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10Microsporidial Keratitis
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10.1  Introduction

Microsporidia are eukaryotic unicellular organisms belonging to phylum Microspora 
and kingdom Protista [1–3]. Recently, it has been classified as fungi [4]. It infects 
both vertebrates and invertebrates. Microsporidiosis occurs worldwide. The preva-
lence varies depending on the region, method of diagnosis, and characteristic of 
population. This pathogen can affect eye, respiratory tract, intestine, muscles, kid-
neys, and central nervous system.

10.2  Organism

The number of microsporidian species are estimated to be between 1000 to 1500. 
The common genera involved in human disease are Encephalitozoon (Septata), 
Nosema, Vittaforma, Pleistophora, Trachipleistophora, and Anncaliia 
(Brachiola) [4].

Microsporidia exists as a single highly organized spore [5]. The size of the spore 
varies from 1 to 40 μm. The intracellular spore is the infective form of the organism. 
A normal unit membrane and two rigid extracellular walls bind the spores. Within 
the spore membrane is the sporoplasm, which is infective material of microsporidia. 
The most obvious organelle associated with infection is the polar filament or the 
polar tube. The polar filament is attached to the apex of the spore via anchoring disk, 
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from which it extends to the posterior end of the spore. The number of coils and 
their arrangement is diagnostic of particular species [6]. Inside the host cell, there 
are two distinct phases in the development of microsporidia: a proliferative phase 
(merogony) and a sporogonic phase (sporogony).

10.3  Risk Factors

Although fecal-oral transmission is the likely route of intestinal microsporidiosis, 
the source of ocular infection is not clear. There are two distinct clinical microspo-
ridial corneal infections: keratoconjunctivitis and stromal keratitis. Several cases of 
microsporidial keratoconjunctivitis have been reported in patients infected with 
human immunodeficiency virus (HIV) [7–10]. However, keratoconjunctivitis has 
been reported in healthy individuals in recent reports [11–14]. Systemic immuno-
suppression has been associated with keratoconjunctivitis [15]. The contact lens 
may act as a vector for an organism to reach the cornea, either by prolonging reten-
tion on the ocular surface or by the colonization of organism on contact lens reach-
ing the eye [16, 17].

Topical corticosteroid may predispose to microsporidial infection by local 
immunosuppression. It has been reported in a corneal graft [18]. Association with 
trauma has been reported [12, 13]. Close contact with domestic animals may be a 
source of ocular infection [9, 19]. Exposure to muddy water has been described as 
a risk factor for keratoconjunctivitis [17].

10.4  Clinical Features

Microsporidia primarily affects the cornea and may present either in the form of 
superficial epithelial keratopathy or deep stromal keratitis. Rarely uvea and sclera 
have been reported to be involved [20]. In the past, the two clinical entities have 
been described, the superficial epithelial variant commonly seen in immunocom-
promised persons and the deep stromal keratitis seen in immunocompetent indi-
viduals [20]. Keratoconjunctivitis is mostly caused by the genus Encephalitozoon 
and stromal keratitis by Nosema and Microsporidium [13].

10.4.1  Keratoconjunctivitis

The first case of microsporidial infection was reported by Lowder et al. [21] in a 
young seropositive man who had a chronic history of conjunctivitis nonresponding 
to topical antibiotics. Patients present with history of “red eye” presumed to be of 
viral etiology and are often pretreated with steroids. They complain of unilateral or 
rarely bilateral pain, redness, photophobia, and watering along with blurring of 
vision. Past history of trauma or exposure to environmental agents such as dust, 
dirty water, soil, insects, or bathing in unclean river water may be present.
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Slit lamp biomicroscopy reveals diffuse, multifocal, elevated, coarse, and round- 
oval lesions with characteristic “stuck on” appearance (Fig.  10.1). These lesions 
may be epithelial, subepithelial, or involve anterior stroma. They may or may not 
stain positively with fluorescein. Surrounding conjunctiva appears mild-moderately 
congested, nonpurulent with papillary and/or follicular response [13]. Lewis et al. 
have reported a case of microsporidial keratoconjunctivitis in a 33-year-old immu-
nocompetent patient who had follicular conjunctivitis and diffuse punctate lesions 
with anterior stromal involvement [22]. Fresh, pigmented keratic precipitates were 
reported in 20.1% of patients presenting with superficial keratoconjunctivitis and 
appeared 6.9  ±  2.7  days after presentation [12]. Multiple “target like” epithelial 
lesions along with classic punctate lesions were described by Raymond and cowork-
ers [17]. Recent reports have shown that microsporidial keratoconjunctivitis can 
occur in healthy immunocompetent individuals contrary to previously published 
reports. It occurs more commonly than believed and the punctate lesions can be 
mistaken easily for adenoviral infection even to trained eyes.

