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Abstract. Due to the indistinguishable morphology between Entamoeba histolytica
(pathogenic) and Entamoeba dispar (non pathogenic), PCR-based assays were conducted.
Based on microscopy, suspected Entamoeba cells were detected in 30 out of 455 fecal
samples obtained from individuals residing at Thai/Myanmar border region. The tar-
get genes for PCR amplification included genes encoding small subunit rRNA (SSU-
rRNA), chitinase and serine rich Entamoeba protein. PCR primers derived from SSU-
rRNA gene amplified both E. histolytica and E. dispar genes producing an amplicon of
1,080 bp, and detected 3 out of 30 samples. PCR primers derived from chitinase gene
of E. histolytica generating amplicons of 500 and 1,260 bp, samples were positive in 12
out of 30 samples. Due the large difference of gene encoding serine rich protein be-
tween E. histolytica and E. dispar, two specific sets of primers were designed. SREH-
primer set, specific for E. histolytica, generated amplicons of 550 and 700 bp and de-
tected 22 out of 30 samples. SED-primer set, specific to E. dispar, produced an amplicon
of 550 bp, and together with a nested primer pair generating an amplicon of 477 bp,
detected 16 out of 30 samples. Thus, detection of single and mixed infections of the
two Entamoeba species could be effectively achieved directly from DNA extracted from
feces without the need to culture the parasites.

demic along the Thai-Myanmar border
where water supply is inadequate and there
is poor sanitation (Wongstitwilairoong et al,
2007). It is now generally accepted that there
are two genetically distinct but morphologi-
cally indistinguishable species of Entamoeba,
namely, Entamoeba histolytica and E. dispar
(WHO/PAHO/UNESCO report, 1997). E.
histolytica has the potential to cause dysen-
tery and extra-intestinal disease, while E.
dispar is considered to be a harmless com-
mensal protozoa. If E. histolytica is present

INTRODUCTION

Amebiasis is one of the important health
problems in Thailand, with clinical manifes-
tations ranging from asymptomatic to coli-
tis with bloody diarrhea. Amebiasis is epi-
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in a clinical sample, the patient needs to be
treated, while if only E. dispar is identified,
treatment is unnecessary. More than 90% of
amebic infections were reported to be colo-
nized by E. dispar (Jackson, 1998), and only
10% of E. histolytica can progress to obvious
clinical symptoms (Gathiram and Jackson,
1985). Although many individuals with E.
histolytica infection have no symptom, the
infections have an impact on health in the
long term, and their cysts can be spread
within the population.

The traditional diagnosis of Entamoeba
infection is based on microscopic examina-
tion of fecal sample, but differentiation be-
tween these two Entamoeba species is impos-
sible by this method and sensitivity is only
60% even under optimal conditions (Haque
et al, 1995). Ameba cultivation followed by
zymodeme analysis was the traditional
method for identifying and differentiating
between E. histolytica and E. dispar (Haque
et al, 1990), but culturing procedure has low
sensitivity and is labor-intensive. Over-
growth of other parasites can obscure the
presence of E. histolytica in the culture
(Tanyuksel and Petri Jr, 2003).

Detection of antibodies to ameba in pa-
tient sera by immunoassay has been used
to indicate E. histolytica infection (Nesbitt
et al, 2004; Haghighi and Rezaeian, 2005).
However, serological testing is not able to
distinguish past from present infection.
Newer approaches to identify E. histolytica
infection are based on detection of E.
histolytica DNA in fecal sample. Polymerase
chain reaction (PCR) assay has been utilized
to increase sensitivity and specificity of En-
tamoeba diagnosis in a variety of clinical
specimens including fecal and liver abscess
pus samples (Anane and Khaled, 2005; Paul
et al, 2007; Kurt et al, 2008). PCR based on
amplification of the small subunit rRNA
gene (SSU-rDNA) was reported to be 100
times more sensitive than ELISA for E.

