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Abstract
To verify brain and spinal changes using magnetic resonance imaging in patients with HTLV-1–associated myelopathy/
tropical spastic paraparesis. This was a systematic review. The descriptors used were tropical spastic paraparesis and mag-
netic resonance image. The keyword HTLV-1–associated myelopathy was also used. Twenty-three articles were included: 
16 detected brain changes and 18 detected spinal changes. White matter lesions were the most frequent finding in the brain. 
Brain injuries were most frequently identified in the periventricular region, in the subcortical region, in the centrum semio-
vale, in the brain stem, and corpus callosum. Atrophy was the most frequent finding of the spinal cord, affecting the thoracic 
and cervical regions, and was associated with a longer evolution of myelopathy. White matter lesions in these regions were 
also observed. Cortical white matter lesions and thoracic spinal cord atrophy were the most frequently reported changes in 
patients with HTLV-1–associated myelopathy.
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Introduction

The human T-cell Lymphotropic virus type 1 (HTLV-
1) infects approximately 20 million people worldwide. 
Brazil concentrates 12% of these individuals (Carneiro-
Proietti et al. 2002, 2006; Marano et al. 2016). Although 
approximately 95% of patients remain asymptomatic, 
HTLV-1 infection may be associated with neurological 
manifestations such as HTLV-1–associated myelopathy/

tropical spastic paraparesis (HAM/TSP) (Gessain et  al. 
1985; Osame et al. 1986) in 0.5 to 4% (Nicolás et al. 2015; 
Nozuma et al. 2016), cognitive changes (Silva et al. 2003; 
Raulino Goncalves et al. 2017), isolated neurogenic bladder 
dysfunction, peripheral neuropathy, and amyotrophic lateral 
sclerosis (Silva et al. 2007).

The pathophysiology of HAM/TSP involves the migration 
of infected T-lymphocytes through the blood–brain barrier 
(BBB), favoring chronic inflammation in the central nervous 
system (CNS) and demyelination (Yamano and Sato 2012). 
The damage mediated by the immune response occurs pref-
erentially in the lower thoracic and lumbar regions of the 
spinal cord, which explains the occurrence of hyperreflexia, 
muscle weakness and spasticity in the lower limbs (Martin 
et al. 2014), sexual dysfunction, and neurogenic bladder dis-
orders (Proietti et al. 2005).

Different criteria have been used for the diagnosis of 
HAM/TSP in various studies on this topic. The World Health 
Organization (WHO) criteria for diagnosing patients with 
HAM/TSP are based on the following clinical characteris-
tics: slowly progressive spastic paraparesis associated with 
sphincter disorders such as neurogenic bladder disorders, 
sensory symptoms such as neuropathic pain and low back 
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pain, changes in the proprioception, and laboratory altera-
tions such as the presence of HTLV-1 antigens or antibodies 
in the blood or cerebrospinal fluid (CSF). Osame (1986) 
proposed another diagnostic model that classifies patients 
as definitive HAM, those patients with slowly progressive 
paraparesis with symmetrical involvement of the pyramidal 
tracts and HTLV-1 antibodies in the blood and CSF, and 
probable HAM, those who present paraparesis along with 
HTLV-1 antibodies in the blood or CSF (but not both), or 
non-compressive myelopathy not consistent with the previ-
ous group and antibodies to HTLV-1 in both (serum and 
CSF). For De Castro-Costa (2006), there are three classifica-
tions: patients with definitive HAM have non-remitting para-
paresis with impaired gait, presence of antibodies (blood and 
CSF), and urinary and sensory symptoms may or may not 
be present; patients with probable HAM have a monosymp-
tomatic clinical presentation (spasticity or hyperreflexia or 
Babinski’s sign in the lower limbs); and patients with pos-
sible HAM are those with complete or incomplete clinical 
presentation.

Patients infected with HTLV-1 may also have brain dam-
age (Bagnato et al. 2005; Mendes et al. 2014). However, it is 
still unclear to what extent abnormalities in the spinal cord 
or brain found through neuroimaging tests can be considered 
as markers of disease duration and severity in patients with 
HAM/TSP (Griffith et al. 2006). Magnetic resonance imag-
ing (MRI) is a highly sensitive tool for verifying the integrity 
of CNS structures, with reduced risks for patients (Hemond 
and Bakshi 2018). In this context, the finding of lesions in 
the CNS of patients with HAM/TSP can facilitate the under-
standing of the clinical picture and direct the choice of the 
best alternatives for monitoring these individuals.

The aim of this study is to verify changes in brain and spi-
nal magnetic resonance imaging in patients with HAM/TSP.

Methods

Searches were carried out in the Pubmed, Scopus, Science 
Direct, and Web of Science databases. No time or language 
limitations were applied to the articles. The descriptors 
used were “Tropical Spastic Paraparesis” and “Magnetic 
Resonance Imaging”, and the keyword “HTLV I Associated 
Myelopathy”. The following combination was used in the 
search: tropical spastic paraparesis or HTLV I–associated 
myelopathy and magnetic resonance imaging. The articles 
from other sources were identified through the reverse search 
(in the references of the articles that passed to the eligibility 
phase). The search identified 477 articles in the databases 
and 7 articles from other sources, totaling 484 articles.

Inclusion criteria were studies whose population studied 
included patients with tropical spastic paraparesis and car-
riers of human T-cell lymphotropic virus type 1 (HTLV-1), 

adult individuals (over 18 years), and studies that used mag-
netic resonance to detect abnormalities in the brain and/or 
spinal cord.

The exclusion criteria were studies with individuals 
co-infected with human T-cell lymphotropic virus type 2 
(HTLV-2), leukemia or T-cell lymphoma, Sjögren’s syn-
drome, and other causes of spastic paraparesis; articles 
including animals; studies of review; and articles that inves-
tigated only genetic and immunological factors; there is no 
information in the text about the equipment and resonance 
images as the type of examination, the magnetic field used, 
and the sequence and weighting.

The research and data extraction were performed by two 
evaluators. After reading the titles and abstract, a meeting 
was held between the evaluators to align the choice of arti-
cles that would pass to the stage of complete reading of the 
article. In case of disagreement, a third evaluator was called. 
The calibration between the evaluators was done through 
the simple agreement index, performed after the selection 
of articles in the databases (where 95% agreement was 
reached). The protocol for this systematic review was regis-
tered with PROSPERO, under number CRD 42,018,098,917. 
The search for articles was carried out in August of 2021.

Data extraction was composed of the study information 
(authors and year of publication), patient characteristics 
(number of patients, mean age, gender, time of illness or 
infection, distribution of groups), anatomical regions evalu-
ated, characteristics related to magnetic resonance imaging 
(type, field, sequence, weighting), use of contrast, measures 
of functionality, criteria for diagnosing HAM/TSP, way of 
classifying injuries, brain findings and spinal cord find-
ings, and differences between groups (HAM/TSP patients, 
HTLV-1 carriers without HAM/TSP, and controls).

The quality analysis of the articles was performed using 
the validated Portuguese version of the PEDro scale (Shiwa 
et al. 2011).

Results

Initially, 484 articles were identified in the databases: Pub-
med (40), Scopus (158), Science Direct (225), and Web of 
science (54), and 7 articles obtained by reverse search. Then, 
a total of 67 duplicates were removed. The 417 articles that 
remained had their titles and abstracts analyzed in relation 
to the inclusion and exclusion criteria. It was observed that 
there were a large number of articles that involved genetic 
factors and related to the immune system in all databases. 
After analyzing the titles and abstract, 29 articles remained, 
which were submitted to complete reading.

After reading the articles in full, 23 articles were 
included in the systematic review. Figure 1 follows the 
model of the Preferred Reporting Items for Systematic 
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Reviews and Meta-Analyses (PRISMA) (Moher et  al. 
2009) and details the process of selecting articles and the 
reasons for exclusions.

Table 1 shows the analysis of the articles included in 
the systematic review according to the PEDro scale. It 
is observed that 17 of 23 articles defined the eligibility 
criteria for patients with HAM/TSP; however, the criteria 
used to classify patients as having this myelopathy varied 
between studies. In addition, 9 of 23 studies identified the 
professionals responsible for interpreting MRI and 6 of 23 
studies did not define a standard to guide the investigation 
of injuries.

Supplementary Table 1 shows the characteristics of 
the studies included in the review. Thirteen of 23 studies 
(56.5%) used comparison groups (Kira et al. 1988, 1991; 
Rudge et al. 1991; Fukushima et al. 1994; Howard et al. 
2003; Griffith et al. 2006; Morgan et al. 2007; Kuriyama 
et al. 2009; Evangelou et al. 2014; Vilchez et al. 2014; 
Liu et al. 2014; Taniguchi et al. 2017; Kalil et al. 2021) 
composed of patients with HTLV-1 without HAM/TSP 
(Kira et al. 1991; Howard et al. 2003; Griffith et al. 2006; 
Morgan et al. 2007; Evangelou et al. 2014; Liu et al. 2014;  
Vilchez et al. 2014; Kalil et al. 2021), patients with other  
diseases (Kira et al. 1988, 1991; Rudge et al. 1991; Howard  

Fig. 1  Search and selection of articles in the systematic review according to PRISMA

3Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
1 

 A
na

ly
si

s o
f t

he
 a

rti
cl

es
 in

cl
ud

ed
 in

 th
e 

sy
ste

m
at

ic
 re

vi
ew

 u
si

ng
 th

e 
PE

D
ro

 sc
al

e

El
ig

ib
ili

ty
 

cr
ite

ria
R

an
do

m
 

di
st

ri
bu

tio
n 

of
 

gr
ou

ps

R
an

do
m

 
al

lo
ca

tio
n 

of
 

su
bj

ec
ts

Si
m

ila
ri

ty
 in

 
re

la
tio

n 
to

 
di

ag
no

st
ic

 
in

di
ca

to
rs

Bl
in

di
ng

 
of

 su
bj

ec
ts

Bl
in

di
ng

 
th

er
ap

ist
s

Bl
in

d 
 

as
se

ss
m

en
t o

f 
at

 le
as

t o
ne

 
ke

y 
re

su
lt

M
ea

su
re

m
en

t 
of

 k
ey

 r
es

ul
ts

 
in

 8
5%

 o
f 

su
bj

ec
ts

A
na

ly
sis

 o
f 

gr
ou

p 
da

ta
 b

y 
in

te
nt

io
n 

to
 

tr
ea

t

In
te

r-
gr

ou
p 

st
at

ist
ic

al
 

co
m

pa
ri

so
ns

Pr
ec

isi
on

 a
nd

 
va

ri
ab

ili
ty

 
m

ea
su

re
s

K
al

il 
et

 a
l. 

