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INTRODUCTION

Microsporidia are obligate intracellular parasites found in
many vertebrates and invertebrates. The organisms are
sufficiently unique to be classified in a separate phylum of
protistan organisms, phylum Microspora (58). The parasites
are characterized by the structure of their spores, which
have a complex tubular extrusion mechanism used for in-
jecting the infective material (sporoplasm) into host cells
(12). These parasites are important causes of disease in
several animal species, particularly rabbits, foxes, dogs, and
squirrel monkeys (12, 53, 55). Recently, several members of
the phylum Microspora have been recognized in human
tissues and implicated as participants in human diseases (10,
11, 17).

GENERAL CHARACTERISTICS OF ORGANISMS IN
THE PHYLUM MICROSPORA

All microsporidia are small, obligate intracellular parasites
(12). Typical sizes for mammalian microsporidia range from
1.5 to about 5 pLm wide and 2 to 7 iim long (12, 31). Many
genera and species of parasites belong to the phylum Mi-
crospora. To date, however, only four genera (Encephalito-
zoon, Nosema, Pleistophora, and Enterocytozoon) have
been recognized in humans. Of these, only the genus Entero-
cytozoon is unique to humans. Placement of microsporidia in
the appropriate genus requires careful electron microscopic
observation of the entire life cycle (12). Features of partic-
ular relevance include the size of the spore, the configuration
of the nuclei in spores and developing forms, and the
relationship between the parasite and the host cell (11). The
number of coils of the polar tubule is often reported as
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another identifying feature. All microsporidia share several
common morphologic characteristics (12, 58).

Spores with polar tubules occur in all microsporidia, and
the polar tubule is one of the principal features used to
distinguish microsporidia from other protozoa. Other char-
acteristics of the spore include a thick spore wall composed
(in many species) of an electron-dense coat which may be
smooth or irregular. Underlying the outer coat is a thick
electron-lucent layer composed, in part at least, of chitin.
Beneath this thick electron-lucent coat is another thin elec-
tron-dense coat enveloping the spore organelles. In addition
to the polar tubule with its anchoring disk and the polar
vacuole, other organelles such as ribosomes and nuclei can
be recognized, but mitochondria are absent (12).

Spores have a complex tubular extrusion mechanism used
to inject the sporoplasm into new host cells. The extrusion
mechanism consists of a polar tubule coiled inside the spore
wall and attached to an anchoring disk. The free end of the
polar tubule envelops or is attached to the nuclear material
which upon extrusion is named the sporoplasm. In response
to environmental stimuli (such as pressure or pH changes), a
polar vacuole situated at the opposite end of the spore from
the anchoring disk suddenly distends and the subsequent
intracellular pressure everts the polar tubule with its at-
tached sporoplasm. The force of eversion is sufficient to
"inject" sporoplasm into the new host cell. It is not yet clear
whether this mechanism is the most common one used for
infecting mammalian cells, but it is an important mechanism
of infection of invertebrate cells (12).

BIOLOGY AND LIFE CYCLE

Microsporidia are true eucaryotes because they have a
nucleus with a nuclear envelope and an array of intracyto-
plasmic membranes. Nuclear configuration differs, however,
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FIG. 1. Diagram of the life cycle of E. cuniculi in a renal tubular epithelial cell. A, Mature spores, some with extruded polar tubules
(filament) and attached sporoplasm. B to G, Proliferation takes place in parasitophorous vacuoles with most immature forms in close
opposition to the wall of the vacuole. H and I, Maturing forms and spores accumulate in the enlarging vacuole, which eventually ruptures.
Enlargement of A shows attachment of spore to sporoplasm by polar tubule (filament). From reference 25, with permission of the publisher.

