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Abstract

Subacute sclerotic panencephalitis (SSPE) is a refractory neurological disor-
der after exposure to measles virus. Recently, SSPE cases have been treated
with antiviral therapies, but data on the efficacy are inconclusive. Abnormal
tau accumulation has been reported in the brain tissue of SSPE cases, but
there are few reports in which this is amply discussed. Five autopsied cases
diagnosed as definite SSPE were included in this study. The subject age or
disease duration ranged from 7.6 to 40.9 years old or from 0.5 to 20.8 years,
respectively. Cases 3 and 4 had been treated with antiviral therapies. All
evaluated cases showed marked brain atrophy with cerebral ventricle dilata-
tion; additionally, marked demyelination with fibrillary gliosis were observed
in the cerebral white matter. The brainstem, cerebellum, and spinal cord
were relatively preserved. Immunoreactivity (IR) against measles virus was
seen in the brainstem tegmentum, neocortex, and/or limbic cortex of the
untreated cases but was rarely seen in the two treated cases. Activated
microglia were broadly observed from the cerebrum to the spinal cord and
had no meaningful difference among cases. Neurofibrillary tangles character-
ized by a combination of 3- and 4-repeat tau were observed mainly in the
oculomotor nuclei, locus coeruleus, and limbic cortex. IR against phosphory-
lated tau was seen mainly in the cingulate gyrus, oculomotor nuclei, and
pontine tegmentum, and tended to be observed frequently in cases with long
disease durations but also tended to decrease along with neuronal loss, as in
Case 5, which had the longest disease duration. Since the distribution of
phosphorylated tau was independent from that of measles virus, the
tauopathy following SSPE was inferred to be the result of diffuse brain
inflammation triggered by measles rather than a direct result of measles
virus. Moreover, antiviral therapies seemed to suppress measles virus but not
the progression of tauopathy.
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1 | BACKGROUND

Subacute sclerotic panencephalitis (SSPE), a slow viral
infection induced by a mutated measles virus (known as
an SSPE virus [1]), is a fatal neurological disorder mar-
ked by progressive psychomotor deficits and involuntary
movement a few years or decades after exposure to mea-
sles virus [2]. Recently, SSPE cases have been treated
with inosine pranobex (IP), interferon (IFN), or ribavirin
(RBV) [3,4], but the data on the efficacy of these treat-
ments are inconclusive.

Tauopathies are clinically, morphologically, and bio-
chemically heterogeneous neurodegenerative diseases
characterized by the deposition of abnormal tau protein in
the central nervous system (CNS). Currently, tauopathies
are classified into three groups, namely, 3-repeat (3R),
4-repeat (4R), and a combination of 3- and 4-repeat (3R
+ 4R) tauopathies, using tau western blotting and immu-
nohistochemistry (IHC) [5]. Representative 3R
tauopathies include Pick’s disease and myotonic dystro-
phy; 4R tauopathies include progressive supranuclear
palsy (PSP), corticobasal degeneration, argyrophilic grain
disease, and globular glial tauopathy; and 3R + 4R
tauopathies include Alzheimer’s disease (AD), chronic
traumatic encephalopathy (CTE), and primary age-related
tauopathy (PART).

It was reported in approximately 2000 that abnormal
tau protein was detected in the cerebrospinal fluid (CSF)
[6] in SSPE; additionally, neurofibrillary tangles (NFTs),
which are agglomerations of phosphorylated tau, were
observed in the brain tissues of SSPE patients [7-10]. In
some previous reports, SSPE viruses were revealed to be
present in neurons and oligodendrocytes and hypothe-
sized to be associated with the pathogenesis of tauopathy
in SSPE [8,11], but there are few reports in which this is
amply discussed, especially regarding tauopathies in
treated SSPE cases. In this study, we investigated
tauopathies in autopsied SSPE patients who had received
aggressive antiviral therapies and compared them to
those of patients who had not received such therapies.

