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MICROSPORIDIA: EMERGING OCULAR PATHOGENS

J Joseph, GK Vemuganti, *S Sharma

Abstract

Microsporidia are eukaryotic, spore forming obligate intracellular parasites, first recognized over 100 years ago.
Microsporidia are becoming increasingly recognized as infectious pathogens causing intestinal, ocular, sinus, pulmonary,
muscular and renal diseases, in both immunocompetent and immunosuppressed patients. Ocular microsporidiosis, though
uncommon, could be isolated or part of systemic infections. It occurs mainly in two forms: keratoconjunctivitis form,
mostly seen in immunocompromised individuals; stromal keratitis form seen in immunocomptetant individuals. Recent
reports indicate increasing number of cases of ocular microsporidiosis in immunocompetent individuals. The ocular cases
present as superficial keratitis in AIDS patients, and these differ in presentation and clinical course from the cases seen
in immunocompetent individuals which mainly appear to be as deep stromal keratitis. For most patientswith infectious
diseases, microbiological isolation and identification techniques offer the most rapid and specific determination of the
etiologic agent, however this does not hold true for microsporidia, which are obligate intracellular parasites requiring
cell culture systems for growth. Therefore, the diagnosis of microsporidiosis currently depends on morphological
demonstration of the organismsthemselves, either in scrapings or tissues. Although the diagnosis of microsporidiosis
and identification of microsporidia by light microscopy have greatly improved during the last few years, species
differentiation by these techniquesis usually impossible and electron microscopy may be necessary. Immuno fluorescent-
staining techniques have been developed for species differentiation of microsporidia, but the antibodiesused in these
procedures are available only at research laboratoriesat present. During the last 10 years, molecular techniques have
been developed for the detection and species differentiation of microsporidia.
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Microsporidia are spore forming, small, obligate,
intracellular living eukaryotes infecting a broad range of
vertebrates and invertebrates. Though they were initially
included in genus and species of protozoan, recent reports
suggest that they resemble fungus.! Till date a number of
species have been identified and isolated from various sources.
Although microsporidia were discovered more than 100 years
ago,? the first well documented case of human
microsporidiosis was reported in 1959.% After that only ten
well documented cases were described until 1985. It was only
in the last decade that interest in the organism heightened
because of their association with the HIV and AIDS*® and
these parasites are now recognized as one of the most
opportunist pathogens in immunocompromised patients. The
ability of these parasites to cause disease in immunocompetent
persons is till being elucidated. Microsporidia can cause a
variety of human diseases, involving multiple organ systems,
which include intestinal, ocular, sinus, pulmonary, and
muscular and renal diseases, in both immunocompetent as
well as immunocompromised patients.® The first case of
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microsporidiosis from India was a patient with diarrhoea and
was reported in 2001.” The ocular manifestations include
superficial punctate keratoconjun-ctivitis, and corneal stromal
keratitis and these two manifestations are directed by the
genus involved as well as the immune status of the patient.
Keratoconjunctivitis is usualy seen in immunocompromized
individuals or in contact lens wearers, mostly by genus
Encephalitozoon while Nosema and Microsporidium cause the
stromal keratitis. However, recent reports suggest that
keratoconjunctivitis can also occur in immunocompetent
individuals.* In view of the increasing number of reports from
al parts of the world, it isimportant to update our selves with
the new clinical manifestaions, latest techniques of
identification and the new treatment modalities to overcome
these infections. Inthis paper we review the epidemiology,
pathogenesis, clinical manifestations, diagnosis and
management of microsporidiawith special emphasis on ocular
microsporidiosis.

Taxonomy and Classification

In 1857, Nagéli classified the first named microsporidian,
Nosema bombycis, into the Schizomycetes which, at the time,
included yeasts and bacteria. In 1882, Balbiani defined the
order Microsporidia, and in 1976, Sprague separated the
microsporidia into the phylum Microspora within the
zoologica kingdom, Protozoa. In 1998, Sprague changed the
phylum name to Microsporidia Balbiani 1882 and Cavalier-
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Smith transferred the microsporidia to the kingdom, Fungi.8

