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Summary : 

Sections of corneal tissue infected with Microsporidium ceylonensis 
were restained or processed for electron microscopy. Confirmation 
was obtained that the parasite develops in macrophages and that 
spores are uninucleate. New information is provided that 
sporoblasts and spores develop synchronously within a membrane 
in the host cell, spores have an anisofilar polar tube of 6-10 wide 
coils and 2-3 narrow coils and details are given of the spore wall 
and internal organisation. The parasite was compared on the one 
hand with Encephalitozoon, which exhibits asynchronous 
intravacuolar development of merogonic and sporogonic stages 
and has spores with isofilar polar tubes and on the other hand 
with species reported from mammals, of which the sporogonic 
stages develop synchronously within sporophorous vesicles and the 
spores have anisofilar polar tubes. Even so, a generic 
emplacement could not be established. Attention is drawn to the 
similarities between M. ceylonensis and Nosemo sp. described 
from the cornea of a woman in Botswana. 
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Résumé : QUELQUES DONNÉES ULTRASTRUCTURALES CONCERNANT 
MICROSPORIDIUM CEYLONENSIS, RESPONSABLE DE MICROSPORIDIOSE 
CORNÉENNE 

Des coupes de tissu cornéen infecté par Microsporidium 

ceylonensis sont colorées ou examinées en microscopie 

électronique. Il se confirme que le parasite se développe dans les 

macrophages et que les spores sont uninucléés. En outre, il 

apparaît que les sporoblastes et les spores se développent dans 

les macrophages à l'intérieur de vacuoles parasitophores, les 

spores ont un tubule polaire anisofilaire avec 6 à 10 larges spires 

et 2 ou 3 spires étroites. La paroi des spores et leur organisation 

interne est détaillée. Le parasite est comparé d'une part avec 

Encephalitozoon, Endoreticulatus et Cytosporogenes, genres dont 
le développement est intravacuolaire, et d'autre part avec 

certaines espèces retrouvées chez les mammifères, qui présentent 

des tubules polaires anisofilaires. Cependant, leur appartenance 

générique n'a pu être établie. Les auteurs soulignent les similitudes 

existant entre M. ceylonensis et Nosema sp., décrites dans la 

cornée d'une femme au Botswana. 

MOTS CLES : Microsporidium ceylonensis, microsporidiose de la cornée 
humaine, ultrastructure, macrophages, tubule polaire anisofilaire. 

INTRODUCTION 

A shton & Wirasinha (1973 ) gave the case his­

tory o f an eleven-year old Tamil boy who suf­

fered defective vision (percept ion o f light 

only) in his right eye. Keratoplasty was performed and 

histology of the corneal disc revealed abundant micro-

sporidian spores both within macrophages and lying 

free in the corneal stroma. As the only stages identi­

fied were spores, it was impossible to identify the 

genus with certainty. Identities suggested by Ashton 

& Wirasinha (1973) were Encephalitozoon cuniculi 

Levaditi, Nicolau & Schoen, 1923 the first microspori­

dium to have been confirmed as a parasite o f a human 
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patient (Matsubayashi et al, 1959) and Nosema hel-
minthorum Moniez, 1887. N. helminthorum was sug­
gested because it is a parasite o f tapeworms of sheep 
and goats and the child had sustained an injury to the 
right eye six years previously when he was gored by 
a goat. 
After confirming the microsporidian nature of Ence­
phalitozoon cuniculi derived from a colony of rats, 
Lainson et al. ( 1964) proposed that the correct name 
was Nosema cuniculi (Levaditi et al, 1 9 2 3 ) but 
demonstration that the nuclei o f Nosema bomhycis 
(the type species) are paired in diplokaryotic arran­
gement, while those o f Encephalitozoon cuniculi are 
unpaired (monokaryotic arrangement), led to the re-
establishment of the genus Encephalitozoon by Cali, 
1971. Uninucleate spores were reported in the corneal 
specimen examined by Ashton & Wirasinha (1973) but 
this was not firmly established, as the central band in 
the spores, which they interpreted as the nucleus, is 
more likely to be cytoplasm containing the nuclear 
material. The subsequent revelation that N. helmin­
thorum is a dimorphic species with separate mono­
karyotic and diplokaryotic merogonic and sporogonic 
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sequences leading to morphologically distinct mono-
karyotic and diplokaryotic spores (Canning & Gunn, 
1984) , leaves open the possibility that the corneal 
parasite (if monokaryotic) could have represented one 
sequence of N. helminthorum. Sprague (1977) listed 
the parasite as Nosema sp. but, because there was 
insufficient data available for any generic assignment, 
Canning (1986, in Canning & Lom, 1986) transferred 
it to the collective genus Microsporidium as M. ceylo-
nensis. Spore measurements given by Ashton & Wira-
sinha (1973 ) were 3.5 x 1.5 µm (fixed and stained), 
while those o f E. cuniculi are 2.5 X 1.5 urn (fresh) and 
those o f N. helminthorum are 5.8-6.8 x 3.5 µm (fresh) 
(Dissanaike, 1957) . 

