Infection with various other protozoa 

1 Non-E. histolytica intestinal amoebae XE "Protozoa: non-E. histolytica intestinal amoebae" 
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The presence in the intestine of amoebae species other than Entamoeba histolytica indicates faeco-oral transmission and the possible presence of pathogenic amoebae. For example, Entamoeba coli XE "Entamoeba coli: protozoa, non-E. histolytica intestinal amoebae"  can be regarded as an organism indicating poor hygiene. It is apathogenic and is frequently confused with E. histolytica. Entamoeba coli trophozoites move slowly and never contain red blood cells, unlike the swift and haematophagous E. histolytica. Entamoeba coli cysts are larger (10-30 (m) and may contain up to eight nuclei. The cysts contain no chromatoid bodies. The morphology of Entamoeba histolytica and Entamoeba dispar XE "Entamoeba dispar: protozoa, non-E. histolytica intestinal amoebae"  is identical. In order to distinguish between the two, PCR technology is used. Entamoeba hartmanni XE "Entamoeba hartmanni: protozoa, non-E. histolytica intestinal amoebae"  is a non-pathogenic intraluminal parasite which can only be distinguished from E. histolytica forms by its smaller dimensions, and which was regarded as a non-pathogenic zymodeme of E. histolytica. Entamoeba gingivalis XE "Entamoeba gingivalis: protozoa, non-E. histolytica intestinal amoebae"  is an amoeba found as a trophozoite in the mouth and in the gingival sulci. No cyst stage is known and it does not occur in the intestine. Sometimes the amoeba is found in cervical smears. The parasite is transmitted by kissing and also by orogenital contact. It is usually regarded as a non-pathogenic commensal, but should be noted that some doubt the absence of its pathogenic capacity. Endolimax nana XE "Endolimax nana: protozoa, non-E. histolytica intestinal amoebae"  is apathogenic. The trophozoites move slowly. The cysts are oval, small (6-12 (m) and contain two to four nuclei. Here too there are no chromatoid bodies. Iodamoeba butschlii XE "Iodamoeba butschlii: protozoa, non-E. histolytica intestinal amoebae"  also has small cysts. These have only one nucleus and a glycogen mass which stains with iodine (Lugol), from which it gets its name. The amoeboflagellate Dientamoeba fragilis XE "Dientamoeba fragilis: protozoa, non-E. histolytica intestinal amoebae"  is a non-invasive parasite which may be the cause of undifferentiated diarrhoea. It is very difficult to demonstrate because the vegetative form is easily damaged (fragilis = breakable). No cyst stage is known and it is unclear if transmission via trophozoites can take place. One hypothesis as to how transmission of such a fragile is possible, is that Enterobius vermicularis (pinworms) could function as vectors. If the faeces cannot be brought quickly to the laboratory (ideally < 10'), they should be fixed in PVA (polyvinyl alcohol) or SAF (sodium acetate formalin), otherwise the parasite will not be detected.

2 Free-living amoebae XE "Protozoa: free-living amoebae" 
Saprophytic amoebae from water, silt and wet soil which belong to the genera Naegleria and Acanthamoeba are cosmopolitan and potentially pathogenic. They seldom cause infection. In industrialised countries with a moderate climate these amoebae prefer fresh water with a temperature higher than average, such as public swimming pools and warm waste water from factories or power stations. This suggests that these amoebae must be widely distributed in a tropical environment. The protozoa can be cultured on agar on which bacteria such as Escherichia coli or Enterobacter aerogenes are growing. Species identification is the work of a specialist. Free-living amoeba have been shown to be a reservoir of pathogens such as certain Legionella species, Burkhorlderia picketti and even Cryptococcus neoformans. The pathogenic role -if any- of certain other amoeba-associated bacteria remains to be established (e.g. Bosea massiliensis, Legionella anisa, Parachlamydia sp., Rasbo bacterium, Bradyrhizobium sp. …). 

2.1 Free-living amoebae, Naegleria fowleri
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Infection with Naegleria fowler XE "Naegleria fowleri: protozoa, free-living amoebae" i is the consequence of bathing in contaminated fresh water at quite high temperatures. The infection follows penetration of water into the nasal cavities. From there the lamina cribriforma of the ethmoid bone is penetrated. Via the first cranial nerve, the infection spreads to the lowermost part of the frontal cerebral lobes. The amoebae reproduce rapidly in the cerebrospinal fluid. There is virtually no inflammatory reaction. Haemorrhagic necrosis of the base of the brain develops. 

The infection leads to a fulminant meningo-encephalitis with fever, headache, vomiting and disturbances of smell and taste. The incubation time is 2 to 15 days. A history of bathing in surface water during the previous two weeks is significant. Sometimes the meningeal signs are preceded by rhinopharyngitis. A lumbar puncture produces cloudy or haemorrhagic liquor. The albumin content is elevated. There will be pleiocytosis, but the glycorrhachia is low. A varying number of red blood cells is found in the cerebrospinal fluid. Naegleria is most easily recognised by its motility in a fresh preparation. It is a small amoeba (trophozoite measures 10-35 (m) with smooth hemispherical pseudopodia. The parasite also has a stage during which flagella are formed. The cysts are spherical and may be found in tissues (unlike E. histolytica infections). The disease evolves fatally in less than 3 days. Very rare cases have survived by early treatment with amphotericin B XE "Amphotericin B: protozoa, free-living amoebae, treatment"  (Fungizone®), administered IV and intrathecally, possibly in combination with rifampicin. The only prevention consists of avoiding bathing in suspect water.

2.2 Free-living amoebae, Balamuthia mandrillaris
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Another free-living amoeba, Balamuthia mandrillaris XE "Balamuthia mandrillaris: protozoa, free-living amoebae"  (Leptomyxiidae), may cause peri-orbital swelling and ulceration, followed by symptoms of granulomatous meningo-encephalitis, in both immunocompetent and immunocompromised persons. Other tissues can also be infected. Monkeys can also be infected with this organism. Previously this protozoon was regarded as harmless, living in soil. The cyst has a three-layered structure: endocyst, mesocyst and ectocyst. Treatment is based on prolonged administration of itraconazole XE "Itraconazole: protozoa, free-living amoebae"  400 mg/day (adults). It is not clear how humans get infected, but transmission via swimming in contaminated surface water is one possibility.

