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Abstract In the microevolutionary scales of Entamoeba iso-
lates, the gene migration shows how Entamoeba spp. has ep-
idemiologically drifted among border countries. Five hundred
fecal samples were taken from patients suffering gastrointes-
tinal disorders, abdominal pain, and diarrhea at Saggez, north-
west Iran located within the border Iraq country. Following
parasitological techniques, DNA samples were extracted and
amplified by polymerase chain reaction (PCR) of 18S rRNA
region to identify Entamoeba infections. To distinguish the
Entamoeba spp., a multiplex PCR was conducted.
Amplicons were sequenced to reconfirm their heterogeneity
traits and phylogenetic analysis. Additionally, Entamoeba
histolytica sequences of Iraq were retrieved from GenBank
database. The suspected isolates were diagnosed as
E. histolytica (2.2 %), Entamoeba moshkovskii (1 %), and
Entamoeba dispar (0.4 %). Mixed Entamoeba infections did
not detect among isolates. A parsimonious network of the
sequence haplotypes displayed star-like features in the overall
isolates containing E.h1, E.d2, and E.m3 as the most common
haplotypes. According to analysis of molecular variance
(AMOVA) test, high partial value of haplotype diversity

(0.700 to 0.800) of E. histolytica was shown the total genetic
variability within populations while nucleotide diversity was
low among Iranian and Iraqi metapopulations. Neutrality in-
dices of the 18S rRNA were shown negative values in
E. histolytica populations which indicating significant devia-
tions from neutrality. A pairwise fixation index (F-statistics
[Fst]) as a degree of gene flow had a low value for all popu-
lations (0.001) while the number of migrants was 2.48. The
statistically Fst value indicates that E. histolytica isolates are
not genetically differentiated among shared isolates of Iran
and Iraq. Occurrence of E.h1 between two regional popula-
tions indicates that there is dawn of Entamoeba flow due to
transfer of alleles from one population to another population
through host mobility and ecological alterations. To evaluate
the hypothetical evolutionary scenario, further study is re-
quired to analyze Entamoeba spp. in the neighboring Middle
East countries.
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Introduction

Invasive amebiasis is a tropical protozoan disease in humans
which caused dominantly by Entamoeba histolytica strains.
E. histolytica and Entamoeba dispar are approximately ac-
countable to 10 % of the world population, in which 90 %
remained asymptomatic (Ximénez et al. 2009). It is anticipat-
ed the mortality of amebiasis causes up to 110,000 cases a year
(Ximénez et al. 2009). Before re-description of E. histolytica
and E. dispar in 1997, a number of epidemiological investi-
gations have revealed an Entamoeba spp. infection rate of
approximately 2.2 to 30 % (Diamond and Clark 1993;
Zebardast et al. 2014).
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Following the Iraq–Iran imposed war (1980–1988), the
reconstructions and migration of populations induced some
changes in the transmission pattern and ecology of
Entamoeba spp. and Leishmania spp. (Spotin et al. 2014)
among important regions of northwest Iran. One of the
under-attacked regions was Kurdistan province, where a
Saggez area as a neglected endemic focus is situated in this
district (Fig. 1).

In recent years, human migration as result of transit of
goods through Iran border and pilgrimage to holy places of
Iraq has been significantly increased. Several Iranian and Iraqi
researchers have locally focused their molecular investiga-
tions on inter–intra divergence levels of Entamoeba spp. and
there is no comparative study on genetic population structure
of E. histolytica between the mentioned countries and even in
the world until now (Badry et al. 2013; García et al. 2014;
Haghighi et al. 2009; Hooshyar et al. 2003; Pestehchian et al.
2011; Solaymani-Mohammadi et al. 2006).

Exploration on a macroevolutionary scale provides an in-
dispensable framework for understanding the origins of para-
site lineages and the patterns of diversification (Huyse et al.
2005). Contrary, in the microevolution scale, gene flow,

genetic drift, and natural selection among re-emerging foci
of Entamoeba isolates can be provided a valuable data
concerning epidemiological drift of parasite, allele frequen-
cies, and speciation (Huyse et al. 2005). This will facilitate
prediction of the factors that govern the evolution of parasite
populations, which is essential for parasite–control strategies.

