highest
rate (72.6%), then E. histolytica (41.1%), and E.
moshkovskii (2.74%). In Erbil province [20]
performed microscopical examination of stool
sample from asymptomatic healthy individual and
recorded Entamoeba spp.in 7.4% of the enrolled
people. They targeted the 18S rRNA gene using the
nested PCR in the microscopically positive samples
and reported, E. histolytica in 6%, E. dispar in
4.3%, and E. moshkovskii in 0.3%.

Most studies performed in Duhok province
involved microscopic identification or serological
tests. This reason encouraged us to perform this
study among symptomatic and asymptomatic
individuals to identify by genetic analysis the
causative agents of diarrhea among these
individuals in Duhok city, Kurdistan region of Iraq.
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Duhok Province

Figure 1. Map showing the location of the Azadi and Heevi Hospitals in Duhok city, Iraq
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Materials and Methods

Sample collection

From April 2021 to March 2022, a total of 2592
stool samples were taken from diarrheic outpatients
with amoebosis symptoms of both sexes and
different ages (<1 to 60) who visited Azadi teaching
hospital and Heevi pediatric hospital in Duhok city
(Fig. 1). Furthermore, 207 samples were collected
randomly from asymptomatic individuals from both
sexes and different ages, the positive specimens
from them were used for molecular analysis along
with positive symptomatic specimens. Patient
informed consent was taken, and for children the
consent was taken from their parents. Furthermore,
an approval was obtained from the ethical
committee of the General Directorate of Health in
Duhok (Ethical clearance no. 0652021-2-4) to use
the data and the collected specimens in the current
study.

About 10 g of fresh stool sample was taken from
each enrolled outpatient using a sterile wooden
spatula avoiding to contaminate the sample with
urine or water. Each sample was placed in a sterile
clean disposable plastic container with a close lid,
then each sample was labeled with the patient’s full
information e.g., date, name, gender, age, residence,
etc. Each sample was examined macroscopically to
determine its consistency, color, odor, presence of
blood and mucous, followed by microscopic
examination using both wet mount and Zinc sulfate
flotation techniques. The results of the stool analysis
were recorded either as positive or negative for .
histolytica complex depending on the presence of
cysts/trophozoites. 100 microscopically positive
samples (50 from symptomatic outpatients + 50
from asymptomatic) each about 0.2 g were used for
molecular analyses. The 50 symptomatic patient
samples were selected according to the abundance
of cysts/trophozoites in the examined specimen,
presence of mucous or blood and patients
complains. While the selection of asymptomatic
specimens depends on the abundance of cysts and
these samples were free from blood or mucus.

Molecular identification

Molecular identification was conducted in the
Molecular  Biology  Laboratory,  Biology
Department, Faculty of Science, Zakho University.
DNA was extracted, using the instructions provided
by the manufacturer of the Presto DNA Stool
Extraction Kit (Geneaid, Taiwan), followed by

using a low salt buffer to elute the silica membrane
spin column and to determine the concentration and
purity of the DNA that was recovered.

Amplification of the 18S rRNA gene for the
genus FEntamoeba produced 898 bp, while the
second PCR primer targeted E. dispar, E. mosh-
kovskii, and E. histolytica by amplifying 174 bp,
553, and 439 bps, respectively [21]. The first pair of
primers E-1 (5’-TAAGATGCACGAGAGCGAAA-
3’) and E-2 (5’-GTACAAAGGGCAGGGACGTA),
were used to amplify 18S rRNA gene. The second
pair of nested PCR primers were used for species
identification: ED-1 (5’-TCTAATTTCGATTAGA
ACTCT-3") and ED-2 (5’- TCCCTACCTATTAGA
CATAGC-3%); EM-1 (5’-GAAACCAAGAGTTT
CACAAC-3’) and EM-2 (5’-CAATATAAGGCTT
GGATGAT-3"); EH-1 (5-AAGCATTGTTTCTAG
ATCTGAG-3’) and EH-2 (5’-AAGAGGTCTAA
CCGAAATTAG-3’) [21].

