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Abstract
Amoebiasis is one of the most important infectious diseases afflicting mainly tropical and subtropical countries. This study

was carried out in the Sharjah Emirate, UAE in order to accurately detect and differentiate Entamoeba histolytica, Entamoeba
dispar and E. moshkovskii in fecal samples collected from the Sharjah municipality public health clinic by ELISA and nested

polymerase chain reaction (PCR). One hundred and twenty specimens were examined and the PCR was positive for E. his-
tolytica, E. dispar and E. moshkovskii (collectively referred to as Entamoeba complex) in 19.2% (23 out of 120). Of those, 10%

(12/120) were mono - infection with E. histolytica; 2.5% (3/120) with E. dispar; and 2.5% (3/120) E. moshkovskii. The nested

PCR also detected mixed infections by both E. histolytica and E. dispar in 3.3% (4/120) and E. dispar and E. moshkovskii in

0.8% (1/120). The TechLab ELISA kit failed to detect E. histolytica in any of the E. histolytica PCR positive samples. Over-

all, the percentage of E. histolytica including those found in mixed infections was 13.3% (16/120). Compared to nested PCR,

microscopy was found to have an overall sensitivity of 52.2% and a specificity of 75.2% for  detection of Entamoeba complex.

The present study indicates that E. histolytica is present in the UAE with an average incidence rate of 13.3%. However, larger

studies need to be conducted in order to confirm these findings. We propose the use of PCR in both the routine diagnosis of

amoebiasis and epidemiological survey in the UAE.  
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Introduction

Entamoeba histolytica is a gut dwelling protozoan parasite

that causes intestinal amoebiasis and amoebic liver abscess

(ALA) worldwide (Walsh 1986). The disease amoebiasis still

remains a major cause of morbidity and mortality in the de-

veloping world (Mortimer and Chadee 2010; Ravdin 1995).

It is well established that about 500 million individuals are in-

fected globally each year, resulting in up to 100,000 deaths

annually (W.H.O. 1997). With the occurrence of two other

non-pathogenic species of Entamoeba namely E. dispar
(W.H.O. 1997) and E. moshkovskii (Ali et al. 2003), the path-

ogenic E. histolytica is often inaccurately reported or diag-

nosed. Still the only tool used for the detection of E. histolytica
in most countries, light microscopy, cannot distinguish be-

tween the morphologically identical yet genetically distinct

three species of Entamoeba. Consequently, it is now believed

that epidemiological figures on the disease and its spread are

overemphasized since they relied on microscopic identifica-

tion only (Ali et al. 2008). There is, therefore, a need to iden-

tify E. histolytica accurately using more specific and sensitive

tools. 

Various types of serological assays such as gel diffusion

precipitation test and enzyme-linked immunosorbent assay

(ELISA) have been used to distinguish between E. histolytica
and E. dispar. They were nevertheless, found to be inadequate

in highly endemic regions and new detection methodologies

such as antigen detection ELISA and polymerase chain reac-

tion (PCR) have since been developed (Haque et al. 2003;

Othman et al. 2010; Ackers 2002; Tanyuksel and Petri 2003).

Both techniques are widely used nowadays for detecting and

identifying E. histolytica in clinical samples. However, a no-

table disadvantage of stool antigen immunoassay kits is their

inability to detect neither E. dispar nor E. moshkovskii in clin-
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ical samples (Haque et al. 1998; Stark et al. 2008). Many out-

standing PCR assays for the specific detection and differenti-

ation of E. histolytica, E. dispar and E. moshkovskii DNA in

fecal specimens are available (Gutierrez-Cisneros et al. 2010;

Haque et al. 2010; Paul et al. 2007; Tanyuksel and Petri 2003).

Recently though, a multiplex nested PCR method targeting

the 16S-like rRNA gene for the instant detection and differ-

entiation of E. histolytica, E. dispar and E. moshkovskii di-

rectly in fecal samples has been developed by Khairnar and

Parija (2007). 

