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Entamoeba histolytica

Summary
Entamoeba histolytica is an invasive, pathogenic
protozoan, causing amoebiasis, and an important cause of
diarrhea in developing countries. Our understanding of its
epidemiology has dramatically changed since this amoeba
was distinguished from another morphologically similar
one, Entamoeba dispar, a non pathogenic and commensal
parasite. These two species can now be distinguished
mainly through molecular and immunological procedures.
The life cycle of the parasite is represented by two forms:
the cyst and the trophozoite. The cyst is the infective and
non motile form of the parasite. It is excreted in the
feces and can survive for weeks in the environment.
Mature cysts possess 4 nuclei and average 20 µm in
diameter. The trophozoite is the motile form, with a size
ranging from 10 to 60 µm. It colonizes the intestinal tract
leading mainly to tissue destruction and secretory bloody
diarrhea.
Amoebiasis is basically an acute disease acquired by: (i)
ingestion of cysts present in contaminated food, water, or
plants, (ii) through person to person contact, (iii) exposure
in endemic areas, and (iv) swimming in contaminated
water.
Clinical manifestations range from the
asymptomatic carrier state to dysenteric symptoms
represented by abdominal pain and bloody diarrhea.
The organism can be prevalent in cold regions as well as
tropical and subtropical regions that have contaminated
water. In fact, E. histolytica is an important cause of
morbidity and/or mortality wherever sewage facilities are
inadequate. As is the case for other intestinal protozoan
pathogens, wastewater treatment techniques are reported
not to be very efficient for E. histolytica elimination
possibly because of their resistance to disinfectants and the
small size of the cysts. Stabilization ponds have been
reported to be more effective than activated sludge for
their abatement. Sedimentation and filtration can enhance
the removal of cysts from wastewater.

Entamoeba
World Health Organization reported that Entamoeba
histolytica affects approximately 500 million people
worldwide, resulting in symptomatic diseases in 50 million
and mortality in 100,000 persons (Lozano et al., 2012).
About 80-90% of infections are asymptomatic and are likely
due to the nonpathogenic species E. dispar or E.
moshkovskii, therefore the worldwide incidence of E.
histolytica is, more likely, estimated to be 5 million cases
annually, with global mortality still at 100.000 persons per
annum. Very young persons, pregnant women, recipients of
corticosteroids, and malnourished individuals appear more
susceptible than others to amebic colitis. Entamoeba
species are single cell organisms with two life cycle stages.

Cysts are directly excreted in the stool and spread through
the environment via contaminated water, soil, and fresh
vegetables as well as unsanitary household conditions.
Species cannot be differentiated based on cyst or
trophozoite morphology. Following ingestion, cysts
transform into vegetative forms or trophozoites, the motile
stage that moves with the aid of pseudopodia and colonize
the intestinal mucosa of the large bowel. Damage to the
colon is caused by neutrophils that respond to infection
from E. histolytica. Trophozoites can also invade the
intestinal mucosal barrier and, via the bloodstream,
disseminate to the liver, lung, and other sites with resultant
pathologic manifestations. Drug treatments are available.
Lagoons and constructed wetlands, sedimentation,
filtration, flocculation, chemical and ultraviolet disinfection
have all been employed for removal of cysts from water
with varying degrees of success.

1.0 Epidemiology of the Disease and
Pathogen(s)
1.1 Global Burden of Disease
1.1.1 Global distribution
More than any other causes, parasitic diseases are
contributing significantly to the burden of illnesses, leading
sometimes to death, and affecting people in developing and
in developed world, even in regions that include highincome countries (WHO, 2008).
Amebiasis is a major cause of morbidity and mortality
worldwide, mostly in tropical and sub-tropical countries
characterized by inadequate health services and sanitation
infrastructure (Fotedar et al., 2012). The majority of deaths
are a consequence of severe complications associated with
intestinal or extra-intestinal invasive disease.
Approximately 4 to 10% of the carriers of this amoeba
infection develop clinical symptoms within a year and
amoebic dysentery is considered as the third leading cause
of death from parasitic disease worldwide after Malaria and
Schistosomiasis (Mortimer and Chadee, 2010; Ghasemi et
al., 2015).
Although all deaths could be due to invasive E.
histolytica infection, data on the prevalence of E. histolytica
might be an overestimation because the data come from a
date in time before the separation of the pathogenic E.
histolytica from the non pathogenic species. E. dispar and
E. moshkovskii both might contribute to the prevalence
figures (Diamond and Clark, 1993; Tengku Shahrul et al.,
2012).
Since 1986 and through the published data regarding
the frequency of infection and disease caused by E.
histolytica, Walsh (1986) indicated that 10-20% of the
world’s population was infected by this parasite, among
them 1% developed the invasive form of the disease. The
morbidity rate, estimated at that time, was around 100.000
inhabitants per annum. Later on and according to the WHO
reports, E. histolytica was reported affecting approximately
500 million people worldwide, resulting in symptomatic
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diseases and death of about 50 million and, as stated
earlier before, 100,000 persons respectively (WHO, PAHO,
UNESCO, 1997). However, since 80-90% of the infections
remain asymptomatic as they are due to the non pathogenic
protozoa E. dispar or E. moshkovskii, the worldwide
incidence of E. histolytica is, more likely, estimated to be 5
million cases annually, with global mortality still at 100.000
persons per annum (Jackson, 1998).
During the last decade, Entamoeba moshkovskii became
relevant because of its ability to infect humans. For a long
time, it was considered to simply be a free-living amoeba.
However, in the last decade it was found associated with
gastrointestinal symptoms (Shimokawa et al., 2012). It is
frequently found in regions with a high prevalence of
amebiasis (Heredia et al., 2012).
A high prevalence of E. moshkovskii infections was
identified in Bangladesh, by Ali et al. (2003). A prevalence
of 21.1% with E. moshkovski was observed among children
between 2 and 5 years of age; 15.6% had E. histolytica
infection. The fact is that infection with E. moshkovski is
not uncommon and has a higher prevalence than infection
with E. histolytica. The same was found in India (Parija and
Kairnar, 2005), in homosexual patients with
gastrointestinal symptoms in Australia (Fotedar et al.,
2008), in two healthy adults in Tunisia (Ben Ayed et al.,
2008a), and in a cohort of HIV-suspected or confirmed
patients in Tanzania (Beck et al., 2008). All these studies
also highlighted the important prevalence of E. moshkovski
mono infection.
Several outbreaks worldwide caused by the presence of
E. histolytica have been reported associated with sewage
contamination. In the United States no outbreaks have been
recorded in the last 30 years; 6 waterborne and foodborne
outbreaks occurred between 1946 and 1980 (Lippy and
Waltrip, 1984). The most dramatic outbreak in the US was
in Chicago in 1933 with 1000 cases including 58 deaths,
due mainly to defective plumbing which linked sewage
contamination to the drinking water (www.fda.org).
Another overflow of sewage water into the drinking water
system affected more than 1400 persons in Sweden in
Christmas 1986 (Anderson and de Jong, 1989). In 1993, 730
students acquired amebiasis from contaminated
underground well water at a private school in Taiwan (Chen
et al., 2001). A large waterborne outbreak was reported in
Tbilisi, in the former Soviet Republic of Georgia resulting
from deficiencies with surface water filtration (Barwick et
al., 2002). At the time of the outbreak, Tbilisi’s population
was advised to boil the drinking water and the city brought
some modifications to the water treatment process: (i) the
improvement of the coagulation step, (ii) the increase of the
chlorine doses and (iii) the reduction of the filtration
velocities (United Nations Economic commission for
Europe, 2003), nevertheless 106 residents developed
hepatic abscess cases. In 1988, 42 Italian tourists in
Thailand acquired infections with E. histolytica and Giardia
after consuming drinks with ice, ice cream, and raw fruit in
ice (de Lalla et al., 1992).
E. histolytica presence and the kind of amebiasis
manifestations are cosmopolitan in their distribution:

amoebic liver abscess is the major form of amebiasis in
South Africa, while, in Egypt, in central and South America,
Africa and Asia, intestinal invasive manifestation is the
predominant form (Ravdin et al., 2003).
In Vietnam (Region of Hué), for behavioral reasons, the
incidence rates of amebic liver abscess were remarkably
high, with reported values of approximately 21 cases per
100.000 inhabitants; coincidental with 11% of E. histolytica
infection. In fact, in this area, a higher level of alcohol
consumption was remarked with an important flies’ passive
food contamination (Blessmann et al., 2002).
In Mexico, amebiasis ranks fifth or sixth annually
among the 20 major causes of disease
(www.dgepi.salud-gob.mx). The incidence reported there
was ranging from 1000 to 5000 and 615.85 to 1228.8 cases
per 100.000 inhabitants annually respectively for the period
of 1995 to 2000 and from 2002 to 2006 (Ximenez et al.,
2009).
Asymptomatic E. histolytica infection in Egypt has been
high (> 21%), whereas asymptomatic infection in South
Africa and Côte d’Ivoire has been between 0 and 2%
(Stauffer et al. 2006). In Tunisia, it has ranged between
0.85 and 1.86% (Chaker et al., 1995; Fathallah et al., 2004)
with approximately 2.15 cases /year in the northern part of
the country reported on diarrheic persons (Bouratbine et
al., 2003). These figures are similar to those from other
developing countries where sanitation infrastructure and
health education are lacking or are not adequate. These
associations explain why resource-poor nations carry the
bulk of the world’s disease (Pritt and Clark, 2008).
The US national death certificate data from 1990 to
2007 identified 137 deaths from amebiasis with higher
mortality rates in males, older individuals, Hispanics and
Asians. Given their large population, their sizable number
of immigrants and their proximity to endemic area (Mexico,
Latin America, etc.), California (36.27%) and Texas
(22.16%) had the highest numbers of deaths among the
thirty states identified with amebiasis fatalities (Gunther et
al., 2011).
The biochemical, immunological and genetic separation
of E. histolytica from the non pathogenic species, provided
accurate epidemiologic data in endemic areas and found
that E. dispar was up to 10 times more prevalent in
asymptomatic patients than E. histolytica (Huston and
Petri, 1999; Solaymani-Mohammadi et al., 2006).
In an urban refugee camp in Dhaka, Bangladesh,
asymptomatic infection with E. histolytica was 4.2% and E.
dispar was 13% in children between 2 and 5 years of age
(Haque et al., 2006). The same situation was found in
Aracaju, Brazil where E. histolytica was 1% whereas E.
dispar was 13% in analyzed cases (Lawson et al., 2004). In
Northeastern Brazil, Pinheiro et al., (2004) reported the
absence of E. histolytica while E. dispar was prevalent in
74.19% of cultured positive samples based on PCR. In an
isolated area of the Ecuador, E. histolytica was 18.9%
whereas E. dispar was 70.3% based on isoenzyme analysis
(Gatti et al., 2002). In northern Ghana, a high prevalence of
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the E. histolytica/E. dispar complex (39.8%) was found by
microscopy. However, the confirmed prevalence of E.
histolytica, through PCR, was low (Verweij et al., 2003), as
it was also found in Côte d’Ivoire (Heckendorn et al., 2002)
and Ethiopia (Kebede et al., 2003). Entamoeba histolytica
was prevalent between 0.5 and 38% in India (Léger and
Danis, 1995). However, in this subcontinent, using
molecular biology, the prevalence of the pathogenic
protozoa was affirmed in 3.5% of the 11.7% hospitalized
persons with amebiasis who were previously diagnosed by
microscopy (Khairnar et al., 2007).
In Saudi Arabia, amebiasis poses a common and
significant public health problem mostly among children. In
Jeddah during the period of December 1995 to October
1996, the prevalence of E. histolytica was found to be 2.2%
of 576 fecal samples collected from children aged between
0 and 5 years and suffering from acute diarrhea (el Sheikh
and el Assouli, 2001). In Makkah, 70 Km from Jeddah,
70.5% of intestinal parasitic infection was detected; and the
E. histolytica/E.dispar complex was the most common one
between March and November 2005 (Al Harthi and
Jamjoom, 2007). Between March and August 2007, E.
histolytica/E. dispar was detected at a prevalence rate of
8.3% in inpatients and 5.9% in outpatients of two major
public hospitals in Jeddah (Al Braiken, 2008). Between July
2010 and 2011, children suffering from E. histolytica
gastroenteritis represented 20% of the 1325 admitted cases
(Hegazi et al., 2013). Confirmation was mainly based on the
results of an antigen detection test that proved to have
better sensitivity and specificity than traditional
microscopic examination of stool samples. Authors
attributed the increased prevalence recorded at the same
locality (Jeddah) from 2007 (8.3%) to 2010 (20%) to the
type of domestic water used because most cases diagnosed
with higher rates drank water from wells designated for
drinking water or from home tanks used for other purposes.
However, patients who used desalinated water for these
purposes were reported to have the lowest degree of
exposure to amebiasis (Omar et al., 1995).

To determine the prevalence of E. histolytica in food
handlers in Tunisia, an epidemiological study was
conducted from 2002 to 2005 on 4266 fresh stool samples.
By microscopy, 12 samples were found positive for the
presence of E. histolytica/E. dispar, meaning that 2.8%
were harboring it. The DNA amplification of the SSU rDNA
confirmed the presence of the non pathogenic E. dispar in
11 of the samples (Ben Ayed, 2008b).
In Human Immunodeficiency Virus (HIV) patients in
countries such as Colombia, Mexico, Ethiopia, Taiwan and
South Africa, E. histolytica was present in 13%; 25.3%;
10.3%; 5.8% and 12.4% of HIV + patients, respectively
(Florez et al., 2003; Hailemariam et al., 2004; Moran et al.,
2005; Samie et al., 2006; Hung et al., 2008).
1.1.2 Symptomatology
Amebiasis has been defined as the pathological
conditions arising from harboring the protozoan parasite
Entamoeba histolytica, with or without clinical
manifestation (WHO, PAHO, UNESCO, 1997). In fact, there
has been no correlation established between infection with
Entamoeba dispar, E. coli and E. hartmanii and
gastrointestinal symptoms. Parija and Khaimar (2005)
reported gastrointestinal symptoms in Indian patients
infected by the association of E. dispar with E. moshkovskii.
A similar pathogenic potential was reported by Fotedar et
al. (2008) and Pritt and Clark (2008).
Entamoeba polecki has been very rarely implicated as a
cause of diarrhea and E. gingivalis is associated with
peridontal disease (Salaki et al., 1979; Lucht et al., 1998).
Clinical features of amebiasis range from asymptomatic
colonization or non invasive disease (80-90% of the
infections) to amoebic colitis (dysentery or diarrhea) and
invasive extra-intestinal disease, manifested most
commonly in the form of liver abscesses (Fotedar et al.,
2007) as summarized in Table 1.

Table 1. The three main kinds of the disease manifestations of amebiasis (Aristizabal et al., 1991; Seeto and
Rockey, 1999; Petri and Singh, 1999)
Invasive disease

Extra-intestinal disease

Amoeba colony on mucosa
surface

Non invasive disease

Necrosis of mucosa leading to ulcer

Metastasis via blood stream or direct extension

- Asymptomatic cyst excreter
- Self resolve in few months

Amebic colitis = dysentery =
Primarily liver abscess, most commonly affected
inflammation of the lining of the
organ through the transport of trophozoites from
colon :
the large intestine via blood vessels leading to :
- Diarrhea with occult or gross blood
- Several weeks of fever
resulting in anaemia
- Right upper quadrant pain,
- Gradual onset of abdominal pain
- Absence of concurrent dysentery.
and tenderness
- Prominent weight loss
- Weight loss
- Leukocytosis
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Non invasive disease

- No dysenteric diarrhea
- Other abdominal symptoms

Invasive disease

Extra-intestinal disease

- Occasional ameboma
- Colonic lesions vary from mucosal
thickening to flask shaped
ulcerations to necrosis of the
intestinal wall.

Infection of other sites less frequent : lungs,
brain, etc.

Diagnosis is reliable when there is
Amoeba-free stools and common antibodies of E.
Presence of E. histolytica in stool detection of E. histolytica antigens in
histolytica are present in the patients serum
stool
Equally distributed between
genders

Different between age groups

Disease can be caused after ingestion of even a small
number of mature cysts.
1.1.2.1 Asymptomatic or non-invasive disease

Asymptomatic infection is defined as the presence of E.
histolytica in stool in the absence of colitis or extraintestinal infection.
Most infections do not exhibit overt clinical
manifestations and are self resolved in few months. But,
when they occur, for almost one disease case per four
asymptomatic intestinally infected individuals (Ali et al.,
2008), they are insidious and intermittent, commencing as
abdominal discomfort and tenderness, bloating, irregular
bowel habits, dysentery with or without blood/mucous,
tenesmus with bloody mucoid diarrhea without fecal
leukocytes, constitutional symptoms, toxic megacolon and
finally symptoms and signs of peritonitis secondary to
perforation (Haque et al., 2006). Moreover, the non
invasive disease could persist or progress to an invasive
one in which trophozoites penetrate the intestinal mucosa
(Haque et al., 2003).
1.1.2.2 Invasive disease

In the invasive disease, trophozoites kill epithelial cells
and invade the colonic epithelium leading to a gradual
onset of abdominal pain and tenderness, weight loss, and
diarrhea with bloody stools (Speelman et al., 1987).
Amebiasis is the fourth greatest cause of mortality and
the third greatest cause of morbidity by protozoa worldwide
(Ximenez et al., 2009). The clinical syndrome associated
with this disease is an amebic colitis resulting in a flask
shaped ulcer. During this invasive stage, trophozoites, with
ingested erythrocytes, replicate at a high rate in the host
tissues. However, in the tissue lesions, cysts production
decrease and are never found (www.garlandscience.com).
Unusual manifestations of amebic colitis include acute
fulminant or necrotizing colitis with abdominal pain and
distension accompanied by rebound tenderness, which
usually requires surgical intervention to prevent mortality
(Hamano et al., 2008). E. histolytica infection can also
occasionally result in the formation of an amebic granuloma
or ameboma, which is an inflammatory thickening and
granulation of the intestinal wall around the ulcer
mimicking colonic cancer in appearance (Petri and Singh,
1999).

Ten times more common in men than women

1.1.2.3 Extra-intestinal disease

E. histolytica is a facultative pathogen, exhibiting a
wide range of virulence including the ability to metastisize
to other organs, leading to extra-intestinal amebiasis. The
liver is the most commonly affected organ through access
via the portal venous system. Because it receives the bulk
of the venous drainage from the right colon, the right lobe
of the liver is 4 times more likely to be involved than the
left lobe (Salles et al., 2003). Complications of amebic liver
abscess include its rupture and secondary bacterial
infection (Petri and Singh, 1999). The collection of pus in
the liver as an abscess may present acutely, with fever and
right upper abdominal tenderness, and subacutely, also
with abdominal pain and prominent weight loss (Shandera
et al., 1998). Moreover, the skin and the white of the eyes
become yellow or jaundiced. It is assumed that it is closely
related to a history of alcohol abuse.
Hematogenous spread of trophozoites to other sites,
such as lungs or brain is rare but does occur. The second
most common extra-intestinal site, after the liver, is the
lungs. Pulmonary infections follow direct extension of the
hepatic lesion across the diaphragm and into the pleura.
Amoebic brain abscess results when E. histolytica
trophozoites invade the central nervous system via the
bloodstream, and is frequently lethal (Maldonado-Barrera
et al., 2012). In Tunisia, Bouali et al. (2014) diagnosed 3
cases of amoebic cerebral abscess: 2 men aged respectively
33 and 43 years and one woman aged 56 years who were
successfully operated on. Among these three important
manifestations, another rare form is cutaneous amebiasis,
arising as a complication of amoebic dysentery (Lamps,
2010), usually deriving from contaminated skin or a
continuous contact with exudates containing virulent
trophozoites (Bumb and Mehta, 2006).