2 | MATERIALS AND METHODS

2.1 | SSPE patients enrolled in this study

Five autopsied SSPE patients whose tissues were archived
by the Aichi Medical University Karei Ikagaku Brain
Resource Center and the Brain Research Institute of Nii-
gata University between 1978 and 2019 were enrolled in
this study. All patients were Japanese and had been diag-
nosed with definite SSPE based on the diagnostic criteria

TABLE 1 Clinical and autopsy information on subacute sclerotic panencephalitis cases
Case 1 2 3 4 5 Unit
Sex F M M M F
Pre-existing disease — — — - —
Age at measles exposure (A) 0.6 1.0 2.1 0.8 0.6 y.0.
Age at onset (B) 7.1 7.0 17.3 22.3 6.7 y.0.
Age at death (C) 7.6 11.9 30.0 40.9 27.5 y.o.
Latent period (B-A) 6.5 6.0 15.2 21.5 6.1 Years
Disease duration (C-B) 0.5 4.9 12.7 18.6 20.8 years
Duration from exposure (C-A) 7.0 10.9 27.9 40.1 26.9 Years
Measles vaccination — — + — +
Periodic synchronous discharge + + + + +
Measles antibody in CSF + + + + +
Age at initiation of antiviral treatments — — 17.4 22.3 — y.0.
Duration of antiviral treatments - - 0.5 NA - Years
Inosine pranobex - — PO — -
Interferon - - ICV v —
Ribavirin — - Icv ICv —
Other treatments PSL — — PSL —
Tracheostomy — - + + +
Artificial respiratory management 0.2 - — - 0.3 Years
Brain weight 980 770 720 735 NA Grams
Neuronal loss 4F I+ I IF AFF
Cells with inclusion bodies on HE staining ++ + — - ++

Abbreviations: CSF, cerebrospinal fluid; F, female; ICV, intracerebroventricular administration; IgG, immunoglobin G; IV, intravenous administration; M, male; NA,

not available; PO, peroral administration; PSL, prednisolone; y.o., year(s) old.
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FIGURE 1 Common neuropathological findings in subacute sclerotic panencephalitis. (A-D) These images were taken from Case 2 and are
representative of the five included cases. The cerebrums of these patients showed marked atrophy with cerebral ventricle dilatation, but the brainstems
and cerebellums were relatively preserved. The myelin in the white matter (including the cerebrospinal tract) of these cases was poorly stained by
Kliiver—Barrera (KB) staining. (E) Gliotic scarring, which was visualized by Holzer staining, was observed mainly in the demyelinated white matter.
(F) In active lesions, perivascular lymphocyte infiltrations and aggregations of hypertrophic astrocytes were noted. (G-J) The perivascular
lymphocytes were composed chiefly of CD20+ or CD4+ lymphocytes. Abundant activated microglia were extensively observed in the active lesions.
(K-N) Neurons with intranuclear inclusions, which were labeled using an antibody against measles virus, were frequently observed in the brainstem
tegmentum. (A-D) KB staining; (E) Holzer staining; (F,K) hematoxylin and eosin staining; (G-J,M,N,L): immunohistochemistry for CD4 (G), CD8
(H), CD20 (1), Ibal (J), and p-measles (M, N, L). Bar: 1 cm for (A—E,M,N), 200 pm for (F), 50 pm for (G-J), and 20 pm for (K,L)
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FIGURE 2 Representative pathology regarding tauopathy following subacute sclerotic panencephalitis. (A—K) These images were taken from
Case 4. (A-C,E,F) Flame-shaped and globose-type neurofibrillary tangles (NFTs) were broadly distributed particularly in the superficial layers of the
cerebral cortex, oculomotor nuclei, and locus coeruleus. (D,G-K) These NFTs were labeled by silver impregnation methods, such as Gallyas—Braak
(J) and Bodian (K) staining, and immunostained with antibodies against AT8 (D,G), RD3 (H), and anti-4R (I). Bar: 1 cm for (A), 500 pm for (B),

20 pm for (C,F), 50 pm for (D,G-K), and 2 mm for (E)
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proposed by Dyken [12] because they had a typical clini-
cal course, periodic synchronous discharge (PSD) on elec-
troencephalograms, and measles antibody positivity in
CSF. The subject age or disease duration ranged from
7.6 to 40.9 years old or from 0.5 to 20.8 years, respec-
tively. The immunoglobulin G index in CSF and the
presence of a mutated measles virus genome were not
evaluated. Two patients with pre-existing diseases,
namely, acute lymphoblastic leukemia and suspected
immunodeficiency, were excluded from this study. Cases
3 and 4 were treated by aggressive antiviral therapies
including IP, IFN, and RBV (Table 1), but all patients
had died within 21 years of onset.

