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Abstract  The inflammatory cell composition and the ex- 
pression of major histocompatibility complex (MHC) 
antigens in the central nervous system (CNS) of 13 cats 
with a spontaneous, Borna disease-like meningoen- 
cephalomyelitis (staggering disease) was investigated by 
immunohistochemistry with a panel of monoclonal and 
polyclonal antibodies. T lymphocytes were the predomi- 
nating inflammatory cells within the adventitial space. 
CD4 + T cells were more abundant than CD8 + T cells. 
Scattered IgG-,  IgA-  and IgM-containing cells were 
found in the adventitial space and surrounding neuropil, 
often adjacent to neurons. There was a markedly in- 
creased MHC class II expression in cells morphologically 
resembling microglia. In several cats, Borna disease virus 
specific antigen was detected, but only in a few ceils, 
mainly of macrophage character. Our findings indicate a 
long-standing inflammatory reaction in the CNS of cats 
with staggering disease, possibly triggered and sustained 
by a persistent viral infection. 
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Introduction 

In domestic cats and large Felidae, non-suppurative 
meningoencephalomyelitis of unknown origin has been 
reported from different parts of the world [14, 20, 42, 43]. 
Viral infection is the presumed cause of this disease com- 
plex, although several attempts to isolate a virus have 
failed [42]. In Sweden, a feline neurological disorder 
commonly referred to as "staggering disease" has been 
observed since the early 1970s [24]. Clinical manifesta- 
tions include motor disturbances and behavioral changes. 
The underlying lesion is a non-suppurative meningoen- 
cephalomyelitis, with predilection for the brain stem [28]. 
Although the histopathology as well as the clinical and 
laboratory findings strongly suggest a viral infection, evi- 
dence indicates that none of the known feline viruses ca- 
pable of causing lesions in the central nervous system 
(CNS) of cats are involved [28]. Recently, a feline neuro- 
logical disorder apparently identical to staggering disease 
was reported in Austria [44]. Despite extensive virologi- 
cal investigations, no virus could be isolated from the dis- 
eased cats. 

Borna disease virus (BDV) is a highly neurotropic, 
negative s-stranded RNA virus of approximately 8900 
bases [6, 8], which causes encephalomyelitis in horses, 
sheep, ostriches and cattle [4, 26, 30]. The findings of 
BDV-specific antibodies and antigen in human psychiatric 
patients indicate that BDV may be involved in the etiol- 
ogy of some mental disorders in man [3, 5, 36]. Recently 
it has been suggested that BDV may also be the cause of 
feline staggering disease, since more than 40% of cats 
with this disease in one study had serum antibodies to 
BDV [29]. The finding of BDV-specific antibodies 
prompted further investigations, which led to the detec- 
tion and partial characterization of a feline BDV isolate 
from cats affected with staggering disease [9]. However, 
the importance of this newly isolated cat virus for the 
etiopathogenesis of the disease remains to be clarified. 

A striking morphological feature of staggering disease 
is the presence of broad adventitial cuffs (ACs), contain- 
ing tightly packed lymphocytes, monocytes, and plasma 



ce l l s  [28]. S i n c e  this ind ica tes  a m a r k e d  and l o n g - s t a n d i n g  

i m m u n e  r eac t i on  in the  neura l  t issue,  w e  d e c i d e d  to inves -  
t iga te  the i m m u n e  p h e n o m e n a  in the C N S  o f  cats  w i th  this 
d isease .  T h e  h u m o r a l  and c e l l - m e d i a t e d  i m m u n e  re-  

sponses  and the  p r e s e n c e  o f  B D V  an t igen  in neura l  t i ssues  
w e r e  e x a m i n e d ,  u s ing  i m m u n o h i s t o c h e m i c a l  me thods .  
T h e  resul ts  i nd ica t ed  that  the adven t i t i a l  i n f l a m m a t o r y  in- 
f i l t ra tes  o f  this m e n i n g o e n c e p h a l o m y e l i t i s  are  T c e l l - d o m -  
ina ted  i m m u n e  reac t ions ,  a s soc i a t ed  wi th  m a r k e d  i m m u n e  
ac t i va t i on  o f  m a c r o p h a g e s / m i c r o g l i a l  ce l ls  in the neura l  
p a r e n c h y m a .  T h e  p re sen t  s tudy  a lso  p r o v i d e d  e v i d e n c e  
s u g g e s t i n g  that  the i m m u n e  r e s p o n s e  is t r i gge red  by  a 
ch ron i c  in fec t ion .  F u r t h e r m o r e ,  ou r  resul t s  g i v e  c r e d e n c e  

to the  p r e v i o u s  no t ion  that  B D V  or  a B D V - l i k e  agen t  is in-  
v o l v e d  in s t agge r ing  disease .  

