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Summary

Non-suppurative meningoencephalitis of unknown cause is a frequent finding in dogs and cats. Fifty-three dogs
and 33 cats with non-suppurative meningoencephalitis of unknown aetiology were examined immunohisto-
chemically for 18 different infectious agents, including viruses, bacteria and prion protein®. In 14 (26%) of the
dogs and 13 (39%) of the cats a causative agent was identified in the central nervous system (CNS), two dogs and
one cat giving positive results for two infectious agents simultaneously. The study revealed infections with known
causative agents (porcine herpes virus 1, feline infectious peritonitis virus, Escherichia coli) and a new disease pat-
tern of parvovirus infection in the CNS of dogs and cats. Infection of the CNS with feline leukaemia virus was
found in a cat. Five dogs and four cats gave positive results forWest Nile virus (WNV) antigen. In one dog, canine
parainfluenza virus antigen was detected in the brain. Four dogs and four cats gave positive results for encephalo-
myocarditis virus (EMCV). The significance of the detection of WNVand EMCV antigen requires further study.
The aetiology remained undetermined in 39 dogs (74%) and 20 cats (61 % ). Although it is possible that non-in-
fectious causes play a more important role than previously thought, infections with hitherto unrecognized agents
cannot be ruled out.

© 2006 Elsevier Ltd. All rights reserved.

Keywords: bacterial infection; cat; dog; encephalomyocarditis virus; meningoencephalitis; viral infection; West Nile virus

Introduction induce a typical pattern of inflammation in the brain
and spinal cord (Braund, 2001).

In newborn animals, infections of the central ner-
vous system (CNS) with bacteria, including various
strains of Escherichia coli, are a common sequel to septi-
caemia, whereas in adult dogs and cats bacteria may
follow a neurogenic, otogenic or rhinogenic route to en-
ter the CNS (Meric, 1988; Summers ¢t al., 1995). Whilst
most bacterial CNS infections induce a purulent in-
flammation, some bacteria, particularly Listeria spp.,
as well as protozoa, fungi and algae, cause a non-sup-
purative, mainly granulomatous inflammation of the
CNS (Rand et al., 1994; Summers et al., 1995; Tipold,

Correspondence to: C. Herden, Biinteweg 17, 30559 Hannover, Germany. 1995’ Quesnel et al'> 1997) In thC bralns of beagles
(e-mail: Christiane. Herden@ tiho-hannover.de). with granulomatous leptomeningitis, Maeda et al.

Non-suppurative meningoencephalitis in cats and dogs
1s usually considered to be caused by viral infections
(Summers et al., 1995), and the histopathological find-
ings consist mainly of perivascular and parenchymal
infiltration with lymphocytes, macrophages and plas-
ma cells, usually associated with meningitis and occa-
sionally with inflammation of the plexus chorioideus
and the ependyma (Braund, 1980; Luttgen, 1988).
Viruses, due to cell tropism and route of infection, often
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(1993) demonstrated E. coli and considered it to be the
causative agent. If parasites enter the CNS, they often
induce a granulomatous inflammation (Summers ez al.,
1995). In dogs, the most common parasite to cause
infection of the CNS is Toxoplasma gondii, followed by
Neospora caninum and, albeit rarely, Cuterebra spp. In cats,
Cuterebra spp. are the most common parasites to be
found in the CNS, followed by 7. gondii in rare cases
(Braund, 2001).

There would also seem to be non-infectious causes of
non-suppurative meningoencephalitis. Thus, autoim-
mune and hereditary mechanisms are suspected to be
the underlying cause of CNS disorders such as granulo-
matous meningoencephalitis (GME) in dogs (Harris
et al., 1988; Kipar et al., 1998), pug dog encephalitis
(Uchida et al., 1999) and non-suppurative meningoen-
cephalitis in greyhounds (Callanan et al., 2002). So far
no aetiological agent has been detected for feline “stag-
gering disease” or so-called feline polioencephalomye-
litis (Vandevelde and Braund, 1979; Nowotny and
Weissenbock, 1993; Braund, 2001), although some sus-
pect staggering disease to be due to Borna disease virus
(BDV) infection (Lundgren et al., 1995). Paraneoplastic
disorders of the CNS, well known in man, have not
been reported in cats and dogs (Braund et al., 1987).

Recent studies on a limited range of infectious agents
failed to identify the cause of non-suppurative menin-
goencephalitis in 47% and 23% of dogs and cats, re-
spectively (Rand et al., 1994; Tipold, 1995; Quesnel
et al., 1997, K.Melzer, personal communication). To
provide further information, the present study sought
to determine the cause of 86 cases of non-suppurative
meningoencephalitis in dogs and cats by the immuno-
histochemical examination of formalin-fixed, paraffin
wax-embedded tissue. In addition to examination for
known viral and bacterial pathogens and prion
protein®, West Nile virus (WNV), a recently emerging
cause of disease, was included in the present study
(Komar, 2000; Lichtensteiger et al., 2003; Austgen
et al., 2004), together with encephalomyocarditis virus
(EMCV), an agent so far demonstrated only in the
CNS of pigs and rodents (Nowotny, 1996; Sue et al.,
2003).

Materials and Methods
Animals

Fifty-three canine and 33 feline cases of non-suppura-
tive meningoencephalitis of unknown origin, collected
during the period 1998-2003 by the Department of
Pathology of the University of Veterinary Medicine
Hannover, Germany, were selected. The case selection
was made in the light of a preliminary investigation
which revealed that 274 of 1209 (23%) dogs and 146 of

741  (20%) cats examined in a 5-year-period
(1998-2002) displayed changes in the GNS. Non-sup-
purative meningoencephalitis accounted for 22% and
49% of the CNS changes in dogs and cats, respectively.
The cause of 49 canine and 32 feline cases remained
undetermined after examination by routine diagnostic
procedures. These 81 animals, together with four dogs
and one cat with undetermined non-suppurative me-
ningoencephalitis encountered in 2003, were included
in this study.

Due to the retrospective nature of the present study,
clinical data were restricted to a short statement from
the records of the Department of Pathology in most
cases (46 dogs and 30 cats). In seven dogs and three
cats, no clinical history was available.