1.2 Taxonomic Classification of the Agent(s)
1.2.1 Taxonomy
Entamoeba histolytica was first described as Amoeba
coli by Lösch in 1875 after the stool diagnosis of a mortal
dysentery case and took its present name in 1903 (Ravdin,
1995).
It is classified in the domain of Eukarya, kingdom of
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Protista, phylum of Sarcomastigophora, and the subphylum
of Sarcodina, which contains both free-living and parasitic
members. Sarcodines of the class Rhizopodea and the
subclass Lobosea, undergo locomotion and feeding using
pseudopods. This protozoan belongs to the order Amoebida,
the family Endamoebidae and the genus Entamoeba.
Among the eight species of human intestinal amoeba (E.
histolytica, E. dispar, E. moshkovskii, E. hartmanii, E.
Bangladeshi, E. polecki also called E. chattoni, E.
hartmanni and E. gingivalis), Entamoeba histolytica is the
only pathogen and the others are considered non
pathogenic and rarely cause disease in humans (Verweij et
al., 2001). However, Shimokawa et al. (2012) showed that
E. moshkovskii induced diarrhea, bloody stool and weight
loss in susceptible mice and diarrhea in Bangladeshi
children. This is emphasizing the pathogenicity of this
protozoan. In consequence, two Entamoeba species could
be considered pathogenic: E. histolytica and E.
moshkovskii.
On the other side, E. histolytica is morphologically
identical to E. moshkovskii and E. dispar in both the
appearance of the cysts and trophozoites stages. These
similarities were initially recognized by Brumpt (1925), but
he was ignored until 1978 when tremendous advances in
immunology, biochemistry and genetics proved that E.
histolytica consisted of two species: an invasive pathogen
(E. histolytica) and non invasive species (E. dispar)
(Diamond and Clark, 1993).
The acquired virulence of E. histolytica is based on its
ability to secrete enzymes and proteases, enabling it to
penetrate the colon mucosa through the invasion of
epithelial cells and subsequently interfering with the host’s

humoral immune response (Anaya-Velazquez and PadillaVaca, 2011). This pathogenic amoeba is a single cell
organism that can replicate in the large intestinal tract by
binary fission division. Phylogenetically, E. histolytica is
located on one of the lowermost branches of the eukaryotic
tree. Thus, it is different from higher eukaryotes by its
inability of de novo purine synthesis and its lack of
glutathione. It also uses pyrophosphate instead of ATP at
several steps of glycolysis (McLaughlin and Aley, 1985;
Bruchhaus et al., 1996) and has a unique alcohol-aldehyde
reductase (Flores et al., 1996). However, it shares, with
higher branching eukaryotes, mitochondrial genes that are
enclosed within a biochemically inert remnant organelle
(Mai et al., 1999). Additionally, comparing to the others
eukaryotes, E. histolytica possesses in the RNA polymerase
II promoter a GAAC element, which is a novel conserved
sequence specific to the rate and the size of mRNA
transcription (Singh et al., 1997).
E. histolytica has 8,197 genes, a genome of 20.6 MB
size
containing
six
isoenzymes
(http://www.apiindia.org/medicine_update_2013), helping it
mainly in the lysis of tissues and the digestion of food
material and intra-luminal cellular debris (Willhoeft and
Tannich, 1999).
1.2.2 Physical description of the agent
Among the species infecting humans and colonizing the
intestine, three (E. histolytica, E. dispar and E.
moshkovskii) are morphologically identical in both their
cysts and trophozoites. Concerning E. bangladeshii, its
similitude with the three aforementioned, was only
reported for the trophozoite form (Royer et al., 2012).
E. histolytica has a typical fecal-oral life cycle composed of
dormant quadric nucleate cysts eliminated in feces (Figure
1) and invasive trophozoites that replicate in the intestine
(Figure 2).

Figure 1. Cyst of E. histolytica/ E. dispar/ E. moshkovskii in raw water samples stained with iodine
(www.dpd.cdc.gov.DPDx)
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Figure 2. Trichrome stain of E. histolytica trophozoites in amebiasis (www.dpd.cdc.gov.DPDx)

The cyst is the infective, non motile form which undergoes
excystation during its progression in the gastrointestinal
tract. Mature cysts possess 4 nuclei, have an average
diameter of 20 µm, a chitin composed wall that appears
smooth and refractile when viewed by light microscopy and
which contains glycogen deposited in a vacuole and
ribosomes that are often aggregated to form elongated
bars. These cysts are directly excreted in the stool (Samie
et al., 2006).
Vegetative forms or trophozoites are the motile stage
that moves with the aid of pseudopodia, formed by the flow
of ectoplasm followed by endoplasm and allowing them to
move at a speed of 5 mm/s (Kvgk, 2011). Pseudopodia tend
to be the broad blunt type, called lobopodia (Subclass of

Lobosea). Trophozoites are characterized by an amorphous
shape with an average diameter ranging between 15 and
30 µm, a rough endoplasmic reticulum or Golgi bodies,
helices arranged ribosomes, and an absence of a classical
mitochondria (Lohia, 2003).
Upon ingestion, these motile forms can colonize the
intestinal mucosa of the large bowel.
Indeed, this vegetative stage could be represented by two
forms: (i) the minuta or precystic stage and (ii) the
histolytica trophozoite or magna stage as illustrated in
Figure 3.

Figure 3. The two types of E. histolytica vegetative form (http://www.biologydiscussion.com/parasites)

- The minuta form (10 à 15 µm) is an intermediate stage
between the trophozoite and the mature cyst and is
characterized by a clear ectoplasm, a granulate endoplasm
containing phagocyted bacteria and a central karyosome
(Schuster and Visvesvara, 2004). It is not pathogenic,
and normally lives in the lumen of the intestine and is

rarely found in tissues. It undergoes encystation and
contributes to the transmission from one host to another.
This form is mainly present in asymptomatic and
convalescent patients.
- The histolytica form is bigger (25 à 40 µm) and
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contains in its endoplasm, in addition to the spherical and
central nucleus, food vacuoles, phagocytized bacteria, and
red blood cells (Stanley, 2003). It inhabits the anterior part
of large intestine.
These forms are present in at least two species: E.
dispar and E. histolytica, which are morphologically
indistinguishable unless the latter is observed with ingested
red blood cells (erythrophagocystosis) (Roberts et al.,
1973).
1.2.3 Life cycle
Entamoeba histolytica is monogenetic or monoxenous,
meaning that its life cycle is completed only in one host,
which is usually humans, and does not need an
intermediate host. However, non human primates, some
other animals like monkeys have been infected with E.
histolytica (Verweij et al. 2003; Regan et al. 2014).
The ingestion of infective mature cysts (possessing 4
nuclei), from contaminated food, water, or hands, is
followed by their excystation only when they reach the
terminal part of the small intestine (Ileum). The gastric
juice has no effect and cannot dissolve the chitinous cyst
wall. This ingestion is unfortunately, of a daily occurrence
in most developing countries (Haque et al., 2003).
Excystation is the process of transformation of the cysts
into trophozoites by disruption of the cyst wall, through the
trypsin enzyme action, allowing the quadric-nucleated
amoeba to emerge and to start proliferation. The amoeba
undergoes a round of nuclear division followed by 3
successive rounds of cytokinesis (cell division) to produce 8
small uni-nucleated trophozoites, called amebula. Under

hostile conditions, they could also produce cysts, once they
aggregate to the intestine mucin layer and by accumulating
a considerable amount of food in the form of glycogen,
black rod-like chromatid granules, and by forming a thin,
rounded and resistant cyst wall. Thus, encystation occurs in
the intestine lumen, and cyst formation is complete when
four nuclei are present. The signals leading to encystation
or excystation are poorly understood, but research on the
reptilian parasite Entamoeba invadens suggested that
encystation might be trigged by ligation of a surface
galactose-binding lectin to the surface of the parasite (Cho
and Eichinger, 1998). After that, both stages are passed in
the feces: trophozoites are usually present in loose stool,
whereas cysts are found in firm stools. Because of the
protection conferred by their walls, cysts are able to resist
environmental conditions for days to weeks and can be
responsible for disease transmission. However, once
outside the body, trophozoites passed in the stool are
rapidly damaged, and if ingested do not survive exposure to
the gastric environment (Eichinger, 2001). The foregoing
describes the typical asymptomatic colonization,
accounting for almost 80 to 90% of all infections.
In 10 to 20% of infections, when the trophozoites
colonize the intestine by adhering to colonic mucin
glycoprotein via a galactose and N-acetyl D-galactosamine
(Gal/galNac)-specific lectin (Göttke et al., 1998), they feed
on bacteria and cellular debris and undergo repeated
rounds of binary division. Damage to the colon is caused by
neutrophils that respond to the invasion. The trophozoites
may also invade the intestinal mucosal barrier and gain
access to the bloodstream, whereby they can disseminate to
the liver, lung, and other sites with resultant pathologic
manifestations. From these sites they cannot leave the host
(Solaymani-Mohammadi and Petri, 2008).
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Figure 4 details the E. histolytica life cycle in humans
after ingestion of cysts for both kinds of infections: the
asymptomatic (non invasive) accounting for almost 80 to

90% of cases and the invasive one accounting for 10 to
20% of cases.

Figure 4. E. histolytica life cycle (from Haque et al., 2003)

1.3 Transmission
1.3.1 Routes of transmission
Knowing the routes of transmission provides
comprehension of how the disease is disseminated.
Interventions aimed at the prevention and the control of
these routes can reduce the incidence, the prevalence of
diarrheal illness, and the economic impacts.

water supply and a rural site with minimal sanitation
detected an important difference between them. Counterintuitively, the children living in the first community
harbored both parasites (E. histolytica and E. dispar)
whereas those in the rural community harbored only E.
dispar with a high rate, more than 50%. Jackson et al.
(2000) suggested that: (i) host genetics, (ii) strain
differences, and (iii) competition between the two parasites
could potentially account for this striking difference.

Amebiasis manifestations range from mild to severe or
toxic and the course of the infection may vary in different
communities based on disparities in development,
standards of living, sanitation, use of stagnant water, place
of residence, intense fly breeding, number of rooms and
bedrooms per house, being infected by other parasites, the
nutritional status, and age of infected persons (Stauffer et
al., 2006). Individuals in houses with less than five rooms
had amebiasis with greater infection risk compared to
those living in houses with more rooms (Benetton et al.,
2005). Prevalence of E. histolytica infection could also be
higher among members of family eating with their fingers
or at the same plate (Oyerinde et al., 1979).

Basically, amebiasis is acquired, like most enteric
protozoa, by the ingestion of cysts present in contaminated
water or food. They can survive for weeks in inadequately
treated sewage/sewage products. Livestock and domestic
pet handling are potential sources (Fletcher et al., 2012).

