STANDARDISATION AND EVALUATION OF DIFFERENTIAL DIAGNOSTIC
SYSTEMS FOR THE DETECTION OF

Entamoeba histolytica and Entamoeba dispar

A thesis submitted in fulfilment of
the requirements for the degree of

Doctor of Philosophy
of the University of London

Aura Georgina Aguirre-Beltran
BSc Bacteriology
BSc Microbiology

Department of Infectious and Tropical Diseases
London School of Hygiene and Tropical Medicine
Keppel Street, London WC1E 7THT




ABSTRACT

Entamoeba histolytica is an invasive intestinal amoeba morphologically

indistinguishable from Entamoeba dispar, a closely related organism that is not able to
invade tissues. Differential diagnosis under conventional microscopy is therefore
impossible. Reliable tools are needed for clinical diagnosis and for the reevaluation of the
prevalence of infection with the invasive species worldwide.

Monoclonal Antibody (MAb) 20/7D exhibited promising results when ascites was
used to identify cultured isolates of E. histolytica by indirect immunofluorescence assays
(IFA), and when used in a Faecal Antigen Capture Enzyme-Linked Immunosorbent Assay
(FAC-ELISA) for laboratory diagnosis of amoebic dysentery and colitis. Here, further
development of the assay was attempted to increase its sensitivity and use it for detection
of asymptomatic carriers of E. histolytica. After purification and subsequent titration in
ELISA, MADb 20/7D did not adequately distinguish between crude lysates of cultured E.
histolytica and E. dispar trophozoites. MAb 20/7D reacted with a similar soluble antigen
of E. histolytica and E. dispar, which confirmed previous observations in western blot
analysis under non-reducing conditions. Therefore, the use of the FAC-ELISA for
diagnosis in areas where E. dispar is endemic is probably not viable. A nucleic acid
detection method was therefore developed. Polymerase Chain Reaction was used to
amplify specific tandem sequences in the 24.5 Kb episome of E. histolytica and E. dispar.
After PCR, internal sequences of digoxigenin-labelled PCR products were hybridized to
specific biotin-labelled probes for E. histolytica or E. dispar and detected in Enzyme-
Linked Immunosorbent Assay (ELISA). The Polymerase Chain Reaction Solution-
Hybridisation Immunosorbent Assay (PCR-SHELA) was evaluated on samples from
travellers returning from the tropics to Barcelona. The sensitivity and specificity were 98%
and 100% respectively, when results were compared with microscopy. PCR-SHELA was
also useful for differential diagnosis in cases of amoebic abscesses, amoebic dysentery,
salmonellosis, ulcerative colitis and in asymptomatic carriage of E. histolytica.

The new test gives sensitive and specific differentiation between E. histolytica and

E. dispar 1n clinical specimens and it has proved successful in screening faecal samples in

endemic areas for epidemiological purposes.
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CHAPTER 1

INTRODUCTION

1.1 Amoebiasis

The term "Amoebiasis" was adopted by the WHO expert committee in 1969 as "The
condition of harbouring Entamoeba histolytica [(sensu lato)] with or without clinical
manifestations” (WHO, 1969). In the past, the fact that many infected people never
developed symptoms and spontaneously cleared the infection without treatment originated
two hypotheses: one suggested, as originally proposed by Emil Brumpt in 1925, the
existence of two species, one invasive and virulent and one morphologically identical and
harmless. The second hypothesis pointed at E. histolytica as a commensal organism of the
human colon with the potential to turn into an aggressive entity. Data collection to clarify
the epidemiology and distribution of infection intensified, and in 1984 the WHO meeting
of experts on amoebiasis officially acknowledged the magnitude of the world wide
prevalence of amoebiasis: 480 million people were carrying the parasite, 10% of them

developed invasive disease and from those, about 2% died (WHO, 1985).

Unfortunately, the biochemical and molecular tools needed to confirm either of
these hypotheses were unavailable for many decades but finally a redescription of E.
histolytica Schaudinn, 1903 (Emended Walker, 1911) was published in 1993 by Diamond
and Clark reviewing the biochemical, immunological and genetic evidence for the
separation of Entamoeba histolytica sensu lato into two species and distinguishing the non-
invasive species as E. dispar. The evidence presented proved that the earliest hypothesis,
Emil Brumpt's proposal in 1925 of the existence of two species different only in their
ability to produce disease in humans and kittens was correct (Diamond and Clark, 1993).

Also, the inability of E. dispar to cause necrosis has been tested in hamsters, in which

colonisation of the liver by trophozoites of E. dispar can cause local inflammatory response

19



Chapter 1 Introduction

without further invasion, with the development of an effective cellular immune response,

that 1s responsible for the elimination of the trophozoites (Espinosa et al., 1997).