20
21

 +
 

N
A

–
 +

 
N

A
N

A
 +

 
 +

 
N

A
 +

 
 +

 
G

ao
 e

t a
l. 

20
18

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

Ta
ni

gu
ch

i e
t a

l. 
20

17
 +

 
N

A
–

 +
 

N
A

N
A

–
 +

 
N

A
 +

 
 +

 

V
ilc

he
z 

et
 a

l. 
20

14
–

–
–

 +
 

N
A

N
A

 +
 

 +
 

N
A

 +
 

 +
 

Li
u 

et
 a

l. 
20

14
 +

 
–

–
 +

 
N

A
N

A
–

 +
 

N
A

 +
 

 +
 

Ev
an

ge
lo

u 
et

 a
l. 

20
14

 +
 

N
A

–
 +

 
N

A
N

A
–

 +
 

N
A

 +
 

 +
 

Pu
cc

io
ni

-S
oh

le
r 

et
 a

l. 
20

12
 +

 
N

A
N

A
N

A
N

A
N

A
–

 +
 

N
A

N
A

 +
 

K
ur

iy
am

a 
et

 a
l. 

20
09

 +
 

–
–

 +
 

N
A

N
A

–
 +

 
N

A
 +

 
 +

 

Y
uk

ita
ke

 e
t a

l. 
20

08
 +

 
–

 +
 

 +
 

N
A

N
A

–
 +

 
N

A
 +

 
 +

 

M
or

ga
n 

et
 a

l. 
20

07
 +

 
–

–
 +

 
N

A
N

A
 +

 
 +

 
N

A
 +

 
 +

 

U
m

eh
ar

a 
et

 a
l. 

20
07

 +
 

N
A

N
A

N
A

N
A

N
A

–
 +

 
N

A
N

A
 +

 

C
er

vi
lla

 e
t a

l. 
20

06
 +

 
–

–
 +

 
N

A
N

A
–

 +
 

N
A

–
–

G
riff

th
 e

t a
l. 

20
06

 +
 

–
–

 +
 

N
A

N
A

–
 +

 
N

A
 +

 
 +

 

H
ow

ar
d 

et
 a

l. 
20

03
+

–
+

+
N

A
N

A
+

+
N

A
+

+

D
ou

en
 

et
 a

l. 
19

97
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A

Fe
rr

az
 e

t a
l. 

19
97

 +
 

–
–

 +
 

N
A

N
A

–
 +

 
N

A
 +

 
 +

 

Fu
ku

sh
im

a 
et

 a
l. 

19
94

 +
 

–
–

 +
 

N
A

N
A

–
 +

 
N

A
 +

 
 +

 

M
el

o 
et

 a
l. 

19
93

 +
 

–
–

N
A

N
A

N
A

–
 +

 
N

A
N

A
–

A
lc

in
do

r e
t a

l. 
19

92
–

–
–

N
A

N
A

N
A

–
 +

 
N

A
–

–

K
ira

 e
t a

l. 
19

91
 +

 
–

–
 +

 
N

A
–

–
 +

 
 +

 
 +

 
 +

 
R u

dg
e 

et
 a

l. 
19

91
 +

 
–

–
 +

 
N

A
N

A
–

 +
 

N
A

–
–

4 Journal of NeuroVirology (2022) 28:1–16



1 3

et  al. 2003; Liu et  al. 2014), and/or healthy controls 
(Fukushima et al. 1994; Griffith et al. 2006; Kuriyama 
et al. 2009; Evangelou et al. 2014; Liu et al. 2014; Vilchez 
et al. 2014; Taniguchi et al. 2017; Kalil et al. 2021). The 
resonance equipment most frequently used in the studies 
had 1.5 T (Kira et al. 1988, 1991; Fukushima et al. 1994; 
Ferraz et al. 1997; Howard et al. 2003; Cervilla et al. 2006; 
Griffith et al. 2006; Morgan et al. 2007; Yukitake et al. 
2008; Kuriyama et al. 2009; Evangelou et al. 2014) and 
3.0 T (Puccioni-Sohler et al. 2012; Liu et al. 2014; Vilchez 
et al. 2014; Taniguchi et al. 2017; Kalil et al. 2021). Most 
studies (52.2%) used some tool to assess the functionality  
of patients, with the Expanded Disability Status Scale 
(EDSS) (Kira et  al. 1988, 1991; Howard et  al. 2003;  
Griffith et al. 2006; Morgan et al. 2007; Yukitake et al. 
2008; Kuriyama et al. 2009; Puccioni-Sohler et al. 2012; 
Liu et al. 2014; Taniguchi et al. 2017) and Osame’s Motor 
Disability Score (OMDS) (Morgan et al. 2007; Kuriyama 
et al. 2009; Taniguchi et al. 2017; Kalil et al. 2021) being 
the most frequently chosen. The WHO criteria were used 
by 34.8% of the studies to diagnose cases of HAM/TSP.

Supplementary Table  2 shows the brain and spinal 
changes observed in MRI. White matter injuries were 
the most frequent finding of the brain, verified in 16 of 
23 (69.6%) articles. Brain injuries were most frequently 
identified in the periventricular region (Tournier-Lasserve 
et al. 1987; Kira et al. 1988, 1991; Rudge et al. 1991; 
Alcindor et al. 1992; Melo et al. 1993; Fukushima et al. 
1994; Douen et al. 1997; Howard et al. 2003; Vilchez et al. 
2014; Kalil et al. 2021), in the subcortical region (Kira 
et al. 1988, 1991; Alcindor et al. 1992; Melo et al. 1993; 
Douen et al. 1997; Cervilla et al. 2006), in the centrum  
semiovale (Cervilla et  al. 2006; Vilchez et  al. 2014;  
Kalil et al. 2021), in the brain stem (Rudge et al. 1991; 
Ferraz et al. 1997), and in the corpus callosum (Rudge 
et al. 1991). However, 2 of 16 articles (12.5%) did not 
specify the location of the lesions found (Morgan et al. 
2007; Yukitake et al. 2008). Brain atrophy was a poorly 
evaluated outcome (4 of 16 articles) (Fukushima et al. 
1994; Ferraz et al. 1997; Morgan et al. 2007; Puccioni-
Sohler et al. 2012).

Spinal cord changes were verified by 18 of 23 studies 
and atrophy was the most frequent finding (71.4%), affecting 
the thoracic (Rudge et al. 1991; Melo et al. 1993; Yukitake 
et al. 2008; Kuriyama et al. 2009) and cervical (Puccioni-
Sohler et al. 2012) regions alone or both (Ferraz et al. 1997; 
Howard et al. 2003; Cervilla et al. 2006; Evangelou et al. 
2014; Liu et al. 2014; Vilchez et al. 2014; Taniguchi et al. 
2017). Focal lesions in white matter (Howard et al. 2003; 
Umehara et al. 2007; Yukitake et al. 2008; Vilchez et al. 
2014; Gao et al. 2018) have also been observed by some 
studies. Only two study did not specify the abnormalities 
found (Tournier-Lasserve et al. 1987; Alcindor et al. 1992).Ta
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Table 2 shows brain and spinal lesions observed in MRI 
of HAM/TSP’s patients, HTLV-1 patients without HAM/
TSP, and healthy controls. Brain white matter lesions were 
more frequent in HAM/TSP than HTLV-1 carriers (Kira 
et al. 1991; Vilchez et al. 2014) and healthy controls (Kira 
et al. 1991; Fukushima et al. 1994; Vilchez et al. 2014). 
Theses lesions were associated with cognitive impairment 
(Cervilla et al. 2006; Kalil et al. 2021), and reduced myelina-
tion of the ventral (corticospinal) and dorsal (spinothalamic) 
tracts (Vilchez et al. 2014), but not associated with age or 
duration of disease (Fukushima et al. 1994). HTLV-1 car-
riers had more white matter lesions on the corpus striatum 
than HAM/TSP patients (Howard et al. 2003). Three of 18 
studies did not show location of lesions (Morgan et al. 2007; 
Yukitake et al. 2008; Puccioni-Sohler et al. 2012).

Cervical and thoracic atrophy was more frequent in 
HAM/TSP patients than HTLV-1 carriers (Liu et al. 2014; 
Vilchez et  al. 2014) and healthy controls (Evangelou 
et al. 2014; Vilchez et al. 2014; Taniguchi et al. 2017). 
Thoracic atrophy was associated with a longer symptom 
duration (Vilchez et al. 2014). These conditions were not 
associated with EDSS and OMDS scales (Evangelou et al. 
2014; Taniguchi et al. 2017). One study demonstrated that 
the number of white matter lesions on cervical spinal cord 
could increase after 1 year of symptoms and is highlighted 
by contrast (Gao et al. 2018). Nine of 23 studies did not use 
case–control or comparative group methodology (Tournier-
Lasserve et al. 1987; Alcindor et al. 1992; Melo et al. 1993; 
Douen et al. 1997; Umehara et al. 2007; Yukitake et al. 
2008; Kuriyama et al. 2009; Puccioni-Sohler et al. 2012; 
Gao et al. 2018).

Discussion

The evaluated studies show that patients with HAM/TSP 
can present brain white matter lesions (Tournier-Lasserve 
et  al.  1987; Kira et  al. 1988, 1991; Rudge et  al. 1991; 
Alcindor et al. 1992; Melo et al. 1993; Fukushima et al. 
1994; Douen et al. 1997; Howard et al. 2003; Cervilla et al. 
2006; Griffith et al. 2006; Vilchez et al. 2014; Kalil et al. 
2021), these are in greater number than those found in 
healthy controls (Kira et al. 1988, 1991; Fukushima et al. 
1994; Vilchez et al. 2014; Kalil et al. 2021). In addition 
to the white matter lesions, brain atrophy was also found. 
These neuroimaging findings and their association with 
cognitive impairment reinforce that the brain is also a 
target organ in HTLV-1 infection. However, the absence 
of information related to the sample (Alcindor et al. 1992; 
Fukushima et al. 1994; Griffith et al. 2006; Yukitake et al. 
2008), disease duration of patients with HTLV-1 with or 
without HAM/TSP (Tournier-Lasserve et al. 1987; Kira 
et al. 1991; Alcindor et al. 1992; Melo et al. 1993; Howard 

et al. 2003; Griffith et al. 2006; Umehara et al. 2007; Morgan 
et al. 2007; Evangelou et al. 2014; Liu et al. 2014; Kalil et al. 
2021), specifications of the resonance apparatus (Tournier-
Lasserve et al. 1987; Fukushima et al. 1994; Douen et al. 
1997; Cervilla et al. 2006; Griffith et al. 2006; Umehara et al. 
2007; Puccioni-Sohler et al. 2012; Taniguchi et al. 2017; 
Gao et al. 2018; Kalil et al. 2021), and the clinical/functional 
evaluation (Kira et al. 1988, 1991; Fukushima et al. 1994; 
Howard et al. 2003; Evangelou et al. 2014; Taniguchi et al. 
2017) are significant limitations presented by the articles. 
These situations make it difficult to compare the results 
of these studies and the association between the clinical 
assessments carried out by the physician and imaging tests.