In South Africa, a cross sectional study of stool and
seroprevalence in children in a community with treated

The foodborne and waterborne transmission remain the
primary sources of infection despite ongoing investment in

The weather can impact prevalence of infections.
Extreme events such as excessive rainfall, floods, and
droughts impact their abundance in the environment
(Jaykus et al., 2009) by the increase of the runoff or the
flush of animal manure and wildlife or pets droppings into
surface or ground water (Moreno, 2006). Extreme weather
events can also decrease water treatment effectiveness.
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better sanitation infrastructure, water quality and
environmental protection legislation (Bridge et al., 2012).
Food can become contaminated at several stages: during
production, harvesting, handling, transport, and
preparation processes. The risk of foodborne transmission
is increased when food is consumed raw or undercooked
(Benetton et al., 2005). Food handlers are another possible
source of infection, as are mechanical vectors such as flies
and cockroaches (Schuster and Visvesvara, 2004).
Contamination could also occur from cross-contamination
with soiled implements, animal manure or through
irrigation with contaminated water or sewage and with the
use of biosolids as fertilizers or soil conditioners (Dawson,
2005; Mohamed et al., 2016).

bathing and washing in a river, (iii) not washing hands after
playing with soil or gardening, (iv) defecation in river or
bush and (vi) low household income (Anuar et al., 2012). E.
dispar, in addition to these 6 risk factors, was also
associated with: (i) age : the children less than 15 years old
where the most contaminated, (ii) outdoor sewage disposal,
(iii) consuming raw vegetables and (iv) the low level of
mother education. Although there were no factors
associated with E. moshkovskii infection (Anuar et al.,
2012), others authors (Parija et al., 2010; Yakoob et al.,
2012) associated its presence with sanity conditions and
lifestyles.

To reduce the negative public health effects of
amebiasis, Amuta et al., (2008) proposed education of the
general population to stop eating raw or undercooked
foods, to wash fruits and vegetables, and to wash hands
before eating, as well as enforcement of environmental
laws. In Brazil, Benetton et al. (2005) estimated that the
risk of acquiring amebiasis was 1.6 times greater among
persons who ate raw vegetables than among those who do
not eat raw vegetables. They also highlighted the causes of
contamination and related it to the quality of the water
used to wash vegetables and to habits of food preparation.

Amebiasis is primarily a disease of humans and nonhuman primates, without a defined zoonotic reservoir. In
non human primates, ingested cysts proliferate in the small
intestine and are carried to the colon, where the amoeba
attack the epithelial lining (Schuster and Visvesvara, 2004).
Infections are usually acquired from a chronically ill or
symptomatic cyst excreter (Heymann, 2008).

Entamoeba histolytica can also be transmitted through
many water sources including drinking and recreational
waters, lakes, and streams. The impact depends on the
geographic location which is different throughout the world
as well as within regions depending on the socio-economic
status (Thompson and Smith, 2011). There is much great
reliance on water from lakes and streams for drinking
water in Asia and Africa whereas they are used to a greater
extent for recreation in Europe.

1.3.2 Reservoirs

Humans are the only known reservoirs of Entamoeba
histolytica. Infection of other mammals (apes, cats, dogs,
pigs) is infrequent, as these hosts act as neither reservoirs
nor sources of infection, meaning that they do not excrete
cysts with their feces and therefore they can’t survive
outside of their bodies. No vectors are reported
transmitting amebiasis.
1.3.3 Incubation period
The incubation period is usually 14 to 28 days, but
could range from few days to months or years (Heymann,
2008).

The spread of contamination through water could be
mainly attributed to: (i) a process failure within water
utilities (Dawson, 2005), (ii) the sewage contamination
(Ferrer et al., 2012), or (iii) the presence of basic sewerage
systems or latrines (Thompson and Smith, 2011).

Approximately 4 to 10% of carriers infected with E.
histolytica develop clinical disease within a year (Stanley,
2003). Amebic liver abscess can occur years after the
exposure and may follow the onset of immune-suppression
(Gill and Beeching, 2004).

Wastewater and municipal sanitary workers have a
higher incidence of amebiasis than the general population.
An 11% occurrence of the complex E. histolytica/E. dispar
in French sewer workers (Bonnin et al., 2002), and of E.
histolytica inform of a greater number of Vietnamese
farmers engaged in wastewater-irrigated agriculture or
aquaculture with highest rates in people having 2-4 hours
of daily contact with wastewater versus those with less
exposure (Trang et al., 2007).

1.3.4 Period of communicability

In an epidemiological study among the Oran Asli
communities in Malaysia, E. histolytica was associated with
6 main risk factors : (i) drinking untreated water, (ii)

Infected patients excrete cysts intermittently sometimes
for years if not treated (American Academy of Pediatrics,
2012).
Patients who are suffering of acute amebic dysentery
pose a limited danger of contamination to others due to the
absence of cysts in dysenteric stools and to the fragility of
the produced trophozoites (Heymann, 2008). However,
persistent cyst excreter can transmit the pathogenic
protozoa to household contacts years later (Vreden et al.,
2000). All this information is recapitulated in Table 2.
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Table 2. Amebiasis characteristics (www.anses.fr)
Incubation period
Not applicable

2 – 4 months

2 – 4 months
sometimes months
or years

Disease

Duration of symptoms

Duration of cysts shedding

Asymptomatic

Not applicable

Several months

Acute colonic
amebiasis

<10 days with
treatment.
(Possible evolution to
chronic disease)

Several months (up to
4.5 107 cysts/day)

Chronic
colonic
amebiasis

A few weeks to
several months

Several months

Fulminant
necrotising
amoebic
colitis

A few days

Not applicable

A few weeks to
several months

Not applicable

Visceral
amebiasis

1.3.5 Population susceptibility

physiological or hormonal reasons.

A difference in amebiasis symptomatology’s prevalence
is reported. Very young patients, pregnant women,
recipients of corticosteroids and malnourished individuals
are found to be predisposed, more than others, to amebic
colitis (Stanley, 2003; Anaya- Velazquez and Padilla-Vaca,
2011).

Although asymptomatic E. histolytica infections are
equally distributed between the genders, invasive disease is
more common in men (Fletcher et al., 2012), which could
be associated to gender based difference in the
complement system (Snow et al., 2008). Possibly, functional
natural killer T cell levels and higher gamma interferon in
females might enhance their resistance to liver abscess
(Mortimer and Chadee, 2010). In particular, amebic liver
abscess is 7 to 12 times more common in men than in
women, with predominance among men aged between 18
and 50 years. The reason for this disparity could be
attributed to the implications of hormonal effects, as the
prevalence of amebic liver abscess is also increased among
postmenopausal women (Samie et al., 2006).

In children, important overall prevalence was recorded
all over the world. In India, Kaur et al. (2002) reported 11%
of E. histolytica infections, while Ali et al. (2003) found
almost the same rate (15.6%) in preschool children in
Bangladesh. Higher rates of 65.7% were reported in
Nigerian children less than five years (Ogunlesi et al.,
2006). As well, Hegazi et al., (2013) reported an important
infection rate of amebiasis in children less than one year
and they attributed this high prevalence to inadequate
breast feeding.
These results are of major public health concern
considering the impacts of the disease. Children infected by
amebiasis showed a significant weight loss compared to
those, with the same age, who were not infected (Haque et
al., 2006).
Infection is also assumed to be acquired directly from
infected mother to neonates. In Mexico, infection in
pregnant women has been estimated between 22.5% and
35% with 15% of their children intestinally infected
(Weinger and Avila, 1983).
There is also a significant difference in the prevalence
of E. histolytica according to the gender even if Malaysian
studies showed the opposite (Sharma et al., 2004; Zahida et
al., 2010). In fact, in Turkey and in Japan, males were found
more affected than females (Ohnishi and Murata, 1997;
Ozyurt et al., 2007). On the other hand, other studies
conducted in Turkey (Ozgumus and Efe, 2007) and in
Pakistan (Ejaz et al., 2011) showed a prevalent and
significant female infection. These differences could be
mainly attributed to behavior (kind of work), ecological and

In Nigeria, Amuta et al. (2008) assumed that the
protozoa Entamoeba histolytica is having the high rates of
infection (21.6%) among the pre and post menstrual
women, with no level of education as they are predisposed
to contaminated water bought from water vendors who
unfortunately are selling water from broken pipes or even
untreated water caught directly from rivers. Almost the
same infection rate (29.47%) was encountered among
females in another African country, the Chad Republic
(Hamit et al., 2008).
Symptomatic intestinal amebiasis occurs in all age
groups. Liver abscesses due to amebiasis are 10 times more
frequent in adults than in children and most extra-intestinal
amebiasis is found in persons from 20 to 50 years of age
with 1 female infected for 4-6 males (Haque et al., 2003;
Valenzuela et al., 2007).
In Tunisia, a retrospective study conducted between
1992 and 2005 in a university hospital in Sfax, in the
southern part of the country, reported the presence of 16
cases of visceral amebiasis (Makni et al., 2007). More men
were infected than women: 11 were diagnosed with liver
infection and 5, between 15 and 30 years of age, with
pleura-pulmonary localizations. Among the 11 cases of liver
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infections, 6 were between 50 and 80 years old.
Immuno-suppressed individuals, in particular those with
Acquired Immunodeficiency Syndrome (AIDS) infection are
more sensible. Higher rates of carriage have been reported
in HIV/AIDS patients, who are prone to life threatening
gastrointestinal manifestations (Stark et al., 2009). In
South Africa, a study showed that HIV positive individuals
with CD4+ counting less than 200 cells/µl, were relatively
more likely to be contaminated by E. histolytica (Samie et
al., 2010).
There has been increasingly risk of amebiasis among
men who have sex with men (MSM) particularly in East
Asian countries such as Japan, Taiwan and South Korea,
probably induced by the oral-anal sexual contact (Hung et
al., 2008; Watanabe et al., 2011). In addition to HIV/AIDS,
the increasing use of organ transplants represents an
important risk factor for invasive amebiasis in many
countries. In Colombia, for example, 24.7% of detectable
anti-amoebic antibodies were revealed in organ transplant
patients (Reyes et al., 2006). Ralston and Petri (2011)
stated that a polymorphism in the leptin receptor increases
susceptibility to amebiasis in both adults and children.
Amebiasis could also be related to the life in institutions
where increased risk for amebic colitis and liver abscess
was noted in mentally retarded individuals (Nagakura et
al., 1989).
It is also assumed that the prevalence of E. histolytica is
correlated with population density as it was reported in
Gambia (Bray and Harris, 1977) and in the studies of
Blessmann et al., (2002) and (2006) in Central Vietnam
where the densely populated area were found with higher
prevalence than in the whole city.
In developed countries, E. histolytica infections are
confined to immigrants or travelers with long term stays (>
1 month) in endemic area (Hamano, 2008). In 1993, a total
of 2970 cases of amebiasis were reported by the Centers
for Disease Control and Prevention (CDC), among them
33% and 17% were respectively reported in Hispanic and
Asian or the Pacific Islands immigrants. Freedman et al.
(2006) reported rates of acute diarrhea ranging from 1.5%
in travelers returning from Southeast Asia to 3.6% in those
returning from Central America, with an overall infection

rate of 2.7%. On the other hand, in Japan, amebiasis is
mainly reported in autochthons more than in immigrants,
with approximately 500 to 600 cases and 3 to 4 deaths
yearly (Nozaki et al., 2006).
Besides, its distribution is also closely related to
temperature and humidity. In fact, Bray and
Harris, (1977) found a higher prevalence of amebiasis in
the western part of Gambia, which is characterized by
lower temperatures and a higher humidity, compared with
the eastern part of the country.