Furthermore, one of the current diagnostic problems of
Entamoeba spp. is indiscrimination of E. histolytica from
non-pathogenic amoeba (E. moshkovskii and E. dispar) using
morphological criteria (Ali et al. 2008). DNA-based strategies
are very convenient for this fact, since these assays can be
multiplexed to let identification of multiple pathogens concur-
rently (Ali et al. 2003; Ayed et al. 2008; Khairnar and Parija
2007; Santos et al. 2010; Santos et al. 2007; Verweij et al.
2003). E. histolytica is the principal causative agent of dysen-
tery and tissue destruction while the potential pathogenicity of
the non-pathogenic amoeba is still not clarified yet (Fotedar
et al. 2007a). Multiplex PCR is a valuable molecular method
for amplification of multiple targets in a single round PCR
reaction. Therefore, more than one target isolate can be am-
plified by using multiple primer pairs in a reaction mixture
(Zebardast et al. 2014). The main aim of this study was to

Fig. 1 Middle East map presenting study locations in northwest Iran (Saggez) and southwest region of Iraq (Al-Qadisiyah). The understudied regions
have been marked by asterisk
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distinguish and evaluate genetic structure of E. histolytica
among Iranian and Iraqi isolates in order to propose an evolu-
tionary history on how the E. histolytica isolates have epide-
miologically distributed among neighboring metapopulations
(regional population).

Material and methods

Sampling and DNA extraction

A total of 500 fecal samples were taken from patients suffering
abdominal pain, gastrointestinal disorders, and diarrhea from
Imam Khomeini hospital of Saggez city, northwest Iran during
the period January 2015 to January 2016. Fecal samples were
examined using microscopic observation by the direct wet
swab method for half an hour after collection. Suspected
Entamoeba spp. were stained by trichrome staining. The col-
lected specimens were preserved in 70 % ethanol and stored at
−20 °C until molecular activities. DNA of E. histolyticaHM-1:
IMSS, E. dispar SAW760, and E. moshkovskii Laredo cells as
positive controls that were maintained alive in liquid nitrogen
tank in Department of Medical Parasitology and Mycology,
Shahid Beheshti University of Medical Sciences, were recov-
ered in TYI-S-33 medium and their DNAs were extracted to
study the single and multiplex PCR assays. DNA extraction
was done on 200 μl of the suspected stool sample using Stool
DNA Isolation Mini Kit (cat. no. YT9032, Yekta Tajhiz Azma,
Iran) following the manufacturer’s instructions. The DNA con-
centration of each extraction was measured using a Nano Drop
(Thermo Scientific Inc., Wilmington, DE).

Single polymerase chain reaction and multiplex PCR

In this study, single-round PCR and multiplex PCR were
employed to identify Entamoeba infection and Entamoeba

spp., respectively, by targeting 18S ribosomal RNA (rRNA)
gene. Oligonucleotide primers and cycling conditions are listed
in Table 1. The single PCR amplification was carried out in
25 μl reaction volumes containing 0.3 μl (5u/μl) of Taq DNA
polymerase (Cinnagen, Iran), 2.5 μl of 10× PCR buffer
(Cinnagen, Iran), 0.9 μl (50 mM) MgCl2 (Cinnagen, Iran),
0.5 μl (10 mM) of dNTP Mix (Cinnagen, Iran), 10–13 μl de-
ionized distilled water, 1μl of each forward and reverse primers
(10 pmol), 3–4 μl of bovine serum albumin (BSA) 0.1 % as
enhancer, and 4 μl of DNA template. Reactions were per-
formed in a thermal cycler PCR System (Peqlab). The PCR
products were electrophoresized on 1 % (w/v) agarose gel
stained with DNA safe stain.

Sequencing, haplotype network, and phylogenetic analysis

Amplicons (PCR products) were purified and directly se-
quenced by targeting 18S rRNA gene using ABIPRISMTM
3130 Genetic Analyzer Automated Sequencer (Applied
Biosystem, USA). Ambiguous sites were coded using the
standard IUPAC codes for combinations of two or more bases.
Contigs (overlapped sequences) from all samples were
aligned and edited at consensus positions compared to other
countries’ species using Sequencher Tmv.4.1.4 Software for
PC (Gene Codes Corporation). The sequences’ pairwise dis-
tances (percent identity and divergence) among sequenced
isolates and sequences of other countries were constructed
using the MegAlign program from Laser Gene Bio
Computing Software Package (DNASTAR, Madison, WI).
MEGA 5.05 software based on maximum likelihood algo-
rithm with kimura two-parameter model was used to construct
the phylogenetic tree. The accuracy of phylogenetic tree was
evaluated by 1000 bootstrap re-sampling. Moreover, to com-
pare the analyzed sequences of current investigation with Iraq
isolates, E. histolytica sequences were retrieved from
GenBank database (accession nos. KP233836–KP233840).

