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Abstract: E. histolytica is an intestinal parasite that causes asymptomatic infection mostly; however, it may also cause amoebic dysentery and liver abscess.

Molecular identification is required in epidemiological studies due to the presence of morphologically identical nonpathogenic species. Therefore, this study was
conducted to first evaluate the prevalence rate of E. histolytica among symptomatic individuals of Erbil city, and to investigate the genetic diversity of the parasite
in a limited geographic area. Accordingly, a total of 2026 samples were examined microscopically, and confirmed by nested PCR for 18s rRNA gene. The results
showed that the prevalence rate of E. histolytica was 1.97% (40 samples) among symptomatic patients. The SREHP gene was used as a marker to show the genetic
polymorphism of E. histolytica; however, to compare the genetic diversity of symptomatic with asymptomatic isolates, 57 asymptomatic samples were obtained
from our previous study. The amplified products of the SREHP gene were digested by A/ul endonuclease, and DNA banding patterns were analysed. Results
showed 29 different DNA patterns among the 97 symptomatic and asymptomatic samples, 62 of which shared similar DNA patterns. However, 8 different DNA
patterns were observed among asymptomatic samples, whereas 15 distinct patterns were observed among symptomatic isolates. In conclusion, this study found that
the prevalence rate of E. histolytica was relatively low; relatively high genetic diversity was observed in a restricted endemic area; with higher rates of variability
in symptomatic rather than in asymptomatic isolates, indicating a possible correlation between the genotype of E. histolytica and their clinical outcome.
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Introduction

Entamoeba histolytica is a pathogenic parasite that
inhabits the human gastrointestinal tract. This parasite
may cause asymptomatic infections in approximately
90% of people or invasive amoebic dysentery and may
also extend to extraintestinal locations, such as the liver,
causing an amoebic liver abscess (1). The differences
reported in the clinical outcome of the infections may
be due to genetic variability and inter-strain-related
virulence produced as a result of the presence of highly
repetitive AT regions in the genomic sequence of E. his-
tolytica (2). Isoenzyme analysis first depended on strain
variation among isolates of E. histolytica, but due to the
limited diversity of this method, it has been replaced
by strain typing polymerase chain reaction (3). Sever-
al studies have reported several polymorphic markers
of E. histolytica, such as short tandem repeats (STRs)
in the tRNA, SREHP, and Chitinase genes and retro-
transposons, using single nucleotide polymorphism and
oligonucleotide microarray-based genotyping (2). Some
studies have used the SREHP polymorphism to evalu-
ate the existence of E. histolytica strains in certain geo-
graphic locations and to analyse the parasite population
structure in nature (3-6). No study has been conducted
in Iraq on the strains of E. histolytica, and there is limit-
ed information about the inter-species variation present
in the region. Therefore, this study was conducted as

the first report on the genetic diversity of E. histolytica
that exists in Iraq and to show whether there is a cor-
relation between the genetic makeup of the strains with
virulence and the clinical outcome of the infection.

Materials and Methods

In the present study, stool samples were collected
from symptomatic patients with gastrointestinal com-
plaints and dysentery, while samples from asymptomatic
individuals who did not show signs and symptoms were
obtained from our previous study (unpublished data). A
total of 57 positive samples from asymptomatic individ-
uals were used in this study, which were confirmed to be
positive for E. histolytica by PCR. Stool samples from
2026 symptomatic patients were collected from January
2019 to July 2019 and obtained from the central labora-
tory of the Kurdistan region. Samples were examined
microscopically, and the positive samples were kept at
-80°C for subsequent molecular analysis.

DNA was extracted from the positive stool samples
using the QiaAmp Fast DNA Stool Mini Kit (Qiagen,
Germany) according to the manufacturer’s procedure.
At the final step, DNA was eluted in 100 pl of a low
salt buffer, and concentrations were read using a Nan-
oDrop spectrophotometer. The positive control DNA of
E. histolytica HM-1: IMSS standard strain was provided
by Dr. Bahrami (Zoonoses Research Center, Kurdistan
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University of Medical Sciences, Sanandaj, Iran) (7).