1.4 Population and individual control measures
1.4.1 Drug therapy
Given the small but substantial risk of invasive disease
and its potentiality to be transmitted to others, the
WHO/PAHO recommends the treatment of all cases of
proven E. histolytica regardless of symptoms
(WHO/PAHO/UNESCO, 1997) given its classification as a
category B priority bio-defense agent (Haque et al., 2006)
and its potential for causing invasive disease (Stanley,
2003).
Several drugs are available for amebiasis treatment and
their choice depends mainly on the clinical stage (Table 3).
Diagnosis has to be adopted before the treatment as it
differs from intestinal and invasive disease. In poor and
endemic areas, the standard optimal approach adopted is
the treatment of all patients with cysts and trophozoites
identified on stool examination without additional tests for
speciation leading to an overtreatment that will hasten the
development of drug resistance in E. histolytica.
Asymptomatic carries, or cysts excreters, should be treated
with a luminal amebicide to minimize the spread of the
disease. The luminal agents namely Paromomycin,
Iodoquinol and Diloxanide furoate, strictly recommended
for treatment of patients with intestinal and asymptomatic
infections, are effective in eliminating cysts from the
intestinal tract. When typically administrated for a 10 day
course at 30 mg/kg per day (divided into three daily doses),
they will reduce the risk of transmission to others
(Heymann, 2008). Paramomycin has the advantage of not
being absorbed in the bowel (Ravdin and Stauffer, 2005).
Abdominal cramps and nausea are the most commonly
reported adverse effects.
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Table 3. Drug therapy for the treatment of amebiasis (Haque et al., 2003)
Disease

Drug

Dosage (mg/day)
Adult

Metronidazole followed
by a luminal agent

35–50 mg/kg of body Primarily gastrointestinal: anorexia,
nausea, vomiting, diarrhea, abdominal
weight
discomfort, unpleasant metallic taste;
3 times
in 3 divided doses
disulfuram-like
For 7–10 days
intolerance reaction with alcohol, etc.
750

800
Amebic liver
abscess

Tinidazole followed by a
luminal agent

60 mg/kg (maximum
2 g)

3 times
For 5 days
25–35 mg/kg
3 divided doses

Paromomycin

For 7 days
Diloxanide furoate

Side effects

Pediatric

500

20 mg/kg

3 times a day

3 divided doses

For 10 days

Primarily gastrointestinal: diarrhea,
gastrointestinal
Upset
Primarily gastrointestinal: flatulence,
nausea, vomiting, pruritus, urticaria

750

Amebic colitis

35–50 mg/kg
Metronidazole followed
by a luminal agent (as 3 times a day
in 3 divided
for amebic liver abscess)
For 7–10 days

Primarily gastrointestinal and
disulfuram-like intolerance reaction
as for metronidazole

25–35 mg/kg
Asymptomatic
intestinal
Colonization

Paromomycin

3 divided doses
For 7 days

Diloxanide furoate

500

20 mg/kg

3 times a day

3 divided doses

For 10 days

Metronidazole is not effective against cysts (American
Academy of Pediatrics, 2012). It is a higher effective tissue
amoebicide and is used in the treatment of invasive
amoebic disease, with 5 to 10 days course at 750 mg, 3
times a day (Gonzales et al., 2009) as it is readily absorbed
into the bloodstream.
To author’s knowledge, no amebiasis vaccine has been
approved for human clinical trials to date, but many recent
vaccine development studies hold promise. Current limits
to the vaccine development are: (i) incomplete
understanding of human and animal models immunity
mechanisms of the disease, (ii) the requirement of cellular
immune responses against the ameba to assure a protection
against the liver abscess (Zhang et al., 1994) and (iii) the
lack of well-studied intestinal models of infection.
1.4.2 Hygiene
Amebiasis is common in developing countries. In order
to prevent the infection or its spread to others, good
practices, when living or visiting these areas of poor
sanitation have to be respected and strictly followed. The
major difference with other diseases transmitted by the
fecal-oral route is that humans are the only host for E.
histolytica with an absence of zoonotic transmission. The
prevention has to rely on the interruption of this major way
of contamination.

As for amebic liver abscess

Primarily gastrointestinal: diarrhea,
gastrointestinal upset
Primarily gastrointestinal: flatulence,
nausea,
vomiting, pruritus, urticaria

Control for general individuals is mainly based on: (i)
washing the hands often with soap and water after using
the toilet and before eating or preparing food, (ii) avoiding
eating raw food, (iii) avoiding eating raw vegetables or fruit
that you did not wash and peel yourself, Benetton et al.
(2005) reported a harbor risk of 1.7 of E.
histolytica/E.dispar in participants who didn’t treated the
water they drank by boiling or filtering or chlorinating, (iv)
avoiding consuming milk or other dairy products that have
not been pasteurized, (v) drinking only bottled or boiled
water or carbonated drinks in cans or bottles as cysts are
resistant to low doses of chlorine or iodine (Petri and Singh,
1999). Natural water can be made safe by filtering it
through a 1 micron or less filter and dissolving iodine
tablets in the filtered water. Moreover, there should be a:
(i) sanitary disposal of fecal matter, (ii) perfect sanitation
and protection of water and vegetables from pollution, (iii)
protection of foods and drinks from houseflies,
cockroaches, etc. and (iv) monitoring of the contacts and
families in amebiasis patients by testing the presence of
cysts or trophozoites in their stools..
Duc et al. (2011) highlighted the importance of hand
washing. They reported significant lower risk in Vietnamese
farmers handling animal excreta and washing instinctively
their hands with soap compared to those who didn’t
handling it and are not washing their hands.
With regards to wastewater or sludge workers, the
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body, the hands and the face must be protected by: (i)
making the personal aware of the potential risks and
infections because of the nature of samples that are
handled, (ii) wearing boots and work clothes and using a
personal protective equipment, (iii) changing them before
going to home, wash and leave them on site, (iv) not
submerging the hands below the top of the gloves, (v) never
touching face, mouth, ears, eyes or nose while working and
(vi) eating only in the areas allowed to that in the plant.
According to the WHO guidelines (WHO, 2006) and to
the Tunisian regulation (NT 106.03), when the treated
wastewater is reused in agriculture, appropriate control
measures must be rigorously respected such as: (i) the
wearing of waterproof boots, gloves and of a whole
combination by the farmer when he irrigate or harvest as
already cited for wastewater and sludge workers or
handlers, (ii) the use of the drop by drop irrigation, a
technique judged better than aspersion (iii) the throwing of

any fruits fallen down of the tree and in direct contact with
the soil irrigated by wastewater, (iv) taking children or pets
away from the irrigated perimeter as some farmers could
live in the same agricultural area where they are working
in.

2.0 Environmental
Persistence

Occurrence

and

2.1 Detection methods
Diagnosis of amebiasis requires the demonstration of
the presence of E. histolytica cysts or trophozoites in feces
or colonic mucosa of patients. Nowadays, several
techniques (Direct, biochemical or molecular) are used for
E. histolytica detection such as microscopy, amoeba culture
coupled with isoenzyme, serology, antigen detection,
molecular analysis, etc. depending on the kind of the
disease diagnosed (Table 4).

Table 4. E. histolytica diagnosis depending on the disease kind (www.garlandscience.com; Gonzalez-Ruiz et al.,
1994)
Kind of disease

Diagnosis
Presence of cysts and/or trophozoites in stools
The confirmation of the presence of E. histolytica is correlated with the detection of
hematophageous trophozoites
Antigen detection

Intestinal disease

Molecular tools
Detection of lesion
Biopsy
Serology
Extra-intestinal (Hepatic)
disease

Imaging
Abscess aspiration : Microscopic examination of trophozoites
Trophozoites at abscess wall
Reddish brown liquid

