Acta vet. scand. 1987, 28, 15-22.

From the Department of Pathology, Norwegian College of Veterinary Medicine, and
the Department of Pathology, The Norwegian Radium Hospital and Institute for Cancer Research,

Oslo, Norway.

Brain and Spinal Cord Lesions in
Encephalitozoonosis in the Blue Fox

By Inge Bjerkds and Jahn M. Nesland

Bjerkis, I. and J. M. Nesland: Brain and spinal cord lesions in encephalitozoono-
sis in the blue fox. Acta vet. scand. 1987, 28, 15-22. — The central nervous system
lesions in encephalitozoonosis were studied in 11 naturally infected blue foxes.
Immunohistochemical staining was employed in the demonstration of the parasites
and identification of host cells. Consistent findings in acute to subacute stages
included granulomatous meningoencephalomyelitis and vasculitis, with arterial
lesions similar to polyarteritis nodosa. Chronic stages were dominated by arterio-
sclerosis, perivascular mononuclear infiltrations and gliosis, with less prominent
granulomatous reaction. Parasites were almost constantly observed in association
with active lesions both in vessels and nervous tissue. Parasitophorous vacuoles
(PV) occurred in endothelial cells and in the medial layer of arteries. Neurons,
including even their processes, were widely parasitized, a fact that may account for
the brain being an important target organ. PV also occurred in ependymal cells of
the choroid plexus and occasionally in macrophages. A great number of parasites
was demonstrated in phagolysosomes of macrophages, a fact that probably reflects
a relative resistance to digestion, and may consequently contribute to the develop-
ment of the prominent granulomatous reaction. It was concluded that the brain
lesions, except in chronic stages of mild infections, seem to be pathognomonic for
encephalitozoonosis in the blue fox.

Encephalitozoon cuniculi; central nervous system; pathomorphologi-
cal changes; immunohistochemistry.

Encephalitozoon cuniculi is an obligate,
intracellular, microsporidian parasite with a
direct life cycle. It has world-wide distribu-
tion and can probably infect all mammalian
species (Wilson 1979), and even birds
(Kemp & Kluge 1975, Poonacha et al. 1985).
Although most infections usually run a
subclinical course, there are several reports
of severe illness and death in young carnivo-
res. Signs of involvement of the central ner-
vous system (CNS) usually predominate
(Van Rensburg & du Plessis 1971, Nord-

stoga 1972, Shadduck et al. 1978, Botha et
al. 1979). The farmed blue fox (Alopex lago-
pus) appears to be one of the most suscep-
tible species. Experimental studies and data
obtained from spontaneous encephalitozo-
onosis in the blue fox have both provided
evidence that clinically apparent disease is a
result of foetal infection (Nordstoga 1972,
Mohn et al. 1974 and 1982).

Although vessels of any organ may be affect-
ed, the brain and kidneys generally appear
to be the major target organs in naturally
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infected blue foxes (Nordstoga & Westhye
1976). Extensive extravascular lesions are
seen in the kidneys, in which the tubular
cells are parasitized. The pathogenesis of the
CNS lesions has not been established. How-
ever, knowledge of the nature of the path-
ological lesions may be essential to the
pathologist in differentiating encephalito-
zoonosis from other infections with involve-
ment of the CNS, as causative organisms can
be sparse or even absent in chronic stages.
This report presents a pathomorphological
study of brain and spinal cord lesions in
spontaneous encephalitozoonosis in young
blue foxes. Pathogenesis and differential di-
agnoses are discussed.

Material and Methods

CNS material from 11 blue foxes with spon-
taneous encephalitozoonosis was examined
by light microscopy. Etiological diagnosis
was based on the histological demonstration
of typical organisms reacting immunohisto-
chemically with antiserum to E. cuniculi
(Bjerkas & Landsverk 1986). The animals
were 2-5 1/2 months of age and came from
2 different farms. The cases from farm I,
aged 2-3 months, were obtained for ne-
cropsy during a period of high mortality rate
among the pups. Signs of CNS dysfunction
predominated. The animals from Farm II
were obtained some time after an outbreak
of encephalitozoonosis had culminated, and
were 4-5 1/2 months of age. Some affected
animals, including the present cases, had
survived with persistent neurological signs.
Two of the foxes from Farm I were admitted
for necropsy in the frozen state. In the other
cases the material was fixed immediately
after the foxes had been killed. The brain
was examined in all cases, and the spinal
cord in the 5 cases from Farm .

