Course Code: ZO18105DCE
Unit II: Protozoology: 2.2   Detailed life cycle, pathogenicity and control of Entamoeba
Life cycle, Pathogenicity and Control of Entamoeba histolytica
Several members of the genus Entamoeba infect humans. Among these only E. histolytica is considered pathogenic and the disease it causes is called amoebiasis or amoebic dysentery. E. dispar is morphologically identical to E. histolytica and the two were previously considered to be the same species. However, genetic and biochemical data indicate that the non-pathogenic E. histolytica is a distinct species. The two species are found throughout the world, but like many other intestinal protozoa, they are more common in tropical countries or other areas with poor sanitary conditions. It is estimated that up to 10% of the world's population may be infected with either E. histolytica or E. dispar and in many tropical countries the prevalence may approach 50%. There are an estimated 50 million cases of amebiasis per year and up to 100,000 deaths.

LIFE CYCLE AND MORPHOLOGY

E. histolytica exhibits a typical fecal-oral life cycle consisting of infectious cysts passed in the feces and trophozoites which replicate within the large intestine. The infection is acquired through the ingestion of cysts and the risk factors are similar to other diseases transmitted by the fecal-oral route. Contaminated food and water are probably the primary sources of infection. The higher prevalence in areas of lower socioeconomic status is likely due to poor sanitation and a lack of indoor plumbing. However, E. histolytica is rarely the cause of travellers’' diarrhoea and is usually associated with a long-term (>1 month) stay in an endemic area. A higher prevalence of E. histolytica infection is also observed in institutions, such as mental hospitals, orphanages and prisons, where crowding and problems with fecal contamination are contributing factors. A high [image: image1.png]Trophozoite



prevalence among male homosexuals has also been noted. Humans are the only host of E. histolytica and there are no animal reservoirs.

Upon ingestion the cysts pass through the stomach and excyst in the lower portion of the small intestine. Excystation involves a disruption of the cyst wall and the quadranucleated amoeba emerges through the opening. The amoeba undergoes another round of nuclear division followed by three successive rounds of cytokinesis (i.e., cell division) to produce eight small uninucleated trophozoites, sometimes called amoebulae. These immature trophozoites colonize the large intestine, especially the cecal and sigmoidorectal regions, where they feed on cellular debris and undergo repeated rounds of binary fission.

E. histolytica trophozoites have an amorphous shape and are generally 15-30 µm in diameter. The trophozoites move by extending a finger-like pseudopodium and pulling the rest of the body forward (called amoeboid movement). The pseudopodia, and sometimes the outer edge of the trophozoite, have a clear refractile appearance and is referred to as the ectoplasm (ecto). The rest of the cytoplasm has a granular appearance and is called the endoplasm (endo). Occasionally a glycogen vacuole (vac) is evident. Nuclear (Nu) morphology in stained specimens is characterized by a finely granular ring of peripheral chromatin and a centrally located [image: image2.png]


karyosome (ka).

As an alternative to asexual replication, trophozoites can also encyst. The factors responsible for the induction of encystation are not known. Encystation begins with the trophozoites become more spherical and the appearance of chromatoid bodies in the cytoplasm. Chromatoid bodies (cb) are stained elongated structures with round ends and represent the aggregation of ribosomes. The cyst wall is composed of chitin and has a smooth refractile appearance. Cyst maturation involves two rounds of nuclear replication without cell division and cysts with 1-4 nuclei (Nu) are found in feces. The nuclear morphology of the cyst is similar to that of the trophozoite except that the nuclei become progressively smaller following each division. Sometimes the young cysts (ie, 1-2 nuclei) will have a glycogen vacuole (vac) which will appear as a clear area in stained specimens. This vacuole will sometimes displace and alter the morphology of the nuclei. The chromatoid bodies tend to disappear as the cyst matures. The cysts are generally 12-15 µm in diameter. Cysts are immediately infective upon excretion with the feces and will be viable for weeks-to-months depending on environmental conditions. 

