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Abs t r ac t  Virions resembling papovavirus were demon- 
strated in glial cells in the brain of  an aged patient with- 
out overt progressive multifocal leukoencephalopathy. 
The patient was not in a severely immunocompromised 
state. On histological examination, only a few tiny in- 
complete necrotic loci were found in the subcortical ar- 
ea. These foci were widely dispersed. Rare, swollen oli- 
godendroglial cells and astrocytes in which papovavirus 
capsid protein (VP-1) was demonstrated immunohisto- 
chemically were present around the foci. The two typical 
types of  virus particles i.e. 35 to 40 nm round particles 
and elongated particles, were observed in the nuclei of 
the swollen glial cells. The latter were in the minority. 
Distinct crystals were also found in the nuclei. The cent- 
re-to-centre distance of the particles in the crystals, about 
40 nm, and the electron-opaque spots of the round-sha- 
ped virions and of  the elongated particles, were indica- 
tive of  structural subunits of papovavirus capsids. This 
case provides further evidence that papovavirus, possibly 
JC virus, may be reactivated in the brains of  aged pa- 
tients who are not in an immunocompromised state. 
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Introduction 

The notion of progressive multifocal leukoencephalopa- 
thy (PML) as an atypical viral infection in patients with 
compromised immunity was proposed by Richardson 
[14]. ZuRheim and Chou [18] provided strot~g electron 
microscopic evidence for the viral infection hypothesis 
which showed that abnormal oligodendrocytes in and 
around the lesions contained numerous papovavirus-like 
particles. Since the isolation and designation of the virus 
as JC virus by Padgett et al. [11], JC virus has been known 
to be the cause of PML. We recently demonstrated JC 
viral DNA and protein by in situ hybridization and 
immunostaining in the brains of apparently immunocom- 
petent aged patients who did not have PML [8]. This 
finding was confirmed using the polymerase chain reac- 
tion method both by us [9] and several other groups [3, 
13, 16]. In the present study, one of the brains in which 
JC viral DNA was detected most strongly was examined 
by electron microscopy. In order to select the locations 
of  the cells where the virions may be detected, we de- 
tected virions resembling papovavirus, possibly JC virus, 
in three overt PML cases prior to this study. 

Case report 

A 75-year-old woman was admitted to Tokyo Metropolitan Geriat- 
ric Hospital in June 1980 for left bemiparesis and dysarthria. A 
CT scan revealed a small, low-density area in the right cerebrum. 
The hemiparesis and dysarthria disappeared within 1 month. The 
patient was able to go about her life normally with the exception 
of calculation. In April 1981 her left hemiparesis and dysarthria 
recurred, and a CT scan and arteriography revealed occlusion of 
the ascending branch of the right middle cerebral artery. Her blood 
pressure was 130-150/70-80. Shoulder-hand syndrome developed 
on the left side in May. Prednisolone, 10 mg/day, was prescribed 
for one month resulting in the disappearance of this syndrome and 
prednisolone was stopped. The patient was transferred to a nursing 
home, and her mental impairment remained at the same level as 
before. After discharge, she was bedridden and became unable to 
speak more than a few words. From June 1985, she needed assis- 
tance in eating. Beginning in July 1988 she suffered repeated 
bouts of pneumonia and died on 5 September 1988. 
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Fig. 1 a The largest focal demyelinated lesion, where the sections 
were made for electron microscopy. (x 3.8). b Histological find- 
ings in the same area. Swollen oligodendroglial cells and large as- 
trocytes are observed (H & E; x 400). c Immunohistochemical 
staining for VP-1. Arrowheads point to positive cells, which con- 
tain many virions. (x 400) 

Fig. 2 a A glial nucleus with a complex composite of crystals. 
(x 8000). b A portion of the nucleus in a. Electron-lucent centres 
are present in some. (x 60000) 

Fig. 3 A portion of a glial nucleus packed with elongated parti- 
cles. (× 60000) 
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Autopsy was performed 10 h after death at Tokyo Metropolitan 
Geriatric Hospital. Significant findings outside the central nervous 
system consisted of severe organizing and organized pneumonia 
associated with scattered loci of aspiration in the left lung. Vis- 
cous sputum was found to have obstructed the glottis resulting in 
apnoea and death. 