In order to obtain further information about M. ceylo-
nensis, we obtained from Professor Norman Ashton 
two slides which had been deposited at the Institute 
of Ophthalmology, London. The two sections on each 
slide were reprocessed and have contributed further 
details o f the structure o f the microsporidium respon­
sible for the infection. 

MATERIAL AND METHODS 

T he coverslips on both slides were removed by 
prolonged soaking in xylene. For light micro­
scopy one slide was rehydrated via a series 

o f e thanol dilutions, o n e sect ion was stained by 
standard Haematoxylin and Eosin by excluding the 
other section. After reversing the slide the other sec­
tion was stained for 30 min in 1 % R66 Giemsa 
( B D H ) . After washing in distilled water the Giemsa-
stained section was differentiated in 0.1 % acetic acid 
until the blue colour appeared to have been removed, 
then washed in tap water until the blue colour reap­
peared. The section was blotted dry, rinsed in ethanol, 
cleared in xylene and mounted in Histomount. For 
electron microscopy the two sections on the other 
slide were rehydrated to 50 % ethanol and transferred 
via 0.1 M cacodylate buffer into 1 % Os 0 4 in buffer. 
After dehydration in ethanol, the slide was trans­
ferred to propylene oxide, then mixtures o f 70:30 and 
30:70 propylene oxide: Agar 100 resin (Agar Scien­
tific) and finally Agar 100 resin. A polymerised block 
o f resin was placed on top of each section and the 
slide was incubated overnight at 65 °C for polymeri­
sation o f the new resin. The slide was then placed 
on a hot plate and the section, now embedded in 
resin, was snapped off. Sections were cut from the 
exposed surface o f the block, mounted on copper 
grids and stained with uranyl acetate and lead citrate. 
Grids were examined under an AEI EM 801 electron 
microscope . 

RESULTS 

CORNEAL PATHOLOGY 

T he normal cornea consists of an outer non-
keratinising stratified squamous epithelium 
which rests on a thin basal lamina. Underlying 

this is the corneal stroma. The outermost part o f the 
stroma is a specialised region named Bowman 's layer, 
which contains delicate, randomly distributed collage­
nous and reticular fibrils. The bulk o f the stroma 
consists o f layers of stromal collagen lamellae, rare 
fibroblasts (keratocytes) and a matrix rich in acid 
mucopolysaccharides. The stromal region rests on Des-
cemet 's membrane, a homogeneous elastic membrane 
derived from a single layer of flattened endothelial cells 
which lines the inner surface of the cornea. 
In the keratoplasty specimen (Figs. 1-3), the epithelium 
was detached. The stroma showed an increase in cel-
lularity due to an infiltrate o f mononuclear inflamma­
tory cells, mainly macrophages, and some nuclear 
debris from lysis of inflammatory cells. The increased 
cellularity was particularly prominent anterior to Des-
cemet 's membrane where microsporidia were particu­
larly abundant both free between stromal lamellae 
and within macrophages, but not within keratocytes. 
Posterior to Descemet 's membrane, there was evi­
dence o f endothel ial cell infection as some cel ls 
appeared to contain spores. A layer of inflammatory 
tissue consisting mainly of macrophages and multinu­
cleated giant cells with occasional free spores was pre­
sent over the posterior surface of the cornea. The pre­
sence of some iris pigment in this region may be 
suggestive o f infection in more centralised tissues o f 
the eye, but could also be due to inflammation in the 
anterior segment o f the eye secondary to the corneal 
infection. 