10.4.2  Stromal Keratitis

Stromal keratitis has an indolent course and can affect individuals of any age. This 
entity is less common than the superficial variant. First reported in 1991, it clinically 
resembles HSV keratitis and often treated with antivirals and steroids with no 
response. Clinically, it presents with diffuse congestion, grayish white stromal infil-
tration, and edema without suppuration (Fig. 10.2). It may have a chronic course 

a b c

Fig. 10.1 Slit lamp photograph in diffuse illumination (a–c) showing diffuse, multifocal, coarse, 
minute, punctate raised epithelial lesions

a b c

Fig. 10.2 Slit lamp photograph in diffuse illumination showing: (a, b) dense grayish infiltrate 
with surrounding edema and (c) well-defined central stromal infiltrate
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with corneal opacity with vascularization [23]. Anterior chamber involvement man-
ifesting as cellular reaction is common.

Case report of microsporidial keratoconjunctivitis causing sclerouveitis and reti-
nal detachment has been reported [24]. Spores of microsporidia were detected in 
vitrectomy samples. Endophthalmitis has been reported in patients suffering from 
Acute myelogenous leukemia [25]. Limbitis can also develop in requiring addition 
of topical corticosteroids.

10.5  Differential Diagnosis

10.5.1  Keratoconjunctivitis

Microsporidia Adenoviral Thygeson’s SPK
Laterality Usually unilateral Bilateral in 70% cases Asymmetrically 

bilateral
Lesions Multifocal, elevated, 

coarse, round-oval 
lesions, “stuck-on” 
appearance

Multifocal, fine punctate 
subepithelial infiltrates as a 
result of cellular reaction 
against viral antigens

Coarse, oval shaped, 
slightly raised lesions

Appearance 
of lesions

Appears in one 
phase

Gradually appear Evanescent pattern

Location Epithelial, 
subepithelial, 
anterior stromal

Subepithelial Classically 
intraepithelial, but can 
be subepithelial and 
anterior stromal

Staining 
pattern 
(fluorescein)

Stains positively 
and negatively

Stains positively Stains minimally

Duration Mean duration of 
symptoms was 
7.7 ± 6.2 (range: 
1–60) days

1–2 weeks but may persist for 
longer duration

2 months to 41 years

Conjunctival 
involvement

Papillary and or 
follicular reaction

Follicular conjunctivitis Rarely involved

Treatment Lubricants Lubricants and topical 
steroids, PTK

Topical steroids, 
tacrolimus, 
cyclosporine, BCL, 
PTK

Scarring Rarely scars only if 
subepithelial

Usually subepithelial haze and 
scarring noticed

Scars when Bowman’s 
membrane and anterior 
stroma involved

Systemic 
associations

None Pharyngoconjunctival fever Viral associations- 
Varicella zoster, HSV, 
HLADR3

10.5.2  Stromal Keratitis

Microsporidial stromal keratitis presents as multifocal, dense grayish infiltrates 
with surrounding edema, endoexudates, and keratic precipitates with or without 
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vascularization. The abovementioned clinical features along with prolong history of 
recurrent redness with partial and no response to steroids should create a high index 
of suspicion for microsporidial etiology [26].

10.5.2.1  HSV Stromal Keratitis
HSV stromal keratitis can present primarily in two forms: the commoner being non- 
necrotizing variant and the less common necrotizing one. Microsporidial stromal 
keratitis is often misdiagnosed as non-necrotizing variant due to its indolent nature 
and early response to steroids. It present as a focal, multifocal, or diffuse infiltration 
associated with scarring, thinning, and vascularization.

10.5.3  Acanthamoeba Keratitis

Acanthamoeba keratitis patients present with severe pain out of proportion to 
the clinical signs. Few typical features seen in the early stage are punctate 
keratopathy, pseudodendrites, epithelial and subepithelial infiltrates, and clas-
sic perineural infiltrates. Later may develop anterior uveitis, hypopyon, and 
occasionally lead to endothelial plaque and disciform like stromal edema. 
History of previous contact lens wear may be helpful in clinching towards the 
diagnosis. However, microbiological workup is necessary to confirm the diag-
nosis [27].

10.6  Diagnosis

There are several methods to detect microsporidia. Ocular specimens are submitted 
as corneal scrapings and corneal biopsy. Formalin (5–10%) fixation is required for 
routine histopathology, glutaraldehyde for electron microscopy, and fresh speci-
mens for molecular methods and cell cultures [28].

