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Abstract

Cystic-like structures similar to xenomas containing ovoid or piriform organisms were observed in brain and kidney of a
one-month-old rabbit. Different dyes such as H&E, PAS, toluidine blue and trichrome blue were tested. Trichrome blue
yielded the best results in terms of specificity, resolution and confirmation of microsporidia spores. This dye is easily
adaptable to paraffin-embedded samples by not requiring additional equipment; it is rapid, cheap and could be used as
a confirmatory technique for other microsporidiosis.
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Resumen

Se observaron estructuras quisticas similares a xenomas con organismos ovoides o piriformes en encéfalo y riidn de
un conejo de un mes de edad. Se probaron diferentes tinciones, como HE, PAS, azul de toluidina y azul de tricromo. El
azul de tricromo proporciond los mejores resultados en cuanto a especificidad, resolucién y confirmacién de esporas de
microsporidios. Este colorante es facilmente adaptable a cortes desparafinados por no requerir de equipo adicional; es
réapido, econémico y podria utilizarse como técnica confirmatoria para otras microsporidiosis.
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Introduction

ncephalitozoonosis is a parasitic disease caused

by microsporidia Encephalitozoon spp, an obligate

intracellular agent that produces spores. This
organism is widely distributed in the world and has
a wide variety of hosts, such as: wild and laboratory
rodents, carnivores and ruminants. However, this
parasite mainly affects rabbits.! Currently, E. cuniculi
is considered a common pathogen of rabbits and
rodents, it causes a mild to moderate chronic
infection without showing clinical signs, although a
strong damage of the central nervous system (brain)
and kidney may be present, where it causes severe
granulomatous meningoencephalitis and interstitial
nephritis, respectively.! It has been suggested that
this important granulomatous response is due to a
structural component of the spore cell wall, composed
mainly of chitin. However, this microsporidia may
affect other organs and tissues such as eye and liver.
A variety of methods for the detection of this parasite
in suspected rabbits have been reported in literature.
Among the most used methods are the immunological
(ELISA, IFA) or molecular (PCR), performed on
coprological samples.! Immunological tests detect
only the presence of antibodies (Ab) in cases of
chronic encephalitozoonosis,2 but do not confirm
the microorganism as the causal agent of disease.?
Detection of microsporidia by molecular means seems
to be a sensitive method to confirm the presence of
parasite in body secretions and fluids from humans,
but this method has not been sufficiently evaluated for
the detection of E. cuniculi in rabbits with suspected
encephalitozoonosis. Nowadays, the standard method
most commonly used to confirm encephalitozoonosis
infection in rabbits is through the detection of lesions
typical of this disease in tissue sections stained with HE,
PAS and toluidine blue.? However, the histopathologic
identification of spores by these stains is sometimes
difficult to interpret, because of the strong
granulomatous inflammation masks the presence of
this tiny parasite (Ipm x 2 pm) at the lesion site. In
contrast, the presence of spores may also go undetected
in cases of minimal inflammatory response. It has been
recently suggested the use of immunohistochemistry
(IHC) orfluorochromes (calcofluor, Uvitex, fungiqual)
for detection of microsporidia spores;? however,
these techniques require specialized equipment and
personnel and are too expensive for individual cases.
In this paper, a specific dyeing method for the spore
chitin of the parasite is proposed by using trichrome
blue dye, which easily identifies microsporidia spores,
is fast, economical, and compatible with paraffin-
embedded tissue, and would help to confirm the initial
infection diagnosis in rabbits.
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Introduccion