Today, in its new sense, understanding that Entamoeba histolytica is the virulent
species capable of further invasion, and Entamoeba dispar is the commensal species, the
original definition of "Amoebiasis" remains and the disease is ranked as the second most

important parasitic cause of illness and death after malaria in North and South America,

Asia, Africa and Europe (WHO/PAHO/UNESCO, 1997).

1.2 Taxonomy, life cycle and biology of Entamoeba histolytica sensu lato

KINGDOM ANIMALIA
SUBKINGDOM: PROTOZ0OA

PHYLUM: SARCOMASTIGOPHORA
SUBPHYLUM: SARCODINA
SUPERCLASS: RHIZOPODA

CLASS: LOBOSEA

ORDER: AMOEBIDA
SUBORDER: ITUBULINA

FAMILY: ENTAMOEBIDAE

Levine et al., 1980

The proposed life cycle for E. histolytica sensu lato remains so far unchanged.
Dobell (1928) described the complete lite history of what was probably a strain of E. dispar
which had caused asymptomatic infection in primates. Parasites belonging to the complex
E. histolytica/E. dispar are distributed worldwide, and infect via the faecal-oral route

through contamination from one person to another when viable, mature quadrinucleated

spherical cysts of 10-16 um (average 12um) are ingested. Whether the details of
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excystation from E. histolytica are identical to those for (probably) E. dispar is not certain,
however, Dobell (1928) described excystation by the action of trypsin in the caecum or the
lower part of the ileum, producing a quadrinucleate trophozoite from each cyst. The
emerging trophozoite lives in close association with the bowel mucosa. After further binary
fission, eight uninucleated trophozoites were released, each one ranging between 20 and
40 um n diameter. The organisms feed by phagocytosis of particulate matter and bacteria

and by pinocytosis on liquid nutrients (Proctor, 1991).

Encystation 1s stimulated when the trophozoites go into the faecal stream with
production of a cyst wall, a distinct glycogen vacuole, formation of chromidial bars or
chromatoidal bodies and nuclear division to four vesicular nuclei. Cysts are able to survive
for long periods in a moist environment. Excretion of cysts by an asymptomatic carrier
may reach up to a billion cysts per day, varying day to day in chronic carriers (Warhurst,
1983). According to WHO/PAHO (1992) there are no animal reservoir hosts of E.
nistolytica/dispar, however, the organisms can infect several other hosts and can be found
in monkeys (Beaver, et al., 1988), experimental infections have been established in dogs,

cats, rats and many other species (Trissl, 1982).

1.3 Morphology and ultrastructure

The plasma membrane of E. histolytica trophozoites is trilaminar with a lipid
bilayer covered by a glycocalyx (El Hashimi and Pittman, 1970), 20-30 nm thick that
contains mucopolysaccharides (Feria-Velasco et al., 1972), lipophosphoglycan (LPG)
(Bhattacharya et al., 1992), a polysaccharide containing N-acetylglucosamine repeated units
identified as chitin (De la Vega ef al., 1997), and cationic iron evenly bound over the
surface (Lushbaugh and Miller, 1974). In addition, eighteen peptides and abundant lipids
are also found in the membrane. The phosphonolipid, ceramide aminoethylphosphonate
(CAEP) was isolated from the surface membrane of E. histolytica by Aley et al., (1980).

[t was also evident in this study that 50% of the total lipid content in the membrane are
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ethanolamine-containing lipids. Cholesterol is the principal sterol found though E.
histolytica is not capable of cholesterol de novo synthesis. It has been proposed that cellular

debris and cells are the main source of cholesterol through phagocytosis (Lujan and

Diamond, 1997).

Trophozoites of E. histolytica present a high degree of pleomorphism and the use
of scanning electron microscopy (SEM) has made it possible to study surface features such
as the presence of lobopodia, endocytic stomata, filopodia and the uroid (Martinez-Palomo,
1987). Trophozoite motility of E. histolytica 1s directional by means of pseudopod
formation (lobopodia) or cellular translocation towards chemotactic signals; tubular
extensions (filopodia) are associated with the uroid, which forms membrane invaginations
of the cytoplasm located at the posterior end of attached trophozoites (Guillen, 1993). This
structure accumulates cytoplasmic vesicules for exocytosis (McLaughlin and Aley, 1985)
as an efficient way to eliminate capped substances such as toxic chemicals, anti-amoebic

antibodies, complement or lectins (Guillen and Sansonetti, 1997). The presence of large
amounts of actin that are not polymerized as microfilaments or microtubules has been
detected (Martinez-Palomo, 1987). Its distribution in the trophozoite changes according
to signal transduction from the environment, being involved in cell traction, capping and
adhesion. It is located into the pseudopods (associated to myosin I) and in the posterior

regions of motile amoebas (associated to myosin II). Those actomyosin complexes are

important in adhesion of trophozoites to target cells (Guillen and Sansonetti, 1997).

