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Microsporidia are highly specialized obligate intracellular organisms that are closely related to fungi. Although traditionally
associated with diarrheal illness in patients with AIDS, extraintestinal infections involving various organs have been reported
with increasing frequency in the past decade, particularly in immunocompromised hosts. Diagnosis is usually accomplished by
light microscopic identification of spores in body fluids and tissues, using a variety of stains. Transmission electron microscopy,
immunofluorescence assays, or molecular methods are necessary for identification to the genus and species level. Early diagnosis
is essential for preventing the significant associated morbidity and mortality of extraintestinal microsporidiosis.

Microsporidia are primitive eukaryotic obligate intracellular
organisms capable of infecting a large number of inverte-

brate and vertebrate hosts. They are closely related to fungi by
phylogenetic molecular analysis but have an unusual genomic bi-
ology, mechanism of infection, and cell structure. Microsporidia
were initially identified in 1857 as the causative agent of European
silkworm disease and were known to infect fish and invertebrates
long before human infection was described (1). Interest in mi-
crosporidia exploded in the medical community during the mid-
1980s and 1990s due to their association with gastrointestinal and
systemic disease in AIDS patients. Fortunately, the incidence of
intestinal microsporidiosis in HIV-infected patients has since de-
creased in developed countries where the use of highly active an-
tiretroviral therapy and resultant immune reconstitution are
widespread. However, microsporidiosis is increasingly reported
in non-HIV immunocompromised patients, such as transplant
recipients, as well as in some immunocompetent contact lens
wearers, travelers, children, and the elderly (1). There have been
numerous reports of localized and disseminated extraintestinal
microsporidiosis affecting almost any organ system in the past
decade, predominantly in immunocompromised patients. This
minireview will discuss the taxonomy, epidemiology, clinical fea-
tures, diagnosis, and management of extraintestinal microspori-
diosis.

TAXONOMY AND LIFE CYCLE

The term microsporidia encompasses over 1,300 described species
belonging to 170 named genera in the phylum Microsporidia (for-
merly Microspora) (2). Among these are at least 15 species known
to be human pathogens (3). The genus designation of many hu-
man microsporidia has changed over the years as new ultrastruc-
tural and molecular data have become available. For example,
Nosema algerae was renamed Brachiola algerae and later Anncaliia
algerae, while Septata intestinalis was renamed Encephalitozoon
intestinalis (2).

Microsporidia possess some of the smallest autonomous nu-
clear genomes known today. This is thought to be due to reductive
evolution, during which their reduced biosynthetic pathways have
made them highly dependent on the host cell to complete their life
cycle; hence, their obligate intracellular (“parasitic”) nature (4).
Microsporidia can infect almost any phylum of animals, including
mammals, insects, and fish.

Microsporidia derive their name from their characteristically

small spore stage. Mature spores of human-infective species range
from 0.8 to 5 �m in length and are comparable in size to many
bacteria and small yeasts. Spores are the infective stage of the or-
ganism and are able to withstand adverse environmental condi-
tions, often surviving outside the host for prolonged periods of
time. They contain a nucleus, posterior vacuole, anterior anchor-
ing disc, and Golgi-like apparatus within the sporoplasm. There is
also a polar filament wrapped tightly around the periphery of the
sporoplasm. The polar filament is unique to the microsporidia
and plays an important role in host cell invasion. In the appropri-
ate host environment, changes in pH and osmotic pressure cause
rapid eversion of the polar filament, with sufficient force to pen-
etrate a host cell (Fig. 1). The filament then becomes a long polar
tubule through which infective sporoplasm is transferred to the
cell, much like injection with a syringe. After entering the host cell,
the sporoplasm undergoes two stages of development: an asexual
proliferative phase and a later sexual sporogonic phase. The host
cell eventually ruptures due to the high intracellular parasite bur-
den, and new infective spores are released into the local environ-
ment (4).

EPIDEMIOLOGY AND MODE OF TRANSMISSION

Human microsporidiosis has been described worldwide. The
species known to infect humans have been isolated from a large
variety of birds, fish, insects, and other animals, as well as from
food and water sources (3, 5, 6). Modes of transmission are
thought to include ingestion, inhalation, direct trauma to skin
or mucous membrane, sexual contact, and transplacental
(mother to child) (2).

