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Scrapie is a chronic, progressive, degener- 
ative disease of thle central nervous system oc- 
curring naturally in sheep and experimentally 
in goats, rats, hamsters, and mice. The 
remarkable stability of the scrapie agent in 
the presence of formalin (1) and heat (1) 
sug,wts that the scrapie agent may nd be a 
conventional virus ( 2 ) .  Its resistance to in- 
activation by ultraviolet light of wavelength 
specifically absorbed by nucleic acids and its 
susceptibility to inactivation by ellectmn ir- 
radiations are properties that suggest that 
the scrapie agent may not contain nucleic acid 
and that its molecular weight is likely to be 
no greater than 2.0 X 105 which means that 
its size is probably less than that of any 
known virus (3). 

The work reported in this paper was under- 
taken to obtain by electron microscopy infolr- 
mation sf use in elucidating the brain path- 
ology of experimentally induced scrapie in 
the mouse; in its course a number of previ- 
ously undwcribed structures were observed in 
the cerebral cortex of scrapie infected mice. 
It  ~k the purpose of this report to describe 
these structures. 

Materials and Methods. Scrapie agent. The 
strain of scrapie used was that described by 
Pattison and Chandler who have reported in 
detail its isolation from sheep ( I )  and its 
adaptation [to growth in goats ( 2 )  and mice 
(1). 

Source of study materials. At the National 

Institutes af Health the scrapie agent was 
readily transmitted to and maintained in 
Swiss-NIH mice by brain to brain passage, 
following procedures already described (4). 
In the present work saline sus~ns iom wese 
prepared from the infected brains of Swiss- 
NIH mice at the third and eight passage level 
and these were inoculated intracerebrally into 
weanling, specific-pathogen-free, Balb-C mice 
of a b& devdoped by L. T. Fitzwater, An3- 
ma1 Production Unit, NIH. Six months pod- 
inoculation when the test mice were in the ad- 
vanced stage af clinical scrapie their hains 
were harvested for study. C o o l 1  material 
consisted of the brains of specific-pa!thogen- 
free mice that were inoculated 6 months previ- 
ously with a suspension of brain tissue from 
normal Swiss-NIH mice. 

Microscopic techniques. One hemisphere of 
each brain harvested from smapie and control1 
mice was f r o m  a t  -60°C for future use; 
the other hemisphere from each mouse was 
fixed in 3% glutaraldehyde. Small cubes of 
cerebral cortex were cut f r m  the fixed h e -  
sphere, washed in hlillonig's phosphate buffer 
at  pH 7.3 ( 5 ) )  postfixed in 2 % osmic acid and 
embedded in E p n .  Thick sections were 
s t a i d  with toluidine blue for examinaition 
with the light microscope. Thin sections were 
mounted on carbon coated grids, stained with 
uranyl acetate and lead citrarte and examined 
in a Siemens Elmiskop 1A. 

Tests for contaminating viruses. A search 



for extraneous agents in scrapie infected and 
control m o w  brains was carried out in 2-day- 
old suckling mice and in tube cultures of 
mouse embryo cells employing the same gen- 
eral methods which have proved satisfactory 
in attempts to recover polyoma and Kilham's 
"K" (6) viruses from infected mouse tissues. 
Briefly, the brain hemisphwes which were 
stored frozen a t  --60°C for 6-10 months wen 
individually triturated in a TenBroeck grinder 
with sufficient culture medium 199 to give 
10% suspensions and these wexe clarified by 
spinning a t  1000 rpm for 15 min in a bri- 
zontal centrifuge. The resulting supernatant 
fluid was inmulated into 2 litters of 2-day-old 
mice and into 3 tube cultures of mouse embryo 
cells. At 14 days postinoculation, the brains of 
2 mice in each sf the inoculated litters were 
used to prepare 10% tissue suspensions and 
these were inoculated into 2 new litters of 
2-day-old mice. The remaining mice in the 
originally inoculated litters and all of the mice 
in the passage litters were observed daily for 
21 days for signs of illness or death. The in- 
oculated cell cultures were observed for 10-14 
days when a blind passage was made to new 
tube cultures of mouse embryo cells. This was 
done by harvesting the cells and fluids, cen- 
trifuging the suspension at  1000 rpm for 15 
min to remove debris, and inoculating the 
supernatant into 3 new tube cultuses of mouse 
embryo cells. The inoculated cultures were 
examined for 10-14 days for presence of 
cytopathic change that was not found in the 
control cell cultures. 