2.2 | Histological and immunohistochemical
analyses

Autopsied specimens were fixed with 20% buffered forma-
lin and embedded in paraffin. Histological examinations
were performed using sections processed by hematoxylin—
eosin (HE), Kliiver—Barrera (KB), Holzer, Gallyas-Braak,
and Bodian staining. Immunohistochemical examinations
were performed as previously described [13]. Briefly, the
sections were incubated overnight with the following pri-
mary antibodies: anti-4R-tau antibody (polyclonal; CAC-
TIP-4RT-P01; Cosmo Bio, Tokyo, Japan; 1:10,000,
pretreated by heat antigen retrieval and formic acid), anti-
a-synuclein antibody (polyclonal; S3062; Sigma-Aldrich,
MO, USA; 1:20,000, pretreated by heat antigen retrieval
and formic acid), anti-CD4 antibody (monoclonal; clone
EPR6855; abl133616; Abcam, Cambridge, UK; 1:100,
pretreated by heat antigen retrieval), anti-human CDS§
antibody (monoclonal; clone C8/144B; M7103; DAKO,
Glostrup, Denmark; 1:200, pretreated by heat antigen
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retrieval), anti-CD20 antibody (monoclonal; clone L26;
NCL-L-CD20-L26; Leica Biosystems, Newcastle, UK;
1:200, pretreated by heat antigen retrieval), anti-human
amyloidp [1,3-5,8-11,13-22] antibody (monoclonal; clone
12B2; #10027; IBL, Spring Lake Park, MN, USA; 1:1000,
pretreated by heat antigen retrieval and formic acid), anti-
Ibal antibody (polyclonal; #019-19741; FUJIFILM
Wako Pure Chemical Corporation, Osaka, Japan; 1:2000,
pretreated by heat antigen retrieval and formic acid), anti-
p-measles virus antibody (monoclonal; clone 9H4; sc-
101356; Santa Cruz Biotechnology, Santa Cruz, CA,
USA; 1:100,000, pretreated by heat antigen retrieval),
phospho-tau (Ser202, Thr205) antibody (monoclonal,
clone AT8; MN1020; Thermo Scientific, Rockford, IL,
USA; 1:5000), anti phospho TDP-43 (pS409/410) antibody
(polyclonal; TIP-PTD-P07; CosmoBio, Tokyo, Japan;
1:4000; pretreated by heat antigen retrieval and formic
acid), anti-tau (3R isoform RD3) antibody (monoclonal;
clone 8E6/C11; #05-803; Upstate, Syracuse, NY, USA;
1:2500, pretreated by heat antigen retrieval and formic
acid), and anti-tau (4R isoform RD4) antibody (monoclo-
nal; clone 1E1/A6; #05-804; Millipore, Temecula, CA,
USA; 1:500, pretreated by heat antigen retrieval and
formic acid). Then, these sections were washed with
phosphate-buffered saline five times for 5 min each and
incubated with secondary antibody (Histofine Simple
Stain MAX PO [MULTI]; Nichirei Bioscience Inc.,
Tokyo, Japan) for 1 h. The sections were visualized using
3,3’-diaminobenzidine (DAB; DAB Tablet; FUJIFILM,
Osaka, Japan), and Mayer’s hematoxylin solution was
used as a counterstain. Neuronal loss was evaluated in the
most affected regions of each case as — (none), + (1-50%
loss), or ++ (>50% loss), and the abundance of cells with
inclusion bodies on HE staining in the most readily visible
regions of each case was evaluated as — (none), + [7,23-26],

T46

FIGURE 3 Electron microscopy and western blot in a case of tauopathy following subacute sclerotic panencephalitis. (A,B) By electron
microscopy, the neurofibrillary tangles (NFTs) in the cingulate cortex of Case 4 were observed to be composed of paired helical filaments with a half-
period of approximately 50 nm and straight tubules. (C) Western blots of the right cingulate cortex of Case 4 using AT8 and T46 antibodies showed
triplet bands of 60, 64, and 68 kDa, the same molecular weights as the bands found in sample from Alzheimer’s disease case. Bar: 2 pm for (A) and

50 nm for (B)
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26], or ++ (>5) at x40 objective magnification based on
visual inspection.