Material was fixed in 10 % buffered formalin
and subsequently embedded in paraffin. Sec-
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tions were stained with hematoxylin and
eosin (H & E), toluidine blue, modified
Gram’s method (Perri 1969), elastin van
Gieson, methyl green-pyronin, periodic acid
schiff (PAS), the Martius scarlet blue me-
thod (MSB), phosphotungstic acid-hematox-
ylin method (PTAH), luxol fast blue, and
the Bodian method.

Formalin-fixed, paraffin-embedded material
was also used for immunohistochemical stu-
dies. The avidin-biotin-peroxidase-complex
(ABC) method was applied (Hsu et al
1981), using antisera raised against E. cuni-
culi, Toxoplasma gondii, protein S-100,
neuron-specific enolase (NSE), glial fibril-
lary acid protein (GFAP), lysosyme, a-1-
antitrypsin and a-1-antichymotrypsin (Tab-
le 1). Deparaffinized sections were treated
for 30 min with 0.3 % hydrogen peroxide
(H,0,) in methanol for block endogenous
peroxidase, and then incubated for 20 min
with normal nonimmune serum diluted in
25% bovine serum albumin (BSA) to eli-
minate nonspecific staining. Excess normal
serum was blotted from the slides before
incubation with the specific primary anti-
serum for 30 min at room temperature or
18-22 h at 4°C (Table 1). The sections were
then incubated with a 1:200 dilution of bio-
tin-labelled secondary antibody for 30 min,
and ABC reagent (10 pg/ml avidin and 2.5
pg/ml biotin-labelled peroxidase) for 60 min
(Vector Laboratories, Burlingame, Califor-
nia). Tissues were stained for 5 min with
0.05 % 3’3-diamino benzidine tetra hydro-
chloride freshly prepared in 0.05 mol/l Tris
buffer, pH 7.6, containing 0.01 % H,0,, and
then counterstained with hematoxylin, de-
hydrated and mounted.

All dilutions of antisera, biotin-labelled se-
condary antibody and ABC reagent were
made with 12.5 % BSA as the diluent. Con-
trol studies included staining of relevant po-
sitive controls and a negative control in
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Figure 1. Granulomatous inflammation and perivascular cuffing in cerebral cortex. Parasitophorous
vacuoles are indicated by arrows. Hematoxylin and eosin. x 170.

Figure 2. Positive staining for lysosyme surrounding individual phagocytized parasites in cerebral
granuloma. Two parasitophorous vacuoles are indicated by arrows. ABC procedure, counterstained with
hematoxylin. x 680.

Figure 3. Macrophages surrounding parasites that are probably in the process of being released from
degenerated host cell in the brain stem. N, neuron. Epon section, toluidine blue. x 1700.

Figure 4. Positive staining for a-1-antitrypsin surrounding parasites in macrophages; brain stem. ABC
procedure, counterstained with hematoxylin. x 680.

Figure 5. Neuron with numerous parasites in perikaryon (P) and processes (arrows); brain stem. Tolu-
idine blue. x 680.

Figure 6. Parasitized neurons in a ventral horn of the spinal cord. Hematoxylin and eosin. x 420.

Figure 7. Cerebellar granuloma with many phagocytized parasitic spores (arrowheads). The faintly
stained structures (small arrows) are probably partly degraded spores. A parasitophorous vacuole (large
arrow) containing developmental stages is seen in a cell with the features of a macrophage. Epon section,
toluidine blue. x 1700.

Figure 8. Immunostaining for neuron-specific enolase (NSE) in the spinal cord. A positive reacting rim
(arrow) is surrounding a parasitophorous vacuole, suggesting that the host cell is a neuron. N, positively
stained unaffected neuron. ABC procedure, counterstained with hematoxylin. x 680.