The brain weighed 1100 g and exhibited marked atrophy of the 
right hemisphere. Coronal sections through both cerebral hemi- 
spheres revealed a large, old infarction in the territory of the right 
middle cerebral artery. This large vascular lesion was confirmed to 
have resulted from an arteriosclerotic stenosis of a branch of the 
right middle cerebral artery. Severe sclerosis was found in the ce- 
rebral arteries, but no lesions resembling a demyelinating process 
could be detected in the white matter macroscopically. Routine 
histological examination was carried out on paraffin sections of 
the cerebral, cerebellar and brain stem areas. Away from these old 
vascular lesions, a few tiny foci of incomplete necrosis were found 
in the subcortical white matter of the parietal and frontal lobes. 
The margins of the necrotic area were obscure. The largest lesion 
was about 2 mm in diameter (Fig. la). There were some areas 
where the number of glial cells was decreased without necrosis. 
These foci were widely dispersed and non-confluent. Rare, swol- 
len oligodendroglial cells and a few, fairly large astrocytes were 
observed mainly at the edge of the minute incomplete necrotic ar- 
ea (Fig. lb). Some of these glial cells had altered nuclei, with dis- 
tinct margination of chromatin along the nuclear membrane. Oth- 
ers featured bizarre nuclei. Lymphocytes, macrophages and plas- 
ma cells were not increased. 

Paraffin-embedded 4 pro-thick sections from the subcortical 
white matter of the parietal lobe were stained with toluidine blue 
or immunohistochemically and examined under the light-micro- 
scope, Immunohistochemistry was performed on deparaffinized 
specimens by the avidin DH-biotinylated horse-radish peroxidase 
technique using polyclonal antibodies raised against either the 
common papovavlrus capsid antigen or glial fibrillary acidic pro- 
tein (GFAP), as described previously [9]. Areas where the large 
cells with large nuclei or the histochemically VP-1 positive cells 
were clustered, were embedded in Epon after fixation in 1% caco- 
dylate-buffered osmium tetroxide for 30 rain at 4 ° C and dehydra- 
tion in graded ethanol rinses. Two thin (60-100 nm), small (1× 1 
mm) sections were cut from the edge of the largest lesion with di- 
amond knives (Fig. la), and a small section was also cut from the 
area where the number of glial cells was reduced and the large 
glial cells were scattered without necrosis. These sections were 
stained with uranyl acetate and lead citrate, and examined using 
an Hitachi H-600 transmission electron microscope. All cells 
(294 cells) except those in the peripheral region were examined in 
one section taken from the largest lesion. There were conspicuous 
post-mortem changes, with poor preservation of cell membranes 
and cytoplasmic organelles. Identification of individual cells was 
almost impossible. The cells were identified as glial cells by com- 
paring toluidine blue and immunohistochemically stained sec- 
tions. The size of virion-bearing nuclei, 4.5-9.5 gm (mean: 6.3 
gm) was larger than that of the virion-negative nuclei, 3.0-6.3 pm 
(mean: 4.0 ~tm). Cells strongly positive for VP-1 at the periphery 
of the nuclei (Fig. lc), contained many virions. Numerous ran- 
domly distributed, round, 35 to 40 nm particles were observed in 
the nuclei of 22% of the glial cells. Orderly intranuclear arrays of 
particles or distinct crystals were found in 65% of the virion-bea- 
ring nuclei (Fig. 2). The centre-to-centre distance between the 
particles in the crystals was roughly 40 nm. The shape of the indi- 
vidual particles in the crystals was mostly hexogonal. Elongated 
virions, referred to as "filamentous" or "tubular forms", were 
found in 29% of the virion-bearing nuclei (Fig. 3). Their length 
was variable, and their width was about one half to two-thirds 
that of the round virions. Electron-lucent centres were seen in 
some of both types of virions. The viral envelopes were not seen. 
Two-thirds of these heavily virion-bearing cells were found near 
the margin of the necrotic area. The features of the other section 
from the largest lesion were almost the same as described above. 
In the third section, no crystals or tubular forms were found in the 
cells. 

Discussion 
We repor ted  p rev ious ly  that  JC viral  D N A  and papovavi -  
rus caps id  pro te in  were  p resen t  in the bra ins  of  some eld-  
er ly pat ients  who  d id  not  exhibi t  any recogn izab le  P M L  
or under ly ing  i m m u n o s u p p r e s s e d  states [8]. To conf i rm 
the p resence  of  this virus  on an ul t ras t ructura l  level,  we  
conduc ted  e lec t ron  mic roscop i c  studies in the presen t  re- 
port.  The  presen t  case (case  7 in the previous  report)  is 
that  in which  JC viral  D N A  was mos t  s t rongly  detected.  
The  pa t ien t  was not  in an i m m u n o s u p p r e s s e d  state, al- 
though she had  a h is tory  of  t rea tment  with prednisone ,  
10 rag/day,  for one month,  7 years  before  her  death.  At  
p o s t - m o r t e m  examina t ion ,  a few tiny incomple t e  necrot ic  
loc i  were  found  together  wi th  rare swol len  o l igodendro-  
g l ia  and a few fair ly  large astrocytes .  Since  no f indings  
character is t ic  of  PML,  such as large mul t i foca l  les ions,  
conf luent  lesions,  or g iant  t r ans fo rmed  as t rocytes  were  
present ,  this case  was not  cons is ten t  with c lass ica l  PML.  
Admi t t i ng  this inconsis tency,  a few poss ib i l i t i es  might  be  
sugges ted  for  its cause.  The  first  is that  these  f indings  
represen t  the ini t ial  changes  in PML.  The  features  in our  
case  r e semble  the ear ly  les ion desc r ibed  by  ZuRhe in  [19] 
except  that there  were  more  cel ls  with c rys ta l i zed  vir ions  
in our case.  The  second  specula t ion  is that the pat ients  
P M L  was in remiss ion .  A few cases  of  t ransient  and 
w e l l - d o c u m e n t e d  sus ta ined  r emiss ion  of  P M L  have been  
repor ted  [1, 7, 12, 15]. Typica l  P M L  les ions  are not  de-  
tec ted  in the bra in  in remiss ion .  The  mul t i foca l  nature of  
the process  is evident ,  however ,  in the p resence  o f  de-  
mye l ina t ion  in var ious  stages.  This  was not  true o f  our 
own case,  because  only  a few tiny, incomple te  necrot ic  
areas were  de tec ted  in this brain.  

