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Neuropsychological assessment in HTLV-1 infection:
a comparative study among TSP/HAM, asymptomatic
carriers, and healthy controls
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Background: Human T cell lymphotropic virus type 1 (HTLV-I) can cause tropical spastic paraparesis/
HTLV-1 associated myelopathy (TSP/HAM) and adult T cell leukaemia/lymphoma. More recently other
diseases such as isolated peripheral polyneuropathy, myopathy, artropathy, and uveitis have been
associated with this retrovirus. Only a few uncontrolled studies, without necessary exclusion criteria,
have described mild cognitive deficits among TSP/HAM patients. To further clarify this the authors
evaluated, through neuropsychological testing patients with TSP/HAM and asymptomatic infected car-
riers, comparing both groups with healthy controls.
Objectives: To verify the presence of cognitive deficits among TSP/HAM patients and asymptomatic
HTLV-1 infected carriers. In addition, the authors aimed to investigate if these deficits correlated with
the degree of motor impairment in TSP/HAM patients.
Methods: From a cohort of 501 HTLV-1 infected people the authors selected, according to predefined
inclusion and exclusion criteria, 40 asymptomatic HTLV-1 carriers and 37 TSP/HAM patients. Neuro-
psychological testing was blindly performed in both groups and their scores were compared with those
obtained from controls.
Results: Both the HTLV-1 carrier group and the group of patients with TSP/HAM exhibited a lower per-
formance in neuropsychological tests when compared with controls. Asymptomatic infected carriers
and TSP/HAM patients did not differ in their cognitive results. Also, there was no relation between the
degree of motor disability and cognitive deficits in the TSP/HAM group. Psychomotor slowing and
deficits in the some domains characterised the neuropsychological impairment in HTLV-1 infection: ver-
bal and visual memory, attention and visuomotor abilities.
Conclusions: TSP/HAM as well as asymptomatic infection can be associated with mild cognitive defi-
cits. This finding, if confirmed by further studies, will permit the inclusion of cognitive impairment among
the neurological manifestations of HTLV-1.

The human T cell lymphotropic virus type 1 (HTLV-1) is the
aetiological agent of tropical spastic paraparesis/HTLV-1
associated myelopathy (TSP/HAM)1 and adult T cell

leukaemia/lymphoma (ATLL).2 It is also implicated in other
clinical conditions, such as peripheral neuropathy, myopathy,
and uveitis.3–6 The interest for cognitive disturbances in HTLV-1
infection started after an increasing number of reports
describing brain abnormalities in magnetic resonance imag-
ing (MRI) of TSP/HAM patients. Because the white matter
lesions of TSP/HAM are in some aspects similar to those
observed in patients with multiple sclerosis or in HIV infected
people (both conditions with well known cognitive impair-
ment), the cognitive deficits in TSP/HAM patients are also
supposed to occur. Yet, only a few papers about this subject are
available in the literature. Most of the published literature on
cognitive disturbances in TSP/HAM describes psychomotor
slowing, attention deficits as well as visual and working
memory deficits. However, a number of methodological prob-
lems arise from these series. Extensive batteries for assessing
cognitive dysfunction have been used in only three of the nine
available papers,7–9 and in only one a control group was used.9

The remaining papers are either case reports,10–12 studies on
cognitive event related potentials,13 or epidemiological surveys
on the seroprevalence of HTLV-1 in demented patients.14 15

Therefore, there have been no entirely satisfactory studies
looking for cognitive deficits in HTLV-1 infected people using a
representative sample, comparing it with a control group and
using a full battery of neuropsychological tests. The aims of
this study are (1) to investigate the existence of cognitive dis-

turbances associated with TSP/HAM and whether it bears any

correlation with the degree of neurological disability of such

people, and (2) to check whether minor cognitive deficits are

present in asymptomatic carriers (AC) of the virus.

METHODS
TSP/HAM patients and AC were selected from a cohort of 501

HTLV-1 infected people from the Evandro Chagas Research

Institute/FIOCRUZ, Rio de Janeiro, Brazil. Forty AC and 37

TSP/HAM patients were selected in accordance with inclusion

and exclusion criteria. The control group included 111 healthy

people from a Brazilian normative databank of more than 300

persons. This databank has been previously created as a

control group for neuropsychological testing. Controls have

been matched with cases by age, sex, and educational level.