2.3 Free-living amoebae, Acanthamoeba sp.

Several species of these free-living amoebae have been described: Acanthamoeba castellani XE "Acanthamoeba castellani: protozoa, free-living amoebae" i, A. culbertsoni XE "Acanthamoeba culbertsoni: protozoa, free-living amoebae" , A. polyphaga XE "Acanthamoeba polyphaga: protozoa, free-living amoebae" , A. astronyxis XE "Acanthamoeba astronyxis: protozoa, free-living amoebae" , A. hatchetti XE "Acanthamoeba hatchetti: protozoa, free-living amoebae" , A. rhysodes XE "Acanthamoeba rhysodes: protozoa, free-living amoebae" . The trophozoite measures 15-45 (m and exhibits fine thorn-like protrusions, acanthapodia. The name of the genus is derived from this feature (Gr. acanth = thorn). The cysts have a double wall. The outermost wall is wrinkled. The protozoa occur in numerous places (water, dust, waste). Unlike with Naegleria, infection of the central nervous system progresses slowly and occurs where there is immune suppression or in the course of a severe general illness. Generally it presents as a subacute granulomatous meningo-encephalitis with signs of a brain abscess, and develops in two to three weeks. Abscesses in other locations, and granulomatous skin lesions in which histological investigations show amoebae, have also been observed. Treatment is very difficult. Rifampicin has been used. With pentamidine, cure can be achieved in systemic infections with Acanthamoeba rhysodes.
*

Keratitis is more common than cerebral inflammation. This was first described in 1974. These amoebae may infect small wounds of the cornea and then trigger a dangerous ulcerative keratitis which may develop into panophthalmitis. Initially this diagnosis is often missed and the lesion is considered to be a herpetic or fungal keratitis. Acanthamoeba infection may follow upon a herpetic keratitis. The amoebae are often scarce in corneal smears, culture is possible but often not available and sometimes the diagnosis is made purely on anatomopathological grounds, e.g. during a cornea transplantation. The number of cases has grown in recent years as the result of increased use of contact lenses and the practice of rinsing these with tap water. Possibly bacteria in the biofilm on dirty contact lenses constitute a good source of nutrition for the amoebae. If there is a superficial epithelial defect, whether or not caused by the contact lens, the amoebae may become invasive in the corneal stroma.

*

Treatment of Acanthamoeba keratitis is difficult. Sometimes a combination of propamidine isethionate XE "Propamidine isethionate: protozoa, Acanthamoeba sp., treatment"  eye drops (Brolene®), topical neomycin XE "Topical neomycin: protozoa, Acanthamoeba sp., treatment" , polyhexamethylene biguanide XE "Polyhexamethylene biguanide: protozoa, Acanthamoeba sp., treatment"  eye drops (Lavasept®) and/or topical chlorhexidine XE "Topical chlorhexidine: protozoa, Acanthamoeba sp., treatment"  (Hibitane®) is given. Brolene®, available in Great Britain, is an antiseptic which is moderately toxic for the corneal epithelium. The use of topical steroids XE "Topical steroids: protozoa, Acanthamoeba sp., treatment"  is controversial but probably beneficial. Oral itraconazole is probably also active. Topical miconazole XE "Topical miconazole: protozoa, Acanthamoeba sp., treatment"  is sometimes also used. Pentamidine (a diamidine related to propamidine) is being evaluated.

*

Note: Free-living amoebae and endo-amoebic bacteria

Many amoebae feed on bacteria. Sometimes, the bacteria are killed and digested by the amoebae, sometimes the bacteria kill the amoebae, and sometimes, a kind of more or less stable symbiotic relationship is achieved. This can be temperature-dependent. E.g. certain Parachlamydia bacteria are endosymbiotic in amoebae at 30°C and lytic at 37°C. This suggests that bacteria present in amoebae in the cooler upper respiratory tract (nose) might be libeterated in the warmer lower tract, for example during an aspiration event. Co-culture of amoebae (e.g. Acantamoeba polyphaga) with bacteria recovered from different places (mouth, nose swabs, …) could become an interesting tool for new discoveries in this field. 

*

Note: Free-living amoebae, Rhizopoda

The amoebae belong to the Rhizopoda (Gr. rhizo = root). These animals are related to a number of other protozoa, including the Actinopoda (Gr. actis = ray) and Foraminifera (L. foramen = opening). The taxonomic classification varies greatly from author to author. Some are being studied for their unique genetics. The genome of Amoeba dubia (syn. Polychaos dubia) contains over 600 Gigabase pairs, which is 200 times more DNA than in humans. Acanthamoeba castellanii contains mitochondria in which a special form of transfer-RNA editing takes place. This forms a subject of intensive research.

*

The class of Lobosea includes the orders of naked amoebae (e.g. Entamoeba and Naegleria) and the armoured amoebae (Arcellinida, amoebae with an armour of grains of sand or excreted silicate). This class contains protozoa which are pathogenic for humans.

*

The class of Actinopoda contains almost exclusively sea plankton. The organism have no direct medical importance but include some of the most beautiful micro-organisms observed. The Actinopoda are also known as Radiolaria (radiating creatures) and Heliozoa (sun creatures). They often have an exoskeleton of opal (SiO2(nH2O) and have radial or bilateral symmetry. The cytoplasm forms radiating pseudopodia (axopodia) which penetrate through small holes in the exoskeleton, and which give this group its name. The accumulation of countless silica skeletons from dead Radiolaria has lead to geological sediments. In this respect they are similar to diatoms which are algae belonging to a completely different taxonomic group. (Diatoms have a siliceous skeleton consisting of two parts, like a pill box; see also “amnesiac shellfish poisoning”). The Acantaria are radially symmetrical Actinopoda with a skeleton of strontium sulphate. This dissolves relatively quickly in sea water after death.

*

The Foraminifera are also exclusively marine protozoa. At present the majority are benthic (living at the bottom of the sea), and some species belong to the plankton. Their exoskeleton consists of crystallised calcium carbonate (calcite or the rather more dense aragonite, sometimes even dolomite, i.e. Mg/CaCO3). They have the shape of linear vessels or complex spiral chambers. Some Foraminifera are large (up to a few cm) and are then called nummulites (Lat. nummus = coin). The cytoplasm penetrates through pores in the skeleton and forms pseudopodia which may anastomose (reticulopodia). In the course of time the exoskeletons from the small dead animals accumulate in thick layers on the seabed provided the water is no more than 3700-4400 m deep. Below this depth they dissolve because the deep cold water can contain more CO2 than warmer water. These may later be converted into chalk cliffs, which can also contain dead coral, the shells of molluscs and the microscopically small calcium shells of a certain group of very small algae (Haptophyta, Prymnesiophyta or Coccolithophoridae). The Egyptian pyramids, for example, were built of this material. 