For PCR amplification, the thermal cycler
(Applied, Germany) was used with 40 pl reaction
volume made up of 20 pl Hot Start Master Mix
(containing Taq DNA polymerase 1 unit/10 pl, 2x
reaction buffer and enzyme stabilizer) (GeNet Bio,
South Korea), 4 ul forward and reverse primers (10
pmoles for each primer), and 4 pl DNA template
with 12 pl of deionized distilled water).

The PCR cycling and running parameters were
set at an initial denaturation cycle of 95°C for 10
minutes, followed by 30 cycles of 94°C for 30
seconds, 58°C for 30 seconds, and 72°C for 30
seconds, with a final extension of 72°C for 5
minutes. For the second PCR the same cycling and
running parameters as the first one was applied,
except 35 cycles were used in the first step and the
annealing temperature was changed to 52°C. On
1.5% and 2% agarose gels, the PCR products were
electrophoresed using a 1X Tris-boric acid-EDTA
buffer (TBE) and 0.2 mg/ml ethidium bromide
(Sigma-Aldrich, St. Louis, Missouri, USA) with a
100 bp DNA marker ladder (Promega Corp.,
Madison, Wisconsin, USA).

PCR product sequence analysis

BigDye terminators and an ABI 3730XL
sequencer (Macrogen® Corp., Seoul, South Korea)
were used in the sequencing of a duplicate sample
of each species. Each identified species’ nucleotide
sequences were deposited at GenBank under the
accession numbers of E. histolytica (MZ905641 and
MZ905500), E. dispar (MZ913023 and MZ913017)
and E. moshkovskii (MZ913026 and MZ913027).
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Figure 2. PCR product electrophoresed on a 1.5 percent
agarose gel with primers specific to the Entamoeba
genus. Lane (M) DNA ladder (100-1500 bp); lanes
1-15 898 bp amplicon size

Statistical analysis

The obtained data, that represented as numbers
and percentages, were analyzed by SPSS version 25
software. The Chi-square was applied. P-value less
than 0.05 was considered significant, while higher
values were deemed as non-significant.

Results

Microscopic examination and associated factors
The results revealed infection rate of 21.68%
(562/2592) with Entamoeba spp. among the
symptomatic samples examined as illustrated in
Table 1. Among the studied factors, male showed a
higher rate than females (67.43vs 32.56%), with
statistically a highly significantly (P<0.001)
difference between both sexes. Regarding ages, the
ages from 1-10 years showed the highest rate
(54.09%) with an inverse relationship between the
age and the percentage of infection up to 50 years of
age. At ages above 51 the rate was somewhat

consistent.  Statistically, highly significant
(P<0.000) difference were recorded among different
ages.

According to residency, in this study, the
majority (58.54%) of patients infected with
Entamoeba lived in urban areas, while 41.45% of
them lived in rural areas, statistical analysis of the
data did not show any significant difference
(P>0.95) between both groups.

Regarding asymptomatic samples 28.02%
(58/207) were positive for Entamoeba spp. cysts,
and 50 of them were selected for molecular analysis

Figure 3. PCR product electrophoresed on a 1.5 percent
agarose gel. Lane (M) DNA ladder (100-1500 bp);
lanes 1-4 primer specific to the E. histolytica 439 bp;
lanes 58 primer specific to E. dispar 174 bp, and lanes
9-11 primer specific to E. moshkovskii 553 pb

Nested PCR

In this study, 100 microscopically positive stool
samples (50 symptomatic outpatients and 50
asymptomatic individuals) were used for DNA
extraction. The concentration of the extracted DNA
ranged from 35 to 115 pg/ml, and the purity ranged
from 1.7-1.9 measured at A260/A280 nm. Nested
PCR results indicated that 73% (73/100) of
microscopically positive yielded 898 bps bands for
Entamoeba spp. using universal primers (E1 and
E2) for amplifying 898 of 18S rRNA gene (Fig. 2).
The nested PCR produced three fragments with
different sizes for Entamoeba species using the
species-specific primers. For E. histolytica, the
product size was 439 bp, for E. dispar was 174 bp
and E. moshkovskii was 553 bp (Fig. 3). The overall
rate of Entamoeba spp. was 73%, comprising from
E. histolytica, E. dispar and E. moshkovskii in
addition 5 specimens were not identified as they did
not produce any band with the three species-specific
primers for Entamoeba spp. used in this study.