Figure 9. Parasitophorous vacuole within the medial layer of a meningeal artery (arrows). The parasites
are reacting with anti-Encephalitozoon serum. ABC procedure, counterstained with hematoxylin. x 680.

Figure 10. Parasitophorous vacuole (arrow) containing developmental stages, in an endothelial cell of a
small vessel in the cerebellum. The vessel is surrounded by macrophages with phagocytized parasites
(arrowheads). Epon section, toluidine blue. x 1700.

Figure 11. Parasitophorous vacuoles (arrows) both in intima and media of a meningeal artery with
perivascular granulomatous reaction. Epon section, toluidine blue. x 680.

Figure 12. Meningeal artery with necrosis associated with parasites and perivascular inflammatory
reaction. A parasitophorous vacuole is indicated by an arrow. Hematoxylin. x 420.

Figure 13. Chronically changed meningeal artery with intimal proliferation, luminal narrowing, splitting
of internal elastic lamina and adventitial mononuclear infiltrations. A necrotic area is indicated-by an
arrow. Elastin van Gieson. x 170.
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Table 1. Primary antisera.

Antisera raised Dilution Incubation time Source
against and temperature
Encephalitozoon
cuniculi 1:1800 30 min, Testmann A/S
room temperature
Toxoplasma gondii 1:600 ' Norwegian Defence
Microbiological Lab.
Glial fibrillary .
acid protein (GFAP) 1:16 1822 h Dako Comp.
Protein S-100 1:700 . '
Neuron-specific
enolase (NSE) 1:1000 . »
a-1-antitrypsin 1:100 30 min, "
room temperature
a-1-antichymotrypsin 1:200 ” »
Lysosyme 1:100 " »

which the primary antibody was replaced by
a nonimmune serum.

Small specimens from 3 cases (Farm I) were
fixed in 3 % buffered glutaraldehyde, post-
fixed in osmium tetroxide, dehydrated in
alcohols and embedded in Epon. Semi-thin
sections were stained with toluidine blue
and used for light microscopical examina-
tions. '

Results

Gross lesions

There was excess serous fluid in the sub-
dural space in all cases. Five of the cases
from Farm II exhibited dilation of all brain
ventricles. One of these had hemorrhages
into the lateral ventricles and subarach-
noidal space of the brain stem.

Light microscopy
The cases could be divided into 2 groups,
one comprising the cases from Farm I with
acute to subacute lesions, the other includ-
ing those from Farm II with predominantly
chronic changes.

Acute to subacute changes. The cases in
this group exhibited extensive, active lesions
in all parts of the brain and spinal cord, and
numerous parasites, most of which were
Ix2.5 um in size, with rounded ends. Immu-
nostaining with antiserum against E. cuni-
culi revealed a distinct brown colour (Fig.
9), while no reaction was observed with anti-
serum against Toxoplasma gondii. Antise-
rum against a-l-antichymotrypsin also stai-
ned the parasites in addition to lysosomal
material.

Many parasites were enclosed in parasito-
phorous vacuoles (PV) of host cells. How-
ever, an even greater number occurred in
phagolysosomes of macrophages. These
were surrounded by a positively stained halo
when antisera against lysosyme, a-1-anti-
trypsine and a-1-antichymotrypsine were
used (Figs. 2 and 4). In addition, scattered
parasites within a limited area, and probably
originating from ruptured PV, were occasi-
onally observed.

The parasites were stained faintly with H &
E. The modified Gram’s method provided a
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distinct staining of parasites in PV, while in
the macrophages only a moderate number
was stained compared with the results of im-
munostaining for E. cuniculi.

Though proliferative stages could hardly be
distinguished in paraffin-sections, they were
readily demonstrated, although faintly stai-
ned, in Epon-sections stained with toluidine
blue (Figs. 7 and 10). However, the spores of
the PV were intensely stained. In macropha-
ges, many inclusions of the same size and
shape were stained very faintly and probably
represented partly degraded spores (Figs. 7
and 10).