Materials and methods 

Animals 

Thirteen cats with a clinical diagnosis of staggering disease were 
chosen for the study. These cats were referred for euthanasia and 
necropsy from the University Clinics, Faculty of Veterinary Med- 
icine, Uppsala, or from private veterinary practitioners in Sweden, 
during 1991-1993. All cats were received alive by one of the au- 
thors (A.-L.L.) for re-assessment of the clinical diagnosis. The 
cats were between 1.5 and 7 years old (mean age 4 years) at the 
time of death. Eleven were domestic shorthairs or longhairs and 
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one an Abyssinian. Seven were neutered males and six were fe- 
males. Major signs of the disease were hindleg incoordination, 
fluctuating fever, and mental changes. The duration of the disease 
varied between 2 weeks and 1.5 years (mean 3 months). To assess 
the effect of clinical duration upon the immunoreactivity, the cats 
were allocated to one of two groups: early disease (1-8 weeks, 
mean 4 weeks, n = 11) and late disease (10 and 18 months respec- 
tively, n = 2). Serum samples from all cats were negative for anti- 
bodies to feline coronavirus using an enzyme-linked immunosor- 
bent assay (ELISA) (Svanova Biotech, Uppsala, Sweden), and also 
negative for antibodies to feline immunodeficiency virus and the 
presence of feline leukemia virus antigen (Cite-Combo-Test, Idexx 
Corp., Portland, Me.). Serum was also analyzed for BDV antibod- 
ies by indirect immunofiuorescence as previously described [3]. 
Four cats (31%) had BDV-specific antibodies, with titers ranging 
between 1:20 and 1:80. All cats were killed by a pentobarbital 
overdose and then necropsied immediately. Nine cats 1-5 years 
old were used as controls for the immunohistochemical studies. 
Five of these, including two that were clinically healthy and de- 
void of lesions at necropsy, and three with lesions unrelated to the 
nervous system (pulmonary edema, traumatic injury, pyothorax), 
were killed and examined post mortem in the same way as the 
staggering disease cases. The remaining four cats were harrier- 
bred, clinically healthy animals obtained from lffa-Credo, FAr- 
bresle, France. Heparinized blood from these cats was analyzed by 
flow cytometry to assess the reactivity to peripheral blood cells of 
the monoclonal antibodies used in the study. 

Tissue processing 

The brain and spinal cord were removed intact from all cats at 
necropsy. In the cases of staggering disease, the brain was divided 

Table l Proportions of cell populations in peripheral blood lym- 
phocytes (PBL), in various lymph node compartments and in 
brains from control cats reactive with monoclonal antibodies used 
to detect leukocyte and histocompatibility antigens (ND not done, 

NP not present, B D V  Borna disease virus, mono monocyte, macro 
macrophage, gran granulocytes, M H C  major histcompatibility 
complex, + occasional cells, ++ scattered cells, +++ frequent oc- 
currence of cells, ++++ predominant occurrence of cells) 

Antibody a Dilution Source Reference 
used b 

PBL c Lymph node Brain 

Lymphoid Paracortex Medullary Medullary 
follicles cords sinus 

CF54A 1 : 800 
(CD3-1ike) (1 : 50) 

CAT30A 1 : 50 
(CD4) (1:50) 

FT2 1 : 50 
(CD8) (1:25) 

F46A 1 : 800 
(CD2 l-like) (1 : 50) 

DH59B 1 : 100 
(mono/macro/gran) 

H58A 1 : 100 
(MHC I) 

VMRD, 
Pullman, Wa., USA 

VMRD 

Southern 
Biotechnology, 
Birmingham, 
Ala., USA 

VMRD 

VMRD 

VMRD 

CAT82A 1 : 200 VMRD 
(MHC n) 

Kfu2 l : 10 H. Ludwig, 
(25-kDa antigen Institute of 
of BDV) Virology, FU, Berlin 

[41] 

[23] 

[27] 