histolytica detection (Mirelman et al, 1997;
Fotedar et al, 2007). SSU-rDNA is widely
used as target for detection and differen-
tiation of Entamoeba species, as this target
is present in multicopies, present on extra-
chromosomal plasmids (Bhattacharya et al,
1989), making the SSU-rDNA more easily
detected than a DNA target present in a
single-copy gene. Other gene targets used
in PCR detection include genes encoding
chitinase and serine-rich E. histolytica pro-
tein (SREHP) (Stanley Jr et al, 1990; Ramos
et al, 2005). Both genes have tandem repeats.
E. histolytica chitinase gene repeats range
from 84-252 nucleotides corresponding to 4
heptapeptide repeats (28 amino acids) to 12
hepapeptide repeats (84 amino acids). The
SREHP gene contains tandem repeats of 24
and 36 bases in length, encoding 8 and 12
amino acid repeats, respectively (Haghighi
et al, 2002; Ramos et al, 2005). However, as
the repeat-containing region of the chitinase
gene appears to be less polymorphic as com-
pared to SREHP gene, this gene has been
used for species identification more fre-
quently than strain differentiation (Acuna-
Soto et al, 1993).

In this study fecal specimens contain-
ing Entamoeba cysts or trophozoites were
collected from individuals residing at the
Thai-Myanmar border area, and were sub-
jected to molecular diagnosis of Entamoeba
infection. PCR assays based on the SSU-
rDNA, chitinase and SREHP genes were
performed.

MATERIALS AND METHODS

Entamoeba control strains

E. histolytica HM1:IMSS strain was pro-
vided by Prof Gordon B Bailey, Morehouse
School of Medicine, Atlanta, Georgia, USA,
and axenic strain of E. dispar by Keio Uni-
versity, School of Medicine, Japan. These
axenic Entamoeba strains were propagated in
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TYI-S-33 as described by Diamond (1968).
E. histolytica strain S was isolated from a pa-
tient at Chulalongkorn Hospital, Bangkok,
Thailand and was maintained as xenic cul-
ture in Locke egg media as described by
Clark and Diamond (2002).

Other protozoa and bacterial strains

Fecal specimens containing Giardia
lamblia, Endolimax nana and Entamoeba coli
were collected and subjected to DNA extrac-
tion. In addition, enteric bacterial strains that
can cause enteric infection, as Escherichia coli,
Enterobacter spp, Salmonella weltevreden, Shi-
gella sonnei, and Shigella flexneri were in-
cluded. These bacterial strains were from
stock cultures provided by Microbiology
Unit, Department of Microbiology and Im-
munology, Faculty of Tropical Medicine,
Mahidol University, Bangkok, Thailand.

Fecal samples

Fecal samples (455) were collected from
individuals with a high risk of E. histolytica/
E. dispar infection. Participating individuals
included 231 Myanmar migrants and 224
Thai residents in Phang-Nga Province, Thai-
land during September to October 2006.
Myanmar migrants lived in area with poor
sanitation, and lacking good hygienic in food
and water supplies. All fecal samples were
screened for amebic cells by microscopic
examination. Samples collected in contain-
ers without preservation were concentrated
using a formalin-ether sedimentation tech-
nique for identification of cysts and tropho-
zoites (Allen and Radley, 1953). Fecal
samples containing amebic cells were stored
at -20ºC until DNA extraction was per-
formed.

DNA isolation procedure

Entamoeba cells or bacterial cell pellets
were subjected to DNA extraction using a
commercial genomic DNA extraction kit.
Fecal samples of approximately 200 µg were
subjected to QIAamp DNA Stool Mini Kit,

(QIAGEN, Hilden, Germany) according to
manufacturer’s instructions. To increase the
efficiency of cell lysis, the fecal samples were
frozen with liquid nitrogen and ground to
powder before the lysis step. DNA samples
were kept frozen at -20ºC until required for
PCR.