Types of infection

Regarding the types of infections, single
infections with E. histolytica, E. dispar, and E.
moshkovskii were reported at 26%, 24% and 3%,
respectively. While 7% (7/100) of the cases were
double infections with E. histolytica and E. dispar,
2 (4.0%) with E. histolytica and E. moshkovskii and
6% (6/100) with the three species as shown in Table
2. With regard to each group separately, 46%
(23/50) of symptomatic patients harbored E.
histolytica, 10% (5/50) E. dispar and 4% (2/50) E.
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Table 1. The characteristics of the microscopically examined stool samples of the enrolled outpatients in the study

and their relationship with some risk factors (n = 2592)

Characteristics Total examined Positive n (%) P-value
Gender

Male 1890 379 (67.43%)

Female 702 183 (32.56%) 0.001
Age groups

1-10 1627 304 (54.09%)

11-20 287 152 (27.04%)

21-30 337 57 (10.14%)

3140 135 22 (3.91%) 0.000

41-50 71 8 (1.4%)

51-60 67 11 (1.9%)

>60 68 8 (1.4%)
Residential area

Urban area 1437 329 (58.54%)

Rural area 1155 233 (41.45%) 093
Total 2592 562 (21.69%)

moshkovskii in single infections. While 14% (7/50)
harbored both E. histolytica and E. dispar, 4%
(2/50) E. histolytica and E. moshkovskii, 12% (6/50)
harbored the three species and 10% (5/50) segments
of Entamoeba genus did not produce any segment
with the used 3 species-specific primers.

The molecular analysis of asymptomatic
specimens, revealed 46% (23/50) positive
specimens for Entamoeba genus, out of which 6%
(3/50) were E. histolytica, 38% (19/50) were E.
dispar and 2% (1/50) were E. moshkovskii, without
any mixed infections.

Table 3 shows the symptoms experienced by
infected outpatients. As indicated in the table, all
infected patients with E. histolytica suffered from
amoebic dysentery, diarrhea, gastroenteritis and
abdominal pain. While those infected with E. dispar
complained from diarrhea and abdominal pain these

symptoms might be due to other reasons, as this
species is nonpathogenic. The three patients
infected with E. moshkovskii suffered from diarrhea
only. The 7 patients infected with both E. histolytica
and E. dispar suffered from abdominal pain with
bloody mucoid diarrhea, and the other 2 infected
with both E. histolytica and E. moshkovskii suffered
from only diarrhea. On the other hand, the 6 patients
who were infected with the three species
complained from abdominal pain and diarrhea and 5
patients with unidentified Entamoeba species
suffered from diarrhea only.

Discussion

Microscopic examination of
Entamoeba species
The accurate

infection with

identification of Entamoeba

Table 2. The nested PCR results of microscopically positive symptomatic and asymptomatic stool specimens

