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Abstract

ABSTRACT

A key question 1n amoebiasis 1s whether the variable symptoms of amoebic infections
are a reflection of different strains of E. histolytica. To address this, tools that allow
typing of E. histolytica 1solates are needed and this objective formed the basis of the
present study. A method for PCR-based DNA typing of E. histolytica isolates has

been developed using multiple loci with internal short tandem repeats (STRs) as the
polymorphic markers. It has been shown that E. dispar isolates can also be typed by

this approach and species-specific primers have been developed for two loci.

E. histolytica and E. dispar samples from a wide geographic range were studied to
validate the general utility of these loci. Results revealed that E. histolytica is
genetically highly variable. This was evident in all the communities studied. E. dispar
also displays intra-species variation. The patterns seen for individual strains of both
species were stable over time in the same infection. With few exceptions a single E.
histolytica or E. dispar strain was identified in samples from infected family groups
and outbreaks. Our results show both the existence of mixed species infection as well

as the possibility of co-infection with different strains of the same species.

The genomic organisation of these repeat loci was also assessed. Our results show that
they are likely multicopy and are as a rule organised into long tandem arrays.

Analysis of the array length shows that they constitute a significant part of the

chromosome on which they are carried.
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CHAPTER 1

INTRODUCTION

Amoebiasis is the infection of the human gastrointestinal tract with the protozoan

parasite Entamoeba histolytica. This small (10 to 40um) and relatively fragile

protozoan lacks most eukaryotic organelles e.g. a structured cytoskeleton, the Golgi
complex, endoplasmic reticulum and mitochondria (Clark et al, 2000). It is however
capable of colonising and invading the intestinal mucosa and virtually every other

tissue and organ, most commonly the liver, wherein lies its medical importance. On a

global scale, amoebiasis probably comes third among parasitic causes of death,

behind only malaria and schistosomiasis.

The parasite has a cosmopolitan distribution. On the other hand, invasive amoebiasis
is a major health problem in arecas of Africa, Asia and Latin America where
inadequate sanitary conditions prevail (Walsh, 1986). A major puzzle, however, is the
variable expression of the parasite's pathogenic potential. Estimates of the worldwide
distribution of amoebiasis suggested that only a small fraction of the total number of
infected individuals have or develop invasive intestinal or extraintestinal disease. The
combined use of biochemical, immunological and molecular techniques has allowed
scientists to determine that there are in fact two morphologically identical species
(Diamond and Clark, 1993). One is an invasive pathogen (E. histolytica) exhibiting
varying degrees of virulence and the other is non-invasive (E. dispar) having the

capacity of producing at most superficial erosion of the colonic mucosa.

The acceptance of E. dispar as a distinct species has had profound implications for the
epidemiology of amoebiasis. Most of the asymptomatic infections worldwide are now
attributed to this non-invasive amoeba. However, fewer than 10% of individuals who
are infected with E. histolytica (in its new sense) develop invasive disease. A major
area of debate in recent years has been whether the differences in expression of

disease are a function of host factors or of parasite factors.
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At present there are no simple, rapid and low cost laboratory tests available for the
differentiation of E. histolytica and E. dispar infections. Better knowledge of
amoebiasis prevalence, transmission and epidemiology requires improved diagnostic
and surveillance tools and a clear understanding of the biological and epidemiological
significance of strain differences. The development of such valuable tools for use in
clinical laboratories and large-scale epidemiological surveys has been made a priority

(Anonymous, 1997a).

In the following sections I have endeavoured to give some account of our current
understanding of the overall biology and genome organisation of E. histolytica. This
is followed by a review of literature pertaining to its epidemiology so as to highlight
key unanswered questions. Finally, pitfalls of the epidemiological indices currently in
place and emerging trends in molecular epidemiology of amoebiasis are discussed.
Although E. histolytica is the key focus of much of the information provided and

discussed, due reference has been made to E. dispar, its biology and role in the

confusing and conflicting history of amoebiasis epidemiology.
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1.1. Entamoeba histolytica AN OVERVIEW

1.1.1. HISTORICAL PREVIEW

Brief accounts summarising the history of E. histolytica and amoebiasis can be found
in a number of articles and the following information has been derived from some of
them (Martinez-Béaez, 1986; Martinez-Palomo, 1993; Petri, 1996). It was in 1875 that
Fedor Aleksandrovich Losch first described the clinical and autopsy findings of a case
of fatal dysentery, identified the amoebas and reproduced the disease in dogs, thus
almost fulfilling Kochs postulates. He proposed the name Amoeba coli for this new
species. Stephanos Kartulis in 1887 and Sir William Osler in 1890, made positive
diagnosis of amoebic liver abscess. A year later Councilman and Lafleur, at Johns
Hopkins hospital, confirmed the pathological role of amoebas through studies on
patients with dysentery and hepatic abscesses and created the terms “amoebic
dysentery” and “amoebic liver abscess”. The term amoebic dysentery is now
considered incorrect and in more recent literature (Ravdin, 1995) has been replaced

by the term “amoebic colitis”. The organism was formally named E. histolytica by

Schaudinn in 1903.

In the following fifteen years more than a dozen species names were introduced for
organisms that were morphologically very similar to each other and to E. histolytica.
In 1919, Clifford Dobell reviewed all the published species descriptions and
concluded that there was only one species of Entamoeba that produced

quadranucleated cysts and retained Schaudinn’s name E. histolytica for it.

As early as 1925, Emile Brumpt suggested the existence of two morphologically
identical quadranucleated cyst producing species, one being pathogenic and the other
not, and suggested the name E. dispar for the non-pathogenic species. Following

much debate E. dispar was finally separated from E. histolytica (Diamond and Clark,
1993).
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1.1.2. LIFE CYCLE

The life cycle of E. histolytica in humans has not been studied. The best description
available is based on studies carried out by Dobell in 1928, in which he used a strain
of E. histolytica recovered from a monkey. However, most of his observations have
since been corroborated and are widely accepted (Martinez-Palomo, 1993). The
complete life cycle consists of four consecutive stages; namely, cyst, metacyst,

trophozoite and precyst, forms.

|'_I_| = Non Invasise Colonizatic

= Intestinal Disease

‘ol = Extra-Intestinal Disease

Fig. 1. Schematic Representation of Life Cycle of Entamoeba histolytica. Taken
from the CDC website (http://www.dpd.cdc.gov/dpdx/HTML/Amebiasis.htm).
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Infection 1s acquired by ingestion of the mature quadranucleate cyst which is resistant
to the acidic pH of the stomach. Excystation occurs in the small or large bowel, with
division of the emerging amoeba into four and then eight metacystic trophozoites.
Trophozoites have the ability to colonise and/ or invade the large bowel, where they
multiply by binary fission. Encystation may take place if luminal conditions are less
than ideal for the trophozoites, resulting in four nucleated cysts after two successive

nuclear divisions. Cysts do not develop within tissues.