Patients with HAM/TSP have chronic CNS inflammation. 
The presence of chronic lymphocytic perivascular infiltrate 
in the central nervous system suggests vasculitis (Yamano 
and Sato 2012). In addition, pro-inflammatory cytokines 
produced by macrophages, astrocytes, and oligodendro-
cytes favor progressive gliosis and demyelination in the CNS 
(Lepoutre et al. 2009). This may explain the asymmetry of 
brain injuries and atrophy seen in MRI (Ferraz et al. 1997; 
Griffith et al. 2006; Morgan et al. 2007; Puccioni-Sohler 
et al. 2012). There is an association between an increase in 
the proviral load (Kalil et al. 2021) both with an increase in 
serum INF-γ levels and with the occurrence of white matter 
lesions (Morgan et al. 2007).

Lesions of the subcortical white matter can contribute 
to a variety of behavioral syndromes. HTLV-1 patients pre-
sent psychiatric and cognitive symptoms such as anxious 
and depressive symptoms (Raulino Goncalves et al. 2017), 
impaired verbal fluency and visual and verbal memory 
(Silva et al. 2003), and lower memory score and percent-
age of information retention (Kalil et al. 2021) when com-
pared to healthy individuals. Lesions in the subcortical white 
matter of these patients, oval and round in shape and with 
a diameter of less than 5 mm (Cervilla et al. 2006), and 
increase of proviral load were significantly associated with 
cognitive changes (Cervilla et al. 2006; Kalil et al. 2021). 
Even patients with HTLV-1 and without HAM/TSP have 
more cognitive changes than controls without HTLV-1. 
These patients presented milder impairment, affecting the 
fluency of words, associative capacity, reasoning, and short-
term memory.(Gascón et al. 2017) These cognitive changes, 
found in patients with or without myelopathy, together with 
the changes found in brain neuroimaging, corroborate the 
hypothesis that the brain is also affected by HTLV-1.

The studies analyzed included patients with different 
times of illness (means varied from 1.37 to 19.2 years) 
and different ages (means varied from 28.7 to 67 years) for 
groups of patients with HAM/TSP. The influence of the 
duration of the patient’s age and disease on the appearance 
of brain injuries is controversial. Lesions in the white mat-
ter of the brain were more observed in the first 10 years 

6 Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
2 

 B
ra

in
 a

nd
 s

pi
na

l l
es

io
ns

 o
bs

er
ve

d 
in

 M
R

I o
f p

at
ie

nt
s 

w
ith

 h
um

an
 T

-c
el

l l
ym

ph
ot

ro
pi

c 
vi

ru
s 

ty
pe

 1
–a

ss
oc

ia
te

d 
m

ye
lo

pa
th

y/
tro

pi
ca

l s
pa

sti
c 

pa
ra

pa
re

si
s, 

H
TL

V
-1

 p
at

ie
nt

s 
w

ith
ou

t H
A

M
/

TS
P,

 a
nd

 h
ea

lth
y 

co
nt

ro
ls

A
ut

ho
rs

ye
ar

Po
pu

la
tio

n 
ch

ar
ac

te
ri

st
ic

s
Br

ai
n 

le
sio

ns
Sp

in
al

 c
or

d 
le

sio
ns

C
om

pa
ri

so
ns

 b
et

w
ee

n 
gr

ou
ps

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 

H
TL

V-
1 

pa
tie

nt
s w

ith
ou

t 
H

A
M

/T
SP

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 H

TL
V-

1 
pa

tie
nt

s w
ith

ou
t H

A
M

/T
SP

K
al

il 
et

 a
l. 

20
21

N
 =

 62
H

AM
 =

 22
H

C
 =

 18
H

TL
V-

1 
(n

o 
H

A
M

) =
 22

84
%

 H
A

M
/T

SP
 p

re
se

nt
ed

 
W

M
 le

si
on

s. 
Lo

ca
tio

ns
: 

pe
riv

en
tri

cu
la

r (
52

.9
%

), 
se

m
io

va
l c

en
tre

 a
nd

 c
or

on
a 

ra
di

at
a 

(5
2.

9%
), 

fro
nt

al
 lo

be
s 

(4
7.

05
%

), 
oc

ci
pi

to
-p

ar
ie

ta
l 

lo
be

 (1
1.

8%
), 

an
d 

po
ns

 
(1

.5
8%

)

57
%

 w
ith

ou
t H

A
M

/ 
TS

P 
pr

es
en

te
d 

W
M

 
le

si
on

s. 
Lo

ca
tio

ns
: 

pe
riv

en
tri

cu
la

r (
17

.6
%

), 
se

m
io

va
l c

en
tre

  
an

d 
co

ro
na

 ra
di

at
a 

(1
1.

7%
), 

fro
nt

al
 lo

be
s 

(2
3.

5%
), 

pa
rie

ta
l l

ob
e 

(1
1.

8%
), 

an
d 

re
du

ce
d 

hi
pp

oc
am

pu
s (

5.
9%

)

–
–

H
A

M
/T

SP
 sh

ow
ed

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

br
ai

n 
w

hi
te

 m
at

te
r 

le
si

on
 a

nd
 w

or
se

ni
ng

 in
 th

e 
pe

rfo
rm

an
ce

 o
f R

ey
 A

ud
ito

ry
-

ve
rb

al
 L

ea
rn

in
g 

Te
st 

(R
AV

LT
) 

in
 th

e 
va

ria
bl

e 
(%

 A
7/

A
5)

 
(p

 =
 0.

02
6)

G
ao

 e
t a

l. 
20

18
N

 =
 1

H
AM

 =
 1

H
C

 =
 0

H
TL

V-
1 

(n
o 

H
A

M
)  =

 0

–
–

1 
ye

ar
 o

f d
is

ea
se

 o
ut

se
t–

T2
-w

ei
gh

te
d 

(s
ag

itt
al

)-
 h

ig
h 

in
te

ns
ity

 o
f t

he
 im

ag
e 

at
 

th
e 

C
2–

6 
le

ve
l

Tr
an

sv
er

se
 se

ct
io

n 
on

 C
5 

le
ve

l s
ho

w
ed

 
hi

gh
 in

te
ns

ity
 in

 b
ot

h 
th

e 
la

te
ra

l a
nd

 
po

ste
rio

r c
ol

um
ns

A
 lo

ng
itu

di
na

l h
ig

h 
in

te
ns

ity
 th

ro
ug

h 
 

th
e 

sp
in

al
 c

or
d 

w
as

 o
bs

er
ve

d 
fro

m
 th

e 
ce

rv
ic

al
 le

ve
l t

o 
th

e 
lu

m
ba

r l
ev

el
2 

ye
ar

s o
f d

is
ea

se
 o

ut
se

t–
T2

-w
ei

gh
te

d 
(s

ag
itt

al
)–

m
ul

tip
le

 sp
ot

ty
 le

si
on

s o
f h

ig
h 

in
te

ns
ity

 a
t t

he
 a

nt
er

io
r a

nd
 p

os
te

rio
r 

ed
ge

s a
nd

 w
ith

in
 th

e 
sp

in
al

 c
or

d 
at

 
th

e 
C

5–
Th

1 
le

ve
l. 

Th
e 

le
si

on
s c

ap
tu

re
 

co
nt

ra
st

–
–

Ta
ni

gu
ch

i e
t a

l. 
20

17
N

 =
 25

H
AM

 =
 15

H
C

 =
 20

H
TL

V-
1 

(n
o 

H
A

M
) =

 0

–
–

A
PD

 (m
ea

n ±
 S

D
)

C
2 

– 
6.

4 ±
 0.

8 
m

m
C

4 
– 

5.
9 ±

 0.
5 

m
m

C
6 

– 
6.

0 ±
 0.

8 
m

m
T2

 –
 5

.3
 ±

 0.
5 

m
m

T6
 –

 5
.3

 ±
 1 

m
m

TD
 (m

ea
n ±

 S
D

)
C

2 
– 

12
.4

 ±
 0.

9 
m

m
C

4 
– 

13
.3

 ±
 1.

5 
m

m
C

6 
– 

12
.3

 ±
 1.

2 
m

m
T2

 –
 9

.9
 ±

 2.
1 

m
m

T6
 –

 8
.6

 ±
 1.

6 
m

m
R

A
T 

(m
ea

n ±
 S

D
)

C
2 

– 
0.

52
 ±

 0.
08

 m
m

C
4 

– 
0.

44
 ±

 0.
04

 m
m

C
6 

– 
0.

49
 ±

 0.
07

 m
m

T2
 –

 0
.5

5 ±
 0.

1 
m

m
T6

 –
 0

.6
3 ±

 0.
1 

m
m

C
SA

 (m
ea

n ±
 S

D
)

C
2 

– 
23

3.
9 ±

 76
.3

  m
m

2

C
4 

– 
22

9.
4 ±

 75
.4

  m
m

2

C
6 

– 
24

3.
1 ±

 44
  m

m
2

T2
 –

 1
41

 ±
 75

  m
m

2

T6
 –

 1
47

. ±
 54

.8
  m

m
2

ED
SS

 (m
ea

n ±
 S

D
)

3.
5 ±

 .1
.2

O
M

D
S 

(m
ea

n ±
 S

D
) 3

.4
 ±

 .1
.2

A
PD

 (m
ea

n ±
 S

 D
)

C
2 

– 
8.

9 ±
 1.

1 
m

m
C

4 
– 

7.
9 ±

 0.
6 

m
m

C
6 

– 
7.

8 ±
 0.

5 
m

m
T2

 –
 6

.9
 ±

 0.
6 

m
m

T6
 –

 7
 ±

 0.
9 

m
m

TD
 (m

ea
n ±

 S
D

)
C

2 
– 

13
.3

 ±
 0.