Histology

Archived CNS sections of each case, stained with hae-
matoxylin and eosin (HE), were re-examined for in-
flammatory changes. From each animal, one section
of the cerebral cortex, the hippocampus (missing in
three dogs and four cats), the midbrain (missing in
five dogs and five cats), the cerebellum (missing in two
dogs and two cats), the brain stem (missing in 17 dogs
and 13 cats) and the spinal cord (available in only
seven dogs and two cats) were examined. In one canine
section, a spinal cord ganglion was present. The distri-
bution of the lesions (e.g., polio-, leuco-, and panence-
phalitis) was categorized according to Summers
et al. (1995). The type of inflammation was defined as
follows: lymphohistiocytic, if infiltrates consisted
mainly of lymphocytes and macrophages; granuloma-
tous, if macrophages predominated; pyogranuloma-
tous, if neutrophils and macrophages were the
main cell types; and mixed, if macrophages, lympho-
cytes, plasma cells and neutrophils appeared in equal
quantities.

The degree of histological changes were determined
semiquantitatively. Perivascular infiltrates were de-
scribed as: mild (115 perivascular cells per x 100 field,
or 1-2 cell layers per vessel, or both); moderate (16-30
perivascular cells per x 100 field or 2—3 cell layers per
vessel, or both); and severe ( >30 perivascular cells per

x 100 field or =3 cell layers per vessel, or both). Me-
ningeal infiltrates were described as mild (one or no
more than a few mild infiltrates), moderate (one mod-
erate infiltrate or several mild infiltrates), or severe
(several moderate infiltrates or confluent infiltrates).

If suggested by histological results, slides were addi-
tionally stained with periodic acid—Schiff (16 dogs, six
cats), Ziehl-Neelsen (11 dogs, one cat), Grocott (10 dogs,
four cats), luxol-fast blue (nine dogs, one cat), cresyl-
echt-violet (two dogs, one cat), alcian-blue (one cat) or
Congo-red (one cat), as described by Romeis (1994).
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Immunohistochemistry (IHC)

For the detection of 18 infectious agents (Table 1), the
avidin—biotin-peroxidase complex (ABC) method was
performed, as previously described (Hsu et al., 198
Wiinschmann et al., 1997). Due to their known cross-re-
activity for the detection of canine and feline herpes-
virus, parvovirus and coronavirus antigen, the same
antibodies were used for both species. Feline tissue was
not examined for canine adenovirus 1 and canine tissue
was not examined for feline leukaemia virus (FeLV).
IHC for the detection of FeLlV antigen was additionally
performed on lymphoid tissue; however, such tissue was

available from only 20 of the 33 cats. In one dog that
showed immunoreactivity for porcine herpesvirus I,
tissue from the gastrointestinal tract was also exam-
ined, and in one dog and two cats showing immunor-
cactivity for EMCYV, myocardial tissue was examined.

Briefly, specimens were dewaxed in graded alcohols
and endogenous peroxidase was quenched with H,O,
0.5% in ethanol. The pre-treatments applied to sections
(Table 2) depended on the primary antibody and were
performed as previously described (see below). The
various pre-treatments were as follows: Pronase E
(Merck, Darmstadt, Germany; Bahn, 1988); trypsin
(Fluka, Neu Ulm, Germany; Nietfeld et al., 1989);

Table 1

Antibodies used for the immunohistochemical detection of various infectious agents

Infectious agent Antibody Specificity of antibody

Rabies virus Polyclonal goat-anti-rabies virus (Sifin, Berlin, Not stated
Germany)

Porcine herpesvirus 1 (PHV 1) Polyclonal mouse-anti-PHV-1 (Dr Eskens, Not stated

Canine distemper virus (CDV)

Parvovirus (canine and feline)

Feline infectious peritonitis (FIP) virus and
canine coronavirus

Feline leukaemia virus (FeIV) ™

Herpesvirus (canine and feline; CHV, FHV)

Canine adenovirus 1 (CAV 1)*

Tick-borne encephalitis (TBE) virus

Borna disease virus (BDV)

West Nile virus (WNV)

Canine parainfluenza virus (CPIV)

Veterindr-Untersuchungsamt Mittelhessen,

Germany); ESKENS ez al., 1991

1. Monoclonal mouse-anti-I0H3 (Prof. Haas,
Department of Virology, University of
Veterinary Medicine, Hannover, Germany);
2. Polyclonal rabbit-anti-CDV (Dr Orvell,
Huddinge Hospital, Huddinge, Sweden);
BAUMGARTNER etal.,1989b

Mouse-anti-CPV1-2A1 (Custom Monoclonals
International, Sacramento, USA); KIPAR et
al., 2000

Polyclonal cat-anti-FIP-type 1,2, FITC-ligated
(Biologo, Kronshagen, Germany)

Monoclonal mouse-anti-FeLV (Custom
Monoclonals International, Sacramento,
USA); ELDER et al., 1987

Monoclonal mouse-anti-4Al (Prof. Haas,
Department of Virology, University of
Veterinary Medicine, Hannover, Germany);

XUANetal.,1992; LEBICH et al., 1994

Monoclonal mouse-anti-CAV-1 (Chemicon,
Hamburg, Germany)

Polyclonal rabbit-anti-TBE (Prof. Holzmann,
Department of Virology, University of Vienna,
Austria); WEISSENBOCK et al., 1998

1. Monoclonal anti-p38 (Bol8)

2. Monospecific, polyclonal anti-p24 (Prof.
Richt, National Animal Disease Centre,
Ames, lowa, USA); HERDEN ez al., 1999

1. Monoclonal anti-MEP-E

2. Monoclonal anti-NSP-1 (both Chemicon,
Hamburg, Germany); HALL, 2000
Monoclonal mouse-anti-SV5-NP-C

(Dr Randall, Department of Biochemistry

1. Nucleoprotein
2. Nucleoprotein

Unknown

Not stated

Glycoprotein 70

Glycoprotein complex 143/108 (FHV) and
Glycoprotein complex 145/112 (CHV)