Taxonomically, the microsporidia were grouped and
classified on the basis of their natural hosts and ultrastructural
features such as size of the developing and mature organisms,
nucleus arrangement (monokaryon or diplokaryon), number
of polar filament coils, interface with the host cell during
development (e.g., direct contact with host cell cytoplasm,
replication within a host-cell derived parasitophorous vacuole,
replication of organisms surrounded by endoplasmic
reticulum, sporogony within a parasite-generated
sporophorous vesicle), and mode of cell and nuclear division
(binary division, karyokinesis with delayed cytokinesis).
Molecular biology methods have subsequently been used to
further classify the microsporidia, and in 1986, Vossbrinck and
colleagues reported that the eukaryotic microsporidia
possessed prokaryote-like ribosomes because the ribosomal
genes encoded 16S and 23S subunits without an independent
5.3S subunit that istypically observed in eukaryotes.®*® These
results suggested that the microsporidia were early-branching
protozoa.

Edlind and colleagues then reported that the al pha-tubulin
and beta-tubulin gene sequences of the microsporidia were
more closely related to those of fungi than to other
protozoans.®t Comparisons of gene sequences encoding for
trandation elongation factors EF-1 and EF-2 and the largest
subunit of RNA polymerase |l also supported a close
relationship between the microsporidia and the fungi.?
Furthermore, mitochondrial-type HSP70 gene sequences for
the microsporidia, Varimorpha necatrix and Nosema locustae,
wereidentified and found to be more closely related to HSP70
gene sequences of fungi than of protozoa.’**® These findings
suggested that the microsporidia once did possess
mitochondria, are related to fungi, and are eukaryotes that did
not branch as early as first believed.®®

Genus and species specific characteristics
There are four genera that infect humans namely:
Encephalitozoon

Parasites of the four genera affecting humans can be
distinguished by their developmental cycle and host-parasite
relationships in infected cells. Encephalitozoon cuniculi
develop within host cells in vacuoles bounded by a membrane
that is thought to be of host cell origin. The spores are
ellipsoid and measure approximately 2.5 by 1.5 mm They
have a corrugated exospore surface, a thick endospore, four
to seven (usualy five or six) coils of the polar tubules, and
often a polar vacuole.*®

Nosema

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

mm. Nuclel in the diplokaryon arrangement are seen in all
forms. The polar tube has about 11 coils.*®

Pleistophora

Organisms resembling microsporidia of the genus
Pleistophora have been recognized in one human patient. The
spores were oval, approximately 2.8 by 3.4 mm. Not all
developmental stages were seen. The spore wall istypical for
many microsporidia, having a thin electron-dense exospore
layer, a thick electron-lucent endospore, and a thin internal
plasmalemma. Approximately 11 cross sections of the polar
tubule were recognized in spores.t®

Enterocytozoon

Enterocytozoon bienusi is the microsporidian parasite most
commonly recognized in humans and, so far, has been
detected only in enterocytes All stages are seen in direct
contact with the host cell cytoplasm. Early developmental
stages may have diplokaryotic nuclei but later stages display
isolated nuclei. The parasites are small, approximately 2 to 4
mm in diameter, and have a simple plasma membrane during
the early stages of division. Spores are approximately 1.5 by
0.5 mm in tissue section and differ from other microsporidia
by having a very thin endospore layer.*®

Epidemiology
Prevalence and geographic distribution

Thefirst well documented case of microsporidian infection
in humans was reported in 1959, in a Japanese boy exposed
to farm animals who presented with headache, convulsions,
and recurrent fever. Examination of the cerebrospina fluid
revealed organisms identified as microsporidia, genus
Encephalitozoon.® The next two reports were in 1973: An
immunocomprimised infant with athymic aplasia died of
severe diarrhoea and malabsorption.r” The microsporidium
Nosema connori were identified in most organs. The other
report was of corneal involvement in a 11-year old boy from
Sri-Lanka.’8

Between 1959 and 1990, only 8 cases of human
microsporidiosis had been reported in the immunocompetent
or immunocompromised individuals without AIDS.*® Four of
these cases involved the eye.#?22 Since 1985, more than 60
cases of microsporidian infections have been reported in
patients with chronic diarrhoea, and AIDS.2

