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Abstract Entamoeba histolytica is known to cause intes-
tinal and extra-intestinal disease while the other Entamoeba
species are not considered to be pathogenic. However, all
Entamoeba spp. should be reported when identified in
clinical samples. Entamoeba polecki, Entamoeba coli, and
Entamoeba hartmanii can be differentiated morphologically
from E. histolytica, but some of their diagnostic morpho-
logic features overlap. E. histolytica, Entamoeba dispar,
and Entamoeba moshkovskii are morphologically identical
but can be differentiated using molecular tools. We
developed a polymerase chain reaction (PCR) procedure
followed by DNA sequencing of specific regions of 18S
rRNA gene to differentiate the Enfamoeba spp. commonly
found in human stools. This approach was used to analyze
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45 samples from cases evaluated for the presence of
Entamoeba spp. by microscopy and a real-time PCR
method capable of differential detection of E. histolytica
and E. dispar. Our results demonstrated an agreement of
approximately 98% (45/44) between the real-time PCR for
E. histolytica and E. dispar and the 18S rRNA analysis
described here. Five previously negative samples by
microscopy revealed the presence of E. dispar, E. hartmanii,
or E. coli DNA. In addition, we were able to detect
E. hartmanii in a stool sample that had been previously
reported as negative for Entamoeba spp. by microscopy.
Further microscopic evaluation of this sample revealed the
presence of E. hartmanii cysts, which went undetected
during the first microscopic evaluation. This PCR followed
by DNA sequencing will be useful to refine the diagnostic
detection of Entamoeba spp. in stool and other clinical
specimens.

Introduction

Six species of the genus Entamoeba, i.e., Entamoeba
histolytica, Entamoeba dispar, Entamoeba moshkovskii,
Entamoeba polecki, Entamoeba coli, and Entamoeba
hartmanii can be found in human stools. Of those only F.
histolytica is considered pathogenic causing intestinal and
extra-intestinal disease (World Health Organization 1997).
Nevertheless, all Entamoeba spp. should be reported in
parasitological examination of stool samples. E. histolytica,
E. dispar, and E. moshkovskii, are morphologically identi-
cal but can be differentiated at molecular level (Tanyuksel
and Petri 2003; Fotedar et al. 2007). E. polecki, E. coli and
E. hartmanii can be differentiated morphologically from
E. histolytica, but some of their diagnostic morphologic
features may overlap depending on the conditions of the
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specimen. This task may also be challenging depending on
the proficiency level of the examiner, since precise
morphologic identification of Entamoeba spp. to the
species level requires advanced expertise (Garcia 2007).
Previous studies have demonstrated that microscopic
examination for diagnosis of amebiasis may not be sensitive
and specific for precise identification of Enfamoeba spp. in
stools (Gonzalez et al. 1994; Petri et al. 2000). Nevertheless,
microscopic examination is considered the gold standard
method for the laboratory diagnosis of Entamoeba spp.
(Garcia 2007). Currently, high titers of specific serum
antibodies, DNA and antigen detection can be used to support
the identification of E. histolytica at the species level or to
confirm the diagnosis of amebiasis (Garcia 2007; Pritt and
Clark 2008). However, such approaches are not available for
the differentiation of the other Entamoeba spp. DNA-based
approaches are very convenient for this type of work, since
these methods can be multiplexed to allow identification of
multiple pathogens simultaneously (Dunbar 2006; Ali et al.
2003; Verweij et al. 2003a; Santos et al. 2007; Ben et al.
2008). Among them, several polymerase chain reaction
(PCR)-based tests have been developed for the differentiation
of E. histoltica, E. dispar, and more recently for E.
moshkovskii in stools. However, in some of these studies
false-negative results occurred when compared with micro-
scopic examination, due to the presence of other Entamoeba
species that could not be definitively identified by these
molecular tests. Thus, there is still a need for alternative
methods to strengthen the identification of Entamoeba spp. in
human stools. In this study, we developed a PCR procedure
followed by DNA sequencing analysis to differentiate all
Entamoeba spp. commonly found in human stools. The PCR
primers were based on a conserved portion of the 18S rRNA
spanning a region with substitutions that allowed the
differentiation of all Entamoeba spp. found in human stools.
By using this approach, we were able to identify Entamoeba
spp. that went undetected by either molecular assays or
morphologic examination.