*

Previously the Xenophyophyta were counted as Rhizopoda but recently they have been reclassified in their own Phylum. Some of these unicellular deep-sea organisms may grow to 10-25 cm.

3 Balantidium coli XE "Protozoa: Balantidium coli" 
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Balantidium coli XE "Balantidium coli: protozoa, Balantidium coli"  is a large protozoon. The trophozoite measures 30-200 (m x 40-60 (m. The whole surface of the trophozoite is dotted with countless cilia. These are very characteristic and because of this, it is classified as a ciliate (compare with Paramecium). Balantidium coli is the only ciliate pathogenic to humans. The cysts are oval and measure approximately 45 x 60 (m. As yet there are insufficient data concerning this organism. It is a commensal of pigs. Transmission occurs from pigs to humans and from human to human in poor hygiene situations, also via water or food contaminated with cysts, including poorly cooked pork sausages. The infection is cosmopolitan, rare, yet locally prevalent, e.g. in Papua New Guinea and in tropical Africa. As with amoebiasis the infection may be intraluminal and latent or invasive in the intestinal wall and symptomatic. In the invasive forms ulcerations of the intestinal wall are found, quite similar to those of amoebiasis, with the same complications and the same clinical forms. Liver abscesses caused by B. coli have been observed but are extremely rare. Diagnosis is parasitological by direct stool microscopy or enrichment techniques. Treatment is not always simple. Tetracyclines (10 days) have been used as well as imidazoles in high doses.

*

Note: Flagella 

In a fresh preparation, B. coli can be very quickly recognised due to its swift manner of propulsion. Under the microscope, the creature is difficult to keep in the field of vision due to its relatively high speed. How in fact do such organisms move? One of the problems which micro-organisms face is propulsion. The protozoa are in an aqueous environment and have to overcome enormous resistance during movement. Due to their small dimensions it is as if they were moving in thick syrup (they cannot “freewheel”). One important element in this context is Reynold’s number. This number is relevant not only for micro-organisms, but also for insects, fish, aeroplanes, etc. This dimensionless number indicates the relationship between powers of inertia and powers of viscosity [Reynold’s number = density of liquid x speed x length / viscosity]. If Reynold’s number is high, there is turbulent flow and the effect of the viscosity is negligible. For small organisms in water, and therefore associated with small Reynold’s number, there is laminar flow and the influence of the viscosity is dominant. For this reason many micro-organisms have special organelles with which to move. One important organelle is the flagellum. A certain group of micro-organisms (flagellates) take their name from the fact that they possess flagella. The term flagellum (L. flagellum = whip) is used, however, for two totally different organelles. Some micro-organisms are dotted with myriads of these organelles which work in a coordinated way and which are then called “cilia”.

*

Flagella in Eukaryotes: In eukaryotes the flagellum is a long, thread-like structure, formed by the external plasma membrane with a central axoneme. This axoneme consists of what is called a 9 + 2 structure, formed by contractile microtubuli. The main proteins are tubulins (the building proteins of microtubuli), nexins (forming connections between microtubuli) and dyneine (ATPase). Cilia have the same structure as flagella, but are rather shorter and they are always present in large numbers on one cell. Their movement is co-ordinated. The flagellum will cause a sinusoidal wave, for which ATP is used as an energy source. The base of the flagellum is formed by a basal body, situated just next to a kinetoplast (the grouped DNA of a special mitochondrion). The position of the kinetoplast as regards the nucleus is important (cf. promastigote, epimastigote). Note the direction of the movement: e.g. in a human sperm cell the movement will begin at the base of the flagellum, the sinusoidal wave moves towards the tip of the flagellum and the cell is driven forwards (direction away from the tip of the flagellum). The movement of the cell is similar to that of a motorboat with a screw propeller. In protozoa such as trypanosomes the movement is reversed. The sinusoidal wave moves towards the cell and pulls the cell in the direction of the flagellum. The movement of the cell can be compared to that of an ordinary propeller aircraft.

*

Flagella in Prokaryotes: In prokaryotes the term flagellum is used to indicate a different, somewhat shorter organelle, consisting of the protein flagellin (see Cholera). 

4 Cryptosporidiosis XE "Protozoa: Cryptosporidiosis" 
Cryptosporidia are coccidia and belong to the Apicomplexa phylum. Coccidia form an order of unicellular eukaryotic micro-organisms, which includes the following human pathogens: Toxoplasma gondii, Sarcocystis sp., Cryptosporidium parvum XE "Cryptosporidium parvum: protozoa, cryptosporidiosis" , Cyclospora cayetanensis, Isospora belli. Microsporidia do not belong to the Coccidia and form a totally different taxonomic group. DNA analysis of Cryptosporidium suggests that there could be more than twenty different species. C. parvum is the most common parasite in this group in human infections, but C. meleagridis XE "Cryptosporidium meleagridis: protozoa, cryptosporidiosis" , C. muris XE "Cryptosporidium muris: protozoa, cryptosporidiosis"  and C. felis XE "Cryptosporidium felis: protozoa, cryptosporidiosis"  are also found in persons with acute diarrhoea. C. parvum has two genotypes: genotype 1 is a purely human (anthroponotic) parasite while genotype 2 is zoonotic and can infect various animals as well as humans.
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*

Cryptosporidia are very small parasites of the intestinal mucosa (2.5-5 (m). They infect many vertebrates (various mammals [calves], birds, fish, and so on). They have been known since 1907, but were only described in humans in 1976. Several species can be differentiated according to the type of host, but the host specificity does not appear very precise. Transmission to humans occurs from calves, dogs and cats. Transmission via drinking water or via insufficiently chlorinated water in swimming pools happens frequently. This species is resistant to standard chlorination. In 1993 a huge epidemic took place in Milwaukee in which 403,000 persons were infected via drinking water. The parasite was first observed in humans in cases of persistent diarrhoea in patients with immunosuppression, and since 1981 in cases of AIDS. Since 1983 the infection has frequently been recognised as a cause of benign and brief diarrhoea, both in children and adults, and it is one of the more common aetiologies of travellers’ diarrhoea. 