Microsporidia are being increasingly recognized as
opportunistic infectious agents worldwide. Cases of
microsporidiosis have been reported in developed as well as
in developing countries, including: Argentina, Australia,
Botswana, Brazil, Canada, Czech Republic, France, Germany,
India, Italy, Japan, The Netherlands, New Zealand, Spain, Sri
Lanka, Sweden, Switzerland, Thailand, Uganda, United
Kingdom, United States of America, and Zambia.* The largest
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amounts of data have been accumulated on severely
immunocompromised, HIV-infected patients found in North
America, western Europe and Australia where the prevalence
ranges from 2 to 50% or higher. In addition to AIDS patients,
microsporidiosis has been reported in patients who are
chemically immunosuppressed after receiving organ
transplants. The prevalence data for microsporidiosis among
non-HIV-infected persons is limited. %

The first well documented case of ocular involvement in
humanswasin 1973% in a 11-year old boy who was diagnosed
to have stromal keratitis caused by microsporidia.. Closely
following were three additional cases of deep stromal
keratitis. 2 In 1990 there were several cases of superficia
keratitis in AIDS patients, which differed in presentation and
clinical course from the earlier cases seen in
immunocompetent individuals.*?"% These individuals had a
superficial epithelial keratopathy. In India, the first case of
ocular microsporidiosis was reported in 2003, in an
immunocompetent individual .%

Sources of infection and transmission

Although fecal-oral transmission is the likely route of
infection in humans with intestinal microsporidiosis, the
source of ocular infections is not clear. The relatively
superficial location of conjunctival and corneal tissues
suggests that direct inoculation of the eye may occur.® In case
of E. hellem and E. intestinalis there is evidence that the
ocular findings are part of a systemic infection which may
involve the sinuses, respiratory or gastrointestinal tract.
There has been no large scale sero-epidemiological screening
of AIDS patients to identify the prevalence of antibody
positivity to various strains of microsporidia nor is the true
number of cases, including reported and unreported cases,
known.*

Par asitology

Microsporidia are obligate, intracellular parasites that have
two developmental phases inside a host cell: the feeding, or
schizogenic phase and the sporulation or sporogenic phase.
The size of microsporidian spores varies from 1um to 20 pm.
Spores can be spherical, oval or elongate. Each spore consists
of sporoplasm and a tubular, polar filament with varying
number of coils, depending on the species.®

The infection is by direct inoculation (Fig.1) where the
spore discharges into the host cell a polar filament through
which the sporoplasm is introduced. The sporoplasm
multiplies inside the host cell and develops into meronts
(schizonts) and sporonts. Each sporont divides to form two
sporoblasts, which, in turn, develop into spores at
maturation.®-® Spores may disseminate from cell to cell inside
the host or can be excreted via the skin® or urine. Urine to
finger to eye transmission may be responsible for horizontal
spread in humans.®

The only stage of microsporidia outside the host cdll is
that of infective spores. There are two distinct phases in the
development of microsporidia: a proliferative phase
(merogony) responsible for a massive increase in number
inside the host cell and a sporogonic phase (sporogony),in
which sporonts produce sporoblasts which mature into
spores.!

Merogony / Schizogony

The proliferative phase occurs once the sporoplasm enters
a suitable host cell. The proliferative cells, referred to as
meronts, develop in direct contact with the host cell cytoplasm
(Nosema, Enterocytozoon) in a parasitophorous vacuole lined
by a host produced single membrane (Encephalitizoon), in a
parasite secreted amorphous coat (Pleistophora,
Trachipleistophora, Thelohania), or surrounded by
endoplasmic reticulum of the host (Endoreticulatus,
Vittaforma).® Division occurs by binary fission or,
karyokinesis occurs without cytokinesis, producing
multinucleate cells called merogonia plasmodiat

Sporogony

This process essentiadly involves conversion of meront
into a sporont, the cell that produces the sporablasts. which
mature into spores.* The mature spores are then released to
the surroundings by disruption of the cell membrane.