The cytoplasm contains the nucleus, vacuoles, membranous vesicles, glycogen and
viruses (Diamond et al., 1972). Membrane-associated enzymes have been described but
their specific localization is difficult due to the internalization processes constantly carried
out in trophozoites. A lysosomal membrane bound pyrophosphatase (PPiase) non-
dependent on Mg“* has been demonstrated in E. histolytica and its role could be to function
as a phosphotransferase in the glycolytic cycle. The presence of calcium-dependent
thiamine pyrophosphatase (TTPase) in the membrane of vacuoles and vesicles located in

the cytoplasm of E. histolytica suggests that the vacuolar system functionally replaces the
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Golgi apparatus and the smooth endoplasmic reticulum (McCaul and Bird, 1978). It derives
from the internalization of plasma membrane portions by endocytosis or phagocytosis. The
existence of different populations of vacuoles, according to the particular characteristics of
the ingested materials has been suggested since macropinocytic, micropinocytic and
autophagocytic vacuoles have been detected. Also, residual bodies (telolysosomes),
primary (phagosomes) and secondary lysosomes (phagosomes containing hydrolytic
enzymes) are present (Martinez-Palomo, 1987). Among the lysosomal enzymes detected
there are phosphatases (alkaline phosphatase), glycosidases (3-N acetylglucosaminidase),

diverse proteinases, and RNAses.

The lack of mitochondria (Rosenbaum and Wittner, 1970), is another remarkable
characteristic of E. histolytica, with the fact that McLaughlin and Muller (1981) reported
the isolation of a membrane-associated Ca-ATPase that suggests a regulatory function in
the control of intracellular levels of Ca** (which in eukaryotic cells is done by the
mitochondria). The function proposed for this enzyme is to maintain free high levels of
pyrophosphate (PP1) needed for energy-dependent metabolic processes, and which 1s
degraded by membrane-bound pyrophosphatases (McLaughlin et al., 1978). As a calcium-

binding protein, calmodulin could be involved in the modulation of its activity

(McLaughlin and Aley, 1985).

The nucleus of E. histolytica possesses a central spherical karyosome of 0.5um in
diameter, surrounded by an achromatic capsule-like structure. It measures between 4 and
7 um in diameter, is surrounded by a thin achromatic double layered porous membrane,
lined by evenly distributed small granules of chromatin. Those granules are involved in
RNA synthesis and are found in contact or very close to each other (Diamond and Clark,
1993). The DNA is distributed and synthesized through the nucleus. It is normally found
extensively dispersed until prior to nuclear division, when it condenses around the
endosome, arranged in chromosomes with sizes between 300 and 2000 kb (Valdes et al.,
1990). Ribosomal RNA (rRNA) or precursor rRNA is found in the periphery of the
nucleus, surrounding the DNA, which 1s more centrally located (Albach, 1989). There are
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between 175 to 200 copies of circular extrachromosomal DNA (24.5 kb each) per cell
containing two inverted repeats (5.2 kb each) encoding ribosomal RNA (Bhattacharya ef
al., 1988, Bhattacharya et al., 1989, Huber et al., 1989).

1.4 Metabolism

Entamoeba histolytica 1s a model for the study of the metabolic processes in
primitive eukaryotic cells and as such its metabolism diverges from most typically
eukaryotic functions (Woéstmann and Bakker-Grunwald, 1993). Understanding those
different metabolic features has been a very important issue for the design of effective

strategies for diagnosis, treatment, prophylaxis and control of this protozoan parasite.

It has been established that organisms belonging to the genera Entamoeba are not
strictly anaerobic and that trophozoites are able to survive in low oxygen tensions and
metabolise oxygen. Carbohydrates are the main source of energy for E. histolytica and 1n
anaerobic conditions, the products of degradation are ethanol and carbon dioxide,
meanwhile in the presence of oxygen, acetate i1s also formed (Weinbach and Diamond,

1974). Other important features are the absence of cytochromes and the citric acid cycle

(Weinbach and Diamond, 1974).

Glucose uptake uses specific pinocytotic temperature-dependent mechanisms
(Serrano and Reeves, 1975). Glucose 1s stored as glycogen and the existence of UDP-
dependent enzymes such as phosphorylase, which could be involved in glycogen
metabolism has been described. However, the mechanism of synthesis of glycogen is yet
not clear since there is no evidence of any glycogen synthase (Takeuchi et al., 1979). The
catabolism of glucose in E. histolytica differs from the process known for eukaryotic cells
due to the presence of uncommon enzymes and the lack of allosteric regulation in
glycolysis. Glucose can be converted directly into glucose-6-phosphate (G-6-P) either by
glucokinase activity, or may be produced by glycogen degradation via (G-1-P) and
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phosphoglucomutase (PGM). Since there is not glucose-6-phosphate dehydrogenase (G-6-
PDH) present, it is assumed that the degradation of G-6-P is made through the Embden-
Meyerhof pathway, instead of using the pentose phosphate shunt (PPP), also known as the
hexose monophosphate shunt (HMPS) (McLaughlin and Aley, 1985). In the same way as
glucose, galactose is also used as energy source by two UTP-dependent transferases:
glucose-1-phosphate uridyltransterase (specific for glucose-1-phosphate) and hexose-1-
phosphate uridyltranferase (Lobelle-Riche and Reeves, 1983). A distinctive feature of
glycolysis in E. histolytica 1s the fact that it possesses a fully reversible PPi-dependent
phospho-fructokinase (D-fructose 6-phosphate 1-phosphotransferase), which uses
magnesium as a cofactor. PP1 1s used as an energy source, enabling the parasite to conserve
ATP (Reeves et al., 1974; Mclaughlin et al., 1978). Phospho-enolpyruvate 1s obtained
through the standard glycolytic process from fructose-1-6-diphosphate (F-1,6-diP), but its
further conversion into pyruvate is different: pyruvate phosphate dikinase, instead of
pyruvate kinase catalyses the production of pyruvate with liberation of ATP. It is also
important to note that although glycolysis 1s the main source of pyruvate, it can also be

