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Chapter 261 - Introduction to Protozoal Diseases



JONATHAN I. RAVDIN 


The protozoans known to infect humans are a diverse group, as indicated by phylogeny (Table 261-1) , epidemiology (Table 261-2) , clinical manifestations (Table 261-3) , preferred diagnostic studies (Table 261-4) , and chemotherapeutic agents effective in eradicating or arresting infection (Chapter 39) . Protozoans such as Plasmodium spp., Entamoeba histolytica, Trypanosoma spp., and Leishmania spp. are major worldwide pathogens and are among the leading causes of disease and mortality in areas of Africa, Asia, and Central and South America. Giardia lamblia and Cryptosporidium are frequent causes of diarrhea in developing areas and established industrialized countries. Toxoplasma gondii, Cryptosporidium spp., Microsporidia, Cyclospora, Trypanosoma cruzi, and Leishmania spp. all have been noted to cause severe diseases in patients with acquired immunodeficiency syndrome. New molecular biology techniques are leading to better characterization of protozoans. [2] 

The new or continued importance of protozoal pathogens has stimulated active research in all areas. [2] Clinicians are encouraged to familiarize themselves with the material in Tables 261-2 through 261-4 , which is addressed in depth in the chapters that follow. The key to the recognition of protozoal infection is a knowledge of epidemiologic risk factors such as the parasites' geographic distribution (see Table 261-2) and the major modes of clinical presentation (see Table 261-3) . The clinical diagnosis of protozoal infection presenting outside normal areas of high prevalence is usually dependent on physicians considering this possibility in their differential diagnosis. Given present levels of travel, changing immigration patterns, and the immunosuppressive effects of infection with human immunodeficiency virus, all clinicians need to have a heightened awareness of diseases due to the protozoans. Diagnosis and therapy often require a specialized expertise with the use of tests (see Table 261-4) or drugs with which most physicians lack experience. Infectious disease consultants will frequently be called on to diagnose and manage protozoal infection; this requires the maintenance of an updated, in-depth database as provided by the chapters within this section. 

	TABLE 261-1 -- Classification of Protozoans That Infect Humans

	Phylum I. Sarcomastigophora (flagella, pseudopodia)
	Phylum III. Apicomplexa (apical microtubule complex)

	  Subphylum I. Mastigophora (flagella)
	  Class 2. Sporozoea

	    Class 2. Zoomastigophorea
	    Subclass 2. Coccidia

	      Order 2. Kinetoplastida
	      Order 3. Eucoccidia

	        Suborder 2. Trypanosomatina
	        Suborder 2. Eimeriina

	           Leishmania, Trypanosoma
	Cryptosporidium, Isospora, Microsporidia, Sarcocystis, [3] [4] 

	      Order 5. Diplomonadida
	           Toxoplasma

	        Suborder 2. Diplomonadina
	        Suborder 3. Haemosporina

	           Giardia
	        Suborder 3. Piroplasmia

	      Order 7. Trichomonadida
	           Plasmodium

	        Dientamoeba, Trichomonas
	          Order 1. Piroplasmida

	  Subphylum III. Sarcodina (pseudopodia)
	             Babesia

	    Super class 1. Rhizopoda
	Phylum VII. Ciliophora (ciliated)

	      Class 1. Lobosea
	  Class I. Kinetofragminophorea

	        Subclass 1. Gymnamoebia
	    Subclass 2. Vestibuliferia

	          Order 1. Amoebida
	      Order 1. Trichostomatida

	            Suborder 1. Tubulina
	        Suborder 1. Trichostomatina

	               Entamoeba
	           Balantidium

	            Suborder 5. Acanthopodina
	

	               Acanthamoeba
	

	          Order 2. Schizopyrenida
	

	             Naegleria
	

	Data from ref [1] 
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	TABLE 261-2 -- Geographic Distribution and Mechanism of Transmission of Protozoal Infections

	Organism
	Geographic Distribution
	Means of Transmission

	Acanthamoeba spp.
	Undefined
	Contact lens, ? airborne

	Babesia spp.
	North America, Europe
	Tick-borne, blood transfusions

	Balantidium coli
	Worldwide
	Zoonosis (pigs), water, * fecal-oral

	Blastocystis hominis
	Unknown
	Fecal-oral, water

	Cryptosporidium spp.
	Worldwide
	Water, fecal-oral, zoonosis

	Dientamoeba fragilis
	Worldwide
	Water, fecal-oral

	Entamoeba histolytica
	Worldwide
	Water, fecal-oral, foodborne

	Giardia lamblia
	Worldwide
	Water, fecal-oral, foodborne

	Isospora spp.
	Worldwide
	Fecal-oral, suspected zoonosis

	Leishmania spp. 


	
	Sand fly

	  L. donovani
	India, Pakistan, East Africa, China
	

	  L. tropica
	Middle East, Central Asia
	

	  L. major
	Middle East, India, Pakistan
	

	  L. aethiopica
	Ethiopia, Kenya
	

	  L. mexicana
	Central America, Texas
	

	  L. amazonensis
	South America
	

	  L. chagasi
	Latin America
	

	  L. viannia braziliensis
	Latin America
	

	Naegleria spp.
	Worldwide
	Fresh water, intranasal exposure

	Plasmodium spp.
	Africa, Asia, South and Central America, Oceania
	Female anopheline mosquitoes, inoculation of infected blood

	Sarcocystis spp.
	Unknown
	Foodborne (meat)

	Toxoplasma gondii
	Worldwide
	Zoonosis (cats), foodborne (meat), blood or organ transplant, congenital

	Trichomonas vaginalis
	Worldwide
	Venereal, during birth, ? nonvenereal

	Trypanosoma spp.
	
	

	  T. cruzi
	South and Central America
	Reduviid bugs

	  T. brucei gambiense
	West Africa
	Tsetse fly

	  T. brucei rhodesiense
	East Africa
	Tsetse fly


*Ingestion of water contaminated with fecal material.
[image: image2.png]


Other Leishmania spp. also infect humans but are less common.


	TABLE 261-3 -- Clinical Syndromes Due to Infection by Protozoans

	Organism (Disease)
	Major Clinical Syndrome
	Organism (Disease)
	Major Clinical Syndrome

	Acanthamoeba spp.
	Keratitis, granulomatous encephalitis
	Leptomyxida
	Granulomatous amebic encephalitis

	Babesia spp. (babesiosis)
	Fever, malaise, hepatosplenomegaly, and hemolytic anemia, especially in the asplenic
	Naegleria spp.
	Meningoencephalitis

	Balantidium coli (balantidiosis)
	Colitis
	Plasmodium spp. (malaria)
	Paroxysmal fever, chills, headache, hepatosplenomegaly

	Blastocystis hominis (blastocystis)
	Diarrhea, mild eosinophilia
	
	

	Cryptosporidium spp. (cryptosporidiosis)
	Self-limiting noninflammatory diarrhea; chronic severe diarrhea and cholangitis in AIDS patients
	Sarcocystis spp.
Toxoplasma gondii (toxoplasmosis)
	Myositis, fever, eosinophilia
Fever, malaise, lymphadenopathy; chorioretinitis; congenital abnormalities; in immunocompromised host: encephalitis, myocarditis, pneumonitis

	Dientamoeba fragilis
	Diarrhea, eosinophilia
	
	

	Entamoeba histolytica (amebiasis)
	Rectocolitis, liver abscess
	
	

	Giardia lamblia (giardiasis)
	Noninflammatory diarrhea with malabsorption
	Trichomonas vaginalis (trichomoniasis)
	Vaginitis, urethritis

	Isospora spp. (isosporiasis)
	Diarrhea in AIDS patients
	Trypanosoma spp. (African sleeping sickness and Chagas' disease)
	Fever, lymphadenopathy, meningoencephalitis, myocarditis; megaesophagus and megacolon, congestive cardiopathy

	Leishmania spp. (cutaneous and visceral leishmaniasis)
	Cutaneous or mucosal ulceration; visceral disease with fever, hepatosplenomegaly
	
	

	Abbreviation: AIDS, Acquired immunodeficiency syndrome.