Invasion

To infect their hosts, micropsoridia have developed a
specific process that takes place in vitro.® It involves spore
activation and polar tube discharge, by which the infective
sporoplasm is injected into the host cell cytoplasm.®”

It is followed by immediate breakdown of sporoplasm
compartmentalization, producing an increase in osmotic
pressure which triggers polar tube eversion and injection of
the sporoplasm into the host cell.¥
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Figure 1. Life cycle of Micropsoridia®
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Table 1: Clinical manifestations of human microsporidial infections
Species Clinica manifestation

Enterocytozoon. bieneus
Encephalitozoon. intestinalis

E. hellem
E. cuniculi

Encephalitozoon spp.
Trachipleistophora hominis
T. anthropophthera
Pleistophora spp.
Vittaforma corneae

enteritis, diarrhoea, cholangitis, cholecystitis, pneumonitis, bronchitis, sinugitis, rhinitis
enteritis, diarrhoea, small bowel perforation, cholangitis, cholecystitis, nephritis,
bronchitis, sinusitis, rhinitis, keratoconjunctivitis, disseminated infection

sinugitis, rhinitis, keratoconjunctivitis, disseminated infection, nephritis, ureteritis,
prostatitis, cydtitis, urethritis, pneumonitis

sinugitis, rhinitis, keratoconjunctivitis, disseminated infection, hepatitis, peritonitis
encephalitis, intestinal infection

cutaneous infection, hepatic failure, bone infection

myositis, keratoconjunctivitis, sinusitis, rhinitis

encephalitis, myositis, disseminated infection

myositis

keratitis, urinary tract infection

Nosema ocularum keratoconjunctivitis

N. connori disseminated infection
Brachiola vesicularum myositis

B. algerae keratoconjunctivitis
Microsporidium africanum corneal ulcer

M. ceylonensis corneal ulcer

Clinical Presentation
Non-ocular symptoms

Microsporidia can cause a variety of human diseases,
involving multiple organ systems which include intestinal,
ocular, sinus, pulmonary, muscular and renal diseases, in both
immunocompetent as well as immunocompromised patients.®
The various diseases are outlined in table 1.

Ocular symptoms

There are two clinical presentations of ocular
microsporidial infections: corneal stromal keratitis (Fig. 2a,
2b, 2¢) and epithelial keratopathy with conjunctivitis (Fig. 3).
Deep stromal Kkeratitides, occurring mainly in
immunocompetent patients begin insidiously and mimick a
progressive herpes disciform keratitis with recurrent stromal
infiltration and uveitis. They have also been described to be
presenting as vascularised corneal scar and perforated corneal
ulcer with hyphaema, a clinical picture also mimicking herpes
simplex virus (HSV) keratitis. Diagnosis can be made on
corneal biopsy but penetrating keratoplasty may be necessary
for visual rehabilitation.’® Patients with deep stromal keratitis,
suffer from a marked reduction in visual acuity from the
infection.®®

In HIV-infected patients, keratoconjunctivitis may be
caused by all three Encephalitozoon spp. (E. hellem, E.
cuniculi and E. intestinalis). Most patients present with
bilateral conjunctival inflammation and also exhibit bilateral
punctate epithelial keratopathy leading to decreased visual
acuity. Often the keratoconjunctivitis is asymptomatic or
moderate, but it can be severe, and rarely leads to corneal

ulcers. Other species (V. corneae, N. ocularum, T. hominis,
M. ceylonensis, M. africanum) were reported only as single
case reports.t®

Laboratory Diagnosis

Diagnosis of microsporidia in general is based on the
microscopic identification of the organism, the electron
mircroscopic findings, nucleic acid methods and serological
assays. The spores are generally resistant and can remain
stable after fixing the specimens in 10% formalin. Fresh
tissues can be stored in saline or culture media supplemented
with antibiotics. The various samples that are tested for
microsporidia include: stools, biopsy specimens, urine,
sputum, bronchoalveolar lavage, nasal secretions, and
cerebrospinal fluid. We describe the stains with special
reference to ocular samples.

Diagnosis of ocular microsporidiosis is dependent on the
identification of spores in clinical samples which include
conjunctival and corneal scraping, swab or biopsy, corneal
transplant button and a whole globe from an enucleation.>*°

Light and fluorescence microscopy

Light microscopic examination of specimens allows
diagnosis of microsporidia infections, but genus and species
differentiation is uncertain. Parasites are seen as oval refractile
bodies within cells as well as extracellular. Specimens stained
with Gram stain (Fig. 4) show oval, gram positive spores'®
resembling yeast but this can be confirmed by special stains
like 1% acid-fast stain and Weber modified trichrome stain®
which discloses bright pinkish-red spores and most have a
distinctive diagonal or equatorial line. These spores measure
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Figure 2: Slit lamp biomicroscopy of cornea in diffuse illumination
showing three discreet stromal infiltrates (2a). Diagrammatic
representation of the frontal view (2b) and list view of the cornea (2c)