a encefalitozoonosis es una enfermedad

parasitaria ocasionada por el microsporidio

Encephalitozoon spp, que es un agente intracelular
obligatorio generador de esporas. Este microorganismo
se encuentra ampliamente distribuido en el mundo y
tiene una gran variedad de huéspedes, entre los que
se encuentran los roedores silvestres y de laboratorio,
carnivoros y rumiantes; sin embargo, este parasito afecta
principalmente a conejos.! Actualmente, E. cuniculi
es considerado como un patégeno comun de conejos
y roedores, causa desde una ligera a una moderada
infeccién cronica sin presentacion de signos clinicos,
aunque puede cursar con una fuerte afeccion del
sistema nervioso central (encéfalo) y rinén, en donde
ocasiona grave meningoencefalitis granulomatosa y
nefritis intersticial, respectivamente.! Se ha sugerido
que esta importante respuesta granulomatosa se debe
a un componente estructural de la pared celular de
las esporas, formado principalmente de quitina. No
obstante, este microsporidio también puede afectar
otros 6rganos y tejidos, como el ojo y el higado. Existe
una variedad de métodos que han sido registrados
en la literatura para la deteccion de este parasito
en conejos con sospecha de la enfermedad. Entre
los métodos mas utilizados estan los inmunolégicos
(ELISA, TFA) o moleculares (PCR), realizados en
muestras coprologicas.! Las pruebas inmunologicas
detectan solamente la presencia de anticuerpos (Ac)
en casos de encefalitozoonosis cronica,? pero no
confirman al microorganismo como el agente causal
de la enfermedad.® La deteccion del microsporidio
por medios moleculares parece ser un método sensible
para confirmar la presencia del parasito en secreciones
y fluidos corporales en seres humanos, pero este
método no ha sido suficientemente evaluado para la
deteccion de E. cuniculi en conejos con sospecha de
encefalitozoonosis. Actualmente, el método estandar
mas comunmente utilizado para confirmar la infeccion
de encefalitozoonosis en conejos es a través de la
deteccion de las lesiones tipicas de esta enfermedad
en secciones tisulares tenidas con HE, PAS y azul de
toluidina.* No obstante, la identificacién histopato-
légica de las esporas por medio de estas tinciones
resulta algunas veces dificil de interpretar, debido a
que la fuerte inflamacién granulomatosa enmascara
la presencia de este pequeno parasito (lpm x 2 pm)
en el sitio de la lesion. En contraste, la presencia de las
esporas también pudiera pasar desapercibida en casos
de minima respuesta inflamatoria. Recientemente
se ha sugerido emplear inmunohistoquimica (IHQ)
o fluorocromos (calcofltior, uvitex, fungiqual) para
la deteccion de las esporas de microsporidia;? sin
embargo, estas técnicas requieren de equipo y personal



The carcass ofafemale Creole, rabbit, aboutamonth
old and weighing approximately 300 g was referred to
the Departamento de Patologia Diagnostica (Facultad
de Medicina Veterinaria, Universidad Autonoma de
Nuevo Leon). The animal was purchased at a pet store
in Monterrey, NL and was apparently healthy. Six days
after purchase, it died suddenly. Because of this, it was
decided to perform a necropsy. It is noteworthy that
the animal received no previous treatment nor any
clinical pathology review was performed.

Macroscopically, the liver showed congestion
and hepatomegaly; in addition to several irregular
whitish strias of 2-b cm long that extended into the
liver parenchyma. These lesions were confirmed by
microscopic examination as areas of necrosis associated
with parasitic migration. The lungs showed congestion
and edema, with discrete fibrin adhesions. There were
no major changes but congestion in other organs such
as spleen and hollow viscera.

Microscopically, the liver showed wide coalescing
areas of caseous necrosis, partially offset by fibrous
connective tissue and infiltrated by lymphocytes,
heterophils and giant cells at the periphery. Thickening
associated with congestion, edema and infiltration
of lymphocytes and heterophils were recognized in
the lung alveolar septa. In addition, some areas of
coagulative necrosis adjacent to blood vessels and
infiltrated by macrophages and heterophils were seen.
Alveolar septal thickening associated with congestion
were observed in the lung, along with edema and
infiltration of lymphocytes and heterophils. More over,
some areas of coagulative necrosis adjacent to blood
vessels and infiltrated by macrophages and heterophils
were observed. The kidney showed interstitial foci of
lymphocytic and heterophil infiltration; inside the
tubular epithelium there were numerous cysts filled with
several elongated structures of 1-2 pm length by 1 pm
width approximately (Figure 1). The presence of cysts,
whose morphology was consistent with that described for
"xenomas" caused that many cells showed enlarged with
protruded cytoplasm with lysis and release of organisms
into the tubular lumen occupied by debris. The presence
of microorganisms in the intracellular xenoma was well
defined and most showed no adjacent inflammatory
response. There were some pockets of glial reaction
and discrete perivascular lymphocytic infiltration in the
brain. Through high magnification (100X), areas with
cystic formations similar to those found in the kidney
were observed. Most xenomas showed no adjacent
inflammatory response. There were no other significant
changes in other organs. Based on the aforementioned,
a presumptive etiologic diagnosis of microsporidiosis
was established, so additional kidney and brain cuts were
made for PAS, toluidine blue and trichrome blue dyes.