PCR conditions

The primers used in this study are tabu-
lated in Table 1. PCR in 25 µl reaction mix-
ture contained 200 µM each of dNTP, 10
pmole of each primer, 1.0 U Taq DNA poly-
merase (RBC; Korea), 1.5 mM MgCl2 and
approximately 100 ng of genomic DNA.
Thermal cycling was as follows: initial de-
naturation at 94ºC for 5 minutes followed by
35 thermal cycles of 94ºC for 1 minute, 46-
60ºC for 1 minute, and 72ºC for 1 minute,
followed by final step at 72ºC for 5 minutes.
The optimized annealing temperature of
each primer set was as follows: 60ºC for E1/
E2, 48ºC for CEH1/CEH2, 48ºC for SREH1/
SREH2, 53ºC for SED1/SED2 and 50ºC for
nSED1/nSED2. Each primer set was verified
for specificity to either E. histotytica or E.
dispar DNA. Specificity of each PCR ampli-
fication was also determined among the
DNA of parasites and bacteria that could
also cause diarrhea, as Giardia lamblia, En-
dolimax nana, Escherichia coli, Salmonella
weltevreden, Shigella flexneri, Shigella sonnei
and Enterobacter spp. The PCR amplicons
were separated electrophoretically in 1%
agarose gel stained with ethidium bromide.
The gels were visualized by UV light and
photographed.

Ethical clearance

This study was approved by Commit-
tee on Human Rights Related to Human
Experimentation, Mahidol University,
Bangkok, Thailand before collecting the fe-
cal samples. Written consent was obtained
from each individual who provided personal
information and clinical sample.
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RESULTS

Microscopic examination

Investigations of formalin-ether sedi-
mentations of fecal samples by microscopy
showed 30 samples containing either E.
histolytica or E. dispar. Cysts were found in
most fecal samples, while trophozoites were
presented in only 7 samples. Ingested red
blood cells in the Entamoeba’s cytoplasm,
which usually is found in E. histolytica, were
not visible in this study, thus distinguishing
E. histolytica from E. dispar by microscopic
examination was not possible.

E. dispar is not recognized as a cause of
diarrhea, dysentery or amebic liver abscess.
This study found some cases of E. dispar in-
fections with dysentery or diarrhea-like
symptom with feces containing mucus.
From the microscopic detection, we found

Gene target Primer Primer sequence (5’-3’) Tm (ºC) Length (bp) Reference

SSU-rDNA E1 5’ TAG GAT GAA ACT
GCG GAC GGT 3’ 60 1,080 This study

E2 5’AGC CTT GTG ACC
ATA CTC CC 3’

Chitinase for CEH1 5’ GGA ACA CCA GGT 48 500, (Haghighi
E. histolytica AAA TGT ATA 3’ 1,260 et al, 2002)

CEH2 5’ GGT ATC ATT TGG
TCA TCA TTC C 3’

Serine rich SREH1 5’ACG AAG CTA GTC 48 550, (Ramos
E. histolytica CTG AAA AGC 3’ 700 et al, 2005)
protein (SREHP) SREH2 5’ CAA TGA ATG GAC

TTG ATG CAG 3’

Serine rich SED1 5’ GAA CGA AGC TAG 53 550 (Ramos
E. diaper protein TCC TGA AAA A 3’ et al, 2005)
(SREDP) SED2 5’GCT TGC TTC TGG

TTT ATT ATC TGG 3’

nSED1 5’CTT GAA GAA AAT
AAA GAA GAT GAA3’ 50 477 This study

nSED2 5’ GGT TTA TCA CTT
GAA CTT GCT TCT 3’

Table 1
Entamoeba gene-targeted primers used in the study.

co-infection of E. dispar with other intestinal
parasites, especially hookworm or Trichuris
trichiura, which could cause diarrhea with
mucus.

PCR profiles of Entamoeba detection

All primer pairs selected for this study,
namely, those derived from SSU-rDNA,
chitinase, SREHP, and SREDP genes, were
quite specific, and did not amplify DNA
derived from the selected enteric bacteria
and protozoa used in this study.