Few studies have investigated the prevalence of amoebia-

sis in the Arabian Gulf countries. However, data obtained were

based on microscopic identification of cysts and/or tropho-

zoites of E. histolytica/E. dispar only. A 2007 study on intes-

tinal parasites occurrence in stools using the direct smear

technique and the formol ether concentration method from res-

idents in the Southwestern region of Saudi Arabia showed 

a high prevalence of intestinal parasitic infections (70.5%). 

E. histolytica/E. dispar and G. lamblia were found to be the

most common intestinal parasites. The infection rate was

found to be higher in the less-than-30 age group (74.8%) (Al-

Harthi and Jamjoom 2007). Nonetheless, a recent study car-

ried out in Jeddah City, Saudi Arabia, reported a prevalence of

2.7% of E. histolytica infections using TechLab E. histolytica
II Kits (Barnawi et al. 2007). A more recent study conducted

in the Sharjah Emirate, United Arab Emirates (UAE) reported

an E. histolytica prevalence of 72% among both expatriates

and native Emirati people attending hospitals of the country.

In their study, the researchers considered all pathogenic amoe-

bas as E. histolytica based on the microscopic features and did

not differentiate it from E. dispar nor E. moshkovskii (Dash 

et al. 2010 ). To our knowledge however, no study using mo-

lecular identification techniques to determine the true preva-

lence and epidemiology of E. histolytica in the UAE,

particularly in Sharjah has been conducted. Therefore, in this

study we aimed to accurately detect and differentiate E. his-
tolytica, E. dispar and E. moshkovskii DNA in fecal samples

using nested PCR and compare it to the Entamoeba histolyt-
ica II ELISA detection kit of Techlab (Blacksburg, USA); an

antigen capture assay that has been shown to be highly specific

for E. histolytica. 

Materials and methods

Samples and microscopic examination 

Stool samples were collected from the Sharjah Municipality

Public Health Clinic (SMPHC) between June 2009 and Janu-

ary 2011. In total 120 specimens were collected from asymp-

tomatic individuals presenting to the SMPHC for intestinal

parasites screening. Both saline and iodine wet mounts of

fresh unpreserved stool samples were examined microscopi-

cally for demonstrating E. histolytica/E. dispar/E. moshkov-
skii complex cysts and trophozoites as described by Parija and

Prabhakar (1995). Briefly, saline wet mounts were made by

mixing approximately 2 mg of stool with a drop of physio-

logical saline on a glass microscope slide and placing a cover

slip over the stool suspension. Likewise, iodine wet mounts

were prepared by adding approximately 2 mg of stool to 

a drop of Lugol’s iodine on a glass microscope slide and plac-

ing a cover slip on the stool suspension. The wet mounts were

microscopically examined initially by using a low-power

(×10) objective and then using a high-power (×40) objective

of a compound light microscope. Each stool sample was

screened by experienced microscopists before reporting neg-

ative results. The samples, in sterile capped containers, were

then transported without delay to the University of Sharjah

where aliquots of fresh, unpreserved stool samples were stored

at –20°C until used for PCR and ELISA tests. 

Antigen detection ELISA

The fecal samples were tested for E. histolytica using the 

E. histolytica II ELISA antigen detection kit (TechLab, Inc.

Blacksburg, VA, USA) as per the manufacturer’s instructions.

The optical densities (OD) were read at 450 nm using Biotek

ELx808 reader (Winooski, VT, USA) and a sample was con-

sidered positive if the difference of OD between the test and

the negative control was more than 0.05. 

DNA extraction

DNA was extracted from all fecal samples using the QIAamp

stool DNA Mini Kit (Qiagen GmbH, Hilden, Germany) as per

the manufacturer’s recommendations. DNA samples were

stored at -20°C until analyzed. 

PCR detection of E. histolytica, E. dispar and E. moshkovskii

The nested PCR conditions were performed as described by

Khairnar and Parija (2007), with slight modifications. Differ-

ent species specific product sizes for E. histolytica, E. dispar
and E. moshkovskii were distinguished (Khairnar and Parija

2007). The PCR amplification reaction was performed in a

total volume of 25 μl in 0.2-ml PCR tubes using Master cycler

gradient (Eppendorf; Hamburg, Germany). Briefly, the reac-

tion mixture contained 2.5 μl of 10x PCR buffer with 15mM

MgCl
2
, 0.5 μl of dNTP mix (100 mM each), 0.5 μl (5u/μl) of

Taq polymerase (Promega; Madison, WI, USA), 0.5 μl of each

species specific primer (25 ρmol each) and 1.5 μl of the ex-

tracted DNA solution. Amplification of the Entamoeba genus

fragment started with an initial denaturation at 95°C for 2 min-

utes, followed by 30 cycles of denaturation at 92°C for 

1 minute, 56°C for 1 minute (annealing), and 72°C for 1 minute

(extension), with a final extension cycle of 7 minutes at 72°C. 

