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Infection-Specific Particle from the Unconventional

Slow Virus Diseases

Abstract. Scrapie-associated fibrils, first observed in brains of scrapie-infected
mice, were also observed in scrapie-infected hamsters and monkeys, in humans with
Creutzfeldt-Jakob disease, and in kuru-infected monkeys. These fibrils were hot
found in a comprehensive series of control brains from humans and animals affected
with central nervous system disorders resulting in histopathologies, ultrastructural
features, or disease symptoms similar to those of scrapie, kuru, and Creutzfeldt-
Jakob disease. These fibrils are also found in preclinical scrapie and in the spleens of
scrapie-infected mice; they are a specific marker for the ‘‘unconventional’’ slow
virus diseases, and may be the etiological agent.

Scrapie in sheep and goats and Creutz-
feldt-Jakob disease (CJD) and kuru in
humans cause fatal infectious encephalo-
pathies after long periods of inapparent
disease. The causal ‘‘slow viral’’ agents
have yet to be identified by electron
microscopy. Scrapie-associated fibrils
(SAF) are distinct particulate structures
first observed in scrapie-infected mouse
brain préeparations by negative stain elec-
tron microscopy (/). They are composed
of two to four twisted filaments, each
filament 4 to 6 nm in diameter and of
variable length (/). Merz et al. have
reported these structures in brain ex-
tracts from three strains of mice infected
with any of six different strains of scrapie
(139A, ME7, 22A, 87V, 22L, and 79A);
from hamsters infected with the 263K
strain of scrapie; from mice, guinea pigs,
and hamsters infected with a single iso-
late of CJD; and from a human case of
CJD and a human case of Gerstmann-
Straussler syndrome (2), thought to be a
variant of CJD (3).

There has so far been a good correla-
tion between the presence of SAF and
the ‘‘unconventional’’ slow virus dis-
¢ases. We have now extended this corre-
lation by the identification of SAF in
experimental kuru and in additional cas-
es of human CJD and scrapie. We have
established the specificity of SAF by
their absence in a comprehensive assort-
ment of other human and animal diseases
exhibiting either similar histopatholo-
gies, ultrastructural features, or clinical
courses similar to those of scrapie, kuru,
or CJD. In so doing we have also demon-
strated the capability of negative stain
electron microscopy to distinguish be-
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tween SAF and similar structures ob-
served in other disorders of the central
nervous system (CNS).

The principal neuropathological fea-
tures of Alzheimer’s disease and senile
demientia of the Alzheimer type (AD-
SDAT) are neuritic amyloid plaques and
neurofibrillary tangles composed of

paired helical filaments (PHF). Neurofi-
brillary tangles are also associated with
Guam parkinsonism dementia complex
and amyotrophic lateral sclerosis (ALS)
on Guam and occasional cases of ALS
elsewhere. The ability to distinguish
SAF from amyloid fibrils and PHF ob-

served together or separately in these
different human CNS diseases, and to
corroborate cases of mixed diagnosis on
the basis of these ultrastructural fea-
tures, may make it possible to use ultra-
structural analysis to distinguish types of
CNS involvement in this complex dis-
ease spectrum.

Specimens coded with respect to spe-
cies, treatment, and diagnosis from 44
separate brains were examined in three
separate experiments (two at The Na-
tional Institutes of Health and one at the
Institute for Basic Research) with the
code broken after each experiment by a
third individual after all the results were
tabulated. Crude mitochondrial synapto-
somal preparations were prepared from
0.5 to 3 g of cerebral cortex from human
(4) or sheep (9) or squirrel monkey brains
(5) or from whole brains of mice (6) or
hamsters (7). Each preparation was then
treated with octyl-B-D-glucopyranoside
and sedimented through a discontinuous
sucrose gradient; a band was collected
and analyzed for the presence of SAF by
negative stain electron microscopy (I,
2).