among genera of microsporidia. In some, two nuclei are
arranged as a tightly joined pair (called a diplokaryon),
whereas in others the nucleus is single (12). In Enterocyto-
zoon (37), diplokarya may occur early in the life cycle while
single nuclei occur at later stages. In other genera the
nuclear configuration is constant as either a single (e.g.,
Encephalitozoon) (43) or double (e.g., Nosema) (34) nucleus
throughout the life cycle. When organisms with diplokarya
divide, each diplokaryon divides producing, albeit briefly,
"double diplokarya." Chromosomes separate on mitotic
spindles without centrioles.
Recent studies suggest that microsporidia resemble pro-

caryotes in many respects. In particular, a representative
microsporidian (Vairimorpha necatrix) has been shown to
have small (70S) ribosomes which contain 16S and 23S
ribosomal ribonucleic acids (RNAs), typical of procaryotes.
Microsporidia seem to lack eucaryotic 5.8S RNA, but they
do have a large (23S) single procaryote-like ribosomal RNA
subunit which contains sequences that correspond to the
5.8S ribosomal RNA subunit typical of eucaryotes. The 16S
subunit ribosomal RNA is far shorter than that of the typical
eucaryotic (18S) ribosomal RNA, and there is little homol-
ogy between the small subunit ribosomal RNAs of mi-
crosporidia and other eucaryotes (16, 65, 66). It has been
suggested, therefore, that microsporidia arose as a very
early branch of eucaryotes. This has led to the assumption
that the absence of mitochondria, peroxisomes, Golgi mem-
branes, and other typical eucaryotic structures is evidence of
the primitive divergence of microsporidia rather than loss of
previously differentiated characteristics.

Microsporidia multiply extensively in the cytoplasm of
appropriate host cells (12) (Fig. 1). The general pattern of
division includes a phase of repeated divisions by binary
fission (merogony) or multiple fission (schizogony) and a
phase culminating in spore production (sporogony). Merog-
ony and sporogony may occur concomitantly in the same
infected host cell. In the host cell, division may take place
with the parasite surrounded by a protective membrane of
either host or parasite origin or with the parasites free in the
host cytoplasm. During sporogony, a sporont divides by
either binary or multiple fission to form sporoblasts which
mature without further division into spores. The sporogonic
phases of parasite development are characterized by a dense
amorphous surface coat deposited on the plasma membrane
as well as a continuously thickening spore wall and the
development of increasingly complex cytoplasmic organelles
until the final maturation is achieved in the mature spore.

TAXONOMY AND CLASSIFICATION

Genus Encephalitozoon
Parasites of the four genera affecting humans can be

distinguished by their developmental cycle and host-parasite
relationships in infected cells. Encephalitozoon cuniculi de-
velop within host cells in vacuoles bounded by a membrane
that is thought to be of host cell origin (43). Encephalitozoon
sp. has been recognized in numerous mammalian species,
including humans, and in each case the parasites are mor-
phologically and antigenically indistinguishable (40). There-
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FIG. 2. Developing forms of E. cuniculi are seen embedded in the wall of a parasitophorous vacuole in a rabbit choroid plexus cell in cell
culture. An early spore is in the lumen of the vacuole (arrow). From reference 69, with permission of the publisher.

fore, all are classified as E. cuniculi (12). Typically, meronts
are rounded and oval or slightly irregular structures which
measure approximately 2 to 6 by 1 to 3 jim. The parasites in
this stage divide repeatedly by binary fission and at each
stage have only a single nucleus (at no time in the life cycle
is there a diplokaryon arrangement). Meronts occur isolated
in small vacuoles or at the edge of larger vacuoles in close
contact with the vacuolar membrane (Fig. 2). Meronts have
a simple plasma membrane, isolated single nuclei, and
scanty simple cytoplasmic organelles. After multiple divi-
sions, meronts enter sporogony, during which the plasma
membrane tends to thicken and the organelles become more
complex. Finally, each sporont divides into two nucleated
sporoblasts which display an increased volume of endoplas-
mic reticulum and mature cytoplasmic organelles. The
sporoblasts further thicken their cell wall, a process which
begins on the free surface away from the vacuole membrane
and is completed when the sporoblast lies free in the center
of the cytoplasmic vacuole. The spores are ellipsoid and
measure approximately 2.5 by 1.5 jim (Fig. 3). They have a
corrugated exospore surface, a thick endospore, four to
seven (usually five or six) coils of the polar tubules, and
often a polar vacuole (43).