provided through the aerobic deamination of serine by serine dehydratase (Takeuchi er al.,

1979).

The absence of lactate dehydrogenase, a means of recovering NAD from pyruvate
+ NADH (Weinbach, 1981) in the organisms, made it possible to propose another route for
the formation of pyruvate from P-enolpyruvate, providing also a source of NADPH to be
used in reductive biosynthesis, protection against oxidative damage and cellular
detoxification further along in the process by means of a oxaloacetate-malate cycle (Figure

1.1)

| NADH NADP
P-enolpyruvate + Pi + CO,-----»Oxaloacetate + PP1------- » Malate + NAD------- » Pyruvate + NADPH + CO,

FIGURE 1.1 Oxaloacetate-malate Cycle for Formation of Pyruvate. The enzymes involved in the
process are: 1= P-enol-pyruvate Carboxy-transphosphorylase, 2 = Malic dehydrogenase and 3 = Malic
Enzyme.
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Pyruvate degradation can be carried out aerobically or anaerobically n E.

histolytica. Formation of acetate, ethanol and CO, is possible by aerobic degradation. In
anaerobic conditions, ethanol and CO, are the only end products. Acetyl-CoA formation

1s common to both processes, via acetyl decarboxylation of pyruvate by a pyruvate
synthase, which is similar to the pyruvate:ferredoxin oxidoreductase found in 7richomonas

spp. The 2H’ can be transterred to electron acceptors such as FMN, FAD or Ferredoxin
(Figure 1.2).

Pyruvate + CoA---------- » Acetyl-CoA + CO, + 2H-

1
FMN, FAD or

Ferredoxin

FIGURE 1.2 Acetyl-CoA Formation by Pyruvate:ferredoxin Oxidoreductase (MacLaughlin and Aley,
1985).

Acetyl-CoA yields to the formation of acetate when with the intervention of an
acetate thiokinase dependent on divalent cations (i.e. Mg*, Fe™, or Mn” ), additional

energy 1s obtained in the form of ATP (Figure 1.3).

Acetyl-CoA + Pi + ADP ---------- » Acetate + CoA + ATP

FIGURE 1.3 Acetate Formation by Action of an Acetate Thiokinase on Acetyl-CoA

Ethanol is the final product formed from the reduction of Acetyl-CoA to
acetaldehyde by an acetaldehyde dehydrogenase (Lo and Reeves, 1978). However, It also

can be produced 1n a lower proportion by means of a NADH:NADP"-dependent alcohol
dehydrogenase (transhydrogenase) acting on free acetaldehyde.
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1 2
Acetyl-CoA + NADH ----- » NAD + Acetaldehyde hemithioacetal -----> Acetaldehyde + NADPH -----» Ethanol

FIGURE 1.4 Ethanol Formation: The main pathway involves two enzymes, 1 = acetaldehyde
dehydrogenase, and 2 = NADH-alcohol dehydrogenase. The alternative pathway uses enzyme 3 = NADPH-

dependent alcohol dehydrogenase (Barret, 1997)

One of the distinctive features of E. histolytica is the absence of catalases,
peroxidases or any other enzymes (such as cytochromes) containing the heme group
(Weinbach et al., 1976). However, the existence of iron (non-heme)/sulphur proteins has
been confirmed as ferredoxin-linked (Weinbach ef al., 1976; Reeves et al.,1980). The
electron flow from reduced substrates starts from NADP+ to flavins (FMN), then to an
iron-sulphur protein similar to ferredoxin, then ubiquinone. It is proposed that a high-redox
potential electron carrier analogous to cytochrome ¢ in the mammalian respiratory chain 1s
also present in the parasite (Weinbach, 1981). The final electron acceptor i1s molecular
oxygen, which is reduced to water, however this process remains to be clarified (Weinbach
et al., 1978). The absence of catalase made unlikely the possibility for production of
hydrogen peroxide, and the presence of an iron-containing superoxide dismutase (FeSOD)
suggested a different intermediate (Saavedra-Lira and Perez-Montfort, 1996), although
peroxidoxins (Tachibana ef al., 1991, Reed et al., 1992) have recently been identified that
could intervene in the removal of the H,O, produced (McGonigle ef al., 1998). Specific
inhibitors for FeSOD have been proposed as an alternative for therapeutical use since

human SODs are Cu/Zn and Mn™ dependent (Bruchhaus ef al., 1992).