The inclusion criteria for the HTLV-1 group were: HTLV-1 anti-

bodies in serum (in AC group) and serum and CSF (in

TSP/HAM group) by ELISA and western blot analysis;

TSP/HAM diagnosis according to Osame’s criteria16; age over

18 and formal consent. The exclusion criteria for all the stud-

ied groups were: history, clinical or laboratory evidences of

overt dementia, mood or psychiatric disturbances, traumatic

brain injury, stroke, B12/folate deficiency, hypothyroidism,
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alcoholism, drug addiction, HIV infection, syphilis and

epilepsy; severe or non-corrected deafness or visual deficits;

motor impairment in arms or hands; use of psychotropic

drugs in the past four weeks; formal education level under five

years and lack of fluency in the Portuguese language. All the

HTLV-1 infected subjects were submitted to a clinical

interview and a full neurological examination by one of the

authors (MTTS). In addition, TSP/HAM patients were further

classified into mildly, moderately, or severely disabled accord-

ing to a previously validated disability scale (Evandro Chagas

Clinical Institute Disability Scale for TSP/HAM). This scale

bears a good correlation with the Kurtzke’s disability status

scale used in patients with multiple sclerosis and also widely

used in TSP/HAM.17 After fulfilling the inclusion criteria, TSP/

HAM patients and AC were sent to a formal neuropsychologi-

cal testing performed by a trained psychologist (AA). An

expert in neuropsychology (PM), who was blind to the clinical

status of each individual corrected and analysed the tests. The

neuropsychological battery used was: Mini-mental State

Examination (MMSE), Digit Symbol (DSY), Grooved Peg-

board with dominant and non-dominant hands (GDOM and

GNDOM, respectively), Stroop Test, consisting in Color (STRC)

and Color-Word (STRCW), verbal semantic and phonetic

fluency (animals, fruits, letters F, A and S), Digit Span

Forwards and Backwards (DSF and DSB, respectively),

Rey-Osterrieth Complex Figure (REY), Logical Memory I/II

(LM), Auditory-Verbal Learning Test (RA1–5, RAF-RAF3,

REV1–2 and REC), and parts A and B of Trail Making Test

(TRAILA/B). These tests where chosen because they are

extremely sensitive to minimal brain dysfunction and because

they have been previously validated in HIV infected people.18

Those tests investigate the main neuropsychological deficits

related to subcortical involvement: attentional dysfunction

(including mental flexibility or alternate attention), memory

disturbances (visual and verbal), visuoperceptual deficits and

visuomotor dexterity or speed.19 This profile is clearly distinct

from the one seen in cortical involvement.20 An in depth

description of these tests can be found elsewhere.21 All the

crude scores were analysed by a statistical software (Epinfo

version 6.0, DPHSI, CDC, USA). Non-parametric tests (χ2,

Kruskal-Wallis, and Mann-Whitney) were used and a p value

<0.05 was considered significant.

RESULTS
Table 1 shows the demographic features of the three groups.

There were no significant differences in terms of age, sex, and

educational level. We observed significant statistical differ-

ences in the raw scores of all tests when comparing the HTLV-1

positive group with the HTLV-1 negatives (table 2). There were

also significant differences in almost all tests when comparing

the scores of the AC group with the HTLV-1 negative group

(table 2). In contrast, the AC group did not differ significantly

from the TSP/HAM group, except in the part A of the Trail

Making Test, Digit Symbol, Digit Span Backward, and in some

Table 1 Demographic features of the groups

TSP/HAM (n=37) AC (n=40) HTLV-I negative (n=111) p Value

Age* 50.5 (9.1) 47.1 (8.9) 46.6 (11.8) 0.07‡
Schooldays* 8.4 (4.9) 9.6 (4.6) 9.8 (4.8) 0.07‡
Female† 20 16 67 0.08§

TSP/HAM, tropical spastic paraparesis/HTLV-I associated myelopathy; AC, asymptomatic carriers. *Average (SD); †absolute value; ‡Kruskall-Wallis; §χ2

test.

Table 2 Crude scores in the neuropsychological battery* (abbreviation list in appendix)

HTLV negative
(n=111)

HTLV positive
(n=77) p Value

Asymptomatic
(n=40)

HTLV negative
(n=111) p Value

Asymptomatic
(n=40)