PAS and toluidine blue dyes in kidney and brain

especializado y resultan costosas para casos individuales.
En este trabajo, se propone un método de tinciéon
especifico para la quitina de la espora de este parasito
mediante el empleo de azul de tricromo. Este colorante
identifica facilmente las esporas de microsporidia, es
rapido, econémico, compatible con tejidos embebidos
en parafina y ayudaria a confirmar el diagnéstico inicial
de esta infeccion en conejos.

Se remiti6 al Departamento de Patologia Diagnos-
tica (Facultad de Medicina Veterinaria y Zootecnia,
Universidad Autéonoma de Nuevo Leon), el cadaver de
un conejo hembra, criolla, de aproximadamente un
mes de edad y con un peso aproximado de 300 g. El
animal fue adquirido en una tienda de mascotas de
Monterrey, NL y se mostraba sin aparente alteracion
de su estado de salud. A los seis dias de su compra,
el animal muri6 subitamente. Debido a lo anterior, se
decidi6 realizar la necropsia. Cabe mencionar que el
animal no recibié ningun tratamiento previo, ni se le
practicé ningtin examen de patologia clinica.

Macroscopicamente, se reconocioé congestion y hepa-
tomegalia; ademas, varias estrias irregulares de color
blanquecino de 2-5 cm de largo que se extendian hacia
el interior del parénquima hepatico. Se confirma en el
estudio microscopico que estas lesiones correspondian
azonas de necrosis asociados con migracion parasitaria.
Los pulmones se apreciaron congestionados y ede-
matosos, con discretas adherencias de fibrina. Otros
6rganos, como el bazo y visceras huecas, se observaron
congestionados sin mayores cambios.

Microscopicamente, en el higado se apreciaron
extensas zonas coalescentes de necrosis caseosa, limita-
da parcialmente por tejido conectivo fibroso e infil-
tradas en su periferia por linfocitos, heteréfilos y células
gigantes. En pulmén se reconocié engrosamiento de
septos alveolares asociado con congestiéon, edema e
infiltracion de linfocitos y heterofilos; ademas, algunas
zonas de necrosis coagulativa adyacentes a vasos
sanguineos e infiltradas por macrofagos y heterofilos.
En el rinén se apreciaron focos de infiltracién de
linfocitos y heteréfilos en el intersticio; en el interior
del epitelio tubular habia numerosos quistes repletos
de numerosas estructuras alargadas de 1-2 pm de largo
por Ipm de ancho aproximadamente (Figura 1). La
presencia de los quistes, cuya morfologia concordaba
con la descrita para los “xenomas”, hacia que muchas
células mostraran un citoplasma agrandado y pro-
truido con lisis y liberacién de los organismos hacia
el lumen tubular ocupado por detritus. La presencia
de los microorganismos en el xenoma era intracelular
bien definida y en su mayoria no mostraba respuesta
inflamatoria adyacente. En el cerebro se observaron
algunos focos de reaccion glial y discreta infiltracion
linfoide perivascular. Al revisar con mayor aumento
(100X) las zonas, se observaron formaciones quisticas
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showed a weak positive reaction of the elements that
formed cysts, but these were recognized more easily
than with HE (Figure 2 and Figure 3).

Deparaffinized samples were placed on slides and
immersed in absolute methanol for 10 minutes for
fixation. Subsequently, the modified trichrome blue
dye** (Volu-Sol, Inc.) was applied for 90 minutes. A
quick immersion of the samples in acid-alcohol (90%
ethanol and 10% acetic acid) and two washes in 95%
ethyl alcohol, each for 5 minutes were done. Then the
samples were immersed in 100% ethyl alcohol for 10
minutes and then in xylene for 10 minutes. Finally, the
smears were air-dried, mounted with synthetic resin
and covered with a slide.

The trichrome blue dye demonstrated the presence
of xenomas with oval spores inside both brain and
kidney, which were dyed deep red to red-pink, more
intensely in one of the poles (polarplast) and with
a clear vacuole at the other end. Furthermore, the
characteristic diagonal or equatorial (polar tube)
was also observed in some spores, allowing to easily
differentiate these parasites from bacteria or fungi
and confirm a definitive diagnosis of microsporidiosis
(Figure 4).

