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Microsporidia is a common term that has been used to refer to a group of eukaryotic, obligate
intracellular protozoan parasites belonging to the phylum Microspora. They are important agricultural
parasites, contaminating commercial insects; they are also important by infecting laboratory rodents,
rabbits and primates. Ever since the early cases found by Magarino Torres, who reported the presence
of Encephalitozoon in a patient suffering of a meningoencephalomyelitis, some human pathology causec
by microsporidia has been described. However, only after the acquired immunodeficiency syndrome
outbreak have these organisms appeared as significant etiological agents in different pathologies.
Even so, they remain underestimated. In the present article, the importance of microsporidia for the
human pathology in immunocompromised host has been stressed.
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Parasites belonging to the phylum microspoboy with headache, recurrent fever, seizures, among
ridia Balbiani 1882 (Sprague & Becnel 1998) ar®ther symptoms. Margileth et al. (1973) described
spore-forming, small, obligate intracellular livingan human case proven by autopsy of a 4-month
eukaryotes with a unique morphology (Vavra &old immunocompromised infant with thymic apla-
Larsson 1999). These parasites are distributed Bia and disseminated nosematosis. Ashton and
spores which contain a characteristic polar tub#/irashina (1973) mentioned a case of ocular
apparatus which is necessary for the transfer aoficrosporidiosis in a 11- year old boy from Sri
the “the parasite” sporoplasm, from the spore to lbanka. Pinnolis et al. (1981) described the case of
host cell. The mature spores are Gram positivan African woman with a perforated corneal ulcer.
The spore wall is composed of a protein-rich exThe parasite was identified Bl®sema
ospore, an electron-dense surface coat, and a struc-Up to the beginning of the acquired immunode-
ture-less layer below this coat, the electron-trangiciency syndrome (Aids) pandemie in 1981, only
parent endospore which contains chitin. The intesingle cases of microsporidia infections in men and
nal surface of the endospore is covered by a plasraaimals were reported because these microorgan-
membrane which limits the cytoplasma of the sporésms were not routinely diagnosed. Since this time,
The life cycle of these parasites comprise three dithe microsporidia are increasingly recognized as
tinct phases: the infective phase, the proliferativesause of severe infections with a wide range of
vegetative phase or schizogonie and the sporelinicopathologic findings especially in immuno-
forming phase or sporogony. Microsporidia areompromised patients. At present, seven genera:
world-wide distributed in invertebrates and verteEnterocytozoonEncephalitozoonNosema
brates including man. More than 140 genera includ?rleistophora Trachipleistophora Vittaforma
ing more than 1,000 species are known (Wittner &rachiola, with 12 species are known as patho-
Weiss 1999). gens in humans plus the collective group of

The first mammalian infection was reported byMicrosporidiumwith uncertain taxonomic status.
Wright and Craighead (1922) in rabbits. The firsThe spores of these genera can morphologically
human case was described by Magarinos Torreslie distinguished in regard of the combination of
1927. Some years later Matsubayashi et al. (1958)e number of their nuclei (one or two), the number
described another case of a 9-year old Japanes®l arrangement of the coils of the polar filament