HAM/TSP
(n=37) p Value

DSY 51 (14–88) 29 (2–92) <0.001 32.5 (7–59) 51 (14–88) <0.001 32.5 (7–59) 26.5 (2–92) 0.0350
GDOM 66 (54–123) 85 (59–187) <0.001 81.5 (59–156) 66 (54–123) <0.001 81.5 (59–156) 88 (61–187) 0.1378
GNDOM 76 (61–141) 86 (38–250) <0.001 88.5 (64–196) 76 (61–141) 0.6084 88.5 (64–196) 83 (38–250) 0.5678
STRC 112 (101–112) 112 (44–112) <0.001 112 (11–112) 112 (101–112) 0.138 112 (44–112) 112 (69–112) 0.4313
STRCW 86 (42–112) 70 (3–112) <0.001 67 (11–108) 86 (42–112) 0.024 67 (11–108) 70 (3–112) 0.4879
F 13.5 (3–26) 9 (8–20) <0.001 9.5 (5–16) 13.5 (3–26) <0.001 9.5 (5–16) 9 (4–20) 0.6855
A 13 (3–24) 9 (2–18) <0.001 8 (6–17) 13 (3–24) <0.001 8 (6–17) 9 (2–18) 0.1567
S 13 (3–25) 9 (2–17) <0.001 9.5 (5–14) 13 (3–25) <0.001 9.5 (5–14) 8 (2–17) 0.5306
Animals 19 (9–32) 14 (3–28) <0.001 13 (7–28) 19 (9–32) <0.001 13 (7–28) 14 (3–23) 0.2759
Fruit 16 (6–29) 12 (4–23) <0.001 13 (10–23) 16 (6–29) <0.001 13 (10–23) 14 (4–20) 0.2476
DSF 6 (3–8) 2 (2–8) 0.3197 6 (4–8) 6 (3–8) 0.7742 6 (4–8) 6 (2–7) 0.3082
DSB 4 (2–7) 4 (1–7) 0.4045 4 (2–7) 4 (2–7) 0.6127 4 (2–7) 4 (1–7) 0.0313
REY1 32 (18–32) 32 (5–32) 0.1569 32 (13–32) 32 (18–32) 0.6084 32 (13–32) 32 (5–32) 0.2865
REY2 20 (4–31) 15 (0–30) <0.001 15 (0–30) 20 (4–31) <0.001 15 (0–30) 16 (0–28) 0.7322
REY% 35 (3–84) 52 (6–100) <0.001 53 (6–100) 35 (3–84) 0.0013 53 (6–100) 47 (13–100) 0.7440
LM1 24 (13–36) 19 (3–43) <0.001 20 (9–43) 24 (13–26) <0.001 20 (9–43) 18 (3–34) 0.1807
LM2 19 (6–30) 15 (0–43) <0.001 15.5 (5–43) 19 (6–30) 0.0085 15.5 (5–43) 14 (0–35) 0.3070
LM% 20 (4–63) 22 (15–100) 0.8585 21.5 (8–62) 20 (4–63) 0.6700 21.5 (8–62) 24 (−15 to 100) 0.6794
RA1 6 (1–12) 5 (2–11) 0.0034 5 (3–11) 6 (1–12) 0.1228 5 (3–11) 5 (2–9) 0.1396
RA5 12 (7–15) 11 (1–15) 0.0022 11 (5–14) 12 (7–15) 0.0432 11 (5–14) 10 (1–15) 0.2620
RAF 6 (0–11) 5 (3–11) 0.1260 5 (2–10) 6 (0–11) 0.2011 5 (2–10) 5 (−3 to11) 0.8974
RAF2 −2 (−11 to 4) −3 (−8 to 2) 0.4992 −3 (−8 to 0) −2 (−11 to 4) 0.4753 −3 (−8 to 0) −2 (−6 to 2) 0.8441
RAF3 0 (−4 to 6) 0 (−3 to 3) 0.1690 1 (−3 to 3) 0 (−4 to 6) 0.0199 1 (−3 to 3) 0 (−3 to 3) 0.0374
REV1 10 (2–15) 8 (1–14) 0.0012 9 (3–13) 10 (2–15) 0.0257 9 (3–13) 8 (1–14) 0.3577
REV2 10 (4–15) 8 (1–14) 0.0150 8.5 (5–14) 10 (4–15) 0.2616 8.5 (5–14) 7 (1–12) 0.0466
REC 28 (20–30) 28 (10–30) 0.0811 28 (23–30) 28 (20–30) 0.4266 28 (23–30) 27 (10–30) 0.2611
TRAIL A 54 (24–120) 59 (22–300) 0.0024 56 (22–120) 54 (24–120) 0.1466 56 (22–120) 71 (31–300) 0.0255
TRAIL B 76 (34–300) 139 (56–300) <0.001 155 (56–300) 79 (34–300) <0.001 155 (56–300) 134 (58–300) 0.5816
TRAIL % 44 (0–436) 138 (0–466) <0.001 172.5 (29–466) 44 (0–436) <0.001 172.5 (29–466) 104 (0 to 385) 0.0049

*All the scores are represented in median (minimum–maximum) and the non-parametric test used was Mann-Whitney test.
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components of the Auditory-Verbal Learning Test (table 2). In

addition, except for the Grooved Pegboard with no-dominant

hand test, the performance in the neuropsychological tests

seemed not to be affected by the severity of the neurological

disability.