	TABLE 261-4 -- Diagnostic Tests for Protozoal Diseases

	Disease
	Preferred Diagnostic Tests
	Disease
	Preferred Diagnostic Tests

	Amebiasis
	Stool for ova and parasites, serologic tests
	Malaria
	Wright or Giemsa stain of thin and thick blood

	  Intestinal
	Fecal antigen
	
	

	  Liver
	Ultrasound examination, serologic tests smear
	
	

	Amebic keratitis
	Corneal scraping for microscopy and culture
	Primary amebic meningitis
	Cerebrospinal fluid examination, culture for amebae

	Babesiosis
	Thin and thick blood smears
	
	

	Cryptosporidiosis
	Acid-fast and auramine-rhodamine staining of fecal samples, small bowel biopsy
	
	

	Giardiasis
	Stool for ova and parasites, stool antigen detection, sampling of duodenal contents
	Toxoplasmosis
	Serologic tests, Wright-Giemsa stain of tissue, antigen detection

	Granulomatous amebic encephalitis
	Brain biopsy
	Trichomoniasis
	Microscopy, culture, or antigen detection in genital secretions

	Leishmaniasis
	
	
	

	  Cutaneous and mucocutaneous
	Biopsy, touch preparation, culture, serologic tests
	Trypanosomiasis Chagas' disease
	Fresh blood or stained smear, blood culture, xenodiagnosis; serologic tests for chronic disease

	Visceral
	Bone marrow or splenic aspiration, touch preparation, culture, serologic tests, lymph node biopsy
	African sleeping sickness
	Blood smear, serologic tests
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Chapter 262 - Entamoeba histolytica (Amebiasis)



JONATHAN I. RAVDIN 




If there be among you any 

man that is not clean by reasons of uncleanness that chanceth him by night, 

then shall he go abroad out of the camp.... And thou shalt have a paddle 

upon thy weapon; and it shall be, when thou wilt ease thyself abroad, thou 

shalt dig therewith, and shalt turn back and cover that which cometh from thee.

Deuteronomy 23:10 and 23:13

Acute and chronic diarrhea has been of major concern to humans since earliest recorded history. The invasion of Russia by Napoleon was halted by widespread acute diarrhea. The atrocities affecting prisoners of war such as at Andersonville during the Civil War and the Bataan Death March in the Philippines during World War II were caused as much by Entamoeba histolytica as by prison officials. This protozoal organism is the third leading parasitic cause of death in developing nations [1] and is one of the important health risks to which travelers are exposed. New information has been acquired on the pathogenesis of invasive amebiasis and the host immune response to the parasite. [2] [3] [4] 

There is overwhelming evidence that distinct pathogenic and nonpathogenic species of Entamoeba exist. Analyses of zymodemes, the patterns of electrophoretic mobility of certain parasite isoenzymes, revealed an association of distinct zymodemes with symptomatic invasive disease. [5] Studies with RNA and DNA probes have clearly indicated genetic differences between pathogenic E. histolytica and the nonpathogenic Entamoeba dispar.[6] [7] [8] Restriction enzyme polymorphism analysis of polymerase chain reaction (PCR)-amplified small-subunit ribosomal RNA genes (riboprinting) further defined Entamoeba into specific species. [9] Studies that indicate phenotypic transformation in vitro due to the influence of bacterial associates were apparently flawed by inadvertent contamination of the cultures. Genetic differences between E. histolytica and E. dispar have been extended to genes encoding important proteins involved in pathogenesis, such as adherence lectins [10] and cysteine proteinases. [11] 

Disease caused by E. histolytica is expressed most often as ulcerative and inflammatory lesions of the colon resulting in a complete spectrum of colonic signs and symptoms. Occasionally, amebas gain access to extraintestinal sites, most commonly the liver, where marked tissue destruction occurs.

Losch, in St. Petersburg, Russia, in 1875, is credited with documenting amebas to be pathogenic by inducing lesions in a dog fed dysenteric stool. [12] Kartulis, in Egypt in 1886, settled the role of amebas as a cause of intestinal and hepatic lesions in patients with diarrhea, and Walker and Sellards dispelled all doubt of the pathogenicity of E. histolytica with their detailed studies in the Philippines in 1913. [13] Councilman and Lafleur, pathologists at Johns Hopkins University, provided the information in 1891 to allow a clear distinction between bacillary and amebic dysentery. [13] The history of amebiasis has been highlighted by a number of well-studied epidemics such as that at the Chicago Century of Progress Exposition in 1933 [14] and that at the Singer Sewing Machine Plant in Indiana in 1950. [15] But its main impact has been the ability of E. dispar and E. histolytica to maintain infection in 20 to 30% of people living in areas of the tropics and in up to 5% of the people in temperate climate nations. [1] The most subtle break in personal sanitation allows the organisms to spread and initiate disease.

ORGANISM

E. histolytica belongs to the pseudopod-forming protozoal superclass Rhizopoda within the subphylum Sarcodina. [16] Within their family Entamoebidae, order Amoebida, and class Lobosea are many species that infect humans, including E. histolytica, E. hartmanni, E. polecki, E. coli, E. gingivalis. E. hartmanni, previously referred to as "small race" E. histolytica, is a distinct species by virtue of morphology, unique antigens, and riboprinting. [9] Most experts agree that the noninvasive Entamoeba-like Laredo strain, which grows in culture at a lower temperature (25°C), is a separate species. Classification of Entamoeba has been based on morphology, antigenic differences, DNA characterization, riboprinting isoenzyme analysis, drug susceptibility, host specificity, in vitro growth characteristics, and in vivo virulence. [7] [9] [10] [11] [17] [18] 

The distinction between E. dispar and E. histolytica was first defined by the mobility of four isoenzymes (L-malate:NADP+ oxidoreductase, glucose phosphate isomerase, phosphoglucomutase, and hexokinase) on starch gel electrophoresis. Sargeaunt and coworkers studied more than 6000 clinical isolates and noted more than 22 distinct isoenzyme patterns (zymodemes). [5] Studies have indicated that the true number of distinct zymodemes is much lower. [18A] Individual zymodemes have a clear association with the occurrence of asymptomatic infection or symptomatic highly invasive disease. [5] 

Entamoeba histolytica spp. have numerous antigenic differences from E. dispar. Distinct epitopes of the 170-kD heavy subunit of the galactose-inhibitable adherence lectin exist in E. histolytica and are absent in E. dispar. [18] However, the gene for the E. dispar 170-kD lectin subunit contains all 97 cysteine residues and conserves the same sequence homology to CD59 found in the hgl2 lectin gene of E. histolytica. [10] Several research groups have produced monoclonal antibodies that distinguish between E. histolytica and E. dispar by immunofluorescence methodology [19] and immunoblotting. [20] [21] [22] Tannich and coworkers were the first to demonstrate genomic DNA differences between E. histolytica and E. dispar. [23] A complementary DNA (cDNA) clone specific for pathogenic amebas was identified by screening for the expressed protein with pooled human immune sera. Southern blotting of the cDNA probe and restriction mapping of hybridization by an actin cDNA probe both revealed significant genomic DNA differences. These studies were extended by comparison of the restriction fragment pattern of specific PCR-amplified genomic DNA fragments to differentiate isolates. Additional cDNA clones have been identified that distinguish E. dispar from E. histolytica[24] [25] ; studies of ribosomal RNA have also been successful in differentiating strains. [9] [26] Genetic distance analysis supports the existence of at least two distinct groups within the species E. histolytica.[27] [28] 

E. histolytica and E. dispar trophozoites are morphologically indistinguishable, ranging in size from 10 to 60 mum, with an average of 25 mum. Trophozoites have a single 3- to 5-mum nucleus containing fine peripheral chromatin and a central nucleolus; E. histolytica trophozoites often have ingested erythrocytes (Fig. 262-1) . [29] The cytoplasm consists of a clear ectoplasm and a granular endoplasm that contains numerous vacuoles (Fig. 262-2) . Cysts of E. histolytica average 12 mum in diameter (range, 5 to 20 mum) and, depending on their maturity, contain one to four nuclei with morphology identical to that of trophozoite nuclei. As in other members of the order Amoebida, young E. histolytica cysts contain chromatoid bodies with smooth, rounded edges; these are composed of ribosome particles in crystalline arrays. Immature cysts may contain clumps of glycogen that stain with iodine (Fig. 262-3) . 
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Figure 262-1 Trophozoite of Entamoeba histolytica. A delicate round nucleus with a small central chromatin dot is seen. The trophozoite contains dense ingested red blood cells.

LIFE CYCLE AND EPIDEMIOLOGY

The life cycles of E. histolytica and E. dispar are not complex; cysts are excreted and can survive for weeks in a hospitable environment. Ingestion of the cyst results in excystation in the small bowel and trophozoite infection of the colon. The trophozoite undergoes encystment only within the large bowel, possibly associated with conditions that are not ideal for continued activity of the trophozoite. Encystment of xenic cultures of E. histolytica can be induced in vitro by hypo-osmotic conditions resulting in the appearance of two sialylated glycoproteins and a chitinous cell wall (an N-acetyl-D-glucosamine polymer). [30] Cysts may remain viable for weeks or months in an appropriately moist environment; outside the body, trophozoites degenerate within minutes. In addition, trophozoites are rapidly destroyed by the low gastric pH and gastric enzymes; the encysted stage readily passes this barrier. The cyst, therefore, is the primary reason for the extensive prevalence of the infection throughout the world because it moves from one person to another through 



Figure 262-2 Phase micrograph of an axenic Entamoeba histolytica trophozoite strain HM1:IMSS; note that the cell is oriented with extension of pseudopodia and the highly vesiculated cytoplasm, which is characteristic of virulent axenic strains.



Figure 262-3 Mature cyst of Entamoeba histolytica. Three of the four nuclei are seen in the plane of focus of this photomicrograph.

fecal contamination of water and vegetables or direct fecal-oral contact. 