CLINICAL MANIFESTATIONS

Microsporidia can cause localized or disseminated infection. The
clinical features depend on the mode of transmission, the type of
infecting species, and the underlying host immune status and re-
sponse. Enterocytozoon bieneusi and Encephalitozoon intestinalis
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are the most common species associated with infection in hu-
mans, historically being associated with chronic diarrheal illness,
weight loss, and abdominal pain in patients with AIDS. They also
may cause an acute, self-limiting diarrheal illness in immunocom-
petent people. While Enterocytozoon bieneusi infection is mostly
confined to the intestinal and biliary tract, Encephalitozoon species
are known to cause disseminated infection involving the kidneys,
lungs, eyes, and other organs. Other microsporidia can also in-
volve the eye, causing localized ocular infection (keratitis), partic-
ularly in contact lens wearers. Disseminated infections usually oc-
cur in immunocompromised hosts (mostly reported in solid

TABLE 1 List of microsporidia that cause extraintestinal human
infectiona

Organ system involved
(disorder caused)

Species of Microsporidia
(site of infection)

Cardiovascular system
(endocarditis, myocarditis)

Encephalitozoon cuniculi
Anncaliia connori
Trachipleistophora anthropopthera

Central nervous system Encephalitozoon cuniculi (brain abscess)
Trachipleistophora anthropopthera

Disseminated Encephalitozoon spp.: E. intestinalis, E.
hellem, E. cuniculi

Tubulinosema acridophagus
Anncaliia connori
Trachipleistophora anthropopthera

Eye (keratitis,
keratoconjunctivitis,
blindness)

Encephalitozoon hellem
Encephalitozoon intestinalis (conjunctiva)
Vittaforma corneae; formerly Nosema

corneum
Trachipleistophora hominis
Nosema ocularum
Microsporidium spp.: M. africanum, M.

ceylonensis
Anncaliia algerae

Endocrine system Trachipleistophora anthropopthera
Thyroid, parathyroid, adrenal

cortex
Anncaliia connori

Genital tract: endometrium,
fallopian tubes, urethritis

Encephalitozoon spp.

Liver, pancreas, peritoneum Encephalitozoon spp.
Enterocytozoon bieneusi (biliary tract)
Trachipleistophora anthropopthera

Hematologic system: spleen,
bone marrow, lymph nodes

Trachipleistophora anthropopthera

Musculoskeletal system
(myositis)

Anncaliia algerae
Braciola vesicularum
Microsporidium spp.
Novel species closely related to

Endoreticularis spp.
Pleistophora spp.
Trachipleistophora hominis
Tubulinosema

Upper respiratory tract: nasal
cavity, sinuses, pharynx,
larynx, vocal cords

Anncaliia algerae
Encephalitozoon spp.
Enterocytozoon bieneusi
Trachipleistophora hominis

Lower respiratory tract: trachea,
bronchi, bronchioles, lungs

Encephalitozoon spp.
Enterocytozoon bieneusi

Renal system Anncaliia connori
Encephalitozoon spp. (especially in

kidney allografts)
Trachipleistophora anthropopthera

Skin Anncaliia algerae
Encephalitozoon intestinalis

a Data are from references 2, 7, 8, 9, and 10.

FIG 1 Microsporidial life cycle as exemplified by E. bieneusi and E. intestinalis.
Spores are the infectious form of the organism (1). Spores infect cells when the
polar filament protrudes from the spore and forms the polar tubule, which
inserts into the eukaryotic host cell (2). The infective sporoplasm is injected
through the polar tubule into the host cell, where it replicates asexually by
binary fission (merogony) or multiple fission (schizogony) (3 to 5). Some
species divide directly in the host cell cytoplasm (e.g., E. bieneusi), while others
are found within a parasitophorous vacuole (e.g., Encephalitozoon spp.) or
sporophorous vesicle (e.g., Pleistophora spp.). Mature spores are produced by
a form of sexual reproduction called sporogony (5) and eventually, following
cell disruption, are released into the surrounding environment (6) to infect
new cells. (Courtesy of the CDC DPDx Service.)
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organ and bone marrow transplant recipients) and can affect any
organ system. Most cases of pulmonary microsporidiosis have
been reported in patients with hematological malignancies and
bone marrow transplantation. In addition, cases of brain abscess,
sinusitis, endocarditis, myocarditis, osteomyelitis, cutaneous, and
genitourinary infections have been described. Most extraintesti-
nal infections occur as part of disseminated disease and carry a
poorer prognosis than gastrointestinal infections due to underly-
ing host comorbidities and to difficulty in diagnosis and resultant
delays in treatment. Table 1 lists the various microsporidia species
that have been associated with extragastrointestinal infections.