One microlitre of the first PCR product was used as a tem-

plate in the nested (species specific) PCR reaction. The nested

PCR was performed as described above, except, the annealing

temperature was changed to 52°C. All other parameters of the
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amplification cycle remained unchanged. Amplified products

were stained with ethidium bromide after electrophoresis on a

1.2% agarose gel. Positive and negative controls were in-

cluded with each batch of samples analyzed. To rule out the

possibility of negative nested PCR results due to PCR in-

hibitors in faecal samples, the DNA of negative control stool

samples was spiked with the standard DNA of Entamoeba fol-

lowed by nested PCR amplification. 

Results

In the current study 120 fecal specimens were included in the

study sample to detect and differentiate between E. histolytica,

E. dispar and E. moshkovskii using antigen detection by

ELISA and PCR. All were from asymptomatic individuals

screened for intestinal parasites as part of routine check-ups.

Vegetative and/or cyst forms of E. histolytica/E. dispar/

E. moshkovskii complex were found in 36/120 (30%) by direct

wet mount microscopy (Table I). 

As for the nested PCR amplification, species-specific di-

agnostic fragments of 439 bp, 174 bp and 553 bp were ob-

tained for all three Entamoeba species namely E. histolytica,

E. dispar and E. moshkovskii, respectively. The nested PCR

was performed separately on all 120 fecal samples for E. his-
tolytica/E. dispar/E. moshkovskii. E. histolytica/E. dispar/E.
moshkovskii complex was detected in 23/120 (19.2%) of the

fecal samples. Of these, 10% (12/120) were mono-infections

with E. histolytica; 2.5% (3/120) with E. dispar; and 2.5%

(3/120) E. moshkovskii. The nested PCR also detected mixed

infections by both E. histolytica and E. dispar in 3.3% (4/120)

and E. dispar and E. moshkovskii in 0.8% (1/120) of the tested

fecal samples (Table II). Overall, the percentage of E. his-
tolytica in tested fecal samples including those found in mixed

infections was 13.3% (16/120), E. dispar including those

found in mixed infections was 6.7% (8/120), and E. mosh-
kovskii including those found in mixed infections was 3.3%

(4/120). The PCR was positive in 12 out of 36 fecal samples

reported positive for E. histolytica/E. dispar/E. moshkovskii
complex trophozoites and/or cysts by microscopy. The detec-

tion of Entamoeba complex infection with microscopy was

compared to nested PCR in all samples tested. The sensitivity

and specificity of microscopy were 52.2% and 75.2%, re-

spectively. 

Worthy of note was the antigen detection ELISA; E. his-
tolytica adhesin antigen was not detected in any of the tested

samples; the kit failed to detect any of the 16 PCR positive 

E. histolytica samples including those with mixed infections

(0/16).

Discussion

Each year 34–50 million symptomatic cases of amoebiasis

occur with up to 100,000 patients dying annually as a result of

complications (W.H.O. 1997). Most E. histolytica infections

are asymptomatic; however few strains of E. histolytica may

invade the intestinal wall resulting in amoebic colitis or ex-

traintestinal diseases such as ALA (Fotedar et al. 2007). De-

spite its inability to distinguish and differentiate E. histolytica
from the morphologically identical nonpathogenic species 

E. dispar and E. moshkovskii, microscopy has always been

used to diagnose E. histolytica in fecal samples. This has re-

sulted in the unnecessary treatment of a large number of indi-

viduals with anti-amoebic drugs as well as providing an

inaccurate picture of the epidemiology of the organism and

the disease since previous amplified data relied inaccurately

on microscopy only (Kebede et al. 2004). At present, there are

Table I. Comparison of results of nested PCR and microscopy for the detection of E. his-
tolytica, E. dispar, E. moshkovskii complex trophozoites and/or cysts on 120 fecal samples