The greatest PV measured 80 pm in dia-
meter and consisted mainly of spores, while
the smallest PV contained mainly or exclu-
sively proliferative stages (Figs. 7 and 10).
Most PV were spherical, but some were
elongated or had several protrusions. Some
host cells apparently contained more than
one PV. A definite cyst wall was never ob-
served.

Attempts were made to identify the host
cells, and the results are summarized in
Table 2. Many PV were associated with
blood vessels in the meninges and nervous
tissue of brain and spinal cord (Figs. 9-12).

Table 2. Types of parasitized cells.

Host cells Acute to sub- Chronic
acute cases CASES

Endothelial cells + -

Medial layer of arteries,

probably smooth

muscular cells + +

Macrophages + -

Neurons; perikaryon

and processes + ?

Astrocytes - -

Oligodendrocytes - -

Ependymal cells + -

Neuropil; host cell

not identified + +
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They occurred in endothelial cells of all
types of vessel (Fig. 10). Capillaries in the
nervous tissue were frequently parasitized.
In arteries, numerous PV were seen in the
medial layer, and were probably located in
smooth muscle cells (Figs. 9, 11 and 12). In
the grey matter, however, many PV were ob-
served in the cell body and even in the pro-
cesses of neurons (Figs. 5 and 6), a fact that
was most readily demonstrated in the great
neurons of the brain stem and ventral horns
of the spinal cord. Purkinje cells in the cere-
bellum were also parasitized. In addition,
there were many host cells the identity of
which could not be determined, as visible
cytoplasm was extremely scanty or degene-
rated (Figs. 1-3). With antiserum to NSE,
however, a positively reacting rim surroun-
ded several PV, suggesting that the host cells
were neurons (Fig. 8). A few PV were seen
in ependymal cells of the choroid plexus.
However, parasites were not definitely re-
cognized in other glial cells positive for
GFAP or protein S-100. In semi-thin Epon-
sections, PV were occasionally observed in
cells exhibiting the features of macrophages
(Fig. 7).

Pathological lesions were observed at all
levels of brain and spinal cord, including the
choroid plexus and the meninges. A granu-
lomatous inflammation was the most strik-
ing feature in all cases of this group (figs. 1,
2,4 and 7). Although no special predilection
area was observed, the grey matter, and the
cerebral cortex in particular, was more se-
verely affected than the white matter. In the
cerebellar cortex, the lesions were most pro-
minent in the molecular and Purkinje layers.
In the spinal cord, severe lesions, mostly
confined to grey matter, occurred in some
sections, while only minor lesions were ob-
served in others.

The meninges were almost always diffusely
infiltrated with inflammatory cells, parti-
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cularly macrophages, lymphocytes and plas-
ma cells. There was a marked perivascular
reaction, frequently with granulomatous in-
flammation. Although any type of vessel
could be affected, the most dramatic lesions
occurred in arteries, particularly of the me-
ninges (Figs. 11-12). The lesions ranged
from minor degeneration of intima and/or
media to fibrinoid necrosis that caused con-
siderable thickening of the wall. Thrombosis
was only occasionally observed. The chan-
ges were usually confined to segments, and
in many vessels only a part of the circum-
ference was affected. Necrotic areas were
infiltrated with polymorphonuclear leuco-
cytes, and a massive granulomatous reaction
surrounded the affected area of the vascular
wall. Parasites, at least those in macropha-
ges, were always observed in association
with affected vessels.

Capillaries and other small vessels in af-
fected areas of nervous tissue were promi-
nent, with hypertrophied endothelial cells
and intravascular accumulation of leuco-
cytes. Mononuclear perivascular cuffings
were frequent, and many vessels were sur-
rounded by granulomatous reaction.
Multiple granulomas with no apparent asso-
ciation to vessels were frequently seen in the
nervous tissue. The epitheloid-shaped ma-
crophages were intermingled with poly-
morphonuclear leucocytes, lymphocytes and
plasma cells. Numerous parasites, apparent-
ly located in phagosomes, were seen within
the macrophages in both granulomas and
perivascular cuffings (Figs. 2, 4, 7, and 10).
Granulomas sometimes exhibited central
necrosis in which free parasites were occa-
sionally observed. Ruptured PV with rele-
ased parasites without surrounding inflam-
matory reaction were infrequently present.
Various degrees of neuronal and nerve fibre
degeneration, along with oedema, were usu-

ally associated with the inflammatory lesi-
ons. Some areas in the white matter exhi-
bited status spongiosus and marked gliosis.
However, extensive necroses were infre-
quent.

