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Abstract

Entamoeba histolytica infection, amoebiasis, is a  major cause of morbidity and mortality in

developing countries. It is also a significant causative agent of traveler´s diarrhea. It has

been estimated that amoebiasis may affect 10% of the global population. The most common
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infection route is via ingestion of contaminated food and water. About 90% of infected

individuals are asymptomatic, but the infection may also lead to severe complications, such

as colitis with bloody diarrhea, liver abscesses, and colonic perforation. The classical gold

standard for diagnosis is the detection of trophozoites from stool samples by microscopy,

although this method is labor-intensive and has low sensitivity. Several other diagnostic

methods, based on parasite culture, serologic tests, antigen detection, and polymerase

chain reaction, have been developed. In the future, multiplex PCR methods will be widely

used for the simultaneous detection of various pathogenic microorganisms including E.

histolytica. Treatment of amoebic colitis typically involves a combination therapy with so

called luminal agents (paromomycin, diloxanide furoate, iodoquinol) combined with tissue

amoebicides (metronidazole, tinidazole). Even though the present treatment options are

mostly effective, new drugs are needed to treat all patients with amoebiasis, and different

vaccine candidates are under development to eradicate E. histolytica from population.
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Biology and pathogenesis of Entamoeba histolytica

Entamoeba histolytica is a unicellular pathogenic protozoan causing amoebiasis which

mainly occurs as an intestinal infection [1,2]. Bloody diarrhea (amoebic colitis) and liver

abscess are the most common consequences [3]. The clinical manifestations are often

divided into three groups depending on the symptoms and spreading of the parasite in the

human body: 1) Intraluminal amoebiasis covers the first weeks of the infection when there

are no symptoms, but the diagnosis could be made. 2) Amoebic colitis is the most common

appearance of the disease which includes diarrhea, sometimes bloody stools, fever,

abdominal cramps and weight loss. 3) The most severe form is a disseminated amoebiasis in

which the parasite forms abscesses in internal organs, although the intestinal symptoms

may be absent or mild [4-6]. The most common site for abscess is the liver, and other

extraintestinal lesions have been reported in the brain, lung and peritoneum [7,8].

E. histolytica is closely related to another species of the Entamoeba family, E. dispar. For

years it was though possible  to be an asymptomatic carrier of E. histolytica [6,9]. Detailed

studies showed that asymptomatic carriers were, in fact, infected with E. dispar instead of E.
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histolytica. Thus, it is now concluded that E. histolytica infection leads to a symptomatic

disease, but nevertheless, the symptoms may be mild [10].

The life cycle of E. histolytica has two different stages including cysts and trophozoites.

Transmission occurs via fecal-oral-route. Infection is usually contracted by eating food

contaminated with quadrinucleated cysts, more rarely directly by person-to-person contact

[6]. Excystation occurs in the small intestine where one cyst releases eight motile

trophozoites. Trophozoites migrate to the large intestine, adhere the mucous wall through

multi-unit Gal/GalNAc lectins, form new cysts, and invade through the intestine wall [11]. E.

histolytica is capable of lysing human tissues, killing immune effector cells by contact-

dependent cytolysis and with amoebapores and can  degrade the host extracellular matrix

with cysteine proteases. Trophozoites are easily destroyed if they encounter the gastric fluid

or environment outside the human body. However, cysts may survive up to weeks outside

the body with an ability to cause infection. Hence, the cysts secreted to stool are ready to

transmit amoebiasis to other people [6].

Epidemiology of E. histolytica infection

Worldwide, E. histolytica infections lead to the death of over 55 000 people annually [12,13]

and approximately 50 million people have a symptomatic infection each year [4,14].

According to the World Health Organization E. histolytica is the third leading cause of death

from parasitic disease; only malaria and Schistosoma mansoni cause more mortality [15].

Fortunately, there is some indication that the mortality rates of amoebiasis are gradually

decreasing.

Amoebiasis is endemic in tropical and subtropical areas, which mostly involve developing

countries. However, globalization and travelling brings the parasite to developed countries,

and the prevalence has been estimated to be as high as 4 % in the USA [4]. For comparison,

the seroprevalence is up to 42 % in rural areas of Mexico. Higher incidence and prevalence

figures are strongly associated with the lower quality and availability of sanitation in the

area.

Diagnosis of E. histolytica infection
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There are multiple methods with different characteristics to diagnose amoebiasis. The

classical golden standard has been microscopy. Although it is labor-intensive and requires

skilled technicians, its simplicity and low cost has outweighed the obvious limitations.