2.3 | Semiquantitative measurement of the
immunoreactivity in immunohistochemical
analyses

Semiquantitative measurement of the immunoreactivity
(IR) in the 25 anatomical regions shown in Figure 4 was
performed to create distribution maps of measles virus,
phosphorylated tau, and microglial infiltration. Immuno-
histochemical images using antibodies against p-measles
virus (x40 objective magnification), AT8 (x20 objective
magnification), and Ibal (x20 objective magnification)
were divided into DAB and hematoxylin images, and the
mean gray value of the DAB images was semiquantita-
tively measured using the functions “Color deconvolution”
and “Measure” in the software package ImageJ Ver. 1.440
(https://imagej.nih.gov/ij/). The mean gray values indicated
ranged from 0 (black) to 255 (white) and were visualized
as heatmaps using RStudio Desktop 1.1.463 (RStudio,
Boston, MA, USA). The maximum mean gray value was
set at 255, indicating no IR, and the minimum mean gray
value was set at the value of the image showing the maxi-
mum IR in each IHC.

2.4 | Electron microscopic analysis of NFTs

Several pieces cut from a formalin-fixed cingulate cortex
sample containing abundant NFTs in Case 4 were

postfixed with 1% osmium tetroxide, dehydrated using a
graded ethanol series, and embedded in Epon 812 (TAAB
Epon 812, Nisshin-EM, Tokyo, Japan). Ultrathin sections
were cut, stained with uranyl acetate and lead citrate, and
examined with a JEM-1400 electron microscope (JEOL
Ltd., Tokyo, Japan) at 80 kV.

2.5 | Western blotting of phosphorylated tau
in a case with the tauopathy following SSPE

Tissue lysate obtained from the right cingulate cortex of
the treated patient with a long disease duration (Case 4)
was subjected to western blotting using anti-tau anti-
bodies (AT8 and T46, Thermo Fisher, Waltham, MA,
USA), as we described previously [19,23]. Brain lysate
taken from a patient with AD (a male who died at
73 years of age) was also assessed for comparison.

3|

3.1 | Clinical and autopsy information in
SSPE cases

RESULTS

As shown in Table 1, these patients were exposed to mea-
sles virus at 0.6-2.1 years of age, developed SSPE at 6.7—
22.3 years of age, died at 7.6-40.9 years of age, and had
a disease duration of 0.5-20.8 years. PSD and measles
antibody in CSF were observed in all cases. In Cases
3 and 4, the patients underwent aggressive antiviral thera-

TABLE 2 Comparison between subacute sclerotic panencephalitis and other tauopathies forming neurofibrillary tangles

SSPE
Tau isoform 3R +4R
Primary affected regions of NFTs Limbic

BS
NFT location in the cortical layer 1/111
RD3 IHC 4
Anti-4R THC +
Silver impregnation +
Characteristics of NFTs on EM PHF/SF
WB using ATS8 antibody (kDa) 60

64

68

References [7,8,10] and our data

pies using IP+4+ IFN+ RBV and IFN + RBYV,

CTE AD PART PSP
3R +4R 3R +4R 3R +4R 4R
Neocortex TEC HC STh

PHG BG

BS
/1 1/v/vI -V v
Perivascular
Deep cerebral sulcus
+ + + -
+ + + +
+ + + +
PHF PHF/SF PHF SF
60 60 60 60
64 64 64 64
68 68 68
(72) (72)

[5,27] [5] (5] [3]

Abbreviations: AD, Alzheimer’s disease; BG, basal ganglia; BS, brainstem; CTE, chronic traumatic encephalopathy; EM, electron microscopy; HC, hippocampus; IHC,
immunohistochemistry; NFT, neurofibrillary tangle; PART, primary age-related tauopathy; PHF, paired helical filaments; PHG, parahippocampal gyrus; PSP,
progressive supranuclear palsy; SF, straight filament; SSPE, subacute sclerotic panencephalitis; STh, subthalamic nucleus; TEC, transentorhinal cortex; WB, western blot.
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respectively, within 3 months after the diagnosis. A tra-
cheostomy was performed in Cases 3-5, and artificial
respiratory management was performed in Cases 1 and 5.

3.2 | Common neuropathological findings in
SSPE cases

The brain weights of all included patients were below the
norm, ranging from 735 to 980 g. The patient’s brain
weight in Case 5 was not available, but the gross appear-
ance of her brain indicated greater atrophy than any of
the others. The cerebrums of these patients showed mar-
ked brain atrophy with cerebral ventricle dilatation, but
their brainstems, cerebellums, and spinal cords were rela-
tively preserved. The myelin of the white matter