Genus Nosema

Nosema connori (57) has been recognized in human tissue
only as sporoblasts with immature and mature spores (34).
Some of the structures lie in cysts bounded by membranes,
but most of the parasites are in direct contact with the
cytoplasm. Spores are oval, measuring approximately 4 by 2
tim. Nuclei in the diplokaryon arrangement are seen in all
forms. The polar tube has about 11 coils. Despite the paucity

of information about developmental stages, the parasite was
tentatively assigned to the genus Nosema (57) on the basis of
the diplokaryon arrangement in the sporoblasts and spores
plus the absence of either a pansporoblastic membrane or a
parasitophorus vacuole.

Genus Pleistophora

Organisms resembling microsporidia of the genus Pleisto-
phora have been recognized in one human patient (30). In
this patient, atrophic and degenerating muscle fibers were
infiltrated by spores which occurred in clusters of at least 12
organisms, each cluster enclosed by an enveloping mem-
brane. The spores were oval, approximately 2.8 by 3.4 jim.
Not all developmental stages were seen. There was clear
evidence of a process of sporogony in which multiple spores
developed from a single sporont within a membrane, fre-
quently referred to as the pansporoblastic membrane. The
spore wall is typical for many microsporidia, having a thin
electron-dense exospore layer, a thick electron-lucent en-
dospore, and a thin internal plasmalemma. Approximately
11 cross sections of the polar tubule were recognized in
spores.

Genus Enterocytozoon

Enterocytozoon bienusi is the microsporidian parasite
most commonly recognized in humans and, so far, has been
detected only in enterocytes (11, 19, 20, 37; W. K. Gourley
and T. L. Swedo, Lab. Invest. 58:35A, 1988). All stages are
seen in direct contact with the host cell cytoplasm. Early
developmental stages may have diplokaryotic nuclei (this
observation is in dispute), but later stages display isolated

CLIN. MICROBIOL. REV.

 on S
eptem

ber 12, 2018 by guest
http://cm

r.asm
.org/

D
ow

nloaded from
 

http://cmr.asm.org/


MICROSPORIDIA AND HUMAN INFECTIONS 161

t

.f,
f.

'0y
I

2 f .
%,

FIG. 3. Mature spore of E. cuniculi in the process of extrusion of the polar tubule. The tubule is seen in cross section outside the spore
and in tangential section within the spore (arrows). The outer and inner thin electron-dense and thick electron-lucent layers of the spore wall
are obvious.

nuclei. The parasites are small, approximately 2 to 4 pum in
diameter, and have a simple plasma membrane during the
early stages of division. During sporogony, multinucleate
sporogonal plasmodia develop. As the exospore coat is
deposited on the plasma membrane, the nuclei become
isolated. The differentiating primordia of the anchoring disks
of the polar tube develop in association with each nucleus,
and at a slightly later stage four to five coils of the polar tube
can be visualized. After the polar tube anchoring device and
other membranous structures are fully differentiated, the
sporogonal plasmodium divides into distinct sporoblasts.
The sporoblasts, which are uninucleate, mature into spores
by condensation of their cytoplasm and deposition of an
electron-lucent endospore layer beneath the exospore coat.
Spores are approximately 1.5 by 0.5 pRm in tissue section and
differ from other microsporidia by having a very thin endo-
spore layer.

MORPHOLOGIC EVIDENCE OF HUMAN INFECTION

Genus Encephalitozoon

Only one species of Encephalitozoon (E. cuniculi) is
known. The first reported human infection of microsporidia
was reported in 1959 in a 9-year-old Japanese boy who
suffered from a severe neurological illness characterized by
convulsions, vomiting, headaches, fever, and periods of
unconsciousness (35). Oval bodies, thought by light micros-
copy to be Encephalitozoon spp., were recognized in the
cerebrospinal fluid and urine of the child. Encephalitozoon
spp. also were recovered from mice inoculated with these
fluids, but this report must be interpreted cautiously since

mice are now known to be latently infected with E. cuniculi.
Nevertheless, the direct observation of the Encephalito-
zoon-like organisms in cerebrospinal fluid has been accepted
as evidence of infection (11, 12). The patient was treated
with sulfisoxazole and recovered. A second child, aged 2
years, born in Colombia but a resident of Sweden, was
afflicted by a similar illness of several months' duration (6).
Spores were recognized in the urine twice. The parasites
from urine were stained by immunofluorescence with anti-
Encephalitozoon antisera. Inoculation of urine samples into
Encephalitozoon-free mice gave rise to infection in mice.
Anti-E. cuniculi antibodies were detected in the patient's
serum. The child is apparently still alive but was lost to
follow-up. Terada et al. (59) recently described the ultra-
structural appearance of an E. cuniculi-like organism in a
liver biopsy from a patient with acquired immunodeficiency
syndrome (AIDS) (24). Lesions included suppurative necro-
sis and granulomas involving predominantly the portal
tracts.