Chronic changes. In these cases, parasites
were very few, and PV were only seen in
nervous tissue and the medial layer of me-
ningeal arteries (Table 2). Phagocytized pa-
rasites were rarely observed. The subarach-
noidal space was widened, but meningeal
inflammatory infiltrations were sparse, ex-
cept in perivascular areas. In meningeal ar-
teries, sclerotic changes with intimal thicke-
nings and luminal narrowing, splitting of the
internal elastic membrane and adventitial
mononuclear infiltrations, were the most
prominent changes (Fig. 13). Some arteries
were completely obliterated. The medial
and adventitial layer exhibited various de-
grees of scarring. Also foci of active lesions
and fibrinoid necrosis occurred in a few
chronically changed arteries. Perivascular
cuffing, in which lymphocytes and plasma
cells were the predominant cell types, was
the most prominent change in the vessels in
nervous tissue. Granulomatous reactions
also occurred, though parasites were infre-
quent in these. However, most macrophages
had less abundant cytoplasm and were inter-
mingled with microglial cells without clear
phagocytic features. In addition, astrocytes
and plasma cells represented a greater part
of the cell population. Frequently, a diffuse
astrocytic and microglial hyperplasia occur-
red in adjacent tissue. In some cases granu-
lomas were infrequent, and multifocal and
diffuse microglial and astrocytic prolifera-
tion, together with vascular changes and
plasma cell infiltration, were the most con-
spicuous lesions., Some cases exhibited mar-
ked atrophy in areas of the cerebral cortex,
with neuronal paucity and diffuse gliosis.
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Discussion

The present study shows that parasitism of
cells of the nervous tissue is of considerable
pathogenetic significance in brain and spinal
cord lesions in encephalitozoonosis in the
blue fox. This is apparently the first report
demonstrating that neurons, and even their
processes, are widely parasitized. These ob-
servations may explain the fact that the
brain together with the kidneys, is a major
target organ (Nordstoga 1972).

The great number of parasites in macro-
phages indicates that the parasites are de-
graded very slowly, and consequently repre-
sent a persistent intracellular irritant. This
may account for the extensive granuloma-
tous reaction with development of epithel-
ioid cells (Robbins & Cotran 1979), a pro-
minent feature in encephalitozoonosis in va-
rious animal species.

In the present cases, vascular lesions were
consistent with those previously reported
both in the blue fox and dog (Nordstoga
1972, McCully et al. 1978). Nordstoga &
Westhye (1976) found that the arterial le-
sions recognized in a variety of organs in the
blue fox, were morphologically equivalent to
classical polyarteritis nodosa. The patho-
genetic mechanism of these lesions is not
known, but a hypersensitivity reaction has
been assumed. In canine encephalitozoono-
sis, however, Van Dellen et al. (1978) sug-
gested that the necrotic vasculitis mainly
resulted from vascular ischaemia due to oc-
clusion by parasitized endothelial cells. Oc-
clusion of the tiny vasa vasorum might
accordingly cause necrosis in the arterial
walls. The present study in the blue fox,
may support the assumption that the lesions
are caused by a hyperimmune condition.
Parasites were regularly found in association
with acute lesions and seemed to be com-
paratively resistant to degradation. Previous
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studies have shown the strong antigenic pro-
perties of the parasite (Mohn 1982).

The positive staining of the parasites with
antiserum against a-l-antichymotrypsin is
an interesting observation. However, the
possibility that the rabbit in which the anti-
serum was raised, was infected with E. cuni-
culi cannot be excluded, as encephalitozo-
onosis is a common infection in laboratory
rabbits.