Molecular identification of E. histolytica targeted
the 18S-ribosomal RNA gene by nested PCR amplifica-
tion of the 439 bp final product as described by Khair-
nar and Parija (8, 9). After confirming that the samples
were positive for E. histolytica by PCR, the genomic
DNA of the positive sample was used for amplifying
the SREHP gene (10). Nested PCR initially amplified
549 bp of the SREHP gene utilizing the first primer set
SREHP5-5' GCT AGT CCT GAA AAG CTT GAA
GAA GCT G 3', SREHP3-5' GGA CTT GAT GCA
GCATCAAGGT 3'. Then, the fragment from the prod-
uct of the first PCR was targeted using the second set of
primers nSREHP5-5' TAT TAT CGT TAT CTG AAC
TAC TTC CTG 3', nSREHP3-5' TGA AGA TAA TGA
AGA TGA TGA AGA TG 3 amplifying 450 bp. PCR
was performed in a 20 pul reaction volume consisting of
10 pl of Hot Star Master Mix (Taq DNA polymerase 1
unit/10 pl, 2x reaction buffer, enzyme stabilizer, 4 mM
MgCl2, sediment, 0.5 mM each of dATP, dCTP, dGTP,
dTTP, pH 9 and loading dye) (GenNet Bio, Korea), 2
ul of template DNA, 2 pl of both primers (forward and
reverse) and 6 ul of double deionized water. PCR condi-
tions were optimized to consist of a single cycle of ini-
tial denaturation at 95 °C for 10 minutes, followed by 30
cycles of 95°C for 30°C sec, 65°C for 30 sec and 72°C
for 20 sec, with a final extension of 72 °C for 5 minutes
using a thermal cycler (Techne Ltd., Cambridge, UK).
Similar conditions were applied for the second round of
PCR except that the number of cycles rose to 40 cycles
and the annealing temperature decreased to 62°C. PCR
products were electrophoresed on a 1.5% agarose gel in
1X Tris-boric acid-EDTA buffer (TBE), visualized by
UV light after staining with 0.2 mg/ml ethidium bro-
mide (Sigma), using a ladder size of 100 bp as a marker
(Promega) (11).

All primers used in the study were subjected and
aligned with the genomic database of all organisms
through the National Center for Biotechnology Informa-
tion (NCBI) and found to be specific for this research.

Alul digestion

The nested PCR product of the SREHP gene was
digested using restriction endonuclease 4/ul (Prome-
ga, USA); 12 pl of PCR products were digested for 35
minutes at 37°C, and then the enzyme was inactivated
at 65 °C for 15 minutes, following the manufacturer’s
procedure. The digested products were separated by
electrophoresis in 2.5% agarose gels; then, ethidium
bromide-stained gels were visualized by UV light, and
fragment sizes were assessed using a 50 bp DNA ladder
(Promega, USA).

Results

Among the 2026 examined stool samples from
symptomatic patients, light microscopy showed 63
samples positive for trophozoites and/or cysts of En-
tamoeba species, which is equivalent to 3.1% based
on their morphological features only. However, nested
PCR analysis for the 18S rRNA gene revealed that the
439 bp band documented 40 positive samples for E. Ais-
tolytica, which is equal to 1.97% of the total sympto-
matic samples (Figure 1). The 57 positive samples from

asymptomatic individuals were confirmed to be positive
for E. histolytica by PCR and used in the current study
to show their genetic diversity.

The amplification products of the SREHP gene by
nested PCR for both asymptomatic and symptomatic
samples showed considerable polymorphisms; how-
ever, the majority of samples amplified the predicted
product size, 450 bp (Figure 2, 3). Gel electrophoresis
analysis for the SREHP gene showed the 450 bp band in
67 samples (69.07%) of 97 total samples, consisting of

Figure 1. Agarose gel electrophoresis for nested PCR products of
the 18S-rRNA gene for symptomatic samples. Positive samples for
Entamoeba histolytica revealed a 439 bp band presented in lane
numbers (1-9), (11-21), (22-24), (26-31), 43, 46, 49, (51-57) and
62. C+ represents the positive control, N represents the negative
control, and M is a 100 bp DNA marker.

Figure 2. Nested PCR products of the SREHP gene for asympto-
matic samples, analysed by agarose gel electrophoresis and visual-
ized by UV light. Lane (1-22), (27-31), 34, 35, 37,39, (42-44), 48
and (52-57) reveal 450 bp band; lane 23, 47 and 51 reveal 350 and
450 bands; lanes 24, 25, 46 and 50 reveal 300 and 450 bp bands;
lane 26 reveal 300, 400 and 450 bp bands; lanes 32, 33, 36, 38, 40,
and 41 reveal 450 bp doublet bands; lane 45 reveals a 500 bp band;
lane 49 reveals 250 and 450 bp bands; C+ represents the positive
control, N represents the negative control, and M is 100 bp DNA
markers.