10.6.1  Smears and Stains

Staining techniques that have been recommended for the detection of microsporid-
ial spores include Gram, Giemsa, 10% potassium hydroxide with calcofluor white 
(KOH + CFW) wet mount, modified Ziehl–Neelsen, modified trichrome, and immu-
nofluorescence tests. In a retrospective analysis of the relative performance of four 
standard techniques for detection of Microsporidia included Gram, Giemsa, 10% 
KOH + CFW, and Ziehl–Neelsen staining. Ziehl–Neelsen and 10% KOH + CFW 
were found to be most sensitive in the identification of the spores followed by Gram 
and Giemsa. Giemsa was reported to have the least efficacious among the four tech-
niques [29].
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10.6.2  Histopathology and Tissue Stains

Numerous stains have been described for detection of spores in histopathology 
specimens comprising biopsy and scrapings. Tissue gram stain (Brown-Hopps and 
Brown-Brenn) show birefringence of the spores that distinguishes them from intra-
cytoplasmic granules, debris, etc. Spores appear as oval nonbudding intracellular or 
extracellular structures. Gram stain, Giemsa, calcofluor white, modified Ziehl–
Neelsen (1% H2SO4), and Warthin-Starry (silver stain) are most effective in detect-
ing spores. Hematoxylin and Eosin stains the spores as refractile gold bodies and is 
not reliable in routine formalin-fixed specimens [20, 28].

10.6.3  Transmission Electron Microscopy (TEM)

TEM remains the gold standard for detection and species identification of micro-
sporidial spores. Microsporidial spores have a characteristic polar tubule that is 
required to inject contents of the sporoplasm intracellularly. However, TEM is not 
easily accessible to most laboratories, and species-level identification may need 
additional molecular or cell culture techniques [28, 30].

10.6.4  Confocal Microscopy

Confocal microscopy is a useful method to scan the cornea in vivo and an useful 
noninvasive adjunct for the diagnosis of infective keratitis [31]. Tiny intraepithelial 
opacities were seen in epithelial keratitis that were corroborated to be microsporidia 
in chromatrope stains of conjunctival scraping [32]. Microsporidia appear as hyper-
reflective dots in between keratocytes against a dark background of the confocal 
image in deep stromal keratitis. The spores are aligned along the corneal lamella in 
microsporidial stromal disease [33]. The hyperreflective dots suggestive of spores 
disappeared on treatment. Thus, confocal microscopy assists in imaging and moni-
toring the progress of deep-seated corneal lesions.

10.6.5  Antigen-Based Assays

Antigen-based detection of microsporidia uses antibodies to identify species of 
microsporidia by immunofluorescence assay (IFA) as antibodies against particu-
lar species are available [34]. Washed spores of Encephalitazoon are injected into 
mice to produce antiserum which was adsorbed with formalin fixed fecal debris to 
remove cross reacting antibodies. Pooled antiserum was tagged with fluorescein 
to stain histopathology specimens. Microsporidia spores showed apple green fluo-
rescence [34, 35]. An experiment comparing three stains—calcofluor white, mod-
ified trichrome blue, and IFA with TEM as a standard of reference—reported 
sensitivity of 83.3% for IFA as opposed to 100% sensitivity of calcofluor white 
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and modified trichrome blue. Specificity was higher at 96% with IFA technique. 
This is important for species identification if species-specific antibodies are avail-
able [35, 36].

10.6.6  Cell Culture

Microsporidia are obligate intracellular parasites that can be cultivated in a variety 
of cell lines by primary cell cultures. These include monkey and rabbit kidney (vero 
and RK13), Madin-Darby canine kidney, human fetal lung fibroblasts (MRC-%), 
etc. The monolayer cell culture can help to propagate the parasite by replenishing 
the growth medium and allows harvesting of large number of spores. In a compari-
son of growth-promoting properties of three cell lines for four types of microsporid-
ial species, Joseph et al. reported good growth in SIRC cells for E. cuniculi and 
E. intestinalis at an inoculum size of 1 × 10 [4] spores/ml compared to HeLa cell 
lines [37]. The technique of cultivating microsporidia from cell lines is time con-
suming, expensive, and with limited availability to a few laboratories. However, 
inclusion of cell lines whenever available improves the diagnostic yield and is an 
important step for developing molecular diagnostic methods.