9 
m

m
C

4 
– 

14
.4

 ±
 0.

9 
m

m
C

6 
– 

13
.8

 ±
 0.

7 
m

m
T2

 –
 1

0 ±
 0.

3 
m

m
T6

 –
 9

.1
 ±

 1 
m

m
R

A
T 

(m
ea

n ±
 S

D
)

C
2 

– 
0.

67
 ±

 0.
1 

m
m

C
4 

– 
0.

55
 ±

 0.
05

 m
m

C
6 

– 
0.

57
 ±

 0.
08

 m
m

T2
 –

 0
.6

9 ±
 0.

1 
m

m
T6

 –
 0

.7
9 ±

 0.
17

 m
m

C
SA

 (m
ea

n ±
 S

D
)

C
2 

– 
37

1.
8 ±

 51
.7

  m
m

2

C
4 

– 
35

7.
8 ±

 38
.4

  m
m

2

C
6 

– 
33

6.
5 ±

 49
.5

  m
m

2

T2
 –

 1
47

.3
 ±

 54
.8

  m
m

2

T6
 –

 2
00

.9
 ±

 29
.4

  m
m

2

ED
SS

 a
nd

 O
M

D
S 

sc
or

es
 n

ot
 

in
fo

rm
ed

H
A

M
/T

SP
 h

ad
 A

PD
, R

A
T,

 a
nd

 
C

SA
 si

gn
ifi

ca
nt

ly
 sh

or
te

r o
r 

sm
al

le
r a

t b
ot

h 
ce

rv
ic

al
 a

nd
 

th
or

ac
ic

 le
ve

ls
 th

an
 in

 c
on

tro
ls

 
(p

 <
 0.

05
)

In
 H

A
M

/T
SP

 p
at

ie
nt

s, 
TD

 w
as

 
si

gn
ifi

ca
nt

ly
 sh

or
te

r o
nl

y 
at

 
ce

rv
ic

al
 le

ve
l t

ha
n 

in
 c

on
tro

ls
 

(p
 <

 0.
05

)
ED

SS
 a

nd
 O

M
D

S 
sc

or
es

 w
er

e 
no

t s
ig

ni
fic

an
tly

 c
or

re
la

te
d 

w
ith

 sp
in

al
 c

or
d 

at
ro

ph
y 

(p
 >

 0.
05

)

7Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
2 

  (
C

on
tin

ue
d)

A
ut

ho
rs

ye
ar

Po
pu

la
tio

n 
ch

ar
ac

te
ri

st
ic

s
Br

ai
n 

le
sio

ns
Sp

in
al

 c
or

d 
le

sio
ns

C
om

pa
ri

so
ns

 b
et

w
ee

n 
gr

ou
ps

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 

H
TL

V-
1 

pa
tie

nt
s w

ith
ou

t 
H

A
M

/T
SP

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 H

TL
V-

1 
pa

tie
nt

s w
ith

ou
t H

A
M

/T
SP

V
ilc

he
z 

et
 a

l. 
20

14
N

 =
 39

H
AM

 =
 10

H
C

 =
 18

H
TL

V-
1 

(n
o 

H
A

M
) =

 11

10
0%

 h
ad

 le
si

on
s i

n 
th

e 
ce

nt
ru

m
 se

m
io

va
le

 o
r p

er
iv

e-
nt

ric
ul

ar
 g

ra
de

s 1
–3

45
.5

%
 w

ith
ou

t H
A

M
/T

SP
–

gr
ad

e 
1–

2 
le

si
on

s
44

.4
%

 H
C

–g
ra

de
 1

 le
si

on
s

10
0%

 H
A

M
/T

SP
 h

ad
 a

tro
ph

y 
in

 th
e 

lo
w

er
 

th
or

ac
ic

 re
gi

on
60

%
 w

ith
 H

A
M

/T
SP

 h
ad

 fo
ca

l l
es

io
ns

 in
 

th
e 

ce
rv

ic
al

 a
nd

 th
or

ac
ic

 re
gi

on
s

H
C

–n
o 

ab
no

rm
al

iti
es

H
TL

V
-1

 (n
o 

H
A

M
)–

no
 a

bn
or

-
m

al
iti

es

H
A

M
/T

SP
 p

at
ie

nt
s h

ad
 m

or
e 

se
ve

re
 b

ra
in

 W
M

 le
si

on
s 

in
 th

e 
ce

nt
ru

m
 se

m
io

va
le

 
an

d 
pe

rv
en

tri
cu

la
r r

eg
io

n 
co

m
pa

re
d 

to
 th

os
e 

w
ith

 
H

TL
V

-1
 a

nd
 w

ith
ou

t H
A

M
/

TS
P 

(p
 =

 0.
03

2)
 a

nd
 c

on
tro

ls
 

(p
 =

 0.
00

2)
H

A
M

/T
SP

 p
at

ie
nt

s h
ad

 re
du

ce
d 

m
ye

lin
at

io
n 

of
 th

e 
ve

nt
ra

l 
(c

or
tic

os
pi

na
l) 

an
d 

do
rs

al
 (s

pi
-

no
th

al
am

ic
) t

ra
ct

s o
f c

er
eb

ra
l 

W
M

 c
om

pa
re

d 
to

 th
os

e 
w

ith
 

H
TL

V
-1

 a
nd

 w
ith

ou
t H

A
M

/
TS

P 
(p

 ≤
 0.

05
) a

nd
 c

on
tro

ls
 

(p
 ≤

 0.
05

)
H

A
M

/T
SP

 p
at

ie
nt

s h
ad

 a
n 

in
cr

ea
se

 in
 m

ea
n 

di
ffu

si
vi

ty
 in

 
th

e 
ve

nt
ra

l t
ra

ct
s c

om
pa

re
d 

to
 

th
os

e 
w

ith
 H

TL
V

-1
 a

nd
 w

ith
-

ou
t H

A
M

/T
SP

 a
nd

 c
on

tro
ls

 
(p

 ≤
 0.

05
)

H
A

M
/T

SP
 p

at
ie

nt
s h

ad
 re

du
c-

tio
n 

of
 tr

an
se

ct
io

n 
ar

ea
 c

om
-

pa
re

d 
to

 th
os

e 
w

ith
 H

TL
V

-1
 

an
d 

w
ith

ou
t H

A
M

/T
SP

 a
nd

 
co

nt
ro

ls
 (p

 ≤
 0.

05
)

Li
u 

et
 a

l.
20

14
N

 =
 50

H
AM

 =
 18

H
C

 =
 10

H
TL

V
-1

 (n
o 

H
A

M
) =

 4

–
–

SC
C

SA
ce

rv
ic

al
 re

gi
on

 =
 50

.8
 ±

 10
  m

m
2

Th
or

ac
ol

um
ba

r r
eg

io
n =

 24
.8

 ±
 5 

 m
m

2

SC
C

SA
N

ot
 in

fo
rm

ed
H

A
M

/T
SP

 sh
ow

ed
 a

 re
du

ct
io

n 
in

 c
er

vi
ca

l (
p ≤

 0.
00

1)
 a

nd
 

th
or

ac
ol

um
ba

r (
p ≤

 0.
00

1)
 

SC
C

SA
 c

om
pa

re
d 

to
 c

on
tro

ls
 

w
ith

ou
t H

TL
V-

1
Ev

an
ge

lo
u 

et
 a

l. 
20

14
N

 =
 14

H
AM

 =
 5

H
C

 =
 5

H
TL

V
-1

 (n
o 

H
A

M
) =

 4

–
–

C
er

vi
ca

l c
or

d 
vo

lu
m

e =
 6.

58
9 ±

 89
7 

 m
m

2

Th
or

ac
ic

 c
or

d 
vo

lu
m

e =
 8.

77
4 ±

 2.
21

8 
 m

m
2

ED
SS

 (m
ea

n 
an

d 
st

an
da

rd
 d

ev
ia

tio
n)

H
A

M
/T

SP
: 6

 ±
 1.

7
IP

EC
 (m

ea
n 

an
d 

st
an

da
rd

 d
ev

ia
tio

n)
H

A
M

/T
SP

: 1
7.

8 ±
 6.

5

H
TL

V
-1

 (n
o 

H
A

M
) c

er
vi

ca
l 

co
rd

 v
ol

um
e =

 9.
07

5 ±
 2.

09
5 

 m
m

2

H
TL

V
-1

 (n
o 

H
A

M
) 

th
or

ac
ic

 c
or

d 
vo

l-
um

e =
 12

.7
88

 ±
 3.

56
2 

 m
m

2

H
C

 c
er

vi
ca

l c
or

d 
vo

l-
um

e =
 9.

72
1 ±

 79
7 

 m
m

2

H
C

 th
or

ac
ic

 c
or

d 
vo

l-
um

e =
 14

.0
50

 ±
 98

0 
 m

m
2

ED
SS

 a
nd

 IP
EC

 (m
ea

n 
an

d 
st

an
da

rd
 d

ev
ia

tio
n)

W
ith

 H
TL

V
-1

 a
nd

 w
ith

ou
t 

H
A

M
/T

SP
: n

ot
 in

fo
rm

ed
C

on
tro

ls
: n

ot
 in

fo
rm

ed

H
A

M
/T

SP
 sh

ow
ed

 si
gn

ifi
ca

nt
ly

 
lo

w
er

 sp
in

al
 c

or
d 

vo
lu

m
es

 
co

m
pa

re
d 

to
 H

V
s w

ith
 3

8%
 

of
 re

du
ct

io
n 

in
 th

e 
th

or
ac

ic
 

re
gi

on
 (p

 =
 0.

00
79

) a
nd

 3
2%

 
on

 c
er

vi
ca

l r
eg

io
n 

(p
 =

 0.
00

79
)

ED
SS

 a
nd

 IP
EC

 sc
or

es
 a

nd
 a

ge
 

w
er

e 
no

t s
ig

ni
fic

an
tly

 c
or

re
-

la
te

d 
w

ith
 re

du
ct

io
n 

of
 sp

in
al

 
co

rd
 v

ol
um

e 
(p

 >
 0.

05
)

Sp
in

al
 c

or
d 

vo
lu

m
e 

of
 c

er
vi

-
ca

l (
p =

 0.
56

) a
nd

 th
or

ac
ic

 
(p

 =
 0.