inside the spores and whether the spore is envolved
by a parasitophoric vacuole or not in the cytoplasm
of the host cell.
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vesicularumwere diagnosed in patients with hu-described by Franzen et al. (1995). This patient has
man immunodeficiency virus (HIV) together with ahad no gastrointestinal symptoms. Franzen et al.
Thelohania/Pleistophoréike parasite. From pa- (1996) analyzed this species as pathogen for a
tients without HIV were describdgl cuniculi, E.  chronic rhinosinusitis in patients with Aids. Zender
intestinalis, E. bieneusi, N. ocularyM coneae, et al. (1989) mentioned a case of peritonitis in an
M. ceylonensiandM. africanum In both groups immunocompromised patient. Experimentally infec-
of patients special attention should be paid to octions withE. cuniculiandE. hellencould be trans-
lar microsporidial infections. In patients without HIV ferred to healthy and immunocompromised rhesus
such infections were found witNosema, monkeydMacaca mulattgDidier et al. 1994).
Vittaforma and Microsporidium in patients with E. hellem- This microsporidia was found in
HIV E. cuniculi-like, E. hellem and E. intestinalisimmunocompromised patients. The first isolation
plus some cases without analysis of the geneemd characterization was made from Aids patients
and species (Kotler & Orenstein 1999). with keratoconjunctivitis. This pathogen was also
GENERA AND SPECIES diagnosed in cases of chronic rhinosinysitis
(Eeftinck-Schattenkerk et al. 1992), disseminated
ENCEPHALITOZOON microsporidiosis (Schwartz et al. 1992),
The genu€ncephalitozoortontains the spe- keratoconjunctivitis (Schwartz et al. 1993a),
ciesk. cuniculi, E. hellerandE. intestinalisThese bronchiolitis (Schwartz et al. 1993b), isolated out
pathogens are morphologically indistinguishableof a prostatic abcess (Schwartz et al. 1994), pulmo-
The development of the spores takes place in timary and intestinal microsporidiosis (Weber et al.
cytoplasm of the host cell inside of a parasito1992), in an Aids patient with pulmonary coloniza-
phorous vacuole. In the longitudinally sectionedion, microhematuria, and mild conjunctivitis (We-
spores, the polar filament can be seen in form difer et al. 1993). This pathogen could be identified
five to six coils arranged regularly in a single rowin cases of superficial keratitis in Aids patients
The mature spores have only one nucleus. Th{Bidier etal. 1991). Cases of ocular microsporidiosis
pathogen has areservoir in different mammals (Caare described by Diesenhouse et al. (1993),
ning 1998). This agent was also found in HIV paRosberger et al. (1993), Schwartz et al. (1993a),
tients (Deplazes et al. 1996, Didier et al. 1996a, Wd®idier et al. (1996a) and Silverstein et al. (1997).
ber et al. 1997). Human infections with this microorUntil today,E. hellemwas found in immunocompe-
ganism can not be discussed without a side-glantent humans (Weber et al. 1999) and could be trans-
on animal pathogenic strains. Up to now threérred toM. mulatta(Didier et al. 1994). Further-
groups have been identified: group | was originallynore, this infection was detected in wild parrot
isolated from rabbits and also described from HI\(Suter et al. 2000).
patients (Deplazes 1996). The group Il was isolated E. intestinalis(formerly Septata intestinal)s-
from a mouse and is able to infect blue foxes buhis pathogen was first described by Cali et al.
was not found in humans, until now (Didier 1995)(1991b) found in patients with chronic diarrhea, by
Group lll was isolated from domestic dogs and iderPrenstein et al. (1992) in a case of disseminated
tified in Aids patients (Didier et al. 1996b). Thesemicrosporidiosis and from humans infecting
examples demonstrate that in some cases humanterocytes, macrophages and associated with
infections can trace back to animal reservoirs. Thiiarrhea in an Aids patient. This result was
importance of these strain variations and whethemderlined by the analysis of Baker et al. (1995)
E. cuniculistrains exist pathogen only for animalsvho suggest tha®. intestinalisshould be
should furtherhin be observed. designated ag. intestinalison the basis of the
Spores of E. cuniculi Have been found in a phylogenetic analysis of the small subunit
patient with cytomegalovirus adrenalitis. Theribosomal DNA. This parasite was found
spores were seen in epithelium and endothelial cebssociated with chronic diarrhea and dissemin-
of the adrenal glands. De Groote et al. (1995) detion in Aids patients (Cali et al. 1993), small intes-
scribed three pathogens in the soft tissue of tinal microsporidiosis (Field et al. 1993). Orenstein
tongue ulcer in a patient with Aids with a dissemiet al. (1993) reported about four casesSof
natedE. cuniculiinfection. These protozoa wereintestinalisinfection in Aids patients with intesti-
also described by Belcher et al. (1997) as infectiomal and disseminated microsporidiosis. This
of the mandible of an Aids patient. Weber et almicrosporidia species was not only found in
(1997) reported thdE. cuniculiinfection in Aids immunocompromised persons but also in immuno-
patients was associated with keratoconjunctivitis;ompetent humans. Enriquez et al. (1997) described
hepatitis, peritonitis, encephalititis, urinary tractsuch infections in children and adults with diar-
infections and respiratory tract infections. A casehea and in travelers with chronic diarrhea (Raynaud
of E. cuniculiinfection of duodenal mucosa waset al. 1998). This pathogen was found in dogs, pigs,
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cows, goats and donkeys (Bornay-Llinares et afleficient patients: first in an immunodeficient but
1998) and SCID mice could be infected (AchbaroiIV negative man, then in Aids patients (Ledford
etal. 1996, Enriquez et al. 1997). Therefore, it caet al. 1985, Macher et al. 1988, Grau et al. 1996) suf-
not be excluded that by an oral-fecal infection thedering in myositis. These microsporidia are serious
pathogens can be transferred from animals to hmuscle parasites of fishes (Canning & Lom 1986,
mans. Patients witk. intestinalisinfection have Lom & Dykova 1992). These are the only publica-
the tendency to develop disseminated infectiotions of these microsporidia species in mammals.
(Molina et al. 1995). A consequence Bf In another case of myositis of an Aids patient,
intestinalisinfection can be the break-down of thebiopsy material from the skeletmuscle was
renal function. The infection of the kidneys cartransferred to tissue culture and athymic mice
result in urethritis (Corcoran et al. 1996, Soule et a{Hollister et al. 1996). This patient has had an
1997).E. intestinaliscan infect the biliary tract additional infection in the corneal epithelium. The
(Schwartz & Bryan 1997). Ocular infections with  development and ultrastructure of these parasites
intestinaliswere reported by Lowder et al. (1990).differ from the genuPleistophoraand give rise to