Materials and methods
Specimens

A total of 45 DNA samples, isolated from stools or cultures
containing Entamoeba species were use to evaluate the
PCR test. Nineteen DNA samples were from Entamoeba
sp. microscopy positive stools; nine were from cultures of
E. histolytica (n=5), E. dispar (n=3), E. moshkovskii
(n=1), which had been isolated from Brazilian patients;
16 were from clinical samples submitted to CDC for
confirmatory diagnosis from state health departments.
These 44 specimens were tested for the presence of
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E. histolytica and E. dispar by using a TagMan PCR
(Verweij et al. 2003b; Qvarnstrom et al. 2005). In addition,
the specificity of this approach was tested using 11 DNA
samples from other intestinal parasites: Endolimax nana
(n=1), Blastocystis hominis (n=4), Giardia intestinalis (n=
2), Microsporidia (n=1), Cryptosporidium parvum (n=2),
and Cryptosporidium hominis (n=1) stools which were
negative for Entamoeba spp. by microscopy and by PCR
using alternative primers (Qvarnstrom et al. 2005).

Microscopic analysis

A single fresh stool sample from each individual was
collected, and one part was fixed in 5% formalin, another in
PVA following standard procedures, and a third aliquot of
approximately 500 ul (liquid stools) or 0.2 g from the fresh
material was stored at —20 C for DNA extraction. For
morphologic analysis, stools were concentrated using the
formalin-ethyl acetate sedimentation method and the con-
centrated sample was analyzed by wet mounts and as
smears stained with trichrome staining procedure following
protocols described elsewhere (Garcia 2007, see also www.
dpd.cdc.gov/dpdx/HTML/DiagnosticProcedures).

DNA extraction

DNA from the nine cultures and the 20 stools from
Brazilian patients were extracted using a method described
elsewhere (Santos et al. 2007). DNA from the 16 clinical
samples analyzed at CDC were extracted from 300 to 500 ul
of human infected fecal suspension, using a modified version
of the FastDNA method (MP Biomedicals, Solon, OH) with
further purification with the QIAquick PCR purification kit
(QIAGEN Inc., Valencia, CA, USA) as previously described
(da Silva et al. 1999). Purified DNA was stored at 4 C until
used for the molecular analysis.

PCR amplification of Entamoeba spp.

To amplify the 18S rRNA genus-specific fragment, we used
the forward primer JVF (5-GTT GAT CCT GCC AGT ATT
ATA TG-3) (Verweij et al. 2003a) and a reverse primer
DSPR2 (5-CAC TAT TGG AGC TGG AAT TAC-3). The
amplicon produced by these primers ranged from 622 to
667 bp depending on the Entamoeba species. The PCR
reactions using these primers were performed in 50ul, using
AmpliTaq Gold PCR Master Mix (Applied Biosystems,
[ABI], Foster City, California) and 12 pmol of each primer.
Reactions were carried over in a GeneAmp PCR System
9700 thermocycler (Applied Biosytems [ABI], Foster City,
CA, USA). PCR cycling parameters consisted of 5 min at
95 C and 40 cycles of 30 s at 95 C, 30 s at 57 C, and 30 s at
72 C, with a final step of 2 min at 72 C. Amplified products
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were visualized with ethidium bromide staining after electro-
phoresis on 1.5% agarose gels. Amplified PCR products
produced with primers JVF/DSPR2 were purified with
StrataPrep™ DNA Gel Extration Kit (Stratagene, La Jolla,
CA) and cloned using pCR2.1-TOPO vector as described in
the protocol from the TOP 10 Kit (Invitrogen, Carlsbad, CA,
USA). Cloning was performed prior to sequencing only when
needed; i.e., when there was any indication that the sample
contained more than one Entamoeba spp. and when the
amplification product did not allow direct sequencing. To
confirm the presence of E. histolytica and E. dispar in the
samples studied a TAqgMan real-time PCR described else-
where was used (Verweij et al. 2003b; Qvarnstrom et al.
2005). Reactions were performed in a volume of 25ul with
Platinum Quantative PCR Super mix-UDG with ROX
reference dye (Invitrogen), 0,5 pM of primers Ehd-239F/
Ehd-88R and 0.1 uM species-specific probes; i.e., histolytica-
96 T (FAM-UCAUUGAAUGAAUUGGCCAUU-BHQ1)
and dispar-96 T (HEX-UUACUUACAUAAAUUGGCCA
CUUUG-BHQ). PCR cycling parameters for this TAqMan
assay consisted of 10 min at 95 C followed by 40 cycles of
15sat 95 C, 30 s at 60 C, and 30 s at 72 C. Amplification,
detection, and data analyses were performed with Mx3000P
real time PCR thermocycler (Stratagene, La Jolla, CA, USA.

