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It is now well established that Entamoeba histolytica 
was indeed a species complex comprising of patho-
genic E. histolytica and morphologically indistinguish-
able non-pathogenic E. dispar and E. moshkovskii. A 
greater hindrance is the different and inconsistent use 
of diagnostic methods in different areas of the world. 
Though microscopy has poor sensitivity, it seems that 
till today, many epidemiological studies are either 
based on microscopy alone or PCR assay carried out 
on microscopy screened samples or PCR assay per-
formed on a very small sample size and thus fails to 
figure out the true magnitude of amoebiasis. The pre-
sent review recommends DNA-based systematic  
approach like rDNA-based DNA dot blot screening 
followed by PCR assay to determine the true preva-
lence rate, suggesting its implication in the large-scale 
epidemiological study. DNA-based studies from across 
the world showed that the prevalence rate varies from 
0.55% to 69.6% among human populations. The stud-
ies indicate that various unhygienic practices like un-
hygienic toilet facilities, poor living conditions, hand 
washing habits, etc. HIV infection and mutation in 
LEPR are among common factors that increase the 
likelihood of amoebiasis. On the other hand, till today 
it remains unclear if the E. histolytica causing intesti-
nal and extra-intestinal amoebiasis is a similar or  
different strain.  
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AMOEBIASIS as a deadly disease may have been first rec-
ognized by Hippocrates (460–377 BC)1. Later, Feder 
Losch in 1875 first identified Entamoeba histolytica in 
human faecal samples and considered it to be associated 
only with inflammatory process and accordingly named it 
Amoeba coli2. Many years later in 1903 E. histolytica and 
E. coli were differentiated by Fritz Schaudinn, who 
documented the taxonomic description with the name of 
E. histolytica3. 
 In 1925, E. histolytica was differentiated from its 
closely related species E. dispar, which was proposed to 

be non-pathogenic and found only in asymptomatic carri-
ers4. However, it was ignored for 50 years till the bioche-
mical evidence was reported in 1973 (ref. 5). The 
development of axenic culture medium in 1960 further  
allowed in vivo and in vitro studies of E. histolytica strain6. 
Its discrimination using isoenzyme electrophoresis con-
firmed that E. histolytica was in fact a species complex 
consisting of pathogenic and non-pathogenic species7. 
Amoebiasis causes approximately 100,000 deaths annu-
ally, placing it second to malaria in terms of mortality 
worldwide among protozoan parasite infections8. 
 The existence of Entamoeba complex in the human 
population has been discussed since 1925, when Emile 
Brumpt proposed the existence of two morphologically 
similar species namely pathogenic E. histolytica and non-
pathogenic E. dispar. During the second half of the 20th 
century, the knowledge of these two species and a third 
nonpathogenic species E. moshkovskii suggested the rapid 
development of sensitive and specific molecular or  
immunological-based diagnostic technology9–11. Thus, re-
classification of E. histolytica into Entamoeba complex 
comprising of E. histolytica, E. dispar and E. moshkovskii 
has further added complexity to the epidemiology of 
amoebiasis as they cannot be distinguished by micro-
scopy which is the most commonly used clinical diagno-
stic method (Figure 1).  
 The aim of the present review is to highlight the cur-
rent methods of diagnosis for both clinical and epidemi-
ological study. The article also reviews the burden of 
these morphologically similar and genetically different 
species of Entamoeba to draw a scenario of the preva-
lence of amoebiasis among the human population. More-
over, in an effort to better understand the relationship 
between genotype and virulence pattern, a systemic  
review is necessary to uncover the current methods for E. 
histolytica strain discrimination.  

Conventional approaches in amoebiasis  
diagnosis: their limitations  

The main purpose of detection and differentiation of E. 
histolytica from other Entamoeba species in stool sam-
ples is the detection of the causative agent of amoebiasis.  
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Figure 1. Challenges associated with the amoebiasis from diagnostic and genotyping point of view. Eh = E. his-
tolytica; Ed = E. dispar; Em = E. moshkovskii. 