Specimen group Microscopy PCR

E. histolytica/E. dispar/E. moshkovskii complex 36 23

Negative 84 97

Total 120 120

Table II. Results of PCR detection of E. histolytica, E. dispar, E. moshkovskii in the 23
positive E. histolytica/E. dispar/E. moshkovskii complex fecal samples 

Entamoeba species group PCR

E. histolytica alone 12 (10%)

E. dispar alone 3 (2.5%)

E. moshkovskii alone 3 (2.5%)

E. histolytica and E. dispar 4 (3.3%)

E. histolytica and E. moshkovskii – (0%)

E. dispar and E. moshkovskii 1 (0.8%)

Total 23
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many new diagnostic kits available which surpass the identi-

fication of these protozoa by microscopy leading to precise

diagnosis. The antigen-based ELISA and PCR are two such

techniques reported to demonstrate exceptional sensitivities

and specificities when compared with microscopy (Haque et
al. 1998; Tanyuksel and Petri 2003).

This research paper, the first of its kind in the UAE, was

designed to detect and differentiate the three species of Enta-
moeba (E. histolytica, E. dispar and E. moshkovskii) using the

nested PCR method described by Khairnar and Parija (2007)

directly from fecal samples. Moreover, another objective of

this work was to reveal the rate of infection of each one of

them. In our study, the rate of infection with E. histolytica
(both mono- and mixed infections) was found to be 13.3%

(16/120). Despite the limited size of our study sample, the low

rate obtained was similar to those found elsewhere. For in-

stance, in a study in Vietnam on asymptomatic adults, E. his-
tolytica was identified in 11.2% using the PCR method

(Blessmann et al. 2003). A study of a larger population may

nevertheless, give a clear picture of the prevalence of E. his-
tolytica in the UAE. The study also detected mono-infections

with E. dispar and E. moshkovskii. Both showed an infection

rate of 2.5%. Multiple infections, despite lower than in other

studies, were also noted with E. histolytica and E. dispar hav-

ing an infection rate of 3.3% compared to E. dispar and 

E. moshkovskii 0.8% (Nunez et al. 2001; Parija and Khairnar

2005). A point worth mentioning here is that neither double

nor triple infections of (E. histolytica and E. moshkovskii) and

(E. histolytica, E. dispar and E. moshkovskii), respectively,

were detected in this work. At this stage, we feel that this may

be due to the small number of samples investigated in our

study. 

Although the TechLab Entamoeba histolytica II kit has

been evaluated previously in different settings (endemic and

non-endemic) to detect E. histolytica, we believe that this is

the first study to compare it with the nested PCR in the UAE.

We found that TechLab Entamoeba histolytica II kit per-

formed poorly when compared to the nested PCR. The kit

failed to identify any of the PCR positive E. histolytica fecal

samples. Our results were comparable to other studies carried

out in low-endemicity regions (Gonin and Trudel 2003; Visser

et al. 2006). Moreover, an Australian study compared two

stool antigen detection kits (CELISA PATH and TechLab 

E. histolytica II ELISA) with PCR for the diagnosis of E. his-
tolytica infections. For fecal samples that were microscopy

positive for Entamoeba complex, the TechLab E. histolytica II
kit failed to detect any (0/18) of the PCR-positive samples. A

sensitivity and specificity of 0% and 100%, respectively in

comparison to PCR was thus reported for the TechLab E. his-
tolytica II ELISA kit (Stark et al. 2008). On the other hand, an

Ecuadorian study conducted in an E. histolytica endemic area

north of the country, reported a sensitivity of 14.3% and a

specificity of 98.4% when compared to isoenzyme analysis.