57.2% ++ +++/++++ ++/+++ + ND 

31.1% ++ +++ ++ + ND 

14.6% NP/+ +++ ++ NP ND 

25,4% +++/++++ +/++ ++ + 

ND +]++ ++ +++ + 

ND ++/+++ ++ +++ + 

ND +++/++++ ++/+++ ++/+++ + 

ND NP NP NP NP 

ND 

ND 

Diffuse 
staining of 
vessel walls 

Endothelial 
cells 

NP 

aRaised against antigen specified within parentheses 
bDilution used for PBL/flow cytometry stated within parentheses 
Cpercentage given as mean values of four control cats (samples taken on nine different occasions) 
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into two halves by a longitudinal incision through the corpus cal- 
losum and the brain stem. Small pieces were cut from one of the 
brain halves and snap frozen in liquid nitrogen for virological in- 
vestigations. The other half was cut into transverse sections, 
whereafter small pieces (approximately 5 x 3 mm) of the cerebral 
cortex, thalamus, mesencephalon and spinal cord were snap frozen 
in liquid nitrogen for immunohistochemistry.  Frozen material was 
stored at - 70  ~ C prior to examination. Specimens from the above- 
mentioned brain regions and also from the basal ganglia, hip- 
pocampus, caudal colliculus, cerebellum, various segments of the 
spinal cord, and internal organs were fixed in buffered 10% for- 
malin, embedded in paraffin, and cut into 4-gm-thick sections 
which were stained with hematoxylin and eosin (H&E) for light 
microscopy. Selected sections were stained according to the 
Gallyas impregnation technique [15] for demonstration of mi- 
croglial cells. Some paraffin sections were also used for immuno- 
histochemistry. From control cats, pieces of the brain, spleen, and 
retropharyngeal lymph nodes were snap frozen in liquid nitrogen 
and stored at - 7 0 ~  for immunohistochemistry.  Specimens were 
also taken from the brain, spinal cord, and various internal organs 
for light microscopy. 

Immunohistochemical  staining of tissues 

Leukocyte antigens 

The primary antibodies used were murine monoclonal antibodies 
and these are listed and specified in Table 1. An irrelevant mouse 
monoclonal IgG 1 antibody (X931, Dakopatts, Glostrup, Denmark) 
served as a negative control substitute for primary antibody. All an- 
tibodies were applied on frozen sections of lymph nodes and spleen 
from control cats and appropriate dilutions were established. In ad- 
dition, antibodies reactive with feline major histocompatibility 
complex (MHC) class I and II antigens were applied on frozen sec- 
tions of brain tissue from a control cat. The reactivity of mono- 
clonal antibodies with feline peripheral blood lymphocytes was an- 
alyzed by flow cytometry, using a FACStar  PLUS (Becton Dick- 
inson Immunocytometry Systems, San Josr, Calif.) with standard 
optical equipment. From each cat with staggering disease, except 
one in which only the cerebral cortex was available, two blocks 
from different parts of the brain and one from the spinal cord were 
chosen for immunohistochemical  staining (Table 2). From two of 
the control cats, the cerebral cortex, spleen, and retropharyngeal 
lymph nodes were investigated. 

After embedment  in O.C.T. compound (Miles, Elkhart, Ind.), 
serial 4-gm cryostat sections were cut onto chromium-gelatin- 
coated glass slides, air dried for 12 h and stored at - 70  ~ C. Prior to 
staining, sections were further air dried for 1 h and fixed in acetone 
for 10 min. Nonspecific protein binding was minimized by incuba- 
tion for 30 min with 5% normal rabbit serum in TRIS-buffered 
saline, pH 7.6 (TBS). For the monoclonal antibodies CAT82A and 
DH59B, 10% and 20% normal rabbit sera were used, respectively, 
for this procedure. The alkaline phosphatase-anti-alkaline phos- 
phatase (APAAP) method [7] was used for immunostaining, with 
a rabbit anti-mouse antibody (Dakopatts) as the secondary anti- 
body, Fast Red as the chromogen, and hematoxylin as the counter- 
stain. 

Immunoglobulins 

The primary antibodies were goat polyclonal antibodies reactive 
with Fc fragments of feline IgG (Jackson ImmunoResearch, West 
Grove, Pa.), feline IgM (Kirkegaard & Perry, Gaithersburg, Md.), 
and feline IgA (Nordic Immunological  Laboratories, Capistrano 
Beach, Calif.). All polyclonal antibodies to feline immunoglobu- 
lins were tested on sections from the spleen and small intestine, 
and optimal dilutions were established according to the intensity 
and selectivity of the staining. Normal goat serum was used as a 
negative control substitute for primary antibody. 