The whole CAV-I tribe “Mirandola”

Not stated

1. Nucleoprotein
2. Phosphoprotein

1. Major envelope protein E
2. Non-structural protein 1

Nucleoprotein C

(continued)
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Table 1 (continued )

Infectious agent Antibody Specificity of antibody
and Microbiology, University of St Andrews,
UK); DURCHFELD ¢t al., 1991
Encephalomyocarditis virus (EMCV) Monoclonal mouse-anti-EMCV (mab 4F3, Capsid protein

3E5, 4E4; Prof. Vlemmas, Institute of
Veterinary Pathology, Aristotle University
Thessaloniki, Greece); VLEMMAS et al., 1998

. .S
Prion protein™

Monoclonal mousf:-;gmti-pt“ion—pmteinhc

(mab L42) (Prof. Groschup,

Epitope on first a—helix of bovine prion
proteins‘i

Bundesforschungsanstalt fiir
Viruskrankheiten der Tiere, Insel Riems,
Germany); HARDTez al., 2000

Listeria monocytogenes

Polyclonal rabbit-anti-Listeria monocytogenes-1, 4

Whole organism

Voigt Global Distribution, Kansas City,
: Y;
USA)

Chlamydia spp.

Monoclonal mouse-anti-Chlamydia-species

Surface protein 1

(Chlamydia-Antigen-Vet-IF'T, Medac, Wedel,
Germany); BAURIEDEL, 1999;

Mycoplasma spp.

Monoclonal anti-Mycoplasma-species

Whole organism of Mycoplasma pneumoniae

(Capricorn, Portland, ME, USA)

Escherichia coli (E. colt)

Polyclonal rabbit-anti-£. coli (Dako, Hamburg,

Majority of the proteins in E. coli-lysates

Germany); KELLY ¢t al., 1987

*CAV 1 antibody was used only in dogs, FeLVantibody was used only in cats. FITC: fluorescein-isothiocyanate.

Target Unmasking Fluid (Kreatech Diagnostics, Am-
sterdam, Netherlands; Kovacevic et al., 1997); pepsin
(Dako, Hamburg, Germany; Bahn, 1988), proteinase
K and formic acid (Merck, Darmstadt, Germany;
Hardt et al., 2000); and microwave pre-treatment
(Kahveci et al., 2003). Goat serum, diluted 1 in 5 in
phosphate-buflered saline (PBS), served as a blocking
serum. Primary antibodies were, unless stated other-
wise, diluted in PBS containing bovine serum albumin
(BSA) 1%, and incubated overnight (12-16h) at 4 °C
(Table 2). Biotinylated goat-anti-mouse (gam-b), goat-
anti-rabbit (gar-b) and goat-anti-fluorescein-isothio-
cyanate (ga-FITC-b; directed against the FITC-
ligated anti-feline infectious peritonitis [FIP] virus
antibody) antibodies served as secondary antibodies
(Vector Laboratories, Burlingame, CA, USA) and
were all diluted 1 in 200 in PBS. Finally, sections were
incubated with ABC (Vector) for 30 min at room
temperature. Between the incubation steps, sections
were thoroughly rinsed with PBS. Positive antigen—
antibody reactions were “visualized” by incubation
with 3,3'-diaminobenzidine-tetrahydrochloride (DAB)
with HoO 0.5% for 10 min followed by mild counter-
staining with haematoxylin. Sections were mounted
with Roti-Histokit (Carl Roth KG, Karlsruhe, Ger-
many) under coverslips. In control sections the pri-
mary and secondary antibodies were replaced by PBS,
control serum or isotype-specific antibodies directed
against irrelevant antigens.

Results
Animals

Toy breeds constituted 27% (14) of the affected dogs
(Yorkshire terrier [3], West Highland white terrier [4],
Jack Russell terrier [2], chihuahua [1], shih tzu [1], min-
iature pinscher [1], Maltese dog [l], miniature poodle
[1]). Animals aged less than 1 year accounted for 38%
of affected dogs, 37 % were 1-5 years old, and 21 % were
aged > 5 years. In 4% of dogs the age was unknown.
The domestic shorthair breed accounted for 52% of af-
fected cats. In 11 cats the breed was unknown. Cats less
than 1 year of age accounted for 27%, 26% were aged
1-5 years, and 26% were > 5 years old. In 21 %, the age
was unknown. The sexes were represented equally in
both species.

Clinical Signs

Neurological signs, including ataxia, seizures and cen-
tral blindness, were reported in 35 dogs (68%). Nine
dogs (17%) showed other symptoms such as vomiting
and diarrhoea but lacked neurological signs. One dog
died spontaneously and one under anaesthesia during
routine surgery, no clinical signs having been reported
before death. In seven dogs no clinical data were
available.

Neurological signs were reported in 17 cats (52%).
Thirteen (39%) showed gastrointestinal or respiratory
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Table 2
Immunohistochemical methods

Primary antibody™ Dilution (lin PBS) Pretreatment Secondary antibody
Anti-rabies virus 3000 Trypsin gar-b
Anti-PHV-1 10000 None gar-b
Anti-CDV (mouse-anti-10H3) 100 Trypsin gam-b
Anti-CDV (rabbit) 2000 (PBS contained 20% NSS None gar-b (PBS contained 20% NSS)
but no BSA)
Anti-parvovirus 500 None gam-b
Anti-FIP-FITC 20 TUF ga-FITC-b
Anti-FeLV 200 TUF gam-b
Anti-FHVand -CHV 200 None gam-bh
Anti-CAV-1 1600 None gam-b
Anti-TBE 3000 Pronase E gar-b
Anti-BDV (anti-p38[Bol8]) 500 Pronase E (only in cats) gam-b
Anti-BDV (anti-p24) 8000 (PBS contained 20% NSS None gar-b
but no BSA), adsorbed to rat brain
powder

Anti-WNYV (anti-NSP-1) 400 pronase E gam-b
Anti-WNV (anti-MEP-E) 300 pronase E gam-b
Anti-CPIV 50000 None gam-b
Anti-EMCV (4F3) 40 Microwave gam-b
Anti-prion protein® 400 (PBS contained 10% goat Formic acid, proteinase K, gam-b (PBS contained 10% goat

serum but no BSA); no further microwave serum)

blocking with goat serum
necessary
Anti-Lusteria monocytogenes 2000 Pepsin gar-b
Anti-Chlamydia sp. 10 None ga-FITC-b
Anti-Mycoplasma sp. 500 (PBS contained 30% NSS but None gam-b
no BSA)

Anti-E. coli 1600 None gar-b

NSS, normal swine serum; TUEF, target unmasking fluid; gam-b, biotinylated goat-anti-mouse antibody; gar-b, biotinylated goat-anti-rabbit antibody;
ga-FITC-b, biotinylated goat-anti-FITC antibody (see Materials and Methods).