Figure 3: Slit lamp biomicroscopy of cornea showing small, raised,
epithelial, discreet lesions diagnosed as superficial punctate keratitis

Figure 5: KOH/Calcofluor white stain of corneal scraping showing oval
fluorescing microsporidial spores (x1000)

about 1.5 x 3 mm. Also these strutures are non-budding, that
allows microsporidia to be easily differentiated from yeast.

Figure 4: Transmission Electron Microscopy pictures of microsporidia
depicting a number of coiled polar tubules (4a, 4b).

Figure 6: Gram stain of corneal scraping showing gram positive oval
microsporidia spores (x500)

Various chemifluorescent brighteners such as calcofluor
white (Fig.5) or Uvitex 2B bind to the endospore layer of
microsporidia and allow spores to be detected quickly and
easily in smears of specimens examined with a fluorescence
microscope.® Although fluorescent stains seem to be more
sengitive than chromotrope based trichrome or 1% acid fast
stains, they may lead to some false positive results due to the
similarity in staining of small yeast cdlls.
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Figure 7: Histopathological section of cornea button showing 1% acid fast (red) microsporidial spores with darkly stained band at the tip (x1000,
7a), microsporidia spores stained with grams chromotrope (x1000, 7b) and haematoxylin and eosin stain (x500, 7c¢).

Figure 8: Monolayer of vero cell line infected with microsporidia
showing intracellular and refractile spores (x400)

Histopathol ogy

The corneal biopsy specimens show oval bodies
measuring 2.5 to 3 by 4.5 to 5, involving mostly the deep
stroma, with extension into anterior layers. The spores show
a thick band like nucleus at one pole and stain positively
with haematoxylin and eosin stain, chromotrope trichrome
stain, 1% acid fast stain (Fig. 6a, 6b, 6¢) and variably with
Gomori methenamine silver stain. Inflammation varies from
moderate to severe, with deep stromal abscess and also show
diffuse infiltration involving full thickness of corneal stroma.
The semithin sections of the tissues show many viable,
mature, immature, and degenerated spores, many of them
being intracellular, within the macrophages as well as
keratocytes.'® The semithin sections of biopsy material
stained with a variety of different stains are useful methods
for visualization of spores and tissue stages of
microsporidia.?3®

In case of superficial keratitis, the specimens reveal
infection confined to the superficia epithelial layers of the
cornea, sparing the stroma. Inflammatory cells can be seen
intracepithelially and sub-epitheialy.®

Figure 9: FITC tagged monoclonal antibody based immunofluorescence
test showing spores of Encephalitozoon hellem.

(http://www.dpd.cdc.gov/dpdx/HTKL/Image Library)

Transmission electron microscopy

Originally, definitive diagnosis of microsporidiosis
required ultrastructural examination of samples by
transmission electron microscopy (TEM). Microsporidia can
be identified to the genus or even species level based on fine
structure features of the spores (Fig. 7a, 7b) and proliferative
forms, method of division and nature of host cell parasite
interface.! In tissue, al stages of the life cycle can often be
observed. Detection of microsporidia by TEM is highly
specific, but the technique may lack sensitivity. Likewise,
sample preparation and examination are laborious and time-
consuming.*

Cell culture

The in vitro cultivation of severa microsporidian species
that infect humans has been of enormous benefit, both for our
understanding of the biologic aspects of the host-parasite
relationship and for the development of immunologic reagents
for diagnosis and species differentiation. In vitro cultures have
also been used to assess the effects of antimicrobial agents
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on several microsporidian species.** In vitro cultures
combined with ultrastructural, biochemical, antigenic or
molecular analysis have been used to confirm infections with
existing species of microsporidia*“ as well as to define new
species.”” However, their use in routine clinical diagnosis is
not practical because they are time consuming and laborious
and only specialized laboratories maintain cell cultures with
microsporidia.