DISCUSSION
In our sample, HTLV-1 infection was associated with mild cog-

nitive deficits, characterised by impairments in psychomotor

speed, verbal fluency, verbal and visual memory, selective and

alternate attention (flexibility), and visuoconstructive abili-

ties. The AC group revealed a worse performance in several

tests when compared with the control group (table 2). The

association between “asymptomatic” infection and mild

cognitive deficit was also supported by a similar performance

when we compared the AC group with the TSP/HAM group

(table 2). A confounding factor (such as mood disorder) in the

TSP/HAM group that could bias the results is weakened by

this finding. Furthermore, the severity of the motor impair-

ment was not associated with a worse performance in the

TSP/HAM group. This suggests that either HTLV-1 infection in

itself could be responsible for this mild cognitive decline or

that, in fact, some of these so called asymptomatic carriers are

true neurological patients with a subclinical form of HTLV-1

associated cognitive dysfunction without myelopathy.

The first reports on the presence of MRI brain lesions in

TSP/HAM appeared soon after the initial TSP/HAM

description.22 23 The prevalence of this finding is said to be

around 50% to 80%, making us believe that these lesions were

not restricted to the spinal cord. These white matter lesions are

supposed to be caused by a chronic perivascular inflammation.

Akizuki et al demonstrated perivascular lymphocytic infiltra-

tion in the CNS, suggesting that vasculitis is an important

pathological feature of TSP/HAM.24 This may explain the

diffuse nature of such lesions, suggesting that TSP/HAM is in

fact a chronic multifocal leucoencephalopathy.

The pathogenesis of TSP/HAM is not fully understood. The

findings of infected T lymphocytes in the CNS suggest

transendothelial migration and passage of these cells through

the blood-brain barrier. This is regulated by cellular adhesion

molecules and some chemokines.25 26 The interaction between

infected lymphocytes and CD8+ cells in the CNS results in

release of cytokines, as TNFα, IL1, IL2, and IL6, with

subsequent destruction of glial tissue.27 It has been shown that

the supernatant of HTLV-1 infected cell cultures inhibits

endothelial growth and increases fibroblast growth, being this

phenomenon related to TNFα production.28 These observa-

tions explain the pathogenic nature of two pathological

features: the fibrous thickness of leptomeninges and adventi-

tia (by fibroblast proliferation) and lipohyalinosis of small

vessels (by suppression of endothelial cell growth). Moreover,
TNFα has a toxic effect on endothelial cells and an inhibitory
effect on DNA synthesis that changes the endothelial
morphology and compromises the blood circulation.29 Another
study that reinforces the vascular inflammation mechanism in
cerebral lesions is Kira’s study.14 After analysis of the HTLV-1
seroprevalence in a cohort of demented patients, they found
an association between vascular dementia and HTLV-1 sero-
positivity. They also demonstrated a relation between HTLV-1
and peripheral atherosclerosis, heart disease, and systemic
arterial hypertension. All these data strongly suggest that
white matter brain lesions may be inflammatory in nature and
that a vasculitis is implicated in its pathogenesis.

If we use multiple sclerosis and HIV infection as paradigms
for conditions in which cognitive dysfunction is associated
with white matter abnormalities, it is reasonable to suggest
that the same happens in HTLV-1 associated cognitive deficits,
although they are seem to be milder. White matter is critical to
motor, sensory, and visual systems. Lesions in such subcortical
structure contribute to a variety of neurobehavioural syn-
dromes. Because of the great connection between frontal lobes
and more posterior regions of the brain, and the ratio of white
to gray matter is higher in the right than the left hemisphere
(especially in the frontal lobes), diffuse white matter lesions
would preferentially disrupt attentional systems, frontal lobe
function, mental flexibility, visuospatial skills, and emotional
status.30 In fact, if at least one physiological function of the
frontal lobe is to integrate networks for combined action,
white matter multifocal partial lesions (like in multiple
sclerosis, HIV encephalopathy, and even TSP/HAM) could col-
lectively disrupt internetwork coordination and therefore lead
to the manifestations of a “frontal network syndrome”.31 This
is characterised by psychomotor slowing, decreased verbal
fluency, memory deficits, impaired vigilance, selective and
alternate attention deficits (flexibility), and impairment in
visuoconstructive abilities. Additionally, there is evidence that
brain white matter volume declines with age.32 This observa-
tion implies that mental changes associated with normal
aging may be in part attributable to myelin loss, and such
changes are very similar to “frontal network syndrome”. In
short, white matter is a crucial component of neural networks,
contributing to many syndromes seen in behavioural neurol-
ogy; the effects of white matter diseases should therefore be
clinically important.