Figure 3. Amplification of the SREHP gene by nested PCR for
symptomatic diarrhoeal isolates documented by UV visualization

and analysed by agarose gel electrophoresis. Lanes (58-65), 67,
(69-73), (77-81), 85, 87, 91, 93 and (95-97) reveal a 450 bp band,;
lanes 66, 82, 84, and 86 reveal 300 and 450 bp bands; lanes 68 and
94 reveal 450 bp doublet bands; lane 74 reveals 400 and 450 bp
bands; lane 75 reveals a 250 bp band; lanes 76 and 83 reveal 350
and 450 bands; lane 88 reveals 150, 300 and 450 bp bands; lane 89
reveals 100, 300 and 450 bp bands; lane 90 reveals 100 and 300
bp bands; lane 92 reveals 250 and 450 bp bands; C+ represents the
positive control, N represents the negative control, and M is 100
bp DNA markers.
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Figure 4. A/ul digestion of nested PCR products for asymptomatic
samples from 1 to 40, analysed by gel electrophoresis. M repre-
sents 50 bp DNA markers. Lanes (1-5), (7-16), (18-23), 34 and 39
show 145-150 and 60 bands; lane 6 shows 250-260, 145-150 and
60 bands; lane 17 shows 180-190, 145-150 and 60 bands; lanes
(24-29) show 145-150, and 60-70 bands; lane 30 shows a 145-150
band; lanes (31-33) (35-38) and 40 show 145-150 and 60 and 40
bands.

41 (71.92%) asymptomatic and 26 (65%) symptomatic
samples. The remaining 30 (30.93%) samples showed
different band sizes; among them, 23 (23.71%) samples
revealed similar bands between symptomatic (9 sam-
ples) and asymptomatic (14 samples). Seven samples
(7.21%) reported distinct bands: 2 (2.06%) samples
from asymptomatic samples and 5 (5.15%) from symp-
tomatic samples.

On the other hand, the A/ul digestion of the SREHP
nested PCR product showed 29 different DNA patterns
among the 97 samples of both asymptomatic and symp-
tomatic samples (Figure 4-6). Shared DNA patterns
between symptomatic and asymptomatic samples were
seen in 62 (63.91%) of the 97 tested samples presented
in 6 DNA patterns and consisted of 41 asymptomatic
samples and 21 symptomatic samples. Moreover, 8 dif-
ferent DNA patterns for 16 (28.07%) samples were re-
ported among the 57 asymptomatic samples, while 15
distinct patterns for 19 (47.5%) samples were observed
among the 40 diarrhoeal samples (Table 1).

Discussion

Estimation of genetic diversity within species is vi-
tal in the pathogenesis and epidemiology of a pathogen;
accordingly, genetic diversity of E. histolytica based on
SREHP polymorphism among symptomatic and asymp-
tomatic subjects in Erbil city was evaluated in the cur-
rent study. The initial prevalence rate of E. histolytica
was 1.97% among symptomatic patients based on the
amplification of the 18S rRNA gene in Erbil city (North
Iraq). This result is inconsistent with studies conducted
in Diwanyha (south-central), Al-Najaf (southwestern)
and Baghdad (central Iraq), which reported prevalence
rates of 44.3%, 24% and 7%, respectively, among
symptomatic patients (12-14). The high infection rates
observed in Al-Najaf and Diwanyha cities (also shar-
ing internal boundaries) may be due to the small sample

M 4l 41 43 # 45 45 4T 48 49 50 51 M

Figure 5. Agarose gel electrophoresis for the SREHP nested PCR
product after digestion with Alul restriction endonuclease for
asymptomatic samples (41-57) and symptomatic isolates (58-81).
M represents 50 bp DNA markers; lanes 41, 45, 49, 51, 72, 73, 75,
80 and 81 show 145-150 and 60 bands; lanes 42, 46, 47, 50,70, 77,
and 78 show 145-150 and 60-70 bands; lanes 43, (52-60), 64, 65,
67 show 145-150 and 60 and 40 bands; lane 44 shows a 145-150
band; lanes 48 and 62 show 180-190, 145-150 and 60 bands; lane
61 shows 180-190, 145-150 and 60 and 40 bands; lane 63 shows
200, 145-150, 60 and 40 bands; lane 66 shows 145-150, 70, 60 and
40 bands; lanes 68 and 71 show 145-150 and 60-70 and 40 bands;
lane 69 shows 170 and 60-70 bands; lane 74 shows 200, 145-150
and 100 and 60 bands; lane 76 shows 170 and 60 bands; lane 79
shows 180-190, 145-150, 70 and 60 bands.

