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Lymphotropic Virus Type I Infection
Lilian Felipe, ScM,* Denise Utsch Gonçalves, MD, PhD,*
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Study Design. Cross-seccional analysis.
Objective. To define the clinical usefulness of vestibular-evoked myogenic potential (VEMP) in detecting cervical medullar involvement related to human T-cell lymphotropic virus type 1 (HTLV-1) associated myelopathy/
tropical spastic paraparesis (HAM/TSP).
Summary of Background Data. VEMP is generated by
acoustic or galvanic stimuli, passing through the vestibulo-spinal motor tract, the spinal nerves and recorded
by means of surface electrodes on the sternocleidomastoid muscle. HAM/TSP is a progressive inflammatory myelopathy with predominant lesions at the thoracic spinal
cord level, although the cervical spine can be affected.
VEMP may be of value to investigate cervical myelopathy.
Methods. Seventy-two individuals were evaluated of
whom 30 HTLV-1 were seronegative and 42 HTLV-1 seropositive (22 asymptomatic, 10 with complaints of walking
difficulty without definite HAM/TSP and 10 with definite
HAM/TSP). VEMP was recorded using monaural delivered
short tone burst (linear rise-fall 1 millisecond, plateau 2
milliseconds, 1 KHz) 118 dB NA, stimulation rate of 5 Hz,
analysis time of 60 milliseconds, 200 stimuli, band pass
filtered between 10 and 1.500 Hz.
Results. VEMP was normal in the seronegative group
(30 controls). In the seropositive, abnormal VEMP was
seen in 11 of 22 (50%) of the HTLV-1 asymptomatic carriers, in 7 of 10 (70%) of those with complaints of walking
difficulty and in 8 of 10 (80%) of the HAM/TSP patients. In
this last group, the pattern of response was different. No
VEMP response was more frequent when compared with
the HTLV-1 asymptomatic group (2-tailed P-value ⫽
0.001).
Conclusion. VEMP may possibly be useful to identify
patients with cervical myelopathy and to distinguish vari-
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able degrees of functional damage. Minor injury would be
related to latency prolongation and major injury to no
potential-evoked response.
Key words: electrophysiology, viral infections, spinal
cord infection, vestibular-evoked myogenic potential, cervical spine, HTLV-1 associated myelopathy. Spine 2008;
33:1180 –1184