9)
 re

gi
on

s o
f H

TL
V

-1
 

(n
o 

H
A

M
) p

at
ie

nt
s d

id
 n

ot
 

di
ffe

r o
f t

he
 c

on
tro

l g
ro

up

8 Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
2 

  (
C

on
tin

ue
d)

A
ut

ho
rs

ye
ar

Po
pu

la
tio

n 
ch

ar
ac

te
ri

st
ic

s
Br

ai
n 

le
sio

ns
Sp

in
al

 c
or

d 
le

sio
ns

C
om

pa
ri

so
ns

 b
et

w
ee

n 
gr

ou
ps

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 

H
TL

V-
1 

pa
tie

nt
s w

ith
ou

t 
H

A
M

/T
SP

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 H

TL
V-

1 
pa

tie
nt

s w
ith

ou
t H

A
M

/T
SP

Pu
cc

io
ni

-S
oh

le
r e

t a
l.

20
12

N
 =

 28
H

AM
 =

 28
H

C
 =

 0
H

TL
V-

1 
(n

o 
H

A
M

) =
 0

75
%

 p
at

ie
nt

s h
ad

 h
yp

er
si

gn
al

 
fo

ci
 in

 p
er

iv
en

tri
cu

la
r a

nd
 

su
bc

or
tic

al
 W

M
 in

 T
2 

an
d 

FL
A

IR
10

.7
%

 p
at

ie
nt

s s
ho

w
ed

 si
gn

s 
of

 c
er

eb
ra

l a
tro

ph
y 

(f
ro

nt
al

 
re

gi
on

s, 
ce

re
be

lla
r, 

ci
ste

rn
as

, 
an

d 
sy

lv
ia

n 
fis

su
re

s)
, a

nd
 

co
nc

ur
re

nt
ly

, l
es

io
ns

 in
 th

e 
W

M
 (l

oc
at

io
n 

no
t i

nf
or

m
ed

)

–
3.

6%
 p

at
ie

nt
s h

ad
 a

tro
ph

y 
of

 th
e 

ce
rv

ic
al

 
re

gi
on

 a
nd

 p
ro

xi
m

al
 p

or
tio

n 
of

 th
e 

th
or

ac
ic

 sp
in

al
 c

or
d

–
–

K
ur

iy
am

a 
et

 a
l. 

20
09

N
 =

 47
H

AM
 =

 18
H

C
 =

 29
H

TL
V-

1 
(n

o 
H

A
M

)  =
 0

–
–

55
.6

%
 p

at
ie

nt
s h

ad
 th

or
ac

ic
 c

or
d 

at
ro

ph
y 

(<
 0.

7 
 m

m
2 )

SC
C

SA
U

pp
er

 th
or

ac
ic

 re
gi

on
 =

 0.
69

 
 m

m
2

N
o 

co
m

pa
ris

on
s b

et
w

ee
n 

gr
ou

ps

Y
uk

ita
ke

 e
t a

l.
20

08
N

 =
 38

H
AM

 =
 38

H
C

 =
 0

H
TL

V-
1 

(n
o 

H
A

M
) =

 0

A
ll 

pa
tie

nt
s h

ad
 sm

al
l l

es
io

ns
 

on
 th

e 
W

M
 (T

2 
hy

pe
rs

ig
na

l) 
(lo

ca
tio

n 
no

t i
nf

or
m

ed
)

–
7.

9%
 p

at
ie

nt
s h

ad
 le

si
on

s i
n 

th
e 

W
M

 
(c

er
vi

ca
l a

nd
 th

or
ac

ic
 sp

in
al

 re
gi

on
s)

 
(T

2 
hy

pe
rs

ig
na

l)

–
–

M
or

ga
n 

et
 a

l.
20

07
N

 =
 30

H
AM

 =
 10

H
C

 =
 0

H
TL

V-
1 

(n
o 

H
A

M
) =

 20

80
%

 p
at

ie
nt

s w
ith

 H
A

M
/T

SP
 

ha
d 

on
e 

or
 m

or
e 

in
ju

rie
s t

o 
th

e 
W

M
 (s

ub
co

rti
ca

l a
nd

 
pe

riv
en

tri
cu

la
r r

eg
io

ns
)

70
%

 p
at

ie
nt

s h
ad

 3
–6

 m
m

 
le

si
on

s
20

%
 p

at
ie

nt
s h

ad
 >

 6 
m

m
 

le
si

on
s

A
tro

ph
y 

(m
ed

ia
n 

an
d 

IQ
R

): 
−

0.
7 

(0
–1

)

85
%

 p
at

ie
nt

s w
ith

 H
A

M
/

TS
P 

ha
d 

on
e 

or
 m

or
e 

in
ju

rie
s t

o 
th

e 
W

M
 (l

oc
a-

tio
n 

no
t i

nf
or

m
ed

)
80

%
 p

at
ie

nt
s h

ad
 3

–6
 m

m
 

le
si

on
s

15
%

 p
at

ie
nt

s h
ad

 >
 6 

m
m

 
le

si
on

s
A

tro
ph

y 
(m

ed
ia

n 
an

d 
IQ

R
): 

−
0.

3 
(0

–0
.9

)

–
–

N
o 

st
at

ist
ic

al
 d

iff
er

en
ce

 b
et

w
ee

n 
H

TL
V

 -I
 c

ar
rie

rs
 a

nd
 H

A
M

/
TS

P 
ab

ou
t m

ed
ia

n 
of

 n
um

be
r 

of
 le

si
on

s (
p =

 0.
64

) o
r m

ed
ia

n 
le

si
on

 v
ol

um
e 

(p
 =

 0.
49

)

U
m

eh
ar

a 
et

 a
l. 

20
07

N
 =

 11
H

AM
 =

 11
H

C
 =

 0
H

TL
V

-1
 (n

o 
H

A
M

) =
 0

–
–

54
.4

%
 h

ad
 a

bn
or

m
al

iti
es

 in
 th

e 
ce

rv
ic

al
 

an
d 

th
or

ac
ic

 re
gi

on
s (

hy
pe

rs
ig

na
l T

2)
–

le
si

on
s w

er
e 

sy
m

m
et

ric
al

ly
 lo

ca
liz

ed
 in

 
th

e 
ce

nt
er

, b
ila

te
ra

l l
at

er
al

, o
r p

os
te

rio
r 

co
lu

m
ns

 (w
ith

ou
t c

on
tra

st 
up

ta
ke

)
27

.3
%

 h
ad

 sp
in

al
 c

or
d 

sw
el

lin
g 

in
 th

e 
ce

rv
ic

al
 a

nd
 th

or
ac

ic
 re

gi
on

s
27

.3
%

 h
ad

 a
bn

or
m

al
iti

es
 o

nl
y 

in
 th

e 
ce

rv
i-

ca
l o

r i
n 

th
or

ac
ic

 re
gi

on
 (h

yp
er

si
gn

al
 T

2)
18

.2
%

 h
ad

 le
si

on
s i

n 
th

e 
la

te
ra

l o
r p

os
te

rio
r 

co
lu

m
ns

 o
f t

he
 c

er
vi

ca
l r

eg
io

n 
(h

yp
er

-
si

gn
al

 T
2)

9.
1%

 h
ad

 le
si

on
s l

oc
al

iz
ed

 b
ila

te
ra

lly
 in

 th
e 

fa
sc

ic
ul

es
 c

un
ea

tu
s o

f t
he

 c
er

vi
ca

l r
eg

io
n 

an
d 

sh
ow

ed
 se

ve
re

 im
pa

irm
en

t o
f d

ee
p 

se
ns

at
io

n 
in

 b
ot

h 
up

pe
r l

im
bs

9.
1%

 h
ad

 fo
ca

l l
es

io
ns

 in
 th

e 
la

te
ra

l c
ol

-
um

ns
 b

ila
te

ra
lly

 in
 th

e 
ce

rv
ic

al
 re

gi
on

 in
 

T1
W

I (
w

ith
 c

on
tra

st 
up

ta
ke

)
9.

1%
 h

ad
 le

si
on

s i
n 

th
e 

ce
nt

ra
l p

ar
t o

f t
he

 
th

or
ac

ic
 sp

in
al

 c
or

d 
in

 (h
yp

er
si

gn
al

 T
2)

 
an

d 
co

nt
ra

st-
en

ha
nc

in
g 

le
si

on
s w

er
e 

in
 

th
e 

la
te

ra
l c

ol
um

ns
 o

n 
bo

th
 si

de
s (

T1
W

I)

–
–

9Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
2 

  (
C

on
tin

ue
d)

A
ut

ho
rs

ye
ar

Po
pu

la
tio

n 
ch

ar
ac

te
ri

st
ic

s
Br

ai
n 

le
sio

ns
Sp

in
al

 c
or

d 
le

sio
ns

C
om

pa
ri

so
ns

 b
et

w
ee

n 
gr

ou
ps

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 

H
TL

V-
1 

pa
tie

nt
s w

ith
ou

t 
H

A
M

/T
SP

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 H

TL
V-

1 
pa

tie
nt

s w
ith

ou
t H

A
M

/T
SP

C
er

vi
lla

 e
t a

l.
20

06
N

 =
 30

H
AM

 =
 30

H
C

 =
 0

H
TL

V-
1 

(n
o 

H
A

M
)  =

 0

40
%

 p
at

ie
nt

s h
ad

 8
 o

r m
or

e 
le

si
on

s (
5 

to
 1

5 
m

m
) 

co
nfl

ue
nt

 in
 th

e 
bi

fro
nt

al
 

W
M

, a
nt

er
io

r r
eg

io
n 

of
 th

e 
ce

nt
ru

m
 se

m
io

va
le

20
%

 p
re

se
nt

ed
 so

m
e 

de
gr

ee
 o

f 
co

rti
ca

l a
tro

ph
y 

w
hi

ch
 w

as
 

no
t r

el
at

ed
 to

 W
M

 in
ju

rie
s

20
%

 p
at

ie
nt

s w
ith

 c
on

flu
en

t 
le

si
on

s i
n 

th
e 

su
bc

or
tic

al
 

W
M

 h
ad

 o
nl

y 
m

od
er

at
e 

sp
in

al
 c

or
d 

at
ro

ph
y

76
.9

%
 w

ith
 c

on
flu

en
t l

es
io

ns
 

ha
d 

so
m

e 
de

gr
ee

 o
f c

og
ni

tiv
e 

im
pa

irm
en

t

–
86

.7
%

 p
at

ie
nt

s h
ad

 th
or

ac
ic

 sp
in

al
 c

or
d 

at
ro

ph
y 

th
at

 w
as

 c
la

ss
ifi

ed
 a

s m
ild

 
(2

0%
), 

m
od

er
at

e 
(4

0%
), 

an
d 

se
ve

re
 

(2
6.