Knowledge of the epidemiologic risk factors for acquisition of E. histolytica infection and for increased severity of the disease (Table 262-1) (Table Not Available) is essential for the recognition of patients with amebiasis and an understanding of the importance of this parasite. Epidemiologic surveys for infection with E. histolytica are difficult to interpret owing to the low number of infected patients who demonstrate the organism on a single stool examination, [31] [32] frequent laboratory error in identification, [33] and the variability of detection of serum anti-amebic antibodies after infection. Given these limitations, it is estimated that more than 10% of the world's population are infected by E. dispar and E. histolytica.[1] Excluding the People's Republic of China, approximately 50 million cases of invasive disease occur in the world each year and result in up to 100,000 deaths. [1] The prevalence of infection is as high as 50% in underdeveloped areas, [34] [35] [36] and, for example, serologic studies in Mexico City indicate that up to 5% of the population are infected with E. histolytica every 2 years. [37] Persistence of a high prevalence of amebic infection depends on cultural habits, sanitation, crowding, and socioeconomic status. [34] [37] [38] Asymptomatic intestinal infection occurs in 90 to 99% of infected individuals [39] [40] [41] ; most eliminate the parasite from the gut within 12 months--the mechanisms of such are unknown. In a highly endemic area in Durban, South Africa, a 10% prevalence of E. dispar and E. histolytica infection resulted in 0.1% prevalence of amebiasis each year. [42] [43] 

In one study by Gathiram and Jackson, there was a 10% risk per year of developing symptomatic invasive amebiasis after the acquisition of a pathogenic strain. [43] There is wide geographic variation in the percentage of asymptomatic intestinal amebic infections 

	TABLE 262-1 -- Epidemiologic Risk Factors That Apparently Predispose to Entamoeba histolytica Infection and Increased Severity of Disease

	(Not Available)

	From Ravdin JI. Intestinal disease caused by Entamoeba histolytica. In: Ravdin JI, ed. Amebiasis: Human Infection with Entamoeba histolytica. New York: Churchill Livingstone. 1988:495-510.




2800

that are E. histolytica, usually averaging 10% as in Durban, South Africa. It is the occurrence of asymptomatic infection with pathogenic E. histolytica in endemic areas that accounts for the high prevalence of serum anti-amebic antibodies; asymptomatic E. dispar infection does not elicit a serum antibody response. [39] [44] [45] 

In the United States, the overall prevalence of Entamoeba infection is approximately 4%; however, certain high-risk groups have a much higher incidence of infection and disease. Institutionalized populations, especially the mentally challenged, have a very high incidence of E. histolytica infection (up to 73% by one serologic survey) with frequent invasive disease and significant mortality. [46] [47] [48] Attempts to eradicate amebic infection within individual institutions by the liberal use of anti-amebic drugs or isolation of stool carriers have been unsuccessful. [46] [49] Only improved housing and staffing of health care personnel appear to make a substantial impact. [50] In the late 1970s, there was an increased incidence of infection among sexually promiscuous male homosexuals. The prevalence of E. dispar and E. histolytica in the gay population of New York City and San Francisco approached 40 to 50% and was one of the many causes considered in the differential diagnosis of bloody diarrhea in these individuals. [51] [52] [53] [54] [55] Although the prevalence of amebic infection is undoubtedly declining with the change in sexual practices due to human immunodeficiency virus infection, [56] a continued high index of clinical suspicion is indicated. [57] [58] Amebiasis is a treatable cause of diarrhea in individuals with acquired immunodeficiency syndrome. [59] [60] Although only a few cases of invasive amebiasis have been reported to complicate acquired immunodeficiency syndrome worldwide, it is still an important differential diagnostic consideration. [60] [61] [62] [63] Brown and associates have demonstrated that E. histolytica trophozoites took up human immunodeficiency virus in vitro but did not transfer it to uninfected human cells. [64] In addition, amebas isolated from two uninfected individuals were also positive for human immunodeficiency virus.

Many other factors are associated with risk for amebiasis, some unanticipated, such as colonic irrigation without proper sterilization of equipment at a chiropractic clinic in Colorado. [65] Recent immigrants or migrant workers from areas endemic for E. histolytica are an important focus of disease in the United States. The overwhelming majority of cases of invasive amebic disease reported from academic institutions in the southwestern United States in the 1980s occurred in Mexican Americans. [66] [67] [68] [69] [70] [71] Increased risk of amebiasis is associated with foreign travel to any endemic area of the world, especially without taking precautions to avoid enteric infection. [72] The acquisition of E. histolytica infection is usually associated with long-term (greater than 1 month) residence in endemic areas and is usually detected only when symptomatic disease results. [73] [74] Additional high-risk groups include children in endemic areas, who suffer from fulminant invasive disease with a higher mortality than adults, [75] [76] and malnourished individuals at any age. [77] 

PATHOLOGY AND PATHOGENESIS

Pathology

E. histolytica exerts a lytic effect on tissue, a characteristic for which the organism is named. Reports of initial invasion of amebas via mucosal crypts have not been confirmed; amebas appear to invade the colonic epithelium directly. [78] [79] Light and electron microscopic studies have been interpreted as showing lysis of mucosal cells on contact with amebas or, alternatively, diffuse mucosal damage before amebic invasion. [79] [80] [81] An amorphous, granular, eosinophilic material surrounds trophozoites in tissue, whether in colon, liver, lung, or brain. [78] [82] [83] Consistent with the fact that trophozoites have the capacity to destroy leukocytes, [84] [85] inflammatory cells are found only at the periphery of established amebic lesions. [78] [82] In vivo and in vitro studies demonstrate that lysis of host neutrophils by E. histolytica results in the release of toxic nonoxidative neutrophil products that contribute to the destruction of host tissues. [86] [87] However, in the severe combined immunodeficient mouse model of experimental amebic liver abscess, the absence of neutrophils resulted in larger abscesses, suggesting that neutrophils may play a protective role rather than exacerbating tissue destruction. [88] 

A spectrum of colonic lesions ranging from nonspecific thickening of the mucosa to the classic flask-shaped ulcer may be associated with amebic infection (Fig. 262-4) (Figure Not Available) . [80] [82] In one study, only 20 of 53 patients had classic ulcers extending through the mucosa and muscularis mucosa into the submucosa. [82] Amebas can be recognized by a surrounding halo due to fixation artifact, the presence of characteristic nuclear morphology, ingested erythrocytes, and intense staining with periodic acid-Schiff stain or the Gridley stain to detect ingested erythrocytes. [89] 

Liver abnormality in amebiasis consists of necrotic abscess or periportal fibrosis. The "abscess" contains acellular, proteinaceous debris rather than white cells and is surrounded by a rim of amebic trophozoites invading tissue. [78] [83] Amebas establish hepatic infection by ascending the portal venous system rather than the lymphatics. [90] [91] Triangular areas of hepatic necrosis, possibly due to ischemia from amebic obstruction of portal vessels, have been observed. [78] [90] Amebic liver abscesses probably result from the coalescence of small microabscesses. [90] Liver function abnormalities are frequently present with intestinal amebiasis and are associated with periportal inflammation without demonstrable trophozoites. [83] [92] Periportal fibrosis has been reported in such patients; whether this reflects past trophozoite invasion or host reaction to amebic antigens or toxins is unclear.

Pathogenesis
Knowledge of the pathogenic mechanisms of E. histolytica has been rapidly expanding; this has been due in part to the development of an axenic culture medium for the parasite. [93] [94] The pathogenesis of invasive amebiasis requires adherence of E. histolytica trophozoites to the luminal surface of the bowel, amebic cytolytic and proteolytic effects on tissue, and resistance of the parasite to host effector mechanisms. [2] 

The in vitro adherence of E. histolytica trophozoites to Chinese hamster ovary cells and human colonic mucins is exclusively mediated by the parasite's galactose-inhibitable surface lectin. [95] [96] [97] [98] The adherence lectin participates in the in vitro adherence of E. histolytica trophozoites to human leukocytes, [85] [99] rat and human colonic mucosa and submucosa, [98] human erythrocytes, [95] [100] Chang liver cells, [87] opsonized bacteria or bacteria with galactose-containing lipopolysaccharide, and rat colonic epithelial cells. [97] By taking advantage 

Figure 262-4 (Figure Not Available) Light micrograph demonstrating a flask-shaped ulceration in a pathologic specimen from a patient with severe colonic amebiasis (periodic acid-Schiff stain, ×16). (From Ravdin JI, Guerrant RL. A review of the parasite cellular mechanisms involved in the pathogenesis of amebiasis. Rev Infect Dis. 1982;41:1185-1207.)
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of its carbohydrate-binding activity and adherence-inhibitory monoclonal antibodies, [100] [101] Petri and coworkers isolated the E. histolytica galactose-inhibitable lectin. [96] The lectin is a 260-kD surface protein that consists of 170- and 35-kD subunits. The heavy subunit may mediate attachment as it is recognized by adherence-inhibitory monoclonal antibodies. [102] Direct galactose-binding activity by recombinant heavy subunit protein produced by expression-PCR methodology has been demonstrated. The heavy and light subunits are encoded by at least five genes [4] [103] [104] [105] that have unique promoter elements. [106] The heavy subunit has a short cytoplasmic domain, a transmembrane domain, and a large extracellular portion with a distinct cysteine-rich area. Entamoeba dispar also possesses a distinct gene encoding the functional subunit of the lectin. [10] The light subunit, in contrast, is attached to the membrane via a glycosyl-phosphatidylinositol anchor. [107] Petri and coworkers identified seven discrete epitopes in the heavy subunit using monoclonal immunoglobulin G (IgG) antibodies, all of which are located in the cysteine-rich domain. [108] Monoclonal antibodies to the lectin heavy subunit abrogate amebic resistance to the lytic effect of the human complement C5b-9 membrane attack complex at the steps of C8 and C9 assembly. [109] The lectin has sequence and antigenic similarities to the human CD59 inhibitor of C8 and C9. [109] 