Type of specimens 108 Positive £ Ed Em  Eh+Ed Eh+Em Efbf id
n n % n % n % n % n % n % 0%
Symptomatic 50 50 (100%) 23 (46%) 5(10%) 2(4%) 7(14%) 2(4%)  6(12%)
Asymptomatic 50 23(46%) 3(6%) 19(38%) 1(2%) 0 0 0
Total 100 73(73%) 26(26%) 24(24%) 3(3%) T(I%)  2Q%)  6(6%)
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Table 3. Relationships between the symptoms and Entamoeba species identified in 50 nested PCR positive specimens

of symptomatic outpatients

Entamoeba species

Positive samples

The main symptoms experienced by patients

n
E histolytica 23 46%  Amebic dysentery, gastroenteritis, abdominal pain
E. dispar 5 10%  Diarrhea, abdominal pain
E. moshkovskii 2 Diarrhea
E. histolytica + E. dispar 7 14%  Bloody mucoid diarrhea, abdominal pain
E. histolytica + E. moshkovskii 2 4%  Diarrhea
E. histolytica, E. dispar, E. moshkovskii 6 12%  Diarrhea, abdominal pain
Unidentified species 5 10%  Diarrhea only

histolytica, that cause amoebosis, is a significant
goal to the clinical microbiology laboratories, since,
amoebosis is one of the three most common causes
of death, it causes 100,000 deaths annually [22].
The four Entamoeba spp. are morphologically
similar, and can not be distinguished despite to the
genetic and pathogenic differences [21]. Generally,
E. histolytica-like species apart of E. histolytica are
not involved in extraintestinal damage [11,23]. In
order to determine the actual prevalence of E.
histolytica infection, it is necessary to identify the
various Entamoeba species present in a specimen.
As a result, a large number of people have been
treated with anti-amoebic drugs unnecessarily, in
addition to providing an imprecise picture of the
epidemiology of the organism and the illness
because previous amplified data relied solely on
microscopy [24].

In this study the prevalence of Entamoeba spp.
in symptomatic patients was estimated micro-
scopically and positive cases were correlated with
gender, age and residence. Furthermore, molecular
approaches, using nested PCR were used for the
identification and differentiation of Entamoeba spp.
in addition to estimating the prevalence of E.
histolytica from E. dispar and E. moshkovskii
among symptomatic and asymptomatic individuals
in Duhok province. Furthermore, the association of
Entamoeba species was linked to the symptoms
experienced by infected individuals.

The microscopic examination revealed that
21.68 % of the diarrheic samples were infected with
Entamoeba species. Variable infection rates with

Entamoeba spp. using microscopic examination
have been reported in Kurdistan region and rest
parts of Iraq, in Duhok, a rate of 27.9% was reported
among infants and children [25]. In another study in
Duhok, a rate of 26.1% was reported among
children only [26]. In both of Duhok and Erbil, a
rate of 26.1% was reported among children [27].
While among Erbil population a rate of 7.4% was
reported among the population [20]. In Samarra, a
rate of 12.8% was reported among patients [28]. In
Al-Qadisyah province, a rate of 28.8% was reported
among anemic patients [29] and in Babel province a
rate of 62% was reported among patients. In Mosul
city, an infection rate of 63.8% was reported in
patients visited hospitals and healthcare centers

[30].
This variability in infection rates may be due to
environmental, behavioral, socioeconomic

conditions such as, the low income, the occupation
and the level of parent’s education for children and
health education of the population, regarding
children, majority of them play in contaminated
areas, and eat without washing their hands, such risk
factors can greatly increase the prevalence of these
parasites [31,32].

Regarding gender, the rate of amoebosis was
significantly higher (P<0.001) in males than in
females, this is in line with a study in Nineveh
province/Iraq who found higher rate of amoebosis
in males than females (49.1% vs 34.6%) [33].
Another study in Mecca/Saudi Arabia also, reported
higher rate in males than females (33.3% vs 31.4%)
[34], similarly, studies from Yemen (64.0% vs
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36.0%) and India (27.1% vs 23.5%) reported higher
rates in males than females [35,36]. On the other
hand, in some studies higher amoebosis rates were
reported among females than in males, such as In
Erbil [20] reported a higher prevalence of
amoebosis among females than males (58.8% vs
41.4%). In Samarra city [28] also, reported a higher
infection rate in females as compared to males
(53.6% vs 46.3%). While [37] reported nearly close
rates between both males and females (49.6%
versus 50.4 %). The disparity in infection rates
between males and females could be related to
behavioral, immunological and hormonal
differences, since androgens leads to excessive
recruitments of leukocytes in males thus induce the
risk of immune-mediated pathology [38].
Furthermore, males are the working class that have
more interaction with the environment, in addition
they eat and drink in public locations or from street
sellers, increasing their chances of infection [36,39].