The presence of PV devoid of inflammatory
response, and the almost total lack of free or
phagocytized parasites in the chronic stages,
may possibly suggest a kind of parasite-host
“compromise”, with persistent PV. How-
ever, no definite cyst stages such as those
found in the cyst-forming coccidia, have
ever been demonstrated in encephalitozo-
onosis (Shadduck & Pakes 1971).

Nearly all mammalian microsporidian pa-
thogens so far investigated, appear to belong
to the genus Encephalitozoon (Montrey et al.
1973, Barker 1975, Pakes et al. 1975, Botha
et al. 1979, Mohn et al. 1981, Pang &
Shadduck 1985). In addition, it seems likely
that only one species is involved. As stated
by other authors, E. cuniculi is readily di-
stinguishable from T.gondii and several
other protozoa on the basis of different
morphology and staining properties (Maller
1968, Koller 1969, Shadduck & Pakes
1971). This is also true for a Toxoplasma-
like parasite that was experimentally trans-
mitted into a blue fox from a dog (Bjerkds et
al. 1984). Immunohistochemical methods
have provided an even more specific tool for
identification of the parasites considered
here (Bjerkds & Landsverk 1986).

Although the CNS lesions in toxoplasmosis
may be similar to those of encephalitozo-
onosis in several respects (Fankhauser 1963,
Shadduck & Pages 1971), polyarteritis no-
dosa has not been reported to occur in
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toxoplasmosis, and granulomatous format-
ions are probably less prominent. Vascular
lesions have been reported in calves (Han-
sen & Mostafa 1956) and in lambs (Lands-
verk & Bratberg 1979) with sarcocystosis,
but tissue cysts of Sarcocystis spp. are not
known to occur in the fox. Fox encephalitis,
an acute, usually fatal, viral infection affect-
ing vessels of CNS, must also be considered.
However, lesions are restricted to endo-
thelial damage and hemorrhages, without
significant inflammatory lesions (/nnes &
Saunders 1962). The fox is also susceptible
to canine distemper. However, demyelina-
tion is the salient feature of this infection
(Dungworth 1985). It may therefore be con-
cluded that a picture with marked vasculitis
and polyarteritis nodosa combined with pro-
minent microgranulomas in the CNS is in
most cases pathognomonic for encephalito-
zoonosis in the blue fox, even when para-
sites are not evident. However, in the chro-
nic stages of mild infections, lesions may be
nonspecific.
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Sammendrag

Patologiske forandringer i hjerne og ryggmarg ved
encephalitozoonose hos bldarev.

De patoanatomiske forandringer i sentralnerve-
systemet ved encephalitozoonose hos 11 naturlig
infiserte blirever beskrives. Immunoperoxidase-
teknikk ble benyttet til pdvisning av parasittene og
til identifisering av vertsceller. I alle tilfeller med
akutte og subakutte forandringer pévistes en gra-
nulomates meningoencefalomyelitt og vaskulitt,
med arterieforandringer som tilsvarte polyarteritis
nodosa. I de kroniske stadier var forandringene
dominert av arteriosklerose, perivaskulzre mono-
nuklezre infiltrater, gliose og moderat granulo-
matas reaksjon. Parasitter ble nesten alltid pavist i
forbindelse med aktive betennelsesprosesser bide i
kar og hjernevev. Parasitofore vakuoler (PV) opp-
tradte i endotelceller i alle typer av kar og i tunica
media i arterier. Parasittene viste stor affinitet til
neuroner og fantes til og med i deres utlepere, noe
som kan forklare at hjerneforandringene er si
framtredende ved encephalitozoonose hos blirev.
PV pavistes ogsd i ependymceller i plexus choro-
ideus og noen ganger i makrofager. Et stort antall
parasitter forekom 1 fagolysosomer i makrofager.
Dette kan tyde pd at de er forholdsvis resistente
mot nedbryting, noe som kan vare grunnlag for
utvikling av granulomates betennelse. Det kon-
kluderes med at bortsett fra i kroniske stadier ved
mild infeksjon, antas hjerneforandringene & vere
patognomoniske for encephalitozoonose hos bla-
rev.
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