Axenic E. histolytica trophozoites kill target cells only on direct contact and not via secreted cytotoxins. [95] [110] Adherence mediated by the galactose lectin is absolutely required for the in vitro lysis of target cells. [85] [95] The death of a target cell may occur up to 20 minutes after amebic adherence; a lethal hit can be delivered within seconds by a trophozoite. [110] [111] Amebic cytolytic activity is dependent on parasite microfilament function, [95] [110] calcium, [111] [112] Ca2+ -dependent parasite phospholipase A enzyme activity, [112] [113] and maintenance of an acid pH in amebic endocytic vesicles. [114] The presence of a calcium signal pathway in E. histolytica is supported by the identification of Ca2+ -binding proteins, [115] [116] calcium-dependent protein kinases, [115] and a phosphoinositide 3-kinase. [117] Establishment of adherence by E. histolytica trophozoites is followed by a marked sustained elevation of the target cell-free intracellular calcium concentration, which contributes to, but may not be totally sufficient for, death of the target cell. [2] Phorbol esters, tumor-promoting agents, and protein kinase C activators specifically augment parasite cytolytic activity. [118] Entamoeba histolytica contains an ionophore-like protein of 77 amino acids with sequence homology to NK-lysin, a functionally equivalent protein in the cytotoxic T cells of swine. [119] [120] There are three isoforms of the protein, which have been well characterized by protein sequencing and molecular cloning of the cDNA. [120] The polypeptide chain folds into four helical elements; monomers oligomerize after insertion in the membrane to form an ion channel. Amebapore proteins possess potent antibacterial activity, comparable to the role of defensins in mammalian phagocytes, and have been found in the nonpathogenic E. dispar spp. [121] Whether these pre-forming proteins function solely as defensins or have a direct role in amebic cytolysis of host cells remains to be determined. Current evidence suggests that target cells undergo necrosis rather than apoptosis. [122] 

E. histolytica contains numerous proteolytic enzymes, including collagenase and a well-characterized major neutral proteinase. [122] [123] Proteinases appear to be involved in dissolution of the extracellular matrix anchoring cells and tissue structure. [122] Kelsall and Ravdin demonstrated that parasite cysteine proteinases are responsible for degradation of human secretory IgA molecules, a possible means of immune evasion. [124] These proteinases have been found to also degrade IgG molecules and prevent their binding to trophozoites. [125] The 56-kD cysteine proteinase has been associated with activation of complement by cleavage of C3, [126] and pathogenic organisms release greater amounts of the enzyme. [127] Reed and coworkers succeeded in cloning the cysteine proteinase [128] ; there are three genes encoding the cysteine proteinases, all of which have been well characterized. [11] [123] E. histolytica trophozoites contain more mRNA and secrete greater quantities of the proteinase than E. dispar amebas. [123] Amebic glycosidases, such as beta-glucosaminidase [129] and a surface membrane-associated neuraminidase, [130] may be involved in the degradation of colonic mucins or alteration of target cell surface membrane glycoproteins.

In vivo models of amebic liver abscess [86] and in vitro studies [87] demonstrate that host polymorphonuclear leukocytes constitute the initial host response to E. histolytica. Neutrophils demonstrate chemotaxis to amebas, [131] and their lysis by E. histolytica enhances tissue destruction in vitro. [87] 

HOST IMMUNITY

Anecdotal experience suggests that patients cured of amebic colitis or liver abscess are immune to a recurrence of invasive amebiasis. DeLeon followed 1021 patients with amebic liver abscess for 5 years in Mexico City; only five recurrent abscesses occurred. [132] A study of 982 subjects in a highly endemic area of India found that the rate of gut infection was lower in individuals who possessed serum anti-amebic antibodies. [36] In a longitudinal follow-up of over 1100 subjects in Durban, South Africa, for over 36 months, no recurrences of invasive amebiasis were found (Jackson TFGH, Lifson A, Ravdin JI, unpublished observations). Individuals asymptomatically infected with E. dispar spontaneously clear the parasite in 8 to 12 months [41] ; it is unknown whether that is due to the acquisition of specific immunity or competition by other intestinal microflora. Patients cured of amebic liver abscess are immune to intestinal infection by E. dispar for up to 24 months.

By the seventh day of illness, patients with amebic liver abscess develop high titers of serum anti-amebic antibodies. [68] However, patients have progressive, unremitting disease despite possessing serum antibodies, which inhibit amebic adherence in vitro. [133] After cure of invasive amebiasis, serum anti-amebic antibodies persist for up to 10 years. [134] By immunoblotting human sera to total parasitic protein, we have demonstrated that there is a set of highly conserved E. histolytica antigens of approximately 37, 43, 59, 90, 110, and 170 kD. [133] [134] The 170-kD antigen was determined to be the heavy subunit of the galactose-specific lectin, recognized in native and recombinant protein by antibodies in over 95% of sera from patients with invasive amebiasis. [45] [135] [136] Convalescent sera from India, Mexico, Democratic Republic of Congo (formerly Zaire), Egypt, South Africa, and the United States all recognize epitopes on the lectin heavy subunit that was purified from a single E. histolytica clone of an axenic strain originally isolated in Mexico City (strain HMI:IMSS). [44] [45] [135] [136] [137] Highly conserved E. histolytica antigens include a 29-kD protein, [138] a 125-kD antigen, [139] a serine-rich surface antigen, [140] [141] cysteine proteinases, [25] and an asparagine-rich novel repeat protein. [142] 

Serum from both healthy controls and infected patients (with high antibody titers to E. histolytica) are amebicidal to trophozoites through activation of the alternate and classic complement pathways. [143] [144] However, amebas isolated from a liver abscess or colonic lesions are resistant to complement-mediated lysis [144] ; complement-resistant amebas can be selected in vitro by culture in normal human serum. [145] Trophozoites are lysed by the terminal complement components; complement activation occurs at least in part via cleavage of C3 by the parasite's 56-kD neutral cysteine proteinase. [126] As mentioned previously, the galactose-lectin heavy subunit inhibits the assembly of C8 and C9 into the membrane attack complex and apparently has a role in the parasite's resistance to complement-mediated lysis. Complement components present in the intestinal epithelium, therefore, may play a role in the prevention of the initial amebic invasion of the colonic mucosa as well as hematogenous dissemination to the liver.

Mucosal immune responses to E. histolytica have been characterized. Studies of colostral antibodies first demonstrated that anti-amebic secretory IgA is produced at mucosal surfaces during natural infection. [146] [147] Anti-lectin IgA has been found in the saliva, serum, and feces of subjects with amebic colitis and liver abscess. [136] [148] [149] Serum IgA antibody responses are found in subjects with asymptomatic E. histolytica infection, but not during infection with E. dispar.[136] Anti-lectin intestinal IgA responses persist for over 6 months in 
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subjects with amebic liver abscess. [136] Oral challenge of BALB/c mice with a recombinant cysteine-rich portion of the lectin 170-kD subunit, designated LC3, with cholera holotoxin as adjuvant, resulted in a high level of intestinal anti-lectin IgA response, sufficient to block amebic adherence to target cells in vitro. [150] Many investigations are using numerous vaccine strategies and antigens to elicit mucosal immune responses to E. histolytica, including the use of an attenuated live Salmonella strain with amebic gene inserts or genetically engineered recombinant proteins containing amebic proteins linked to adjuvant proteins. [3] 

Cell-mediated immune defense mechanisms probably have a role in limiting invasive disease and resisting a recurrence after pharmacologic cure. The cell-mediated response consists of antigen-specific lymphocyte blastogenesis with the production of lymphokines (including interferon-gamma) capable of activating monocyte-derived macrophages to kill E. histolytica trophozoites in vitro. [99] [151] Macrophage cytotoxicity is primarily mediated by nitrous oxide (NO) with superoxide (O2 ) and hydrogen peroxide (H2 O2 ) as cofactors. [152] Colonic epithelial cells may have a role in eliciting cellular immune responses by the direct production of cytokines such as interleukin-1beta and interleukin-8 on contact with E. histolytica trophozoites. [153] [154] In addition, in vitro incubation of immune T cells with E. histolytica antigen for 5 days elicits cytotoxic T-lymphocyte activity against E. histolytica trophozoites. [155] Purified native lectin is sufficient to elicit a competent amebicidal cell-mediated immune response in lymphocytes from subjects cured of invasive amebiasis. [156] However, in acute disease, the T-lymphocyte response to E. histolytica may be specifically depressed by a parasite-induced serum factor. [157] The lack of an increased incidence of severe invasive amebiasis in acquired immunodeficiency syndrome patients [56] suggests that host resistance to the initial amebic invasion of the colonic mucosa does not involve cell-mediated mechanisms. Clinical correlations relating the severity of established invasive disease with cell-mediated immune function include the numerous reports of severe exacerbation of intestinal amebiasis with the occurrence of toxic megacolon during corticosteroid therapy [158] and the fulminant amebic disease in young infants and pregnant women. [75] [76] 