Formalin-fixed, paraffin-embedded sections from the brain and 
spinal cord of cats with staggering disease were stained with H&E 

and evaluated by light microscopy for the presence of plasma cells. 
If plasma cells were observed, further sections of the tissue were 
immunostained for immunoglobulins (Table 3). Sections were de- 
paraffinized and endogenous peroxidase activity was quenched by 
incubation in 3% H202 for 5 min. Nonspecific protein binding was 
minimized by incubation for 30 min with 20% normal rabbit 
serum in TBS. The peroxidase-antiperoxidase (PAP) method [38] 
was used with a rabbit anti-goat antibody (Dakopatts) as the sec- 
ondary antibody, 3-amino-9-ethylcarbazole (AEC) as the chro- 
mogen, and hematoxylin as the counterstain. 

BDV antigen 

For detection of BDV, the murine monoclonal antibody Kfu2 [27], 
specific for the 25-kDa antigen of BDV, was used on paraffin sec- 
tions of the CNS from all the diseased cats; it was diluted 1 : 10 in 
0.05 M TRIS and replaced by TRIS or an irrelevant mouse mono- 
clonal antibody (X931, Dakopatts) as a negative control. The tis- 
sue areas examined were essentially the same as those used for 
staining of immunoglobulins (Table 3). Sections were deparaf- 
finized and then treated with 0.1% proteinase K (Boehringer 
Mannheim, Germany) in 0.05 M TRIS for 10 min at 37~ The 
avidin-biotin immunoperoxidase (ABC) method [21] was used 
with a biotinylated horse anti-mouse antibody (Vector laborato- 
ries, Burlingame, Calif.) as the secondary antibody, AEC as the 
chromogen, and hematoxylin as the counterstain. Nonspecific pro- 
tein binding was minimized by incubation for 20 min in normal 
horse serum diluted 1 : 50 in TRIS. Endogenous peroxidase activ- 
ity was quenched with 0.3% H202 for 20 min. This was done after 
application of the anti-BDV antibody and the biotinylated sec- 
ondary antibody to minimize undue influence on antigen. Brain 
sections from a horse with confirmed Borna disease were used as 
positive controls. Brain sections from normal control cats were 
also examined for comparison. 

In addition, two different BDV-specific hyperimmune rabbit 
sera (LL2 and BP11) [27], were applied on selected CNS sections 
from some of the diseased cats. The protocol used for immuno- 
staining was similar to the one used for Kfu2, with the following 
modifications: BDV-specific rabbit serum was diluted 1 : 100, a bi- 
otinylated goat anti-rabbit antibody (Vector laboratories) served as 
secondary antibody and normal goat serum, diluted 1 : 5, was used 
to minimize nonspecific protein binding. 

Interpretation 

Leukocyte antigens 

For each antibody used, 2 to 12 adventitial cuffs (ACs) in every 
CNS section were examined for immunoreactivity, and the occur- 
rence of positive cells in each AC was scored from not present 
(NP) to ++++, where + = occasional, ++ = scattered, +++ = fre- 
quent and ++++ = predominant. The presence of antigen-express- 
ing cells in the neural parenchyma was graded in a similar fashion. 
Whenever  possible, individual ACs were followed in serial sec- 
tions and examined for reactivity to every antibody used. For each 
antibody, stained ACs were divided into two groups based on the 
occurrence of positive cells (+ to ++, and +++ to ++++), and the 
frequency of each group was calculated (Table 2). 

Immunoglobulins 

In each section, 2 -30  ACs were examined for immunoreactivity to 
each antibody applied. The presence of specific cells in ACs and 
neural parenchyma was graded as described above. The frequency 
of positively stained ACs divided into two groups (+ to ++, and 
+++ to ++++) was calculated for each antibody (Table 3). 



Results 

His topa tho logy  

Throughout  the brain and spinal  cord,  but  with predi lec-  
t ion for the basa l  ganglia ,  tha lamus  and mesencepha lon ,  a 
marked  in f l ammatory  react ion with mononuc lea r  advent i -  
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t ial  cuffing, neuronophag ia  and scat tered microg l ia l  nod-  
ules was present  in every  cat with s tagger ing d isease  (Fig. 
1 a). A x o n a l  degenera t ion  and f ragmenta t ion  were  com-  
mon ly  obse rved  in the crura cerebri  and in the ventrolat-  
eral regions  of  the spinal  cord. The lesions were consis-  
tent with those p rev ious ly  descr ibed  in this d isease  [28]. 
In the two long-s tanding  cases,  the in f lammatory  react ion 