PARASITE ULTRASTRUCTURE 

Only spores and very poorly preserved sporoblasts 
were present in the tissue. Almost all spores lay in 
groups within rounded macrophages be tween the 
stromal lamellae, with four to eight or more spores 
visible in one plane (Figs. 4, 5) . Some spores were 
strung out in a line parallel to the lamellae, although 
still within the common boundary o f macrophage cyto­
plasm (Fig. 6 ) . Host cells were poorly preserved and 
only fragments of membrane were visible. Macrophage 
cytoplasm appeared speckled with lucent « vesicles » 
and the nuclei were disorganised and f locculent 
(Figs. 7, 9 ) . In almost all infected cells the spores lay 
collectively in a lucent matrix within an irregularly 
lobed cavity, although the detached exospore layers 
o f the spore walls sometimes gave the false impres­
sion o f septation in the cavity (Fig. 5 ) . In the few 
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Fig. 1. - Giemsa-s ta ined sec t ion through microspor idian - infected c o r n e a showing B o w m a n ' s layer ( B ) s t r ipped o f epi thel ium, normal 
s t romal lamel lae ( n s ) , d isorganised stromal lamel lae (ds ) heavi ly infiltrated by mac rophages , and D e s c e m e t ' s m e m b r a n e ( D ) anterior to 
w h i c h are n u m e r o u s m a c r o p h a g e s ( m ) p a c k e d with spores , and underlying inflammatory tissue ( I ) . Sca l e bar = 120 µm. 
Fig. 2. - II & E s ta ined sect ion, pho tog raphed with high contrast to s h o w refractility o f spores . T h e o c c u r r e n c e o f individual l iberated 
spores ( a r r o w h e a d s ) as wel l as spore filled m a c r o p h a g e s is particularly clear . Sca l e bar = 30 µm. 

Fig. 3. — G i e m s a s tained sec t ion showing spore-fi l led m a c r o p h a g e ( a r row) lying b e t w e e n stromal lamel lae . Sca le bar = 60 µm. 
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Fig. 4, 5. - M a c r o p h a g e s from a posi t ion b e t w e e n stroma] lamel lae showing profiles of spores within l o b e d vacuo les . T h e m a c r o p h a g e 
cy toplasm has a foamy a p p e a r a n c e due to p o o r fixation, and cont rac t ion o f spo re cy top lasm away from the e x o s p o r e s (Fig. 5 ) gives the 
false impress ion o f septa t ion in the vacuoles . Sca le bars = 1.0 µm (Fig. 4 ) and 2 .0 µm (Fig. 5 ) . 
Fig. 6. - Adjacent to stromal lamel lae ( s l ) are e longa te m a c r o p h a g e s ( m ) harbour ing spores strung out in a l ine. Arrow points to a spo re 
with a subterminal anchor ing disc. Sca l e ba r = 1.5 µm. 
Fig. 7. - Intracellular vacuole containing irregular sporoblasts . Arrowheads indicate persisting vacuolar membrane , mn = m a c r o p h a g e nucleus; 
m c = m a c r o p h a g e cytoplasm. Sca l e bar = 0 .9 µm. 
Fig. 8. - M a c r o p h a g e p a c k e d with spores , about twelve profiles be ing visible. Ar rowheads indicate m a c r o p h a g e cy top lasm insinuated bet­
w e e n spores , p robab ly after disruption of the vacuolar m e m b r a n e . Sca l e bar = 2 .0 µm. 
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Fig. 9. - Adjacent m a c r o p h a g e s A, B e a c h with a nuc leus ( m n ) and spore-fi l led vacuo le . The layer of cy toplasm b e t w e e n the t w o vacuo le s 
( a r row) is cont r ibuted b y bo th m a c r o p h a g e s . Sca l e bar = 1.25 pm. 
Fig. 10. - Anterior region of spore showing anchor ing disc ( a ) with 5-6 small compar tmen t s w h e r e the anterior e n d of the polar tube 
impinges on the disc, a l so c l o s e - p a c k e d ( p 1 ) and looser m e m b r a n e s ( p 2 ) o f the polaroplas t a round the anterior region of the polar tube 
(pt) . A layer of undifferentiated cytoplasm ( c ) is interpolated b e t w e e n p1 and the spore wall, r = r ibosomes; n = nucleus. Scale bar = 0.3 µm. 
Fig. 11 . - Anterior region of spo re showing c l o s e - p a c k e d ( p 1 ) and loose r m e m b r a n e s ( p 2 ) of the polaroplast a round the straight sec t ion 
o f the polar tube. A layer o f cy top lasm ( c ) lies b e t w e e n the polaroplast and spore wall . Sca l e bar = 0 .25 µm. 
Fig. 12. - O b l i q u e sec t ion of spore showing loose polaroplas t m e m b r a n e s ( p 1 ) arranged like the petals of a f lower a round the straight 
sec t ion o f the polar tube (p t ) . n = nuc leus , r = ribosomes. Sca le bar = 0 .25 µm. 
Insert: en la rgement of the straight sec t ion o f the polar tube showing at least 7 layers round a central dot. Sca le ba r = 0 .13 µm 
Fig. 13 . - Part of the anterior region of the spore showing the angular nuc leus ( n ) adjacent to the poster ior loose m e m b r a n e s of po la ro­
plast ( p 1 ) , r = r i bosomes . 
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examples where sporoblasts were present (Fig. 7 ) , all 
were in the same stage o f development and patches 
o f a vacuolar membrane were clearly visible around 
the group. Very rarely there were macrophages in 
which the spores lay separately, with host cell cyto­
plasm between them (Fig. 8 ) and in one case two 
adherent macrophages were seen, each with a nucleus 
and vacuole containing spores and a layer of cytoplasm 
merging between the cells (Fig. 9) : in life this common 
layer o f cytoplasm between the two cells would have 
b e e n separa ted by their plasma membranes . No 
internal structural features remained in the stellate 
sporoblasts. These were recognised only by the exo-
spore and thin endospore layers (Fig. 7 ) . 
The longest profile o f a spore examined by electron 
microscopy was 3.6 µm and the width was generally 
1.6 µm. These measurements tally with those taken 
from Fig. 5 in Ashton & Wirasinha ( 1 9 7 3 ) , who gave 
them as 3-5 x 1.5 µm. Spore wall measurements are 
80 -100 nm for the endospore and 13-24 nm for the 
exospore . At the point where the anterior end o f the 
polar tube was inserted into the anchoring disc, there 
appeared to be five or six small « compartments » 
(Fig. 10) . The position o f the anchoring disc appeared 
terminal (Fig. 4 ) or subterminal (Fig. 6 ) but, due to 
the distortion o f the spores, it was not possible to 
determine which was correct. The polaroplast was 
arranged as an outer layer o f 20 or more compact 
membranes around a region o f irregularly arranged 
membranes which themselves extended posteriorly 