10.6.7  PCR-Based Molecular Methods

Polymerase chain reaction (PCR) based assays have improved the sensitivity and 
specificity of detection of Microsporidia. Small and large subunit rRNA and inter-
genic sequences have highly conserved regions that may be amplified and detected 
as a target sequence. A sequencing and BLAST analysis helps in validating the 
results. Joseph et al. have reported the use of pan microsporidian 16S rRNA for 
identification of E. hellum, E. cuniculi, and E. intestinalis in ocular samples for 
patients with microsporidial keratitis [38]. They have reported a sensitivity of 
83% and specificity of 98%. Due to limitation of PCR-based assays such as labo-
rious and reagent consuming processes of extraction of microsporidian DNA and 
design of species-specific primers, an alternative technique is an oligonucleotide 
probe. Species-specific oligonucleotide microarray probes produced from specific 
18S SSU-rRNA genes immobilized on a microchip can detect four microsporid-
ian species. Clinical samples detected that coinfection with various species is 
quite common. This technique can reliably detect samples containing as less as 
100 spores [39].

10.7  Treatment

Microsporidia can affect individuals irrespective of immune status. It may cause 
ocular manifestations such as keratoconjunctivitis or stromal keratitis. Several drugs 
have been described for the treatment, viz., fluoroquinolone, fumagillin, 
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albendazole, and itraconazole. The management of microsporidia can be described 
under two subcategories: keratoconjunctivitis and stromal keratitis.

No definitive treatment regimen exists for microsporidial keratoconjunctivitis. 
While several drugs have been reported to have a therapeutic effect the condition is 
known to resolve on its own. A single-center double-masked randomized control 
trial subdivided 145 patients in two arms of 0.05% polyhexamethylene biguanide 
(PHMB) versus lubricants for management of microsporidial keratoconjunctivitis. 
The mean resolution time was 4.9 ± 2.2 and 4.6 ± 2.3 days with PHMB and lubri-
cants, respectively. The study conclusively provided evidence of the self-limiting 
nature of the condition [40]. In a retrospective case series, topical fluoroquinolones, 
fumagillin 0.3%, and oral albendazole were administered. The study recommended 
topical monotherapy with fluoroquinolones as a viable first-line treatment option in 
microsporidial keratitis, the visual acuity was largely unaffected and associated cor-
neal edema and limbitis needed adjuvant corticosteroid treatment [17]. Debridement 
of the epithelial lesions has also been reported to have beneficial effects in debulk-
ing the cornea of infective load and hastening resolution [41]. Despite a multitude 
of treatment options microsporidial keratoconjunctivitis remains a self-limited dis-
ease with 75% of patients regaining 20/30 vision or better with a mean resolution 
time of 6.0 ± 2.9 days with no specific treatment or placebo [12].

Microsporidial stromal keratitis is the possible diagnosis in chronic culture- 
negative stromal keratitis. Fumagillin, a methionine aminopeptidase 2 inhibitor, has 
been described on the management of microsporidial stromal keratitis. Topical 
chlorhexidine gluconate 0.02% in combination with albendazole has been described 
for management of stromal keratitis. It requires long-term therapy of several weeks 
duration [42].

The definitive treatment of microsporidial stromal keratitis remains surgical as 
the disease tends to smolder in the deeper stromal layers. Often the topical drugs are 
unable to eliminate deep stromal infection and the treatment options include deep 
anterior lamellar keratoplasty (DALK) or full thickness penetrating keratoplasty 
(PKP). Big bubble DALK with removal of all stromal tissue may lead to complete 
eradication of the disease without recurrences and has been described to have a 
favorable outcome in stromal microsporidiosis [43]. Microsporidial spores have 
been reported to cross the Descemet’s membrane and are also found in the anterior 
chamber exudates [44]. Recurrences have been described post DALK for microspo-
ridial stromal keratitis if there is insufficient removal of the stromal layers or the 
organism has crossed the Descemet’s membrane [45].

Microsporidial stromal keratitis may present as a slow indolent deep stromal 
keratitis of 1 month to several years duration. There is no definitive treatment for 
this condition and often the disease natural history is marred by episodic inflamma-
tion, corneal thinning, and recurrences. It has also been reported to cross the 
Descemet’s membrane. Therefore, the definitive treatment includes complete 
removal of the diseased cornea by performing full thickness PKP in order to eradi-
cate the infection and achieve disease-free remission [46]. In a large case series of 
34 patients of microbiologically proven microsporidial stromal keratitis, five 
patients responded to topical PHMB 0.02% and Chlorhexidine 0.02% with 
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formation of a vascularized corneal scar. Twenty five patients required keratoplasty 
of which 21 were full thickness grafts. All the patients had control of infection post 
PKP. Five of 25 grafts were clear at the end of 1 year of follow-up. The only case of 
recurrence was noted in a patient who had DALK and seven patients were lost to 
follow-up. The study concluded that surgical excision is the best management 
option for the treatment of microsporidial stromal keratitis [47]. Post penetrating 
keratoplasty treatment regimen included use of topical corticosteroids as in routine 
PKP procedures.
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