Table 1 The sequence of primers used in single round PCR and multiplex PCR

Method Primer Sequence(s) 5′-3′ (bp) Accession
number

PCR cycling conditions

Single round PCR 18S rRNA F:5′-TAGGATGAAACTGC
GGACGGT-3′

R:5′-AGCCTTGTGACCAT
ACTCCC-3′

1180 LC041205 96 °C 2 min / [96 °C 1 min, 56 °C 1 min, 72 °C 1.5 m] ×
30 cycles, 72 °C 7 min

Multiplex PCR 18S rRNA EntaF; 5′-ATG CAC GAG AGC
GAA AGC AT-3′

– – 95 °C 5 min / [94 °C 1 min, 55 °C 1 min, 72 °C 1 min] ×
30 cycles, 72 °C 7 min

EhR; 5′-GAT CTA GAA ACA ATG
CTT CTC T-3′

166 X64142

EdR R; 5′-CAC CAC TTA CTA
TCC CTA CC-3′

752 Z49256

EmR; 5 ′-TGA CCG GAG CCA
GAG ACAT-3′

580 AF149906
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The number of segregating sites, diversity indices (haplotype
diversity [Hd] and nucleotide diversity [π]), and neutrality
indices (Tajima’s D and Fu’s Fs tests) was estimated by
DnaSP software version 5.10 (Rozas et al. 2003). The degree
of gene flow (gene migration) was evaluated using a pairwise
fixation index (F-statistics [Fst]) (Rozas et al. 2003). A hap-
lotype network inferred by the sequences of 18S rRNA gene
was drawn by PopART software using statistical parsimony
(Bandelt et al. 1999).

Results

The 18S rRNA gene (nearly 1180 bp) was successfully am-
plified by single round PCR for all of Entamoeba isolates
(Fig. 2a). In addition, the targets of 166, 580, and 752 bp were
amplified by multiplex PCR reaction in order to distinguish

the E. histolytica, E. moshkovskii, and E. dispar, respectively
(Fig. 2b). A total of 3.6 % (n = 18) of suspected samples were
confirmed to Entamoeba spp. by molecular methods. The fe-
cal appearances of identified Entamoeba isolates and their
identifications based on parasitological and molecular strate-
gies are shown in Table 2. The suspected isolates were diag-
nosed as E. histolytica (n = 11; 2.2 %), E. moshkovskii (n = 5;
1 %), and E. dispar (n = 2; 0.4 %); however, we did not detect
mixed Entamoeba infections (Table 2). Based on sequence
analysis of E. histolytica and E. moshkovskii isolates, two
(IRN1 and IRN2) and one (IRN3) new haplotype were iden-
tified, respectively, in dysentery stool samples, while no novel
haplotype was found among analyzed E. dispar sequences
(Fig. 3). The nucleotide sequences of 18S rRNA gene reported
in this study were deposited at the GenBank database under
accession numbers: E. histolytica KX528457–KX528462. A
parsimonious network of the sequence haplotypes displayed
star-like features in the overall isolates containing E.h1, E.d2,
and E.m3 as the most common haplotypes (Fig. 3).

The sequences’ pairwise distances of E. histolytica
isolates (Sag1-Sag5) showed the high percent identity
(99.1–100 %) and low divergence (0.2–0.9 %) among
identified sequences and Iraqi isolates (Fig. 4). The to-
pology of constructed phylogenetic tree revealed that the
E. histolytica (Sag1-Sag5; KX528457–KX528461),
E. dispar (Sag6 and Sag7), and E. moshkovskii (Sag8
and Sag9) were grouped with bootstrap value of higher
than 70 % in their specific complex (Fig. 5). Entamoeba
bovis (FN666250) was considered as an out group
branch.

According to analysis of molecular variance (AMOVA),
the high partial value of haplotype diversity (0.700 to 0.800)
of E. histolytica was shown the total genetic variability within
populations, while nucleotide diversity was low (0.00231 to
0.00676) among Iranian and Iraqi populations. Neutrality in-
dices of the 18S rRNA were shown negative values in
E. histolytica populations which indicating significant devia-
tions from neutrality (Table 3). A pairwise fixation index (Fst)
as a degree of gene flow was low value for two distinct re-
gional populations (0.001), while the number of migrants
(Nm) was 2.48 (Table 4).