The E1 and E2 primers were designed
to amplify SSU-rDNA in both E. histolytica
and E. dispar, when an optimum annealing
temperature of 60ºC was employed, and to
yield amplicon of approximately 1,080 bp
(Fig 1). This E1/E2 primer pair was positive
in just 3 out of 30 of microscopically posi-
tive fecal samples.
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Using an annealing temperature of
48ºC, the CEH1 and CEH2 primers could
specifically amplify the chitinase gene of E.
histolytica, with amplicons of 500 and 1,260
bp. As shown in Fig 2, E. histolytica strain S,
positive control, produced additional
amplicons of 700 and 200 bp, indicating ad-
ditional repeat regions of chitinase gene
present in the genome. Fecal sample was
regarded as positive when either amplicon
of 500 or 1,260 bp was present. In this study,
CEH1/CEH2 primer pair of chitinase gene
was positive in 12 out of 30 of microscopi-
cally positive fecal samples.

The SREH1 and SREH2 primers specifi-
cally amplified the gene encoding serine rich
E. histolytica protein and the predicted PCR
amplicons were 550 and 700 bp. In Fig 3,
apart from the predicted amplicons, E.
histolytica strain S displayed amplicons of
approximately 2 kb and 200 bp. Any promi-
nent DNA bands derived from this primer

1,080 bp

1           2 3

564

λH3

(bp)

Fig 1–Agarose gel analysis of PCR products am-
plified by E1 and E2 primers.  PCR was
conducted using annealing temperature of
60ºC and PCR amplicon is 1,080 bp.  Lane
1, Lambda DNA/HindIII standard size
markers; lane 2, genomic DNA of E.
histolytica HM1: IMSS strain; lane 3, ge-
nomic DNA of E. dispar.

564

2,027

bp

Reading
Lane No. 1 2 3 4 5 6 7 8

+ + + + + + +

1,260 bp

500 bp

Fig 2–Agarose gel analysis of PCR products am-
plified by CEH1 and CEH2 primers.  PCR
was conducted using annealing tempera-
ture of 48ºC and template DNA was ex-
tracted from feces.  Lane 1,  Lambda DNA/
HindIII standard size markers; lanes 2-7,
template DNA from M149, M294, M290,
M37, T46, and T113, respectively; lane 8,
genomic DNA from E. histolytica strain S
representing as positive control.  The pre-
dicted amplicons are 500 and 1,260 bp, with
additional amplicons of approximately 200
and 700 bp.

Reading result

Lane no.

bp

2,027

564
700 bp
550 bp

1 2 3 4 5 6 7 8 9 10

+ + + + + + + + +

Fig 3–Agarose gel analysis of PCR products am-
plified by SREH-1 and SREH-2 primers.
DNA was extracted from fecal specimens
and PCR was conducted using annealing
temperature of 48ºC. Lane 1, Lambda
DNA/HindIII standard size markers; lanes
2-9,  DNA from M130, M141, M149, M168,
M176, M294, M290, and T46, respectively;
lane 10, genomic DNA from E. histolytica
strain S representing positive control.  The
predicted PCR amplicons are 550 bp and
700 bp, with addition amplicons of ap-
proximately 2 kb.
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pair were thus regarded as positive. In this
study, SREH1/SREH2 primer pair of SREHP
gene was positive in 22 out of 30 of micro-
scopically positive fecal samples.

The SED1 and SED2 primers are specific
for the serine rich E. dispar protein and gen-
erate an amplicon of 550 bp. The product
was also internally amplified using nSED1
and nSED2 primers to generate an amplicon
of 477 bp. For amplification of genes encod-
ing serine rich E. dispar protein, the positive
results were considered, when expected
DNA band was observed in the 1st round or
2nd round PCR. Ten fecal samples were posi-
tive using SED1/2 primer pair, while an ad-
ditional 6 samples were positive with
nSED1/2 primer pair. Thus, primer pairs of
serine-rich E. dispar protein were positive in
16 out of 30 of microscopically positive fecal
samples (Fig 4).