Nonimmune host defenses may be most important in resistance to symptomatic invasive amebiasis. In animal models, depletion of the colonic mucous blanket is always seen before parasite invasion. [159] Chadee and colleagues demonstrated that purified rat and human colonic mucins, rich in terminal galactose residues, act as high-affinity receptors for the E. histolytica galactose-inhibitable lectin. [97] [160] Colonic mucins inhibit amebic adherence to and lysis of colonic epithelial cells in vitro. [97] [161] E. histolytica possesses a potent mucus secretogogue activity, comparable to that found with cholera toxin. [162] Therefore, colonic mucin glycoproteins act as an important host defense by binding to the parasite's adherence lectin; however, this interaction probably facilitates intestinal colonization, thus promoting parasitism by E. histolytica.

Interruption of transmission of E. histolytica depends on complex socioeconomic problems or changes in human behavior. Clearly, applying to vaccine development our knowledge of the pathogenesis of the disease and the immunity of the host would be the most efficient and cost-effective means of preventing disease. The amebic native galactose lectin was demonstrated by Petri and Ravdin to be highly effective as a vaccine in an experimental model of amebic liver abscess in the gerbil. [162] The recombinant LC3 protein has also been found efficacious as a vaccine in the gerbil model of amebic liver abscess via systemic immunization. [135] The use of Salmonella expressing different fragments of the lectin 170-kD subunit provided partial protection. [163] Protective immunity in gerbils immunized with recombinant portions of the lectin 170-kD subunit was found to correlate with the induction of antibodies to a 25-amino acid region of the molecule. [164] Immunization with polyclonal antibodies to a recombinant serine-rich protein [3] or with monoclonal antibody to a lipophosphoglycan antigen provide protection against amebic liver abscess in the severe combined immunodeficient mouse model of amebic liver abscess. [165] Research on gene expression systems [166] [167] [168] and stable episomal transfection [169] provides opportunities to further study unique antigens and their relation to virulence, pathogenesis, and immunity. Numerous research groups are working on the development of different recombinant vaccines to induce amebicidal cell-mediated immunity, adherence-inhibitory secretory IgA responses, or humoral immunity that contributes to protection against invasive amebiasis. [3] 

CLINICAL MANIFESTATIONS

The clinical syndromes associated with E. histolytica infection are summarized in Table 262-2 ; familiarity with these diverse manifestations and epidemiologic risk factors greatly facilitates a rapid, correct diagnosis.

Intestinal Disease
Noninvasive intestinal infection is established by a lack of hematophagous trophozoites, hemoccult-negative stools, and normal mucosa on colonoscopy. In contrast to infection with E. dispar, asymptomatic infection with E. histolytica is associated with a serum anti-amebic antibody response. [44] [45] [136] Patients with noninvasive luminal infection may manifest nonspecific gastrointestinal complaints, the cause of which is difficult to determine. We do not have a truly controlled prospective study available evaluating the outcome and clinical significance of "noninvasive" amebiasis. In New Delhi, India, a highly endemic area, Nanda and associates [41] studied a selected population of 184 patients who were referred, because of intestinal complaints, to a gastroenterology clinic. Because the total prevalence of symptoms was so high (42% with diarrhea), it was not surprising that there was no correlation between a positive stool culture for E. histolytica (found in 18.7%) and symptoms. Fifteen infected patients were followed in the clinic for a mean of 8.6 months, and all spontaneously cleared their infection. However, it is difficult to rule out unknown use of anti-amebic drugs. It is impossible to differentiate the clinical significance, if any, of asymptomatic E. histolytica compared with E. dispar infection without appropriate prospective studies.

The presentation of invasive intestinal disease due to E. histolytica has been reviewed extensively. [170] [171] [172] The signs and symptoms of acute amebic rectocolitis as reported in two large series are summarized in Table 262-3 . Its onset is usually gradual over 1 to 3 weeks; although abdominal pain, tenderness, and bloody stools occur in most patients, only one third are febrile. The liver may be enlarged and exhibit percussion tenderness. When diarrhea is marked, the secondary signs of fluid loss and electrolyte imbalance are observed. [171] 

Amebic colitis can affect all age groups and both sexes equally. A key point in the differential diagnosis is that virtually all patients have heme-positive stools. [171] Especially in children, colitis can present as rectal bleeding alone without evidence of diarrhea. [173] [174] Fecal leukocytes may not be present and are in reduced numbers when compared with patients with shigellosis, [175] presumably due to the 

	TABLE 262-2 -- Clinical Syndromes Associated with Entamoeba histolytica Infection

	Intestinal disease
	Extraintestinal disease

	  Asymptomatic infection
	  Liver abscess

	  Symptomatic noninvasive infection
	  Liver abscess complicated by

	  Acute rectocolitis (dysentery)
	    Peritonitis

	  Fulminant colitis with perforation
	    Empyema

	  Toxic megacolon
	    Pericarditis

	  Chronic nondysenteric colitis
	  Lung abscess

	  Ameboma
	  Brain abscess

	  Perianal ulceration
	  Genitourinary disease
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	TABLE 262-3 -- Clinical Presentation of Acute Amebic Rectocolitis

	Signs and Symptoms
	Adams and MacLeod[171] 
(1958- 1972)
	Juniper[172] 
(1957- 1962)

	Number of Cases
	3013
	55

	History <4 wk
	85%
	71%

	Onset
	Gradual
	Gradual

	Abdominal pain
	85%
	NA

	Diarrhea
	100%
	94%

	Dysentery
	99%
	94%

	Weight loss
	NA
	44%

	Fever
	38%
	36%

	Abdominal tenderness
	83%
	12%

	Heme (+)
	100%
	100%

	Case fatality
	1.9%
	9.1% (females, twice that of males)

	Uncomplicated
	10.5%
	NA

	Abbreviation: NA, Not available.



ability of amebic trophozoites to lyse human neutrophils. [84] [85] Charcot-Leyden crystals are often seen in the stool. 

Fulminant colitis is an infrequent presentation of amebic infection that has a very high mortality [176] and a predisposition for occurring in malnourished [77] pregnant women, [75] recipients of corticosteroids, [158] or very young patients. [76] Such patients are severely ill with fever, leukocytosis, profuse bloody mucoid diarrhea, and widespread abdominal pain and are often hypotensive with signs of peritoneal irritation. [175] Fulminant colitis is often associated with liver abscess; segmental or total necrotic involvement of the colon is frequently present and may necessitate total colectomy and result in a fatal outcome despite anti-amebic and supportive therapy. [175] Intestinal perforation usually manifests as a slow leakage rather than an acute event; it is unclear whether surgical intervention is beneficial because attempts to suture such necrotic bowels are usually fruitless. [177] 

Toxic megacolon is a well-described complication of acute amebic colitis, occurs in 0.5% of cases, and is a definite complication of inappropriate corticosteroid therapy. [178] Recognition is important because these patients do not respond to drug therapy and require colectomy.

Ameboma may be manifested as an annular lesion of the colon that is indistinguishable from colonic carcinoma or as an extrahepatic tender palpable mass, suggesting a pyogenic abscess. [170] Lesions may be single or multiple and are most common in the cecum and ascending colon. Serum anti-amebic antibodies are usually present in this form of amebiasis; in an endemic area, serologic examination or colonoscopy with biopsy should be performed before the surgeon explores the abdomen of such a patient.

Intestinal amebiasis can occur as a chronic nondysenteric syndrome. This was well documented in a series of 159 patients from Pakistan in which most had symptoms for more than 1 year (37% persisted more than 5 years) that consisted of intermittent diarrhea, mucus, abdominal pain, flatulence, and weight loss. [179] This disease is associated with less colonic inflammation and smaller ulcers than in inflammatory bowel disease; amebas are found in the stool, anti-amebic serologic tests are positive, and patients respond to anti-amebic drug therapy. [179] Chronic amebic infection may be misdiagnosed as inflammatory bowel disease with potentially disastrous consequences if corticosteroid therapy is begun. Examination of stools and serologic tests for amebic infection should be performed before a diagnosis of idiopathic inflammatory bowel disease is made. [178] 

A chronic, irritative bowel syndrome may also follow acute amebic colitis. This illness usually subsides spontaneously. A more serious but similar illness is that referred to as ulcerative postdysenteric colitis. [171] Fortunately, this is not common. It has a pattern similar to that of ulcerative colitis, with recurrent signs and symptoms of mucus and bloody diarrhea that are unresponsive to anti-amebic therapy, but is associated with high antibody titers against E. histolytica. Occasionally this can be manifested as a granulomatous colitis with fistula formation.