Results. Light microscope examination of 
29 brains a t  the low (four) and 4 brains a t  the 
high (ninth) passage level showed chwac- 
tmistic ( 1, 4) extracellular and intraneumal 
vacuolartion. Large multilobular vacuoles 
(soapbubble effect) were in abundance. Light 
microscope examination of 10 brains ob- 
tained from control mice showed only oc- 
casional vxuoles which when present were 
distributed singly and were much smaller than 
the vacuoles that were seen in the brains of 
the scrapie infected mice. 

Electron microscope study od the cortex of 
33 brains obtained from the scrapie infected 
mice revealed the presence of a number of 
previously undwribed structures which were 
not found in the brains of any of 10 control 
mice. These consisted of (a)  enlarged cell 
processes containing large amounts of particles 
and rods (b) enlarged cell processles con- 
taining a close-meshed network of varicose 
tubules, and (c) round or oval bodies formed 
by parallel bands and fibrils. 

Cell processes which were strikingly en- 
larged (5-10 times normal size), were found 
in the brain cortex of 14 of the 33 scrapie 
mice examined. In 10 of the Iow passage and 
in all 4 of the high passage scrapie brains 
these processes were partially or almoot com- 
pletely filled with particles and rods ranging 
in diameter from 320 to 360  A with electron 
lucent centers and with walls approximately 95 
A in thickness: the walls were denser in their 
innermost portion (Figs. 1 and 2).  Sometimes 
it was possible to recognize that the rods were 
covered with spikes which were perpen- 
dicularly arranged s t  regular intervals (Fig. 
2). 

In  addition to particles these proasses 
frequently contained some uni- and multi- 
vesiculated bodies ranging in size fm 500 to 
2500 A with walls approximately 100 A in 
width (Figs. 1 and 2 ) . The size of the vesicu- 
lated bodies varied with the number of con- 
tained vesicles. The space within the cell 
processes which was not occupied by particles, 
rods, and vesiculated bodies appeared to be 
empty or filled with filamentous material 
(Figs. 1 and 2). 

The enlarged cell processes were limited 
by a membrane in which were recognized the 
three layers characteristic of cell membranes 
and these made one crr mare contacts of the 
synaptic type (Gray type 1 ) with surrounding 
cell structures (Fig. 2 ) .  The ccmtacts were 
always established in such way h t  the en- 
larged processes containing particles were 
ptsynapt ic .  

In the brain section of a single muse, 
FIG. 1 .  An eleotron micrograph of brain cortex from mice inoculated with scrapie illustrating 

an enlarged cell ,process filled with particles. 35,000 X. 
FIG. 2 .  Electron micrograph illustrating part off a process filled with dense particles and rod- 

like structures. Along the surfaces of the rods, spikes are present. To the left is a synapsis showing 
synaptic vesicles (SV) on the spresynaptic side. 52,500 X. 







FIG. 3. An eleotron micrograph showing in the cytoplasm of a ce1,I (glial cell?) a big 
aggregate of particles together wit& dense bodies interpreted as phagosomes. 36,000 X. 

FIG. 4. Asp& of an enlarged cell process filled with a close-meshed network of varicose 
tubules containing a dense material. At left a structure formed by myelin-like lamdae. 35,000 X. 

particles indistinguishable from those found 
in these processes were found in the cytoplasm 
of a cell body (Fig. 3). 

In 9 of the 33 scrapie mice examined, 
strikingly enlarged cell processes (10-30 
times normal size) were found which con- 
tained a close-meshed network of varicose- 
tubules 2W-500 A in diameter which were 
filled with a moderately dense substance (Fig. 
4) .  These enlarged processes contained in ad- 
dition to the varicosetubules small mit* 
chondria, vesicles, sparse neurortubules and 
were frequently transversed by an eccentric- 
ally situated formation (2  p long) which was 
formed by aggregates of myelinlike lamellae 
(Fig. 4) .  When synapsis with the surrounding 
processes were observed they always indicated 
that the enlarged processes containing varicose 
tubules were situated in a presynaptic posi- 
tion. 

In 9 of 33 scrapie brains examined round or 
oval bodies consisting of parallel bands 150 A 
in width which were separated by empty 
spaces 5@60 A wide were found within cell 
processes (Figs. 5 and 6). They were fre- 
quently arranged in concentric rings (Fig. 6). 
In these instances when synaptic junctions 
could be recognized the parallel bands were 
found in postsynaptic processes. In some areas 
of these bodies another pattern was observed 
and was constituted by fibrils 5&80 A wide 
to which were attached electron dense par- 
ticles 80 -4 in diameter (Fig. 5). 