As the pathogenic E. histolytica have similar
morphological aspect with the non pathogenic species: E.
dispar and E. moshkovskii, this section will be mainly
focus on the approaches used to characterize and to
distinguish the true pathogenic parasite. There is no
standardized method for the detection of Entamoeba cysts.
Traditionally and before the discernment between the non
pathogenic and the pathogenic species, microscopy was the
only reliable diagnosis technique for fresh or fixed stool
samples. According to the WHO, screening by light
microscopy alone, should be reported as E. histolytica/ E.
dispar/ E. moshkowiskii. However, since their
differentiation, the diagnosis of amebiasis by microscopic
identification in stool was described as insensitive and
unable to distinguish the invasive parasite E. histolytica

from the commensal one even if their trophozoites are more
likely to contain ingested erythrocytes than E. dispar
(Diamond and Clark, 1993). This phenomenon is
unfortunately rare in clinical samples (Fotedar et al., 2007).
Two other major approaches could also be used to
detect E. histolytica and E. dispar: one based on the
detection of parasite antigen in stool samples (Haque et al.,
2000) and the other on amplification of DNA sequences
species specific, which could be directly extracted from
cultured trophozoites, using different modalities of PCR
techniques (Standard methods, PCR-SHELA, real time PCR,
etc.) (Roy et al., 2005; Khairnar and Parija, 2007).
Haque et al. (1997) highlighted the risks of relying
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one’s analysis only on microscopy after that of all the
children in Bangladesh diagnosed by microscopy with
amebiasis, only 40% were positive by antigen detection and
culture isoenzyme analysis, that, even more, detected new
infections missed by microscopy. This is in line with
another study in rural communities in Nigeria where
authors reported the detection of 6 additional cases with
immunoassay compared to the diagnosis by microscopy,
with a distinction between the pathogenic and non
pathogenic species (Babatunde et al., 2016).
Molecular tools allow reconstructing a more reliable
picture of the true epidemiology of the disease mainly in
endemic area and to better understand the role of the
parasite and/or host factors that determine the disease
outcome. Of all the different gene targets used to
differentiate between E. histolytica and E. dispar by PCR
based assays (Sequence of the extra-chromosomal circular
rRNA gene, the repetitive sequences in the non coding
regions of rDNA, 16S rRNA genes), the small subunit rRNA
gene is found to be more sensitive than the best antigen
detection method in stool culture (Novati et al., 1996;
Mirelman et al., 1997). It is in wide use as it is present in
multiple copies on the extra-chromosomal plasmids
(Bhattacharya et al., 1988; 1989).
In developed settings, PCR is more used than antigen
detection tests due to its higher sensitivity and to the
reduced occurrence of cross reactivity with other
Entamoeba species (Gutierrez-Cisneros et al., 2010).
Blessman et al. (2002) proposed another technique for E.
histolytica efficiently diagnosis, which is the LightCycler
PCR method, found to be fast as it took only 1h to proceed
30 samples and specific. However, even if DNA extraction
from human feces and PCR performance are not expensive
(less than $7 per sample), at present, the application of this
method is limited to specifically equipped laboratories
running the LightCycler.

2.2 Data on Occurrence
2.2.1 Excreta in the environment
An important incidence of Entamoeba histolytica cysts
is present in the environmental samples. In Kano
Metropolis, in Nigeria, out of the 100 human fecal samples
used as manure, 45% of them were contaminated by E.
histolytica/E. dispar, with a mean concentration of 300
cysts/g (Ibrahim, 2008).
2.2.2 Sewage
The number and the species of the parasites that could
be present in the sewage depend heavily on: (i) the affluent
origin reflecting the health of the general population linked
and (ii) the season (Fonseca et al., 2016). There are no
limitations or guidelines concerning the presence of the
protozoa in treated wastewater that will be rejected or
reused in agriculture. The WHO guidelines recommend only
admissible concentration of helminthes ova. However, it
has been demonstrated that there is no relation or
correlation between helminthes removal and cysts presence

(Campos, 2008) and that protozoa could be largely
prevalent than helminths (Ben Ayed et al., 2009).
E. histolytica is considered, with Cryptosporidium
parvum and Giardia duodenalis, as the most common
protozoa detected in sewage. The Entamoeba spp. are the
third most prevalent pathogens in the raw wastewater and
the second in the treated wastewater (Cifuentes et al.,
1994; Ben Ayed et al., 2009). Shalaby et al. (2003) and
Nahavandi et al. (2015) reported E. histolytica/E. dispar/E.
moshkovskii as the most frequent with a prevalence of
29.8% and 60.9% respectively in raw Egyptian and Iranian
urban wastewater.
Several studies investigated the parasitic occurrence
and load in the sewage samples in Tunisia, in North Africa.
Alouni et al. (1993) reported a prevalence of Entamoeba
histolytica/dispar ranging between 70 and 98% and
between 0 and 15% respectively in raw and treated
wastewater collected from 5 different wastewater
treatment plants (WWTPs). These variations were mainly
related to the kind of treatment (Activated sludge or
lagoon) and to the WWTP location. Later on, Ben Ayed et al.
(2009) detected the presence of this complex, by
microscopy, in all the raw wastewater samples collected
from 17 treatment plants located throughout the country.
This figure was corroborated by the work of Jemli et al.
(2015) when considering the same treatment plants. Ben
Ayed et al. (2009) reported a mean concentration of 893
cysts/L of raw wastewater and 247 cysts/L of treated
wastewater with a fraction of 0.28 that passed the
treatment. E. histolytica/dispar was present in treated
wastewater samples collected from 16 of the 17 WWTPs
followed and characterized by 9 different treatment
procedures.
Even if the sanitization is better in Tunisia compared to
other African countries, lower concentration, ranging
between 2 and 55 cysts/L, were detected in raw wastewater
samples collected from the International Institute for Water
and Environmental Engineering Wastewater treatment
plant in the city of Ouagadougou, Burkina Faso (Maiga et
al., 2008).
In Dhaka, in Bangladesh, in the twenty samples
collected from three different sites in a wastewater
treatment plant namely raw, reservoir sample and outlet
lagoon, E histolytica/dispar was the most prevalent
protozoa identified with respectively 83.33% in the two first
sites and only 8.33% in the outlet samples, that argue for
an important level of elimination (Khanum et al., 2008).
Same rate of elimination through wastewater treatment
were also reported in the work of Lim et al. (2007) in
Malaysia.
In Colombia, an inefficient removal of E.
histolytica/dispar/moshkovskii was remarked in El Rosa
wastewater treatment plant where a prevalence of 80% of
these amoeba presences in treated wastewater was found
by microscopy (Fonseca et al., 2016). PCR analysis
performed on cultured samples, showed the important
overall of only E. moshkovskii, present in all untreated
samples and in 78% of the treated ones. As the PCR was
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performed with cultured samples, the dominance of E.
moshkovskii, could be attributed to its overgrowth
comparing to E. histolytica and E. dispar (Fotedar et al.,
2007).
2.2.3 Sludge
When following the rate of Entamoeba
histolytica/dispar/moskhovskii in the sludge collected from
WWTPs of three cities in Saudi Arabia, Malack et al. (2007)
noted an important removal with the bed drying process,
mainly in the summer time, where the mean concentration
of the sludge samples collected in these three cities passed
from 46 cysts/g of raw sludge to less than 1 cyst/g of dried
sludge.
In Manchinchi and Chaisa cities, in Zambia, the analysis
of the sludge samples for Entamoeba
histolytica/dispar/moskhovskii presence showed
respectively an overall, ranging between 16 and 24 and of
84 cysts/g of biosolids when detected (Phiri et al., 2014).
2.2.4 Surface water
Entamoeba histolytica, detected by PCR, was present in
two out of six water samples (32%) collected from the
Ankara River in Turkey (Bakir et al., 2003) and two out of
eight (25%) river water samples in Jakarta, Indonesia
(Subahar and Sutanto, 2008). In Thailand, Entamoeba spp.
was present in 27% of the surface and wastewater samples
collected (Sukpraset et al., 2008). In Rasht city, in Iran,
Entamoeba was present among 4 samples out the 49
collected and in one confirmed water sample of E.
histolytica by PCR (Hemmati et al., 2015). All these
contaminations were attributed to human feces presence,
making the surface water inappropriate and unsafe for
drinking water.
2.2.5 Groundwater
In the 70 wells water samples collected from three sites
in Nigeria, the mean of contamination recorded for
Entamoeba histolytica/dispar/moskhovskii was ranging
between 0,11 and 1,53 cysts/L, corresponding to a
prevalence percentage of 38.6% (Bishop and Inapo, 2015).
This occurrence was related to four relevant parameters:
effects of well casing, nature of surrounding hygiene,
clarity of water and effect of grazing animals around the
wells. It was significantly more important in: (i) uncovered
wells (43.3%) than in covered wells (35.0%), (ii) in unclean
surroundings (48.9%) than in the clean surroundings
(20.0%), (iii) in turbid well water (51.9%) than in relatively
clear well water (30.2%) and (iv) wells frequent by grazing
animals (53.1%).
In Mazandaran, in Iran, only 2.3% of contamination by
Entamoeba histolytica/dispar/moskhovskii was showed in
the water samples collected from the wells intended to
drinking water (Yousefi et al., 2009).