Scrapie-associated fibrils were present
in the three scrapie-infected hamsters,
two scrapie-infected squirrel monkeys,
one kuru-infected squirrel monkey, and
in all six human CJD brain extracts (Ta-
ble 1 and Fig. 1). These fibrils were not
observed in six AD-SDAT cases, four
cases of parkinsonism deémentia, two
cases of ALS, and four other humian
controls. The SAF were expected but
not found in one case of naturally occur-
ring scrapie in sheep, two cases of kuru,

Fig. 1. An example of (a) amyloid fibrils observed in one of the natural CJD cases; (b) SAF from
a natural CJD case. The SAF’s are a mixture of type I and type II (2); (c) PHF observed in
extracts from a sporadic Alzheimer case (x90,000). Samples are stained with 3 percent sodium

phosphotungstate, pH 7.2.
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River Laboratories, Cambridge, Massa-
chusetts). Mice showed clinical signs 90
to 100 days after inoculation. Noninflam-
matory spongiosis and gliosis were seen
in spinal cord, brain stem, and cerebral
cortex (/4). Scrapie-associated fibrils
were not observed in mice chronically or
acutely infected with Semliki Forest vi-
rus, nor in mice infected with neurotrop-
ic retrovirus (Table 2).

The absence of SAF in these chemical-
and viral-induced models of CNS vacuo-
lation and gliosis corroborates other evi-
dence that SAF are not an obligatory
ultrastructural feature of spongiform pa-
thology or gliosis. Scrapie-associated fi-
brils have been observed in the spleens
of scrapie- and CJD-infected animals, an
organ in which no pathological change
has been reported (3). Scrapie-associat-
ed fibrils have also been observed in
brain extracts of scrapie-infected ani-
mals before the appearance of clinical
signs and histopathological change (15);
this observation suggests that SAF may
be causal agents of the subsequent pa-
thology.

In some of the CJID samples we also
observed amyloid fibrils or PHF (or
both) along with the SAF (Table 1 and
Fig. 1). The three fibrils were distin-
guishable from each other (15, 16). The
SAF had a characteristic morphology of
two short straight filaments, each 4 to 6
nm in diameter and helically wound
around each other, giving a total diame-
ter of 11 to 14 nm and a repeat of 40 to 90
nm. They were observed free on the
carbon coat or enmeshed in protein-like
material or associated with membrane-
like structures. The amyloid fibrils had a
total diameter of 4 to 8 nm with a repeat
of 35 nm and were observed in small
clumps dispersed on the grid (16). The
PHF were seen as long tangled struc-
tures or as short pieces 16 to 18 nm in
diameter, narrowing every 70 to 80 nm to
10 nm; they were similar to those de-
scribed (15, 17, 18). Amyloid was also
observed in all the AD-SDAT samples.
In contrast, no PHF, amyloid fibrils, or
SAF were observed in any of the Alzhei-
mer-inoculated animals. Paired helical
filaments were observed in one of the
parkinsonism dementia specimens and
two control specimens from the suscep-
tible Chamorro population of Guam.
Paired helical filaments and neurofibril-
lary tangles have also been observed in
normal Chamorros by others (19).

A good correlation (Table 3) exists
between the ultrastructural and the
neuropathological findings in most hu-
man cases characterized by abnormal
fibril deposition. The electron micro-
scopic examination of fibril type may be
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Table 3. Correlation of histopathology with ultrastructural findings. Summary of the human
cases only from a coded series of 15 brains in a single experiment identified as containing human
slow virus—infected and control brains in unspecified numbers.

Neuropathological changes

Ultrastructural fibers

Spongi- Neuro- NIdH
osis fibril- Plaque SAF PHF Amyloid code
lary
Creutzfeldt-Jakob disease
+ - - + - - 75-175
+ - - + - - 78-678
+ - - + + - 71-812
+ - - + - + 75-128
+ - - + - + 60-124
+ + + + + + 77-479
Senile dementia of the Alzheimer type
- + + - + + 73-178
- + + - + + 82-320
Amyotrophic lateral sclerosis with dementia
+ + - - - - 70-572
Schizophrenia
- - - - - - 77-726
Cancer
- - - - - - 81-161

a more sensitive indicator of involve-
ment than histopathology. Some combi-
nations of scrapie agent and mouse strain
also produce CNS amyloid (20, 21). We
have, as in the CJD cases discussed
above, also observed both amyloid fi-
brils and SAF in these amyloid-produc-
ing scrapie combinations (/6). Our abili-
ty to distinguish SAF, amyloid, and PHF
in the presence of each other demon-
strates the utility of ultrastructural analy-
sis in the diagnosis of these diseases.