Fig. 1 a -g  Morphological and immunohistological features of 
staggering disease in cats. a Mononuclear adventitial cuffs in the 
thalamus. H&E. b Numerous T cells within an adventitial cuff in 
the mesencephalon. Alkaline phosphatase, anti-alkaline phos- 
phatase (APAAP) technique, c IgG-containing plasma cells in 
close proximity to neurons in the mesencephalon. Peroxidase-anti- 
peroxidase (PAP) technique, fl Numerous MHC II + cells, presum- 
ably microglia, in the thalamus. APAAP technique, e Cerebral cor- 
tex of a normal cat, stained by the Gallyas impregnation technique 
for microglial cells. Microglial cells are not readily demonstrable 
(c.f. f). f Cerebral cortex, stained by the Gallyas impregnation 
technique, from a cat with staggering disease. Heavy infiltration of 
microglial cells, g Borna disease virus antigen-containing cells re- 
sembling macrophages within an adventitial cuff in the pons. 
Avidin-biotin-immunoperoxidase complex technique, a, b, d, e x 
168; e, g x 672; f x 4 2 0  
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was substant ia l ly  reduced.  Occas iona l  addi t ional  f indings  
inc luded lymphocy t i c  chor ioidi t i s  and optic neurit is .  
There  were no s ignif icant  lesions outs ide the CNS in any 
of  the cats with s tagger ing disease.  

Cel lu lar  phenotypes  

Adventi t ial  infiltrates 

The major i ty  of  the in f l ammatory  cel ls  expressed  pan-T 
cell  ant igen (CD3-1ike). On average,  CD3 + cel ls  (Fig. 1 b) 
occurred f requent ly  to p redominan t ly  in 73% of  the ACs ,  
whi le  the cor responding  f igure for cells  express ing  B cell  
ant igen (CD21-1ike) was 19% (Table 2). However ,  infil- 
trates with numerous  B cells were  jus t  as c o m m o n  as 
those with numerous  T cel ls  in indiv idual  cases.  Al though  
the pan-T  cel l  marke r  s tained the major i ty  o f  cells,  in 
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most  cases  only occas iona l  to scat tered cells expressed  
CD4 or  CD8 antigens.  In three cases,  CD4 + and CD8 + 
cells were  present  in s imi lar  amounts ,  while  in the re- 
main ing  ten cases CD4 § cells were  more  abundant .  Fre-  
quent  to p redominan t  occurrence  o f  CD4 + cells was found 
in a minor i ty  o f  the A C s  (mean 9%), and the cor respond-  
ing f igure for CD8 § cel ls  was only 0.6%. This pauc i ty  of  
CD8 + cells led us to app ly  another  monoc lona l  antibody,  
OKT8 (VMRD,  Pul lman,  Wash.),  react ive  with human  
CD8, but  the results  were similar.  The ant ibody DH59B,  
which  detects a molecu le  expressed  on monocy tes  and 
macrophages ,  but  p resumably  not  on microg l ia l  cells  (W 
Davis ,  personal  communica t ion) ,  was react ive  with occa-  
sional  to scat tered cells in many  ACs  (mean 61% of  the 
cuffs). In no case did  DH59B § cells const i tute the major-  
i ty in any advent i t ia l  infiltrate.  

Occas iona l  to scat tered immunog lobu l in -bea r ing  cells 
were  found within A C s  in all cases (Table 3). By their  

Table 3 Percentage of adventitial cuffs (ACs) with positive staining by potyclonal antibodies against feline immunoglobulins (PAP 
method). (+/++ occasional to scattered cells, +++/++++ frequent to predominant occurrence of cells, ND not done, obl. oblongata) 

Case Duration Areas of CNS Total no. IgM IgG IgA 
no. of clinical examined of ACs 

signs examined +/++ +++/++++ +/++ +++/++++ +/++ +++/++++ 

1 4 weeks Thalamus 30 50.0 0 
Obex 
Spinal cord 

2 10 months Mesencephalon 27 59.3 0 
Obex 
Spinal cord 

3 4-5 weeks Cerebral cortex 26 42.3 3.9 
Mesencephalon 
Spinal cord 

4 2 weeks Cerebral cortex 17 29.4 0 
Cerebellum 

5 6 weeks Cerebral cortex 28 46.4 0 
Thalamus 
Obex 

6 3 weeks Cerebral cortex 25 48.0 0 
Mesencephalon 
Spinal cord 

7 3 weeks Cerebral cortex 30 60.0 0 
Cerebellum 
Spinal cord 

8 18 months Thalamus 6 33.3 0 
Spinal cord 

9 4 weeks Cerebral cortex 8 75.0 0 
Spinal cord 

10 2-3 weeks Cerebral cortex 20 40.0 0 
Basal ganglia 

11 8 weeks Cerebral cortex 16 37.5 0 
Basal ganglia 

12 5 weeks Cerebral cortex 20 70.0 10.0 
Medulla obl. 