Discussion

The current molecular epidemiological information allow us to
propose evolutionary hypotheses on how re-emerging amebia-
sis due to E. histolytica isolates have extended among Iran’s
northwest–Iraq borders. Patterns of genetic differentiation on
microevolutionary scales and parasite population parameters
inform us about the mode of Entamoeba transmission dynam-
ics and drifting gene migration among intra–inter species
(García et al. 2014; Huyse et al. 2005). At present, the real

Fig. 2 a Single round PCR assay by targeting 18S rRNA in order to
amplify Entamoeba infections. E1-E7: Entamoeba infection amplified
in the study (1180 bp). b Multiplex PCR fragments amplified using
EntaF primer combined with EhR, EdR, and EmR reveres primers
within single template in each reaction. Lanes 1–3: positive controls.
Positive controls (+Ve) were provided from Entamoeba histolytica
(166 bp; HM1: IMSS), Entamoeba dispar (752 bp; SAW 760), and
Entamoeba moshkovskii Laredo (580 bp) DNAs extracted of cultured
trophozoites. –Ve negative control, M 100 bp weight marker, E1-E2 E.
histolytica isolates, E3-E4 E. dispar isolates, E5-E6 E. moshkovskii
isolates
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epidemiology of E. histolytica, E. dispar, and E. moshkovskii
remained obscure, because most of the existing data were ac-
quired using assays incapable of discriminating among the
three morphologically identical species (Haghighi et al. 2009;
Zebardast et al. 2014). E. dispar appears to be about 10 times
more common than E. histolytica; however, in this study, the

molecular prevalence of E. dispar (0.4 %) was appeared less
than E. histolytica isolates (2.2 %). This can be described
whether by small effective Entamoeba population size or lake
of referring E. dispar patients to healthy centers.

In this investigation, the single template of Entamoeba spp.
was successfully amplified by employing multiple primer sets
within multiplex PCR assay, while multiple templates of
E. histolytica, E. dispar, and E. moshkovskii isolates were
not concurrently amplified with multiple primers. This indi-
cates that as a result of lack of competitive binding among the
used multiple primers and single template during annealing
step, there is a better effective recognition than multiple
primers plus multiple template PCR reaction.

One of the remarkable findings of the present study was
associated with identification of new haplotype of
E. moshkovskii (IRN3) in a dysentery fecal sample, while no
novel haplotypes was detected among the rest E. moshkovskii
isolates at watery and mucoid fecal samples. This explicitly
discloses that occurrence of new mutant due to speciation
process can potentially play a crucial role on pathogenicity
rate of E. moshkovskii in clinical isolates.

Several studies have revealed possible roles of new haplo-
types in protozoan infections. Some researchers have shown
that occurrence of new haplotypes of Leishmania major can
affect on its potential viscerotropic pathogenicity in infected

Fig. 3 Constructed haplotype network inferred by 18S rRNA gene in
Entamoeba spp. populations of northwest Iran (IRN) and Iraq (IRQ).
IRN1-IRN3 novel haplotypes identified in this study

Table 2 Identified Entamoeba spp. inferred by parasitological and molecular methods in the present study

Isolate
code

Stool
Examination

Fecal
appearances

Multiplex PCR by 18srRNA gene for identification of Entamoeba spp. Sequencing and phylogenetic
analysis

Entamoeba
histolytica

Entamoeba
dispar

Entamoeba
moshkovskii

Mixed
infections

E1 Trophozoite Watery + − − − E. histolytica

E2 Trophozoite Dysentery +
mucoid

+ − − − E. histolytica

E3 Trophozoite Dysentery + − − − E. histolytica

E4 Trophozoite Mucoid + − − − E. histolytica

E5 Trophozoite Dysentery + − − − E. histolytica

E6 Trophozoite Dysentery + − − − E. histolytica

E7 Trophozoite Dysentery + − − − E. histolytica

E8 Trophozoite Dysentery + − − − E. histolytica

E9 Trophozoite Dysentery + − − − E. histolytica

E10 Trophozoite Watery + − − − E. histolytica

E11 Trophozoite +
cyst

Semi-formed + − − − E. histolytica

E12 Trophozoite Dysentery - − + − E. moshkovskii

E13 Trophozoite Watery - − + − E. moshkovskii

E14 Cyst Formed - + − − E. dispar

E15 Cyst Formed - + − − E. dispar

E16 Trophozoite Mucoid - − + − E. moshkovskii

E17 Trophozoite Watery - − + − E. moshkovskii

E18 Trophozoite Watery - − + − E. moshkovskii
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BALB/c mice and human cases (Sharbatkhori et al. 2014;
Spotin and Parvizi 2016). Resende et al. (2008) showed the
role of MHC haplotypes H2d/H2b in mouse resistance/
susceptibility to cyst formation is influenced by the lineage
of infective Toxoplasma gondii strain (Resende et al. 2008).
Assaf et al. (2012) showed a significant association of FCN2
AGACG haplotype with cutaneous leishmaniasis in a Syrian
Arab population (Assaf et al. 2012).