This sensitivity is rather poor for the TechLab E. histolytica II
ELISA kit considering that this region of the Ecuador is

known for its high endemicity (Gatti et al. 2002). The results

that we obtained, together with other groups, using the Tech-

Lab E. histolytica II ELISA kit are clearly incompatible with

results obtained in countries where E. histolytica is highly en-

demic in which high sensitivities (95%–100%) were docu-

mented (Haque et al. 1995, 1997; Solaymani-Mohammadi 

et al. 2006). We are unable to explain why this is so; however,

along with other groups, we believe this might be due to the

low antigen level in the fecal samples, which is much less than

the detection limit of the kit (Mirelmann et al. 1997). Another

reason attributed to the poor performance of the TechLab 

E. histolytica II ELISA kit is the fact that the assay recognizes

the vegetative forms adhesin only, normally present in diar-

rheal fecal specimens during an acute amoebic infection and

not the cyst stage (Gatti et al. 2002). Yet, in a study by Stark

et al. (2008), where at least half of the patients were sympto-

matic and in the majority of the cases both trophozoites and

cysts were present, ELISA kits still performed poorly. In ad-

dition, polymorphism in the lectin antigen used in the E. his-
tolytica II ELISA may also explain the failure of this test

(Beck et al. 2002). All fecal samples in our study were from

asymptomatic individuals. Samples from symptomatic diar-

rheal patients will be assayed in the future to determine the

suitability of the ELISA kit for the detection of E. histolytica
infections. 

The study also highlights the trouble many laboratory tech-

nicians face in identifying and differentiating morphologically

similar cysts and/or trophozoites of Entamoeba complex and

other amoeba species (such as E. hartmanni and E. coli) mi-

croscopically. Approximately half of the samples reported pos-

itive by microscopy for Entamoeba complex trophozoites

and/or cysts were found to be negative by nested PCR (false

positive). On the other hand, few of the negatively reported

were actually positive for E. histolytica by PCR. This finding

raises concern about the skill of the technician, workload, and

the time spent on each slide. All three may have grave end re-

sults. A 1991 study in Managua, Nicaragua recognized this

problem; 71% of the “intestinal amoebiasis cases” lacked di-

agnostic basis and the authors suggested that “intestinal amoe-

biasis” was being overdiagnosed (López et al. 1991). 

In conclusion, our results provide important data for the

public health care system in the UAE as this is the first time

the species of E. histolytica/E. dispar/E. moshkovskii complex

have been distinguished by molecular tools. We have shown

the infection rate with E. histolytica (pathogenic) to be 13.3%.

Moreover, our study clearly demonstrates the advantages of

PCR over ELISA-based kits and microscopy in both sensitiv-

ity and specificity. Recently, a possible association between

the nonpathogenic E. moshkovskii and disease in young chil-

dren and in the experimental mice has been reported by

Shimokawa et al. (2012) thus further emphasizing the need of

specific diagnosis of E. histolytica, E. dispar and E. mosh-
kovskii by molecular techniques. Therefore, we believe that

all detection and differentiation of Entamoeba spp. should be

performed by PCR. Nevertheless, we feel that more samples
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need to be tested to more accurately determine E. histolytica
prevalence in the country. 

Acknowledgements. We sincerely thank Dr. C. Graham Clark from
London School of Hygiene & Tropical Medicine for providing the
lyophilized DNA of standard cultures of E. histolytica HM-1: IMSS,
E. dispar SAW760, and E. moshkovskii Laredo. We are also grateful
to TechLab, Inc. (Blacksburg, Va. USA) for providing the TechLab
E. histolytica II ELISA test kits for the purpose of research. We also
thank Dr. Mohammed Mahjoub from the Sharjah Municipality Pub-
lic Health Clinic and the laboratory staff for their incessant support
and for providing us with the data and samples for the purpose of this
research project. 

References

Ackers J. 2002. The diagnostic implications of the separation of
Entamoeba histolytica and Entamoeba dispar. Journal of
Biosciences, 27, 573–578. 

Al-Harthi S.A., Jamjoom M.B. 2007. Enteroparasitic occurrence in
stools from residents in Southwestern region of Saudi Arabia
before and during Umrah season. Saudi Medical Journal, 28,
386–389. 

Ali I.K., Clark C.G., Petri W.A., Jr. 2008. Molecular epidemiology of
amebiasis. Infectious Genetics and Evolution, 8, 698–707.
DOI: 10.1016/j.meegid.2008.05.004.