*

The complete cycle of the parasite, sporogony and schizogony, takes place in the same host. People become infected by swallowing thick-walled, resistant oocysts. Once in the intestine the parasites excyst and release sporozoites. They penetrate epithelial cells via the apical membrane. Then follows a reorganisation of the actin cytoskeleton of the host cell. The parasites are intracellular but extracytoplasmic. After maturation of the sporozoite there is asexual reproduction via schizogony with the formation of merozoites. These may either penetrate a new epithelial cell to repeat the cycle (type 1 merozoites) or undergo further intracellular changes (type 2 merozoites) to the sexual form of the parasite. The macrogamont is the female form, the microgamont the male form. The microgamont releases microgametes. After fertilisation and the formation of zygotes, thin-walled oocysts are produced, which after meiosis release sporozoites in their turn which amplifies the infection (auto-infection). Thick-walled oocysts are released into the lumen of the intestine, and are directly infectious via the faeco-oral route. C. parvum induces apoptosis in epithelial cells. It is assumed that an enterotoxin is produced, but this has not yet been proven.

*

The parasites may be found throughout the entire digestive tract and even in the mucosa of the respiratory tract, but are usually limited to the duodenum and jejunum. The incubation period is 4 to 12 days (usually 7-10 days) and is followed by moderately severe diarrhoea without fever and with little abdominal pain but no particular characteristics. Asymptomatic infections may occur. If there is no underlying immunosuppression, spontaneous recovery occurs within a few weeks. It is estimated that 4 to 10% of all commonplace cases of diarrhoea in children in tropical environments can be attributed to Cryptosporidium. In patients who have a deficiency in cellular immunity (such as in HIV infection), the diarrhoea is more pronounced, chronic for several months, and recurrent. This is accompanied by painful abdominal cramps, nausea, dehydration, loss of weight and mild fever. Fulminant infection with cholera-like diarrhoea may occur in patients with fewer than 50 CD4 T-cells/mm3. Sometimes the protozoa enter the biliary tract, resulting in sclerosing cholangitis, strictures and papillary stenosis. Diagnosis is difficult and requires invasive procedures such as retrograde cholangiography (ERCP [endoscopic retrograde cholangiography]). A biliary tract reservoir may contribute to the chronic course of infection. Other extra-intestinal manifestations include infections of the respiratory tract, pancreas and middle ear.

*

Diagnosis is based on looking for the parasite in the faeces on smears stained with modified Ziehl-Neelsen or Kinyoun staining. The small dimensions of the parasites and their similarity to yeast cells, were responsible for the fact that infection in humans was only recognised in 1976. The parasites can easily be recognised on intestinal biopsy material obtained by endoscopy. There is villous atrophy, hyperplasia of crypts and an inflammatory cellular infiltrate in the lamina propria. There are other diagnostic techniques, such as immunofluorescence, antigen-capture ELISA [enzyme-linked immunosorbent assay] and PCR [polymerase chain reaction], but these are not available in most tropical settings. Serology is of little benefit. It is possible to detect thickening of the wall of the biliary tract and/or dilation of the gall bladder by ultrasound.
*

Treatment is mainly symptomatic and can be quite difficult in AIDS patients. The best practical method in these patients is via HAART (highly active antiretroviral therapy). Good results have been described using colostrum from hyperimmune cows (Lactobin-R®). Paromomycin XE "Paromomycin: protozoa, cryptosporidiosis, treatment"  (Humatin®, Gabbroral®) is a non-absorbed aminoglycoside and is of limited use. A swift cure has been reported in infections with C. felis. Azithromycin XE "Azithromycin: protozoa, cryptosporidiosis, treatment"  and letrazuril XE "Letrazuril: protozoa, cryptosporidiosis, treatment"  are being investigated. Another experimental drug is nitazoxanide XE "Nitazoxanide: protozoa, cryptosporidiosis, treatment"  (Cryptaz®, 500 mg tablets). The activity spectrum of the latter is broader than Cryptosporidium, but its place in therapy has not yet been determined. If papillary stenosis exists, papillotomy may be carried out to achieve decompression of the biliary tract.

5 Isosporosis XE "Protozoa: Isosporosis" 
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Isospora belli XE "Isospora belli: protozoa, isosporosis"  was first described by Virchow in 1860 but not named until 1923. It is a coccidian parasite of the duodenum and proximal small intestine (jejunum) in humans. It is cosmopolitan, but more frequent in a tropical environment. No reservoir hosts other than man are known. The oocysts are very resistant to environmental conditions and may remain viable for months if kept cool and moist. The sexual and asexual cycles occur in the same host. The parasites are located intracytoplasmic, unlike Cryptosporidium. There is a prepatent period of about 9-10 days. Infection may be latent or lead to diarrhoea for one to two weeks, occasionally with mild fever, headache, malaise and abdominal pain. The stools tend to be soft, watery or foamy, with an offensive smell, suggesting malabsorption. In immunosuppressed people, the infection can become chronic. In such cases, oocyst shedding can continue for years. In AIDS patients, the parasites can occasionally be found in lymph nodes and walls of large and small intestine, mesenterium and even liver and spleen. Diagnosis is difficult and is based on coprological examination, duodenal tubage and biopsy of the duodeno-jejunal mucosa, in which the parasites are not very numerous. The oocysts are rather large and measure 20-33 µm by 10-19 µm. The oocysts are very pale, transparent and are easily overlooked, especially in a concentrated sediment of a polyvinyl alcohol-preserved stool sample. For this reason, it is best to diminish the light intensity of the microscope and additional contrast should be obtained for optimal examination conditions. Wet preparations are generally preferred. Charcot-Leydig crystals (derived from eosinophils) are occasionally found in isosporiasis cases. The oocysts are acid-fast and can also be detected with auramine-rhodamine staining.  Usually the oocyst contains only one immature sporont, but two may be present. Continued development occurs outside the human host with the development of two mature sporocysts, each containing four sporozoites. Normally this takes about 48 hours. The sporulated oocyst is the infective stage which will excyst in the duodenum. The condition can be treated with cotrimoxazole XE "Cotrimoxazole: protozoa, isosporosis, treatment"  (e.g. Bactrim forte® 4 x 1 tablets/day for 10 days). If there is diminished sensitivity or resistance, either pyrimethamine XE "Pyrimethamine: protozoa, isosporosis, treatment"  (Daraprim®) or the combination ornidazole/albendazole is used. Ciprofloxacin XE "Ciprofloxacin: protozoa, isosporosis, treatment"  is also moderately effective (70% cure rate). Prevention is based on improved personal hygiene measures and improvement of the sanitary conditions. 
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*

Note: Eimeria

Do not confuse with Isospora hominis (pathogenic) or Eimeria, a genus not pathogenic for humans. Eimeria sp. form the largest and the most economically important genus of Coccidia and includes species which can infect various mammals and birds. How long the protozoa survive, the period of sporulation under various circumstances, the infectious dose (probably low), the existence of alternative routes of transmission than faeco-oral transmission are all insufficiently clear.