 
 
Microscopy-based diagnosis 

Traditional diagnosis of amoebiasis relies on microscopy 
of wet preparation, concentrations and permanently 
stained smears of faeces. Confusion between E. histo-
lytica and the other two non-pathogenic Entamoeba spe-
cies, amoebae like Endolimax nana and white blood cells 
in the faeces frequently results in over-representation12. 
Haematophagous amoebic trophozoite in a stool sample 
is the foremost key in the diagnosis of E. histolytica in 
wet preparation; however such a finding is rarely seen13. 
The existence of E. dispar and E. moshkovskii in humans 
has made the classic diagnosis of E. histolytica by  
microscopy impossible as the three species cannot be dis-
criminated microscopically. As a result, sensitivity and 
specificity of microscopy are less than 60% and can be 
perplexed by the false positive result. Moreover, micro-
scopy performed on aspirated material from the amoebic 
liver abscess (ALA), are often negative for tropho-
zoites14. However, comparatively a better sensitivity of 
59.4% could be attained when formalin-ether sedimenta-
tion and trichrome staining technique were performed  
together15. Recently, in indirect immunofluorescence  
microscopy, bioconjugated fluorescent silica nanoparti-
cles were used for rapid detection of E. histolytica16. 
Colonoscopy followed by microscopy of the material  
aspirated or scraped from the site of ulcers may enhance 
the diagnostic capability of colonoscopy for invasive in-
testinal amoebic colitis. 

Culture-based diagnosis 

Different culture techniques have been used for amoebi-
asis diagnosis. Robinson medium17 and TYSGM-9  
medium18 are the more commonly used media for the 
xenic cultivation of E. histolytica, while TP-S-1, TY I-S-33 
and YI-S are the common media in axenic cultivation14. 
However, culture methods are time-consuming, laborious 
and often unrewarding, with a sensitivity of only about 
50% and require a technique for species discrimination19. 
As the culture of E. histolytica from clinical samples such 
as faeces or liver abscesses has a significant false-

negative rate, is time-consuming and is technically diffi-
cult, it is not accepted for routine clinical diagnosis.  

Antigen and antibody-based diagnosis 

Isoenzyme analysis, particularly hexokinase, antibody-
based detection assays like indirect hemagglutination,  
immunoelectrophoresis, counterimmunoelectrophoresis, 
immunodiffusion, complement fixation, indirect immuno-
fluorescence assay, enzyme-linked immunosorbent assay, 
etc., the heavy subunit of the galactose/N-acetyl-
galactosamine inhibitable lectin-based detection assay are 
used for species discrimination. However, an isoenzyme 
analysis usually takes one to several weeks as it com-
pletely relies on successful amoebae culture, making it 
unfeasible for use in the routine diagnosis of amoebiasis. 
Furthermore, the amoebic cultures and therefore iso-
enzyme analyses are negative for many microscopy posi-
tive stool samples14. 
 Additionally, the problem with an antibody-based dia-
gnosis is that serum IgG antibodies persist for years, even 
after successful therapy and/or eradication of the parasite. 
This limits the usefulness of the test, particularly in en-
demic areas due to its failure in distinguishing past from 
current infection. However, from a diagnostic point of 
view serological tests may be helpful in developed coun-
tries, where amoebiasis is uncommon. While most studies 
have reported excellent sensitivity and specificity of the 
enzyme-linked immunosorbent assay, there are a number 
of studies where researchers found both lower than  
expected sensitivities or specificities and cross-reactivity 
of ELISA20–22. 