Ali I.K., Hossain M.B., Roy S., Ayeh-Kumi P.F., Petri W.A. Jr.,
Haque R., Clark C.G. 2003. Entamoeba moshkovskii in-
fections in children, Bangladesh. Emerging Infectious
Diseases, 9, 580–584. DOI: 10.3201/eid0905.020548.

Barnawi A.B., Tonkal A.M., Fouad M.A., Al-Braiken F.A. 2007.
Detection of Entamoeba histolytica/dispar in stool specimens
by using enzyme-linked immunosorbent assay in the
population of Jeddah City, Saudi Arabia. Journal of Egyptian
Society of Parasitology, 37, 143–150.

Beck D.L., Tanyuksel M., Mackey A.J., Haque R., Trapaidze N.,
Pearson W.R., Loftus B., Petri WA. 2002. Entamoeba
histolytica: sequence conservation of the Gal/galNAc lectin from
clinical isolates. Experimental Parasitolology, 101, 157–163.  

Blessmann J., Ali I.K., Nu P.A., Dinh B.T., Viet T.Q., Van A.L., Clark
C.G., Tannich E. 2003. Longitudinal study of intestinal
Entamoeba histolytica infections in asymptomatic adult
carriers. Journal Clinical Microbiology, 41, 4745–4750. DOI:
10.1128/JCM.41.10.4745-4750.2003.

Dash N., Al-Zarouni M., Anwar K., Panigrahi D. 2010. Prevalence of
Intestinal Parasitic Infections in Sharjah, United Arab
Emirates. Human Parasitic Diseases, 2, 21–24. DOI: 10.41
37/HPD.S5081.

Fotedar R., Stark D., Beebe N., Marriott D., Ellis J., Harkness J.
2007. Laboratory diagnostic techniques for Entamoeba
species. Clinical Microbiology Reviews, 20, 511–532. DOI:
10.1128/CMR.00004-07. 

Gatti S., Swierczynski G., Robinson F., Anselmi M., Corrales J.,
Moreira J., Montalvo G., Bruno A., Maserati R., Bisoffi Z.,
Scaglia M. 2002. Amebic infections due to the Entamoeba
histolytica-Entamoeba dispar complex: a study of the
incidence in a remote rural area of Ecuador. American Journal
of Tropical Medicine Hygiene, 67, 123–127. 

Gonin P., Trudel L. 2003. Detection and differentiation of Entamoeba
histolytica and Entamoeba dispar isolates in clinical samples
by PCR and enzyme-linked immunosorbent assay. Journal of
Clinical Microbiology, 41, 237–241. DOI: 10.1128/JCM.41.
1.237-241.2003.

Gutierrez-Cisneros M.J., Cogollos R., Lopez-Velez R., Martin-
Rabadan P., Martinez-Ruiz R., Subirtas M., Merino F.J.,
Fuentes I. 2010. Application of real-time PCR for the
differentiation of Entamoeba histolytica and E. dispar in cyst-
positive faecal samples from 130 immigrants living in Spain.
Annals of Tropical Medicine and Parasitology, 104, 145–149.
DOI:10.1179/136485910X12607012373759.

Haque R., Ali I.K., Akther S., Petri W.A., Jr. 1998. Comparison of
PCR, isoenzyme analysis, and antigen detection for diagnosis
of Entamoeba histolytica infection. Journal of Clinical Mic-
robiology, 36, 449–452. 

Haque R., Faruque A.S., Hahn P., Lyerly D.M., Petri W.A., Jr. 1997.
Entamoeba histolytica and Entamoeba dispar infection in
children in Bangladesh. Journal of Infectious Diseases, 175,
734–736. DOI: 10.1093/infdis/175.3.734. 

Haque R., Kabir M., Noor Z., Rahman S.M., Mondal D., Alam F.,
Rahman I., AlMahmood A., Ahmed N., Petri W.A., Jr. 2010.
Diagnosis of amebic liver abscess and amebic colitis 
by detection of Entamoeba histolytica DNA in blood, urine,
and saliva by a real-time PCR assay. Journal of Clinical
Microbiology, 48, 2798–2801. DOI: 10.1128/JCM.00152-
10.