* Against agents listed in'Table 1.

In phosphate-buffered saline (PBS) containing bovine serum albumin (BSA) 1%.

signs but not neurological signs. In three cats, one
of which died spontaneously, no clinical data were
available.

Histopathology

Lymphohistiocytic, perivascular infiltrates were found
in 40 dogs (75%) and 23 cats (70%). Predominantly
granulomatous infiltrates were found in 10 dogs and
two cats. Mixed inflammatory infiltrates appeared
more often in cats (six animals) than in dogs (two ani-
mals). Two cats and one dog exhibited pyogranuloma-
tous inflammation. In 39 dogs (74%), encephalitis was
the most prominent finding. In 13 dogs (25%), infil-
trates were restricted to the meninx and a ganglioneur-
itis without encephalitis or meningitis was found in one
animal. In 26 cats (79% ), encephalitis was observed. In
six cats (18%), infiltrates were restricted to the meninx
and a chorioiditis without encephalitis was found in
one animal.

Six dogs showed, in addition to the inflammatory
changes in the CNS, mild-to-moderate vacuolation of

the white matter of the cerebrum (three animals) or
cerebellum (one animal) or both (two animals). Lux-
ol-fast-blue staining revealed demyelination in two of
these dogs. Only one of these six dogs showed an in-
flammatory infiltrate within the areas of vacuolation.

Two cats showed in addition to the inflammatory
changes in the CNS, mild vacuolation of the white mat-
ter of the cerebellum (one animal; severe) or both cere-
brum and cerebellum (one animal; mild). Luxol-fast-
blue staining did not reveal demyelination.

Of the nine dogs without neurological signs, one
showed mild, focal meningitis and two showed mild,
multifocal meningitis. Moderate inflammation, con-
sisting of multifocal or focal infiltrations in various
brain regions (midbrain, cerebellum, meninges, chor-
oid plexus) was observed in six dogs. Inflammatory
changes were lymphohistiocytic (six cases), mixed
(two cases) or granulomatous (one case).

The 13 cats without neurological signs showed mild,
multifocal inflammation of the meninx (two cases), me-
ninx and cerebellum (two), meninx and cerebrum
(one), meninx, cerebrum and brainstem (one), meninx
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and brainstem (one) or choroid plexus (one). Also seen
were mild-to-moderate inflammation of the brainstem
(one) and of the meninx and cerebral cortex in addition
(one). One cat showed moderate, focal meningitis, one a
moderate multifocal meningoencephalitis and one a se-
vere, generalized choroiditis. The type of inflammation
was lymphohistiocytic in six cases, mixed in three,
granulomatous in two, and pyogranulomatous in two.

The gastrointestinal tissue examined in one dog, and
the myocardial tissue examined in one dog and two
cats, showed no significant histological changes.

Aetiological Diagnosis

In 14 dogs (26%) and 13 cats (39%), viral or bacterial
antigens were detected by IHG (Table 3), two dogs and
one cat giving positive results for two infectious agents
simultaneously. Control sections containing the appro-
priate antigens gave positive signals, in contrast to ne-
gative controls. Special histochemical stains invariably
gave negative results.

In 12 of the 14 positive dogs and nine of the 13 positive
cats, reactions were found only in GNS regions infil-
trated with inflammatory cells. The remaining two
dogs and four cats showed immunoreactivity only in
CNS regions without inflammatory infiltration.

Of the 14 positive dogs, 12 (94% ), had shown neuro-
logical signs, almost always said to be severe. It was not
possible, however, to relate the histological or IHC re-
sults to the clinical signs. One dog positive for EMCV
antigen did not show neurological signs, and for one
dog positive for WNV antigen no clinical data were
available.

Of the 13 positive cats, eight had shown neurological
signs (severe in three cases). In the remaining five cats,
no statement regarding the severity of signs was re-
corded. Four cats with a positive immunoreaction

Table 3
Antigens of various infectious agents detected in the CNS of
dogs and cats with non-suppurative meningoencephalitis

Number of positive cases in

Infectious agent dogs cats

Porcine herpesvirus 1
Parvovirus

o o —

Feline infectious peritonitis virus
Feline leukaemia virus nd

—_ O A= W= O

West Nile virus (WNV) 5

WNVand canine parainfluenza virus 1

WNVand encephalomyocarditis virus 1

(EMCV)

EMCV 4 4
E. coli 0 1

nd, Not done.

showed no neurological signs. For one positive cat, no
clinical data were available.

Clinical and Light Microscopical Findings in
Aetiologically Diagnosed Cases

Ina 2-year-old male Canadian shepherd dog with diar-
rhoea and progressive convulsions, porcine herpesvirus-I
(PHV-I) antigen was demonstrated in neuronal peri-
karya of the gyrus parahippocampalis. No PHV-1 anti-
gen was detected in the hippocampus, cerebellum,
brain stem, spinal cord, remaining part of the cere-
brum, or the gastrointestinal tract. Histologically,
there was mild, lymphohistiocytic polioencephalitis
in the gyrus parahippocampalis and occasional neuro-
nal necrosis in the CAl and CA2 regions of the
hippocampus.