Some  o f  the gl ia l  cel ls  in these  areas  were  posi t ive  for  
papovav i rus  caps id  pro te in  immunoh i s tochemica l ly .  
E lec t ron  mic ro scopy  revea led  the presence  of  v i r ions  in 
these cells.  The  vir ions  were  charac te r ized  as fo l lows:  
Two kinds  of  vir ions,  rounded  and e longated ,  were  pre-  
sent  wi th  the former  p redomina t ing .  The  round  par t ic les  
were  35 to 40 n m  in d iamete r  and mos t  of  the ind iv idua l  
par t ic les  in the crys ta ls  were  hexogona l  in form. Elec-  
t ron- lucent  centres  were  seen in some and the centre to 
centre  d is tance  be tween  the par t ic les  in the crys ta ls  was 
about  40 nm. These  character is t ics  were  near ly  the same 
as those  desc r ibed  by  ZuRhe in  [19] in PML:  the two 
pr inc ipa l  types  of  virus  par t ic les  encountered ,  round  and 
e longated ,  were  seen mos t  c lear ly  in less  dense  nuclei .  In 
suppor t  o f  these  cri teria,  it  should  be noted that, with the 
excep t ion  of  bov ine  pap i l lomavi rus ,  e longa ted  and 
rounded  forms of  vir ions  were  only  found  toge ther  in nu- 
clei  infected by  papovavi ruses  [2, 19]. Moreover ,  papova-  
viruses  are unique  in size among  those viruses  which  in- 
fect  humans  persis tent ly.  The  vi ruses  repor ted  to be  the 
cause  o f  the demye l ina t ion  are: a lpha  virus,  6 0 - 7 0  nm in 
d iameter ;  corona  virus,  7 0 - 1 2 0  nm in d iameter ;  herpes  
virus,  100-110  nm in d iameter ;  p m a m y x o v i r u s ,  150-300  
nm; papovavi rus ,  3 0 - 5 5  nm; p icornavirus ,  2 0 - 3 0  nm; 
retrovirus ,  8 0 - 1 3 0  n m  and rhabdovi rus  80x 7 0 - 8 5  n m  
[4]. Papova  virus  and p icorna  virus  are the two vi ruses  
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that do not bear envelope proteins. Based on these fea- 
tures, the virions demonstrated in this case were prob~ 
ably papovaviruses, which include polyomavirus and pa- 
pillomavirus. Papilloma virus particle size is 52 to 55 nm 
in diameter [6] while the polyomaviruses in the brains of 
PML patients have been reported to be between 28 and 
45 nm in diameter [19]. As the size of the particles in our 
own case was between 35 nm and 40 nm, the virions 
were probably polyomaviruses, specifically JC viruses 
[10]. 

Gibson et al. [5] reported that in one patient with neu- 
ro-Behqet syndrome without PML, JC viral DNA was 
found to be weakly positive using molecular hybridiza- 
tion, however, they were unable to find any virus parti- 
cles. The present case is the first in which papova virions 
were detected in the brain of a non-immunocompromi- 
sed aged patient without overt PML. The morphological 
evidence per se is not sufficient to designate it as the le- 
sion responsible for her clinical condition, because the 
demyelinated foci in the white matter were extremely 
small. Nevertheless, papovavirus replication may have 
occurred in the brain of  this patient. Since JC virus is of  
low pathogenicity and requires impairment of cell-me- 
diated host defences to allow a progressive nervous sys- 
tem infection [17], the disease may be static in this case. 

A few tiny demyelinating lesions may be overlooked 
at routine autopsies. I f  such lesions were noticed and ex- 
amined electron microscopically, papova virions might 
be demonstrated in the brains of aged patients more fre- 
quently than expected. 
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