Upon excretion cysts remain viable for weeks to months depending on environmental
conditions. Infection is not transmitted by trophozoites (which may be excreted during
episodes of acute colitis), because of their rapid degeneration outside the body and
their destruction in normal gastric contents with a low pH. Infection resulting from the
ingestion of as little as a single cyst in contaminated food or water has been reported
(Ravdin, 1995), and larger inocula are usually associated with shorter incubation
periods of days instead of the usual one to two weeks before the onset of symptomatic
discase. The duration of infection is variable and cysts have been demonstrated in

faeces of untreated persons for as long as two years (Martinez-Palomo, 1993).

1.1.3. MORPHOLOGY

E. dispar is still considered to be morphologically similar to E. histolytica but
successful axenization of E. dispar (Clark, 1995) has allowed a detailed
morphological and ultrastructural comparison with E. histolytica under identical

conditions (Espinosa-Cantellano et al, 1998). Subtle differences have been observed

and are discussed bellow.

1.1.3.i. TROPHOZOITE

The trophozoite is a highly dynamic and pleomorphic cell whose form and motility
are strongly affected by changes in temperature, pH, osmolarity and redox potential.
In general, both light and scanning electron microscopy have revealed that, in axenic
cultures at least, E. dispar trophozoites are elongated with a prominent, broad,

anterior pseudopod and a distinct posterior uroid. The uroid appears as a tail formed
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of irregular folds of the membrane and fine processes called filopodia. In contrast, E.
histolytica trophozoites from axenic cultures tend to be rounder in shape, have several
small pseudopodia extending from different parts of the cell and a uroid is less

commonly observed. Motility and pseudopodia formation are rapid and movement

rarely occurs in a straight line. The diameter ranges widely, from 10 to 60 pm

(average 25 um), not only due to the pleomorphism of the parasite but also to the
feeding conditions. Amoebae obtained directly from intestinal or liver lesions are

generally larger (20 to 40 um) than those found in non-dysenteric stools or in cultures

(10 to 30 pm).

The cytoplasm is characterised by the absence of most of the organelles found in other
eukaryotes. The clear ectoplasm surrounds a granular endoplasm, which contains
abundant vacuoles. Some of these have been identified as phagocytic, macro- and
micropinocytic vacuoles, lysosomes and food vacuoles. The latter may be filled with
starch and ingested bacteria in xenic cultures and erythrocytes in dysenteric stools. In
axenic cultures the cell surface of E. histolytica is rough with numerous circular
openings that correspond to the mouths of micropinocytic vesicles. In contrast the cell
surface of E. dispar trophozoites is smoother in appearance. The distribution of

vacuoles differs between the two species. In E. dispar the cytoplasm appears patchy
with vacuoles being concentrated in some regions, while in E. histolytica the vacuoles
are larger and are uniformly distributed. A prominent feature of most E. histolytica
and E. dispar trophozoites is the existence of cytoplasmic arcas containing large

deposits of glycogen granules interspersed with ribosomal bundles.

There is a single nucleus of 4 to 7 um in diameter with a small, spherical, central
karyosome. In light microscopic analysis the E. dispar nucleus has a thin peripheral
rim made up of regularly placed dense circular granules, whercas in E. histolytica the
nuclear periphery is coarser and thicker. The chromatin clumps are usually uniform in
size and evenly distributed inside the nuclear membrane although in some cells the
chromatin may be concentrated on one side as a crescentic mass. The nucleus has no

fixed position in the cytoplasm, but moves freely.
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1.1.3.11. CYST

The mature E. histolytica cyst is a quadranucleate, round to oval structure. The

average diameter is 12 um (range 8 to 20 um). It has a rigid wall made up of chitin
and glycoproteins that protect the amocba outside the human body. Generally,
glycogen deposits and chromatoid bodies are seen in the immature precystic stage but
disappear as the cyst matures, as do food vacuoles. A chromatoid body is a large
crystalline inclusion that results from the aggregation of ribosomes. These are
arranged in helical arrays in the trophozoite. The helices are ordered in a hexagonal
packing pattern during encystation to form these classical inclusions which appear as
rods with blunt or rounded ends. There are one to four small nuclei each containing a

small and usually centrally located karyosome and the nuclear membrane is uniformly

lined with peripheral chromatin.

1.1.4. CULTIVATION

Clark and Diamond (2002) have provided a succinct account of the history of E.
histolytica cultivation. Boeck and Drbohlav in 1925, were the first to successfully
cultivate E. histolytica by using the diphasic Locke’s egg serum medium, a
modification of which (Locke-Egg (LE)) is still in use today. Several monophasic
media have been developed e.g. the egg yolk infusion medium defined by Balamuth
in 1946 and Diamonds TYSGM-9. At present the most widely used media for xenic
cultivation (i.e. growth of parasite in the presence of undefined flora) are the diphasic

LE and Robinson's medium and the monophasic TYSGM-9. These media also

support the growth of other Entamoeba species with varying degrees of success.

The first axenic cultivation (i.e. growth of parasitc in the absence of any other
metabolising cells) of E. histolytica was achieved by Diamond in 1961 using a

complex serum-enriched diphasic medium. Successive improvements have resulted in
TYI-S-33 which is currently the most widely used medium for axenic cultivation of E.
histolytica. A major drawback of TYI-S-33 however, is the presence of casein, which

varies from lot to lot in its ability to support good growth of E. histolytica, and 1s not
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readily available. More recently, YI-S has been described as an alternative to TYI-S-
33 (Diamond et al, 1995) and overcomes inherent problems of the latter by replacing

casein with increased amounts of yeast extract.

Currently, monoxenic cultivation (i.e. growth of parasite in the presence of a single
species of associate) 1s only used as a transition between xenic and axenic cultures.
Though specific media for monoxenic cultivation do exist, axenic culture media can

work just as well in some cases at least (Clark and Diamond, 2002).

1.1.5. PATHOGENESIS

The majority of what we know about the host-parasite interactions that take place in
amoebiasis is based on in vitro studies. Experimental liver abscesses in hamsters and
gerbils have been produced with axenic cultures of E. histolytica (Martinez-Palomo,
1993). At present, however, there is no experimental animal model that reproduces
the invasive intestinal amoebic lesions seen in human intestinal amoebiasis (Espinosa-
Cantellano and Martinez-Palomo, 2000). In the past decade, application of molecular
biological techniques has led to rapid progress towards the 1dentification of several
amoebic and host related factors associated with virulence (Petri ef al, 1994; Gilchrist
and Petri, 1999; Espinosa-Cantellano and Martinez-Palomo, 2000). For descriptive
purposes Martinez-Palomo et al (1985) have divided this host-parasite interplay into

four stages: adhesion, cytolysis following contact, phagocytosis and intracellular

degradation.