The following lesions were observed: in liver,
chronic, pyogranulomatous, multifocal, coalescing
hepatitis; in kidney, interstitial, discrete, multifocal
subacute to chronic nephritis; in the brain, lymphocytic
encephalitis with focal, moderate, chronic and
multifocal glial reaction ; and in the lung, interstitial
pneumonia with focal, moderate, severe and diffuse
parenchymal necrosis.

Encephalitozoon cuniculi was considered as the cause
of disease in both kidney and brain. The lung lesions
were not strongly associated with this pathogen, but its
likely involvement was considered. The hepatic lesions
were considered as a result of parasite migration,
probably nematodes.

In this study, the final confirmation of
microsporidiosis was established by determination
of the distinctive characteristics of spores dyed with
trichrome blue: red to red-pink color, presence of a
polarplast, a clear vacuole and a polar tube and as well
as uniformity in the size of the spores (2 pm long by 1
pm in diameter). Based on the above and the presence
of xenomas with spores, both in brain and in kidney
epithelial cells of the rabbit, an etiological diagnosis of
Encephalitozoon cuniculi was suggested.*6

The possible source of microsporidia transmission
to the rabbit could not be established in this case,
however, the young age of the animal (1 month) may
indicate a transmission n ulero.™ The diagnosis of
microsporidiosis by histopathology has been difficult
for several reasons, among the most important are:
the small size of these parasites, the spore form that
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similares a las encontradas en rinén. En su mayoria
los xenomas no mostraban respuesta inflamatoria
adyacente. No se observaron otros cambios importantes
en los demads o6rganos. Con base en lo anterior, se
estableci6 un diagnéstico etiolégico presuntivo de
microsporidiosis, por lo que se realizaron cortes
adicionales de rin6n y de encéfalo para su tincion con
PAS, azul de toluidina y azul de tricromo.

La tinciéon de PAS y azul de toluidina en rinén
y cerebro demostraron una reacciéon débilmente
positiva de los elementos que formaban los quistes, si
bien se reconocieron con mayor facilidad que con HE
(Figuras 2y 3).

Las muestras desparafinadas colocadas en porta-
objetos se sumergieron en metanol absoluto por 10
minutos para su fijacién. Posteriormente, en la tincién
de azul de tricromo modificado* (Volu-Sol, Inc.)
durante 90 minutos. Se hizo una rdpida inmersién
de las muestras en alcohol-icido (90% etanol y 10%
acido acético) y dos lavados en alcohol etilico al 95%,
cada uno de 5 minutos. Después, las muestras se
sumergieron en alcohol etilico al 100% por 10 minutos
y luego en xileno durante 10 minutos. Por ultimo, los
frotis se dejaron secar al aire, montados con resina
sintética y cubiertos con un portaobjetos.

La tincién con azul de tricromo demostro, tanto en
encéfalo como en rinon, la presencia de xenomas con
esporas ovales en su interior, las cuales se tineron de un
color rojo a un rojo-rosado, que era mas intenso en uno
de los polos (polaroplasto) y con una clara vacuola en
el extremo opuesto. Asimismo, se observo en algunas
esporas la caracteristica linea diagonal o ecuatorial
(tubo polar), lo que permiti6é facilmente diferenciar
a estos parasitos de bacterias u hongos y confirmar el
diagnostico definitivo de microsporidiosis (Figura 4).

Se observaron las siguientes lesiones: en higado,
una hepatitis piogranulomatosa crénica, multifocal
coalescente; en rinén, nefritis intersticial, discreta,
subaguda a crénica y multifocal; en cerebro, encefalitis
linfocitaria con focos de reacciéon glial, moderada,
cronica y multifocal, y en pulmén, una neumonia
intersticial con focos de necrosis en parénquima,
moderada, aguda y difusa.

Tanto en rinén como en cerebro, se consider6 a
Encephalitozoon cuniculi como causa de las lesiones. Las
lesiones en pulmén no se asociaron categéricamente
con este agente, pero se consideré su probable
participacion. Las lesiones hepaticas se consideraron
como resultado de la migraciéon de parasitos,
probablemente nematodos.

En este trabajo, la confirmacién definitiva de
microsporidiosis se establecié con la determinacién
de las distintivas caracteristicas de las esporas tenidas
con azul de tricromo: coloracién rojo a rojo-rosado,

*Salt Lake City, USA.



Figura 1. Quiste parasitario en una célula epitelial renal. Las esporas
(flecha) se tinen débilmente y lucen translucidas. H&E (100X).
(Barra = 10 pm).