The results of PCR detection of Entam-
oeba infection of the 30 fecal samples are sum-
marized in Table 2. Two samples could not
be detected by PCR which may be due to
loss of DNA during the extraction process,
as only 200 µg of fecal samples were used.
From PCR analysis of 30 fecal samples, only
E. histolytica was identified in 12 out of 30
(40%) samples, only E. dispar in 6 of 30 (20%)
and both in 10 of 30 (33%).

DISCUSSION

Microscopic examination cannot distin-
guish between E. histolytica and E. dispar
species as both possess morphologically
identical cysts and small trophozoite. Mo-
lecular detection of DNA extracted from
clinical specimens is now widely used in
clinical research laboratories. PCR amplifi-
cation of fecal DNA has more benefit, as di-
agnostic results can be obtained without in
vitro culturing of parasites. Several studies
have revealed that PCR analysis is a sensi-
tive and specific tool to differentiate between
infection with pathogenic E. histolytica and
non-pathogenic E. dispar (Verweij et al, 2000;
Blessmann et al, 2002; Gonin and Trudel,
2003).

By microscopy amebic cysts and tropho-
zoites were observed from fecal specimens.
In both E. histolytica and E. dispar infections,
trophozoites could be observed in fresh fe-
cal specimens, but the trophozoites gener-
ally degenerate rapidly in unfixed feces
(Proctor, 1991). E. histolytica trophozoites can
ingest red blood cells but they do not fre-
quently appear in chronic amebic infections.
Trophozoites containing ingested red blood
cells are not present in patients who do not
have acute dysentery (Gonzalez-Ruiz et al,
1994).

This study employed PCR assays based
on three genes, which have been shown pre-
viously to specifically detect Entamoeba spe-

Fig 4–Agarose gel analysis for detection of
E. dispar from the 15 fecal samples using
nested primers derived from serine rich
E. dispar protein gene.  Upper panel, lanes
2-16 represent amplicons derived from 1st

round PCR using SED1/2 primers and lane
17 of genomic DNA of E. dispar as positive
control.  Lower panel, lanes 2-16 repeated
amplicons derived from 2nd round PCR
using nSED1/2 primers.  Lane 1 is lambda
DNA/HindIII standard size markers.

Reading result
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

+ + + - - +

+ + +

+ - + + + - - + + +

E. dispar

550

477

Lane

Reading

Lane

+
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Reference SSU- Chitinase SREHP SREDP
gene rDNA

Specificity EH  or EH EH ED Identified
ED Entamoeba

species

Sample 1,080 bp 500  bp 1,260 bp 550 bp 700 bp 557 or 477 bp

M66 - - - - - + ED
M82 - - - - - + ED
M130 - - - - + + Mixed
M137 - - - - + - EH
M141 - - - + + - EH
M149 - + + - + + Mixed
M154 - - - - - + ED
M168 - - + - + - EH
M175 - - + - + + Mixed
M176 - - - - + + Mixed
M249 - - + - + - EH
M278 - - - - - - Negative
M280 - - - - - - Negative
M281 - - - - + - EH
M282 - - - - + - EH
M294 + + + + + + Mixed
M266 - - - - + + Mixed
M153 - - + - + + Mixed
M290 + + + + + - EH
M14 - - + - + - EH
M37 - - + - + + Mixed
T48 - - - - - + ED
T29 - - - - + - EH
T35 - - - - + + Mixed
T46 + + + + + - EH
T113 - + + - + - EH
T228 - - + - + + Mixed
T230 - - - - + - EH
T231 - - - - - + ED
T233 - - - - - + ED

Table 2
Results of PCR assays obtained from Entamoeba SSU-rRNA, chitinase and serine-rich

protein genes.

EH, Entamoeba histolytica; ED,  Entamoeba dispar

cies. The non-protein coding region, SSU-
rDNA, was detected by designing primers
from shared conserved region between E.
histolytica HM1:IMSS strain and E. dispar.