PATHOGENESIS

	Amoebiasis Progression

	non-invasive
· amoeba colony on mucosa surface

· asymptomatic cyst passer 

· non-dysenteric diarrhoea 

invasive 

· necrosis of mucosa → ulcer

· dysentery 

· hematophagous trophozoites 

· ulcer enlargement → peritonitis

· occasional amoeboma 

· metastasis →extraintestinal amoebiasis 

· via blood-stream or direct extension 

· primarily liver → amoebic abscess 

· other sites infrequent 

· amoeba-free stools common


E. histolytica frequently lives as a commensal within the large intestine with no overt clinical manifestations. However, trophozoites can invade the colonic epithelium and produce ulcers and dysentery (see Box). This invasive disease can become progressively worse and lead to a more serious disease. The amoebas can also metastasize to other organs and produce an extra intestinal amoebiasis. In other words, E. histolytica is a facultative pathogen that exhibits a wide range of virulence. 

The non-invasive disease is often asymptomatic, but can cause diarrhoea or other gastro-intestinal symptoms such as abdominal pain or cramps. This non-invasive infection can persist or progress to an invasive disease in which trophozoites penetrate the intestinal mucosa and kill the epithelial cells. The early lesion is a small area of necrosis, or ulcer, characterized by raised edges and virtually no inflammation between lesions. The amoeba will spread laterally and downward in the submucosa (beneath the epithelium) and kill host cells as they progress. This results in the classic 'flask-shaped' ulcer with a small opening and a wide base. Trophozoites are most numerous at the boundary between the healthy tissue and the necrotic tissue. These invasive amoeba are ingesting host cells and trophozoites with ingested erythrocytes are often evident. These hematophagous trophozoites are sometimes found in the dysenteric feces. Cyst production decreases during the invasive stage of the infection and cysts are never found in the tissue lesions.

The ulcerative process may continue to expand laterally or downward. If large numbers of ulcers are present, they may coalesce which could lead to a localized sloughing off of the intestinal wall. Ulcer expansion can also penetrate the serous layer and lead to perforation of the intestinal wall. This perforation can lead to local abscesses or a generalized peritonitis. Amoebic ulcers can also become secondarily infected with bacteria which may confuse the clinical picture. In addition, E. histolytica infection can occasionally lead to the formation of an amoebic granuloma, also called an amoeboma. The amoeboma is an inflammatory thickening of the intestinal wall around the ulcer which can be confused with a tumor.

Amebiasis can also progress to a systemic, or extra-intestinal infection. Dissemination from the primary intestinal lesion is predominantly via the blood stream, but can also occur by direct extension of the lesion. The liver is the most commonly affected organ and this is probably due to the direct transport of trophozoites from the large intestine to the liver via the hepatic portal vein . Initially the lesions are small foci of necrosis which tend to coalesce into a single abscess as they expand. This hepatic abscess will continue to enlarge as the trophozoites progressively destroy and ingest host cells. The centre of the abscess, consisting of lysed hepatocytes, erythrocytes, bile and fat, may liquefy and this necrotic material (sometimes incorrectly called pus) will range in colour from yellowish to reddish brown. Secondary bacterial infections in the liver abscess are not common (~2%).

Hematogenous spread of trophozoites to other sites, such as the lungs or brain, is rare, but does occur. The second most common extraintestinal site after the liver is the lungs. Pulmonary infections generally result from a direct extension of the hepatic lesion across the diaphragm and into the pleura and lungs. Cutaneous lesions formed as a result of hepatic or intestinal fistula can also occur, although extremely rare. Other cutaneous lesions include peri-anal ulcers and involvement of the genitalia, including the penis of homosexuals. These later manifestations are likely due to the skin or mucous membranes coming in contact with invasive trophozoites. 