So far, information on detection of E. moshkovskii from
human samples has been reported from North America,
South Africa, Italy, Bangladesh, Iran, India, Australia, and
Turkey (Ali et al. 2003; Clark and Diamond 1991a; Fotedar
et al. 2007b; Haque et al. 1998; Parija and Khairnar 2005).
Although previous reports on the identification of
E. moshkovskii in fecal samples have not disclosed any

association with clinical symptoms (Clark and Diamond
1991b), nevertheless, recent explorations from Bangladesh
and India have reported E. moshkovskii as a potential
enteropathogen in patients presenting with dysentery and gas-
trointestinal symptoms (Haque et al. 1998; Parija and
Khairnar 2005).

Occurrence of E.h1 between two distinct metapopulation
(Iran and Iraq) indicates that there is the dawn of Entamoeba
flow due to transfer of alleles from one population to another
population. The haplotype E.h1 has the identical sequences
with the dominant. It proposed that the mitochondrial 18S
rRNA haplotypes have extensive distribution between two
neighboring countries. The fact that the haplotypes IRN1,
IRN2, IRQ3, and IRQ4 shared between E. histolytica popula-
tions of Iran and Iraq (Fig. 3) can be revealed by evolutionary

Fig. 4 The sequences’ pairwise distances (percent identity and
divergence) among the identified Entamoeba histolytica, Entamoeba
moshkovskii, and Entamoeba dispar isolates and selected references’
sequences circulating globally from GenBank inferred by 18S rRNA.

The accession numbers of analyzed sequences in this study are
characterized by asterisk. The percent identity and divergence were
estimated 99.1–100 and 0.2–0.9 %, respectively, among Iranian and
Iraqi isolates

Fig. 5 Maximum likelihood
bootstrap tree showing the
relationships of the sequences of
18S rRNA gene for identified
Entamoeba histolytica,
Entamoeba moshkovskii, and
Entamoeba dispar isolates with
those submitted in GenBank using
MEGAv5.05 software.
Entamoeba bovis (FN666250)
was considered as an out group
branch. Only bootstrap values of
higher than 70 % are indicated on
each branch. Distance represents
the number of base substitutions
per site. The accession numbers of
analyzed sequences in this study
are characterized by asterisk
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hypotheses. The first possibility is that these haplotypes inde-
pendently appeared in each country, deriving from their com-
mon haplotypes (E.h1). The second possible route is that these
haplotypes re-emerged in different regions and spread into
mentioned populations. The last possibility may be occurred
by human mobility as result of transit of goods to Iraq, pil-
grimage to holy places of Iraq, and ecological alterations due
to re-constructions.

Identification of Fst as a degree of gene migration can be
given a valuable data concerning measure of population dif-
ferentiation due to genetic structure and genetic drift of para-
site in the neglected endemic regions. It is frequently estimat-
ed from genetic polymorphism data, including single-
nucleotide polymorphisms (SNP) or microsatellites. The sta-
tistically Fst value shows that E. histolytica isolates are not
genetically differentiated among shared isolates of Iran and
Iraq populations. The lack of meaningful genetic differentia-
tion between E. histolytica populations can be correlated with
host mobility, regular bottlenecks, asexual reproduction (bina-
ry fission) of E. histolytica trophozoites, complexity of the
Entamoeba life cycle, host specificity, and small effective
Entamoeba population size (Huyse et al. 2005).

García et al. (2014), based on molecular epidemiology
and genetic diversity, have shown that subgroup B of
Entamoeba terrapinae is different with respect to sub-
groups A (Fst = 0.984) and C (Fst = 1.000) in chelonian
population and interestingly suggested that E. terrapinae
subgroup B may either be in a process of speciation or
belong to a different lineage (García et al. 2014). In this
study, the significantly negative values of Tajima’s D in
Iran and Iraq suggest population expansion after

bottleneck event or purifying selection. Fu’s Fs was also
significantly negative in Iran and Iraq, suggesting popula-
tion expansion or negative selection.

It is suggested that upcoming studies on a macroevolution-
ary scale using neutral markers inferred by next-generation
sequencing (NGS) and multilocus microsatellite typing
(MLMT) strategies can provide an essential framework for
understanding the origins of Entamoeba lineages and their
patterns of diversification in the Middle East.

In conclusion, we evaluated a gene flow as a reliable dis-
tribution index to explore the population genetic structure of
invasive E. histolytica isolates and their epidemiological drift
in re-emerging foci of northwest Iran and Iraq countries. To
appraise the hypothetical evolutionary scenario, employing
concatenated mitochondrial genes is required to analyze
Entamoeba spp. in the neighboring Middle East countries.
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