DNA-based diagnosis in molecular epidemiology  

In the post-genomic era, new diagnostic tools specific to 
E. histolytica are being exploited by clinicians and re-
searchers to differentially identify and treat patients as 
well as to estimate the true burden. DNA-based tests for 
diagnosis of amoebiasis have already become the gold 
standard by which sensitivity and specificity of other di-
agnostic techniques are measured. In studies conducted in 
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Ethiopia and Nicaragua, PCR results showed that E. his-
tolytica is a rare finding in patients with diarrhoea23,24. 
DNA probe-based technique25, PCR-based assays, includ-
ing gene amplification with specific primers, multiplex 
PCR, nested PCR, PCR-restriction fragment length poly-
morphism, real-time PCR, touchdown PCR and microar-
ray26 have been adapted for accurate detection of E. 
histolytica. 
 The successful amplification of the signature genomic  
location of the parasite using PCR depends on the quality 
of genomic DNA. Modified genomic DNA isolation pro-
tocol particularly raising of lysis temperature, addition of 
the freeze-thaw cycle proved to be useful in extracting 
DNA from many enteric protozoa in the faeces27. PCR is 
suitable for detection of E. histolytica in formalin-fixed, 
paraffin-embedded samples that are younger than 2 dec-
ades, while PCR was unable to detect it in samples older 
than 3 decades28. Additionally, the sensitivity of PCR, 
particularly in low intensity infection, can be increased 
by using primers targeting the rDNA plasmid due to its 
high copy number. 

Diagnosis of amoebic liver abscess 

Conventional techniques like ultrasound, computer tomo-
graphy, technectium-99 liver scan and magnetic reso-
nance cannot distinguish amoebic liver abscess (ALA) 
from pyogenic abscesses or necrotic tumours. Micros-
copy performed on aspirated material from a ALA is of-
ten negative for trophozoites14. Serological tests like IHA 
is not recommended nowadays as it cannot corroborate 
the present from past infection. Several studies from dif-
ferent parts of the world have recommended TechLab E. 
histolytica II kit and species-specific PCR assay for the 
definitive diagnosis of extraintestinal ALA29.  

Strain variation and its detection  

Besides diagnosis, till today it is not very clear whether 
or not the intestinal and extra-intestinal amoebiasis is due 
to infection of similar E. histolytica strain. Reports have 
shown that some E. histolytica isolates are more virulent 
than others and thus it is quite possible that the genotype 
of the strain influences the outcome of infection30. More-
over, as 90% of the infections remain asymptomatic, it 
further suggests along with a sensitive and specific diag-
nosis of amoebiasis, development of genotyping tech-
nique to identify the virulent strains. 
 A longitudinal study conducted in South Africa re-
vealed that highly polymorphic, interspersed, short tan-
dem repeats (STR) scattered between tRNA genes were 
suitable for tracking the transmission of a known strain31. 
A study found one asymptomatic isolate with unique STR 
patterns in 4 tRNAlinked STR loci from Japanese E. his-
tolytica samples32. The polymorphic nature of the multi-
ple tandem repeats of serine-rich E. histolytica protein 

(SREHP) and chitinase are also the basis for strain identi-
fication. It has been reported that SREHP genotypes of 
clinical isolates from patients with liver abscesses were 
unique and distinct from those derived from intestinal 
amoebic patients33. However, some studies observed a 
non-significant genotypic difference between isolates 
from diarrhoeic and non-diarrheic samples, but signifi-
cant presence of profiles unique to a particular geo-
graphical area was found34,35. A recent study revealed the 
presence of several different genotypes of E. histolytica 
among patients with liver abscesses and thus it is errone-
ous to correlate a single genotype with it36.  

 EhLINEs/EhSINEs together account for about 11.2% 
of the E. histolytica genome. Due to their mobile nature, 
they may influence the virulence of the parasite by acti-
vating or silencing the genes in their vicinity. In a modi-
fied AFLP procedure called ‘Transposon display’, unique 
banding pattern for each strain of HM-1: IMSS, 200: 
NIH, HK-9 and Rahman has been generated25. Similarly, 
in a recent study SINE occupancy at different loci was 
used to classify axenically cultivated E. histolytica strains 
and clinical isolates into distinct genotypes30. Compari-
son of the transcriptome of highly virulent HM-1: IMSS 
and less virulent Rahman strain highlighted lower expres-
sion of 32 genes, including cysteine proteinases, AIG 
family members and lasting light chains. Thus, one pos-
sible explanation for the differential outcome of disease 
may be that a single gene product is not responsible, but 
rather multiple pathways37. Additionally, small RNA  
pyrosequencing indicates that small RNA population may 
contribute differential gene expression between virulent 
and nonvirulent strains38. 