E. bieneust this pathogen was first describednomination of the genus and specieshominis.
by Desportes Livage et al. (1985). It is found irField et al. (1996) reported about a second case of
enterocytes of the small intestine of HIV patienthuman Aids with myositis and infection with
with chronic diarrhea (Orenstein et al. 1997)hominis Vavra et al. (1998) described the second
Furtherhin this agent was identified, in pulmonargpeciesT. anthropoptherdound in the brain of
and intestinal microsporidiosis (Weber et al. 1992pne and in the kidneys, brain, heart, liver, spleen,
and in the biliary tree, gall bladder the biliary tractymph nodes bone marrow, pancreas, thyroid and
and nonparachymal liver cells (Beangerie et al. 199parathyroid of a second Aids patient. Both species
Pol et al. 1992). The spores and their electron mdiffer in their development.
croscopical morphology can be distinguished from The mature spores d?leistophoraand
the spores and their morphology of the species dtachipleistophorahave 9 to 12 coils, only one
the genusEncephalitozoonThe spores oE. nucleus and develop inside of a parasitophoric
bieneusiare formed in direct contact with thevacuole Pleistophoraspp. form in merogonic and
cytoplasma of the host cell and not enveloped bysporogonic proliferation multinucleate plasmidia
parasitophoric vacuole. The mature spores hawehile Trachipleistophoraspp. has division of
one nucleus and the polar filament has five to sisneronts and sporonts by a binary fission.
coils forming two rows (Vavra & Larsson 1998). |, r1apormA
bieneusiwas found as cause of self-limited diar- Davis et al. (1990) h . + about
thea in immunonocompetent persons (Weber et g, D2Vis étal- (1990) have given a case report abou
1994, Bryan et al. 1997). Bertange et al. (1993) d& corneal microsporidiosis. This pathogen was
scribed that this microsporidia was found in 1% Opamed\l. corneunby Shadduck etal. (1990). The

African children with diarrhea. Furtherhin it Wasldnvelstlgatlc;nl fOf thg utlr']tras.truqtur%'lof. thg
found that this opportunistic protozoa was diag-eve opmental forms in athymic mice (Silveira

nosed in patients with bone-marrow, liver, and hearfz2"NiNg 1995) gave rise to the denomination of
lung transplantation (Weber et al. 1994 his agent a¥. corneaelLater, this microsporidia

o Wwas found in the urinary tract of an Aids patient
Rabodonirina etal. 1996). (Deplazes et al. 1997). The mature spores are

E. bieneuswas first described as animal infec-di lokaryotic with a polar filament of six coils. The
tion in a pig by Deplazes et al. (1996). This P Y P :

microsporidia species could also be detected %evelopment of the parasite takes place in direct
macaques which had been experimentally infectdPntact W'th.hOSt cell cytoplasma. The mature spore
with simian immunodeficiency virus (SIV) iS enclosed in several membranous layers (Vavra &

(Mansfield et al. 1998), in contrast to humark-arsson 1999). An animal host of this parasite is
infections where these pathogens were found ot known.

the small intestine, in the macaques the parasitBBACHIOLA
were found in the gallbladder. Carville etal. (1997) The specie8. vesicularunwas found in a pa-
have found this agent in immunocompetentient with Aids associated with myositis (Cali et al.
macaques which were not infected by SIV. 1998). In the mature spores of the diplokaryBtic
Tzipori et al. (1997) were successful to transfevesicularumthe polar tube forms two rows of coils,
an infection ofE. bieneusfrom an Aids patientto each row with 8 to 10 coils, but they can also be
SIV infected macaques. arranged in single and triple rows of coils. This
PLEISTOPHORA TRACHIPLEISTOPHORA pathogen seems only to be infective for muscle

; ; ; _cells. The development of the spores takes place in
Pleistophoraspp. was found in three immuno direct contact with the cytoplasm of the host cell.
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The formerly describe#. connori(Sprague 1974) out mice infected bjEncephalitozoon intestinalis
is a synonym foN. connorigSprague 1974, Caliet ~ Parasite Ilmunol8: 387-392.

al. 1998). Ashton N, Wirashina PA 1973. Encephalitozoonosis
(nosematosis) of the cornedr. J Ophthalmol 57
MICROSPORIDIUM 669-674.

