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Abstract
Microsporidia are obligate spore-forming microorganisms with strong resemblance to fungi and can affect

almost every organ system in immunocompetent or immunocompromised individuals. Mixed infections

are also reported in immunocompromised hosts. Microsporidial spores show marked morphological varia-

tions and the small and slender forms can resemble bacilli. Modified Zeihl Neelsen (ZN) stain, cold method

demonstrates them as bright red in color, leaving several spores blue or incompletely stained; thus, they are

reported as weakly or variably acid fast. Variability in staining results with ZN stain and considering the fact

that Mycobacterium tuberculosis, the commoner bug in developing countries is identified by its resistance

to stronger acids on ZN staining, authors wished to demonstrate acid and heat fastness in microsporidium

using corneal tissue specimens. Microsporidial spores stained bright red in color with conventional ZN stain,

demonstrated strong acid fastness, and interestingly the staining results improved on heating. Thus, the au-

thors conclude that they are strongly acid and heat fast and care must be warranted so that they are not

misdiagnosed as Mycobacterium or other acid-fast organisms. Careful observation of morphology, battery

of special stains, and molecular diagnostics should be advocated for diagnostic confirmation. To the best of

the authors’ knowledge, this is the first explicit report on acid and heat fastness on microsporidial spores.
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Microsporidia are highly specialized spore forming obligate in-
tracellular microorganisms, strongly related to fungi. They pro-
duce infective spores with marked morphological variations.
Spores may be as small as 0.8–1.5μm in length,with a width of 1
μm, appearing like round to oval dots, cell debris, or like bacteria
on light microscopy ormeasure up to 5μm in largest dimensions,
resembling yeast.1 They can affect almost every organ system
including gastrointestinal, genitourinary, pulmonary, rhino cere-
bral, and eye, with predilection for both immunocompetent and
immunocompromised hosts.2,3 Several stains like Gram’s chro-
motrope stain, modified Ziehl Neelsen (ZN) stain(1% Sulphuric
acid or 1% acid alcohol; cold method), potassium hydroxide-

calcofluor white stain(KOH+CFW),Gomori’s methenamine sil-
ver stain, Giemsa and toluidine blue stain have been described as
sensitive and ideal for detection of microsporidial spores.1,2,4–6

Modified ZN stain shows discrete bright red staining of spores
with a characteristic horizontal polar band against a bluish back-
ground that helps in their easy identification; however, lack of
visualization of polar band in slender forms and background de-
bris may lead to false negatives and/or cause diagnostic dilemma
with other acid fast microorganisms. Further literature describes
variable sensitivity of staining with modified ZN stain,4,6 leav-
ing some spores as partially stained or unstained, that is, blue in
color.
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Figure 1. Demonstration of heat and acid fastness in microsporidium. (A) Corneal stromal tissue shows oval yeast like forms and (B) slender, small forms of

microsporidial spores stained red with modified Ziehl Neelsen (ZN) stain (1% sulphuric acid-cold method [×400]). Also noted are admixed unstained and purple

colored spores. (C) An increase in the number of spores and intensity of staining can be appreciated; when the same tissue as in panel A is subjected to

conventional ZN stain (20% sulphuric acid-heat [×400]). (D) Morphology can be beautifully discerned using conventional ZN stain at oil immersion objective.

Light microscopy and ZN stain have been recommended by
World Health Organization (WHO) as a method of screening,
case finding, referral and treatment of tuberculosis at peripheral
and intermediate laboratories, advocated to be supplemented by
other tests.7 In spite of being gradually phased out by molec-
ular diagnostics, ZN stain is a common diagnostic armamen-
tarium on sputum samples for suspected Mycobacterium tu-
berculosis in developing countries, and also recommended for
treatment monitoring.8 It is also popularly used in histopathol-
ogy labs on biopsy samples and cytology smears that display
granulomatous inflammation with or without caseation, espe-
cially in cases with suspected extra pulmonary tuberculosis and
instances when appropriate tissue samples are not available for
molecular diagnostics. It is also performed with modifications
for screening/diagnosis of other acid fast microbes likeMycobac-
terium leprae,Nocardia spp., and intestinal Coccidia. Consider-
ing that microsporidia is also acid fast and can infect immuno-
compromised individuals with multiple infections,2,3 the authors
wished to explicitly study acid fastness in microsporidium.