In a few cases, groups of parallel fibrils 
which were strikingly similar if not identical 
to those already described were observed in- 
side unidentified oells (Fig. 7). 

Failure to detect contaminating viruses in 
scrapie mouse brain suspension. Suspensions 
prepared from 33 scrapie infected mouse 
brains at the fourth (29 brains) and ninth 
(4 brains) mouse passage level, respectively, 
were examined in tests conducted in suckling 
mice and in mouse embryo cell cultures. The 
tests failed to r w a l  the presence of plyortna, 
"K" or any other virus detectable by the 
procedures employed. 

Discussion. The principal aim of this study 
was to collect information which might add to 
an understanding of the brain pathology in- 
duced by scrarpie in the expmirnenltally in- 
fected mouse. For this purpme, the cerebral 
cartex was chosen for study because this brain 
region of scrapie infected animals has been 
singularly neglected in previous electron 
microscope studies of scrapie in'fected tissue 
(7-9) although Field et al. (7) included the 
cortex in their electron microscope exami- 
nation of scrapie infected rat brain. In the 
present work certain s t r u c t u r ~  were en- 
countered in scrapie infected mouse cortex 
that were not seen in an extensive examination 
of appropriate control prepamtiolns. While 
there is no certainty as to how these struc- 
tures are related directly to) scrapie it is worth- 
while to bring these findings to the attention 
of othsrs in order to hasten an evaluation 04 
their significance in the brain pathology in 
the experimental mouse disease. 

The pimipal changes observed in the 
cortex of scrapie infected mice were associated 
in one way or another with synaptic terminals. 
The strikingly enlarged pre- and postsynaptic 
cell p m s e s  and their contents (particles, 
rods, bands, fibrils, and varicose tubules) are 
not likely to be undescribed normal e m -  
ponents in the brains of Balb-C mice of the 
NTH specific-pathogen- free breed since Ime 
of these structures were seen in the brains of 
Balb-C control mice of the same breed fol- 
lowing inoculation of brain material obtained 
from normal Swiss-NIH mice. 

The particles anld rods observed in some en- 
larged cell processes structurally resemble 
papova vim.  Accordingly, it is significant 
that tests carried out in suckling mice and in 
mouse embryo cell cultures inoculated with 
suspensions prepared frrrm tihe brain M- 
spheres that had been put aside specifically 
for w e  in virus isolation studies failed to 
reveal the presence in the study material of 
polyoma, or Kilham's "K" virus, or any o t k  
infectious agent capable of produaing illness 
or death in suckling mice, or cytopthk 





FIG. 5. Inclusion formed by parallel bands and fibrils bounded by a double membrane. 52,500 X. 
FIG. 6. Oval body containing parallel bands in a concentric arrangement. 35,000 X. 
FIG. 7. Aggregake of ,parallel fibrils to whioh are attached electron dense particles inside an 

unidentified d. 34,500 X . 

change in m o w  embryo cell cultures. There is 
not sufficient information available to deter- 
mine whether or not these structures are re- 
lated directly #to the disease scrapie. I t  is en- 
tirely p s i b l e  that they r e p m a t  a latent 
virus encountered by chance in the Swiss-NIH 
mice which was transmitted in series as a. con- 
taminant alomg with the scrapie agent to the 
specific-pathogen- free Balb-C mice. If this is 
the case, it is of interest and of possible im- 
portance because the particles in our proce- 
dures failed to manifest their presence in the 
mouse by producing clinical disease or in 
mouse cell cultures by inducing cytopathic 
change. Another interesting aspect of their 
presence in the brains of scrapie infected mice 
is the absence of images in association with 
the particles and rods which could be inter- 
preted as indiations of virus replication. If 
these were conventional virus particles, one 
would have expected to find budding, a matrix, 
immature particles, or some other indication 
of virus synthesis. 

I t  is difficult to believe that the particles 
and rods found in the brains of scrapie in- 
fected mice represent the scrapie agent. The 
biophysical and biochemical data lead one 
to believe that the size of the scrapie in- 
fectious pmticle is of the order of 2 5 A (3). 