Parvovirus antigen was demonstrated in the CNS of
five Greek hunting dog puppies from two litters origi-
nating from the same breeder, and in a 2-weck-old cat.
Clinically, the dogs had shown generalized tremor and
jumping movements in the hind limbs, and the neuro-
logical signs in the cat were characterized by severe
ataxia, opisthotonus and convulsions. Neither in the
dogs nor in the cat were cerebellar hypoplasia or necro-
tic Purkinje cells observed. Histopathologically, all af-
fected dogs showed mild to moderate lympho-
histiocytic meningitis or leucoencephalitis (or both)
as well as mild to moderate, and in one case severe, va-
cuolation in the white matter of cerebrum and cerebel-
lum. Parvovirus antigen was demonstrated in
periventricular cells resembling spongioblasts, in
macrophages, microglia and astrocytes, and in cells of
the outer granular layer of the cerebellum (Fig. 1). The
histopathological changes in the cat consisted of mild,
lymphohistiocytic inflammation of the meninges and
cerebellum, without vacuolation. Parvovirus antigen
was detected in the cytoplasm and nucleus of numerous
small and large neurons, mainly in the granular layer
and outer granular layer of the cerebellum, in the grey
matter of the spinal cord, and multifocally in most
other brain regions (Fig. 2). In addition, parvovirus
antigen was observed in macrophages, microglia, as-
trocytes and ependymal cells.

FIP virus antigen was detected in three cats aged 6, 18
and 36 months. Two affected cats had shown increasing
apathy and recurrent fever attacks (one animal) or
diarrhoea and dyspnoea (one). No clinical data were
available for the third cat. Viral antigen was demon-
strated in the cytoplasm of macrophages within the in-
flamed brain regions in all three cases. Histologically,
lesions consisted of pyogranulomatous and mixed infil-
trates in the plexus chorioideus and the meninges. The
third cat showed moderate lymphohistiocytic leucoen-
cephalitis in the caudal regions of the cerebrum.
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Fig. 1. Dog brain, cerebrum. Positive immunoreaction for parvo-
virus antigen in nucleus and cytoplasm of periventricular
cells resembling spongioblasts. E, ependyma. IHC. Bar,

50 pm.
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Fig. 2. Cat brain, cerebrum. Positive immunoreaction for parvo-
virus antigen in nucleus and cytoplasm of neurons (arrows).
ITHC. Bar, 50 pm.

Weak immunolabelling for feline leukaemia virus anti-
gen was seen in microglia and astrocytes in the hy-
pothalamus of a 9.5-year-old European shorthair
cat with progressive apathy and increased salivation
(Fig. 3). Histopathological changes consisted of mild
multifocal lymphohistiocytic meningitis and severe sa-
tellitosis in the cerebral cortex. No lymphoid tissues or
other organs were available for further investigations.

Five dogs (8.9%) and four cats (11.8%) showed im-
munoreactivity for West Nile virus (WNV) antigen. In
one dog, canine parainfluenza virus (CPIV) antigen
was also detected in the same brain region (see also
below). One of these dogs, and one cat also gave posi-
tive reactions with EMCV-specific antibodies (see also
below). In four of the five dogs, severe neurological
signs, including ataxia, convulsions and central blind-
ness, had been recorded. No clinical data were avail-

>

Fig. 3. Catbrain, hypothalamus. Positive immunoreaction for feline
leukaemia virus antigen in the cytoplasm of microglia and
astrocytes (arrows). IHC. Bar, 50 pm.

able for the fifth dog. All four cats had shown
neurological signs, reported in one case to consist of se-
vere circling, hypermetria and blindness. In four of the
five dogs and two of the four cats a moderate to severe
meningoencephalitis affecting the grey and white mat-
ter was observed; this varied from granulomatous, pyo-
granulomatous, lymphobhistiocytic to fibrinopurulent,
occasionally associated with neuronal necrosis or ma-
lacia. In the remaining dog, inflammation was re-
stricted to the grey matter of the cerebrum and
cerebellum, being associated with severe malacia in
the hippocampus. One cat showed mild focal, lympho-
cytic polioencephalitis and moderate focal, lymphohis-
tiocytic meningitis, as well as severe vacuolation of the
cerebral white matter and severe generalized neuronal
necrosis. In another cat, severe, focal, fibrinopurulent
meningitis and severe, acute neuronal necrosis in the
hippocampus were observed.

WNYV immunolabelling was seen in the cytoplasm of
various types of neurons, macrophages, astrocytes and
microglia (Fig. 4). Strong immunolabelling of neutro-
phils was observed in two cats with pyogranulomatous
inflammation (Fig. 5). These immunohistochemical re-
actions were in general more intense with the anti-NSP-
1 WNVantibody than with the anti-MEP-E WNVanti-
body. In some cases, immunoreactivity was observed
with only one of these two WNV monoclonal antibo-
dies. One dog showed immunoreactivity in pyramidal
cells of the CAl and CA2 sector of the hippocampus,
and another in the frontal cortex, respectively. A posi-
tive reaction in numerous macrophages and microglial
cells in the midbrain, pons and frontal cerebrum was
detected only with the anti-NSP-1 antibody. One dog
showed WNV immunolabelling in numerous macro-
phages and microglial cells, and pyramidal cells in the
cerebrum, hippocampus and midbrain, but only with
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Fig. 4. Dog brain, nucleus caudatus. Positive immunoreaction for
West Nile virus antigen (anti-NSP-1) in the cytoplasm of
small neurons (arrows) and various cells (arrowheads),
probably microglia/macrophages and astrocytes. IHC. Bar,
50 pm.