Nucleic acid synthesis in E. histolytica 1s under study, and so far it has been shown
that there is synthesis of pyrimidine, but no de novo synthesis of purine bases, which may
be done through salvage pathways from nucleosides with the intervention of nucleotide
kinases for the synthesis of nucleotides. A de novo pyrimidine pathway was supported by
the incorporation of orotic acid, the presence of aspartate transcarbamylase and no
pyrimidine requirement for growth in culture. From uptake studies it has been concluded

that cytosine, uracil, thymine, thymidine, guanine and hypoxanthine enter by passive

27



Chapter 1 Introduction

diffusion, meanwhile cytidine, uridine, adenine and guanosine enter via a carrier mediated
system. For this system, four transport loci have been identified: two for purine uptake,
adenine-adenosine, adenosine-guanosine (Booden et al., 1978). The other two sites are for
pyrimidine uptake, uridine-adenosine (purine nucleoside) and uridine-cytidine. Also,

hypoxanthine stimulates the uptake of uridine and cytidine (Albach, 1989).

There 1s polyploidy 1n E. histolytica, with reports of up to 14n (Byers, 1986), with
a total amount of nuclear DNA of 0.45 pg/cell, and a genome size of 5 x 10°. G+C ratio
for E. histolytica has been reported to be 25% (Bhattacharya ef al., 1998). The ribosomes
(75S and subunits 55S and 35S) of E. histolytica are ribonucleoprotein (RNP) bodies
grouped (polysomes) 1n the cytoplasm of trophozoites in an helical array (Kress et al.,
1971), when encystation is stimulated, they associate in crystalline aggregates generating

the chromatoidal bodies (ribonucleoprotein bodies).

Three species of rRNA, 258, 178 and 35S are 1solated from trophozoites. The 25S

RNA 1s dissociated during nuclear processing into a 17S, a 16 and a 5.8S species. Two

DNA-dependent RNA polymerases with specificity for denatured DNA are present, RNA
polymerases I and II (Albach, 1989).

1.5 Transmission

The main factors involved in the transmission of parasitic infections in developing
countries are poverty, low educational background, lack of home technology, maternal
incompetence and ruralism (Mata, 1982). Detaecation near water supplies and
indiscriminate squatting are important sources for transmission. Also, faecally
contaminated food, and unhygienic wrrigation practices result in high infection rates mainly
in endemic areas. In developed countries, where good sanitation, education and water
supplies are available to the majority of members in the community, increased risk of
infection 1s linked to infected asymptomatic food handlers, institutionalized patients,

immigrants and tourists returning from endemic areas.
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Like most epidemiological features of amoebiasis, most of the data are now known
to refer to "E. histolytica/dispar". Mechanical vectors such as flies and cockroaches are
important for the transmission of amoebiasis by transporting viable cysts or by
contaminating food with their vomit or faeces (Warhurst, 1983). In addition, there 1s
association between prevalence of invasive infections and movement of populations,
overcrowding, poverty and ignorance in most developing countries. Intrafamilial spread
(Spencer et al., 1981) i1s seen and transmission in groups living together is very common
In mental nstitutions (Sexton et al., 1974; Spencer et al., 1977; Sargeaunt et al., 1982a)
schools, and refugee camps (Gonzalez-Galvares et al., 1986). Also, contamination of fresh

vegetables could account for E. histolytica infections, especially among tourists.

Transmission of E. histolytica takes place when viable mature cysts are ingested.
Trophozoites are not an important stage in transmission because of their inability to survive
acid pH in the stomach. However, cyst carriers disseminate infection primarily through
direct contamination from the digestive tract of one person to that of another person under
poor conditions of personal hygiene. Experimentally it has been established that the
infective doses is fewer than 2000 to 4000 cysts, with a prepatent period of 5 days and an
average incubation period of six weeks for the development of symptomatology (Knight,
1975). Once ingested, the cysts hatch in the intestine and the freed trophozoites are able
to invade and cause dysentery in the susceptible host. Reports on identification of E.
histolytica cysts during follow-up studies have shown that there are intervals of acute
dysentery and cyst shedding among infected or convalescent individuals. During follow-up
studies in asymptomatic cyst catriers, three stages were described, the chronic stable cyst
shedder, the chronic intermittent cyst shedder and the short term cyst shedder, capable of
autoeliminating the infection (Ruiz-Palacios ef al., 1992). Those shedding periods are
important in dissemination of the disease because cysts may be viable for 10 minutes on the

surface of the hands (reviewed by Warhurst, 1983) and up to 45 minutes if they remain

moist under the fingernails (Andrews, 1934).
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1.6 Clinical Features of Entamoeba histolytica Infection