6 Sarcocystosis XE "Protozoa: Sarcocystosis" 
6.1 Sarcocystosis, general

Sarcocystis species are parasites of mammals, birds and reptiles. Human sarcocystosis (syn. sarcosporidiosis) is rarely diagnosed. The parasites almost always have a life cycle involving 2 hosts. Sexual reproduction (gametogony followed by sporogony) takes place in the intestine of a carnivore or omnivore (the predator). Asexual reproduction (schizogony) takes place in the muscles of another host (the prey).

*

In 1843 Miescher described the parasite for the first time as white threads in the muscles of a mouse. In 1869 Lindemann erroneously described 3 human cases. In 1893, Kartulis described the first authentic human case. In 1972 it was discovered that the intestinal parasite Isospora hominis and the muscle parasite Sarcocystis hominis XE "Sarcocystis hominis: protozoa, sarcocystosis"  were 2 stages of the same organism (do not confuse with Isospora belli).

*

For some species, humans are the definitive host i.e. the host in which sexual reproduction is completed. In this case there is intestinal sarcocystosis. Humans may also act as accidental dead-end intermediate hosts for several other species and in these cases there is muscular sarcocystosis. The natural final and intermediate hosts of many Sarcocystis species, which infect human muscle are still unknown. The Sarcocystis species themselves are also still unknown. Histologically the tissue cysts are often similar to those found in local monkeys. All in all, little is known about these parasites.

6.2 Sarcocystosis, intestinal sarcocystosis
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Sarcocystis bovihominis XE "Sarcocystis bovihominis: protozoa, sarcocystosis"  and Sarcocystis suihominis XE "Sarcocystis suihominis: protozoa, sarcocystosis"  are parasites of humans. Infection occurs due to eating raw or insufficiently cooked meat from cattle or pigs containing tissue cysts (intestinal infection cannot be triggered by the ingestion of sporocysts). The sexual cycle takes place within the cytoplasm in the cells of the human intestinal mucosa. The sporocysts which are released with the faeces are infectious for the intermediate host. These infections are cosmopolitan and generally asymptomatic. They can nevertheless trigger enteritis with peripheral hypereosinophilia. The diagnosis is based on faecal examination. Sometimes the parasites will be detected in surgical resected intestinal specimens.

6.3 Sarcocystosis, muscular sarcocystosis

Muscle infection is caused after swallowing sporocysts (faeces of an infected predator). Each sporocyst releases 4 sporozoites. These penetrate the intestinal wall. Reproduction begins in the vascular endothelium. After dissemination of merozoites, there is invasion of skeletal and cardiac muscle tissue and possibly the central nervous system (in animals). The merozoites develop first to metrozoites and then to cystozoites. These tissue cysts remain dormant until the host is eaten by a predator, after which the intestinal cycle begins. The tissue cysts gave the genus its name (Gr. sarx = flesh). 

*

Most human infections are apparently asymptomatic. It is also possible that the diagnosis is systematically missed (data from investigation of routine autopsies). No cases of neurological involvement in human patients are known. Some patients with muscular sarcocystosis develop an eosinophilic myositis. The myositis is characterised by muscle pain, painful mild muscular swelling, mild fever, general weakness, bronchospasms and eosinophilia. This should be differentiated from trichinosis (Trichinella spiralis). Eosinophilic fasciitis, toxoplasmosis, polymyositis, dermatomyositis and polymyalgia rheumatica may lead to similar clinical pictures. During the short blood phase, the parasites can be mistaken for Plasmodium falciparum gametocytes, or even a rare blood form of Toxoplasma gondii. 

*

Diagnosis is made via muscle biopsy. The intact cysts in the muscle generally do not trigger a local inflammatory reaction. Dead and ruptured cysts, however, may cause inflammation. It is necessary to differentiate from tissue cysts of Toxoplasma gondii (Toxoplasma generally has smaller cysts with a thin non-striated capsule) or Trypanosoma cruzi. Not much is known about treatment.

7 Cyclospora cayetanensis XE "Protozoa: Cyclospora cayetanensis" 
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Cyclospora cayetanensis XE "Cyclospora cayetanensis: : protozoa, Cyclospora cayetensis"  is a protozoon which belongs to to the Coccidia. It is closely related to Eimeria. The name is derived from the morphology (the sporocysts are spherical) and from a Peruvian university (most of the epidemiological and taxonomic work has been carried out at the Universidad Peruana Cayetano Heredia, Lima, Peru). Before 1992 the organism was wrongly regarded as a cyanobacterium. Distribution is probably cosmopolitan, but the species is only common in regions with poor hygiene.

*

After swallowing mature (i.e. sporulated) oocysts, there is excystation after contact with bile salts. The released sporozoites penetrate the jejunal enterocytes. In 1997 it was demonstrated that during infection of humans two different asexual stages occur as well as sexual stages. The full cycle can be completed in one host. Infected persons eliminate non-sporulated oocysts in their faeces. Until they sporulate, which takes days or weeks, these parasites cannot infect a new host. This delay makes direct human to human transmission improbable. After sporulation the oocyst contains 2 sporocysts each with 2 sporozoites. A reminder: In Isospora one oocyst has 2 sporocysts each with 4 sporozoites. Cryptosporidium oocysts contain no sporocysts, only 4 naked sporozoites.

*

Oocysts are spherical, measure 8-9 (m in diameter and contain granular material when not yet sporulated. They stain with varying degrees of acid fastness, but they are recognisable even without staining. They can be differentiated from Cryptosporidium oocysts because the latter are smaller. Isospora cysts are also acid-fast but are much larger (20-33 x 10-19 (m). Under UV light Cyclospora displays autofluorescence (blue with 355 nm dichroic filter and green with 450-490 nm filter). Isospora and Cryptosporidium do not autofluoresce. Fluorescence with auramine shows bright yellow disks in Cryptosporidium, but is weak in Cyclospora. Nevertheless in practice these more expensive techniques do not have to be used since diagnosis can be made using standard light microscopy.