M 82 83 84 85 86 87 8889 S0 S1M MS2 93 %4 95 9697 M

Figure 6. Restriction endonuclease A/ul digestion of nested PCR

product for the SREHP gene analysed by agarose gel electropho-
resis for symptomatic isolate (82-97). C+ represents HM-1:IMSS,
and M represents 50 bp DNA markers; lanes (82-85), 87, 89 and
92 show 145-150 and 60 bands; lane 86 shows 200, 145-150, 100
and 60 bands; lane 88 shows 145-150, 100, and 60 bands; lane 90
shows 145-150, 100, 60-70 and 40 bands; lane 91 shows 145-150,
60 and 40 bands; lanes 93, 94 and 97 show 145-150, 60-70, 40
bands; lanes 95 and 96 show 145-150 and 60-70 bands; C+ repre-
sents HM-1:IMSS show 170 & 60-70 bands.

size, differences in environmental conditions, nutrition,
the use of contaminated water supply and hygienic hab-
its followed by people in these regions. On the other
hand, the low prevalence rate reported in the current
study could partially be attributed to seasonal variations,
since infection rates with this parasite are highest during
the hot summer season (15), while most samples of the
present work were collected during winter and spring
seasons when diarrhoea mostly resulted from viral or
bacterial infections (16). However, consistent with the
current study, a low rate of infection with E. histolytica
was recorded in western Iran, the United Arab Emirates
and Malaysia (17-19).

Amplification of the SREHP gene in the present
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Table 1. List of isolates used for amplifying the SREHP gene, showing nested PCR products, 4/ul digestion of these products, pattern number and

their frequency.

Pattern NO. Nested PCR product banding size (bp) Alul digestion of SREHP nested PCR product Isolates Frequency
1 450 145-150 & 60 A 22
2 450 250-260 & 145-150 & 60 A 1
3 450 180-190 & 145-150 & 60 A 2
4 350 & 450 145-150 & 60 A 2
5 300 & 450 145-150 & 60-70 A 4
6 300 & 400 & 450 145-150 & 60-70 A 1
7 450 145-150 & 60-70 A 4
8 450 145-150 A 2
9 450 145-150 & 60 & 40 A 10
10 450d 145-150 & 60 & 40 A 5
11 450d 145-150 & 60 A 1
12 500 145-150 & 60 A 1
13 350 & 450 145-150 & 60-70 A 1
14 250 & 450 145-150 & 60 A 1
1 450 145-150 & 60 S 6
3 450 180-190 & 145-150 & 60 S 1
4 350 & 450 145-150 &60 S 1
7 450 145-150 & 60-70 S 5
9 450 145-150 & 60 & 40 S 7
14 250 & 450 145-150 & 60 S 1
15 450 180-190 & 145-150 & 60 &40 S 1
16 450 200 & 145-150 & 60 &40 S 1
17 300 & 450 145-150 &70 & 60 &40 S 1
18 450d 145-150 & 60-70 &40 S 2
19 450 170 & 60-70 S 1
20 450 145-150 & 60-70 & 40 S 3
21 400 & 450 200 &145-150 & 100 & 60 S 1
22 250 145-150 & 60 S 1
23 350 & 450 170 & 60 S 1
24 450 180-190 & 145-150 & 60 &70 S 1
25 300 & 450 145-150 & 60 S 2
26 300 & 450 200 & 145-150 & 100&60 S 1
27 150 & 300 & 450 145-150 & 100 & 60 S 1
28 100 & 300 & 450 145-150 & 60 S 1
29 100 & 300 145-150 &100 & 60-70 & 40 S 1
HM-
19 450 170 & 60-70 1-IMSS

d represents a doublet band, A indicates asymptomatic, S indicates symptomatic and HM-1:IMSS represents standard positive controls.