Therefore, microscopy still remains widely used, especially in resource-limited laboratories

of endemic, high-prevalence areas [16]. Microscopy has low sensitivity and specificity, and it

is time-consuming as it often requires multiple samples to reach the final diagnosis [17].

A wide variety of quantitative real-time polymerase chain reaction (qPCR) assays have been

recently developed for the diagnosis of enteric viral, bacterial and parasitic agents. PCR has

also become a widely recommended method as the primary tool for diagnosing E.

histolytica infection. To reach a more comprehensive view of the infection from a single

specimen, there has been a trend towards multiplex approach that allows simultaneous

identification of multiple pathogens [18,19]. Several multiplex gastrointestinal pathogen

panel tests are already commercially available, some of them involving fully integrated

robotic systems incorporating DNA extraction, amplification, detection, and analysis directly

from stool samples [20,21]. Food and Drug Admistration (FDA, USA) has approved several

gastrointestinal panels involving E. histolytica detection to clinical practice and recommends

them as golden standard, and the World Health Organization (WHO) also advocates PCR as

the primary method [22,4]. On one hand, PCR is sensitive (sensitivity 92-100 %), specific

(specificity 89-100 %) and rapid, but on the other hand, it requires equipment, kits and an

educated technician [20,23].

Stool antigen detection, serology, culture, isoenzyme analysis and point-of care (POC) tests

are other options which have been widely investigated [20,4,17]. Often none of them alone

leads to the final diagnosis, but they are certainly useful as complementary tests. As an

example, stool antigen detection has been used as a complementary test for microscopy,

which can overcome the limited sensitivity and specificity of the classical microscopy test.

Serology is particularly useful for detecting the cases with extraintestinal infections, when

the stool sample was negative. Unfortunately, serology does not separate an active

infection from past infection [4]. Culture and isoenzyme analyses are additional tools to

differentiate E. histolytica from E. dispar, but the success rate of the culture is only 50-70 %,

the risk of false negative is high, and the methods are time-consuming. Therefore, PCR has

largely replaced culture in diagnostic use [17]. POC tests are typically commercial test assays
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which are based on antigen detection, serology or PCR. Their characteristics and costs vary

enormously. Nonetheless, a sensitive and specific POC may bring significant advantage in

endemic areas, allowing mass screening of population.

Current treatment options for E. histolytica infections

The medication used to treat amoebiasis can be divided in three groups depending on their

point of action: intraluminal, tissue, and mixed amoebicides [24]. Intraluminal amoebicides

are effective against cysts in the gut, tissue amoebicides treat the symptomatic disease in

intestines and other tissues, and mixed treatments have both actions.

Recommended treatment options according to Haque et al. are described in Table 1 [25].

The traditional treatment against E. histolytica infection is metronidazole, a widely used

antiparasitic and anti-anaerobic bacteria drug [26]. The recommended first-line treatment

includes three daily doses of 750 mg of metronidazole for 5 (or 7) - 10 days or three daily

doses of 800 mg of tinidazole for 5 days [25,27]. Oral administration is usually sufficient

even in invasive infections as the bioavailability of metronidazole is approximately 80 %.

Nevertheless, intravenous administration is also an option in hospital setting, if the

response to oral treatment was found inadequate.

Table 1. Suggested treatment options for amoebiasis according to Haque and coworkers

[25].

DIAGNOSIS
AND DRUG

ADULT DOSAGE PEDIATRIC DOSAGE

Amoebic liver abscess
Metronidazole 750 mg orally x 3, 7 – 10 days 35 – 50 mg/kg/day in 3 divided

doses, 7 – 10 days
OR

Tinidazole 800 mg orally x 3, 5 days 60 mg/kg/day (maximum 2 g),
5 days

FOLLOWED BY A LUMINAL AGENT
Paromomycin 25 – 35 mg/kg/day in 3 divided

doses, 7 days
25 – 35 mg/kg/day in 3 divided
doses, 7 days

OR SECOND-LINE AGENT
Diloxanide furoate 500 mg orally x 3, 10 days 20 mg/kg/day in 3 divided

doses, 10 days

Amoebic colitis
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Metronidazole 750 mg orally x 3, 7 – 10 days 35 – 50 mg/kg/day in 3 divided
doses, 7 – 10 days