Among the host factors implicated in determining whether E. histolytica infection will
result in colonisation and invasion are high caecal total ammonia (NH;) and acid (H")
concentrations (Leitch, 1988). It has also been suggested that lowering of the redox
potential in the parasite promotes colonisation and invasion (Bracha and Mirelman,
1984). E. histolytica trophozoites survive within their human hosts by feeding on
bacteria and cellular debris. Lowering of the redox potential is favoured by the
anaerobic environment of the gut and by the ability of ingested bacteria to act as

broad range scavengers of oxygen molecules.

25



Chapter 1

Killing of target bacteria is reported to occur only on direct contact mediated by the
parasites’ galactose-inhibitable lectin (Gal/GalNAc lectin) which binds to the
galactose and N-acetyl D-galactosamine moieties in bacterial cell walls (Petr1 et al,
1989). This protein also mediates adherence to a variety of other targets, including
human erythrocytes, neutrophils, colonic mucins and epithelial cells (Huston and
Petri, 1998). The intestinal mucus blanket is the first barrier and colonic mucin
glycoproteins can act as an important host defence by binding to the parasites'
Gal/GalNAc lectins i.c. they act as alternative target sites, thus preventing amoebic
attachment to and cytolysis of host epithelial cells (Chadee ef al, 1987). However, it
has also been suggested that colonic mucins may in fact facilitate colonisation by
virtue of the same adherence ability. Keller et al (1992) have reported that E.
histolytica trophozoites in contact with human colonic cells induce fast release of both
pre-formed and newly synthesised mucins. Such sustained hypersecretion may
contribute to mucin depletion and alteration of the protective mucus blanket, hence
facilitating amoebic invasion of the underlying epithelial layer. On the other hand
parasite adherence to colonic epithelium can be blocked by destruction of the

galactose-inhibitable lectin by pancreatic proteases, bile salts and bacterial

glycosidases (Petri ef al, 1994).

It has also been postulated that penetration of the mucus blanket can be brought about
by mechanical amoeboid movement (Martinez-Palomo et al, 1985). In one type of
interaction, the amoebas establish a hit-and-run pattern in which, after maintaining
contact for a few minutes with a given epithelial cell, an amoeba moves on to another
cell resulting in dislodgement of epithelial cells from the substrate. The second, less
common, mechanism of mechanical lytic action involves “pinching off”’. Following
adhesion, the trophozoites detach from the target cell body taking with them the

membrane at the attachment site. This creates a hole in the plasma membrane of the

cell resulting in lysis and subsequent phagocytosis of epithelial cells.

The Gal/GalNAc lectin is a multifunctional membrane protein and in addition to its
role in amoebic adherence it has been shown to participate in cytolytic events, interact
with the cytoskeleton, and appears to mediate amoebic resistance to complement-
mediated lysis. Participation in the former has been evidenced by Saffer and Petr

(1991), who demonstrated that monoclonal antibodies directed against the galactose
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lectin decreased cytotoxicity, in addition to inhibiting adherence. A cell-signalling
role for the lectin has been suggested by the observation that rapid polymerisation of
actin occurs upon adhesion of amoeba trophozoites to target cells and that this

polymerisation can be inhibited by pre-incubation with galactose (Gilchrist and Petri,
1999). The researchers postulate that such alterations in the cytoskeletal structure

could, in turn, initiate other signalling cascades.

The existence of another amoebic protein, the “amocbapore”, has also been
demonstrated (Leippe, 1997). This protein, for which three isoforms (A, B and C) are
known, is stored within granules found in large numbers in the amoeba's cytoplasm
and is likely released only after direct contact of the amoeba with its target cell.
Although isoform A is the most abundant and C the least, amoebapore C has a
markedly higher cytolytic activity than A or B. Insertion and lateral diffusion of the
émocbapore through target membranes results in the formation of water filled
channels which may allow ions and other small molecules (e.g. toxins) to pass
through. This changes the target cell's internal environment, which ultimately results
in its lysis. Based on this proposed mode of action, two key functions have been
suggested for these molecules. The primary function appears to be intracellular
destruction of phagocytosed bacteria, the amoeba's main source of nutrients.
Alternatively, an appropriate stimulus, e.g. cell to cell contact between the amoeba
and target cell, may trigger granular exocytosis into the confined environment of the
contact zone. High concentrations of amoebopores may be reached in the small inter-
cellular space, sufficient to induce target cell death, as suggested by the swelling and

massive surface blebbing seen in target cells minutes after the primary contact has

been established with the surface lectin.

The major proteolytic enzymes released by E. histolytica are cysteine proteinases
(Que and Reed, 1997). Unlike amoebapores, these enzymes do not kill target cells in a
contact dependant manner and are secreted spontancously. Six cysteine proteinase
genes have been identified. The expression of one of these, a major neutral cysteine
(thiol) proteinase, has been correlated to virulence. This major proteinase is also the
only one localised on the amocba surface, while the remaining are found iIn
cytoplasmic granules. /n vitro the major proteinase has been shown to mimic the

cytopathic effect of the whole trophozoite. This neutral enzyme can degrade basement
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membrane components (e.g. collagen) and cell anchoring proteins (e.g. fibronectin
and laminin). Cysteine proteinases also appear to have a role in amoebic liver abscess
formation as evidenced by a reduction in abscess formation when trophozoites were
treated with specific protease inhibitors prior to inoculation into animals. The neutral
proteinase can also activate the alternative complement pathway by cleavage of
component C3, resulting in generation of anaphylatoxins C3a and C5a, which are
crucial components of the host inflammatory response. However, the same proteinase
can limit the inflammatory reaction by degrading and inactivating thesc
anaphylatoxins. The remaining portions, C3b and C5b, participate in activation of the
late acting components leading to formation of the membrane attack complex on the
amoebic plasma membrane. Formation of this complex can, however, be blocked by
the Gal/GalNAc lectin which binds to the terminal complement components C8 and

C9 and hence prevents assembly of the complement membrane attack complex (Braga

et al, 1992).

After contact dependant cytolysis of the target cell has occurred the amoebas ingest
the lysed cell, although living cells can also be engulfed, following which the efficient
cytoplasmic machinery rapidly degrades the ingested material. The ability of E.
histolytica to phagocytize seems to be related to their virulence since virulent
amocbas display active erythrophagocytosis while those of low virulence ingest few
red cells. In fact, amoebas rendered defective in their phagocytic capacity lose their

virulence (Martinez-Palomo, 1993).