*

The protozoa are present in the duodenum and jejunum and cause persistent watery diarrhoea, often accompanied by significant abdominal discomfort, nausea, tiredness and anorexia. The symptoms may last several weeks. In particular, non-immune persons such as travellers or small children, will be symptomatic. Cotrimoxazole is used in treatment. This protozoon also causes persistent diarrhoea in HIV-positive persons. If these cannot tolerate cotrimoxazole, the rather less effective ciprofloxacin may be used.

*

Knowledge about this parasite is insufficient. Transmission via water is possible and food may be contaminated by rinsing vegetables and fruit. Protozoa can be detected in surface water with special techniques. No reservoir is known to date. Similar parasites are found in primates and Cyclospora-like germs have been found in ducks, chickens and dogs. 

8 Microsporidiosis XE "Protozoa: Microspora" 
8.1 Microsporidiosis, general
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Species belonging to the phylum Microsporidiosis are called microsporidia. These organisms appear to have separated very early from the eukaryotic family tree. They have true nuclei, but no mitochondria or peroxisomes. Their ribosomes are prokaryote-like. Some researchers regard them as aberrant fungi. They are obligate intracellular parasites, and are recovered in countless widely varying host groups (insects, fish, rodents, and so on). They have long been know to be pathogenic and are the cause of significant damage in, for example, silk worms (pébrine [see Pasteur and the ravages of the French sericulture in the 19th Century]), apiculture and fish farms. Species which can parasitise humans are very small (1-2 (m). Encephalitozoon cuniculi XE "Encephalitozoon cuniculi: protozoa, Microspora"  holds the record at present for the smallest eukaryotic genome (<2.9 Mb). Other species known to infect humans are Brachiola vesicularum XE "Brachiola vesicularum: protozoa, Microspora" , Encephalitozoon cuniculi XE "Encephalitozoon cuniculi: protozoa, Microspora" , Encephalitozoon hellem XE "Encephalitozoon hellem: protozoa, Microspora" , Encephalitozoon intestinalis XE "Encephalitozoon intestinalis: protozoa, Microspora"  (previously Septata intestinalis XE "Septata intestinalis: protozoa, Microspora" ), Enterocytozoon bieneusi XE "Enterocytozoon bieneusi: protozoa, Microspora" , Microsporidium africanum XE "Microsporidium africanum: protozoa, Microspora" , Microsporidium ceylonensis XE "Microsporidium ceylonensis: protozoa, Microspora" , Nosema algerae XE "Nosema algerae: protozoa, Microspora" , Nosema connori XE "Nosema connori: protozoa, Microspora" , Nosema ocularum XE "Nosema ocularum: protozoa, Microspora" , Pleistophora sp XE "Pleistophora sp: protozoa, Microspora" , Trachipleistophora hominis XE "Trachipleistophora hominis: protozoa, Microspora" , Trachipleistophora anthropophthera XE "Trachipleistophora anthropophthera: protozoa, Microspora"  and Vittaforma corneae XE "Vittaforma corneae: protozoa, Microspora"  (previously Nosema corneum XE "Nosema corneum: protozoa, Microspora" ). These organisms have mainly been described in immunodeficient persons.

8.2 Microsporidiosis, ultrastructure

The parasites have a very characteristic ultrastructure. The organism forms oval-shaped spores with an external exospore (glycoproteins) and an internal endospore (chitin). Within the spore is a coiled spiral tube (polar tube). After it is ingested, the spore is stimulated to protrude this polar tube which then penetrates a host cell. The sporoplasm is then injected via this tube into the cytoplasm of the host cell. Subsequently there is reproduction of the parasite (merogony and sporogony). New spores may infect other neighbouring cells or be passed to the outside world to infect a new host.

8.3 Microsporidiosis, transmission

Transmission is chiefly via the faeco-oral route, but much is still uncertain. Transplacental transmission occurs in carnivores, but has not yet been described in humans. Possibly transmission is via aerosol for those protozoa which cause corneal lesions. Transmission via infected water is being investigated.

8.4 Microsporidiosis, clinical aspects

Symptoms will be determined by the anatomical location of the parasites. Disseminated infections, corneal infections (keratitis), intestinal locations etc. all occur. In HIV patients with low resistance (CD4 < 100/(L), there is often persistent diarrhoea, abdominal pain, loss of weight and sometimes sclerosing cholangiopathy.

8.5 Microsporidiosis, diagnosis

Diagnosis by light microscope (faeces, biopsies, corneal scraping) is often difficult due to the small dimensions of the parasites and the labour-intensive staining techniques. New staining techniques, such as the fluorochromes calcofluor, Fungifluor or Uvitex 2B and modified trichrome staining (modification according to Weber or Kokoshin), are now available. Experience is essential and the parasites must be properly differentiated from fungal spores and bacteria. Electron microscopy is a good technique for species identification, together with PCR [polymerase chain reaction], but of course this can only be carried out in specialised centres. 
8.6 Microsporidiosis, treatment

There is still too little known about treatment. Fumagillin XE "Fumagillin: protozoa, Microspora, treatment"  is a product originating from Aspergillus fumigatus which is used in microsporidiosis of honey bees. It has been used topically in keratitis with good results. Other drugs have been used with varying success. Albendazole XE "Albendazole: protozoa, Microspora, treatment"  is effective in infections with Encephalitozoon intestinalis and to a lesser extent in Enterocytozoon bieneusi. Nitazoxamide XE "Nitazoxamide: protozoa, Microspora, treatment"  possibly has a place in treatment. Improving immunity in HIV patients, e.g. by combination antiretroviral therapy, may lead to remission of the infection. For symptomatic treatment (e.g. in persistent diarrhoea without knowing its cause), loperamide XE "Loperamide: protozoa, Microspora, treatment"  (Imodium®), opioids (laudanum) or even somatostatin analogues may be used. The latter is of course not easily available in developing countries. 