FOLLOWED BY A LUMINAL AGENT
AS FOR AMOEBIC LIVER ABSCESS

Asymptomatic
intestinal colonization
Paromomycin 25 – 35 mg/kg/day in 3 divided

doses, 7 days
25 – 35 mg/kg/day in 3 divided
doses, 7 days

OR SECOND-LINE AGENT
Diloxanide furoate 500 mg orally x 3, 10 days 20 mg/kg/day in 3 divided

doses, 10 days

Metronidazole is effective against trophozoites but is usually inadequate to eradicate cysts

from the gut [26]. Therefore, in the management of all forms of invasive disease, including

amoebic colitis, the standard recommendation is to give a tissue amoebicide (metronidazole

or tinidazole) followed by an intraluminal amoebicide (diloxanide furoate, paromomycin or

iodoquinol) [26,28]. This treatment procedure would optimally eradicate both the live

parasites and intraluminal cysts. It is notable, however, that some controversy still exists

whether cyst eradication is always needed after metronidazole or tinidazole treatment,

especially in endemic areas, where re-infection is frequent [29]. The increased complexity of

combination regimens, additional drug costs, more frequent side events, and the restricted

availability of intraluminal amoebicides on the local market, all reduce compliance with

combination therapy.

As all pharmaceutical agents, metronidazole has adverse side-effects, for instance nausea,

diarrhea, loss of appetite and metallic taste in the mouth [27,30]. Comparison of

metronidazole and tinidazole has not revealed any major difference concerning the

subjective side-effect profiles of these drugs [31]. Notably, metronidazole inhibits the action

of hepatic CYP2C9 enzyme which leads to many undesirable interactions with other drugs,

such as frequently used anticoagulant warfarin [32,33]. Hence, the inhibition of CYP2C9 may

lead to decreased or increased concentrations of other drugs in the blood stream,

potentially leading to drug related adverse side effects or loss of action.

It is noteworthy that only few creditable clinical trials exist in the medical literature

considering the pharmacological treatment of E. histolytica infection. Gonzales and

coworkers published a meta-analysis of randomized controlled trials of antiamoebic drugs

given alone or in combination, compared with placebo or another antiamoebic drug, for
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amoebic colitis [29]. In total, they were able to include 41 trials (4999 participants) which

met the inclusion criteria. However, many trials were old and only one used adequate

randomization and allocation concealment, was blinded, and analyzed all randomized

participants. Moreover, the diagnostic methods used in those trials were not always

reliable. Despite these uncertainties, they concluded that compared with metronidazole, 1)

tinidazole may be more effective in reducing clinical failure, 2) tinidazole may be associated

with fewer adverse events, and 3) combination drug therapy may be more effective for

reducing parasitological failure.

E. histolytica resistance against metronidazole has been considered rare. Wassmann et al.

[34] and Samarawickrema et al. [35] induced resistance in axenic E. histolytica cultures up

till lethal doses of metronidazole. The mechanism of resistance has been shown to involve

increased activity of iron-containing superoxide dismutase (Fe-SOD) and peroxiredoxin and

decreased expression of flavin reductase and ferredoxin 1 [34,35]. The activation of Fe-SOD

is usually a reaction to various stress inducing situations, for instance overpopulation of

cells, and thus not only the drug effect of metronidazole [35]. In the case of metronidazole,

the activation of SOD may be linked to the protection of microorganisms from a variety of

toxic radicals.

Future therapeutics and vaccine development

Sulfolipid metabolism is necessary for the parasitic lifestyle of E. histolytica [36]. The sulfate

activation is performed through two sequential reactions producing adenosine 5ʹ-

phosphosulfate (APS) and 3ʹ-phosphoadenosine 5ʹ-phosphosulfate (PAPS) with the catalysts

ATP sulfurylase (AS) and APS kinase (APSK), respectively. PAPS is used as a sulfate donor in a

variety of reactions which provide crucial molecules for trophozoite proliferation and

encystation. Sulfate activation takes place in mitochondrial-related organelles called

mitosomes from where PAPS is transferred to cytosol where sulfolipids are generated with

the catalyzing help of sulfotransferases (SULTS) and sulfatases (SF). From these enzymes the

APSK has been considered the most promising target of antiamoebic drug development, as

it is unique to E. histolytica physiology in the early steps of sulfate activation. 2-(3-

fluorophenoxy)-N-[4-(2-pyridyl)thiazol-2-yl]-acetamide (A-D-11), 3-phenyl-N-[4-(2-

pyridyl)thiazol-2-yl]-imidazole-4-carboxamide (A-H-11), and auranofin have been found to
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halt trophozoite proliferation as well as encystation [37,38]. A-D-11 and A-H-11 have no

cytotoxic effect in human cells, in contrast to auranofin which is, in fact, already in human

use as an oral drug for rheumatoid arthritis [39,37]. Auranofin also inhibits thioredoxin

reductase, enhancing sensitivity of trophozoites to reactive oxygen-mediated killing [38].