DNA sequencing analysis

Amplified PCR products generated from 18S rRNA gene of
Entamoaeba spp. were purified with strataPrep PCR
Purification Kit (Stratagene La Jolla, CA, USA) according to
the manufacturer's instructions and sequenced in both direc-
tions using the primers JVEDSPR2. DNA cycle-sequencing
reactions were performed using BigDye v.3.1 chemistry
(Applied Biosystems, Foster City, CA, USA). Sequencing
reactions were purified using Multi- systems-HV plates
(Milipore Billerica, MA, USA) before loaded in the ABI
Prism 3100 sequence analyzer using data collection software v.
2.0 and DNA Sequence Analysis Software v. 5.1. Sequences
were assembled, edited, and aligned in DNASTAR SeqMan
(DNASTAR, Inc., Madison, WI), as well as in the GeneStudio
suite (GeneStudio, Inc.,Suwanee, GA). To identify Entamoeba
spp. at the species level the sequence obtained was used to do
BLAST searches against the GenBank database and after that
aligned with sequences obtained from the GenBank.

Results
Evaluation of the JVF/DSPR2 PCR assay
The primers used did not produce amplicons when used

with DNA template from: E. nana, B. hominis, G.
intestinalis, Microsporidia, C. parvum, and C. hominis.

DNA samples from 45 microscopy-positive samples were
used to evaluate the conventional PCR assay followed by
DNA sequencing. Amplicons ranging from 622 to 667 bp,
from the 18S rRNA gene of each isolate, were obtained
from all these microscopy-positive samples, showing 100%
sensitivity. Figure 1 shows a representation of the amplicons
obtained with these primers from the different Entamoeba
spp. Table 1 shows the summary of the results obtained
with all the techniques employed. The agreement between
the JVF/DSPR2 PCR assay and microscopy or real-time
PCR for identification at species level was 89% and 98%,
respectively. Eight samples were negative by the real-time
PCR designed to differentiate E. histolytica from E. dispar.
In these samples, we identified E. coli, E. hartmanii, or
E. moshkovskii using the JVF/DSPR2 PCR, which is totally
compatible with the profile of these two techniques. The
results obtained from products amplified from culture
samples showed 100% of agreement with the real-time
PCR positive samples. The sample number 9891 was
positive for E. dispar by both techniques PCR, but
identification at species level was not possible through
microscopic examination. This could be due to lack of cysts
or trophozoites displaying enough morphologic features
that could have allowed the identification at least at the
complex level, i.e., E. histolytica/E. dispar.

Samples with more than one Entamoeba spp.

We were able to identify samples with more than one
species of Entamoeba by performing sequencing analysis

1 2

3 4 5 6 7 8 9

bp

600

100

Fig. 1 Stained agarose gel with products amplified by PCR with
primers JVF/DSPR2 from samples containing different Entamoeba.
Lane 1, contains the 100-bp ladder standard. Numbers to the left of the
gel are DNA fragment sizes (in base pairs). Lane 2, mix of E.
histolyticalE. dispar complex with E. coli by microscopy, but E.
dispar only by PCR; lanes 3 and 4, E. coli by microscopy and PCR;
lanes 5, 6, and 7, E. histolyticalE. dispar complex by morphology and
E. dispar by PCR; lane 8, PCR blank; lane 9, sample negative for
Entamoeba sp.
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Table 1 Identification of Entamoeba spp. in the samples tested by JVE/DSPR2 PCR/DNA sequencing

Samples Microscopy or culture E. histolytica/E. dispar real-time PCR ~ JVF/DSPR2 PCR/DNA sequencing
4093/CDC E.h/E.d complex; E. polecki E. histolytica E. histolytica
9893/CDC Bh; D. fragilis; E. hart; Giardia E. dispar E. dispar

9891/CDC Bh; D. fragilis; E. hart; Giardia, Enta sp. E. dispar E. dispar

9343/CDC Negative E. dispar E. dispar

3162/CDC E.d/E.h complex; Bh E. dispar E. dispar

3449/CDC E.d/E.h complex E. dispar E. dispar

3540/CDC  E.d/E.h complex; Bh E. dispar E. dispar

6553/CDC  E.d/E.h complex;Bh E. dispar E. dispar

200/CDC E.d/E.h complex; Bh E. dispar E. dispar

201/CDC E.d/E.h complex; Bh E. dispar E. dispar

33/CDC E.WE.d complex; E. polecki E. histolytica E. histolytica
3182/CDC E.d/E.h complex; E. hart; E. coli E. dispar E. dispar and E. hartmanii
204/CDC E.d/E.h complex; E. hart, E. nana E. dispar E. hartmanii
100/CDC Bh Negative E. hartmanii
3684/CDC Bh Negative E. hartmanii
3977/CDC  Negative Negative E. coli