Perianal amebiasis may result from extension of severe bowel disease to the skin and results from previous trauma, underlying abnormality of the squamous epithelium, or fistulous tracts. [180] Lesions can be ulcerative or condylomatous, slowly enlarge over weeks to months, and result in pain and bleeding. Trophozoites are found in the purulent exudate or on biopsy, and these lesions respond well to anti-amebic therapy.

Extraintestinal Amebiasis
An amebic liver abscess can appear concurrently with colitis, but more frequently there is no evidence or history of recent intestinal infection by E. histolytica.[181] In a study of 103 residents of Germany with amebic liver abscesses after exposure in endemic areas around the world, 95% presented with liver abscesses within 2 to 5 months (median of 3 months) after leaving the endemic area. [182] 

Liver abscess can manifest with an acute onset (less than 10 days) with abdominal pain and fever or subacutely, with weight loss being prominent and less than half the patients having fever or abdominal pain. [68] [183] [184] [185] [186] Concomitant diarrhea occurs in 30 to 40% of patients; amebas are found in stool by microscopic examination even less frequently. [68] However, Irusen and colleagues demonstrated by fecal culture a high incidence of intestinal colonization at presentation in patients with amebic liver abscess. [187] Failure to eradicate intestinal infection with therapy was associated with a recurrence of amebic liver abscess. Abdominal pain is usually localized to the right upper quadrant but can be referred to the shoulder and accompanied by a nonproductive cough. [69] [181] On physical examination there is exquisite point tenderness over the liver, [181] hepatomegaly is present in less than half, dullness and rales at the right lung base are common, and peritoneal signs or jaundice are unusual. [181] [182] [183] [184] [185] [186] The presence of diffuse peritonitis or a pericardial friction rub indicates extension of the infection beyond the liver and increased mortality.

Laboratory findings include leukocytosis without eosinophilia in 80%, mild anemia in more than half, elevated alkaline phosphatase levels in 80%, elevated transaminase levels in more aggressive disease, and a high erythrocyte sedimentation rate. [68] [181] [182] [183] [184] [185] [186] Serum cholesterol and albumin concentrations have been noted to be decreased in most patients; hyperbilirubinemia is uncommon and present in the setting of severe disease or peritonitis. [68] [181] Urinalysis frequently has abnormal findings in acute disease, with proteinuria common. [68] 

Pleuropulmonary amebiasis is the most common complication of amebic liver abscess, usually due to the rupture of a superior right lobe abscess with erosion through the diaphragm to involve the pleural space or lung parenchyma. [181] [188] Serous pleural effusion and atelectasis are common accompaniments of liver abscesses and do not indicate extension of disease. Patients with pleuropulmonary complications present with cough, pleuritic pain, and dyspnea. [189] [190] [191] Empyema due to a rupture of the abscess into the pleural cavity presents with sudden respiratory distress and pain and has a substantial associated mortality (15 to 35%). [190] [192] Involvement of lung parenchyma may be by direct or hematogenous extension from the liver. Formation of a hepatobronchial fistula is not uncommon and has been associated with spontaneous cure. The sputum contains large amounts of necrotic material, with amebas often demonstrable. [189] [190] [191] 

Intraperitoneal rupture of liver abscesses occurs in 2 to 7%, [181] with sudden perforation associated with a high mortality. [192] Left lobe abscesses are more likely to progress to rupture because of their later clinical presentation. [181] Such a febrile patient with a rigid distended abdomen may suggest an erroneous diagnosis of a perforated viscus. Pericardial amebiasis is an unusual but serious complication of liver abscesses. Although acute perforation with cardiac tamponade and shock can occur, the usual course is that of fever and abdominal pain progressing to substantial chest pain with signs of congestive heart failure. [181] [193] A correct diagnosis is usually dependent on the 
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physician's consideration of the liver as the original source of infection. 

Cerebral amebiasis is a rare cause of brain abscess; unfortunately, the onset is abrupt, with rapid progression to death over a period of 12 to 72 hours without adequate therapy. [194] Amebic brain abscesses must be considered in patients with known amebiasis and alteration of mental states or focal signs; on head computed tomography (CT), the lesions appear irregular without a capsule or surrounding enhancement. [195] [196] The diagnosis is made directly by examining tissue for amebic trophozoites; medical therapy with metronidazole and surgical decompression for increased intracranial pressure have improved the outcome of cerebral amebiasis. [194] [195] [196] [197] 

Genitourinary amebiasis is rare; rectovaginal fistulas in females can result in the spread of E. histolytica trophozoites to the genitourinary tract. [198] [199] Genital disease appears with painful granulation tissue or ulcers; malignancy is often suspected, and diagnosis is again made by biopsy. Penile amebiasis can result via acquisition from vaginal or anal intercourse. [200] [201] Medical therapy without surgery is adequate. [202] 

DIAGNOSIS

Intestinal Amebiasis

The diagnosis of intestinal amebiasis continues to be made by identifying E. histolytica or E. dispar in the stool. The finding of either trophozoites or cysts confirms the diagnosis of intestinal infection. Substances that interfere with the stool examination should be avoided if possible; these include barium, bismuth, antimicrobials such as tetracyclines or erythromycin, antacids, laxatives, and soap or hypertonic enemas. [172] When a laboratory reports either trophozoites or cysts of E. histolytica, the physician should carefully review the patient's history, one should look for potential complications of amebic disease and then treat the patient accordingly. Laboratories vary tremendously in their ability to diagnose amebiasis. [33] Success depends on which techniques for identifying trophozoites are used, whether fixed and stained material is examined, whether concentration techniques are used to find cysts, the average specimen load on the laboratory, and the turnover rate of technicians. The best approaches for evaluating stool specimens for amebas are as follows: 

1. A specimen obtained during endoscopy should be examined for motile, erythrocyte-containing amebas by direct mount in saline on a warm microscope stage. A small amount of liquid from an area of inflamed bowel is aspirated with a pipette passed through the sigmoidoscope. Liquid stool arriving in the laboratory within 30 minutes after passage can be examined by wet mount in a similar manner. The characteristic motility is that of a directed, linear movement across the microscope stage. Scraping of the ulcer edge or biopsy has a very high yield. 

2. Fresh stool specimens should either be smeared and stained with iron hematoxylin or Wheatley Trichrome stain or remain fixed in polyvinyl alcohol for later staining (see Figs. 262-1 and 262-3) . This allows the best identification of hematophagous E. histolytica trophozoites, the characteristic sign of invasive colonic disease. The nuclear morphology of E. histolytica, such as the central position of the nucleolus and the fine peripheral chromatic pattern, is key to differentiate it from commensals such as Entamoeba coli. 

3. Stool specimens are suspended, after a 6% formalin wash and centrifugation, in formalin-ethyl acetate (9 ml 10% formalin, 3 ml ethyl acetate) to allow concentration of E. histolytica cysts at the bottom of the tube after centrifugation. [203] A drop of the sediment is then examined with a drop of dilute iodine solution (1 to 2% iodine in distilled water) to enhance the morphologic features of the cysts (see Fig. 262-3) . 

4. Because a single stool examination picks up only one third of infected patients, at least three specimens should be submitted before excluding the diagnosis of amebiasis. [31] A saline-purged specimen may increase the likelihood of diagnosis with less than three specimens. Stool culture for E. histolytica is more sensitive [187] and would decrease the need for multiple specimens; however, such cultures are generally not available in clinical practice. The culture media used are not selective for different species of intestinal amebas; therefore, skilled microscopy is still required to determine species identity. Stool culture may be a helpful diagnostic tool in chronic or asymptomatic colonic syndromes with low levels of cyst passage, especially to evaluate the efficacy of cure or the existence of infection when the presence or absence of serum anti-amebic antibodies is not definitive. 