1.1.6. PATHOLOGY

In humans, typically, the colonic lesions present either as non-specific thickening of
the mucosa or as the classic flask-shaped amoebic ulcers. Colonic and caecal mucosa
are invaded by E. histolytica trophozoites and cellular infiltration occurs around the
invading amoeba. There is rapid lysis of the inflammatory cells and tissue necrosis.
Ulceration may deepen and progress under the mucosa to form *“flask ulcers” which
extend into the submucosa and produce microhaemorrhages, which produce the red
cells found in amoebas in stool specimens. Initially the ulcers are superficial with

normal mucosa between the sites of invasion and a necrotic base. Further progression
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of the lesions may produce loss of mucosa and submucosa covering the muscle layers

and eventually ulceration may lead to rupture of the serosa (Espinosa-Cantellano and

Martinez-Palomo, 2000).

Complications of intestinal amoebiasis include intestinal perforation, direct extension

of ulcers to the skin, and dissemination of amoebas through the portal circulation to
extraintestinal sites (Reed, 1992; Ravdin, 1995). Haematogenous dissemination of
amoebae to extraintestinal sites most frequently involves the liver, though lungs,
pericardium, brain and skin can be involved too. Interestingly, the presence and extent
of liver involvement bears no relationship to the severity of intestinal disease and liver
disease has been known to occur independent of an obvious intestinal infection.
Characteristically, a human amoebic liver abscess consists of arcas in which the
parenchyma has been completely replaced by semisolid or liquid material composed
of necrotic matter containing a few cells. Amoebas tend to be located at the periphery
of the abscess. Liver abscesses may heal or rupturc with further dissemination of
infection. If and when properly treated, invasive amoebic lesions in the large intestine,
liver or skin of humans almost invariably heal without the formation of scar tissue, a
phenomenon for which no adequate explanation exists (Espinosa-Cantellano and

Martinez-Palomo, 2000).

1.1.7. HUMORAL & CELLULAR IMMUNITY

A prompt local secretory response followed by an equally rapid systemic antibody
response follows intestinal invasion by E. histolytica. IgA, IgG and IgM
coproantibodies have been found by indirect haemagglutination in persons with active
amoebiasis. Circulating antibodies to E. histolytica can be demonstrated as early as
one week after the onset of invasive amoebiasis in both man and experimental
animals. All immunoglobulin classes are involved but there seems to be a
predominance of IgG2 antibodies (Salata and Ravdin, 1986; Martinez-Palomo, 1993).
However, many individuals have recurrent intestinal amoebic infection despite having
elevated titres of antiamoebic antibodies. In in vitro studies, virulent amoebas, by
virtue of their major cysteine proteinase, are resistant to complement-mediated

antibody lysis and can degrade both serum and secretory IgA as well as circulating
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IgG antibodies (Que and Reed, 1997). Taken together these observations have led to a
consensus among scientists that circulating antiamoebic antibodies are not protective

against intestinal and even perhaps extraintestinal amoebiasis.

Studies involving immunosuppression of experimental animals support the existence
of cellular, rather than humoral, immunity against extraintestinal amoebiasis.
Polymorphonuclear (PMN) neutrophils are rapidly recruited and activated in response
to proinflammatory chemokines, e.g. cytokines, and cleavage products of complement
(Espinosa-Cantellano and Martinez-Palomo, 2000). The Gal/GalNAc lectin has been
shown to induce in vitro production of T-cell derived cytokines, which in turn activate
macrophages (Campbell and Chadee, 1997). There 1s both in vivo and in vitro
evidence to suggest that activated macrophages show potent amoebicidal activity. T-

cells may also be directly cytotoxic to amoebic trophozoites in a contact dependant

manner mediated by the surface lectin.

However, downregulation of the host's cellular immune responses following amoebic
invasion has been demonstrated. The exact mechanisms involved in downregulation
arc only partially understood but it has been shown that virulent amocbas can lyse
neutrophils through a contact-dependant, lectin mediated mechanism (Salata and
Ravdin, 1986). Both in vivo and in vitro studies have suggested that lysis of
neutrophils initiates release of toxic neutrophil enzymes which may then contribute to
the tissue necrosis that is seen with invasive amoebiasis. It has been demonstrated that
amoebae are capable of altering key macrophage accessory and effector cell functions
thereby inhibiting amoebicidal activity. These include inhibition of antigen presenting
cell activity, reduced T-cell proliferation and activation, and decreased macrophage

responsiveness to T-cell derived activating cytokines (Campbell and Chadee, 1997).

Clinical studies by Deleon in 1970 have however shown that recurrences of amoebic
liver abscess are rare in humans (cited in Campbell and Chadee, 1997). Furthermore,
vaccination of animals with purified or recombinant amoebic molecules results 1n a
level of protection against challenge infection (Petri and Ravdin, 1991; Zhang e al,
1994). Taken together these data suggest that prior sensitisation of the immune system
might be sufficient to overcome the ability of amoebic trophozoites to downregulate

macrophage and T-cell functions.
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1.1.8. CLINICAL SYNDROMES

The term ‘amoebiasis’ includes all cases of human infection with E. histolytica. The
clinical presentations of intestinal E. histolytica infection are variable (Reed, 1992).
One of the most common forms of intestinal infections is ‘asymptomatic cyst passage
or ‘luminal amoebiasis’, with the organism acting as a harmless commensal.
Occasionally ‘symptomatic non-invasive infections’ may occur and exhibit non-
specific gastrointestinal symptoms (Ravdin, 1995). ‘Invasive intestinal infections’
generally manifest as 'amoebic colitis' which 1s one of the major intestinal syndromes
and is marked by loose stools containing blood and mucus. Characteristically, the

patient has several cvacuations (three to five) per day and fever, and general systemic

manifestations are generally absent.

Complications of amoebic colitis, such as 'fulminating amoebic colitis', are
uncommon but occur most often in children. These are marked by necrotic ulcerous
lesions extending over large areas. Evacuations are frequent (twenty or more per day)
and occasionally contain blood alone, accompanied by signs of systemic involvement
e.g. fever, dehydration and shock. Perforation and secondary bacterial infection of
ulcers may occur and is especially common in children. As might be expected,
concurrent liver abscess is common. Another unusual complication of severe colitis is
'toxic megacolon', which is marked by diffuse distension of the colon and is usually
associated with the administration of steroids (Reed, 1992). Occasionally, chronic
ulceration can result in amoeboma formation. Amocbomas are pseudotumoural
lesions that result from necrosis, inflammation and oedema of the mucosa and
submucosa of the colon. They usually occur singly, though occasionally multiple
masses have been detected. Less frequent complications include perianal cutancous

amoebiasis (Martinez-Palomo and Espinosa-Cantellano, 1998).