Furthermore, infection rates varied by age
category, with the highest rate (54.09%) among ages
of 1-10 years, then the rate declined with the
increase in age up to the age of 50 years. As regards
to age also, variable rates have been reported by
various researchers, such as [40], in some villages
near Baghdad, found the highest infection rates
(26.20% and 32.5%) among the ages 1-10 and
13—18 years which is partly in line with the current
study. in Kassala/Sudan [41] reported the high rate
(51.7%) of infection among the age group 10-19
years. While in Erbil [20] found the highest
frequency of infection (13.8%) of E. histolytica
among the ages 1-4 years and in Thi-Qar [37]
reported the highest rate (11.1%) among the ages
5-14 years. The high rate of infection with
Entamoeba spp. among infants might be due to the
feeding method, improper bottle sterilization
techniques, or using unsterilized tap water for milk
preparation, all of which indicate the significant of
hygiene application in controlling amoebosis. As
regards to children, they spend more time outside
their home playing and most of them eat outside
their home, thus are exposed to higher risk factors
[42,43].

In the current study, somewhat, a higher rate of
infection was reported among urban residents as
compared with rural settings (58.54% vs 41.45%)
even though the difference between both groups
was statistically non-significant. Similarly, in
Baghdad/Iraq, higher rates were reported among
urban than rural (70% vs 30%) [36,44] also,

reported a higher rate of amoebosis were reported
among urban than rural inhabitant (28.9% vs
23.8%). While, the present results contradict with
those performed in Thi-Qar, Iraq [18,37] they found
higher infection rates in residents of rural areas than
urban one (9.77 % vs. 7.26% and 69.4% vs. 30.6%)
respectively. The increase in infection rates among
urban residents may be due to factors like low
economic standard, consumption of raw vegetables,
eating outside their homes, improper hand wash
before meals in addition to poor application of
hygiene habits [36].

Identification of Entamoeba species using nested
PCR technique

The estimation of the accurate prevalence of E.
histolytica in stool specimens, require the
application of molecular tools, since the
microscopic identification of E. histolytica is
inaccurate and undependable, especially in
specimens with morphologically indistinguishable
species as E. histolytica, E. dispar, E. moshkovskii
and other Entamoeba spp., therefore, molecular
techniques are the best method that can be used for
the identification of such species [45]. The majority
of methods used for DNA extraction from stool
samples are expensive and time consuming leading
to process a small number of samples. For this
reason, in the present study Presto Stool DNA
extraction Kit, was used, and yielded 100% positive
results for Entamoeba genus, this kit is proved to be
efficient, reliable and is successful for recovering
DNA from faecal materials [46]. The 54% of the
negative asymptotic samples in the present study
might be due to many reasons such as the absence of
Entamoeba organisms in these samples.

All samples of symptomatic patients produced
898 bp fragments for genus Entamoeba (50/50),
while 23/50 from asymptomatic individuals were
positive. The highest rate among symptomatic
samples was with E. histolytica accounting for 46%
in single infections and contributed in all mixed
infections with other species, while E. dispar was
predominant among asymptomatic samples at a rate
of 38%, and E. histolytica was found in 6% only of
the asymptomatic samples. These finding are partly
in line with the study in Thi-Qar [37] they also
detected these both species at high rates using
nested and real time PCR, but among symptomatic
patients even though at lower rates than the current
study which were 31.3% for E. histolytica and
17.5% for E. dispar. In Zakho, Iraq [47] using
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nested PCR, recorded 46/50 positive samples for
Entamoeba genus among internally displaced
people, of them 23 contained E. histolytica, in 9
cases both E. histolytica and E. dispar, while the
three species were recorded in 7 cases, 5 cases with
only E. dispar and both E. dispar and E.
moshkovskii in 2 cases. Similarly in Yemen [35] E.
histolytica was reported at a higher rate than FE.
dispar (20.2% vs 15.7%). Reports from Bangladesh
and Madagascar showed higher prevalence of E.
histolytica in diarrheal stool and other
gastrointestinal discomfort among patients as
compared to the stool of healthy control individuals
[48,49].