Genus Nosema

The single reported case of human infection with the
microsporidian parasite N. connori was a disseminated fatal
infection in a 4-month-old infant with combined immunode-
ficiency disease (34). Parasites were widely distributed in the
myocardium, diaphragm, media of the arterial walls in many
organs, and in kidney tubules, adrenal cortex, liver, and
lungs. Despite the widespread distribution of the parasite
and large numbers of organisms in many cells and tissues,
little host response occurred except in the diaphragm, where
there was a marked interstitial inflammatory infiltrate com-
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162 SHADDUCK AND GREELEY

posed primarily of large mononuclear cells. This patient also
was afflicted with Pneumocystis carinii pneumonia.

Genus Pleistophora
One case of human infection thought to be due to a

parasite belonging to the genus Pleistophora has been re-
ported (30). The patient was a 20-year-old man with a
7-month history of progressive generalized muscle weakness
and contractions accompanied by fever, generalized lymph-
adenopathy, and an 18-kg weight loss. The patient was
diagnosed as having AIDS not associated with human im-
munodeficiency virus (HIV) (32). Lesions apparently asso-

ciated with the microsporidian infection were described from
two sets of muscle biopsies taken 5 months apart. Atrophic
and degenerating muscle fibers were infiltrated by spores

which occurred in clusters of at least 12 organisms each,
surrounded by enclosing membranes. Later muscle biopsies
showed scarring and fibrosis. The patient was treated with
trimethoprim-sulfisoxazole, followed after the second biopsy
by sulfadiazine.

Genus Enterocytozoon

At least seven cases of infection with Enterocytozoon
bienusi have been reported in human patients with AIDS.
The organism is apparently unique to humans. The parasite
has been found infesting the enterocytes of a Haitian patient
with AIDS who also had giardiasis (19). Two additional
patients with intestinal infections were described by Gourley
and Swedo (Lab. Invest. 58:35A, 1988). Other patients with
infections of the small intestine have been reported by
Rijpstra et al. (47), Dobbins and Weinstein (20), and Owen
(R. L. Owen, Abstr. Annu. Meet. Am. Soc. Microbiol. 1987,
J18, p. 202). Modigliani et al. (37) also reported a parasite,
possibly Enterocytozoon sp., in one of four patients with
AIDS and a tentative diagnosis of Enterocytozoon sp. was

reported in a British AIDS patient (18). Microsporidia were

identified by light microscopy in semithin plastic sections of
intestinal-biopsy specimens from 13 patients with AIDS.
These identifications were confirmed for all 13 patients by
electron microscopy, and microsporidia were found only by
electron microscopy in intestinal biopsies from 6 additional
AIDS patients (J. Orenstein, F. Jannotta, W. Steinberg, J.
Keiser, P. Smith, D. Kotter, H. Rotterdam, and J. Chiang,
Lab. Invest. 60:68A, abstr. no. 405, 1989).

Genera Unknown

Two cases of corneal infection have been reported in the
literature (2, 46) and we are aware of a third (R. M. Davis,
personal communication). Unfortunately, it was not possible
to determine precisely the genus and species of the parasites,
but they have been variously placed in the genus Nosema or

a new genus, Microsporidium (12).
There are several reports in which bodies or structures

have been incorrectly identified as microsporidia and thus
attributed as contributing to human disease (32, 60, 64).
Several of these erroneous attributions have been corrected
(3, 11, 13).