The most common form of ‘extraintestinal amoebiasis’ is the amoebic liver abscess,
which unless properly diagnosed and promptly treated is potentially lethal. This
condition results from the migration of E. histolytica trophozoites from the colon to
the liver via the portal circulation. Both intestinal and extraintestinal localisation can

occur at the same time, but they are usually manifested separately. The time lapse
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between penetration of the mucosa of the large intestine and damage to the liver is
unknown, however concurrent amoebic colitis has been found in only one-third of
hepatic abscess cases (Martinez-Palomo and Espinosa-Cantellano, 1998). Amoebic
liver abscesses can occur 1n all age groups but predominate in adults aged twenty to
sixty years. There 1s a marked preference for the right lobe of the liver and it is at least
three times more frequent in males than in females. The onset is usually abrupt and is
accompanied by pain and systemic symptoms. Direct or haematogenous spread from
the liver abscess can result in ‘pleuropulmonary amoebiasis’ and involvement of the
peritoncum and/ or pericardium. ‘Cerebral amoebiasis’ though very rare has an abrupt

onset and rapid progression, resulting almost always in death.

1.1.9. DIAGNOSIS

In light of the acceptance of the two species, diagnosis of amoebic infection requires
specific detection of E. histolytica and its differentiation from E. dispar. This is
important not only for appropriate treatment to be administered and to reduce
unnecessary drug prescription but is also necessary for carrying out reliable
epidemiological surveys. There are several inherent problems associated with the
variety of diagnostic methods currently in use. A detailed review of these methods,

their advantages and disadvantages is the focus of section 1.4 (this chapter).

Briefly, diagnosis of invasive intestinal amoebiasis still relies on the microscopic
detection of haematophagous trophozoites of E. histolytica in stools (Gonzalez-Ruiz
et al, 1994b). Problems in diagnosis arise when cysts alone occur in stools of healthy
or diarrhoreic individuals, as microscopy does not distinguish between cysts of E.
histolytica and E. dispar. Colonoscopy and scraping or biopsy of the ulcer edge is the
most definitive means of diagnosis for amoebic colitis and examination of specimens
from this procedure reveals the diagnosis in 85% of cases (Ravdin, 1995; Walsh,
1986). However, invasive procedures such as endoscopy should be performed with
great care, as there is risk of intestinal perforation. Culture techniques have been used
in conjunction with isoenzyme electrophoresis to differentiate infections caused by E.
histolytica and E. dispar (Sargeaunt et al, 1978), but at present this technique 1s not

used for routine laboratory diagnosis.
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Serological tests provide a valuable means of indirect diagnosis when direct
demonstration or speciation of the organism is difficult. Serology is an especially
useful diagnostic test for amoebic liver abscesses, where the inability to detect
amoebas 1n abscess fluid is well known (Healy, 1986). The use of serological tests as
an adjunct diagnostic tool is also justified in invasive intestinal disease where the use
of substances that interfere with stool examination for parasites is suspected e.g.
antidiarrhoeal agents, antiamoebic drugs, antibiotics etc. However, currently available
serological tests do not differentiate present and past E. histolytica infections and so
provide little aid in diagnosis of simple intestinal infections and in areas of endemicity
(Petri, 1996). Non-invasive imaging studies have greatly improved diagnosis of
amocbic liver abscesses, although differentiation of amoebic and bacterial abscesses

Is not always easy.

New technologies being developed for improved diagnosis of amoebiasis and specific
detection of E. histolytica include antigen detection in stool and serum using
monoclonal antibodies (Abd-Alla et al, 1993; Haque et al, 2000) and detection of
parasite DNA 1n stool and liver abscess pus by nucleotide probes (Bracha et al, 1990)
or PCR amplification (Verwelj et al, 2000; Zaman ef al, 2000). An enzyme-linked
immunosorbent assay (ELISA) kit that employs monoclonal antibodies to the
Gal/GalNAc lectin and can distinguish E. histolytica and E. dispar antigens directly

from stool 1s now commercially available (Haque ef al, 1998).

1.1.10. TREATMENT

The treatment of amoebic infection 1s a complex issue, as multiple drugs must be
prescribed to eradicate the parasite from the bowel lumen and from the tissues.
Additional complexities include the unavailability of certain drugs in many countries
and multiple toxic effects of different drugs (Ravdin, 1995). People with invasive
amoebiasis require prompt treatment. It was previously recommended that all
asymptomatic carriers of Entamoeba should also be treated to prevent transmission
and spread of potential pathogenic parasites. However, with the development of
methods that can differentiate between E. histolytica and E. dispar, it is now

recommended that E. histolytica carriers be identified specifically and treated
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(Anonymous, 1997b). E. dispar carriers need only be monitored closely for the
possibility of co-infection with E. histolytica (Martinez-Palomo and Espinosa-

Cantellano, 1998).

Antiamoebic drugs may be classified in three groups: luminal, tissue and mixed
amoebicides. The most frequently used drugs with luminal action are 1odoquinol,
diloxanide furoate and paromomycin and are thus the treatment of choice for
asymptomatic cyst passers. Diloxanide furoate, although relatively nontoxic, is not
easily available all over the world. Iodoquinol shows gastrointestinal toxicity and is in
limited supply. Paromomycin is highly effective with few side effects and is
considered safe for use in children and pregnant women (Ravdin, 1995). Amoebicides
effective only in tissues are emetine hydrochloride and dchydroemetine. Emetines,
which are given intramuscularly, have multiple adverse effects, including being toxic

to the myocardium, and it is recommended that they be used only under extraordinary

circumstances.

Drugs effective in both tissues and the intestinal lumen include metronidazole and
other nitroimidazole derivatives such as tinidazole and ornidazole. These drugs have
the additional advantage of being administered orally. Although there have been
reports of their carcinogenic effects in rodents and mutagenic potential in bacteria, no
such effect has been noted in humans. The occasional adverse effects noted in humans
c.g. gastrointestinal upset, abdominal pain, nausea and vomiting, are more unpleasant
than serious and therefore make these drugs the treatment of choice for invasive
amoebiasis. Metronidazole is effective but relatively more toxic than some of the
other nitroimidazoles available. This group of drugs is contraindicated in pregnant
women and nursing mothers because of their ability to cross the placental barrier and
their elimination in breast milk. Another drawback of metronidazole is that the drug is
rapidly absorbed and therefore the concentrations reached in the intestine may not be
as effective in eliminating cysts as the luminal agents described above (Martinez-
Palomo, 1993). Therefore, to prevent recurrences and onward transmission, patients
with invasive disease should be trecated with luminal drugs following metronidazole
therapy, since two-thirds of them will have asymptomatic intestinal colonisation as

well (Martinez-Palomo and Espinosa-Cantellano, 1998). There is as yet no report of

drug resistance in amoebiasis.
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1.1.11. CONTROL

Numerous variables, including education, socio-economic level, method of excreta
disposal, and water supply, interact to determine the extent of transmission. Thus, in
aiming at the control of transmission of amoebiasis, there is a need to modify the
economic, technical, educational and cultural patterns that facilitate the sprcad of
amoebiasis within the given community (Martinez-Palomo and Martinez-Baez, 1983).
The World Health Organisation, has recommended methods of control which are
aimed at the improvement of environmental sanitation including water supply, food
safety, and personal hygicne and health education to prevent faecal-oral transmission

(Anonymous, 1985), as well as carly, specific detection and trecatment of cases of

infection and carriers (Anonymous, 1997b).