Endoscopy with scraping or biopsy is a valuable technique for the diagnostic evaluation of patients with diarrhea and suspected amebiasis (Table 262-4) (Table Not Available) . [204] Amebic colitis is manifested as punctate hemorrhagic areas or small ulcers (a few millimeters to centimeters in diameter) with exudative centers and hyperemic borders. Rarely, large confluent ulcers are seen. The mucosa may be hyperemic and edematous because of the inflammatory process, and pseudomembranous changes can be present. In the early stage of the disease, endoscopy may be normal; therefore, amebiasis should not be excluded on this basis. In addition, disease may be localized to the cecum or ascending colon and be seen only by total colonoscopy. [177] 

Serum anti-amebic antibody tests are very helpful in the diagnosis of invasive intestinal amebiasis. [45] [137] [205] Asymptomatic cyst passers infected by E. dispar have negative results by standard serologic methods. Eighty-five percent of the patients with biopsy-proven invasive intestinal amebiasis have serum anti-amebic antibodies as determined by various techniques. [45] [136] [137] Patients with symptoms for more than 1 week are much more likely to have serum anti-amebic antibodies. [137] Indirect hemagglutination anti-amebic antibody titers remain elevated ([image: image3.png]


1:128) for years after invasive disease. Other available less sensitive studies such as counterimmunoelectrophoresis and gel diffusion precipitation become negative sooner after cure of invasive disease and are helpful in the diagnosis of active amebiasis in an endemic area. [205] [206] 

Research has produced promising new diagnostic methodologies. Detection of serum antibodies to purified defined parasite antigens such as the galactose adhesin, [45] [137] a 29-kD surface antigen, [207] and recombinant LC3 subunit antigen [135] [136] provide specific and reproducible means to diagnose infection by E. histolytica. More exciting are the advances in direct detection of E. histolytica antigen in serum and feces. Numerous workers have reported the differentiation of cultivated isolates by binding of monoclonal antibodies to trophozoites. [20] [208] Abd-Alla and coworkers [209] and Haque and colleagues [210] (TechLab, Blacksburg, Va.) directly detected galactose inhibitable lectin antigen in fecal samples by enzyme-linked immunosorbent assay and used epitope-specific monoclonal antibodies to differentiate E. histolytica from E. dispar infection. In addition, Abd-Alla and coworkers [209] detected and characterized galactose lectin antigen in serum and found it to be highly specific for infection by E. histolytica. Levels of lectin antigen in feces and serum became undetectable after 7 days of treatment for amebic colitis or liver abscess. [136] Antigen detection provides great advantages in endemic areas where there is a high prevalence of serum anti-amebic antibodies (often 

	TABLE 262-4 -- Indications for Endoscopy with Biopsy or Scrapings in a Patient with a Clinical Syndrome and Risk Factors Consistent with Amebiasis

	(Not Available)

	From Ravdin, JI. Intestinal disease caused by Entamoeba histolytica. In: Ravdin JI, ed. Amebiasis: Human Infection with Entamoeba histolytica. New York: Churchill Livingstone. 1988:495-510.
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25% [45] ). In addition, antigen detection facilitates early diagnosis before an antibody response has occurred (<7 days) and differentiates pathogenic from nonpathogenic intestinal infection. [209] [210] There is a consensus that all E. histolytica infections should be treated; however, it is not common practice to treat asymptomatic Entamoeba infections in endemic areas. On the horizon are the use of strain-specific DNA probes and PCR to detect E. histolytica in feces. A new commercial, fecal antigen detection method has been developed using polyclonal antibodies (Prospect EIA, Alexon); this method was found in one study to be of comparable sensitivity and specificity to microscopy [211] ; however, as zymodeme determination was not performed, it is unclear if this assay can differentiate E. dispar from E. histolytica infection. PCR may be so sensitive that it can detect a single trophozoite per gram of feces using amplification of DNA or ribosomal RNA with various methods for performing the study. [212] [213] PCR has been utilized successfully for detection of Entamoeba cysts [214] and trophozoites in liver aspirates [215] can differentiate E. histolytica from E. dispar. [212] [213] [214] [215] 

There is a broad differential diagnosis in patients presenting with a clinical syndrome consistent with intestinal amebiasis. In patients who excrete Entamoeba cysts and have nonspecific and episodic abdominal complaints such as bloating, cramps, and increased frequency of stools, the differential diagnosis includes giardiasis, viral gastroenteritis, enterotoxigenic E. coli infection, Campylobacter infection, Salmonella infection, cryptosporidiosis, isosporiasis, malabsorption syndromes, and functional bowel disease. Patients with acute amebic rectocolitis need to be differentiated from those with shigellosis, campylobacteriosis, Salmonella colitis, or infection with invasive vibrios, Yersinia enterocolitica, or invasive E. coli strains. [175] The most difficult distinction is the differentiation of amebiasis from an acute exacerbation of inflammatory bowel disease. A complete history with attention to epidemiologic risk factors, stool Gram stain (using carbol fuchsin for Campylobacter), and examination of stool for amebas are immediately useful. Appropriate culture of stool for bacterial pathogens and obtaining an amebic serologic examination, both of which usually take a few days to obtain results, can be definitive. Immediate endoscopy is recommended if the stool examination is negative and amebic colitis is suspected. A relative contraindication to endoscopy would be patients with fulminant colitis and toxic megacolon, in which there is a substantial risk of intestinal perforation during endoscopy. Patients with chronic nondysenteric amebiasis, which can be easily mistaken for inflammatory bowel disease, should have a positive serologic test for anti-amebic antibodies and colonic biopsy for trophozoites. [179] Amebomas must be differentiated from other localized processes such as carcinoma, lymphoma, tuberculosis, regional enteritis, or Yersinia infection. Toxic megacolon is a not-infrequent complication of inflammatory bowel disease. Ruling out colitis due to E. histolytica is imperative because corticosteroid therapy exacerbates colonic amebiasis.

Extraintestinal Amebiasis
The diagnosis of amebic liver abscess, pending serologic results, is based on the clinical presentation and recognition of epidemiologic risk factors, a lack of predisposing conditions for pyogenic liver abscess (such as biliary disease, prior appendicitis), and early use of noninvasive imaging studies.

Most important is performing an imaging technique to evaluate for the presence of a hepatic lesion versus biliary tract disease. In one study of 75 patients in an endemic area who presented with fever, right upper quadrant pain, nausea, and vomiting, 9 of the 75 had a liver abscess detected by hepatic sonography and hepatobiliary scans, and all were due to E. histolytica.[185] These patients were clinically indistinguishable from those with cholecystitis except for their younger age (younger than 45 years). [185] Imaging techniques available to establish the presence of cystic liver lesions include ultrasonography, 99m Tc liver scanning, CT, magnetic resonance imaging, and 67 Ga scanning. [216] None of these methods is absolutely specific in differentiating an amebic liver abscess from a pyogenic abscess or tumor. [217] Sonography is rapid, low in cost, and only slightly less sensitive than CT; simultaneously evaluates the gallbladder; and lacks radiation exposure. [216] [217] Liver scans have been used successfully to diagnose amebic liver abscesses in many series [68] but have generally given way to CT in examination of hepatic abnormalities. [218] The CT scan is sensitive but not specific for amebic liver abscess (Fig. 262-5) . [216] [217] [218] The use of injected contrast material may help differentiate hepatic abscesses from vascular tumors, an important point if liver aspiration is being contemplated. Magnetic resonance imaging is sensitive in the detection of amebic liver abscess but is no more specific than less costly technology. [219] [220] Due to the delay in imaging, gallium scans are not as helpful except if there is uncertainty in regard to a pyogenic versus an amebic abscess. Amebic liver abscesses do not contain leukocytes and therefore appear on gallium scans as cold areas, possibly having a "hot" rim. In contrast, a pyogenic abscess presents as an area of increased isotope concentration. [216] 

The presence of serum anti-amebic antibodies is often the definitive study in the diagnosis of amebic liver abscess; such antibodies are present in up to 99% of patients. [45] [66] [68] [181] One pitfall is in patients with an acute presentation of less than 7 days: serologic studies may be negative. [68] If the diagnosis is still in question, a repeat serologic examination 5 to 7 days later should be positive.

The galactose lectin antigen is present in the serum of 75% of subjects with amebic liver abscess [209] [211] and may be an especially useful test in the future for patients who present acutely, before an IgG serum anti-amebic antibody response occurs.

The differential diagnosis for a cystic lesion in the liver that is accompanied by the signs, symptoms, and laboratory abnormalities seen in an amebic liver abscess might also include pyogenic abscess, echinococcal cyst, and hepatoma. Although older studies emphasize that an amebic liver abscess presents as a single large lesion in the right lobe of the liver, studies using modern imaging technology demonstrate a high frequency of multiple lesions. [68] [216] [220] Epidemiologic risk factors, serologic studies, and the presence of calcification aids in the diagnosis of echinococcal disease. If an amebic or pyogenic cause cannot be differentiated on clinical grounds and the patient is not stable enough to await serologic studies, liver aspiration with a "skinny needle" under CT or ultrasound guidance should be performed. [221] [222] Aspiration of an amebic liver abscess yields a sterile, odorless, brown or yellow liquid with amebas not commonly detected on microscopy. A culture of abscess fluid for E. histolytica may be helpful; however, most amebas are in the "wall" of the 



Figure 262-5 Abdominal computed tomography scan of a patient with an amebic liver abscess; the irregular multiple defects present in the right lobe of the liver cannot be differentiated from a pyogenic abscess or hepatocellular carcinoma.
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abscess, and the yield of a culture can be low. As indicated, the use of antigen detection enzyme-linked immunosorbent assay on abscess contents could be diagnostic. [215] Aspiration of a pyogenic abscess is both diagnostic and therapeutic. [183] [184] The main risk of aspiration in all cases is peritoneal spillage; amebic peritonitis complicating a liver abscess markedly increases mortality. In addition, aspiration of an echinococcal cyst is to be avoided because of the anaphylactic reaction and seeding with scolices that may accompany leakage into the peritoneum. 