Haque R., Mondal D., Kirkpatrick B.D., Akther S., Farr B.M., Sack
R.B., Petri W.A., Jr. 2003. Epidemiologic and clinical cha-
racteristics of acute diarrhea with emphasis on Entamoeba
histolytica infections in preschool children in an urban slum
of Dhaka, Bangladesh. American Journal of Tropical Me-
dicine and Hygiene, 69, 398–405. 

Haque R., Neville L.M., Hahn P., Petri W.A., Jr. 1995. Rapid
diagnosis of Entamoeba infection by using Entamoeba and
Entamoeba histolytica stool antigen detection kits. Journal of
Clinical Microbiology, 33, 2558–2561. 

Kebede A., Verweij J.J., Petros B., Polderman A.M. 2004. Short
communication: Misleading microscopy in amoebiasis.
Tropical Medicine and International Health, 9, 651–652.
DOI: 10.1111/j.1365-3156.2004.01236.x. 

Khairnar K., Parija S.C. 2007. A novel nested multiplex polymerase
chain reaction (PCR) assay for differential detection of
Entamoeba histolytica, E. moshkovskii and E. dispar DNA in
stool samples. BMC Microbiology, 7, 47–55. DOI: 10.1186/
1471-2180-7-47.

López C., Salazar L., Urroz L., Anderson M. 1991. Diagnostic
certainty in intestinal amebiasis in Managua. Revista Cubana
Medicina Tropical, 43, 80–84. 

Mirelmann D., Nuchamowitz Y., Stolarsky T. 1997. Comparison of
use of enzyme-linked immunosorbent assay-based kits and
PCR amplification of rRNA genes for simultaneous detection
of Entamoeba histolytica and E. dispar. Journal of Clinical
Microbiology, 35, 2405–2407. 

Mortimer L., Chadee K. 2010. The immunopathogenesis of Enta-
moeba histolytica. Experimental Parasitology, 126, 366–380.
DOI: 10.1016/j.exppara.2010.03.005.

Nunez Y.O., Fernandez M.A., Torres-Nunez D., Silva J.A., Montano
I., Maestre J.L., Fonte L. 2001. Multiplex polymerase chain
reaction amplification and differentiation of Entamoeba
histolytica and Entamoeba dispar DNA from stool samples.
American Journal of Tropical Medicine and Hygiene, 64,
293–297. 

Othman N. Mohamed Z., Verweij Huat L.B., Olivios-Garcia A., Yeng
C., Noordin R. 2010. Application of real-time polymerase
chain reaction in detection of Entamoeba histolytica in pus
aspirates of liver abscess patients. Foodborne Pathogenic
Diseases, 7, 637–641 DOI: 10.1089/fpd.2009.0427.

Parija S.C., Khairnar K. 2005. Entamoeba moshkovskii and Enta-
moeba dispar-associated infections in pondicherry, India.
Journal of Health Population Nutrition, 23, 292–295.



Ali ElBakri et al. 190

Parija S.C., Prabhakar P.K. 1995. Evaluation of lacto-phenol cotton
blue for wet mount preparation of feces. Journal of Clinical
Microbiology, 33, 1019–1021.

Paul J., Srivastava S., Bhattacharya S. 2007. Molecular methods 
for diagnosis of Entamoeba histolytica in a clinical setting:
an overview. Experimental Parasitolology, 116, 35–43.
http://dx.doi.org/10.1016/j.exppara.2006.11.005. 

Ravdin J.I. 1995. Amebiasis. Clinical Infectious Diseases, 20, 1453–
1464.

Shimokawa C., Kabir M., Taniuchi M., Mondal D., Kobayashi S.,
Ali I.K., Sobuz S.U., Senba M., Houpt E., Haque R., Petri
W.A. Jr., Hamano S. 2012. Entamoeba moshkovskii is
associated with diarhea in infants and causes diarhea and
colitis in mice. Journal of Infectious Diseases, 206, 744–751.
DOI: 10.1093/infdis/jis414.  

Solaymani-Mohammadi S., Rezaian M., Babaei Z., Rajabpour A.,
Meamar A.R., Pourbabai A.A., Petri W.A. Jr. 2006.
Comparison of a stool antigen detection kit and PCR for
diagnosis of Entamoeba histolytica and Entamoeba dispar
infections in asymptomatic cyst passers in Iran. Journal of

(Accepted February 21, 2013)

Clinical Microbiology, 44, 2258–2261. DOI: 10.1128/JCM.
00530-06.