Microsporidia cannot be cultivated axenically because of
their obligate intracellular development, but they have been
successfully cultivated in a number of mammalian cell lines
including monkey (Fig. 8) and rabbit kidney cells (vero and
RK13), human fetal lung fibroblasts (MRC-5), MDCK cells
and several other cell lines.**

Animal models

Several animal models have been established to study
microsporidial infection*®-° as well as for producing
polyclonal and monoclonal antibodies.*552 BALB/c and
C57B1/6 athymic mice have been used and have been injected
intraperitoneally with Encephalitozoon cuniculi,
Encephalitozoon hellem or Vittaforma corneae.®% SCID mice
have also been infected by oral inoculation of E. cuniculi
spores.® Successful transmission of E. cuniculi to rabbits by
administration of spores orally and rectally has been
reported.

Antigen detection methods

Microsporidium specific antibodies in immuno-
fluorescence tests (Fig.9) have been used for the diagnosis and
species differentiation of microsporidia. Polyclonal and
monoclonal antibodies were also used for Western blot
analysis of several microsporidian species.*>%:52% These
immunofluorescence antibody tests seem to be useful as they
have been shown to recognize species-specific surfaces of the
spores or polar tube proteins of microsporidia. Comparative
studies with routine staining methods have shown lesser
sensitivity of immunofluorescence detection procedures. As a
consequence, immunofluorescence antibody tests, which are
not widely available, should be used only as confirmation and
for species differentiation after initial diagnosis with routine
staining methods such as fluorescent or chromotrope based
stain.®

Serology

Serologic assays used to detect antibodies to microsporidia
in human sera include immunofluorescence,
immunoperoxidase, enzyme-linked immunosorbent assay
(EL1SA) and Western blot.38%657 The specificity of all serologic
tests used in humans, however, is still unknown, and it is
uncertain whether detection of antibodies to microsporidia
reflects true infections, antigen exposure without
establishment of the parasite, cross-reactivity to other
microsporidial or non-microsporidial microorganisms, or

reaction due to polyclonal B cell stimulation, particularly in
serum samples of patients with tropical diseases.® More
studies with sera of immunocompetent subjects with proven
microsporidial infections are required to define the diagnostic
parameters of these serologic tests. There are no reports on
use of serologic assays to detect antibodies in serum or tears
in ocular microsporidiosis.

Molecular studies

Molecular studies of microsporidia are in their infancy.
Many different genes of human infecting microsporidia have
been sequenced in the last few years. One milestone is the
complete sequencing of the whole genome of E. cuniculi by
a research group in France.® Molecular based methods are
important for taxonomic classification, phylogenetic studies
and especially for detection and species differentiation of
microsporidiain clinical samples.!

Severa polymerase chain reaction based methods have
been published, to amplify different regions of the small
subunit (SSU) and large subunit (LSU), ribosomal (rRNA)
gene as well as the intergenic spacer region for diagnosis and
species differentiation of microsporidia infecting humans. %
The list of primer pairs used in the identification of
microsporidia are given in Table 2. Several researchers have
published studies with these primer pairs, usually with
excellent results.®+7

Comparison of molecular techniques with light
microscopy, in the diagnosis of microsporidial infection, is
difficult. In a blinded multicenter study that compared PCR
with light microscopy, the greatest differences in sensitivity
were found between individual laboratories rather than
between different techniques.” Nevertheless, in combination
with light microscopy, DNA amplification by PCR offers an
excellent approach to diagnosing microsporidiosis with the
advantage of a simple species differentiation.™

Second step methods have been employed after PCR to
corroborate or specificaly identify the PCR products. These
methods include DNA sequencing, RFLP and heteroduplex
analysis. Southern analysis also has been used to detect E.
bieneusi when insufficient PCR amplified rDNA was
generated for visualization on ethidium bromide stained gel.”™
DNA probes and restriction enzyme digestion have also been
used to confirm the identity of PCR amplicons.””" In a recent
paper,”™ the shortcomings of the above techniques were
overcome by developing a quantitative detection method for
E. hellem, E. cuniculi and E. intestinalis that is specific and
sensitive for clinical samples. This technique is called
fluorogenic 5 nuclease PCR assay. Its sensitivity on clinical
specimens remains to be evaluated.