The collective group of microsporidium in- Baker MD, Vossbrinck CR, Didier ES, Maddox JV,
cludes microsporidia species of which the genetic Shadduck JA 1995. Small subunit ribosomal DNA
position is unclear, the developmental cycle phylogenic of various microsporidia with emphasis
unknown. Two human pathogenic microsporidia (5)24A£§ related formsJ Eukaryot Microbiol 42
are placed in this groupd. ceylonensiand M. R . .
africanum Ashton and Wirasinha (1973) described?®ngere L. Teilhac MF, Deluol AM, Fritsch J, Girard

. g PM, Rozembaum W, Lequintrec Y, Chatelet FP 1992.
the case of an 11-year old Tamil boy with a corneal Cholangiopathy associated witicrosporidia

ulcera. Sprague (1977) described this parasite as infection of the common bile duct mucosa in a patient
Nosemasp. Canning and Lom (1986) transferred  with HIV infection. Ann Intern MedL17: 401-402.
this pathogen to the collective group ofBelcher JW, Guttenberg SA, Schmooker BM 1997.
microsporidium and denominated this agerlas Microsporidiosis of the mandible in a patient with
ceylonensisPinnolis et al. (1981) presented a acquired immunodeficiency syndromg.Oral
second case of a 36 year old woman from Botswana Maxillofac Surgs5: 424-426. _
with a perforated corneal ulcer. This parasite waertange S, Foulet F, Alkassoum W, Fleury-Feith J,
identified asNosemasp. Canning and Lom (1986) geEVflouxt M 1933' E};g"al'ence” deds Spt.orets
transferred this agent to the collective group of frierocylozoon bieneusans 1es seties de paten

- . . : sideens et d’enfants Africains non infectes par le
microsporidum and named\t. africanum VIH. Bull Soc Pathol Ex@6: 531.

NOSEMA Bornay-Llinares FJ, Da Silva AJ, Moura H, Schwartz

- - DA, Visvesvara GS, Pieniazek NJ, Cruz-Lopez A,
Microsporidia of the genusiosemanormally Hernandez-Jauregui P, Guerrero J, Enriquez FJ 1998.
parasites in invertebrates. One case of a

disseminated infection with this pathogen was Immunologic, microscopic, and molecular evidence
) e ; of Encephalitozoon intestinal{Septata intestinaljs
found in a athymic infant (Margileth et al. 1973, jnfection in mammals other than humadsinfect
Canning & Lom 1986). This microorganism was Dis 178 820-826.
described adl. connori In a second case, ocularBryan RT, Schwartz DA, Weber R 1997. Mi-
microsporidiosis was diagnosed in a patient with- crosporidiosis in patients who are not infected with
out immunodeficiency with keratitis. The parasite human immunodeficiency viruglin Infect Dis 24
was named. ocularum(Cali et al. 1991a). The de- _ 534-535. , o
velopment of these protozoa occur in direct corf=all A, Kotler DP, Orenstein JM 1998eptata intestinalis
tact with the host cell cytoplasma. The mature spore -9 N-SP-, an intestinal microsporidian associated

. . : . - with chronic diarrhea and dissemination in AIDS
has paired nuclei and contain a polar filament with patients.J Protozool 40101-112.

11 coils. . . . Cali A, Meisler DM, Lowder CY, Lembal R, Ayers L,
The clinical manifestations of human  Takvorian PM, Rutherford I, Long-worth DL,

microsporidial infections include systemic, McMahon J, Bryan RT 1991a. Corneal
intestinal, muscular and ocular diseases in microsporidiosis. Characterization and identification.
immunocompromised and immunocompetent JProtozooB8: 215S-217S.

humans. Not all mentioned microsporidia speciegali A, Orenstein JM, Kotler DP, Owen RL 1991b. A
have been found in both groups of patients. The comparison of two microsporidian parasites in
question can not be answered whether enterocytes qf AIDS patients with chronic diarrhea.
microsporidia species exist which are able to infecgalJ Pr0t0200B8: 96S-98S.

: i A, Takvorian PM, Lewin S, Rendel M, Sian CS,
only one of both patient groups. We do not know Wittner M, Tanowitz HB, Keohane E, Weiss LM

how many of these opportunistic protozoa are 1998 Brachiola vesicularumn.g., n.sp., a new mi-

pathogens for humans. But the clinical crosporidium associated with AIDS and myosilis.
manifestations are so manifold and so grave, Eukaryot Microbiol 45240-251.

especially for immunocompromised patients, thatanning EU 1998. Microsporidiosis. In SR Palmer, Lord
these microorganisms should be included in the Soulsby, DIH Simpson (eds¥oonoses, Biology,

routine diagnosis of such patients. Clinical Practice, and Public Health Contradxford
Univ. Press, Oxford, p. 603-623.
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