I t  is emphasized that the enlarged pre- and 
postsynaptic cell processes and their contents 
could represent (a) degenera~ve lesions of 
normal brain components or (b) pmducts re- 
sulting from a disturbance of some p r l y  
understood physiologic mechanism induced by 
the scrapie agent or by the action of a latent 
virus. I t  is of interest that the enlarged 
processles containing varicose tublules described 
in the present work appear to be structurally 
identical b the agranular reticulum s m  in 
liver cells of mice ( 10) and haansters ( 1 1 ) fd- 
lowing phenobarbital induced liver damage 
and in the cerebral cortex of a child with 
uindiffmn tiated psychomotolr retardation 
( 12 ) . A further interest was the report of the 
occurrence in the cerebral cortex of the same 
child ( 1 2 ) of structures morphologically iden- 

tical to the parallel bands and fibrils which 
were encountered in the brains of scrapie in- 
f ected mice. Structurally similar p i t ~ d d  bands 
and fibrils have been sen in the brain of man 
with amyatrolphic lateral sclerosis ( 13). Con- 
ceivably, the varicose tubules, parallel bands, 
and fibrils repewnt a hypertrophy of these 
cell organelles which can be i n d u d  by any of 
a number of physiologic disturb-. In any 
event, these structures have not beem reported 
to occur in cerebral cartex of n o d  mice. 

Summary. Gerebral cortex obhimd from 
scrapie infected mice was e x a m i d  in the 
electron rnicmmpe. Three structures of un- 
known origin and slignifioame were observed: 
(a) enlarged d l  processes containing particles 
and rods, (b) enlarged cell 1yr0ces;yes occupied 
by varicose tubules filled with moderately 
dense material and (c) oval bodies formed by 
parallel ban& and fibrils which were usually 
but not always, in a ring-like arrangement. 
These structures were generally associated in 
one way or another with synaptic terminals, 
but on rare occasiouls, they were found in 
unidentified cell processes. The possible sig- 
nificance of the presence af these structulres in 
scrapie infected mouse brain is discussed. 
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Interferon Production in Human Mumps Infections* (32681) 
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Interferon is now accepted as one of the im- 
portant defenses against viral disease in ani- 
mals ( 1 ) . We have been interested in assessing 
its specific role in human illness, especially 
with reference to the severity and clinical 
course of the disease. The various clinical 
forms of mumps infection in man have been 
well documented and range from inapparent 
infection to severe meningoencephalitis, or- 
chitis, or pancreatitis. However, knowledge of 
the precise factors conditioning these dif- 
ferent individual responses to the infeation is 
largely lacking. One possibility is that inter- 
feron, acting during early cycles of virus 
replication in a given host, is a determinant of 
the form which the infection takes. Tn the 
winter of 1966-1967, a number of children 
and adults with clinical mumps were observed, 
and interferon was demonstrated in samples of 
serum and saliva. In this communication we 
describe the results of our preliminary studies. 

Methods. Tnterferon titers were assayed in 
human foreskin fibroblasts with bovine vesi- 
cular stornatitis virus (VSV) challenge, as 
previously described ( 2  ) . Serum samples were 
stored at 4OC and assayed within 3 weeks. 
Bovine serum albumin (BSA), 0.0570, was 
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Palo Alto, California, 94303. 
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added to urine samples which were stored a t  
4°C from within 1 hour after voiding and then 
dialyzed against Eagle's minimum essential 
medium (MEM) before interferon assay. 
After several studies demonstrated that only 
very low titers would be found, urines were 
concentrated by pressure dialysis 5-65X and 
then dialyzed against MEM. Previous studies 
with tissue culture interferon had shown this 
to be a satisfactory method of concentration. 

In order to obtain samples of saliva, pa- 
tients were asked to expectorate i n t ~  sterile 
containers. Most specimens were collected 
within a few minutes, but a few were obtained 
over an interval of several hours. After col- 
lection, 0.05% BSA was added and the sample 
stored at  4OC. Before interferon assay, a p  
propriate dilutions were centrifuged for 1 hour 
a t  78,000g. 

M a t  clinical specimens were obtained from 
subjects in the home. Diagnosis was based on 
the presence of parotitis, with or without other 
organ involvement, and an appropriate epide- 
miological history. I f  the diagnosis was 
questionable, as in cases of aseptic meningitis 
without parotitis m of parotitis occurring in 
the absence of e x p u r e  to mumps, paired sera 
were assayed for mumps complement fixation 
antibody titers. 

Results. The results of studies on 64 sera, 
12 urines, and 12 samples of saliva, obtained 
from 45 subjects, were analyzed. Figure 1 
shows the range of serum levels found. Day 
1 of illncs is defined as that day on which any 
symptoms appeared, including fever, parotitis, 
or malaise. The highest titers occurred during 
the first 2 days of illness and then declined, 
although in a few patients very low or nega- 
tive titers were noted on days 1 and 2. 