9 Blastocystosis XE "Protozoa: Blastocystosis" 
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Blastocystis hominis, although previously regarded as a yeast, has the 
morphological and biological characteristics of a protozoon. Very little is known of 
the basic biology of this organism. Several morphological forms have been 
recognised: ameboid, vacuolar, avacuolar, multivacuolar, granular, cyst). The life 
cycle is not well known. Which of the forms is responsable for transmission is not 
known. Molecular typing has revealed extensive genetic diversity in morphological 
identical strains. Until about 1930 it was regarded as a cause of diarrhoea, but 
thereafter it was generally considered to be an apathogenic commensal. The 
parasite colonises chiefly the caecum and to a lesser extent the distal colon. Since 
1975, Blastocystis hominis has once more been regarded as responsible for long-
term but less specific cases of diarrhoea. The pathogenicity appears to depend on 
the parasitic load (more than 5 Blastocystis per 40x field). The pathogenicity of 
Blastocystis nevertheless remains controversial. For some clinicians it is only an 
indication of the presence of one or other parasite or microorganism which is 
responsible for the symptoms of disease. If considered necessary, imidazoles such 
as metronidazol or otherwise clioquinol are used for treatment

10 Myxozoan parasites XE "Myxozoan parasites: protozoa" 

 XE "Protozoa: myxozoan parasites" 
Not much is known about myxozoan parasites. Myxozoans are commonly found as 
parasites in aquatic vertebrates (esp. fish) as well as some invertebrates. The 
phylum of Myxozoa contains two classes: Myxosporea (infect fish, amphibians, 
reptiles) and Actinosporea (infect mainly oligochaetes and sipunculids). More than 
1,000 species have been described so far. Many of the spores contain chitin 
(which cannot be digested by humans) and can pass intact through the 
gastrointestinal tract. There is at present little evidence that these organisms can 
infect people. However, spores have been recovered from stools of patients with 
gastrointestinal problems. Of course this is no proof of pathogenicity. Spores of 
Henneguya salminicola have been detected in stool samples of human patients. 
Since they morphologically resemble spermatozoa, misidentification can occur. The 
teardrop-shaped spore measures about 10 µm in diameter and has a tail of about 
40 µm. Most spores have two pyriform polar capsules situated in the anterior 
region of the spore body. They stain with modified trichrome stain. Iodine 
preparations and acid-fast stains can be employed, but at present there is 
insufficient information on these organisms.

11 Rhinosporidiosis XE "Protozoa: Rhinosporidiosis" 
Rhinosporidiosis is an infectious disease which occurs in the New Wold, Europe, Africa and Asia, but is most common in the tropics (India and Sri Lanka). The disease was first described in Argentina around 1890 by Malbran and Guillermo Seeber (the subject of his thesis). The disease is characterised by slow-growing, painless polyps or tumour-like masses, which are usually found on the nasal mucosa, lachrymal sac, conjunctivae, palate, larynx or penis. Chronic rhinitis and/or epistaxis may occur. Disseminated infections with lesions of skin, liver, spleen and kidneys, are very rare. Treatment consists of surgical excision, but recurrence can be expected in approximately 10% of patients. Biopsy shows a characteristic picture of large (up to 300 microns) spherical thick-walled cysts, containing hundreds or thousands of endospores measuring 7-9 µm. Around the cysts there is an inflammatory infiltrate with neutrophils and small abscesses. The protozoon may be detected by staining with silver (methenamine), PAS [periodic acid-Schiff] or mucicarmine after KOH digestion of the specimen. Rhinosporidium seeberi XE "Rhinosporidium seeberi: protozoa: Rhinosporidiosis"  has not to date been cultured in vitro. This species is a eukaryote and is difficult to classify, having the properties of both fungi and protozoa. A few years ago the species was classified under Mesomycetozoa (a cladistic group). Recently, it has been shown, using PCR [polymerase chain reaction], that the protozoon is not closely related to the Eumycota. It also became apparent that R. seeberi is genetically close to the genus Dermocystidium as well as the “rosette agent” (pathogen of fish). The name Ichthyosporea was proposed for a new taxonomic group which would include these organisms. The group would be placed in a taxonomic tree close to the division of fungi and animals. No natural reservoir is known. It is also assumed that people become infected by swimming in fresh water lakes or rivers. It is likely that fish or other water creatures are the normal hosts. Swans can be infected. A related species, R. equi XE "Rhinosporidium equi: protozoa: Rhinosporidiosis" , can infect horses and cattle.

12 Protothecosis XE "Protozoa: Protothecosis" 
Protothecosis is a rare infection in humans. Infection is more common in cases of immunodepression (AIDS, leukaemia). The disease was reported originally from Sierra Leone, but cases were later identified in the New World (Panama, USA), South Africa, China, Vietnam and New Zealand. The disease is caused by Prototheca wickerhamii XE "Prototheca wickerhamii: protozoa: Protothecosis"  and P. zopfi XE "Prototheca zopfi: protozoa: Protothecosis"  (segbwema). These are aerobic unicellular round to oval algae which activity belong to the Chlorococcales [Chlorophyta or green algae] although they contain no chlorophyl and are colourless. They are typically 8-16 µm in diameter, but their size may vary from 3 to 30 µm. These algae reproduce by internal division of a mother cell, which produces two to fifty small endospores enclosed in a sheath (theca). This ruptures and the endospores are released, after which the cycle is repeated. The protozoa occur in still water, sewage sludge, mud and slime on trees. Various animals may be infected (cattle, dogs, rabbits, mice, rats, pigs, deer). Humans are infected via traumatic inoculation of the germ into the skin or via infection of an open wound. Infection is usually limited to the skin, where local granulomatous hyperkeratotic dermatitis results. Bursitis and tenosynovitis have been described. Sometimes there is systemic involvement, including chronic meningitis and retinitis. There have been cases of peritonitis after peritoneal dialysis. Diagnosis is made by biopsy. The protozoa are morphologically similar to mulberries. Confusion with yeasts is possible. For tissue sections a PAS [periodic acid-Schiff] or a Gomori methenamine silver stain are used. The algae can be cultured in vitro on glucose-containing media. Generally a blood agar and a Sabouraud medium are used. Growth is optimal at 30°C and is inhibited at 37°C. Treatment is surgical with or without amphotericin B. Ketoconazole has frequently been used with success, but requires long-term administration. The possible therapeutic roles of itraconazole and fluconazole need to be better determined.