The most common modes of transmission are ingestion of food and water
contaminated with cysts and direct passage from person to person. Cyst passers are
the main reservoirs of infection. Cysts can remain viable and infective for several
days in faeces as well as in wet/ moist soil, water, seawater and sewage depending on
the temperature. They are not killed by the quantity of chlorine normally used to
purify water, therefore chlorination alone would not prevent spread of the organisms
and potential epidemics due to faecal contamination of water. The safest and most
practical method of rendering drinking water free of viable cysts is to boil it for 10
minutes, followed by adequate protection of the stored sterilised water (Martinez-
Palomo, 1993). Cysts survive up to 45 minutes in faecal material lodged under
fingernails, but are killed within 1 minute by desiccation on the surface of the hands.
Thus, practices such as hand washing after defecation and before handling food and
avoiding consumption of raw vegetables, fruits and exposed food bought from street

vendors need to be continually reinforced through public health education in schools

and the use of mass media.

There is at present no vaccine for amoebiasis. As E. histolytica only infects humans
and some higher primates (Petri, 1996), with no apparent large animal reservoirs of
disease, and in light of the limited data suggesting that acquired immunity to invasive

disease does exist (section 1.1.7.), it should theoretically be possible to develop a
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vaccine that protects against colonisation (Huston and Petri, 1998). Current anti-
amoebic vaccine candidates include five highly conserved, immunogenic surface
proteins. Three of these are the amoebic proteins thought to be critical to pathogenesis
and virulence 1.e, the Gal/GalNAc lectin, the cysteine proteinases and the
amoecbapore. Another key candidate is the serine-rich E. histolytica protein (SREHP
or K2) with tandem 8- and 12-amino-acid repeats (Stanley et al, 1990; Kdéhler and
Tannich, 1993). Lastly there 1s a 29-kDa cysteine-rich protein, which appears to be a
thiol-dependant peroxidase (Huston and Petri, 1998). Immunogenicity of the
amoebapore is not established and response to the 29-kDa protein appears to be
present in liver abscesses cases only. Protection in animals and their potential as
vaccine components has yet to be evaluated for cysteine proteinases and the

amoebapores (Huston and Petri, 1993).

1.1.12. GENOME STRUCTURE

The Entamoeba genome is still not completely understood. Most of what we know
today is based on studies carried out on E. histolytica. Recent studies have revealed
several unusual features, but there is still uncertainty regarding the DNA content of

the nucleus and exact ploidy, among other features (Clark ef al, 2000; Bhattacharya et
al, 2000).

Estimation of genome size by different methods has failed to give consistent values.
However, determination of the clectrophoretic karyotype of E. histolytica by pulsed-
field gel electrophoresis (Willhoeft and Tannich, 1999) suggests that the size of the
haploid genome is about 20 Mb. The G + C content of the genome is low, about
22.4%, while that of coding regions is approximately 33%. In general, most strains
and species are comparable, except for E. moshkovskii strain Laredo which is reported
to have about 10% higher G+C content than other species. Analysis of ca. 4500
codons used in E. histolytica genes showed a preference for A and T at the third
position (Tannich and Horstmann, 1992; Char and Farthing, 1992). It appears that
most genes lack introns, and when present they are small, typically less than 100 bp
(Willhoeft et al, 2001). Intergenic regions are between 400 bp and 2.3 kb and suggest
tight packing of genes (Bruchhaus et al, 1993).
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Both linear chromosomes and a number of circular plasmid-like molecules are present
in the Entamoeba genome. Depending on the E. histolytica isolate used for analysis
(HM-1:IMSS, 200:NIH and HK-9), 31-35 chromosomes have been identified ranging
in size from 0.3 to 2.2 Mb (Willhoeft and Tannich, 1999). 14 linkage groups were

identified and the functional ploidy was estimated to be at least 4. The structure and
organisation of E. histolytica chromosomes is not yet clear. The typical organisation
of chromosomes in to nucleosomal structures has not been demonstrated. Although
most of the histone genes have been identified, their nucleotide sequences were found
to be quite divergent from their counterparts in other organisms. It is possible that
these differences result in atypical interactions between histones and DNA resulting in
alternative nucleosomal structurcs (Bhattacharya es al, 2000). Bagchi et al (1999)
have shown that the chromosomes of E. histolytica arc linear molecules. Distinct size
variation has been seen among homologous chromosomes of different isolates
(Willhoeft and Tannich, 1999). Several classes of dispersed and tandemly repeated-
DNAs have been described (Lohia et al, 1990; Mittal et al, 1994; Cruz-Reyes et al,
1995) and there is evidence that at least some of them arc present in E. dispar too

(Huang et al, 1997; Shire and Ackers, 2000). Their functions have not yet been

determined.

A variety of circular DNA molecules have also been described in E. histolytica. The
most abundant andrextensively studied circular DNAs are those that carry the rRNA
genes (Bhattacharya et al, 1998). In fact these circular rDNA molecules have been
demonstrated in all strains and species of Entamoeba studied. In E. histolytica the
rRNA genes are estimated at about 200 copies and the complete sequence of one
rDNA molecule has been published. It measures 24.5 kb in length and carries two
copies of the ribosomal RNA gene as an inverted repeat. It encodes the small, large
and 5.8S rRNAs but not the 5S rRNA. No proteins are encoded. Several classes of
tandemly repeated-DNAs are also carried on the 24.5 kb circle, some are interrelated
and one is transcribed. In some isolates, however, only one rDNA copy is present and
certain repeated-DNA classes are also missing. Furthermore, some of the tandemly
repeated regions are unstable and length variation due to changes in the number of
repeats occurs quite frequently. In situ hybridisation indicates that the rDNA circles

are located in the vicinity of the nuclear membrane and are not associated with the
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chromosomes, and their segregation appears to precede the separation of
chromosomes during nuclear division (Willhoeft and Tannich, 2000). No copy of the

circular rDNA plasmid was found in any of the linear chromosomes (Bagchi et al,
1999).