Most cases of amebic liver abscess can be diagnosed and treated without aspiration. In some cases, antimicrobial therapy directed against enteric gram-negative organisms can be added to metronidazole therapy, pending the results of serologic studies. Therapeutic trials of specific anti-amebic therapy can be helpful diagnostically; most patients respond within 3 days with decreased pain and fever. [68] The liver abscess cavity usually resolves gradually over months, but persistent cystic lesions are not unusual. [223] [224] 

TREATMENT

Therapy for amebiasis has been complicated by a number of factors including (1) variation of drug effects at the three different sites of amebic replication: the lumen of the bowel, the intestinal submucosa, and extraintestinal sites (Table 262-5) ; (2) the availability of different drugs in different countries; and (3) the development of new drugs and differences of opinion about side effects and efficacy.

It is controversial whether asymptomatic, apparently noninvasive E. histolytica infection merits therapy. There is sufficient information to conclude that treatment of E. dispar infection in a serum antibody-negative individual is not indicated, especially in an endemic area. [39] [40] [41] [42] [43] [45] In contrast, all asymptomatic E. histolytica infections should be treated [40] because of the potential or real risks of invasive disease, antigenic exposure, and transmission to others. Availability of serum and fecal antigen detection allows differentiation of E. histolytica from E. dispar infection. [210] [211] Alternatively, serum anti-amebic antibody tests provide a reasonable screen because they are positive in almost all subjects with prior or current E. histolytica infection. [45] High-risk groups, who, once infected, suffer severe disease, include malnourished individuals, [77] pregnant women, [75] children, [76] [225] and patients being administered corticosteroids. [158] In addition, patients cured of luminal E. histolytica infection could be at least partially resistant to reinfection if they possess a secretory anti-amebic IgA response.

The following recommendations (summarized in Table 262-6) for treating amebiasis are a synthesis of opinions, with emphasis on the easiest, safest, and most effective combination likely to give maximal cure rates with a single course of therapy. Follow-up stool examination is always necessary because no regimen is completely effective in eradicating intestinal infection. Slightly different treatment regimens in addition to drug toxicities are also summarized in a 1998 Medical Letter.[226] 

Intraluminal infection should be treated with diloxanide furoate, 500 mg three times a day for 10 days (this drug is available through the Centers for Disease Control and Prevention). [226] [227] [228] Paromomycin 

	TABLE 262-5 -- Antimicrobial Agents for Use in Treating Amebiasis

	Luminal agents
	Tissue agents

	  Diloxanide furoate
	  Bowel wall only

	  Paromomycin
	    Tetracycline

	  Iodoquinol
	    Erythromycin

	
	  Liver only

	
	    Chloroquine

	
	  All tissues

	
	    Metronidazole

	
	    Tinidazole

	
	    Emetine hydrochloride

	
	    2-Dehydroemetine


	TABLE 262-6 -- Therapeutic Regimens for the Treatment of Amebiasis * 

	Type
	Efficacy (% )

	Cyst Passers
	

	Diloxanide fuorate, 

500 mg tid for 10 d
	87-96

	Paromomycin, 30 mg/kg/d in 3 divided doses for 5-10 d
	85-90

	Tetracycline, 250 mg qid for 10 d, then iodoquinol (Yodoxin), 650 mg tid for 20 d
	95

	Metronidazole, 750 mg tid for 10 d
	90

	Invasive Rectocolitis
	

	Metronidazole, 750 mg tid for 5-10 d
	>90

	   Or 2.4 g qd for 2-3 d
	>90

	   Or 50 mg/kg, 1 dose
	>86

	   Plus diloxanide furoate 

or paromomycin
	

	Tetracycline, 250 mg qid for 15 d, plus chloroquine (base), 600 mg, 300 mg, then 150 mg tid for 14 d
	>94

	Dehydroemetine, 

1-1.5 mg/kg/d IM or SC (max. 90 mg) or up to 5 d plus diloxanide furoate 

or paromomycin
	>90

	Liver Abscess
	

	Metronidazole, 750 mg tid for 5-10 d or 2.4 g qd for 1-2 d plus diloxanide furoate 

or paromomycin
	>95

	Dehydroemetine, 

1-1.5 mg/kg/d IM or SC (max. 90 mg) for up to 5 d plus diloxanide furoate or paromomycin
	>90


*All dosages are for oral administration except dehydroemetine, which is administered intramuscularly; metronidazole can be used intravenously.
[image: image10.png]


Not commercially available in the United States. Diloxanide furoate is available from the Centers for Disease Control and Prevention.





alone is also an effective treatment of intraluminal infection [229] and has the advantage of being a nonabsorbable agent. [230] Iodoquinol (diiodohydroxyquin, Yodoxin) is in limited supply in the United States. 

Symptomatic amebiasis involving the intestine should be treated with a metronidazole or tinidazole, although tinidazole is not available in the United States. [172] [181] [231] [232] Metronidazole is administered in a dose of 750 mg three times a day for 5 to 10 days. This dose of metronidazole causes nausea and abdominal discomfort in a number of patients, but most can successfully complete the course of therapy. Therapy using 2.4 g/day for 2 days has also been reported to be effective in a small number of patients [233] ; there is more extensive experience with single-dose therapy using tinidazole. In view of the side effects, which often begin on the second or third day, this short course may be more palatable to the patient. [234] Metronidazole therapy should be followed by an agent known to eradicate the intraluminal encysted organism (see Table 262-6) .

Extraintestinal amebiasis should be treated with metronidazole and, to prevent continued intraluminal infection, paromomycin or diloxanide furoate (available from the Centers for Disease Control and Prevention). [187] In patients who are seriously ill due to complications of amebic infection such as peritonitis or a ruptured amebic abscess, some overseas physicians add parenteral emetine for the first few days (a total of two or three doses once a day, 65 mg/dose). This provides the rapid amebicidal action of emetine with a low incidence of cardiotoxicity; however, there is no published evidence of anti-amebic synergy when using these agents in combination. Neither emetine or its less toxic congener, dehydroemetine, is commercially available in the United States. Because of the few cases of incomplete therapy with metronidazole alone, the addition of chloroquine, 600 mg base/day for 2 to 3 days followed by 300 mg base/day for 2 to 3 weeks, can be considered but is usually unnecessary. There is no evidence of metronidazole-resistant E. histolytica, although in vitro metronidazole resistance can be induced by axenic culture of trophozoites in increasing concentrations of metronidazole, resulting in increased superoxide dismutase activity, [235] it has not ever been reported to be observed clinically.

The role of invasive procedures in the treatment of amebic abscesses has been an area of debate. Needle aspiration of the liver is a safe procedure in experienced hands, [181] but in most patients it is unnecessary for the relief of symptoms. [68] [221] Approximately 10 to 
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15% of patients, however, are sufficiently ill to consider reducing the size of the abscess before a full therapeutic response is observed. In these patients, needle aspiration is helpful and indicated. [181] Open surgical drainage is not necessary and should be avoided unless the abscess is inaccessible to needle drainage and response to therapy has not occurred in 4 or 5 days. Percutaneous catheter drainage has a higher rate of initial success, compared with needle aspiration, but the ultimate outcome in successfully drained patients was no different. [236] Surgical attempts to correct amebic bowel perforation or peritonitis should be avoided, although some patients may benefit from peritoneal lavage. [237] Once a surgeon has performed a laparotomy on a patient with acute abdominal pain of unknown cause and found the damaged bowel of amebiasis, the temptation is to resect it. This is almost always unsuccessful. The surgeon would be better advised simply to obtain confirmatory specimens for examination and bacterial culture and to rely on antiprotozoal and antibacterial agents to control the infection. Maintaining drainage of the peritoneum plus antimicrobial therapy is optimal treatment. Maximal supportive care including meticulous fluid and electrolyte balance is essential in the seriously ill patient.
PREVENTION

Amebic infection is prevented by eradicating fecal contamination of food and water. The most commonly contaminated foods are fresh, ground-grown vegetables such as lettuce. Water is always a prime source of spread of infection. Amebic cysts are not killed by low doses of chlorine or iodine; therefore, simply relying on halide tablets in water as a means of preventing amebic infection is not adequate. Only boiling of water ensures the absence of amebas. Vegetables should be treated with a strong detergent soap and then soaked in acetic acid or vinegar for 10 to 15 minutes to ensure eradication of the cysts.

In general, in the tropics, unless the boiling of the water and the preparation of vegetables has been personally observed, these sources of food and refreshment should be omitted. Even in the finest hotels and restaurants, those preparing the food or placing water in bottles for drinking are often not aware of the potential danger of infection to the nonimmune traveler. Improvement in waste disposal and water purification is the most important factor in reducing the risk of acquiring amebiasis.

Avoiding sexual practices that allow fecal-oral contact can prevent infection in the male homosexual population. At present, there is not a clear means to prevent infection in institutionalized individuals, especially the mentally challenged, although case identification, therapy, improved supervision, and hygiene may be beneficial. Studies of the pathogenesis of amebiasis and host immunity may eventually lead to an immunologic or pharmacologic means to prevent invasive amebic disease.
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