Approaches in epidemiology of amoebiasis 

A greater hindrance is the varied, inconsistent application 
of existing methods in different areas of the world. A 
summary of different approaches used for estimating the 
magnitude of amoebiasis in the human population is 
shown in Figure 2.  

Microscopy-based conventional approach 

As sensitivity and specificity of microscopy are poor 
(generally less than 60%) and can be perplexed by the 
false positive result, it is not possible to accurately esti-
mate the true burden of amoebiasis in human populations. 
Despite poor sensitivity and specificity, microscopy-based 
detection is still used both in clinical laboratories for  
diagnostic purposes as well as in research laboratories for 
epidemiological study. 

PCR-based conventional approach 

These days most epidemiological studies carried out for 
amoebiasis in developing countries are based either on 
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Figure 2. Conventional and molecular approaches used by different workers in the epidemiology of amoebiasis. 
 
PCR assay performed on small sample size or on culture/ 
microscopy/ELISA screened samples. Both microscopy and 
culture have poor sensitivity and specificity and ELISA 
shows cross reactivity39. Hence the true magnitude of the 
disease cannot be determined as the screening tools have 
low sensitivity and often encounter false negatives. In 
addition, it is also not possible for developing countries 
to carry out epidemiological studies on large samples  
using PCR assay due to the cost of DNA isolation and 
downstream PCR reaction. Thus, most of the molecular 
epidemiological studies were based on small sample size.  

Integrated, systematic approach 

We have reported an entirely DNA-based systematic ap-
proach in our previous study where samples were initially 
screened using a DNA-based dot-blot technique followed 
by PCR assay for species discrimination. The sensitivity 
and specificity of the dot-blot analysis were found to be 
100% and 99% respectively, suggesting the implication 
of the approach for large-scale epidemiological study27. 
This approach is best suited for large-scale epidemiologi-
cal study, particularly in developing countries as it scales 
down the: (1) cost of a large number of stool kits for iso-
lating genomic DNA and (2) number of subsequent PCR 
reactions for species discrimination.  

Epidemiology of amoebiasis 

The true epidemiology of amoebiasis remains unknown 
because much of the earlier published data are based on 
microscopy. With the discrimination of E. histolytica 
from E. dispar, most individuals who were previously be-
lieved to have asymptomatic infection with E. histolytica 
actually carry E. dispar. Worldwide PCR-based studies 

indicate that prevalence of amoebiasis varies greatly in 
different parts of the world.  

Indian scenario  

Sporadic studies have been performed in India, but de-
tailed analysis, especially after the re-description of E. 
histolytica and E. dispar and with the report of coloniza-
tion of E. moshkovskii in human, has been reported only 
from a few sites of India. Microscopy-based prevalence 
rates of 14.8%, 42.0% and 21.8% were also recorded re-
spectively from Karnataka, Himachal Pradesh and Tamil 
Nadu40–42. 
 Mukherjee et al.43 reported a prevalence rate of 3.6% 
using direct microscopy, PCR, and ELISA amongst the 
diarrhoeal patients in Kolkata. Prakash et al.44 compared 
PCR assay and microscopy of stool samples from patients 
with intestinal and ALA cases. Riboprinting of rRNA 
genes from amoeba has also been used45. Srivastava et 
al.25 using PCR assay reported a prevalence rate of 8.8% 
among volunteers, residing in a New Delhi slum. Com-
paratively a low prevalence rate of 1.7% using small sub-
unit (SSU) rRNA gene-based PCR was reported from 
Pondicherry10. In a comparative study conducted in the 
same lab, prevalence rate of intestinal amoebiasis was re-
ported around 19.9% using microscopy. However, nested 
multiplex PCR, confirmed E. histolytica in only 12.2% of 
positive samples46. We earlier reported an overall preva-
lence rate of 13.7% among the Northeast Indian population 
using an integrated systematic molecular approach47. In the 
current year, a seroprevalence rate of 15.38% was reported 
among suspected amoebiasis groups from South India22.  