LABORATORY DIAGNOSIS

A number of laboratory techniques have been described for the
identification of microsporidia in human specimens, including
light microscopy, transmission electron microscopy (TEM), im-
munofluorescence assays (IFAs) using polyclonal or monoclonal
antibodies, cell culture, and molecular methods (2). Many of these
methods require significant expertise or specialized equipment
and are therefore limited to reference, research, and public health
laboratories, such as the Centers for Disease Control and Preven-
tion (CDC).

Diagnosis is most widely performed using light microscopic
identification of spores in stool and body fluid samples and tissue
touch preps and smears (2). The most commonly used staining
methods for these specimens are the chromotrope 2R technique
and modifications of it (e.g., Ryan blue modified trichrome) (Fig.
2). With this method, microsporidial spores stain a deep red-pink,
often with an accentuated central beltlike stripe running perpen-
dicular to the long axis of the spore. Optical fluorescent brighten-
ers, such as calcofluor white and Uvitex 2B, will also highlight
microsporidial spores and are useful for rapid screening; however,
these stains are nonspecific and will also highlight yeasts of similar
appearance (2). Spores (and yeasts) will also stain positively with a
routine Gram stain. A rapid Gram-chromotrope combined
method has been described that provides a result in 10 min or less
and highlights the beltlike stripe within spores, thus providing a
more specific method for detecting microsporidial spores than
Gram alone (11). Of note, there is some variation in the sizes of
spores between the different microsporidia; the spores most com-

monly seen in stool (E. bieneusi and Encephalitozoon spp.) are very
small, measuring 0.8 to 1.5 �m in length by approximately 1 �m
in width, while spores of other microsporidia (e.g., Nosema, Bra-
chiola, and Anncaliia species) can measure up to 5 �m in the
greatest dimension and overlap with the sizes of small yeasts, such
as Histoplasma capsulatum and Candida glabrata (2). It is impor-
tant for the clinical microbiology laboratory to be aware of these
size differences and keep microsporidia in their differential diag-
nosis when examining specimens, particularly from extraintesti-
nal sites. In general, light microscopic preparations can be chal-
lenging to interpret, given the relatively small size of the spores
and their morphological similarities to yeasts.

In histologic sections, microsporidial spores stain pink using
hematoxylin and eosin (H&E) and stain positively with Periodic
acid-Schiff (PAS) stain, tissue Gram stain (e.g., Brown and
Brenn’s or Brown and Hopps’ method), and Warthin-Starry stain.
They may also be focally positive with the Gomori methenamine
silver (GMS) fungal stain and Ziehl-Neelsen (Z-N) acid-fast stain
(Fig. 3) (2). The PAS stain produces a characteristic polar dotlike
staining pattern which is particularly evident in larger spores; this
appearance is unlike the staining pattern of yeasts, thus aiding in
their differentiation. Microsporidial spores also polarize using bi-
refringent light (Fig. 4) (2). These microscopic features allow the
identification of microsporidia but do not provide definitive ge-
nus or species information.

Historically, TEM has been used for confirmation of diagnosis
and microsporidial species determination (Fig. 5) (2). It has also
been important in the taxonomic classification of new species.
Ultrastructural characteristics that are used to differentiate the
microsporidia include the number of polar filament cross sec-
tions, arrangement of polar filaments (e.g., number of rows), and
characteristics of the parasite-host interface (i.e., whether the
spores are directly within the host cell cytoplasm or are within a
parasitophorous vacuole or sporophorous vesicle). Unfortu-
nately, electron microscopy is not widely utilized due to the cost of
the necessary equipment and the level of technical expertise re-
quired to perform the test and interpret the results.