Invasive disease is caused by Entamoeba histolytica with invasion of the mucosae
by trophozoites which produces clinical manifestations with the potential risk of spreading
to extraintestinal foci. Intestinal amoebiasis varies from mild manifestations with diffuse
inflammation and microscopical damage, to more grave forms with different levels ot
ulceration (Trissl, 1982). The most important intestinal syndromes present in invasive
amoebiasis are amoebic colitis, acute amoebic colitis (amoebic dysentery), fulminant
colitis, amoeboma and appendicitis. However, amoebiasis as a general terminology also
involves the asymptomatic intestinal infection by Entamoeba dispar, where trophozoites
may cause slight irritation of the mucosa surrounding the trophozoite-multiplication area.

The asymptomatic cyst passage is the most common presentation of amoebiasis.

Acute amoebic colitis (amoebic dysentery) is characterised by 10-12 bloody stools
per day, caused by the haemorrhagic inflammation of the mucosa, where oedema and
infiltration by eosinophils and neutrophils 1s observed (Trissl, 1982), mucus and abdominal
pain, without significant faecal leucocytosis. It must be differentiated from bacterial colitis
or dysentery caused by Shigella sp., Salmonella sp., Helicobacter, Vibrio sp., Escherichia
coli and Yersinia enterocolitica (Reed, 1992). The proctoscopy shows small ulcers on the

mucosa and muscularis mucosae, with flask-like extension into the submucosa (Ravdin et
al., 1988). Fulminant colitis occurs mainly in children, who suffer bloody diarrhoea, fever

and abdominal pain. Appendicitis, colonic perforations, megacolon, and peritonitis are
frequent complications of this syndrome with the presence of abundant infiltrates
containing lymphocytes, histiocytes, and eosinophils (Trissl, 1982; Reed, 1992).
Amoeboma is a complication of intestinal disease presented as a mass lesion in the caecum,
ascending colon, rectosigmoid, transverse colon, or descending colon. It mimics colon

carcinoma but responds rapidly to antiamoebic therapy and may even resolve spontaneously

(Ravdin et al., 1988; Reed, 1992).
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Councilman, Lafleur and Osler (1884) confirmed the pathology of amoebiasis and
the relationship between intestinal amoebiasis and amoebic liver abscess and 1its
complications (Councilman and Lafleur, 1978). The clinical syndromes present In
extraintestinal disease include amoebic liver abscess, pleuropulmonary amoebiasis,
peritonitis, pericardial amoebiasis, cerebral amoebiasis, cutaneous amoebiasis and
genitourinary amoebiasis. Amoebic liver abscess is the most common of the extraintestinal
syndromes and 1t 1s the major cause of morbidity and mortality due to amoebiasis
worldwide (Ramos et al., 1986). E. histolytica probably reaches the liver by hematogenous
dissemination from the intestine via the portal system. Once established, contact-dependent
lysis of polymorphonuclear neutrophils by amoebae causes destruction of surrounding
hepatocytes due to the release of toxic neutrophil constituents. The wall of the cavity
consists of fibroblasts, macrophages and lymphocytes and the trophozoites are located
within the wall. The cavity is usually filled with tissue debris, odourless and with a
characteristic chocolate colour. Amoebae can be isolated with difficulty by culturing
material from aspirates. Differential diagnosis with pyogenic abscess and hepatic
carcinoma requires serological confirmation of antiamoebic antibodies and hemoculture to
exclude Escherichia coli, Bacteroides spp., Klebsiella pneumoniae, Proteus spp.,

Enterobacter sp., Pseudomonas spp., Citrobacter spp., Staph.. aureus, and Strep.. pyogenes

among others.

Pleuropulmonary amoebiasis 1s the most common complication of amoebic liver
abscess. It is found in 20-35% of patients and is the result of contiguous spread from the
right lobe of the liver. The rupture of the liver abscess into the pleural cavity is the most
serious pulmonary complication. Peritonitis 1s the second most common complication of
amoebic liver abscess and occurs in 2%-7.5% of patients (Reed, 1992). Pericardial
amoebiasis 1s the most serious complication of an amoebic liver abscess. Despite this, its
presentation is infrequent (0.2%), more than two-thirds of patients who have amoebic liver
abscess with pericardial involvement have abscesses of the left lobe of the liver (Reed,
1992). Cerebral involvement in amoebiasis 1s seen in less than 0.1% of amoebiasis

patients. In 50% of those patients there 1s an abrupt onset of symptoms and cerebellar
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involvement or rupture within 12-72 hours is the cause of death. Genitourinary amoebiasis
in 1ts renal form can be the result of abscess rupture in the liver, hematogenous spread from
the lesion 1n the liver or lungs or extension through the lymphatics. Cutaneous lesions are

caused by fistulae from a liver abscess or rectocolitis.