Thioredoxin reductase of E. histolytica (EhTrxR) is an important enzyme in the redox system

and for intracellular oxygen detoxification. Martínez-Pérez and coworkers recently showed

that rabeprazole, a proton pump inhibitor, inhibits the EhTrxR enzyme [40]. Rabeprazole

also affected amoebic proliferation and several other functions required for parasite

virulence. In a hamster model of liver infection, sublethal rabeprazole concentration (600

µM) promoted parasite death. The authors concluded that the molecular structure of

rabeprazole can be useful as a scaffold to design new amoebicides.

Nitazoxanide is a novel antiparasitic agent, which has been shown to be effective against E.

histolytica in both the intraluminal and invasive forms of infection and has been suggested

to represent a potential successor to metronidazole [41].

Flavonoids, such as kaempferol, catechin and isoquerticin, have antiamoebic activity, which

has been demonstrated only in vitro [42]. Therapeutic dosage, administration route as well

as pharmacokinetics and –dynamics are yet to be determined.

E. histolytica has a single β-carbonic anhydrase (EhiCA) [43]. EhiCA was produced as a

recombinant protein which was used in kinetic and inhibition studies using different

sulfonamides and anions [44,45]. Bua et al. discovered 4-hydroxymethyl/ethyl-

benzenesulfonamide to have the best inhibitory action against EhiCA (KIs of 36–89 nM) with

weaker inhibition impact on human carbonic anhydrase I and II (KIs of 21 µM and 125 nM,

respectively) [44]. Several carbonic anhydrase inhibitors, clinically used for other conditions,

were also tested. Among these compounds, acetazolamide, methazolamide, ethoxzolamide

and dichlorphenamide showed good inhibitory effects (KIs of 509–845 nM), while they also

inhibited efficiently human CA I and II (KIs ranging 8–1200 nM) [44]. Thus, these compounds

provided no selectivity against EhiCA. In addition, some anions had good inhibition

properties: sulfamide, phenylarsonic acid, phenylboronic acid and fluorosulfonate showed

KIs of 28 µM, 38 µM, 47 µM, and 86 µM, respectively [45]. Furthermore, their inhibitory

effects against human carbonic anhydrase I and II were weaker than against EhiCA (KIs

ranging 310 nM –49.2 µM), which makes them slightly selective against the amoeba
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carbonic anhydrase. These results clearly opened new avenues for further investigations to

determine the effects of carbonic anhydrase inhibitors in vivo and to design novel

compounds specifically targeting β-carbonic anhydrases.

As E. histolytica is an important cause of morbidity and mortality especially in low-income

countries, the need of vaccine is real. Humans and non-human primates are the only

reservoirs of E. histolytica, which makes the eventual goal to eradicate the disease plausible

[10]. E. histolytica triggers many immune pathways of the host, which has further led to

attempts to develop a vaccine against this parasite [24,46,2]. A Gal/GalNAc lectin-based

vaccine has been the most widely investigated candidate; also a serine-rich E. histolytica

protein and an attenuated strain of E. histolytica have been investigated in rodent models.

Nevertheless, none of these theoretically promising vaccines have reached clinical trials. We

hope that the interest in novel vaccines against E. histolytica will increase along with the

new era in vaccinology that has recently been witnessed during the COVID-19 pandemic.

The eradication of E. histolytica should be considered both an important goal for better

global health and an investment for the global sustainable development goals.
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Concluding remarks

Entamoeba histolytica is the third leading cause of mortality of parasite infections, which

causes pressure to have tools for rapid diagnosis as well as affordable and effective

treatment. The clinical manifestation of amoebiasis varies from an asymptomatic infection

to colitis and even to life-threatening invasive infection. Fortunately, we have good

treatment options for different clinical situations, although there is already some indication

of emerging drug resistance. Vaccination would represent the most effective option to

reduce the global disease burden in long term, but no such preventive option is available at

this moment.
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