Fig. 5. Cat brain, cerebrum. Positive immunoreaction for West Nile
virus antigen (anti-NSP-1) in periventricular macrophages
and neutrophil granulocytes (arrows). IHC. Bar, 50 pm.

the anti-NSP-1 antibody. Another dog, in contrast,
showed immunoreactivity in a few neurons and macro-
phages in an inflamed part of the midbrain, but only
with the anti-MEP-E antibody. One cat showed immu-
nolabelling with both WNV antibodies in numerous
neutrophils and occasional macrophages in the plexus
chorioideus and laterally to the third ventricle. In this
cat, small neurons, macrophages and microglial cells in
the same brain region reacted only with the anti-NSP-1
antibody. In another cat, astrocytes and perivascular
macrophages in the lobus parietalis reacted with both
antibodies, whereas the anti-NSP-1 antibody addition-
ally labelled pyramidal cells in the same brain region.
In one cat, astrocytes and oligodendrocytes of the
medulla oblongata displayed more abundant positive
signals with the anti-NSP-1 antibody than with anti-

MEP-E. Additionally, in this animal, the anti-NSP-1
antibody labelled large neurons in the medulla oblonga-
ta which failed to react with the anti-MEP-E antibody.
Canine parainfluenza virus (CPIV ) antigen was detected
in the brain of a 9-year-old male collie that was also po-
sitive for West Nile virus antigen (see alsoWNYV, above).
This dog had exhibited changed behaviour and was
generally weak. Histopathologically, severe periventri-
cular granulomatous meningoencephalitis was found.
Viral antigen was demonstrated in the cytoplasm of oc-
casional macrophages in the hypothalamus (Fig. 6).
IHC revealed encephalomyocarditis virus (EMCV)
antigen in the brains of four dogs (7.1 %) and four cats
(11.8%). In one dog and one cat, WN V-antigen was de-
tected in addition (see also WNV, above). The dogs
were aged 0.3—8 years and the cats 0.2—10 years. Two
domestic shorthairs, one Persian and one cat of un-
known breed as well as a Landseer, a West Highland
white terrier, a Bordeaux Dogge and an Entlebucher
Sennenhund were affected. A granulomatous immune
response was found in three of the four dogs. The re-
maining dog displayed a lymphohistiocytic chorioiditis
and meningitis. Infiltration with macrophages, neutro-
phils, lymphocytes and plasma cells or pyogranuloma-
tous inflammation was present in two of the four cats,
and lymphohistiocytic inflammation in the remaining
two cats. In three of these four dogs, severe neurologi-
cal signs had been recorded; the fourth dog had shown
dyspnoea and anaemia but no neurological signs. In
three of the cats, neurological signs were recorded
without reference to their severity. The fourth cat
showed respiratory signs only. The eight animals
showed different patterns of immunoreactivity.
DAB precipitates were observed in the cytoplasm of
perivascular and parenchymal macrophages, in the
perikarya and processes of various neurons distant
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Fig. 6. Dog brain, cerebrum. Severe, periventricular, granuloma-
tous encephalitis. Positive immunoreaction for canine para-
influenza virus antigen in the cytoplasm of a macrophage.
THC. Bar, 50 pm.
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from or within the inflammatory lesions (Iig. 7), and in
periventricular and submeningeal astrocytic foot pro-
cesses (Fig. 8). In one dog and two cats, vessel-asso-
ciated cells, probably pericytes or endothelial cells,
showed immunolabelling (Fig. 9). Seven of the eight an-
imals showed immunolabelling with the EMCV-speci-
fic monoclonal antibody (mab) 4F3; mab 3E5 gave
results in selected cases only. One cat which was nega-
tive with the 4F3 antibody gave EMCV-specific reac-
tions with mab 3E5. In one dog the results with mab
4F3 were confirmed with the mab 3E5. The mab 4E4,
which was applied only in one cat, confirmed the reac-
tions observed with the 4F3 antibody in numerous cells
of the medulla oblongata and in perivascular macro-
phages and occasional neurons of the mediocaudal tha-
lamus. The histologically intact myocardial tissue
available from one dog and two cats was not immuno-

labelled with the mab 4F3.

|*s
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Fig.7. Dog brain, hypothalamus. Positive immunoreaction for ence-
phalomyocarditis virus antigen (mab 4F3) in perikarya of
large neurons. IHC. Bar, 50 um.

=

Fig. 8. Dog brain, cerebrum. Positive immunoreaction for encepha-

lomyocarditis virus antigen (mab 4F3) in periventricular as-
trocytes. IHC. Bar, 50 pm.

Fig. 9. Cat brain, cerebrum. Positive immunoreaction for encepha-
lomyocarditis virus antigen (mab 4F3) in vessel-associated
cells (arrows). IHC. Bar, 50 pm.

E. coli antigen was demonstrated in the brain of a
S-month old male cat. Histopathologically, mild to
moderate, multifocal, perivascular infiltration with
lymphocytes, plasma cells, macrophages and neutro-
philic granulocytes was observed in the cerebellum
and meninges. Moderate numbers of bacterial emboli
in various vessels were visible in HE-stained sections.
L. coli antigen was demonstrated immunohistochemi-
cally in the cytoplasm of numerous perivascular, me-
ningeal and periventricular macrophages, and in
intravascular bacteria.

Cases remaining unclear included 39 (74% ) dogs and 20
(61%) cats, no infectious agent being identified as the
underlying cause of the observed non-suppurative me-
ningoencephalitis.

Discussion

In the present study, CNS tissue of 53 dogs and 33 cats
with non-suppurative meningoencephalitis of un-
known cause was investigated for the presence of 18 dif-
ferent infectious agents. Former studies either
investigated at most six agents or were based on cases
selected only on the presence of neurological signs
(Tipold, 1995; Quesnel et al., 1997; Bradshaw et al.,
2004; K. Melzer, personal communication).

As in other studies (Sorjonen, 1992; Tipold, 1995), no
specific canine breed predisposition was observed.
Cases were seen more often in toy breeds than in other
breeds, but this may merely have reflected the normal
distribution of dog breeds in Germany. So far, no breed
predisposition for non-suppurative meningoencephali-
tis has been described in respect of the cat (Sorjonen,
1992). In the present study, domestic shorthair cats ac-
counted for more than half of the feline cases, probably
due to the normal feline breed distribution in Germany.

The CNS of the majority of dogs (40/53) and cats (23/

33) examined showed lymphohistiocytic perivascular
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infiltrates. This is generally suggestive of a viral aetiol-
ogy (Summers ¢t al., 1995) but has also been reported
following hypoxic or toxic damage, which also some-
times produces demyelinating lesions (Braund, 1980;
Lee et al., 2002).