CLINICAL PRESENTATION

Amoebiasis presents a wide range of clinical syndromes (Table) which reflects the potential for E. histolytica to become invasive and cause a progressive disease. The incubation period can range from a few days to months or years with 2-4 weeks being the most common. Transitions from one type of intestinal syndrome to another can occur and intestinal infections can give rise to extraintestinal infections.

	 Table-Clinical Syndromes 
Associated with Amebiasis

	Intestinal Disease 

· asymptomatic cyst passer

· symptomatic non-dysenteric infection

· amoebic dysentery (acute)

· fulminant colitis

+ perforation (peritonitis) 

· amoeboma (amoebic granuloma)

· perianal ulceration

Extraintestinal Disease 

· liver abscess

· pleuropulmonary amebiasis

· brain and other organs 

· cutaneous and genital diseases


The majority of individuals diagnosed with E. histolytica (or E. dispar) exhibit no symptoms or have vague and nonspecific abdominal symptoms. This state can persist or progress to a symptomatic infection. Symptomatic nondysenteric infections exhibit variable symptoms ranging from mild and transient to intense and long lasting. Typical symptoms include: diarrhoea, cramps, flatulence, nausea, and anorexia. The diarrhoea frequently alternates with periods of constipation or soft stools. Stools sometimes contain mucus, but there is no visible blood.

Amoebic dysentery usually starts slowly over several days with abdominal cramps, tenesmus, and occasional loose stools, but progresses to diarrhoea with blood and mucus. Blood, mucus and pieces of necrotic tissue become more evident as the number of stools increases (10-20 or more per day) and stools will often contain little fecal material. A few patients may develop fever, vomiting, abdominal tenderness, or dehydration (especially children) as the severity of the disease increases. Fulminant, or grangrenous, colitus is a rare but extremely severe form of intestinal amoebiasis. Patients present with severe bloody diarrhoea, fever, and diffuse abdominal tenderness. Most of the mucosa is involved and mortality exceeds 50%. A chronic amoebiasis, characterized by recurrent attacks of dysentery with intervening periods of mild or moderate gastrointestinal symptoms, can also occur.

Amoebomas present as painful abdominal masses which occur most frequently in the cecum and ascending colon. Obstructive symptoms or hemorrhages may also be associated with an amoeboma. Amoebomas are infrequent and can be confused with carcinomas or tumours. Peri-anal ulcers are a form of cutaneous amoebiasis that results from the direct spread of the intestinal infection.

Amoebic liver abscesses are the most common form of extra-intestinal amoebiasis. The onset of hepatic symptoms can be rapid or gradual. Hepatic infections are characterized by hepatomegaly, liver tenderness, pain in the upper right quadrant, fever and anorexia. Fever sometimes occurs on a daily basis in the afternoon or evening. Liver function tests are usually normal or slightly abnormal and jaundice is unusual. Liver abscesses will occasionally rupture into the peritoneum resulting in peritonitis.

Pulmonary amoebiasis is generally results from the direct extension of the liver abscess through the diaphragm. Clinical symptoms most often include cough, chest pain, dyspnea (difficult breathing), and fever. The sputum may be purulent or blood-stained and contain trophozoites. A profuse expectoration (ie, vomica) of purulent material can also occur. Primary metastasis to the lungs is rare, but does occur. Similarly, infection of other organs (eg., brain, spleen, pericardium) is also rare. Clinical symptoms are related to the affected organ.

Cutaneous amebiasis is the result of skin or mucus membranes being bathed in fluids containing trophozoites. This contact can be the result of fistula (intestinal, hepatic, perineal) or an invasion of the genitalia. Cutaneous lesions have a wet, granular, necrotic surface with prominent borders and can be highly destructive. Clinical diagnosis is difficult and is usually considered with epidemiological risk factors (eg., endemic areas, male homosexuality, etc.).