1.7 Invasive Markers in Amoebiasis

Biochemical markers such as the agglutination of trophozoites with concanavalin
A (Martinez-Palomo et al., 1973), high rate of erythrophagocytosis (Trissl ef al., 1978a)
and resistance to complement lysis (Reed et al., 1983) were the markers used to
differentiate invasive from non-invasive isolates of E. histolytica. The criteria of direct
association between the presence of E. histolytica and pathogenesis was modified when
Sargeaunt et al. (1978) showed that the electrophoretic patterns (zymodemes) of the
1soenzymes EC 2.7.1.1 hexokinase (HK); EC 5.3.1.9 glucose-phosphate isomerase (GPI);
EC 1.1.1.40 L-malate dehydrogenase (decarboxylating) ME, and EC 2.7.5.1 phospho-
glucomutase (PGM) from cultured E. histolytica differed depending on the clinical source
of the strain (symptomatic or asymptomatic cases). After the analysis of the zymograms
of thousands of isolates they characterized 24 zymodemes from which patterns of
migration for HK and PGM were an indication of the pathogenic potential of the strains.
These observations were corroborated by le Blanc (1992) who, using 12 isoenzymes
(Alloenzymes) taxonomically classified pathogenic and non-pathogenic strains of E.

histolytica. Results in the form of a dendrogram showed the existence of two groups within

the "species”.

Evidence supporting the existence of only one species, suggesting that virulent
behaviour relates to environmental conditions such as variations on bacterial flora in the
intestine and in culture has also been produced, and Mirelman et al. (1986) and Andrews
et al. (1990) reported the conversion of strains from non-pathogenic to pathogenic

zymodeme and vice versa during the axenization process. Attempts to reproduce these
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Clark and Diamond (1992) using several cloned strains including the "converted" isolates.
Not only was there no conversion since the zymodeme patterns did not change, but the
amplification and further digestions of the PCR products of the small subunit RNA genes
with Xbal (Riboprinting) on the relevant isolates showed the original non-pathogenic

restriction pattern (Clark and Diamond, 1991).

Specific probes for pathogenic and non-pathogenic zymodemes based on the non-
coding repetitive elements of the 23 kb episomal (extrachromosomal) DNA of E. histolytica
have been used as invasive markers in clinical and epidemiological studies (Garfinkel et
al., 1989). These probes were hybridised directly to the DNA by Bracha et al. (1990) and
after PCR by Romero et al., (1992) and Acufia-Soto et al., (1993) to identify the amoebal
species in clinical 1solates and in stool samples. Other gene sequences and antigens used
as invasive markers, are the 125 kDa surface antigen (Edman et al., 1990), the 27 kDa
cysteine proteinase (Tannich et al., 1991), the 30 kDa nuclear antigen (Tachibana et al.,
1991), and the Fe-superoxide dismutase (FeSOD) enzyme (Tannich et al., 1991), which
reveal differences not only at genomic but also at the protein sequence level. Many of those
markers are currently being successfully used as diagnostic tools and at present, E.

histolytica and E. dispar have been acknowledged as two distinct species by the experts
committee of WHO (WHO/PAHO/UNESCO, 1997).

1.8 Mechanisms of Pathogenicity

The cytolytic activity of E. histolytica has been studied in cultured cells and it
involves four steps: adhesion, cytolysis, phagocytosis and intracellular degradation that
combine different chemical and physical processes. After contact and binding, probably
via the interaction of host cell carbohydrate residues with N-acetyl-D-galactosamine
(GalNac) inhibitable lectin (Ravdin et al., 1988) on the surface of the trophozoites, and
introduction of the peptide amoebapore (pore-forming peptide) into the membrane

phospholipids of the host cell to form a water filled channel (Leippe et al., 1991; Leippe,
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phospholipids of the host cell to form a water filled channel (Leippe et al., 1991; Leippe,
1997), epithelial cells suffer a lowering of transepithelial resistance, detaching, distortion
of microvilli and surface blebbing. As soon as the target cells are detached by amoebal
filopodia, they are next distributed on the amoebic surface in patches clustering towards the
uroid. Engulfment by phagocytic stomata then occurs, thus amoebae lyse target cells prior

to phagocytosis (Ravdin and Guerrant, 1982).

Amoebic colonisation and contact-dependent cytolysis of the host tissues involves
lectin/adhesin-mediated mechanisms (Chadee et al., 1987; Ravdin and Guerrant, 1981;
Rosales-Encina et al., 1987). The lectin-mediated effector has been identified in E.
histolytica and E. dispar as a 260kDa membrane-associated glycoprotein, the galactose/N-
acetyl-galactosamine (Gal/GalNac) binding lectin, consisting of a transmembrane heavy
subunit of 170kDa and a lipid-anchored light subunit of 35/31 kDa, linked by disulphide
bonds (Petri et al., 1989a). The heavy subunit is encoded by a multigene family of five sg/
genes and the light subunit is encoded by a family of /g/ genes, both distributed in multiple

loci among the genome.