study resulted in similar band sizes in most of the stud-
ied isolates, which is consistent with those reported
in Bangladesh, Georgia, Africa and Turkey (6, 10, 20,
21). However, considerable polymorphism in SREHP
nested PCR products was observed and presented as
two or three bands in 30.93% of the analysed samples.
SREHP is an abundant immunogenic surface protein
that has been reported to be critical in phagocytosis and
immune evasion, and it also plays a role in adherence
to apoptotic cells; consequently, it participates in viru-
lence of the parasite. Furthermore, the polymorphism
that exists in the SREHP expressing variable numbers
of tandem repeats might mediate adherence with wider
range or variable affinity, suggesting that the tandem re-
peats are binding domains; thus, this polymorphism of

the SREHP plays an important role in the pathogenic
ability of different E. histolytica strains (5, 22, 23). The
results in the current work reported that asymptomatic
samples show less polymorphism than symptomatic
samples, which may reflect a correlation between clini-
cal outcome and SRHEP polymorphism. Additionally,
the multiple bands observed in the present study could
also be explained by the presence of polymorphisms be-
tween homologous loci on allelic chromosomes; other-
wise, this feature could be either due to the presence of
more than one strain of E. histolytica in a single sample
or the presence of repeated loci at several locations in
the genome of E. histolytica, each resulting in a differ-
ent PCR product (24).

Genetic diversity depending on 4/ul digestion of the

Cell Mol Biol (Noisy le Grand) 2020 | Volume 66 | Issue 1

85



Shler Akram Fage Mahmood and Hawri Mustafa Bakr

Genetic variability of E histolytica.

nested PCR product for the SREHP gene in the present
study was relatively high, and a higher rate of variabil-
ity was observed among symptomatic than asympto-
matic isolates in a limited geographic region. A similar
method was used in Georgia, Turkey, Africa, the Philip-
pines and Bangladesh to estimate the genetic variability
of E. histolytica, but none of the DNA patterns observed
in the current study were identical or matched to those
obtained from these regions, indicating the great diver-
sity of the inter-species strains of E. histolytica among
different geographic areas. Among 26 clinical isolates
from Turkey, there were 12 different patterns. Although
most of the tested isolates were from symptomatic indi-
viduals, a high level of genetic variability was observed
(21). Genetic diversity in Georgia also seems to be ex-
tensive; among 7 symptomatic cultured samples, there
were 4 different patterns; however, only 2 patterns were
seen among 9 asymptomatic isolates; accordingly, and
similar to the present study, genetic diversity is more
common among symptomatic than asymptomatic sam-
ples (20). The presence of a high level of genetic diver-
sity may reflect the existence of several different clones
in a limited geographic location and/or rapid production
of SREHP repeats. Alul digestion of the nested PCR
product from asymptomatic mentally retarded patients
in the Philippines found only 4 DNA patterns among 74
samples, indicating a relatively low rate of genetic di-
versity in asymptomatic individuals in that region (25).

From 54 E. histolytica isolates in Bangladesh, 34 dif-
ferent DNA patterns were exhibiting extensive genetic
diversity in restricted geographic areas; additionally,
there was a distinct pattern of the liver abscess isolates
from the intestinal isolate, suggesting a correlation be-
tween the parasite genotype and its clinical outcome
(10). Evidence has suggested that diversity among E.
histolytica strains based on gene polymorphism may
result from the creation of new haplotypes due to the
shuffling of alleles during the process of allele recombi-
nation and reassortment (26). Moreover, other evidence
suggests the possibility of the presence of sexual repro-
duction in the natural population of E. histolytica due
to the discovery of complement genes that are neces-
sary for meiosis in the genome of E. histolytica. The
existence of sexual reproduction is of great importance
in terms of gene exchange, for example, in drug resist-
ance and virulence genes, and consequently generating
genotypes that spread rapidly; this may also explain the
linkage disequilibrium patterns among genetic markers
as that of SREHP gene polymorphism (27).

In addition to considering that the diversity of the
genetic patterns is of biological origin, it may also to
be immunologically mediated, since animals became
protected from amoebic abscess after developing anti-
bodies against repetitive or polymorphic portions of the
SREHP gene (28).

Genetic variability based on A/ul digestion of the
SREHP nested PCR product observed in the present
study seems to be less extensive than the polymorphism
reported in Thailand, which was extremely high, with
21 different genotypes among 27 isolates depending
on nucleotide sequencing. Similarly, in another study,
16 different DNA patterns among 18 cultured isolates
were observed depending on the RFLP analysis of the
SERHP gene. These differences observed between the

current work and these two studies may be due to the
presence of several genotypes of SREHP that are indis-
tinguishable using RFLEP analysis or could be attrib-
uted to region specifications associated with strain vari-
ations as well as the origin of isolates (5, 29).

The present study concluded that there is relatively
high genetic diversity within the examined isolates in a
limited endemic area as well as a higher rate of genetic
variability in symptomatic than asymptomatic isolates,
indicated through 19 distinct DNA patterns among 40
symptomatic samples. This suggested an association
between the genotype and the clinical outcome of the
infection.
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