DIAGNOSIS, TREATMENT AND CONTROL

	Diagnosis

	Intestinal Disease 

· stool examination

· cysts and/or trophozoites

· sigmoidoscopy

· lesions, aspirate, biopsy

· antigen detection

· histolytica/dispar

Extraintestinal (hepatic) Disease 
· serology

· current or past?

· imaging

· CT, MRI, ultrasound

· abscess aspiration

· only select cases

· reddish brown liquid

· trophozoites at abscess wall


Definitive diagnosis of amebiasis requires the demonstration of E. histolytica cysts or trophozoites in feces or tissues. Stool specimens should be preserved and stained and microscopically examined. Cysts will tend to predominate in formed stools and trophozoites in diarrheic stools. Fresh stools can also be immediately examined for motile trophozoites which exhibit a progressive motility. Sigmoidoscopy may reveal the characteristic ulcers, especially in more severe disease. Aspirates or biopsies should also be examined microscopically for trophozoites. 

           E. histolytica and E. dispar cannot be distinguished on morphological criteria. Antigen detection kits are available for the positive identification of these species.

          Serology is especially useful for the diagnosis of extraintestinal amebiasis. Greater than 90% of patients with invasive colitis and liver abscesses exhibit serum antibodies against E. histolytica. However, the antibodies can persist for years and distinguishing past and current infections may pose problems in endemic areas. Non-invasive imaging techniques (eg., ultrasound, CT, MRI) can be used to detect hepatic abscesses. It is also possible to aspirate hepatic abscesses. However, this is rarely done and only indicated in selected cases (eg., serology and imaging not available, therapeutic purposes). The aspirate is usually a thick reddish brown liquid that rarely contains trophozoites. Trophozoites are most likely to be found at the abscess wall and not in the necrotic debris at the abscess center.

Several drugs are available for the treatment of amoebiasis and the choice of drug(s) depends on the clinical stage of the infection (Table). The prognosis following treatment is generally good in uncomplicated cases. In cases where E. histolytica is confirmed or the species (ie, dispar or histolytica) is unknown, asymptomatic cyst passers should be treated to prevent the progression to severe disease and to control the spread of the disease. However, in many endemic areas, where the rates of reinfection are high and treatment is expensive, the standard practice is to only treat symptomatic cases. Metronidazole or tinidazole (if available) is recommended for all symptomatic infections. This treatment should be followed by or combined with lumenal antiamebic drugs as described for asymptomatic patients. 

	Amebiasis Treatment

	Drugs

Uses

Iodoquinol,Paromomycin,  Diloxanide furoate

Luminal agents to treat asymptomatic cases and as a follow up treatment after a nitroimidazole. 

Metronidazole or Tinidazole

Treatment of nondysenteric colitis, dysentery, and extra-intestinal infections. 

Dehydroemetine or Emetine

Treatment of severe disease such as necrotic colitis, perforation of intestinal wall, rupture of liver abscess. 




In the cases of fulminant amoebic colitis or perforation of the intestinal wall a broad spectrum antibiotic can also be used to treat intestinal bacteria in the peritoneum. Necrotic colitis requires urgent hospitalization to restore fluid and electrolyte balance. In addition, emetine or dehydroemetine are sometimes co-administered with the nitroimidazole. This is only done in the most severe cases due to the toxicity of these drugs. Surgery may also be needed to close perforations or a partial colostomy. 

Prevention and control measures are similar to other diseases transmitted by the fecal-oral route. The major difference is that humans are the only host for E. histolytica and there is no possibility of zoonotic transmission. Control is based on avoiding the contamination of food or water with fecal material. Health education in regards to improving personal hygiene, sanitary disposal of feces, and hand washing are particularly effective. Protecting water supplies will lower endemicity and epidemics. Like Giardia, Entamoeba cysts are resistant to standard chlorine treatment, but are killed by iodine or boiling. Sedimentation and filtration processes are quite effective at removing Entamoeba cysts. Chemoprophylaxis is not recommended.