7%
)

6.
7%

 p
at

ie
nt

s h
ad

 c
er

vi
ca

l s
pi

na
l c

or
d 

at
ro

ph
y

–
–

G
riffi

th
 e

t a
l.

20
06

N
 =

 33
H

AM
 =

 19
H

C
 =

 14
H

TL
V-

1 
(n

o 
H

A
M

) =
 0

47
.4

%
 p

at
ie

nt
s w

ith
 H

A
M

/T
SP

 
ha

d 
fo

ca
l T

2 
le

si
on

s (
lo

ca
-

tio
n 

no
t i

nf
or

m
ed

)
5.

3%
 p

at
ie

nt
s h

ad
 d

iff
us

e 
an

d 
co

nfl
ue

nt
 le

si
on

s i
n 

th
e 

W
M

 
in

 th
e 

pa
th

 o
f t

he
 p

yr
am

id
al

 
tra

ct
 a

nd
 a

ro
un

d 
th

e 
ve

n-
tri

cl
e,

 a
nd

 a
tro

ph
y 

of
 th

e 
fro

nt
al

 a
nd

 te
m

po
ra

l l
ob

es

H
C

–n
o 

ab
no

rm
al

iti
es

15
.9

%
 p

at
ie

nt
s w

ith
 H

A
M

/T
SP

 h
ad

 fo
ca

l 
T2

 le
si

on
s (

lo
ca

tio
n 

no
t i

nf
or

m
ed

)
H

C
–n

o 
ab

no
rm

al
iti

es
N

o 
st

at
ist

ic
al

 d
iff

er
en

ce
s o

n 
br

ai
n 

vo
lu

m
e 

or
 p

ar
en

ch
ym

a 
fr

ac
tio

n
be

tw
ee

n 
th

e 
gr

ou
ps

H
ow

ar
d 

et
 a

l. 
20

03
N

 =
 3

4
H

AM
 =

 1
2

H
C

 =
 0

H
TV

L-
1 

(N
O

 H
A

M
) =

 9
M

R
I o

f b
ra

in
 w

as
 m

ad
e 

in
 9

 
H

A
M

/T
SP

 p
at

ie
nt

s a
nd

 9
 

H
TL

V-
1 

ca
rr

ie
s

M
R

I o
f s

pi
na

l c
or

d 
w

as
 m

ad
e 

in
 8

 H
A

M
/T

SP
 p

at
ie

nt
s a

nd
 

4 
H

TL
V-

1 
ca

rr
ie

s

10
0%

 h
ad

 a
t l

ea
st 

on
e 

ar
ea

 o
f 

in
cr

ea
se

 si
gn

al
80

%
 h

ad
 h

yp
er

si
gn

al
 o

n 
pe

riv
en

tri
cu

la
r a

re
a

70
%

 h
ad

 h
yp

er
si

gn
al

 o
n 

W
M

N
um

be
r o

f l
es

io
ns

 –
 m

ea
n:

 3
.9

78
%

 h
ad

 a
t l

ea
st 

on
e 

ar
ea

 
of

 in
cr

ea
se

 si
gn

al
44

%
 h

ad
 h

yp
er

si
gn

al
 o

n 
pe

riv
en

tri
cu

la
r a

re
a

77
%

 h
ad

 h
yp

er
si

gn
al

 o
n 

W
M

44
%

 h
ad

 h
yp

er
si

gn
al

 o
n 

co
rp

us
 st

ria
tu

m
N

um
be

r o
f l

es
io

ns
 –

 m
ea

n:
 

3.
5

50
%

 h
ad

 a
bn

or
m

al
ity

 o
n 

ce
rv

ic
al

 re
gi

on
 - 

hy
pe

rs
ig

na
l (

38
%

) a
nd

 a
tro

ph
y 

(1
3%

)
62

.5
%

 h
ad

 a
bn

or
m

al
ity

 o
n 

th
or

ac
ic

 re
gi

on
 

– 
hy

pe
rs

ig
na

l (
25

%
) a

nd
 a

tro
ph

y 
(7

5%
)

N
o 

ab
no

rm
al

ity
 o

n 
ce

rv
ic

al
 

re
gi

on
75

%
 h

ad
 a

bn
or

m
al

ity
 o

n 
th

or
ac

ic
 re

gi
on

 - 
hy

pe
rs

ig
na

l 
(5

0%
) a

nd
 a

tro
ph

y 
(7

5%
)

H
TL

V
-1

 c
ar

rie
s h

ad
 m

or
e 

le
si

on
s (

in
cr

ea
se

d 
si

gn
al

) o
n 

co
rp

us
 st

ria
tu

m
 th

an
 H

A
M

/
TS

P 
pa

tie
nt

s (
p<

0.
05

)
Pe

riv
en

tri
cu

la
r l

es
io

ns
 la

rg
er

 
th

an
 3

 m
m

 w
er

e 
fo

un
d 

tw
ic

e 
as

 o
fte

n 
in

 H
A

M
/T

SP
 p

at
ie

nt
s 

th
an

 in
 c

ar
rie

rs
, b

ut
 th

er
e 

w
as

 
no

 st
at

ist
ic

al
ly

 si
gn

ifi
ca

nt
 

di
ffe

re
nc

e 
be

tw
ee

n 
th

e 
nu

m
be

r 
or

 lo
ca

tio
n 

of
 w

hi
te

 m
at

te
r 

le
si

on
s b

et
w

ee
n 

th
es

e 
gr

ou
ps

 
(p

 v
al

or
 n

ot
 in

fo
rm

ed
)

3 
pa

tie
nt

s (
<

60
 y

ea
rs

 o
ld

) h
ad

 a
 

hi
gh

er
 m

ea
n 

nu
m

be
r o

f l
es

io
ns

 
on

 b
ra

in
 th

an
 th

e 
17

 p
at

ie
nt

s 
(>

60
 y

ea
rs

 o
ld

) i
n 

th
e 

H
A

M
/

TS
P 

an
d 

H
TL

V-
I c

ar
rie

r 
gr

ou
ps

 (p
<

.0
5)

A
bo

ut
 sp

in
al

 c
or

d 
le

si
on

s, 
th

er
e 

w
as

 n
o 

st
at

ist
ic

 d
iff

er
en

ce
 

be
tw

ee
n 

th
e 

gr
ou

ps
 (p

 v
al

or
 

no
t i

nf
or

m
ed

)
D

ou
en

 e
t a

l. 
19

97
N

 =
 1

H
AM

 =
 1

H
C

 =
 0

H
TL

V
-1

 (n
o 

H
A

M
) =

 0

M
ul

tip
le

 c
on

flu
en

ts
 a

nd
 fo

ca
l 

ab
no

rm
al

 h
yp

er
in

te
ns

iti
es

 in
 

th
e 

pe
riv

en
tri

cu
la

r a
nd

 su
b-

co
rti

ca
l W

M
 (b

ila
te

ra
lly

)

–
N

o 
ab

no
rm

al
ity

 in
 th

e 
th

or
ac

ic
 re

gi
on

–
–

10 Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
2 

  (
C

on
tin

ue
d)

A
ut

ho
rs

ye
ar

Po
pu

la
tio

n 
ch

ar
ac

te
ri

st
ic

s
Br

ai
n 

le
sio

ns
Sp

in
al

 c
or

d 
le

sio
ns

C
om

pa
ri

so
ns

 b
et

w
ee

n 
gr

ou
ps

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 

H
TL

V-
1 

pa
tie

nt
s w

ith
ou

t 
H

A
M

/T
SP

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 H

TL
V-

1 
pa

tie
nt

s w
ith

ou
t H

A
M

/T
SP

Fe
rr

az
 e

t a
l.

19
97

N
 =

 29
H

AM
 =

 29
H

C
 =

 0
H

TL
V-

1 
(n

o 
H

A
M

)  =
 0

44
.8

%
 p

at
ie

nt
s h

ad
 le

si
on

s i
n 

th
e 

W
M

 (T
2 

hy
pe

rs
ig

na
l),

 
si

ng
le

 (1
0.

3%
) o

r m
ul

tip
le

 
an

d 
bi

la
te

ra
l (

34
.5

%
). 

Th
e 

le
si

on
s w

er
e 

lo
ca

te
d 

in
 th

e 
pe

riv
en

tri
cu

la
r (

27
.6

%
) a

nd
 

su
bc

or
tic

al
 (2

7.
6%

) r
eg

io
ns

6.
9%

 p
at

ie
nt

s h
ad

 T
2 

hy
pe

rs
ig

-
na

l i
n 

th
e 

br
ai

n 
ste

m
, a

nd
 1

 
in

 th
e 

ba
se

 n
uc

le
i

6.
9%

 p
at

ie
nt

s h
ad

 a
tro

ph
y 

of
 

th
e 

pa
re

nc
hy

m
a

–
68

.7
%

 p
at

ie
nt

s h
ad

 sp
in

al
 c

or
d 

at
ro

ph
y 

in
 

at
 le

as
t o

ne
 sp

in
al

 se
gm

en
t

20
.7

%
 in

 th
e 

up
pe

r c
er

vi
ca

l r
eg

io
n;

37
.9

%
 in

 th
e 

lo
w

er
 c

er
vi

ca
l r

eg
io

n;
44

.8
%

 p
ts

 in
 th

e 
up

pe
r t

ho
ra

ci
c 

re
gi

on
;

62
.1

%
 in

 th
e 

m
ed

iu
m

 th
or

ac
ic

 re
gi

on
; a

nd
44

.8
%

 in
 th

e 
lo

w
er

 th
or

ac
ic

 re
gi

on

–
–

Fu
ku

sh
im

a 
et

 a
l. 

19
94

N
 =

 50
H

AM
 =

 14
H

C
 =

 36
H

TL
V-

1 
(n

o 
H

A
M

)  =
 0

*M
R

I p
er

fo
rm

ed
 in

 8
 p

at
ie

nt
s 

w
ith

 H
A

M
/T

SP
 g

ro
up

75
%

 p
at

ie
nt

s h
ad

 is
ol

at
ed

 W
M

 
ab

no
rm

al
iti

es
 (s

co
re

 is
ol

at
ed

 
le

si
on

s—
m

ea
n:

 1
.5

 ±
 0.