International scenario 

In Dhaka (Bangladesh), where diarrhoeal diseases are the 
leading cause of death in children younger than six years 
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Table 1. Prevalence rate of E. histolytica reported from different parts of the world within last five years 

Entamoeba spp.  Prevalence Technique Reported from (year) 
 

E. histolytica 1.5% PCR Iran (2011)51 

E. histolytica 14.0% PCR Palestine (2011)52 

E. histolytica 9.1% (Eh), 1.4% (Eh + Ed) PCR Malaysia (2012)53 

E. histolytica 9.0% PCR Pakistan (2012)54 

E. histolytica 10% PCR UAE (2013)21 

E. histolytica 54.5% Microscopy Rwanda (2013)55 

E. histolytica 10.2% (Eh), 3.3% (Eh + Ed) PCR Malaysia (2013)56 

E. histolytica 36.6% and 19.4%  Antigen-based Brazil (2013)57 

E. histolytica 4% PCR Venezuela (2013)58 

E. histolytica/dispar 48.0% Microscopy Saudi Arabia (2014)59 

E. histolytica 22.55% PCR Cote d’Ivoire (2014)60 

E. histolytica  0.55% PCR Colombia (2015)61 

E. histolytica 39.4% Microscopy Egypt (2015)62 

E. histolytica 28.2% ELISA Mexico (2015)63 

E. histolytica 1.7% PCR Ethiopia (2017)64 

E. histolytica 23.8% PCR Brazil (2016)39 

E. histolytica/dispar 16.15% Microscopy Saudi Arabia (2016)65 

E. histolytica/dispar 15%  Microscopy Uganda (2016)66 

E. histolytica 1.4% Microscopy Germany (2016)67 

 
 

 
 

Figure 3. Risk factors and predictors of high E. histolytica infection. 
 
of age, 50% of children have serological evidence of 
amoebiasis by five years of age48. A high frequency of E. 
histolytica asymptomatic infection, higher than E. dispar 
infection (13.8% versus 9.6%), was detected by PCR in a 
rural Mexican community49. A much higher prevalence of 
E. histolytica monoinfection of 69.6% and mixed infec-
tion of 7.6% was found among children in Gaza, Pales-
tine50. Besides PCR, many studies have documented the 
prevalence rate using ELISA, serological assay, and even 
direct microscopy as shown in Table 151–67. Thus, it is 
very difficult to compare the true prevalence of amoebiasis 
because of the lack of uniformity in diagnostic methods.  

Burden of nonpathogenic species in human  
population 

Existence of E. moshkovskii in Indian population was re-
ported for the first time from a research hospital in Pondi-

cherry which revealed a higher prevalence of E. dispar 
(8.8%) and E. moshkovskii (2.2%)10. PCR analysis of mi-
croscopically positive samples demonstrated a 1 : 46 ratio 
of E. histolytica to E. dispar from Agboville68. Much 
higher E. moshkovskii prevalence rates of 13% and 12.8% 
were reported among HIV seropositive patients of Tanzania 
and Southern Assam respectively69,70. A study conducted 
among Ethiopian prisoners and primary-school children 
highlighted 91.4% of the microscopy positive samples as 
E. dispar23. Similarly, in Australia, 50% of the microscopy 
positive faecal samples were found to be E. moshkovskii 
positive in the PCR assay11. It is now well established 
that prevalence of E. moshkovskii and E. dispar is much 
higher than that the E. histolytica in human population.  
 Presence of non-pathogenic E. moshkovskii has also 
been reported from countries like Bangladesh, Turkey, 
India, Iran, Australia, Tanzania, Colombia and Malaysia 
and they are usually not associated with the disease47. 
Recently much higher prevalence rates of E. moshkovskii 
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(25.4%) and E. dispar (23.2%) compared to E. histolytica 
(0.55%) were reported from Colombia60. Interestingly, 
studies from India and Malaysia reported mono-infection 
of E. moshkovskii in symptomatic patients10,71. In our ear-
lier study, we have also found few symptomatic partici-
pants mono-infected with E. moshkovskii. However, 
further studies in this direction are needed to justify the 
role of E. moshkovskii in gastroenteritis disorders and its 
virulence. 