01/Brazil Eh/Ed complex; E nana; Bh; E coli Negative E. hartmanii
02/Brazil E.h/E.d complex; Bh; E. coli; Anc. E. dispar E. dispar

03/Brazil E.WE.d complex; E. nana E .dispar E. dispar

04/Brazil E.h/E.d complex; E. coli; Bh; Al E. dispar E. dispar and E. coli
05/Brazil E.h/E.d complex; E. coli E. dispar E. dispar

06/Brazil E.h/E.d complex E. dispar E. dispar

09/Brazil E.h/E.d complex; Bh E. dispar E. dispar

11/Brazil E.h/E.d complex E. dispar E. dispar

14/Brazil E.WE.d complex; E. coli; Bh; E.nana E. dispar E. dispar

15/Brazil E.WE.d complex; E. nana; E. coli; Negative E. coli

17/Brazil E.WE.d complex; Giardia; Ss larvae E. dispar E. dispar and E. hartmanii
18/Brazil E.h/E.d complex; Bh; E. nana; Negative E. hartmanii
19/Brazil E.WE.d complex; Bh; E. nana; E.coli E. dispar E. dispar and E. hartmanii
20/Brazil E.WE.d complex; Giardia; Ss larvae E. dispar E. dispar

22/Brazil E.WE.d complex; E. coli; E. nana; A.l E. dispar and E. histolytica E. dispar

26/Brazil E.h/E.d complex; E. coli; Al E. dispar and E. histolytica E. dispar

27/Brazil E.WE.d complex; A.l; E. coli; Giardia E. dispar E. dispar

28/Brazil Bh; E.nana; E.coli; Eh/Ed complex; T.t; Anc Negative E. coli

29/Brazil E.WE.d complex; Bh; E.nana; E. coli;T.t; Anc Negative E. coli

30/Brazil E.h/E.d complex E. dispar E. dispar

103/Brazil Culture samples E. histolytica E. histolytica
104/Brazil Culture samples E. histolytca E. histolytca
105/Brazil Culture samples E. histolytica E. histolytica
106/Brazil Culture samples Negative E. moshkovskii
107/Brazil Culture samples E. dispar E. dispar

109/Brazil Culture samples E. histolytica E. histolytica
110/Brazil Culture samples E. dispar E. dispar

P2/Brazil Culture samples E. dispar E. dispar

03C/Brazil Culture samples E. dispar E. dispar

Legend: D. fragilis Dientamoeba fragilis, E.h/E.d complex E. histolytica/E. dispar complex, Bh Blastocystis hominis, E. Polecki Entamoeba
polecki, E. hart Entamoeba hartmanii, A.l Ascaris lumbricoides, Tt Trichuris trichiura, E. coli E. coli, E. nana Endolimax nana, Anc.
ancylostoma, Ss Strongyloides stercoralis, Enta sp. Entamoeba sp.

@ Springer



Parasitol Res (2010) 106:883-888

887

of the fragment amplified with primers JVF/DSPR2
(Table 1). In samples 04, 17, 19, and 3182, we identified
either E. dispar/E. hartmanii (samples 17, 19, and 3192) or
E. dispar/E. coli (sample 04). These results partially agreed
with microscopy results, since E. hartmanii was found by
microscopy in sample 3192 and E. coli was found in
sample 04 in addition to E. histolytica/E. dispar complex.
Nevertheless, sample 3192 was also positive for E. coli by
microscopy. We believe that this was due to distortions of
the morphologic features of Entamoeba found in this
sample. The same explanation could be applied for samples
17 and 19. A few samples showed discrepant results
between the real-time PCR and the sequencing analysis of
the JVF/DSPR2 amplicon; i.e., samples 22, 26, and 204.
Samples 22 and 26 were positive for E. histolytica and
E. dispar by real-time PCR, but only E. dispar was
identified through sequencing of the JVF/DSPR2 fragment.
These results could be due to lack of sensitivity of the JVF/
DSPR2 PCR for amplification of E. histolytica in these
samples. Sample 204, which was positive for E. dispar, by
the real-time PCR technique, had E. hartmanii based on the
sequencing analysis. This result was obtained since the
JVF/DSPR2 PCR could only amplify E. hartmanii. This
last explanation is more compatible with the microscopic
analysis, which identify E. histolytica/E. dispar complex in
addition to E. hartmanii. Samples 33 and 4093 were
microscopy positive for the E. histolytica/E. dispar complex
and E. polecki. E. histolytica was detected by the real-time
and the JVF/DSPR2 PCR, but sequence that matched F.
polecki was not amplifying in both samples. The sample
9893 was positive for E. dispar by both PCR techniques.
Nevertheless, this sample was positive only for E. hartmanii
by microscopy. This could be due to shrunken trophozoites
or cysts might be erroneously identified as E. hartmanii.