SEROLOGIC EVIDENCE OF HUMAN INFECTION

Several serologic surveys in selected human populations
suggest that antibodies against E. cuniculi occur relatively
commonly in some groups of people (5, 26, 56). As noted

earlier, however, the most common human microsporidian
parasite appears to be Enterocytozoon sp., at least as judged
by the frequency with which this parasite is recognized in
human tissues. Unfortunately, the only available mammalian
microsporidian isolate is E. cuniculi; therefore, all serologic
surveys reported to date used this organism as the source of
parasite antigens. Whether these surveys reveal actual in-
fections with Encephalitozoon spp. or other microsporidia
with cross-reacting antigens or whether these positive sero-
logic tests for Encephalitozoon spp. are spurious remains to
be determined. Hollister and Canning (26) reported the
presence of several common bands on immunoblots, using
known positive antisera from rabbits, mice, and dogs. When
positive human sera were used, comparable bands reacted in
some instances, but in other instances they did not.
The frequency with which the positive serologic results

are being reported by different investigators in various
populations suggests that there may well be latent human
microsporidial infections, if not due to Encephalitozoon
spp., then at least caused by an antigenically related organ-
ism or organisms. Singh et al. (56) found antibody by the use
of indirect immunofluorescence tests in 33 of 92 (36%)
Ghanian patients with malaria, 38 of 89 (43%) Nigerian
patients with tuberculosis, and 13 of 70 (19%) Malaysian
patients with filariasis. An additional 263 sera were exam-
ined from patients with typhoid fever, leprosy, toxoplasmo-
sis, and toxocariasis and from normal persons and animal
handlers. Of these, 11 (4.2%) had antibody against E. cuni-
culi. In another study (5), 30 sera from homosexual Swedish
men were examined (again by indirect immunofluorescence),
and 10 (33%) were positive for antibodies to E. cuniculi, 11
(37%) were positive for antibodies to Toxoplasma gondii,
and 13 (43%) were positive for antibodies against P. carinii.
In this study all 10 of the patients who were positive for
antibody to E. cuniculi had traveled to tropical countries.
This finding was consistent with another report (70) in which
14 of 105 (13%) healthy Swedes returning from visits to the
tropics had antibodies to E. cuniculi. In this study also, 38 of
100 (38%) sera from patients with malaria were positive for
E. cuniculi as were 2 of 23 (8.7%) from patients with
filariasis, and 8 of 54 (15%) sera from patients with Chagas'
disease. Unfortunately, none of these studies included the
use of immunoblots. The utility of the immunoblot technique
has been demonstrated not only by the work of Hollister and
Canning (26), but also by another study in which the reac-
tivity of serum from an infected child against E. cuniculi was
confirmed on immunoblots (70). In this case, the patient's
serum reacted with at least 12 different bands on a sodium
dodecyl sulfate-polyacrylamide gel electrophoretic prepara-
tion of E. cuniculi.

Hollister and Canning (26) examined sera from patients
with schistosomiasis, and 21 of 175 (12%) were positive for
E. cuniculi by the use of an enzyme-linked immunosorbent
assay technique. In the same study, sera from 34 of 451
(7.5%) malaria patients and 10 of 159 (6.3%) neurological
disease patients, but none from normal persons, were posi-
tive. In a study conducted in the United States, 7 of 11 (64%)
HIV antibody-positive patients with clinical AIDS were
positive in an immunofluorescence test against E. cuniculi, 5
of 5 (100%) HIV-positive patients with AIDS-related com-
plex were positive, and 1 of 2 patients who were HIV
positive but asymptomatic also had antibodies against E.
cuniculi; thus, 13 of 18 (72%) HIV-positive patients were
also positive for antibodies to E. cuniculi (R. H. Sacks,
personal communication). Of 33 normal patients used as
controls, (33%) also had antibodies to E. cuniculi.
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Some concern has been expressed about cross-reactivity
of antigens among insect and mammalian microsporidia, and
indeed some cross-reactivities have been demonstrated (41).
Other workers have found minimal evidence of cross-re-
acting antigens (25, 27). Obviously, one could have more
confidence in the serological results if human isolates were
available as sources of antigens. Nevertheless, the data seem
highly suggestive that latent human infections with mi-
crosporidia occur. In animal studies, the data show quite
clearly that animals with positive anti-E. cuniculi immuno-
globulin G titers are latently infected (15, 49, 53), and that
several serological techniques are useful for detecting anti-
bodies (4, 38, 44).