Brain 70f 10
P<:1‘rhologyJ—0

(including the corticospinal tract) in these cases was
poorly stained by KB staining (Figure 1A-D), and gliotic
scarring was observed mainly in the pale white matter by
Holzer’s staining (Figure 1E). Neuronal loss in the cere-
bral cortex, basal ganglia, thalamus, and hippocampus
was seen in all cases but was accentuated in Case 5. The
neuronal loss in the treated cases was mild for the long
disease durations. In active lesions, perivascular lympho-
cyte infiltrations and aggregations of hypertrophic astro-
cytes were noted (Figure 1F). The perivascular
lymphocytes were composed chiefly of CD20+ or CD4+
lymphocytes. Abundant activated microglia were exten-
sively observed in the active lesions (Figure 1G-J). Neu-
rons and glial cells with intranuclear inclusion bodies
were observed using HE staining, but were visualized
more frequently and broadly using an antibody against

FIGURE 4 Heatmap
visualization of the distributions of
phosphorylated tau and measles
virus in cases of subacute sclerotic
panencephalitis. IR against
measles virus was seen mainly in
the tegmentum of the midbrain
and pons, neocortex, and/or limbic
cortex, and was rarely seen in the
treated cases (Cases 2 and 3). IR
against phosphorylated tau was
seen mainly in the cingulate gyrus,
the oculomotor nuclei, and/or the
pontine tegmentum, and tended to
be observed frequently in cases
with long disease durations.
Moreover, IR against Ibal was
broadly observed from the
cerebrum to the spinal cord, and
there was no meaningful difference
in Ibal expression among these
cases. NA: not available

Antiviral treatments - - + + - - - + + - - - + + -

Disease duration“‘
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measles virus (Figure 1K,L). Abundant IR against mea-
sles virus was frequently observed in the brainstem teg-
mentum in Case 2 (Figure 1M,N) and in the neocortex
and limbic regions in Cases 1 and 5. No amyloid plaques
or cerebral amyloid angiopathy were visible upon
amyloid-p immunostaining, and no abnormal inclusions
labeled by antibodies against a-synuclein or phosphory-
lated TDP-43 were seen in these cases (data not shown).

3.3 | Representative tauopathy
following SSPE

Flame-shaped NFTs were observed mainly in the superfi-
cial layers of the limbic cortex (Figure 2A-D), and
globose-type NFTs were mainly observed in the oculo-
motor nuclei and locus coeruleus (Figure 2E-G). The
NFTs were labeled by silver impregnation methods such
as Bodian and Gallyas-Braak staining, and immuno-
stained with antibodies against AT8, RD3, and anti-4R
(Figure 2D,G-K) but not RD4 (data not shown). By
electron microscopy, the NFTs were observed to be com-
posed of paired helical filaments with a half-period of
approximately 50 nm and straight tubules (Figure 3A,B).
Western blots using AT8 and T46 antibodies showed
triplet bands of 60, 64, and 68 kDa, the same molecular
weights observed in sample from AD case (Figure 3C).
The profiles of NFTs in silver impregnation, IHC, elec-
tron microscopy, and western blots were similar to those
of AD [24]. Astrocytes with abnormal tau accumulation
were seen in Case 5 but rarely in other cases.

3.4 | Heatmap visualization of the
distribution of phosphorylated tau and measles
virus in the SSPE cases

IR against measles virus was seen mainly in the
brainstem tegmentum, neocortex, and/or limbic cortex
and was rarely seen in the two treated cases. IR against
phosphorylated tau was seen mainly in the cingulate
gyrus, oculomotor nuclei, and pontine tegmentum and
tended to be observed frequently in the cases with long
disease durations, but this IR tended to decrease along
with neuronal loss, as in Case 5, which had the longest
disease duration. Moreover, IR against Ibal was broadly
observed from the cerebrum to the spinal cord, and there
was no meaningful difference in Ibal expression among
these cases (Figure 4).

4 | DISCUSSION

In our study, NFTs were observed in the superficial layer
of the limbic cortex, oculomotor nuclei, and locus
coeruleus of SSPE cases with long disease durations,
whereas measles virus was rarely seen in SSPE cases

treated with aggressive antiviral therapies. Furthermore,
NFTs following SSPE showed staining profiles consistent
with those of 3R + 4R tauopathies, such as CTE, AD,
and PART, but a notable difference between the NFTs
of SSPE cases and those of other tauopathy cases was the
occurrence of NFTs in the superficial layers of the limbic
cortex.