Granulomatous CNS infiltrates, observed in 10 dogs
and two cats, are often considered to be associated with
fungal, parasitic or bacterial infections. Fungal infec-
tions occur mainly in warmer climates (Gerds-Grogan
and Dayrell-Hart, 1997) and, like parasitic infections,
were not detected in the present study. In the 10 dogs
referred to above, granulomatous meningoencephalitis
(GME) was suggested by the histopathological find-
ings and distribution of lesions. In six of these cases,
toy breeds were affected (two West Highland white ter-
riers, two chihuahuas, a shih tzu and a rehpinscher).
Interestingly, three of the affected dogs belonged to
large breeds (Landseer, Bordeaux Dogge and collie),
in which GME is only rarely reported (Braund, 1985).
GME has been thought to be associated with viral in-
fections including canine distemper, but no viral agent
has been demonstrated in the CNS so far (Thomas and
Eger, 1989; Kipar et al., 1998). E. coli antigen, as found in
the brains of beagles with granulomatous leptomenin-
gitis (Maeda et al., 1993) or in association with human
cases of granulomatous encephalitis (Rickert et al.,
2000), was not observed in the present cases with sus-
pected GME. The cat with abundant E. coli antigen in
the brain in the present study showed perivascular in-
filtrations, indicating septicaemia.

Pyogranulomatous and mixed inflammatory infil-
tration in the CNS occurred less often in dogs than in
cats. In cats, this type of change is reminiscent of FIP
(Rand et al., 1994). In the present study, FIP virus anti-
gen was also detected in a cat showing lymphohistiocy-
tic leucoencephalitis, a rare consequence of FIP
(Summers et al.,1995; Braund, 2001). In dogs, pyogranu-
lomatous or mixed inflammatory changes in the CNS
are occasionally described, but no infectious agents
have so far been detected (Meric, 1988).

It cannot be ruled out that aetiologically undeter-
mined feline cases were due to feline immunodeficiency
virus (FIV), which leads to lymphocytic encephalitis in
30% of naturally infected cats (Gunn-Moore e al.,
1996). Only five of the 33 cats had been examined sero-
logically for FIV, a positive result having being ob-
tained in one animal.

In a Canadian shepherd dog, porcine herpesvirus 1
(PHV 1) antigen was detected in neurons of the gyrus
parahippocampalis. Due to a retrograde neural route
of infection, PHV 1 antigen usually occurs in the brain
stem or spinal cord ganglions (Quiroga et al., 1998;
Honavar and Meldrum, 2002). The dog in this study
showed diarrhoea for 3 weeks, reminiscent of the rare
alimentary form of Aujeszky disease (Pensaert and

Maes, 1987); however, no PHV 1 antigen was detected
in the gastrointestinal tract. Only later did the animal
develop neurological signs, and an unusual portal of
entry of the virus to the brain remains a possibility.

Neither the five dogs nor the cat with parvovirus in-
fection of the brain showed typical CNS manifesta-
tions, such as cerebellar hypoplasia or death of
Purkinje cells (Sharp ez al., 1999), or encephalomalacia
(Johnson and Castro, 1984; Agungpriyono et al., 1999).
The findings indicated, however, a potential associa-
tion between parvovirus and spongiform lesions in the
CNS.

In chronic feline leukaemia virus (FeLlV) infection,
lymphocytic infiltration of peripheral nerves of the
spinal cord has been reported occasionally (Pedersen,
1987). In the brain, however, FellV infection has
been associated only with degenerative CNS disease
(Carmichael et al., 2002). In one cat, FeLV infection of
microglia and astrocytes was detected. Histologically,
this animal showed mild, multifocal, lymphohistiocy-
tic meningitis. Since FeLV regularly persists for years
in lymphocytes and macrophages (Rohn and Over-
baugh, 1999), a persistent infection of glial cells seemed
possible but unfortunately no lymphoid tissue, includ-
ing bone marrow (in which Fel.V-antigen can typically
be demonstrated), was available.

Surprisingly, five (94%) dogs and four (12%) cats
showed immunolabelling for WNV. Histopathologi-
cally, these animals showed mild to moderate menin-
goencephalitis in the grey and white matter, mostly
with granulomatous or pyogranulomatous inflamma-
tion. In contrast, previous reports of WNV infection
in birds and in mammals indicated that the grey matter
was mainly affected and that the histopathology was
characterized by lymphoplasmahistiocytic inflamma-
tion with small numbers of neutrophils (Steele ez al.,
2000; Cantile et al., 2001; Buchweitz et al., 2003; Kelly
et al., 2003; Lichtensteiger et al., 2003). Polyclonal
WN V-specific antibodies used for immunolabelling of-
ten cross-react with other flaviviruses (Steele et al.,
2000; Kelly ez al., 2003; Chvala et al., 2004). The mono-
clonal antibodies specific for the major envelope
protein E (anti-MEP) and non-structural protein 1
(anti-NSP-1) used in this study (Tables 1 and 2) cross-
react with Kunjin virus, also a member of the Flavivir-
tdae (Scherret et al., 2001). Presumably, the anti-NSP-1
antibody is more specific than the anti-MEP antibody
(Hall, 2000). This might explain its stronger immunor-
eactivity in the present study and might support
the identification of a WNV infection. The affected
animals did not react positively for tick-borne encepha-
litis (TBE) virus antigen with a polyclonal specific
antibody that may cross-react with other flaviviruses
(H. Weissenbock, personal communication). However,
it 1s still possible that the positive WNV reaction was
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due to infection with other cross-reactive agents or re-
presented molecular mimicry of host-derived antigens
(Oldstone, 1998). The latter possibility receives some
support from studies indicating that dogs and cats can
be infected with WNV but usually develop only a low
viraemia, without clinical signs or histopathological
changes in the brain (Blackburn et al.,1989; Lichtenstei-
ger et al., 2003; Austgen et al., 2004). Furthermore, no
evidence of WNV infections in domestic animals has
so far been detected in Germany. Therefore, the signifi-
cance of the present findings requires further studies.