The SAF do have certain morphologi-
cal similarities to amyloid, which suggest
a possible precursor product relationship
between the two structures. Other than
the ‘‘unconventional” slow virus dis-
eases, CNS amyloid plaques are only
detected in normal, aged brains, where
they are found in low numbers, and in
AD-SDAT where senile plaques are the
principal pathological finding. However
SAF were not observed in the brains of
AD-SDAT patients containing abundant
amyloid. This suggests that SAF are not
just another morphological manifestation
of amyloid.

Scrapie-associated fibrils are observed
exclusively in naturally occurring and
experimentally induced ‘‘unconvention-
al”’ slow virus diseases. They are seen
preclinically and in organs unaffected by
pathology and are therefore more likely
to be causal agents than products of
pathology. Infectivity studies indicate a
correlation between SAF and agent titer
(22). The time of appearance and quanti-
ty of SAF in brain and spleen coincides
with a rise in infectivity within these
organs (15, 23-25). Highly purified frac-
tions of infectious scrapie obtained by
Diringer et al. (26) are highly enriched

for SAF. It is possible that SAF may be
the etiologic agent of these diseases. If
so, SAF represent a new class of fila-
mentous animal virus (27).
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Scoliosis in Chickens: Responsiveness of

Severity and Incidence to Dietary Copper

Abstract. The severity and incidence of spinal lesions were manipulated in a line of
chickens susceptible to scoliosis by varying their dietary intake of copper. A decrease
in expression of the lesion was related to increased intake of copper. The change in
expression, however, appeared to be related only indirectly to the defects in collagen
cross-linking, maturation, and deposition known to be associated with dietary
copper deficiency. Thus, a dietary constituent in the range of normal intakes may act
as an environmental factor in the expression of scoliosis.

The etiology of the most common clin-
ical varieties of scoliosis has yet to be
established. Although investigators have
implicated defects in muscular growth,
neural development, and connective tis-
sue proteins (I), the specific factors that
underlie expression of the lesion are un-
known. We report here that manipula-
tion of dietary copper alters the severity
and incidence of scoliosis in a line of
susceptible chickens derived from White
Leghorns (2).

Many features of scoliosis in this ani-
mal are similar to those observed in

90

70 }
Fig. 1. Effect of dietary copper
on the incidence (A) and se-
verity (B) of scoliosis in sus-
ceptible chickens. Scoliosis
was defined as any lateral cur-
vature in excess of 10° (9).
Each group contained at least
14 birds (equal numbers of
males and females). At 12
weeks the expression of scoli-
osis exceeded 90 percent in
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Incidence of scollosis (percent)

both male and female chicks 70 -
fed a conventional starter ra- >
tion containing 6 to 10 pg of @ -
copper per gram. The average °
abnormal curvature was 44 = Z s0f
5 degrees in females and 50 = o
4 degrees in males (the homo- 2
gametic sex in the chicken). 2 B
The inset in (B) summarizes 3
data for angle of curvature in - 30}
the various groups at week 12. :
Values are means * standard o L
deviations. <
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humans. For example, the lateral spinal
curvature is expressed in the thoracic
region, the severity of the lesion is often
greater in the homogametic sex, and the
curves occur predominantly before sexu-
al maturation (2, 3). Moreover, there is
increased solubility of skin collagen, ele-
vated urinary hydroxyproline, and al-
tered distribution or properties of colla-
gen in vertebral disks (/-3).

We investigated the relation of dietary
copper to scoliosis because copper has
been established as a cofactor in collagen
maturation (4). Increased intake of cop-

Dietary copper
O 2pg/9g
® 8 ug/g
A 50 ug/g

10 20 50

Dietary copper (ng/g)
1 | i 1 J 1

4 6 8 10 12 14 16
Age (weeks)
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