9)
13

%
 p

at
ie

nt
 h

ad
 W

M
 le

si
on

s i
n 

th
e 

pe
riv

en
tri

cu
la

r a
re

a
M

R
I s

co
re

 o
f i

so
la

te
d 

W
M

 
le

si
on

s i
n 

pe
riv

en
tri

cu
la

r 
ar

ea
 (m

ea
n:

 0
.5

 ±
 1.

4)
B

ifr
on

ta
l i

nd
ex

 –
 m

ea
n:

 3
1.

1
B

ic
au

da
te

 in
de

x 
– 

m
ea

n:
 1

1.
1

C
el

la
 m

ed
ia

 in
de

x 
m

ea
n:

 1
7.

9

M
R

I s
co

re
 o

f i
so

la
te

d 
W

M
 

le
si

on
s (

m
ea

n:
 0

.7
 ±

 0.
9)

M
R

I s
co

re
 o

f i
so

la
te

d 
W

M
 

le
si

on
s i

n 
th

e 
pe

riv
e-

nt
ric

ul
ar

 a
re

a 
(m

ea
n:

 
0.

7  ±
 0.

3)
B

ifr
on

ta
l i

nd
ex

 –
 m

ea
n:

 
30

.9
 ±

 2.
8

B
ic

au
da

te
 in

de
x 

– 
m

ea
n:

 
13

.8
 ±

 3.
0

C
el

la
 m

ed
ia

 in
de

x 
m

ea
n:

 
22

.2
 ±

 4.
3

–
–

N
o 

si
gn

ifi
ca

nt
 c

or
re

la
tio

n 
w

as
 

ob
se

rv
ed

 b
et

w
ee

n 
th

e 
sc

or
es

 
of

 a
bn

or
m

al
iti

es
 in

 th
e 

w
hi

te
 

m
at

te
r a

nd
 th

e 
du

ra
tio

n 
of

 
ill

ne
ss

 a
nd

 a
ge

 (p
 v

al
ue

 n
ot

 
in

fo
rm

ed
)

Th
er

e 
w

as
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 

in
 th

e 
M

R
I s

co
re

 o
f i

so
la

te
d 

w
hi

te
 m

at
te

r b
et

w
ee

n 
H

A
M

/
TS

P 
pa

tie
nt

s a
nd

 c
on

tro
ls

 
(p

 <
 0.

05
)

D
iff

er
en

ce
 b

et
w

ee
n 

H
A

M
/T

SP
 

an
d 

co
nt

ro
l b

ra
in

 a
tro

ph
y 

(n
ot

 
in

fo
rm

ed
)

M
el

o 
et

 a
l.

19
93

N
 =

 17
H

AM
 =

 17
H

C
 =

 0
H

TL
V-

1 
(n

o 
H

A
M

) =
 0

29
.4

%
 h

ad
 le

si
on

s i
n 

th
e 

W
M

 
in

 th
e 

pe
riv

en
tri

cu
la

r, 
17

.6
%

 
in

 th
e 

su
bc

or
tic

al
 a

nd
 b

ot
h 

(1
7.

6%
) r

eg
io

ns
11

.7
%

 h
ad

 le
si

on
s i

n 
th

e 
ce

re
br

al
 a

nd
 sp

in
al

 c
or

d 
W

M
 

(r
eg

io
n 

no
t i

nf
or

m
ed

)

–
23

.5
%

 h
ad

 th
or

ac
ic

 a
tro

ph
y

11
.7

%
 h

ad
 le

si
on

s i
n 

th
e 

ce
re

br
al

 a
nd

 sp
i-

na
l c

or
d 

W
M

 (r
eg

io
n 

no
t i

nf
or

m
ed

)

–
–

A
lc

in
do

r e
t a

l. 
19

92
N

 =
 46

H
AM

 =
 46

H
C

 =
 0

H
TL

V-
1 

(n
o 

H
A

M
)  =

 0

69
.6

%
 h

ad
 a

bn
or

m
al

iti
es

 in
 

th
e 

W
M

 a
t T

2 
(lo

ca
tio

n 
no

t 
in

fo
rm

ed
)

–
15

.2
%

 p
re

se
nt

ed
 a

bn
or

m
al

iti
es

 in
 th

e 
ce

rv
ic

al
 sp

in
al

 c
or

d 
at

 T
2

–
–

K
ira

 e
t a

l.
19

91
N

 =
 15

4
H

AM
 =

 35
H

C
 =

 0
H

TL
V-

1 
(n

o 
H

A
M

 =
 19

38
%

 p
at

ie
nt

s w
ith

 H
A

M
/T

SP
 

ha
d 

m
or

e 
th

an
 1

0 
le

si
on

s i
n 

th
e 

W
M

. T
he

 le
si

on
s d

id
 n

ot
 

ca
pt

ur
e 

co
nt

ra
st

W
M

 in
ju

rie
s w

er
e 

m
or

e 
fr

eq
ue

nt
 in

 th
e 

de
ep

 a
nd

 
su

bc
or

tic
al

 (7
7.

1%
) a

nd
 

pe
riv

en
tri

cu
la

r (
25

.7
%

) 
re

gi
on

s
11

.4
%

 h
ad

 le
si

on
s i

n 
th

e 
gr

ay
 

m
at

te
r

In
 th

e 
ot

he
r g

ro
up

s, 
le

ss
 

th
an

 1
0%

 h
ad

 m
or

e 
th

an
 

10
 le

si
on

s i
n 

th
e 

W
M

–
–

Th
e 

nu
m

be
r o

f i
nj

ur
ie

s w
as

 
hi

gh
er

 in
 p

at
ie

nt
s w

ith
 H

A
M

/
TS

P 
co

m
pa

re
d 

to
 c

on
tro

ls
 

(m
or

e 
th

an
 1

0 
in

ju
rie

s;
 

p <
 0.

00
1;

 m
or

e 
th

an
 3

 
in

ju
rie

s;
 p

 <
 0.

00
1;

 m
or

e 
th

an
 

1 
in

ju
ry

, p
 <

 0.
01

) a
nd

 th
os

e 
w

ith
 H

TL
V

1 
an

d 
w

ith
ou

t 
H

A
M

/T
SP

 (m
or

e 
th

an
 1

0 
in

ju
rie

s, 
p <

 0.
05

)

11Journal of NeuroVirology (2022) 28:1–16



1 3

Ta
bl

e.
2 

  (
C

on
tin

ue
d)

A
ut

ho
rs

ye
ar

Po
pu

la
tio

n 
ch

ar
ac

te
ri

st
ic

s
Br

ai
n 

le
sio

ns
Sp

in
al

 c
or

d 
le

sio
ns

C
om

pa
ri

so
ns

 b
et

w
ee

n 
gr

ou
ps

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 

H
TL

V-
1 

pa
tie

nt
s w

ith
ou

t 
H

A
M

/T
SP

H
A

M
/T

SP
 p

at
ie

nt
s

H
ea

lth
y 

co
nt

ro
ls 

or
 H

TL
V-

1 
pa

tie
nt

s w
ith

ou
t H

A
M

/T
SP

Ru
dg

e 
et

 a
l.

19
91

N
 =

 44
H

AM
 =

 26
H

C
 =

 0
H

TL
V-

1 
(n

o 
H

A
M

)  =
 0

27
6.

9%
 p

at
ie

nt
s w

ith
 H

A
M

/
TS

P 
pr

es
en

te
d 

ab
no

r-
m

al
iti

es
 th

at
 w

er
e 

lo
ca

te
d 

in
 th

e 
pe

riv
en

tri
cu

la
r r

eg
io

n 
(7

3.
1%

), 
in

 th
e 

ce
re

br
al

 W
M

 
(6

1.
5%

), 
br

ai
n 

ste
m

 (1
9.

2%
), 

an
d 

str
ia

te
d 

nu
cl

eu
s (

11
.5

%
)

–
61

.5
%

 w
ith

 H
A

M
/T

SP
 h

ad
 th

or
ac

ic
 sp

in
al

 
co

rd
 a

tro
ph

y
–

–

K
ira

 e
t a

l.
19

88
N

 =
 44

H
AM

 =
 22

H
C

 =
 0

H
TL

V-
1 

(n
o 

H
A

M
) =

 0

59
%

 p
at

ie
nt

s w
ith

 H
A

M
/T

SP
 

pr
es

en
te

d 
ab

no
rm

al
iti

es
 th

at
 

w
er

e 
lo

ca
te

d 
in

 th
e 

su
bc

or
ti-

ca
l a

nd
 d

ee
p 

ce
re

br
al

 W
M

 
(5

9%
), 

pe
riv

en
tri

cu
la

r (
27

%
) 

an
d 

w
er

e 
m

ul
tif

oc
al

 (3
6%

) 
an

d 
in

 th
e 

gr
ay

 m
at

te
r (

9%
)

18
%

 h
ad

 le
si

on
s i

n 
th

e 
su

b-
co

rti
ca

l a
nd

 d
ee

p 
ce

re
br

al
 

W
M

, a
nd

 p
er

iv
en

tri
cu

la
r 

re
gi

on
 (1

4%
)

28
%

 h
ad

 m
ild

 c
er

eb
ra

l o
r 

ce
re

be
lla

r a
tro

ph
y

–
–

In
ci

de
nc

e 
of

 le
si

on
s i

n 
th

e 
de

ep
 

an
d 

su
bc

or
tic

al
 W

M
 w

as
 

hi
gh

er
 in

 p
at

ie
nt

s w
ith

 H
A

M
/

TS
P 

co
m

pa
re

d 
to

 c
on

tro
ls

 
w

ith
 n

eu
ro

lo
gi

ca
l d

is
ea

se
s 

(p
 <

 0.
02

)

To
ur

ni
er

-L
as

se
rv

e 
et

 a
l. 