Discussion

Diagnosis of amebiasis is made by identification of Entamoeba
sp. in stools or tissue using traditional microscopic analysis
and is based on observation of diagnostic features. It is well
known that the examination of fecal samples by light
microscopy cannot in all cases differentiate all the species
of Entamoeba. Some Entamoeba spp. are morphologically
identical, i.e., E. histolytica, E. dispar, and E. moshkovskii.
For these, microscopy can only be used to identify them at
the complex/genus level. In addition, morphologic features of
these species may overlap with others non-pathogenic
Entamoeba, such as E. polecki, and E. hartmanii depending
on the circumstances, e.g., shrunken trophozoites or cysts
might be erroneously identified as E. hartmanii. Thus,
alternative molecular methods could be extremely helpful
to strengthen and clarify the identification of Entamoeba spp.

Many investigations have reported successful application
of PCR to the diagnosis of amebiasis as a tool for
confirmatory identification (Rivera et al. 1999; Mirelman
et al. 1997; Evangelopoulos et al. 2000; Gonin and Trudel
2003; Kebede et al. 2004). Having methods that can be
used for the accurate differential diagnostic identification of
Entamoeba spp. is important for several reasons: (1) All
species of Entamoeba should be reported in parasitological
examination of stool samples in routine diagnosis; (2) to
understand the worldwide prevalence distribution of species
individually and to prevent unnecessary chemotherapy in
patients with nonpathogenic species. The main objective of
this investigation was to identify a region in the Entamoeba
genome that could be used as a target for a PCR to amplify
all species found in human stools. To address this goal, we
amplified and sequenced a fragment ranging from 622 to
667 bp, corresponding to 18S rRNA gene of Entamoeba
species from 45 DNA samples. The PCR assay provided
discriminatory power in detecting and differentiating
Entamoeba species, even when a considerable number of
mixed infections were observed. However, discordant
results were observed between microscopy, real time-PCR
and sequencing; e.g., samples 22, 26, 3182, and 204 as
described earlier. In sample 204, the most logical explana-
tion was that it contained both E. dispar and E. hartmanii,
but the molecular technique developed here was not
sensitive enough to detect E. dispar. The real-time PCR
Ct of this sample was 28.90 which support the hypothesis
that the concentration of E. dispar DNA was enough. One
possible explanation for samples 22 and 26, which were
positive for both E. histolytica and E. dispar by real-time
PCR and positive for E. dispar only by the JVF/DSPR2
PCR could be due to very low concentration of E
histolytica DNA (The real-time PCR Ct values of 36.79
and 36.98). The sample 3182 was initially positive only for
E. histolyticalE. dispar complex by microscopy. However,
when this sample was re-evaluated after JVF/DSPR2 PCR
results, E. hartmanii cysts were detected.

The Brazilian samples showed discrepant results be-
tween microscopy and PCR. This could be due to the fact
that only one unstained sample was analyzed, which
decreases the sensitivity and specificity of the morphologic
analysis. In addition, E. hartmanii was not mentioned in the
microscopy report because the cysts and trophozoites found
were not measured. Basically, only the nuclear and
cytoplasm morphology was taken in consideration for the
morphologic evaluation of these samples.

Similarly results were observed by Qvarnstrom et al.
(2005), which described that the real-time PCR was more
sensitive than the conventional PCR techniques since the
real-time PCR assay could identify E. histolytica in four
clinical samples with very low parasite concentrations.
However, real-time PCR assay used in this study was
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designed to detect only E. histolytica and E. dispar species.
Interestingly, all the samples that were negative by this real-
time PCR technique were positive using the JVF/DSPR2
PCR which containing Entamoeba species other than these
two. In summary, we suggest that the region we identified
in this study could be used to develop multiplex assays for
identification of all species of Entamoeba found in human
stools.
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