around the straight section o f the polar tube (Figs. 
10, 11) . In cross section the region o f the irregular 
membranes resembled the overlapping petals o f a 
flower around the polar tube (Fig. 12) . The form and 
extent o f the polar sac was not clear but a strip o f 
cytoplasm lay around the polaroplast excep t at the 
point where the anchoring disc was recessed into the 
endospore (Figs. 10, 11) . The single, angular nucleus 
occupied a lateral position be tween the posterior 
polaroplast membranes and the first coils o f the polar 
tube (Figs. 12, 13) . Prominent helically-arranged ribo-
somes formed longitudinal and transversely running 
bands around the nucleus (Figs. 12, 13) : several ribo-
somes were visible in these formations in cross sec­
tion. 

The polar tube was arranged as six to ten, 120 nm dia­
meter anterior coils and two or three, 95 nm diameter 
posterior coils (Figs. 14-16) . There was always an 
abrupt change in diameter be tween the large and 
small coils. Sections of the straight part o f the tube 
(Fig. 12 insert) showed an outer dense sleeve ( a ) 
within which successively were an area o f moderate 
density (b), a ring o f electron lucent « fibres » ( c ) , a 
ring o f moderate density (d) (appearing to be made 
up o f separate dots), a lucent ring (e), a grey ring if), 
another lucent ring (g), and a central dot. Sections o f 
both regions of the coil were similar but in the coil 
the central dot appeared to be connected radially to 
about eight longitudinally running fibrils (Fig. 15 
insert). 

Figs. 14 -16 . - Pos ter ior reg ions of spores showing 7 -10 anterior w i d e co i l s and 2-3 poster ior nar row coi ls of the polar tube . In Figs. 15 
& 16 sec t ions of the vacuola r m e m b r a n e ( a r rowheads ) are visible w h e r e the spores abut o n to the m a c r o p h a g e cy toplasm. 
Insert on Fig. 15 is an en la rgemen t of one of the coi ls o f the polar tube (a r row on main p ic ture) . 
Sca l e bars = 0 .23 µm (Figs . 1 4 - 1 6 ) , 0.1 µm (Fig. 15 insert) 