As shown in Table 2, which presents a comparison
between tauopathy following SSPE and other
tauopathies forming NFTs (such as CTE, AD, PART,
and PSP), tauopathy following SSPE was characterized
by flame-shaped NFTs mainly in the superficial layer of
the limbic cortex and globose-type NFTs in the
brainstem tegmentum. These NFTs were consistent with
the characteristics of 3R + 4R tauopathy. These charac-
teristics of tauopathy following SSPE somewhat resemble
those of CTE at the point of superficial occurrence, indi-
cating that tauopathy following SSPE was the result of
diffuse brain inflammation triggered by measles rather
than the direct action of measles virus.

IP has a combination of effects, such as antiviral and
immunostimulatory activity, and is reported to suppress
symptom progression in 11%—66% of SSPE cases [12,14,15]
12,14,15] and to improve the 8-year survival rate from 8%
to 61% [26]. IFN inhibits viral growth, and it was esti-
mated to improve or arrest the progression of SSPE in
17%-50% or 22%-28% of cases, respectively [28,29]. RBV
has a broad spectrum of activity against measles virus, and
RBV was reported to improve clinical symptoms and
reduce the titer of measles antibodies in CSF [17,20,21].
These reports, however, all focused on clinical symptoms
and viral titers rather than pathological changes such as
tauopathy. To our knowledge, there is no other report
evaluating the efficacy of these antiviral therapies using
the brains of autopsied SSPE patients.

A previous immunohistochemical investigation by
McQuaid et al. regarding tauopathy in untreated SSPE
cases indicated that numerous tau-positive NFTs were
present in cases with a long disease duration (more than
2 years), and measles virus was detected in every case
with a disease duration between 4 months and 18 years
[10]. Their results regarding NFTs are compatible with
ours, but the detection frequency of measles virus was
apparently decreased in our treated cases. These results
indicate that antiviral therapies might reduce the titer of
SSPE virus in the CNS but are not able to suppress the
progression of tauopathy following SSPE. Tau-targeting
therapies such as tau hyperphosphorylation inhibitors
[25,30], tau aggregation inhibitors [22], and immunother-
apy against tau [16,18] are currently being investigated in
clinical trials, and the combination of these tau-targeting
and antiviral therapies might potently suppress tauopathy
following SSPE.

Another immunohistochemical investigation by Ban-
cher et al. regarding tauopathy in SSPE cases yielded a
precise topographical analysis of phosphorylated tau and
measles virus in an SSPE case with high numbers of both
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NFTs and viral intranuclear inclusions [7]. Phosphory-
lated tau was distributed broadly throughout the patient’s
CNS but was less abundant in the medial temporal lobe,
cerebellum, and medulla oblongata; these observations
are fundamentally compatible with our results. More-
over, measles virus in his case was confined to the limbic
system, including the medial temporal lobe. Regarding
the distribution of measles virus in the CNS, there were
too few evaluated cases to draw conclusions; more
autopsied SSPE cases are needed to determine the locali-
zation of measles virus in the CNS.

Moreover, McQuaid et al. reported that an associa-
tion between NFT formation and neuronal measles
virus positivity was demonstrated in two cases with lon-
ger disease durations [10]; however, the distribution of
phosphorylated tau and measles virus showed an inde-
pendent association in our cases (Figure 4). Bancher
et al. also proposed that NFT formation in SSPE was
not restricted to locations containing measles virus anti-
gen, which is compatible with our results [7]. Since the
distribution of phosphorylated tau was independent
from that of measles virus, tauopathy following SSPE
was judged to be the result of diffuse brain inflamma-
tion triggered by measles infection rather than a direct
result of measles virus.

The limitations of our study were a lack of direct con-
firmation of SSPE viral genome positivity and a small
number of SSPE cases. SSPE viral genome positivity
should be confirmed by PCR or in situ hybridization
methods, but appropriate samples, such as wet samples
and frozen tissue, were not available. Regarding the small
number of SSPE cases, autopsied cases with SSPE have
become extremely rare because of the widespread use of
measles vaccinations in Japan.

5 | CONCLUSION

Tauopathy following SSPE was inferred to be the result
of diffuse brain inflammation triggered by measles rather
than a direct result of measles virus because the distribu-
tion of phosphorylated tau was independent from that of
measles virus. Moreover, the current antiviral therapies
for SSPE seemed to be effective for measles virus suppres-
sion but did not efficiently inhibit the progression of
secondary tauopathy. The combination of antiviral and
tau-targeting therapies is expected to induce favorable
outcomes for SSPE cases in the future.
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