13 Babesiosis

13.1 Babesiosis, general

Babesiosis is a zoonotic disease which is triggered by infection with a protozoon of the genus Babesia. The disease is also known as piroplasmosis. The order of Piroplasmida belongs to the Apicomplexa (cf. malaria). There are more than 110 species in the genus Babesia. Some infect fish, birds, reptiles or mammals. The rodent parasite Babesia microti XE "Babesia microti: protozoa, Babesiosis"  (USA) and the bovine parasites B. divergens XE "Babesia divergens: protozoa, Babesiosis"  and B. bovis XE "Babesia bovis: protozoa, Babesiosis"  (Europe) cause most infections in humans. Occasionally other species may be responsible for human infections (e.g. the WA1 strain). The species was first described in febrile cattle by Victor Babes in 1888. In 1957 the first case in humans was described in Yugoslavia by Skrabalo. 

*

The protozoa are closely related to Theileria, a very important pathogenic genus in veterinary medicine. East Coast fever is triggered by Theileria parva, a disease transmitted by Rhipicephalus ticks. In 1893 Theobald Smith demonstrated that Texas cattle fever, a disease triggered by Babesia bigemina XE "Babesia bigemina: protozoa, Babesiosis" , could be transmitted by ticks, which represented a fundamental breakthrough in the knowledge of disease transmission. It was partly due to his work that the hypothesis of malaria transmission by mosquitoes was taken seriously. It was proposed that Babesia microti would be renamed Theileria microti, and that the disease would be named human theileriosis. 

13.2 Babesiosis, transmission

Voles form the reservoir. Transmission is via the bite of hard ticks such as Ixodes scapularis XE "Ixodes scapularis: protozoa, Babesiosis, transmission"  and Ixodes ricinus XE "Ixodes ricinus: protozoa, Babesiosis, transmission" . The transmission of B. bovis is via Boophilus microplus XE "Boophilus microplus: protozoa, Babesiosis, transmission" . In the USA larval nymphs of Ixodes scapularis feed chiefly on Peromyscus maniculatus (“the white-footed deer mouse”). The adult ticks suck blood from deer (cf. Lyme disease). Strangely enough the deer are not infected with B. microti. In ticks transstadial transmission occurs. The parasite passes from larva to nymph to adult tick. There is no transovarian transmission. Infections in humans are accidental occurrences. After injection of saliva of the tick, the micro-organisms penetrate red blood cells and mature. Babesia microti trophozoites undergo asexual reproduction in human blood and divide into two or four merozoites. To date no exo-erythrocytic cycle, as exists in Plasmodium species, has been described. Infected red blood cells undergo haemolysis. This releases the protozoa which can then penetrate new red blood cells. Infections via blood transfusions have been described. Transplacental infection may occur. When a tick sucks blood, the parasites are in the blood meal. This blood meal is enclosed in a peritrophic membrane in the tick’s gut. The parasite changes shape and it is assumed that it produces gametes. Once fertilisation is complete the zygote penetrates the peritrophic membrane and passes through the intestinal epithelium by endocytosis. Once in the haemolymph it forms an ookinete, which penetrates the salivary glands. There, the parasite forms sporoblasts, a stage which can overwinter. Thousands of sporozoites are formed. At the time of the tick’s next feeding, the parasite is mature and ready to be injected with the saliva. The part of the cycle between sporozoites and intra-erythrocytic merozoites is as yet unclear. 

13.3 Babesiosis, geographical distribution

Endemic regions in the USA include Massachusetts and New York State with Nantucket Island, Long Island, the coast of Connecticut as well as foci in Georgia, California and Wisconsin. Cases have also been reported from various European countries such as Ireland, Scotland, Sweden, former Yugoslavia, France and Russia. There have been isolated case reports from Africa, Asia and Latin America.

13.4 Babesiosis, clinical aspects

Asymptomatic infection may persist for months or years. If symptomatic, the first symptoms occur after an incubation period of one to two weeks. Malaise, tiredness, fever, headache, nausea and abdominal pain, myalgia and joint pain are early but aspecific symptoms. The body temperature may rise to 40°C. Hepatosplenomegaly with haemolysis and jaundice, haemoglobinuria, mild neutropenia and thrombocytopenia follow. There is no lymphadenopathy. In severe cases ARDS [acute respiratory distress syndrome] with shock may develop. Infections may have a dramatic course in asplenic persons, chiefly in the European forms. Here the infection is similar to P. falciparum malaria. Splenectomy or immunosuppression during asymptomatic infection may lead to a full blown infection. 

13.5 Babesiosis, diagnosis
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Diagnosis is made from a blood smear stained with Giemsa. The parasitaemia is generally 1 to 10%. Haemoglobinuria and proteinuria occur. Sometimes the mature parasite is in the form of a clover leaf: a so-called tetrad or Maltese cross. The intra-erythrocytic dimension of the merozoite is 1 to 2.5 µm. It is pear-shaped, oval or round. The circular appearance means that Babesia is often confused with Plasmodium falciparum XE "Plasmodium falciparum: protozoa, Babesiosis, differential diagnosis" , but malaria pigment cannot be detected. There are also no gametocytes or malaria schizonts. In Babesia infections, large parasites may contain a central white vacuole, which is not present in malaria. Serological tests and DNA analysis may help in diagnosis. Hamsters and gerbils can be inoculated to cultivate the protozoa, but this can only be done in specialised centres. It is possible that some of the "malaria" in Africa is in fact babesiosis. 

13.6 Babesiosis, treatment

Quinine XE "Quinine: protozoa, Babesiosis, treatment"  is the drug of choice, 650 mg TDS XE "TDS: protozoa, Babesiosis, treatment"  plus clindamycin XE "Clindamycin: protozoa, Babesiosis, treatment"  600 mg TDS or 1.2g BD IV for 7 to 10 days. Children receive 25 mg quinine/kg/day. Atovaquone XE "Atovaquone: protozoa, Babesiosis, treatment"  (750 mg BD) and azithromycin XE "Azithromycin: protozoa, Babesiosis, treatment"  (500 mg on day 1, then 250 mg daily) are also used and this combination is better tolerated. Exchange transfusion may be considered if there is life-threatening parasitaemia. A blood transfusion may be life-saving. Remember that ticks can be infected with more than one pathogen. In endemic regions co-infection with Borrelia burgdorferi, a Ricketssia species or an Ehrlichia species must be considered. 

13.7 Babesiosis, prevention 

Asplenic persons should avoid endemic regions and pay extra attention to tick prevention (proper clothes, repellent containing at least 30% DEET, permetrine, physical inspection after walking).  XE "Protozoa: Babesiosis" 