Figure 1. Parasitic cyst within a renal epithelial cell. The spores
(arrow) are dyed weakly and appear translucent. H & E (100X). (Bar
=10 pm).

Figura 3. Esporas de microsporidia en una célula nerviosa (flecha).
Los parasitos se tinen intensamente. Azul de toluidina. (100X).
(Barra = 10 pm).

Figure 3. Microsporidia spores within a nerve cell (arrow). Parasites
are dyed intensely. Toluidine blue. (100X). (Bar = 10 pm).

makes it easily confused with fungal spores, distributed
sometimes in palisade so they are confused with
bacteria or other artifacts,!0 as observed in this case,
especially in brain and kidney samples stained with
HE, PAS and toluidine blue.

In addition, it has been reported that the spores
have variable color properties according to their
developmental stage and can produce a minimal
inflammatory response in the host, which can be
unnoticed.! This situation was observed in this case in
kidney and brain.

ELISA, IFA, PCR tests and fluorochromes are
commonly recommended and used in research
diagnostic laboratories.’2 Despite its reliability for
diagnosis of microsporidiosis, these techniques have

Figura 2. Quistes parasitarios en células epiteliales renales. Las
esporas (flechas) se observan dispersas dentro del quiste y se tinen
débilmente. PAS (100X). (Barra = 10 pm).

Figure 2. Parasitic cysts within renal epithelial cells. Spores (arrows)
are observed scattered inside the cyst and dyed weakly. PAS (100X).
(Bar = 10 pm).

Figura 4. Quiste parasitario en una célula epitelial renal. Las esporas
(flecha) se tinen intensamente de color rojo. Se aprecia el tubo
polar en varias de ellas. Azul de tricromo. (100X). Barra = 10 pm.

Figure 4. Parasitic cyst within a renal epithelial cell. Spores (arrow)
are dyed intensely red. Polar tube can be seen in several of them.
Trichrome blue. (100X). Bar = 10 pm.

presencia de un polaroplasto, de una vacuola clara y
de un tubo polar, asi como también uniformidad en
el tamano de las esporas (2 pm de largo por 1 pm de
diametro). En base a lo anterior y a la presencia de
xenomas con esporas tanto en el encéfalo como en las
células epiteliales del rinén del conejo, se sugirié6 un
diagnostico etiolégico de Encephalitozoon cuniculi. s

La posible fuente de transmision del microsporidio
en el conejo del presente caso no pudo ser establecida;
sin embargo, la escasa edad del animal (1 mes)
podria indicar una posible transmision in utero.™
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some disadvantages, such as: expensive and specialized
equipment.!?

One method that has proved extremely useful to
diagnose microsporidiosis is the histopathological
examination of individuals suspected of encephalito-
zoonosis.!* Although more sophisticated techniques
tend to slowly replace the traditional light microscopy,
it is precisely this methodology which allows a clear
study on the sequence of events that happen in the
inflammatory process against the parasite as well
as on the identification of different stages of its
development.15 Besides, without the guidance of light
microscopy, ultrastructural analysis of the development
of the parasite (transmission electron microscopy)
could not be done.16

In the present study several dyeing techniques,
suggested in the literature to identify encephalito-
zoonosis, were used in tissue fixed in formalin and
embedded in paraffin. HE staining is the routine dye
most used in pathology laboratories; however, the
sensitivity of this method depends on the experience of
the pathologist. The parasites are not easily identified
and displayed as clusters of refractile intracellular
structures difficult to define. The same situation
occurred with PAS and toluidine blue, with the observed
lack of specificity to distinguish the spores, and is
consistent with results reported by other researchers.!

Recently, it has been suggested the use of trichrome
blue for detection of microsporidian spores in samples
from body fluids such as urine, sputum and feces of
animals and people suspected of encephalitozoonosis
or other intestinal microsporidiosis.l”. 18 However,
their use in tissue samples fixed with formalin and
embedded in paraffin is scarce and has only been used
in ocular analysis.!8 The results of this study suggest
that trichrome blue dye is a great improvement for
detection of microsporidia in paraffin-embedded
tissue. The essential points to this dye provide that
the definitive diagnosis of microsporidia is the
identification of polar tube and polarplast.1

This report noted that the trichrome blue dye
was effective and quick for the definitive diagnosis
of microsporidiosis in rabbits. Furthermore, this
methodology can be easily standardized in any
histopathology laboratory.
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