Stark D., van Hal S., Fotedar R., Butcher A., Marriott D., Ellis J.,
Harkness J. 2008. Comparison of stool antigen detection kits
to PCR for diagnosis of amebiasis. Journal of Clinical
Microbiology, 46, 1678–1681. DOI: 10.1128/JCM.02261-07. 

Tanyuksel M., Petri W.A. Jr. 2003. Laboratory diagnosis of ame-
biasis. Clinical Microbiology Reviews, 16, 713–729. DOI:
10.1128/CMR.16.4.713-729.2003.

Visser L.G., Verweij J.J., Van Esbroeck M., Edeling W.M., Clerinx J.,
Polderman A.M. 2006. Diagnostic methods for differentiation
of Entamoeba histolytica and Entamoeba dispar in carriers:
performance and clinical implications in a non-endemic
setting. International Journal of Medical Microbiology, 296,
397–403. http://dx.doi.org/10.1016/j.ijmm.2006.03.001.

W.H.O. 1997. Amoebiasis. Weekly Epidemiological Record, 72, 97–
99. 

Walsh J.A. 1986. Problems in recognition and diagnosis of amebiasis:
estimation of the global magnitude of morbidity and mortality.
Reviews of Infectious Diseases, 8, 228–238.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AllianzSerifCE
    /AllianzSerifCE-Bold
    /AllianzSerifCE-BoldItalic
    /AllianzSerifCE-Light
    /AllianzSerifCE-LightItalic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BlackMarDTCTCE-Bla
    /BlackMarDTCTCE-Bol
    /BlackMarDTCTCE-Med
    /CooperBlackStd
    /CooperBlackStd-Italic
    /FuturaBdCnPL-Italic
    /FuturaBdCnPL-Regular
    /FuturaBkPL-Italic
    /FuturaBkPL-Regular
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-Book
    /Futura-BookItalic
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaEugenia
    /FuturaEugenia-Italic
    /Futura-Heavy
    /FuturaHvPL-Italic
    /FuturaHvPL-Regular
    /Futura-Light
    /FuturaLtCnPL-Regular
    /FuturaLtPL-Italic
    /FuturaLtPL-Regular
    /FuturaMdCnPL-Regular
    /FuturaMdPL-Italic
    /FuturaMdPL-Regular
    /Futura-Medium
    /FuturaPL-Bold
    /FuturaPL-BoldItalic
    /FuturaShadowedDEE-ExtraBold
    /FuturaTEE-Bold
    /FuturaTEE-BoldCond
    /FuturaTEE-Book
    /FuturaTEE-Ligh
    /FuturaTEE-LighCond
    /FuturaTEE-Medi
    /FuturaTEE-MediCond
    /FuturaXBlkCnPL-Italic
    /FuturaXBlkCnPL-Regular
    /FuturaXBlkPL-Italic
    /FuturaXBlkPL-Regular
    /Humnst777BlkCnPL-Regular
    /Humnst777BlkPL-Italic
    /Humnst777BlkPL-Regular
    /Humnst777CnPL-Bold
    /Humnst777CnPL-Regular
    /Humnst777LtCnPL-Regular
    /Humnst777LtPL-Italic
    /Humnst777LtPL-Regular
    /Humnst777PL-Bold
    /Humnst777PL-BoldItalic
    /Humnst777PL-Italic
    /Humnst777PL-Roman
    /Humnst777XBlkCnPL-Regular
    /Humnst777XBlkPL-Regular
    /MyriadPro-Black
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldCond
    /MyriadPro-SemiboldIt
    /StoneSansCEEF-SemiBold
    /Swis721BlkCnPL-Italic
    /Swis721BlkCnPL-Regular
    /Swis721BlkPL-Italic
    /Swis721BlkPL-Regular
    /Swis721CnPL-BoldItalic
    /Swis721CnPL-Italic
    /Swis721LtCnPL-Italic
    /Swis721LtCnPL-Regular
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