A review of the literature about cognitive deficits in HTLV-1
infection detected only nine reports (table 3), most of them
uncontrolled and small. Of these, only one is, to some extent,
similar to ours.8 However, the main differences between both
studies are that neither necessary exclusion criteria (as
neuropsychological deficits may be correlated to a myriad of
conditions) nor a control group were used in that study.

Table 3 Summary of published studies on cognitive dysfunction in HTLV-I infection

Author Year Study
Number of
cases Control group

Sulkava et al15 1987 HIV and HTLV-I seroprevalence among
demented patients in Finland

69 No

Cartier et al11 1990 Case report 1 Not applicable
Cartier et al7 1992 Neuropsychological assessment in

TSP/HAM patient
12 No

Lycke et al12 1993 Case report 1 Not applicable
Fukushima et al13 1994 Cognitive assessment by evocated

potentials
14 36 HTLV-I negative

Castillo et al9 1995 Cognitive assessment by evocated
potentials, WAIS* and Benton’s test

16 10 patients with seronegative myelopathy

Kira et al14 1997 HTLV-I seroprevalence in demented
patients

130 139

Cartier et al10 1997 Case report 1 Not applicable
Cartier et al8 1999 Cognitive assessment with WAIS* and

Benton’s test
43 No

*Weschler Adult Intelligence Scale.

Cognitive dysfunction in HTLV-1 1087

www.jnnp.com

http://jnnp.bmj.com


Another interesting point is the reason by which a few
HTLV-1 infected people develop TSP/HAM. It has been shown
that TSP/HAM patients have a higher proviral load than
AC.33 34 This leads to a pronounced inflammatory response that
is considered the basic mechanism of myelopathy. However,
subjects with other neurological diseases, as peripheral
neuropathy, myopathy or isolated neurological signs in clinical
examination35 36 have a proviral load as high as TSP/HAM
(Andrada-Serpa MJ, personal communication). Therefore if
HTLV-1 infected people with cognitive dysfunction have a
mean proviral load similar to the one found in TSP/HAM
patients they could either represent a new subset of
neurological manifestation of HTLV-1 (HTLV-1 associated cog-
nitive dysfunction) or an initial, or subclinical, form of
TSP/HAM.

Unfortunately there are no data regarding necropsy
findings in AC people to determine whether they do have
white matter lesions in their brain similar those found in TSP/
HAM. In addition, the real prevalence of these lesions in brain
MRI in AC people is not completely known. However, Kira et al
have demonstrated that the prevalence of white matter lesions
in brain MRI is higher in asymptomatics than in HTLV-1
negative controls.37 On the other hand, it is well known that
HIV infected people can present cognitive deficits very early,
sometimes before the appearance of MRI abnormalities.38 39 If
the same applies to HTLV-1 this could justify the presence of
cognitive deficit in AC even with normal brain MRI. The dem-
onstration of mild cognitive deficits in AC is of utmost
importance; if these results can be replicated in a larger sam-
ple, it will be possible to affirm that mild cognitive could be
part of the neurological spectrum of HTLV-1. We are currently
testing the hypothesis that AC with measurable cognitive
deficits has higher proviral loads than AC with normal neuro-
psychological tests. If this proves to be true then cognitive
dysfunction could be included among the neurological mani-
festations of HTLV-1.

In summary, we found that, in this sample, HTLV-1 infection
was associated with mild cognitive deficits as demonstrated by
psychomotor slowing, decreased verbal fluency, deficits in ver-
bal memory recover and recognition, visual memory deficit,
selective and alternate attention deficits (flexibility), and
impairment in visuoconstructive abilities. Also, we found that
those deficits are independent of the presence of a myelopathy.
Although this cognitive dysfunction is mild, it could be
enough to impair the patient’s quality of life.

APPENDIX
Abbreviation list
DSY, digit symbol test; GDOM, grooved pegboard test with

dominant hand; GNDOM, grooved pegboard test with

non-dominant hand; STRC, Stroop color test; STRCW, Stroop

color-word test; F/A/S, fluency test (words begins with F, A,

and S; animals/fruit, fluency test (name of animals and fruit);

DSF, digit span forward; DSB, digit span backward; REY1/

REY2/ REY%, Rey-Osterrieth complex figure; LM1/LM2/LM%,

logical memory test; RA1/RA5/RAF/RAF2/RAF 3/REV1/REV2/

REC, words list of Rey; TRAIL A, trail making test part A;

TRAIL B, trail making test part B.
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