Besides the 24.5 kb circles, several less abundant DNA circles in different size classes
of ca. 5, 12 and 50 kb have also been reported in all strains and species of Entamoeba

studied (Dhar et al, 1995; Lioutas et al, 1995). Their structure and function has not
yet been studied.
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1.2. Entamoeba dispar AN OVERVIEW

As mentioned earlier, E. dispar has been recognised as an independent species
(Diamond and Clark, 1993; Anonymous, 1997b). To date every gene sequence that
has been analysed and compared between the two species has been distinct. In fact,
the estimated genetic distance between the two species is comparable to that seen
between the same genes from humans and mice (Clark and Diamond, 1991b).
However, for the most part observed differences between the two species are
quantitative rather than qualitative and despite the degree of genectic difference
between them, they are each other's closest relatives in the genus Entamoeba (Clark

and Diamond, 1997).

No consistent morphological differences exist between the two species but differences
have been reported in surface properties and ultrastructure (section 1.1.3.) (Espinosa-
Cantellano et al, 1998). There is also a growing list of biological differences that
distinguish the two species. Key among these is the fact that while E. dispar can grow
just as well as E. histolytica in xenic cultures, the same 1s not true of monoxenic or
axenic cultivation. Monoxenic cultures of E. dispar can be obtained but their growth
is usually much inferior to E. histolytica under identical conditions. Similarly, axenic
cultivation of E. dispar has proved very difficult (Clark, 1995; Kobayashi et al, 1998;
Kobayashi et al, 2000). It has been proposed that these growth differences are in part
due to the relative ability of the two organisms to obtain nutrients by pinocytosis
rather than by phagocytosis (the method used in xenic culture and in the host).
Scanning electron microscopic studies have shown that axenic E. dispar trophozoites
have very few pinocytotic vesicle openings in the plasma membrane compared to E.

histolytica, hence supporting this view (Espinosa-Cantellano et al, 1998).

The most obvious difference between the two species is the clinical outcome of
infection with E. histolytica versus E. dispar. E. histolytica can cause invasive
intestinal and extraintestinal disease while E. dispar can not. But how accurate 1s it to
refer to E. dispar as 'non-pathogenic'? E. dispar has been shown to be capable of
producing focal intestinal lesions in animals (Chadee et al, 1985; Vohra et al, 1989;

Espinosa-Cantellano et al, 1997; Costa et al, 2000) and destroying epithelial cell
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monolayers in vitro (Espinosa-Cantellano et al, 1998). There is also some evidence
that pathological changes may occur in humans (McMillan ef al, 1984) though

invasive lesions and symptomatic infections have to date not been reported.

Interestingly, the three key factors which are thought to confer E. histolytica with 1ts
extraordinary capacity to destroy human tissues and cause invasive disease have also
been reported in E. dispar (Tannich, 1998). Dodson ef al (1997) have shown that
under axenic conditions, E. dispar expresses a Gal/GalNAc lectin similar to that of £,
histolytica, although the adherence and cytotoxicity to target cells, including
neutrophils, is reduced in E. dispar. This has led to speculation that the main
physiological rolec of the receptor may be in mediating amoebic colonisation of the
intestine. Pore forming proteins similar to those found in E. histolytica have also been
reported in E. dispar (Leippe et al, 1993). Genes for all three 1soforms have been
found and bear high similarity to those of E. histolytica (Tannich, 1998). Since both
species display pore forming activity, their likely role is that of a normal intracellular
component for killing ingested bacteria. However, at the protein level only
amocbapores A and B have been detected in E. dispar lysates and in reduced
concentrations compared to E. histolytica, while amoebapore C is virtually absent.
This may explain the reduced capacity of E. dispar to destroy cells. Functional
homologues to two of the six cysteine proteinase genes identified in E. histolytica, are
missing in E. dispar (Bruchhaus et al, 1996). Their absence is of particular interest,
since approximately seventy percent of the total cysteine proteinase activity seen in £,
histolytica is the result of the expression of these two genes. Furthermore, one of these
two genes is the major thiol proteinase localised on the E. histolytica trophozoite
surface. Whether absence of this structurally and functionally unique molecule 1n E.

dispar is in part responsible for the organism's inability to cause invasive disease

remains to be seen.

A multicopy gene family, ariel, has been described in E. histolytica and encodes

asparagine-rich E. histolytica antigens which have 80% sequence identity to the
amoebic vaccine candidate SREHP (Mai and Samuelson, 1998). Although SREHP 1is

present in both E. histolytica and E. dispar, DNA sequences corresponding to the
ariel gene family have not been found in E. dispar (Willhoeft ef al, 1999b). Whether

ariel proteins have a role in determining pathogenicity remains to be seen.
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There are additional differences at the biochemical, immunological and genetic level
(Diamond and Clark, 1993). Based on these differences, numerous methods have been
devised and are now available for distinguishing the two species. These differences,
the methods employing them and their advantages and disadvantages in allowing

more accurate diagnosis and data collection are reviewed in section 1.4,
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1.3. EPIDEMIOLOGY OF AMOEBIASIS

Information on the geographical distribution of amoebic disease and the etiological
agent E. histolytica is incomplete and unreliable. Surveyed populations differ as do
sampling and laboratory techniques (Walsh, 1986) and differentiation of E. histolytica

and E. dispar has only been attempted in a small number of surveys (Jackson, 2000).

Despite the inherent limitations certain generalisations can however be drawn from
existing data (Jackson, 2000). Firstly, both E. histolytica and E. dispar have a world-
wide distribution, being found in cold, temperate and tropical climates. Both species
are more prevalent in disadvantaged communities and in tropical areas, where the
prevalence of amoebic infection depends largely on factors such as social and cultural
habits, poor sanitation, nutrition, socio-economic status, and crowding. Recognised
high-risk areas for acquiring amoebiasis include Central and South America, South
Africa, South and Southeast Asia, and parts of the Middle East, and invasive disease
scems to be more common in these regions. In North America and Europe where
prevalence rates are low reports of amoebic infection and disease come from studies
of sclected groups (Healy, 1986). These include members of extended families,
immigrants from or travellers to endemic areas, children, institutionalised populations
and male homosexuals. Individuals who are not necessarily at an increased risk for
infection but among whom the severity of disease is high include users of

corticosteroids, patients with malignancies, individuals suffering from malnutrition,

pregnant women, the very young and the very old (Ravdin, 1995).

On the other hand, many of the results emerging from these studies present conflicting
views and pose new questions. Cross-sectional assessments were made of two
Entamoeba infected populations in South Africa. Both the communities studied were
from the Cape, a region of South Africa considered by many to be a low risk area for
amocbiasis. One of the study groups was from Langebaan, which lies on the West
Coast of the Cape and boasts formal accommodation with water-borne sewage and
reticulated clean water. In contrast, subjects from the rural community of
Rawsonville, in the Boland, live on wine farms with minimal sanitation. E. histolytica

infections were found in approximately 2% of subjects from Langebaan but none in
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Rawsonville. Both the E. histolytica prevalence level and the seropositivity observed
in Langebaan were comparable to those of the endemic Durban area. In contrast,
subjects from Rawsonville had >50% prevalence of E. dispar and all were sero-

negative, implying that the community was not exposed to E. histolytica.