SOURCES OF HUMAN INFECTION

Sources of infections for human patients are not known
(9). The possibilities include spread from other infected
persons or spread from infected animals, birds, lower verte-
brates, or invertebrates (8, 22, 29). In animals, transplacental
transmission of E. cuniculi takes place (27) and seems to be
important in the pathogenesis of the disease, especially in
foxes (39), dogs (8), and squirrel monkeys (71). In other
species such as mice and rabbits, the most important source
of infections is horizontal spread, probably via contaminated
urine (14, 15). Whether insect microsporidia can serve as
sources of human infections is unknown. There is evidence
of limited multiplication of one insect microsporidian
(Nosema algerae) in the tail skin of euthymic and athymic
mice (63), but another insect organism (Nosema locustae)
did not replicate (Shadduck, unpublished data). N. algerae
grows in pig kidney cells in vitro only at temperatures below
280C (62). Enterocytozoon sp. has been reported only in
humans. Whether it has a reservoir host is unknown.

DIAGNOSTIC TECHNIQUES

There are several techniques for recognizing mi-
crosporidia in human material. The organisms have been
demonstrated by light microscopy in human cerebrospinal
fluid (35) and urine and recognized by immunofluorescence
in smears of these fluids (6). Proper identification of the
organisms requires careful attention to the preparative tech-
nique. Since microsporidia are so small, they may be inad-
equately centrifuged from specimens, improperly stained, or
mistaken for bacteria. Gram, acid-fast, and periodic acid-
Schiff techniques as well as Giemsa stain are useful ap-
proaches to the evaluation of sediments from body fluids
(12). Spores are gram positive, and portions of the internal
spore structure are acid fast and periodic acid-Schiff posi-
tive. Giemsa-stained organisms are easier to see in histolog-
ical sections than those stained with hematoxylin and eosin.
If the limited reports are reflective of the general human
population, it can be predicted that organisms will be shed
sporadically in urine. This has been shown to be true in
infected animals (8, 14), necessitating repeated examination
of urine sediments before the parasites will be successfully
identified in most patients.

In tissue sections, parasites are small and often stain very
poorly with hematoxylin and eosin (53). Careful examination
is crucial since the parasites may be widely scattered and
occur in the absence of detectable tissue responses. Again,
the use of special staining techniques, especially Gram,
Giemsa, acid-fast, and immunohistochemical techniques (21,
68), are invaluable in detecting the parasites. The organisms
also are refractile and sometimes can be recognized by the

use of a polarizing microscope even in poorly stained mate-
rial (47). Careful electron microscopic examination also is
indicated both to detect the presence of the organisms and to
classify them appropriately (11, 12; Owen, Abstr. Annu.
Meet. Am. Soc. Microbiol. 1987). As noted above, ultra-
structural evaluation of the nuclear configuration, relation-
ship of parasite and host cell, numbers of dividing forms
from each meront or sporont, and numbers of coils in the
polar filament are all important for proper parasite classifi-
cation.

E. cuniculi can be cultivated successfully in vitro in a
variety of cell cultures (50, 52, 54). This technique has been
unreliable as a diagnostic tool when used to detect parasites
in animal tissues. Ground tissue from an infected animal may
or may not contain sufficient viable organisms to be detected
in cell culture in vitro. Nevertheless, attempts to grow
parasites from human specimens is strongly encouraged
since this approach might result in the recovery of human
isolates. Saving unfixed patient material in sterile phosphate-
buffered saline or tissue culture-balanced salt solutions at
-70'C or colder offers the opportunity to recover viable
organisms by cultivation in cell cultures or in E. cuniculi-free
athymic mice.

THERAPY

There is no known therapy for microsporidium infections.
Some patients have been treated with sulfa drugs and have
survived (30, 35), and trimethoprim-sulfisoxazole has been
shown to have some effect on E. cuniculi growing in vitro
(67). The antibiotic fumagillin is highly effective against E.
cuniculi growing in vitro (51), but the only formulation
available is intended for use in honey bees and is toxic to
mammals.