In-situ hybridization

In situ hybridization has been established for the diagnosis
of infections with E. bieneusi in humans and experimentally
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Table 2: Primers used in PCR for identification of microsporidia

Primer pair sequence Primer Species Target gene Amplicon Ref.

designation size (bp)
5-CACCAGGTTGATTCTGCCTGAC-3 Vi1 E. bieneusi SSU-rRNA 348 61,62
5-ACTCAGGTGTTATACTCACGTC-3 EB450
5-GCCTGACGTAGATGCTAGTC-3' E. bieneusi SSU-rRNA 1265 63,64
5-ATGGTTCTCCAACTGAAACC-3
5-GAAACTTGTCCACTCCTTACG-3 EBIEF1 E. bieneusi SSU-rRNA 607 65
5-CCATGCACCACTCCTGCCATT-3 EBIER1
5-CACCAGGTTGATTCTGCCTGAC-3 Vi1 E. bieneusi SSU-rRNA, ISR, 443 66
5-CAGCATCCACCATAGACAC-3 Mic3 LSU rRNA
5-TCAGTTTTGGGTGTGGTATCGG-3' Eb.gc E. bieneusi SSU-rRNA 210 67
5-GCTACCCATACACACATCATTC-3 Eb.gt
5-CACCAGGTTGATTCTGCCTGAC-3 Vi1 E. intestinalis SSU-rRNA 370 68,69
5-CTCGCTCCTTTACACTCGAA-3 SI500
5-GGGGGCTAGGAGTGTTTTTG-3 E. intestinalis SSU-rRNA 930 63,64
5-CAGCAGGCTCCCTCGCCATC-3
5-TTTCGAGTGTAAAGGAGTCGA-3' SINTF1 E. intestinalis SSU-rRNA 520 70
5-CCGTCCTCGTTCTCCTGC-3 SINTR
5-CACCAGGTTGATTCTGCCTGAC-3 Vi1 E. intestinalis SSU-rRNA 874 66
5-CCTGCCCGCTTCAGAACC-3 Sepl
5-TGAGAAGTAAGATGTTTAGCA-3 EHEL-F E. hellem SSU-rRNA 547 71
5-GTAAAAACACTCTCACACTCA-3 EHEL-R
5-ATGAGAAGTGATGTGTGTGTGCG-3' ECUN-F E. cuniculi SSU-rRNA 549 72
5-TGCCATGCACTCACAGGCATC-3 ECUN-R
5-CACCAGGTTGATTCTGCCTGAC-3 PMP1 (V1) E. cuniculi, SSU-rRNA 250,268, 73
5-CCTCTCCGGAACCAAACCTG-3 PMP2 E. hellem, 270,279

E. intestinalis

HIV-infected rhesus monkeys.” The described probes were
directed against the SSU-rRNA of E. bieneus. and allowed
the identification of different microsporidian stages including
plasmodia and spores. However, this elegant but time-
consuming method has not been described for other human
infecting microsporidia and sensitivity and specificity have not
been evaluated.”™

Future trends

The genomes of microsporidia, especiadly E. cuniculi, are
very small. A genomic library of the smallest chromosome
(chromosomel) of E. cuniculi and complete mapping and gene
sequencing of the whole genome of E. cuniculi is now
available. Thiswill be useful in advancing our knowledge of
physiologically important genesand control regions of coding
and non coding sequences in microsporidia.

rRNA data have suggested that microsporidia are one of
the most ancient eukaryotic lineages. On the other hand, the
relatednessof microsporidiato fungi and animals, as suggested
by the a and B tubulin and mitochondrion-type Hsp70
sequences, invites speculation that microsporidia evolved
degeneratively from higher forms. Examination of protein-
coding sequences from microsporidiawill be of interest to
answer this question and is under way. The taxonomy of

microsporidia has undergone several changes during the last
few years and will continue to change significantly in the near
future when new DNA-based data are incorporated into new
classification systems.

At present, only limited data have been published
comparing molecular techniques for diagnosis of
microsporidia with traditional methods of determining the
sensitivity and specificity of these new techniques.
Nevertheless, these studies indicate that the sensitivity and
specificity of molecular diagnostic techniques can be very
high.