What accounts for the variation seen in prevalence figures between adjacent
communities within endemic areas, and why are there discrete pockets where E.

histolytica infection occurs needs to be determined.

Prevalence of E. histolytica infection was determined for a population of pre-school
children, aged 2-5 years, from an urban slum of Dhaka, Bangladesh (Haque et al,
1999). Using antigen detection tests, E. histolytica infection was detected in stools of
approximately 5% of asymptomatic children. But when cumulative level of exposure
to E. histolytica was measured by the presence of serum antibodies specific for the

adherence lectin, almost 50% of the population demonstrated serological evidence of
amoebiasis by five years of age. Seventeen of the E. histolytica infected,
asymptomatic children were re-examined at six and twelve months. Antibodies to the
lectin persisted in the sera of all seventeen children over one year of follow-up, but
stool infection cleared without treatment in fifteen children and following anti-
amoebic medication in the other two during the same period. In a longitudinal study
of asymptomatic carriers of E. histolytica in Durban, South Africa, it was shown that
majority of such infections result in self-cure, with only about 10% progressing to

invasive amoebiasis (Gathiram and Jackson, 1987).

It is not yet certain why most E. histolytica infections do not progress to invasive

disease. Whether this 1s a reflection of the variation in host susceptibility or

differences in E. histolytica strains remains to be seen.

Over the past 20 years several epidemiological surveys have been undertaken in South
Africa and the resultant scro-epidemiological findings have provided invaluable
indices that may be used in the interpretation of epidemiological surveys in other parts
of the world. One of the key observations made was the fact while E. dispar occurred
more frequently in females of all age groups, asymptomatic infection with E.

histolytica was equally common in both males and females. Invasive amoebiasis,
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however, occurred more frequently in males than females (Gathiram and Jackson,

1985). Why females should be resistant to invasion by the parasite is unknown.

Another observation made by Jackson er al (1985) was that all individuals, both
symptomatic and asymptomatic, infected with E. histolytica were seropositive, with
the vast majority (94-100%) being strongly positive. In contrast, only 21% of
individuals harbouring E. dispar were seropositive, with 3% strongly positive. This
compared favourably with results observed in individuals from whom Entamoeba
were not 1solated, where seropositivity was 14-20% and strong positive responses
were observed in 2-4%. Thus it appears that the serological responses observed in
amocbiasis are attributable to E. histolytica, while E. dispar does not elicit a
detectable serological response. Using a slightly modified version of the ELISA
described by Ravdin et al (1990) for detection of serum anti-lectin antibodies, Haque
et al (1999) also determined that antibodies to the lectin were present in the sera of all
children who were colonised with E. histolytica at the time of serum collection. In
contrast, children infected with E. dispar at the time of serum collection did not have
higher rates of seropositivity than uninfected controls. Interestingly, using the original
anti-lectin IgG ELISA method of Ravdin and colleagues, seropositivity rates in north-
eastern Brazil were not found to be significantly different between individuals
colonised with E. dispar or E. histolytica and those whose stools were Entamoeba

negative (Braga et al, 1998).

Why is it that E. histolytica infections in certain parts of the world do not result in
detectable antibodies to the E. histolytica lectin? Do these results reflect technical

differences or does this mean there are fundamental differences in the parasite and/ or

host in one or other region?

Sexual transmission of Entamoeba 1s well documented amongst homosexual men
(Jackson, 2000). It appears that homosexual men in big cities of western countries
such as New York, Toronto and London have a high prevalence of infection with E.
dispar, based primarily on the absence of clinical symptoms and negative serology
but also on a few reports employing isoenzyme characterisation. In Japan, however,
amocbic infection was first seen in male homosexuals with invasive amoebiasis

(Takeuchi et al, 1990). According to the authors more than 50 cases of invasive
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disease had been detected among this community in Japan by 1990. More recently, a
retrospective study of 28 symptomatic amoebic patients in an east-southeast area of
Tokyo showed that 26 of the 27 male patients were Japanese, 48% of whom indicated

that they engaged in homosexual or bisexual practices (Ohnishi and Murata, 1997). In

64% of cases the infection was apparently contracted in Japan.

What accounts for the distinct epidemiological differences in amoebic infection in

male homosexual communities between Japan and the western countries is not

certain.

In summary, it 1s clear that the epidemiology of amoebiasis as it stands at present is
full of conflicting reports and paradoxes. Infection with and final outcome of disease
may be dependent on a variety of factors related to the host, the parasite and the
environment. With respect to the parasite it is now clear that for future
epidemiological studics we must be able to distinguish not only between E. histolytica
and E. dispar, but also between different isolates of the same species. Several
methods are available for differentiating between the two species. The advent and use
of molecular biology techniques has meant that we can now begin to delineate
individual strains too. The methods currently available for identification,
differentiation and typing of E. histolytica and E. dispar isolates, and their advantages

and limitations are discussed in section 1.4.
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1.4. EPIDEMIOLOGICAL INDICES

1.4.1. FREQUENCY OF AMOEBIASIS

A major limitation in the interpretation of epidemiological data and determination of
amoebic disease frequency is the use of multiple parameters e.g. prevalence,
incidence, morbidity and mortality, by different research groups. Even comparison
between studies with a common parameter and the delineation of morbidity and
mortality become difficult due to variation in case definitions used by different
researchers and clinicians (Walsh, 1986). Thus, on the one hand terms without
established definitions (e.g. mild, moderate or severe illness) are used to describe

clinical disease, while on the other, intestinal disease alone may be described using a

number of terms (e.g. dysentery, colitis, rectocolitis, etc).

Another 1mportant limitation 1is sample bias. Many parasitological and
secroepidemiological studies survey a non-representative sample of the population and,
although a large number of cases may be included, the prevalence data generated are
biased by including those admitted to hospitals and healthcare. Data from developed
countries may be skewed by the fact that majority of the studies are done in defined,
high risk groups such as institutionalised persons, recent travellers or immigrants, and
homosexuals (Healy, 1986). Likewise, the absence or scarcity of published reports
from certain arcas of the world expected to be at high risk (e.g. Afghanistan, Ethiopia

and Somalia) 1s more likely due to lack of medical interest or opportunity rather than

absence of the parasite.

Yet another limitation is that the groups studied may vary in age, sex, socio-economic
status, nutrition, presence of underlying disease and other factors not adequately
described in the report, yet known to be associated with susceptibility to infection or a
higher risk of invasive disease (s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>