Although SSU-rDNA is the most ubiquitous,
gene sequences of Entamoeba strains found
in nature could be changed due to selective
pressure. The low sensitivity of this primer
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pair, E1/E2, in Entamoeba detection is prob-
ably due to DNA variation among strains.
In contrast, the genes of chitinase and serine
rich protein are composed of repeating unit,
thus allowing more chance for these primer
pairs to amplify fecal DNA. The CEH1/2
primer pair was specific to E. histolytica and
negative for E. dispar, other protozoa and
enteric bacteria. As the serine rich E. dispar
protein, SREDP, shares about 40% identity
to SREHP, specific primers designed for each
protein should be reliable for differentiation.
To increase sensitivity of SED primer pair,
nested primers were also designed. The
outer primer of SED could detect E. dispar
in 10 specimens, while an additional of 6
specimens were detected with the nested
primer pair.

Polymorphism in the chitinase and
SREHP genes was demonstrated among
ameba DNA in this study. Haghighi et al
(2002) described polymorphism in the type,
location and number of repeat unit among
those two genes in Japanese isolates. Based
on the gene encoding chitenase protein of
E. histolytica (XM647113), CEH1/2 primer
pairs were expected to produce two
amplicons of 500 and 1,260 bp, but addi-
tional bands were demonstrated in Thai
Entamoeba DNA, indicating variation in
number of repeat unit and their location.
Using the same primer pairs (Haghighi et
al, 2002), polymorphic bands derived from
SREHP loci were revealed in both Japanese
and Thai isolates. PCR product length poly-
morphism derived from size variations
within the SREHP gene results in mostly
single but also multiple bands. A previous
study by Ayeh-Kumi et al (2001) showed 34
distinct patterns among 54 E. histolytica iso-
lates from Bangladesh.

The sensitivity of the PCR detection was
only 93% when compared to microscopic
detection. The negative PCR results in 2
samples with positive microscopic detection

may have resulted from the low number of
parasites in the sample. The 200 µg of fecal
sample used for PCR also limited the yield
of extracted DNA.

Based on molecular identification, the
prevalence of E. histolytica infection was
greater than E. dispar infection in the studied
population of Thailand. A similar trend of E.
histolytica infection was reported in a highly
endemic region in Mexico (Acuna-Soto et al,
1993; Ramos et al, 2005). A previous study in
Thailand revealed 13.3% of amebiasis patients
are infected with E. histolytica and 20% with
E. dispar (Hamzah et al, 2006). In contrast in
developed countries where E. histolytica in-
fection is not endemic, prevalence of E. dispar
among patients is greater than E. histolytica.
For instance, in Australia 3.4% of patients’
specimens contained only E. histolytica, while
33.7% of samples contained only E. dispar, and
24.7% of samples contained only E.
moshkovskii (Fotedar et al, 2007). Mixed infec-
tion with E. dispar and E. moshkovskii was
found in 36% of samples, and 1.1% of sample
contained both E. histolytica and E. moshkovskii
(Fotedar et al, 2007). E. moshkovskii is a free-
living ameba, and lives usually commensally
in human intestine. In the Netherlands, 6.7%
of microscopic positive fecal samples were
identified as E. histolytica, while 91.2% of mi-
croscopic-positive fecal samples are E. dispar
(Visser et al, 2006). In Canada, 2.9% of samples
contain E. histolytica and 97.1% of samples
contain E. dispar (Gonin and Trudel, 2003).

In this study molecular methods were
applied for identifying amebiasis directly
from fecal samples. PCR for the Entamoeba
DNA detection was employed using SSU-
rDNA. However this assay had low sensi-
tivity to detect the infection. The chitinase
and serine rich protein genes were selected
as targets of PCR for differentiating between
E. histolytica and E. dispar. The sensitivity and
specificity of the tests were high. We have
demonstrated the usefulness of PCR as a tool
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for detecting intestinal parasitic infection
without the need for an intervening step of
ameba cultivation.
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