2.2.6 Drinking water
In the southwest part of Iran, Rafiei et al. (2014)
analyzed 44 water samples. Among them, twenty eight
were positives with a predominance of Entamoeba spp.
infection (50%). These results were positively correlated to
local epidemiological reports where Entamoeba spp. was
also the most prevalent. This figure is corroborating the
findings of Ziaie et al. (2006) in another Iranian district and
with those of Ayaz et al. (2011) in Pakistan.
In the region of Hilla in Iraq, Kassim et al. (2015)
reported that Entamoeba spp. infection was the highest
parasitic contamination of the drinking water samples
analyzed with 14.4%, far from the ten other parasites
prevalence which were ranging between 0.96 and 1.9%.
They also reported differences according to the sampling
month and to the town’s region. They related this important
parasitic contamination to the inefficiency of the sewage
system in Iraq, which has directly impacted the drinking
water system. Jarallah (2016) corroborated the work of
Kassim et al. (2015) and reported that out of the 425 water
samples analyzed for parasitic contamination in Iraq, 155
were contaminated with different prevalence according to
the site sampling. Among them, Entamoeba
histolytica/dispar/moskhovskii was reported the most
prevalent parasite present in 34 samples.
2.2.7 Seawater
Kheissin and Dmitrieva (1935) study attempted to
determine the survival of Entamoeba spp. cysts in
seawater. They reported that Entamoeba survival was
unaffected by salt concentrations (at salt levels of 20 to 30
g/L) found in seawater. Thus, this can allow the cyst
distribution in seawater.
The work of Hilles et al. (2014) discussed the impacts of
wastewater discharge into recreational seawater of the
Gaza strip. Different levels of contamination were recorded
according to the proximity of the sewage discharge points
with E histolytica/dispar identified as the most prevalent
protozoa (12.5%).
2.2.8 Soil
Among a total of 102 soil samples collected from five
local government areas in Nigeria, including refuse dumps,
vegetable farms, school play grounds, abattoir, hospital,
vicinity of house, gutter and road side, Entamoeba
histolytica/dispar was the only protozoa detected in 18.7%
of the soil samples (Ogbolu et al., 2011).
In the sandy beaches of Guanabara in Rio de Janeiro,
Bordinhao and Costa (2006) detected E.
histolytica/dispar/moschkovskii presence in 16% of the
samples analyzed. The authors attributed this
contamination to sewage and to human and animal fecal
deposits left in the streets of the city and washed into the
drainage channels by the rain.
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2.2.9 Irrigation water and in crops
The agriculture wastewater reuse standards and
regulations vary worldwide. Some countries allow the reuse
of the untreated wastewater like many South American
countries (Straus and Bumenthal, 1990), others need at
least a secondary treated effluent for the irrigation of
specific kind of crops such as Tunisia, South Africa, etc. and
others have a very stringent wastewater reuse
requirements as only tertiary treated wastewater are
allowed like Israel and Saudi Arabia, etc. (Emongor, 2006).
The recovery of parasites in vegetables is a kind of
reflection of the overall quality process namely cultivation,
irrigation, post-harvest handling and type of water used to
wash them. This recovery could also contribute to the
determination of the incidence of intestinal parasite in a
specific community as they have been demonstrated to be a
vehicle for their transmission (Alhabbal, 2015).
Ferrer et al. (2012) conducted an assessment of the
diarrhea infection risks associated with wastewater
discharge in Bangkok, Thailand. The results showed that
Entamoeba histolytica/dispar/moskhovskii and Giardia
lamblia were present, at exceeding levels, in both the water
and the vegetables irrigated with wastewater-contaminated
canal water. This same figure was also reported in Benti
and Gemechu (2014) study.
In Costa Rica, depending on crops types, Entamoeba
histolytica/dispar/moskhovskii cysts were identified ranging
between 2 and 6.2% of the 80 vegetables samples analyzed.
The lowest incidence was noted for several vegetables
samples: Carrots, Tomatoes, Cucumbers, etc. A
contamination of 2.5% (2/80) and 6.2% (5/80) were
reported for Cilantro roots and leaves respectively. For
radish and for lettuce, an incidence respectively of 2.5 and
3.8% were detected (Mong and Arrias, 1996).
The important prevalence of lettuce contamination may
be ascribed to (i) its leaves, able to harbor cysts and (ii) to
its uneven surfaces facilitating the parasites attachment
(Damen, 2007). The level of lettuce contamination was
corroborated in the works conducted in two Iranian cities:
Shahrekord (Fallah et al., 2012) and Khorrambad (Ezatpour
et al., 2013) and in two Egyptian ones: Alexandria (Hassan
et al., 2012) and Benha (Eraky et al., 2014).
In Marrakech, in Morocco, collected crops irrigated
with raw wastewater were contaminated by E.
histolytica/dispar/moschovskii. Infection of 10.2; 59; 22 and
21.4 cysts/kg were noted respectively in potatoes, turnip,
marrow and squash (Bouhoum and Amahmid, 2002).
Authors highlighted the close correlation between the
contamination rate and the kind of crops irrigated as those

developed on the ground surface were reported with higher
contamination level. Authors didn’t found a contamination
when treated wastewater from waste stabilization ponds
was used for crops irrigation.
The results of Erdogrul and Sener (2005) showed that in
addition
to
other
parasites,
E.
histolytica/dispar/moschovskii cysts were present in lettuce
(8/15 positive samples), parsley (9/20) and strawberry
(12/50) with an absence in cress samples. Rhallabi et al.
(1990) isolated cysts of the pathogenic amoeba in tomatoes
with an average of 4 cysts/kg.
In Khartoum, in Sudan, the most detected parasites in
two central markets, was E. histolytica/dispar prevalent in
42.9% in the exposed vegetable samples (Mohamed et al.,
2016) without any signification correlation between this
prevalence and the type of vegetable (green onion,
tomatoes, Armenian cucumber, beet, watercress, lettuce
and carrot). This incidence was in accordance with Tomass
and Kidane (2012) in Ethiopia where Entamoeba
histolytica/dispar/moskhovskii was the only protozoan
parasite detected (18.18%) besides of these aforementioned
vegetables, also in Swiss chard (5/8) and cabbage (1/8)
wastewater irrigated. However, this is not in accordance
with the work of Tefera et al. (2014) in Southwest Ethiopia,
where E. histoyltica/dispar wasn’t the most prevalent and
was present only in 5.3% of the total samples of fruits and
vegetables analyzed. These authors associated these
discrepancies between the two studies conducted in
Ethiopia to several factors: (i) the geographical location, (ii)
the climatic and environmental conditions, (iii) the kind and
the size of samples, (iv) the identification methods and (v)
the socio-economic status.
2.2.10 Fish and in shellfish
Although that Pazooki and Masoumi (2012) reported the
presence of parasitic contamination by two hundred forty
seven species in Iranian freshwater fishes captured from
different parts of the country, their infection by Entamoeba
histolytica wasn’t detected.

2.3 Persistence
E. histolytica do not reproduce in the environment only
in the host. However, the protozoan because of the
cyst, characteristics of the wall and the dormancy of the
enclosed organism can survive during unfavorable
conditions for long periods of time. Mature cysts leave the
large intestine with the important trophozoites and they
remain viable. These cysts are immediately infective and
remain so particularly in moist and cool environments for at
least 12 days, but can remain viable (infectious) outside the
host for as long as 2 to 4 weeks as summarized in Table 5.
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Table 5. Environment resistance of E. histolytica/dispar cysts (Freeman, 1979; www.anses.fr; Westcot, 1997)
Matrix

Temperature (°C)

Varied

-10

1

0 to 4

60 to 365

10 to 20

10 to 30

Water and sewage sludge
Feces, damp soil, water
Surface or waste water
Cultures
Septic tank

< 15
20 to 30

Dry soils / Food
Feces, damp soil, water

Persistence (Days)

< 10
5 to 10
1 to 2

28 to 34

8 - 10

45

30 minutes

50

5 minutes

Varied

protozoa cysts could be removed, mainly by physical
straining, in a septic tank.
In food, the cysts can remain viable for 2 days
in temperatures ranges between 20 and 25°C (Bonnin et
al., 2002). In water or sludge, the cysts are viable for up to
30 days. Nonetheless, they are quickly inactivated by
desiccation and extreme temperatures (below 5°C or above
40°C). For example on hands, the cysts arre eliminated by
desiccation after 10 minutes. Entamoeba histolytica cysts
are susceptible to higher temperatures and are quickly
eliminated when temperatures reach 45°C.
The cysts are resistant to gastric acidity. The cysts
are resistant to chlorine levels used routinely for water
disinfection, during conventional water treatment (Samie
et al., 2012).

3.0 Reductions by sanitation management
The wastewater treatment processes reduces pathogen
numbers in the effluent but also concentrates them in the
sludge. Some of these processes are designed specifically
to inactivate pathogens and many others do not (Godfree
and Farrell, 2005).
The challenge for the physical removal of parasites
(oo)cysts in wastewater treatment plants generally is
related mainly to their small size (E. histolytica cysts range
between 10 and 20 µm) and to their velocity during
sedimentation.

3.1 Excreta and wastewater treatment
3.1.1 Onsite sanitation
3.1.1.1 Dry onsite composting

During composting Day and Shaw (2000) found that a
temperature of 55°C is sufficient to devitalize E. histolytica
cysts in only 1 second while Andreoli et al. (2007) reported
that the time required for E. histolytica inactivation is 5 min
under a temperature of 50°C.

3.1.2 Waste stabilization ponds (WSP)
Entamoeba histolytica/dispar/moskhovskii is highly
removed with waste stabilization pond with rates reported
ranging between 0.89 log 10 and > 2.0 log 10 (Klutse and
Baleux, 1995) thanks to the coupled actions of the
temperature, the sunlight, the pH, the predator
microorganisms, the adsorption or trapping into flocs and
the most relevant factors, which are the sedimentation and
the lengthy retention time.
Bouhoum and Amahmid (2002) proposed the use of this
process for the treatment wastewater used for crops
irrigation as its outlet was parasite free and containing
large amounts of nutrients (Nitrogen and Phosphorus)
necessary for plants growth. However, according to
Shanthala et al. (2007), protozoan cysts and particularly
those of Entamoeba histolytica/dispar/moskhovskii could
remain viable in stabilization pond effluents used to irrigate
vegetables that are eaten raw.
The efficiency of the WSP is also depending on two
main parameters: the number of the maturation ponds and
the retention time. To assure a total elimination of the
protozoa, Arceivala et al. (1970) proposed a passage by a
series of 3 maturation ponds with a 7 day retention time.
A total removal of E. histolytica cysts in the final
effluent was noted after a consecutive passage by three
series of ponds: anaerobic then facultative then maturation
ponds. This total removal was also related to the total
hydraulic retention time (18 days) (Maiga et al., 2008).
3.1.2.1 Aerated lagoon

3.1.1.2 Water-based onsite sanitation systems

Burton and Turner (2003) found between 0.48 log10 to >
2.0 log 1 0 removal for both Giardia and Entamoeba
histolytica/dispar/moskhovskii in plants equipped with an
aerated lagoon.

E. histolytica/dispar/moshkovskii was detected varying
between 0 and 105 cysts/100 ml in a septic tank effluent
(McCray et al., 2009). This is corroborated by Lusk et al.,
2014 where they concluded that only a small fraction of

In Ismailia, in Egypt, Shalaby et al. (2003) reported an
Entamoeba histolytica/dispar/moskhovskii removal of 0.45
log 1 0 and 0.16 log 1 0 respectively with aerated and
facultative aerated lagoon.

19

Entamoeba histolytica

3.1.3 Wetlands

3.1.4.1.2 Enhanced primary-coagulation

The wetlands consist of deep ponds with plants that are
built on a slant to allow the gravity of the water flow. They
are of great relevance and efficiency in wastewater
treatment as they do not generate by-products. Rivera et al.
(1995) reported a total elimination of Entamoeba
histolytica/dispar/moskhovskii in a combined system with
gravel and reeds.
3.1.4 Wastewater treatment and resource recovery
facilities
The percentage of parasitic removal that will be specific
for each kind of wastewater treatment process are, in fact,
not a real indication of their destruction but only an
indication of their transfer to sludge.
3.1.4.1 Primary treatment

According to the data of the National Research Council
(1994), the preliminary treatment has little effect on
microorganisms’ removal present in the raw wastewater.
3.1.4.1.1 Sedimentation
Entamoeba histolytica, removal is about 0.14 log10 of its
initial load after 1 hour of settling and 0.44 log 10 after 2
hours (www.unc.edu/courses). Alouini (1998) reported an
elimination rate of 0.33 log 1 0 after the primary
sedimentation in the plant of Charguia, in Tunisia. Awuah
et al. (2006) reported almost this same removal rate of
Entamoeba histolytica/dispar/moskhovskii.