Therapy

Currently, antimicrosporidia therapy isin a state of flux.
For the invasive microsporidia, especialy the Encephalito-
zoonidae, albendazole appears to be a useful therapeutic
agent.This is not the case for Enterocytozoon bieneusi
infection where fumagillin appears to be the most promising
agent.® Resolution of infection of the cornea epithelium with
itraconazol e, 8! metronidazole! aswell as topical propamidine
isethionate (Brolene)? has also been reported. Therefore,
identifying microsporidia to species level could have
important implications in the clinical management of
patients.>%°
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Prognosis 6. Weber R, Bryan RT, Schwartz DA, Owen RL. Human
microsporidial infections. Clin Microbiol Rev 1994;7:426-61.

Keratoconjunctivits is now invariably diagnosed on the _
basis of clinical and microbiologic findings, hence is more 7~ Sehgal R, Yadav C, Singh P Malla N. Prevalence of “newer
amenable to medical treatment. Stromal keratitis being deep coc_c:ldla and mlcro_sporldlaln pa.tIeI:ItSWIth diarrheain northern
seated and often misdiagnosed as herpetic keratitis may be India. J Parastic Diseases 2001,25:21-5.
missed on clinical diagnosis thereby necessitating surgical 8. Cavalier-Smith T. A revised six-kingdom system of life. Biol Rev
intervention. It isimportant to note that none of the cases have Camb Philos Soc 1998;326:203-66.
bee'.‘ rep(_)rted to have_an intraocular spread _O r recurrence (_)f 9. Vosshrinck CR, Maddox JV, Friedman S, Debrunner-Vossbrinck
theinfection. Introduction of new m_ethoc_ls_of invivo diagnosis BA, Woese CR. Ribosomal RNA sequence suggests
would however be very useful in clinical management. microsporidia are extremely ancient eukaryotes. Nature
Although there are treatment regimens currently under 1987:5:411-4.
eval uatlo_n that appear successful in _relle\n ng symptpms (.)f 10. WeissL, Vossbrinck C. Molecular biology, molecular phylogeny,
ocul_ar microsporidiosis, further clinical a_nd epldemlologlc and molecular diagnostic spproaches to the micrasporidia, I:
studies are necessary to test and devel op efficacious treatment M Wittner and L Weiss, editors, The Microsporidia and
regimens and to understand the natural course of the disease. Microsporidiosis, Washington DC: Am Soc Microbiol; 1999. p.

. 129-71.
Conclusions
11. Edlind TD, Li J, Visvesvara GS, Vodkin MH, Mc Laughlin GL,

Microsporidia are an important cause of disease in HIV- Katiyar SK. Phylogenetic analysis of beta-tubulin sequences
infected patients and are now increasingly also recognized as from amitochondrial protozoa. Mol Phylogenet Evol
pathogensin non-HIV-infected patients with or without 1996,96:359-67.
immunosuppression. Therefore, high index of suspicion is 12, Hirt RP, Logsdon JM Jr, Healy B, Dorey MW, Doolittle WF,
warranted for both the clinicians, microbiologists and Embley TM. Microsporidia are related to Fungi: Evidence from
pathologists. In addition to morphologic diagnosis by the largest subunit of RNA polymerase Il and other proteins.
conventional methods, efforts should be made to establish and USA: Proc Natl Acad Sci 1999;46:580-5.
validate the new methods (PCR, Serology and other molecular 13, Germot A, Philippe H. Critical andlysis of eukaryotic phylogeny:
tools) for the diagnosis and species differentiation of A case study based on the HSP70 family. J Eukaryot Microbiol
microsporidia on clinical specimens. 1999;7:116-24.

As is true for many other new and emerging pathogens,  14. Hirt RR, Healy B, Vossbrinck CR, Canning EU, Embley TM. A
we have just scratched the surface of a complex and evolving mitochondrial Hsp70 orthologue in Vairimorpha necatrix:
relation between the phylum Microspora and humans. mplecular_ewdencg that microsporidia once contained
Application of molecular techniques to diagnosis, species mitochondria. Curr Biol 1997,87.995-8.
differentiation, and phylogentic analysis of microsporidiawill 15 Germot A, Philippe H, Le Guyader H. Evidence for loss of
lead to an enormously increased knowledge of these organisms mitochondria in Microsporidia from a mitochondrial-type
in the near future. HSP70 in Nosema locustae. Mol Biochem Parasitol 1997;8:159-

68.
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