The high rate of E. histolytica might be
attributed to the differences in the socio-economic
status, environmental conditions and other risk
factors. On the other hand, the present study results
contradict with those conducted in Diwanyha
province, south-central region of Iraq [19], as he
reported higher prevalence of E. dispar than E.
histolytica among symptomatic diarrheal patients.
The high rate of E. dispar in the specimens of
asymptomatic individuals in the current study is in
line with the study of [36] who reported a rate of
7.5% among asymptomatic population in India,
while E. histolytica was found at 5% among the
same population.

Amoebosis is an important food and water born
disease, and its high prevalence in Iraq could be
attributed to poor socioeconomic conditions, low
level of hygiene application and contamination of
water supply, as it is estimated that nearly 500 tons
of sewage are dumped daily into Iraqi rivers,
contaminating the water source, particularly in the
south of the country, where these rivers are the main
sources of water [50].

The differentiation of Entamoeba species in
stool sample is very important task, because E.
histolytica causes intestinal and extraintestinal
amoebosis, a parasitic disease that causes morbidity
and mortality in developing countries and some of
the developed one [51,52]. Therefore, E. histolytica
infections must be differentiated from E. dispar and
E. moshkovskii for therapeutic purposes. According
to the available data, the rate of E. dispar is around
ten folds higher than that of E. histolytica globally
[51]. As a result, it is necessary to analyze the
prevalence in various geographic regions because
the local prevalence can vary greatly.

As regards to the symptoms associated with each
species, most (46%) of the patients infected with E.

histolytica and E. histolytica in combination with E.
dispar and E. moshkovskii suffered from dysentery
or diarrhea, gastroenteritis and abdominal pain.
Similarly, in India [36] stated that E. histolytica was
observed in the majority of the GI discomfort
patients and in all those with liver abscess. While
[53] reported that about 10-20% of people infected
with E. histolytic complained of diarrhea which
occasionally mixed with blood, abdominal pain and
vomiting, and the disease was severe in very young
ages, in older individuals and those with weak
immune status. He further added that the risk factors
associated with increasing the severity of the
disease and mortality are, young age, immunity
status, malignancy, pregnancy, malnutrition,
alcoholism, and those taking corticosteroids.

Also, the majority of patients with E. dispar and
E. moshkovskii infection in this study were
symptomatic they suffered from abdominal pain and
diarrhea, even though these species were reported to
be nonpathogenic, these symptoms might be due to
the presence of other microorganism or any other
reason. To ascertain this observation more studies
are required as pointed out in India [54] they stated
that dysentery was connected to both E. dispar and
E. moshkovskii infection in an Indian investigation,
and as a result, more research with controller and
patient groups is needed to prove the true
pathogenic potential of E. dispar and E. mos-
hkovskii [54].

In conclusions, based on the analysis of
epidemiological data, it is found that amoebosis is
endemic in this region and it cause a significant
health burden but it lacks effective control
measures. Therefore, it is important to consider
these factors during the application of control
measures that will minimize the chances of
infection.  Furthermore, specific diagnostic
measures are mandatory for precise diagnosis of the
pathogenic and nonpathogenic to reduce the use of
anti-amoebic medications. Hence, our study
substantiates the validity of employing molecular
identification techniques for the detection of both
pathogenic and non-pathogenic strains of
Entamoeba, to facilitate the accurate prescription of
suitable medications.
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