In a retrospective observational study, approved by our In-
stitutional Review Board, all of the patients undergoing ther-
apeutic penetrating keratoplasty (TPK) during the year 2011–
2015 were analyzed and nine of 387 patients were diagnosed
as microsporidial stromal keratitis on histopathology; clinico-
laboratory details of seven of these nine cases has been previ-
ously described by us.6 Six of these nine cases had demonstrated

microsporidial spores on corneal scrapings stained with
KOH + CFW stain, Gram stain and/or modified ZN stain. No
growth on culture of corneal scrapings prior to TPK was noted
in these cases, when inoculated on 5% sheep blood agar, choco-
late agar, brain heart infusion agar, thioglycollate broth, Robert-
son’s cooked-meat medium, Sabouraud’s dextrose agar, potato
dextrose agar, and nonnutrient agar with Escherichia coli over-
lay. Pan-microsporidial PCR targeting small subunit rRNA was
found to be positive in all the cases.9 Biopsy sections of these
nine cases of corneal stromal microsporidiosis were evaluated
for acid fastness, using five different concentrations of sulphuric
acid as decolorizer (1%, 5%, 20%, 30%, 40%) with and with-
out heating the slide bearing three sections each, overlaid by
carbol fuschin stain. In addition, sections were also studied by
staining with ZN stain with 3% hydrochloric acid alcohol (kit
method) as decolorizer with and without heating. All staining
experiments were performed in duplicates and stained slides
were evaluated by light microscopy. All the cases were clinically
immunocompetent.

Colonoscopic biopsy of intestinal tuberculosis and sputum
sample of confirmed pulmonary tuberculosis (Xpert MTB/RIF
assay) were included as positive controls in the staining experi-
ments. Negative controls of sputum sample and corneal biopsy
were also run with each batch of staining.

Modified ZN stain (1% acid alcohol or 1% sulphuric acid;
Fig. 1A, B), without heating demonstrated spores varying from
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Figure 2. Demonstration of heat and acid fastness. (A) Corneal stromal tissue demonstrates spores stained with Ziehl Neelsen (ZN) stain using 3% hydrochloric

acid alcohol, without heating. Several spores are left unstained, when the tissue is not heated. (B) An increase in the number of spores stainedwith better contrast,

can be observed in the same tissue at similar magnification using heat (ZN stain; 3% acid alcohol ×400; highlighted in yellow oval and rectangular inserts). (C)

Smaller forms of microsporidia are beautifully discerned using ZN stain, 3%hydrochloric acid alcohol with heating (×600). (D) Representative agarose gel picture

of pan-microsporidial polymerase chain reaction targeting small subunit r-RNA. (E, F) Photomicrographs of positive controls of Mycobacterium tuberculosis
using ZN stain, 20% sulphuric acid-heat (×1000) in a sputum sample (arrow marked) and colonoscopic biopsy (circle marked) are presented.

bright red, bluish red, or pale red, leaving spores unstained, giv-
ing them debris like appearance. Microsporidial spores stained
bright red using conventional ZN stain. There was an increase
in the number of spores that got stained red as compared to
results with modified ZN stain, which was distinctly obvious
by minimal bluish debris like material. (20% H2SO4, heat;
Fig. 1C, D). Significant increase in intensity of staining and
number was also observed on staining with ZN stain using

3% hydrochloric acid alcohol(kit method) with heating(Fig. 2A-
without heating, 2B, 2C-with heating). Further modifications in
sulphuric acid concentrations (5%, and even 30%; with heat-
ing) demonstrated the spores brightly. Tissue sections crum-
bled, got folded, or lifted with sulphuric acid concentration of
40%.

In addition, panel of special stains like Gomori’s methenamine
silver stain and periodic acid Schiff stain was performed on
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all the sections to confirm the presence of microsporidia and
molecular confirmation of all the cases of microsporidial kerati-
tis was also obtained on pan microsporidial PCR (Fig. 2D) using
appropriate positive and negative controls. Appropriate positive
control samples of confirmed Mycobacterium tuberculosis and
negative samples were run with each batch of staining of ZN
stain (Fig. 2E, F)

We conclude that microsporidial spores are strongly acid fast
and could resist an acid concentration of even 30%, beyond
which it could not be elicited as tissue sections crumbled. Heat-
ing allowed better penetration of carbol fuschin stain, and it was
interesting to observe, that the sections that were heated over-
laid with carbol fuschin stain showed an increase in the number
of microsporidial spores that got discretely stained red, as com-
pared to staining without heating.

The slender forms of microsporidia mimics bacteria on mor-
phology can be misinterpreted as Mycobacterium or other acid
fast organisms, specifically in cases with low microbial load or in
patients with multiple infections.3,10 It is therefore important to
be aware of the fact that microsporidia are also acid and heat
fast and are therefore likely to be misdiagnosed as Mycobac-
terium in biopsy samples. Careful study of morphology, alterna-
tive stains for microsporidium spp. and/or molecular diagnostics
needs to be performed for diagnostic confirmation. In addition
to morphology at oil immersion(×1000), confirmatory tests for
Mycobacterium should therefore be warranted across all health
centers, on all biological samples like sputum, urine, stool, bron-
choalveolar lavage, lymph node aspirates, intestinal biopsy, and
so forth, if they demonstrate acid fast microorganisms. More
species specific studies on different biological samples would fur-
ther contribute to our observations.
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