Human colonic mucins, with abundant Gal and GalNac residues are the main
receptors for the amoebal lectin (Chadee et al., 1987) and monoclonal antibodies (MAb)
raised against the heavy subunit of the lectin detected six different epitopes, with different
effects on adhesion to target cells and mucins. Antibodies directed against epitopes 1 and
2, which are present in E. histolytica and E. dispar enhanced adherence meanwhile
monoclonal antibodies directed against epitopes 4 and 5 inhibited adhesion. Another MAb
produced against epitope 6 inhibited adhesion to target cells but not to mucins. The
enhancement phenomenon may indicate that some anti-lectin antibodies help during the
colonisation of the host epithelium by activation of the lectin, thus evading the immune

response. During the same study, 56.8% of 44 immune sera from patients with amoebic
liver abscess inhibited adherence but interestingly, 36% of the remaining sera enhanced it.

(Petri et al., 1990a; Petr1 et al., 1990Db).
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Contact-dependent lysis mechanisms involve the secretion of soluble factors that
alter membrane stability. A family of pore-forming peptides (amoebapores), are
responsible for part of the cytolytic effect of E. histolytica by changing the osmotic balance
of nucleated cells and bacteria (Leippe et al., 1994; Leippe, 1997). Three isoforms, A, B
and C corresponding to mature peptides of 77 aminoacids arranged in four a-helical
domains connected by three disulphide bonds (Leippe, 1992) are present in E. histolytica
and E. dispar in a ratio of 35:10:1 (Leippe, 1997), although E. histolytica activity is higher
due to structural differences (Dodson and Petri, 1994). Domains 1 (residues 1-22) and
especially 3 (residues 40-64) possess the pore-forming activity and the other two resemble

globular proteins (Leippe et al, 1994).

Amebapores are stored in vesicular compartments and are not released to the
environment, unless activated by contact or due to amoebal lysis, however, no specific
receptors are required (Leippe et al., 1995; Leippe, 1997). Together with the amoebapore,
the mechanical aggressive mechanisms of the trophozoite's cytolytic action are
complemented by the presence of several proteolytic enzymes that are probably used 1n the
penetration of tissues, in degradation of exogenous substrates and in inflammation
processes. Several cysteine (Thiol) proteinases have been isolated from extracts of
axenically cultured trophozoites ranging between 16-96 kDa in molecular weight, which
seem to be gene products in both E. histolytica and E. dispar, sharing a similar structure
and function to those of mammalian cathepsins (Mclaughin and Faubert, 1977; Lushbaugh
et al., 1984). As opposed to amoebapores, cysteine proteinases are secreted by exocytosis
(Leippe et al., 1995) and their secretion is triggered and increased by the contact of the

mannose-containing glycoproteins in the plasma membrane of trophozoites with receptors

in bacteria or target cells (McKerrow, 1992).

The proposed role of cysteine proteinases in invasion, (observed in cultured cells
in vitro), is to reversibly round and detach cells from monolayers, without any lytic effect
(Keene et al., 1986), resembling the function of cysteine proteinases found in macrophages

and cancer cells. Studies of liver abscess formation in severe combined immunodeficient
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(SCID) mice confirmed their role in amoebic abscess formation (Stanley et al., 1995).
Also, their function in limiting the host's immune response seems to be related to their
capacity to degrade specific IgG and cleave complement factor C3 into C3a and C3b and
to degrade IgA, C3a, and C5a (Que and Reed, 1997). The major neutral proteinase, with
a molecular weight of 56kDa was able to break down extracellular matrix, laminin,
fibronectin and type 1 collagen (Keene et al., 1986; Li et al., 1995). Luaces and Barrett
(1988) purified histolysin, a cysteine proteinase of Mr 26kDa by SDS/polyacrylamide gel
electrophoresis or 29kDa by gel chromatography. Later, three different cysteine proteinases
were identified by Reed et al. (1989) on gelatin substrate gel electrophoresis, with
molecular weights of 56, 40 and 30 kDa, the latter identical to the one identified by Luaces
and Barrett (1988). Also a cysteine proteinase of 60kDa reported by Spinella et al., (1997)
with different physicochemical characteristics to those reported previously could be the
same 70kDa surface protease found by Avila and Calderon (1993). The 60kDa protease
also resembles the CP5 isolated by Benkert et al., (1997) which seems to be present only

In E. histolytica and that 1s membrane associated (Avila and Calderon, 1993; Spinella et al.,

1997; Benkert et al., 1997).

At the molecular level, a multigene family of cysteine proteinases (acp or ehcp
genes) have been identified in E. histolytica (Reed et al., 1993; Bruchhaus and Tannich,
1996; Mirelman et al., 1996). Six genes (ehcpl-ehcp6) were iden<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>