BIOLOGY OF THE DISEASE IN ANIMALS

Microsporidia are ubiquitous parasites of a number of
experimental animals and frequently are encountered as
latent contaminants (53). The reported prevalence in rabbits
ranges from 15 to 90%, and for mice and rats prevalence
values are 20 to 50% (53). Both vertical and horizontal
transmission occurs (12, 27).
Mice and rabbits have clinically silent persistent infection

(7). Mice with clinically inapparent Encephalitozoon spp. are
more resistant to experimental induction of tumors than
uninfected animals, and the tumor growth rate is slower (1,
45, 61). Occasionally, transplantable tumors become con-
taminated by acquiring the protozoan from latently infected
animals during the course of animal-to-animal passage; these
infected tumors often demonstrate altered biological behav-
ior (45). Immunologic changes in infected mice include
elevated natural killer cell activity (42), activated macro-
phages, and transient but profound depression of lympho-
cyte blastogenic responses to several mitogens (48, 49).
These alterations may explain the changes in tumor biology
in infected animals. In infected rabbits there is a high
frequency of focal granulomas and necrotic lesions in the
brain, and infected rabbits also have severe chronic, non-
suppurative, interstitial nephritis (12, 53).

In contrast to the disease in rabbits and rodents, mi-
crosporidiosis in young carnivores is a severe, clinically
obvious, and usually fatal disease (8, 39). Lesions include
severe meningoencephalitis, nephritis, and arteritis, and
organisms occur in the brain, kidneys, spleen, and liver (36).
Encephalitozoonosis in foxes raised commercially in Scan-
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dinavia is similar to the disease in dogs but much more
severe. The parasite is transmitted transplacentally, and, in
addition to the lesions described above, affected foxes have
polyarteritis nodosa and hypergammaglobulinemia (39).
Athymic mice infected with E. cuniculi die of the disease

(23, 49), but they can be protected by administration of
sensitized T cells from syngeneic euthymic donors (48).
Immune serum alone and macrophages alone do not protect
(48). Lymphokines generated in cultures of sensitized spleen
cells from euthymic mice stimulated in vitro by E. cuniculi
antigens activate macrophages to kill the parasite (48). It is
presumed that a comparable mechanism occurs in vivo.
Phagosomes do not fuse with either free parasites or para-

sites in parasitophorous vacuoles unless infected macro-

phages are activated by lymphokines or parasites are coated
with specific immunoglobulins. Antibody is produced during
latent infections, and persistence of antibody is indicative of
latent infection with the parasite, but does not afford protec-
tion.

Encephalitozoon infection of newborn nonhuman pri-
mates is a severe, clinically apparent, and frequently fatal
disease (71). Afflicted newborns and fetuses have severe

encephalitis, hepatitis, nephritis, and arteritis, and organ-

isms are seen frequently in the tissues (71). In a serologic
study of an infected colony of squirrel monkeys, more than
70% of the sera from 286 monkeys were positive on at least
one occasion for antibodies against E. cuniculi (J. A. Shad-
duck and G. B. Baskin, submitted for publication). Enceph-
alitozoonosis can be produced experimentally in vervet
monkeys, but the clinical disease is mild (A. van Dellen,
personal communication).

In animals, host-parasite relationships can be placed in
three major categories with considerable overlap. The rela-
tionships are the following: (i) parasite proliferation in the
absence of effective host defense, seen in athymic mice in
vivo and cell cultures in vitro; (ii) acute, clinically detect-
able, potentially fatal disease, seen in neonatal dogs, foxes,
and squirrel monkeys (survivors may self-cure); (iii) resis-
tant, clinically silent infection, seen in euthymic mice and
rabbits of all ages and dogs, foxes, and squirrel monkeys
infected as adults. Limited evidence from squirrel monkeys
suggests that some may also self-cure, at least if loss of
detectable antibody can be taken as evidence of cure.

It seems reasonable to predict that additional reports of
human infections will appear and evidence for latent infec-
tions will become more convincing. More than one host-
parasite relationship may occur in humans, depending on the
infecting organism and the adequacy of host defenses. Im-
munologically impaired patients are likely to be at increased
risk, and in all likelihood infection with these parasites will
be shown to contribute to their disease. Data from the
infected squirrel monkey colony in which newborns and
placentas were infected (71) and the occurrence of other
microsporidia in immunodeficient humans suggest that it
would be especially useful to evaluate carefully the placenta
and newborn infants of AIDS-infected women for evidence
of infection with microsporidia.
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