13 4 weeks Cerebral cortex 10 70.0 0 
Medulla obl. 

Mean + SD 50.9 _+ 14.8 1.1 _+ 2.9 

90.0 0 61.1 0 

77.3 4.5 75.0 0 

75.0 0 65.2 0 

61.1 0 56.3 0 

78.6 0 53.6 0 

76.0 0 48.0 0 

72.0 0 67.9 0 

100 0 50.O 0 

62.5 0 100 0 

75.0 0 35.0 0 

ND ND 60.0 0 

80.0 0 85.0 0 

50.0 0 35.0 0 

74.8+ 13.1 0.4+1.3 60.9_+18.4 0-+0 
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morphological appearance, most of them were plasma 
cells. Some, however, were consistent with macrophages 
or large lymphoid cells. IgG + cells predominated, al- 
though I g A -  and IgM-bearing immunocytes also oc- 
curred, even in the two chronic cases. The immunoglobu- 
lin-bearing cells were mainly located in the periphery of 
the ACs, from where they seemed to be migrating into the 
surrounding neuropil. 

The cell composition of the ACs was similar in differ- 
ent sections of the particular brain areas examined. A 
comparison between ACs from animals with a short 
(early) and those with a long (late) duration of clinical 
signs showed only slight differences, despite the fact that 
the signs had persisted for at least 10 months in the latter 
group. Cells expressing CD8 were notably sparse in late 
disease, whereas no significant difference in the percent- 
age of CD3 + or CD4 + cells was observed between early 
and late disease. 

The majority of ACs showed frequent to predominant 
occurrence of cells expressing MHC class I and of those 
expressing MHC class II antigen. 

were observed in the gray matter of cats with staggering 
disease, indicating that the majority of MHC II + cells were 
probably identical with these. Microglial cells were much 
more abundant in cats with this disease than in control 
cats (Fig. 1 e, f). 

Detection of BDV antigen 

In 7 cats, the BDV-specific antibody Kfu2 stained a few 
mononuclear cells resembling macrophages within or 
close to the Virchow-Robin space (Fig. 1 g). Kfu2 also 
stained a small number of cells in the neural parenchyma. 
Some of these cells were small, rounded and lymphoid in 
appearance, while others were larger and bore resem- 
blance to gial cells. In one case, faint staining of a neuron 
was also observed. No specific localization pattern could 
be observed: some of the positive cells were found in dif- 
ferent parts of the cerebral cortex, others in the pons and 
medulla oblongata. The staining results obtained with the 
hyperimmune rabbit sera LL2 and BP11 was similar to the 
results achieved with Kfu2. 

Neural parenchyma 

In l l  of the 13 cats examined, scattered CD3 § cells were 
found in the neural parenchyma in at least one CNS sec- 
tion. The majority of  these cells were in regions close to 
ACs. CD4 + cells were found in the neural parenchyma in 
2 cases and CD8 + cells in 2 other cases. Only in 1 case did 
the B cell marker (F46A) stain cells in the neural 
parenchyma. Immunoglobulin-bearing cells (mostly 
plasma cells and also cells compatible with macrophages 
or large lymphoid cells) were found in areas adjacent to 
adventitial infiltrates and also in other regions, often close 
to neurons (Fig. 1 c). Some of these neurons were degen- 
erate or dead, but the majority appeared intact. In most 
cases, intermingled IgM +, IgG + and IgA + cells were pre- 
sent. No DH59B § cells were detected in the parenchyma. 

In 7 cases, MHC class II + cells occurred frequently in 
the neural parenchyma, while the remaining 6 cases all 
showed occasional to scattered class II § cells in at least 
one CNS section. To judge from the staining reactions in 
serial sections, some of these cells were undoubtedly lym- 
phoid cells. However, a proportion of the remaining cells 
could not be classified. These cells were rather small and 
rounded, resembled microglia, and were mostly confined 
to the gray matter (Fig. ld). Although class II + cell 
processes were sometimes seen surrounding neurons, no 
staining of the neuronal cell bodies was observed. 