Culture is another classic technique for studying microspo-
ridia and has been successfully performed for many of the human-
infecting species, using a number of different cell culture lines,

FIG 2 Spores of Encephalitozoon cuniculi in urine (A) and Anncaliia algerae in sputum (B) stained with the modified trichrome (Ryan blue) stain. Note that the
spores of A. algerae are significantly larger than spores of Encephalitozoon spp. and may therefore be confused with yeasts. All images are shown at �1,000
magnification.
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including human diploid fibroblasts (e.g., MRC-5) (12). Culture
is especially useful for amplifying the number of spores from a
specimen so that subsequent molecular analysis or TEM can be
performed for definitive species identification.

Finally, molecular amplification, primarily using PCR, has
been employed to detect microsporidia and identify the infecting
species (2). There are no assays approved by the Federal Drug
Administration (FDA), but they may be available through some
reference, research, and public health laboratories. Assays have

been described for a number of microsporidia, including those
that detect and/or discriminate between the most common hu-
man pathogens, E. bieneusi, Encephalitozoon cuniculi, Encephali-
tozoon hellem, and Encephalitozoon intestinalis, from common
specimen types, including stool and urine (13–17). Commonly
used targets include the intergenic spacer region gene and small-
subunit ribosomal DNA (16, 17). In most cases, PCR assays are
significantly more sensitive than microscopy, and they may allow
semiquantitative or quantitative analysis and species differentia-
tion, thus having an impact on treatment decisions. Given the
challenges associated with subjective microscopic examination,
PCR may someday be the test of choice for microsporidia.

PATIENT MANAGEMENT

Reduction of immunosuppression, if possible, is often essential
for clearing the infection. This has been demonstrated in patients
with AIDS who were started on antiretroviral therapy which re-
sulted in immune reconstitution; however, there are fewer data for
other immunocompromised hosts. Albendazole is the primary
drug of choice for most species that infect humans, especially the
Encephalitozoon species, but it has limited efficacy against Entero-
cytozoon bieneusi and Vittaforma species. Oral fumagillin is active
against E. bieneusi; however, its use is limited due to significant
bone marrow toxicity. Topical fumagillin is routinely used for the
management of ocular infections (18), but systemic formulations
are not readily available in the United States.

CONCLUSION

Microsporidia are a diverse group of highly specialized fungi that
have established themselves as human pathogens since the AIDS
epidemic. In recent years, there has been a change in this trend
that is specifically related to the epidemiology and clinical features
of microsporidiosis. Extraintestinal infections affecting various
organs and caused by new species have been reported with in-
creasing frequency in the past decade. Therefore, microsporidiosis
should be considered in the differential diagnosis of life-threaten-

FIG 3 Histologic staining patterns for microsporidial spores in tissue. (A to D) Images demonstrate spores of Encephalitozoon cuniculi in sections of kidney
stained with H&E, Z-N, modified trichrome (Ryan blue), and Weber’s modified trichome stain, respectively. Note that the spores are only focally positive with
the Z-N acid-fast stain. (E to H) Images demonstrate the larger spores of Anncaliia algerae in eccrine skin glands stained with H&E, PAS, GMS, and Brown and
Brenn (tissue Gram stain) stain, respectively. Note the dot-like PAS positivity and the focal staining with GMS. All images are shown at �1,000 magnification.

FIG 4 Microsporidial spores are birefringent with many commonly used his-
topathology stains using polarized light. The image was obtained using Z-N
stain and �2,000 magnification.
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ing infections involving almost any organ system in immunocom-
promised hosts. Early diagnosis will help decrease the mortality of
these infections. There is an urgent need to develop more effective
antimicrobial agents with acceptable toxicity profiles for use
against E. bieneusi and in complicated or refractory cases.
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FIG 5 Transmission electron micrographs of Encephalitozoon cuniculi organisms within a renal tubular cell. (A) Note that the dark spores (arrow) are within a
parasitophorous vacuole, as is characteristic for Encephalitozoon spp. (�11,000 magnification). (B) On higher magnification (�68,000 magnification), a single
row of polar filament cross sections is seen (arrow), which is also consistent with the diagnosis of Encephalitozoon spp. The final species determination was made
by PCR.
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