19
87

N
 =

 2
H

AM
 =

 2
H

C
 =

 0
H

TL
V-

1 
(n

o 
H

A
M

) =
 0

10
0%

 p
at

ie
nt

s w
ith

 H
A

M
/

TS
P 

ha
d 

W
M

 le
si

on
s i

n 
th

e 
pe

riv
en

tri
cu

la
r a

re
a

50
%

 p
at

ie
nt

s w
ith

 H
A

M
/

TS
P 

ha
d 

W
M

 le
si

on
s i

n 
th

e 
co

ro
na

 ra
di

at
a

–
N

ot
 in

fo
rm

ed
–

W
M

 w
hi

te
 m

at
te

r, 
H

AM
/T

SP
 h

um
an

 T
-c

el
l l

ym
ph

ot
ro

pi
c 

vi
ru

s t
yp

e 
1–

as
so

ci
at

ed
 m

ye
lo

pa
th

y/
tro

pi
ca

l s
pa

st
ic

 p
ar

ap
ar

es
is

, H
TL

V-
1 

hu
m

an
 T

-c
el

l l
ym

ph
ot

ro
pi

c 
vi

ru
s t

yp
e 

1,
 S

C
C

SA
 sp

in
al

 c
or

d 
cr

os
s-

se
ct

io
na

l a
re

a,
 H

C
 h

ea
lth

y 
co

nt
ro

l, 
C

SF
 c

er
eb

ro
sp

in
al

 fl
ui

d,
 A

PD
 a

nt
er

op
os

te
rio

r d
ia

m
et

er
, T

D
 tr

an
sv

er
se

 d
ia

m
et

er
, C

SA
 c

ro
ss

-s
ec

tio
na

l a
re

a,
 R

AT
  th

e 
ra

tio
 o

f t
he

 A
PD

 to
 T

D
, M

RI
 m

ag
ne

tic
 

re
so

na
nc

e 
im

ag
e,

 M
S 

m
ul

tip
le

 sc
le

ro
si

s, 
IQ

R 
in

te
rq

ua
rti

le
 ra

ng
e

12 Journal of NeuroVirology (2022) 28:1–16



1 3

after the onset of myelopathy (Kira et al. 1991), and were 
less frequent in the chronic phase of the disease (Vilchez 
et al. 2014). However, in a study of patients with HAM/TSP, 
longer disease duration was associated with a greater num-
ber of white matter lesions in the brain (Kira et al. 1991). 
Increasing age was associated with lesions in the periven-
tricular region (Puccioni-Sohler et al. 2012) in patients with 
HAM/TSP, and with an increase in the number of lesions in 
white matter in patients with HTLV-1 and without HAM/
TSP (Morgan et al. 2007).

Spinal changes were seen in 16 of 18 articles. Atrophy 
was the most frequent finding, being more frequent in the 
thoracic (Rudge et al. 1991; Melo et al. 1993; Ferraz et al. 
1997; Howard et al. 2003; Cervilla et al. 2006; Yukitake 
et al. 2008; Kuriyama et al. 2009; Evangelou et al. 2014; 
Liu et al. 2014; Vilchez et al. 2014; Taniguchi et al. 2017) 
and cervical (Ferraz et  al. 1997; Howard et  al. 2003; 
Cervilla et al. 2006; Yukitake et al. 2008; Puccioni-Sohler 
et al. 2012; Evangelou et al. 2014; Liu et al. 2014; Vilchez 
et al. 2014; Taniguchi et al. 2017) regions. This atrophy is 
greater than in controls (Evangelou et al. 2014; Vilchez et al. 
2014; Taniguchi et al. 2017), and is associated with the time 
of disease progression (Ferraz et al. 1997; Cervilla et al. 
2006; Vilchez et al. 2014), motor disability (supported gait 
or without march) (Cervilla et al. 2006; Liu et al. 2014), 
and increase of IgG on CSF (Rudge et al. 1991). Besides, 
mild or severe cases of spinal atrophy also showed lesions 
in the subcortical white matter in patients with HAM/TSP. 
(Cervilla et al. 2006).

White matter involvement was also more frequent in the 
cervical and thoracic regions (Howard et al. 2003; Umehara 
et al. 2007; Yukitake et al. 2008; Puccioni-Sohler et al. 2012; 
Vilchez et al. 2014; Gao et al. 2018). The clinical/neuro-
logical manifestations in these patients are more severe and 
involve paraparesis (Puccioni-Sohler et al. 2012; Vilchez 
et al. 2014), urinary incontinence, sensory loss to light touch 
(Vilchez et al. 2014), and EDSS score (6.5–7.5) (need bilat-
eral assistance to walk or wheelchair users) (Yukitake et al. 
2008; Puccioni-Sohler et al. 2012). It is not yet clear why 
the neurological damage appears preferably in these specific 
regions. A factor that could explain this selectivity would 
be the migration of immune cells through the blood–brain 
barrier where blood flow is slower, that is, in the thoracic 
sections of the vertebral and Adamkiewicz arteries (Izumo 
2010).

Neuroinflammation favors the occurrence of spinal cord 
damage in patients with HAM/TSP. The articles in this 
review show that active inflammation in the cerebrospinal 
fluid (CSF) (Puccioni-Sohler et al. 2012), the increase in 
IgG in the CSF (Yukitake et al. 2008), and the increase in 
the proviral load (Rudge et al. 1991) are associated with 
greater severity of myelopathy. This more severe form 
is developed by 10% of patients with HAM/TSP and is 

associated with lesions in the spinal cord and brain white 
matter (Yukitake et al. 2008).

Most of the included studies describe spinal cord white 
matter injuries and mean age over 50 in the groups of 
patients with HAM/TSP. Therefore, it is possible that 
microdegeneration resulting from senescence, which also 
promotes nonspecific lesions in white matter, may con-
tribute to changes in the MRI of the infected population 
(Puccioni-Sohler et al. 2012).

Functional capacity was assessed in 19 of 23 articles. 
Neurological/functional impairment was assessed using 
scores from six different scales: EDSS (3.5–7.0) (Kira 
et al. 1988, 1991; Ferraz et al. 1997; Howard et al. 2003; 
Griffith et al. 2006; Morgan et al. 2007; Yukitake et al. 
2008; Kuriyama et al. 2009; Puccioni-Sohler et al. 2012; 
Evangelou et al. 2014; Liu et al. 2014; Taniguchi et al. 
2017), SNRS (56) (Liu et  al. 2014), IPEC (15–17.8) 
(Evangelou et al. 2014; Liu et al. 2014), OMDS (3.4–6.0) 
(Puccioni-Sohler et al. 2012; Taniguchi et al. 2017), FIM 
(111) (Kuriyama et al. 2009), and AI (5) (Liu et al. 2014), 
and few studies used cognitive tests (Kalil et al. 2021), 
manual muscle testing (MMT) (Douen et al. 1997; Gao 
et al. 2018) or gait assessment (Cervilla et al. 2006), or 
description of the neurological condition (Tournier-
Lasserve et al. 1987). Three of them found an association 
between spinal cord alterations and functional impairment 
(Cervilla et al. 2006; Yukitake et al. 2008; Liu et al. 2014), 
four found no association (Ferraz et al. 1997; Evangelou 
et al. 2014; Vilchez et al. 2014; Taniguchi et al. 2017), 
and ten did not perform this analysis (Tournier-Lasserve 
et al. 1987; Kira et al. 1988, 1991; Fukushima et al. 1994; 
Douen et al. 1997; Howard et al. 2003; Griffith et al. 2006; 
Kuriyama et al. 2009; Puccioni-Sohler et al. 2012; Gao 
et al. 2018). In patients with HAM/TSP, thoracic spinal 
cord atrophy (Cervilla et al. 2006; Liu et al. 2014) and 
thoracic and cervical spinal cord white matter lesions 
(Yukitake et al. 2008) were associated with functional 
worsening.

Eighteen of the twenty-three studies included defined 
the eligibility criteria for patients with HAM/TSP. The 
way to classify patients as having this myelopathy varied 
between studies. Despite this, in four studies, a neurologi-
cal examination was performed for the diagnosis of HAM/
TSP, which may have reduced the classification error (Kira 
et al. 1988; Rudge et al. 1991; Melo et al. 1993; Vilchez 
et al. 2014). Thirteen out of twenty-three articles did not 
identify the distribution of the participants by gender (Kira 
et al. 1991), the duration of the disease (Tournier-Lasserve 
et al. 1987; Kira et al. 1991; Alcindor et al. 1992; Melo 
et al. 1993; Howard et al. 2003; Umehara et al. 2007; 
Morgan et al. 2007; Yukitake et al. 2008; Evangelou et al. 
2014; Liu et al. 2014; Kalil et al. 2021), and the aver-
age age of a group of participants (Alcindor et al. 1992; 
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Fukushima et al. 1994; Griffith et al. 2006; Yukitake et al. 
2008), impairing the evaluation of the external validity of 
these studies.

Sixteen of twenty-three studies did not define which pro-
fessionals performed the interpretation of the MRI (Kira 
et al. 1991, 1988; Rudge et al. 1991; Alcindor et al. 1992; 
Melo et al. 1993; Fukushima et al. 1994; Douen et al. 1997; 
Ferraz et al. 1997; Howard et al. 2003; Cervilla et al. 2006; 
Griffith et al. 2006; Umehara et al. 2007; Liu et al. 2014; 
Evangelou et al. 2014; Taniguchi et al. 2017; Gao et al. 
2018). In only three of these studies, blinding was performed 
at this stage (Morgan et al. 2007; Vilchez et al. 2014; Kalil 
et al. 2021). This lack of blinding may have led to a greater 
appreciation of changes in imaging tests among symptomatic 
patients, overestimating the results found.

Seven out of twenty-three studies defined a standardiza-
tion to direct the investigation of brain injuries. As for the 
spinal cord, there was a variation in the anatomical regions 
evaluated. Magnetic fields ranging from 0.5 to 3.0 T were 
used, and ten of 23 articles did not specify the sequences 
used to obtain the images, and four of the 23 articles did not 
report the quality of the resonance equipment. The quality of 
the equipment used over the years may have underestimated 
the findings of the oldest studies.

This review points to some gaps in the literature. There 
are no cohort studies evaluating whether the clinical progres-
sion of spinal cord disease occurs in parallel with brain and 
spinal cord atrophy or the progression of brain and spinal 
cord white matter lesions. These prospective studies would 
make it possible to assess whether progression of cognitive 
changes is associated with worsening brain neuroimaging 
in both asymptomatic patients and those with HAM/TSP.

Conclusion

The systematic review of the literature on brain and spinal 
changes verified through magnetic resonance in patients 
with HAM/TSP reveals a small number of studies, with sev-
eral methodological differences. The data on patients such as 
age at onset of the disease, duration of disease progression, 
diagnostic criteria for HAM/TSP disease, ethnic origin of 
the patients, analysis methodology, and MRI device used 
varied a lot and were not always available in the articles. In 
addition, the heterogeneity of the methods employed proved 
to be a problem for comparing the results and makes it dif-
ficult to replicate the studies.

In these studies, lesions in the brain white matter and spi-
nal cord atrophy were the most frequently reported changes. 
Changes in spinal cord white matter and brain atrophy have 
also been described. There was no contrast uptake in brain 
injuries, but there was in spinal cord injuries.
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