Risk factors associated with amoebiasis 

People from households with an average socio-economic 
status generally had a much higher risk of infection. A 
case-control study conducted among residents of Hanam 
province in settings where Nhue river waters are inten-
sively used in agriculture suggested that socio-economic 
and personal hygiene factors determine E. histolytica in-
fection72. Being an opportunistic parasite, infection rate 
showed inconsistency between male and female hosts73. 
With regard to host genetic susceptibility, an amino acid 
substitution in the cytokine receptor homology domain 1 
of LEPR is reported to be associated with increased sus-
ceptibility to E. histolytica infection. Children carrying 
the allele for arginine (223R) were nearly 4 times more 
likely to have an infection compared to those homozy-
gous for the ancestral glutamine allele (223Q). An asso-
ciation of this allele was also found with ALA in a cohort 
of adult patients in Bangladesh and North India74,75.  
 Chen et al.76 identified rural areas of the respondents 
where alcoholism and diabetes were risk factors of amoe-
bic liver abscess in Southeast Taiwan. Zhou et al.77 ob-
served receptive anal sex and sadomasochistic behaviour 
as the potential predictors of E. histolytica infection 
among men who have sex with men. Studies also indi-
cated low personal hygiene, poor rural background, con-
tact with animals, not washing hands after playing with 
soil or gardening and presence of already infected family 
members were important predictors for intestinal proto-
zoan infections including E. histolytica38,47. The factors 
that increase the likelihood of amoebiasis as already dis-
cussed are highlighted in Figure 3. 
 A study conducted on antiretroviral-treated HIV/AIDS 
patients in Ethiopia also reported that unavailability of  
latrines and lack of handwashing with soap were associ-
ated with E. histolytica/dispar and Giardia lamblia infec-
tions78. Like other opportunistic parasites, E. histolytica 
also takes advantage of a weaker immune system of 
AIDS patients and the parasite load generally depends on 
the clinical status of the patients like CD4 T cell count, 
and ART status27. Apart from CD4 cell count and ART, 
HIV sero-positive men who have sex with men in Taiwan 
are at increased risk of E. histolytica infection and inva-
sive amoebiasis79. Though many reported presence of En-
tamoeba species among domestic and wild animals, few 

studies confirmed a significant association of parasite in-
fection in human and their close contact with domestic 
animals, especially dogs and cats72. 

Conclusion 

A greater hindrance is the varied and inconsistent appli-
cation of existing methods in different areas of the world. 
Though rDNA-based species-specific PCR assay is the 
method of choice, it is difficult to employ PCR assay in 
large-scale epidemiological studies due to the cost of 
DNA isolation and PCR assay. Thus, many studies till 
now, reported the burden of amoebiasis where the diag-
nosis is based on microscopy alone or PCR assay per-
formed on the microscopically screened sample. This 
perhaps makes it impossible to compare the true preva-
lence rate even after ninety years of the Brumpt theory. In 
this direction, our review suggests either the use of more 
than one microscopy-based technique or ELISA together 
as screening assay or entirely rDNA based dot-blot tech-
nique as a screening assay. Both these approaches will 
increase the sensitivity while minimizing the cost associ-
ated with genomic DNA isolation and downstream PCR 
reaction. Our review also highlights that unhygienic toilet 
facilities, poor living conditions, various unhygienic prac-
tices, HIV infection, and mutation in LEPR are among 
the risk factors and predictors of amoebiasis. To under-
stand the actual dynamics of transmission in populations 
particularly those in close contact with domestic animals 
genotyping of E. histolytica from humans and animals are 
highly recommended. In addition, though many deve-
loped techniques for strain genotyping are available,  
it still remains unclear if the E. histolytica that causes  
intestinal and extra-intestinal amoebiasis is a similar or  
different strain.  
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