Jiménez et al. (2001) reported that the advanced
primary treatment could remove between 0.3 log 10 to
0.69 log 1 0 of the protozoan cysts overall including
Entamoeba histolytica/dispar/moskhovskii.
3.1.4.2 Trickling filters

The E. histolytica reduction through this process, as
followed by Panicker and Krishnammorthi (1978) and
Feachem et al. (1983), was reported respectively to be 0.76
log10 and between 0.53 log10 and 1.22 log10.
3.1.4.3 Activated sludge

Vaz da Costa Vagas et al. (1996) reported that
biological treatment, such as the activated sludge or
oxidation ditches, although more efficient in parasites
removal, they do not produce a parasite free effluent like
the effluent obtained by lagoon.
A lower rate of E. histolytica/dispar/moshkovskii
removal was reported 0.37 log10 in Tonani et al. (2011) one
year work at a WWTP in Sao Paulo, in Brazil. In Iran,
Yousefi and Hezarjaribi (2013) found that activated sludge,
in a hospital WWTP, coupled with extended aeration
presented
the
lowest
rate
of
E.
histolytica/dispar/moshkovskii cysts removal.
A recapitulation of the effectiveness of all these cited
wastewater treatment processes and the generated sludge
are reported on Table 6.

Table 6. Summary of the Entamoeba spp. removal efficiencies of various sewage treatment processes (Awuah,
2006)

Parameters

Log10
removal
Final
sludge

Primary
sedimentation

Trickling
filter with
sludge
digetion
and drying

Activated sludge
with primary and
secondary
sedimentation,
digestion and
sludge drying

0.05 to 0.3

0.3

0.3

0.3

>2 log10

0

Contaminated

Safe

Safe

Safe

Not applicable

Contaminated

3.1.4.4 Oxidation ditch

Sobsey (www.unc.edu/courses) reported a 1.05 log10
removal of E. histolytica with oxidation ditch process
followed by sedimentation.
3.1.4.5 Membrane bioreactors/USAB

For the enhancement of primary sewage treatment,
large scale high rate anaerobic reactors were used,
including Upflow Anaerobic Sludge Blanket (USAB).
According to Chong et al. (2012), amoeba cysts should be

Waste
Oxidation ditch
stabilization
with
ponds with
Septic tanks
sedimentation
minimum
and sludge
retention time =
drying
25 days

removed but no data were available using a USAB-septic
tank technology with an anaerobic system.
3.1.4.6 Anaerobic/anoxic digestion and biogas

Anaerobic or anoxic digestion is closely related to the
digestion time and to the system temperature (Mesophilic
or thermophilic).
Anaerobic membrane bioreactors (MBR) are a great
potential-application to achieve two principal objectives:
the energy recovery and a better effluent quality for reuse.
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In a study accomplished in Sfax Biotechnology Center
(CBS) in Tunisia, the results obtained by Saddoud et al.
(2007) indicated that the anaerobic MBR allowed an
effective and total removal of > 2.0 log 10 of protozoan
cysts.
In Brazil, Benatti et al. (2002), showed that the sewage
sludge samples obtained after being putted without
previous thickening in a digester for 20 days, were free of
Entamoeba spp. in spite of the important load
contamination of the affluent. However, in Kathmandu, E.
histolytica/dispar/moshkovskii was detected in the sewage
sludge samples collected from an anaerobic digesters
working respectively at 10 to 20 °C for 30 days and at
mesophilic temperature (35 ± 2°C) for 25 days (Poudel et
al., 2010).
According to Tawfik et al. (2015), the treatment of
domestic wastewater in a pilot scale up flow anaerobic
hybrid (AH) reactor (0.9 m3) in combination with down flow
hanging sponge (DHS) system (1.3 m3) was investigated.
This combined system, operated at a hydraulic retention
time (HRT) of 6 h for the AH and 3.2 h for the DHS system,
was very efficient for the removal of the Entamoeba cysts.
3.1.4.7 Coagulation

This process has been used as the main treatment
process in order to assure the production of a treated
wastewater suitable for agricultural reuse at a reasonable
cost (Jiménez et al., 2001). For the coagulation stage, as
protozoa (oo)cysts are naturally electronegative (CapizziBanas et al., 2002), precipitate enmeshment using metal
hydroxides can assure their reduction to more than
2.0 log10 (Gray, 1999; Bouzid et al., 2008).
3.1.4.8 Filtration

Rapid filtration eliminates 1.0 log 10 of Entamoeba
species with a filtration rate less than 2.4 meter/h. The
addition of a coagulant could increase this removal rate to
2.0 log10 (Leong, 1983; Jimenez et al., 2001; Bitton, 2005).
Jimenez et al. (2001) highlighted the relevance of the
integration of this procedure in wastewater treatment by
comparing the protozoa overall (Giardia, Entamoeba coli
and E. histolytica/dispar/moshkovskii) in three samples
namely raw wastewater, after an advanced primary
treatment (APT) and after APT followed by filtration.
Authors reported protozoa prevalence ranging between
respectively: 1007 to 1814; 400 to 524 and 190 to 524
cysts/L.
3.1.4.9 Membranes (Micro, ultra, reverse osmosis and membrane
bioreactors)

Protozoan (oo)cysts and more specifically E. histolytica,
that the size is ranging from 3 to 20 μm, could easily be
retained as they are larger than the pore size of an
microfiltration (0.1-10 µm) or ultrafiltration (5 to 100 nm)
membranes and a total removal of protozoa could be
expected (Ottoson et al., 2006; Bitton, 2010).
According to Fletcher et al. (2012); although that
several emerging methods for wastewater treatment
involving membrane and filtration technologies namely
pressure-driven membrane processes such as

microfiltration, ultrafiltration, nanofiltration and reverse
osmosis are now extensively used, their application in
wastewater is still limited due to the inorganic fouling.
Coagulation-floculation separation, sand filtration and
membrane treatments through micro or ultra-filtration
allow the reduction of 3.0 log 1 0 to 4.0 log 1 0 of E.
histolytica/dispar/moshkovskii quadric nucleated cysts from
the initial load. This is obtained when the turbidity of
filtered water is at most 0.5 or even 0.3 NFU
(https://www.anses.fr).
Lauer (1991) described a demonstration plant built with
a debit of 44 l/s, assessed to examine the feasibility of
converting secondary treated wastewater to potable water
in Denver, USA. This pilot project, designed with an
excessive level of protection, was composed of
coagulation–flocculation with lime, recarbonation, filtration,
selective ion exchange, carbon adsorption first step,
ozonation, carbon adsorption second step, reverse osmosis
and disinfection with chlorine dioxide. The effluents
generated, with reverse osmosis and ultrafiltration, were
under the detection limits for the presence of Entamoeba
histolytica (Lauer and Rogers, 1994).
3.1.4.10 Biosolids management (Sludge, fecal sludge
management)

Phiri et al. (2014) consider the biosolids drying beds as
an effective way of sludge treatment and reuse but at least
for a period of 5 weeks even if an important inactivation
was noted since the second week. They also highlighted the
importance of the Gamma rays radiations (kGy) as they
obtained sludge samples free Entamoeba histolytica even
after lower doses (5 kGy).

3.2 Disinfection
Disinfection is the process used for microorganisms
control and elimination. Its efficiency depends mainly on
the disinfecting agent (Chlorine, ozone and Ultraviolet), the
type and variety of microorganisms, the dosage, the
exposure time and the water composition.
Schafer et al. (2004) reported a wall resistance of
(oo)cysts to disinfection.
3.2.1 Chemical disinfection (Chlorine, ozone)
Hijnen (2008) and EPA’s Water Treatment Manual
Disinfection (2011) described E. histolytica cysts as
resistant against the commonly used concentrations of the
chemical disinfectants: chlorine and ozone.
Chlorine, as a widely used disinfectant at water
treatment plants, could not inactivate some protozoa cysts
if its density and contact time with water are reduced
(Liberti et al., 2003). Protozoa cysts, including E.
histolytica, have shown resistance to low doses of chlorine
(Pulido, 2005). Shalaby et al. (2003) stated that E.
histolytica cysts elimination by chlorination was closely
related to the chlorine dose, to the contact time and to the
affluent concentration in pathogenic amoeba. In fact, as
reported in Table 7, a contact time of 120 mg.min/L at an
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alkaline pH, will inactivate 2.0 log 1 0 (99%) of E.

histolytica/E.dispar cysts.

Table 7. Disinfectants effects on E. histolytica/E. dispar cysts (www.anses.fr)

Product

Conditions

Active chlorine Aqueous solution

Concentration (mg/l) or CT* (mg.min/L)

Cyst inactivation
(log10 Reductions)

20 mg.min/L (30°C pH 7)
120 mg.min/L (pH 10)

2

0.7 to 1.1 mg/l

> 1.7

35 mg.min/L (pH 4 at 30°C)
40 mg.min/L (pH 10)

3

Ozone
Bromine

Solution

CT: Concentration of the disinfectant * Contact time.

3.2.2 Physical disinfection (Ultraviolet):
Jimenez et al. (2001) followed the effect of chlorine on
three protozoa (Giardia, E. coli and E. histolytica)
elimination and reported removal and inactivation assured
by this process where their prevalence (cysts/L) ranged
between 1007 and 1814 in raw wastewater and between 1
and 30 after chlorination.
Table 7 resume the effects of the chemical disinfectants
on the removal of E. histolytica/E. dispar cysts.

In order to ensure continuous supplies of healthy water
worldwide from waterborne protozoa parasites and for the
monitoring of drinking water, results obtained from studies
of bath solar disinfection (SODIS) with combined effect of
temperature and UV radiation, are so far encouraging with
cysts including E. histolytica rendered completely noninfective after exposures to up to 10 hours at 40°C.
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