In 7 of the 13 examined cats, occasional to scattered 
MHC class I + cells were found in the neural parenchyma 
in some CNS regions. As in the case of the class I P  cells, 
some class I + cells appeared to be consistent with lym- 
phoid cells, while others resembled microglia. The extent 
of labelling with the anti-class I antibody was much less 
pronounced than that observed with the anti-class II anti- 
body. No staining of neurons was detected. In sections im- 
pregnated by the Gallyas stain, numerous microglial cells 

Discussion 

The purpose of this study was to elucidate the immuno- 
logical reactions of the CNS in a feline non-suppurative 
meningoencephalomyelitis referred to as staggering dis- 
ease [28]. As BDV is regarded as a putative etiological 
agent in this disorder [9, 29], it was of interest to investi- 
gate CNS sections for the presence of BDV antigen and to 
compare the distribution of antigen with the localization 
of inflammatory reactions. 

Several methods for estimating frequencies of inflam- 
matory cells in brain tissue sections have been described, 
including counting of all cells in individual ACs and cal- 
culating the percentage of positively stained cells [10]. 
Apart from being extremely time-consuming, this proce- 
dure is unsuitable for cryostat sections with their rather 
obscure cellular details, making it sometimes difficult to 
establish the exact number of cells in an infiltrate. We de- 
cided instead to use a semiquantitative method which al- 
lows characterization of a large number of ACs (as many 
as 65 in an individua ! cat) and should provide a good in- 
dication of the frequencies of different cell populations. 

Clearly, T lymphocytes were the predominating in- 
flammatory cells within the adventitial space. The preva- 
lence of CD4 + and CD8 + T cells was, however, lower than 
would be expected from the marked abundance of cells 
positively stained by the pan-T cell marker. It should be 
noted that the pan-T cell marker used in this study 
(CF54A) has not yet been fully characterized. When ap- 
plied to peripheral blood lymphocytes from control cats, 
using flow cytometry, this marker reacted with a popula- 
tion of cells (mean value 11.5%) which was neither CD4 + 
nor CD8 + (Table 1). Recent flow cytometric studies indi- 
cate that some of these cells actually belong to the mono- 
cyte population (data not shown). Furthermore, it is possi- 



ble that a minor CD3 + CD4- CD8- T cell population might 
exist in cats, as it does in humans, where such cells ex- 
press the CD7 phenotype and constitute a small popula- 
tion in the peripheral blood and the small intestine [3 I, 
37]. An element of subjectivity in the interpretation of the 
results may also partly explain the discrepancy. A more 
accurate quantification of different sets of lymphocytes 
may be obtained by flow cytometry after extraction of 
mononuclear blood cells from the brain [22]. Such studies 
in cats with staggering disease are in progress. 

CD4 + T cells were more abundant than CD8 + T cells. 
Unlike human and rat macrophages, feline macrophages do 
not express detectable amounts of CD4 antigen [1]. The 
predominance of CD4 + cells cannot, therefore, be ascribed 
to labelling of macrophages. Within the adventitial spaces, 
CD4 + T cells would have the opportunity to interact with 
MHC II + antigen-presenting macrophages, thereby trigger- 
ing important immunological reactions [12]. It should be 
noted that normal cats seem to have an unusually high de- 
gree of MHC II expression not only on B cells, but also on 
resting T ceils [32, 34]. The strong MHC II expression 
within ACs in our cases could, therefore, be a phenomenon 
merely related to the presence of numerous lymphocytes. In 
the neural parenchyma, however, increased MHC II expres- 
sion on cells resembling microglia was clearly observed in 
the diseased cats. This enhanced MHC I1 expression may be 
related to direct effects of Virus replication o1" stimuli from 
lymphokines secreted by T cells [19]. 

In several viral encephalitides, including experimental 
Borna disease in Wistar rats, the inflammatory cells in the 
neuropil consist almost exclusively of monocytes, 
macrophages and microglial cells, and only exceptionally 
of a few T cells [16, 33]. In the present feline encephali- 
tis, both the paucity of T cells in the neural parenchyma 
and the marked infiltration of microglial cells seem to in- 
dicate a similar pattern. However, the macrophage marker 
used (DH59B) failed to stain cells in the neuropil. It is 
possible that this antibody only labels a limited population 
of monocytes/macrophages and that the actual number of 
blood-derived macrophages could be considerably higher. 
As mentioned above, there is also a possibility that some 
of the CD3 + cells in the neural parenchyma belong to the 
monocyte population. 