2 5 2 Mémoire Parasite, 1 9 9 8 , 5 ,247-254 



U L T R A S T R U C T U R E O F MICROSPORIDIUM CEYLONENSIS 

DISCUSSION 

T he present data add to the description o f the 
spec ies by confirming that the spores are 
monokaryotic and giving details of the pola-

roplast, polar tube and general spore organisation, from 
which it is clear that the parasite does not conform to 
either o f the spore types o f Nosema helminthorum as 
described by Canning & Gunn (1984) . The study pro­
vides strong evidence that the parasite develops in a 
vesicle, although the origin o f this structure could not 
be determined. The presence of several sporoblasts, all 
in the same stage o f development within a thin mem­
brane indicates that parasite is not likely to be a spe­
cies o f Encephalitozoon because, in this genus, deve­
lopment is asynchronous, with meronts lining the 
vacuolar membrane and sporogonic stages in the 
centre. In M. ceylonensis the development is synchro­
nous and is suggestive o f polysporous sporogony. 
Furthermore the spores are considerably larger than is 
typical for Encephalitozoon spp. (2.5-3.0 x 1.0-1.5 µm), 
measurements o f 3.6 x 1.6 pm in the reprocessed 
material probably representing over 4.0 µm as fresh 
spores. An isofilar polar tube is a feature common to 
all three Encephalitozoon spp. found in mammals and 
to similar parasites in other vertebrates, e. g. Ence­
phalitozoon lacertae in lizards (Canning, 1981) and 
Encephalitozoon sp. in birds (Lowenstein & Petrak, 
1980) . For these reasons M. ceylonensis cannot be 
placed in the genus Encephalitozoon. 

The size and anisofilar polar tube with six to ten wide 
coils and two or three narrow coils are suggestive o f 
several other species reported from mammals, namely 
Trachipleistophora anthropopthora with spores mea­
suring 3.7 x 2.0 pm (fixed) with a 6-8 + 1-3 polar tube 
pattern (Vavra et al., 1998b ) , Thelohania apodemi with 
spores measuring 4.2 x 2.3 µm (fixed) with a 9 + 2 
polar tube pattern (Vavra et al, 1998a) and Trachi­
pleistophora hominis with spores measur ing 4 .0 
x 2.4 pm (fresh) (Hollister et al., 1996) with 8-11 + 4-5 
polar tube pattern (unpublished data). These species 
have a sub-terminal insertion o f the polar tube and 
there are indications o f this for M. ceylonensis but this 
could not be confirmed. However, these species form 
sporophorous vesicles within which the spores are 
contained. In Trachipleistophora the sporophorous 
vesicle is derived from a 60-100 nm surface coat, pre­
sent on meronts, which pushes out into a zone of lysed 
host all cytoplasm as finger-like or highly branched 
extensions which are closely associated with arrays of 
25 nm diameter tubules o f unknown origin in this 
zone. In Thelohania apodemi the spores are held as 
groups o f eight within a 50 nm vesicle wall which 
appears as two dark lines separated by a lucent space. 
The often voluminous foamy material surrounding the 

groups o f spores o f M. ceylonensis and the presence 
of the foamy material around host cell nuclei (Fig. 9) 
and between spores (Fig. 8 ) led to our interpretation 
that this is poorly fixed host cell cytoplasm, not spo­
rophorous vesicle. The nature of the membrane enclo­
sing the groups o f sporoblasts and spores could not 
be determined but does not resemble the sporopho­
rous vesicles o f Trachipleistophora or T. apodemi. 
Thus although the anisofilar polar tube is a common 
feature with Trachipleistophora spp. and T. apodemi, 
the nature o f the sporophorous vesicles precludes 
these genera. No further information can be obtained 
from this material but the ultrastructural details pre­
sented should facilitate recognition o f the parasite if 
infections are discovered in the future. 
Pinnolis et al. ( 1981) favoured Nosema as a genus for 
the microsporidium infecting the cornea o f a woman 
in Botswana but diplokaryotic nuclei characteristic o f 
the genus were not seen. As in the present case some 
ultrastructural details were obtained by reprocessing 
the corneal tissue previously fixed in formaldehyde. 
There were several features in common with M. cey­
lonensis: spores, formed in clusters within macro­
phages (histiocytes), measured 2.5-3.0 x 4.5-5.0 µm, 
were uninucleate and had 11-13 coils of the polar tube. 
Although not mentioned in text the electron micro­
graph shows clearly that the last three coils of the polar 
tube are narrower (anisofilar). No vacuolar membrane 
was observed around the organisms in the histiocytes 
but our experience shows that membrane preservation 
in host cells is poor after the reprocessing. This para­
site is clearly not a species of Nosema and there would 
be advantages in further ultrastructural studies o f this 
material, if it still exists. 
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