Natural infections of dogs with canine parainfluenza
virus (CPIV) are typically associated with hydroce-
phalus and necrotizing periventricular encephalitis,
but neither viral antigen nor RNA has been detected
so far in spontaneous cases (Baumgartner et al., 1982b;
Vieler et al.,1994; Cantile et al., 1997). After experimen-
tal infection with CPIV, viral antigen was detected in
ependymal cells and neurons and in macrophages, in
ferrets and dogs respectively (Baumgirtner et al.,
1982a, b, 1989a; W. Baumgartner, unpublished). CPIV
infection of brain macrophages was also observed in
the present study in a collie with granulomatous ence-
phalitis characteristic of GME. Interestingly, this dog
also showed immunolabelling of WNV antigen. It re-
mains unclear, therefore, whether the detection of
CPIV antigen represented a true infection, or whether
immunoreactivity was due to a cross-reaction of the
antibody with degraded cellular antigens, or to mole-
cular mimicry (Oldstone, 1998).

A further surprising finding was the detection of
EMCV antigen in the CNS of four dogs and four cats.
EMCV-specific antibodies have been detected in pri-
mates, mice, rats, horses and elephants in various parts
of the world, the rat being the natural host (Nowotny
etal.,1993; Nowotny, 1996; Psalla et al., 2006). In Austria,
a low seroprevalence has been reported in cats
(Nowotny, 1996), but not dogs. In Germany, EMCV-as-
sociated non-suppurative meningoencephalitis is re-
ported occasionally in man, but the virus has been
1solated from the CNS in only a few cases (Nowotny
et al., 1993; LaRue et al., 2003). The histopathological
changes reported here varied (neuronal necrosis, mild
lymphohistiocytic meningitis, severe generalized gran-
ulomatous or pyogranulomatous meningoencephali-
tis). In pigs with natural EMCV infections,
lymphobhistiocytic infiltrates in the CNS have been de-
scribed (Gainer et al., 1968). Experimentally infected
mice and pigs also develop lymphohistiocytic, perivas-
cular infiltrates in the CNS, poliomeningoencephalo-
myelitis being the predominant feature in mice
(Topham et al., 199]; LaRue et al., 2003). In the present
study, EMCV immunolabelling was observed in peri-
karya and processes of neurons in some animals, indi-
cating neurotropism similar to that observed in

experimental EMCV infection. The EMCV-positive
cells, associated with cerebral vessels, may have been
endothelial cells or pericytes. Neither cell type hasbeen
reported to be susceptible to EMCV, but endothelial
and mesenchymal cells in organs other than the CNS
are regularly infected with EMCYV, as shown by Pa-
patoannou et al. (2003) in pigs. The detection of EMCV
antigen in macrophages in the CNS of dogs and cats
may support their role in viral replication and distribu-
tion, as proposed by Papaioannou et a/. (2003). In nat-
ural EMCYV infection of pigs, interstitial myocarditis
and myocardial degeneration represent the main fea-
tures (Papaioannou et al., 2003). Neither change was
observed in any of the present cases, but myocardial tis-
sue was available from only one dog and two cats.

Despite the broad spectrum of antibodies used, the
aetiology of the CNS lesions could be determined in
only 26% and 39% of the cases in dogs and cats, re-
spectively. Due to the retrospective character of the
study, a standardized clinical and neurological investi-
gation and serum and CSF laboratory procedures were
not possible. In the remaining cases, infection cannot
be ruled out. Other agents that might have caused the
observed histopathological changes in dogs include
Ehrlichia spp. (Glaus and Jaggy, 1992; Maretzki et al.,
1994), Leptospira spp. (Rentko et al., 1992) and Borrelia
spp. (Mandel et al., 1993; Chang et al., 2001), and in cats
Bartonella henselae (Breitschwerdt et al.,1999) cannot be
excluded. However, the high percentage of cases in
which no infectious agent was identified suggests that
non-infectious causes are more common than antici-
pated. Various factors, ranging from autoimmune pro-
cesses to intoxication, have already been suggested as
causes of non-suppurative changes in the CNS (Kipar
et al.,1998; Uchida e/ al., 1999, Lee et al., 2002).

The immunohistochemical reactions for WNYV,
CPIVand EMCV, which were unexpected, were possi-
bly due to molecular mimicry, a phenomenon reported
for various paramyxoviruses and for Japanese encepha-
litis virus (JPEV; Shesberadaran and Norrby, 1984),
which belongs to the Flaviviridae. In most of the cases
showing these unexpected reactions the histopatholo-
gical changes were severe and often resembled GME.
Autoimmune mechanisms have already been discussed
as a possible cause of canine GME and pug dog ence-
phalitis (Kipar et al., 1998; Uchida et al., 1999). Other
factors that may have played a role in the findings de-
scribed include the following: epitope spreading (Blue-
stone and Miller, 1998; Vanderlugt et al., 1998);
hereditary factors, as already suspected in pug dog en-
cephalitis and non-suppurative meningoencephalitis
in greyhounds (Hinrichs et al., 1996; Uchida et al.,
1999; Callanan et al., 2002); intoxication (Lee et al.,
2002); increased permeability of the blood-brain

barrier in systemic illness, due to prostaglandins and
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interleukin (IL)-1, IL-6 or tumour necrosis factor
(TNF)-0, leading to infiltration of the CNS by inflam-
matory cells (Reiss et al., 2000). In addition, it should be
mentioned that, unlike paraneoplastic encephalitis,
which has been described in man but not in dogs or cats
(Scaravilli et al., 1999), paraneoplastic polyneuropathy
has been described in dogs (Braund, 1990; Wagner,
2002). As tumours in the CNS or other organs were pre-
sent in only one of the cases examined, paraneoplastic
encephalitis seemed unlikely to have played any role in
the findings.

In conclusion, in a high proportion of dogs and cats
with non-suppurative meningoencephalitis, immuno-
histochemical examination with antibodies against 18
different infectious agents failed to reveal a cause. The
significance of positive immunoreactions obtained
with WNV and EMCYV antibodies requires further in-
vestigation. In addition, primary or virus-triggered
secondary immune-mediated mechanisms should be
considered in many inflammatory CNS disorders of
dogs and cats.
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