A large number of plasma cells and other im- 
munoglobulin-bearing cells were found scattered in the 
parenchyma, often adjacent to degenerate or morphologi- 
cally intact neurons. The finding of plasma cells in such 
close proximity to neurons suggests that antibodies may 
be involved in the mechanism of virus clearance from in- 
fected cells. Such antibody-mediated clearance of virus 
has been described in other encephalitides, e.g., rabies 
[11], and Sindbis virus encephalitis in mice [19]. In the 
case of rabies, however, the antibody involved is a neu- 
tralizing and protective antibody which causes complete 
clearance of virus from the cells [11]. If a similar mecha- 
nism occurs in cats with staggering disease, it must be as- 
sumed that the antibody involved fails to clear the virus 
completely, at least allowing some persistence of viral 
RNA to account for the chronic nature of the disease. 
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Interestingly, there were considerable numbers of 
IgM- and IgA-bearing immunocytes intermingled with 
IgG immunocytes, even in the two tong-standing cases. 
Similar findings in dogs and humans with chronic inflam- 
matory diseases of the CNS suggest that this phenomenon 
may be associated with persistent viral infection with con- 
tinuous or intermittent expression of antigen [13, 40]. 

The pattern of inflammation in the cats is very similar 
to that of a subacute viral encephalitis, such as natural or 
experimentally induced Borna disease [17, 25, 26, 35]. A 
mixed composition of cells in the adventitial space, strong 
expression of MHC class II antigen on macrophages/mi- 
croglial cells and the presence of scattered plasma cells 
and B lymphocytes in the neural parenchyma, as found in 
the present cat encephalitis, are also features of experi- 
mental Borna disease in adult Lewis and Wistar rats [10, 
33]. The paucity of BDV-specific antigen in the cat en- 
cephalitis argues against BDV as the causative agent. On 
the other hand, such antigen has recently been demon- 
strated in several cats with staggering disease in an 
ELISA using homogenized brain tissue (Bode and Lund- 
gren, unpublished observation). It seems, however, that 
the amount of BDV antigen in cats, as shown in such anti- 
gen assays, is much smaller than in other animal species. 
Furthermore, preliminary studies have shown feline BDV 
to have a cell tropism in culture different from that of 
other BDV isolates [9, 27]. It is possible that cats with 
staggering disease carry BDV with an antigenic configu- 
ration that is altered by its adaptation to the cat, making 
the antibodies employed in our study insufficient for fe- 
line BDV detection. This notion is supported by the ob- 
servation that BDV antigen is undetectable by immuno- 
histochemistry in newborn Wistar rats, intracerebrally in- 
oculated with homogenized brain suspensions from cats 
with staggering disease (Lundgren et al., submitted for 
publication). In contrast, after inoculation of brain suspen- 
sions from such infected newborn rats into adult rats, full- 
blown Borna disease with strong expression of BDV anti- 
gen occurs. 

The pathogenesis of feline staggering disease is ob- 
scure. Clearly, a strong immune reaction is present in the 
form of heavy mononuclear cell infiltrates in the adventi- 
tial space. Neuronal degeneration and necrosis obviously 
occur [28], but the mechanisms underlying this remain to 
be elucidated. In the present study, no morphological sign 
of cytotoxic T cell activity against neurons could be 
found. This is in accordance with the sparsity of CD8 + T 
cells and the fact that no expression of MHC class I on 
neurons was observed in the cat brains. In contrast, neu- 
ronal lesions in BDV-infected Lewis rats are claimed to be 
caused by a virus-induced, cell-mediated immunopatho- 
logical reaction mainly involving CD8 + T cells, rather 
than by the virus itself [2, 39]. This notion is supported by 
the facts that BDV lacks a cytolytic effect in tissue cul- 
tures and that in the acute phase of the disease, the lytic 
effect in vivo is not strongly expressed [39]. It has been 
shown, however, that at a later stage of Borna disease se- 
vere widespread cytopathic changes occur in the neurons 
[18]. Since the role of BDV in feline staggering disease is 
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not clear, it is not  possible at this stage to determine the 
importance of these mechanisms for the neuronal  lesions 
in the cat encephalitis. 

In conclusion,  the results of  the present study provide 
evidence for a strong, immunologica l  reaction in the CNS 
of cats with non-suppurat ive  meningoencephalomyel i t i s  
(staggering disease). Our f indings indicate a long-stand- 
ing inf lammatory process, possibly triggered and sus- 
tained by a persistent viral infection. 

It is of vital importance to establish the role of BDV in 
the etiology and pathogenesis of feline staggering disease. 
Such studies are currently in progress. 
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