Human T-cell lymphotropic virus type 1 (HTLV-1) was
the first retrovirus linked to human disease and is transmitted sexually, by blood and from mother to child,
mainly through breastfeeding.1 The 2 major HTLV-Iassociated diseases are adult T-cell leukemia/lymphoma
and HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP).1 The majority of the HTLV-1
infected persons remain healthy asymptomatic lifelong
carriers. Of those who have the related diseases, about
5% may develop adult T-cell leukemia/lymphoma2 and
1% HAM/TSP.3 The concomitant occurrence of both
diseases in a same individual has rarely been described.4
What defines the predisposition to disease development
has been associated mainly to host genetic polymorphisms.5
HAM/TSP is a slowly progressive myelopathy with
pyramidal tract signs, sphincter disturbances, and mild
sensory deficit.6 Lesions predominate at the thoracic spinal cord level.7 However, cervical abnormalities have
also been described.8,9 Diagnosis is based on clinical
criteria and the detection of antibodies to HTLV-I in
serum and/or in cerebrospinal fluid.10 Strategies related to early diagnosis have epidemiological and therapeutic implications.10
Several reports on electrophysiological tests related to
HAM/TSP have been published.11,12 Vestibular-evoked
myogenic potential (VEMP) may be a test of value to
investigate cervical myelopathy in HAM/TSP, because as
it evaluates cervical medullar functional response, it may
lead to early diagnosis.
VEMP is a middle-latency evoked potential generated
by a vestibulo-spinal muscle reflex recorded in the ipsilateral muscle, more commonly the sternocleidomastoid
(SCM), in response to intense acoustic or galvanic stimulation of the saccule in the internal ear.13 VEMP explores the sacculo-collic pathway which goes from the
saccular macula through its primary vestibulo-spinal
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neurons to the lateral vestibular nucleus, the medial vestibular tract and finally to the motor neurons of the ipsilateral SCM.13,14 The myogenic origin generates the
biphasic morphology in a positive-negative wave form
(P13-N23).13 Damage to any of the structures related to
the VEMP pathway results in abnormalities of these potential.15,16 The VEMP applicability has been studied for
many diseases of the internal ear and brain stem, including Meniere’s disease,17,18 vestibular neuritis19, superior
canal dehiscence syndrome,20 basilar type migraine,21
multiple sclerosis16,22 spinocerebellar degeneration,23
brain stem stroke,24 cerebellopontine angle tumor,25
acoustic neuroma,26 benign paroxysmal positional vertigo,27 and traumatic medullar lesion.28 As regards
VEMP parameters, the prolongation of latency has been
related to neural damage.15,16
VEMP may evaluate the cervical spine, since the last
synapsis of the arc-reflex from the ear to the muscle occurs in the second cervical spinal nerve.28 The purpose
of the present study was to evaluate VEMP in a group
of HTLV-1 infected patients, with and without HAM/
TSP to verify the clinical utility of this examination in
detecting functional cervical vestibulo-spinal tract abnormality.
Materials and Methods
Subjects
The Interdisciplinary HTLV-1/2 Research Group (GIPH) was
started in 1997 as an open prevalent cohort of HTLV infected
individuals from Minas Gerais State, Brazil, aiming to study
the natural history, clinical manifestations, and epidemiological aspects of this infection.29 It has now over 700 individuals with HTLV-1 infection and negative controls who
have been followed since 1997. The seroprevalence of
HTLV-1 infection among eligible blood donors from Minas
Gerais State is 0.32%.30
For this study, 72 participants from the GIPH cohort were
submitted to VEMP. They were separated into 4 groups: (1) 30
HTLV-1 seronegative without neurologic complaints and with
normal clinical examination (negative control); (2) 22 asymptomatic individuals infected by HTLV-1 (positive control); (3)
10 HTLV-1 seropositive individuals with walking complaints
related to fatigue, but normal knee reflexes and extensor plantar responses; (4) 10 individuals with definite HAM/TSP.10
The inclusion criteria were vestibulo-coclear normality, defined by absence of complaints related to its function, normal
hearing, normal external ear canal, and tympanic membrane
and absence of head-shaking nystagmus.31
This research project was evaluated and approved by the
Research Ethical Committee of Minas Gerais Federal University. Informed consent was obtained from all participants according to the Declaration of Helsinki.

The acoustic stimuli were short tone burst (1 KHz, 118
dBHL, rise-fall 1 millisecond, plateau 2 milliseconds) presented
through a supra-aural earphone. The stimulation rate was 5 Hz
and the analysis time for each response was 60 milliseconds;
200 responses were averaged for each run. Two consecutive
runs were performed on the same ear to verify reproducibility.
The electromyographic signals were amplified and band-pass
filtered between 10 and 1.500 Hz (Bio-logic Program). The
responses were recorded twice in both sides, to confirm replication.33 The tests were conducted in a silent and acoustically
treated environment.
The measured parameters were the peak latency (in ms) of
the 2 early waves P13-N23; and the peak to peak amplitude of
the P13-N23 waves with the asymmetry amplitude index below 34%, used to control muscular symmetry between sides.34

Data Analysis
The VEMP analysis was double-masked and done at the end of
the study. The VEMP patterns of response to the acoustic stimulus considered in the analysis were “P13-N23 latency prolongation” or “no response”. These parameters were compared
among the groups. Statistical tests were performed using the
statistical computer program EPI-INFO 6.04. Shapiro-Wilk,
T-paired test, 2 test and Fisher’s Exact Method were used for
the statistical analysis. Differences or changes in P values less
than 0.05 were considered to be statistically significant.
The accuracy of the examination was assessed calculating
sensitivity and specificity. The true positives (disease present)
were those with definite HAM/TSP10 and the true negatives
those from the negative control group, according to the inclusion criteria. In the analysis of the predictive value, the HTLV-1
prevalence considered was 0.32%.30

Results
The studied groups consisted of 13 men and 17 women
not infected by HTLV-1 and 15 men and 27 women
infected by HTLV-1 (P ⫽ 0.9). HTLV-1 seropositivity
was defined by repeated reactive EIA tests (Ortho), with
positive Western blot (Cambridge Biotech). The mean
age was 48.9 among the HTLV-1 seropositive individuals and 45.2 among the seronegative individuals (P ⫽
0.7). Table 1 presents P13-N23 latency comparison.
Regarding VEMP patterns of response among the
groups, Table 2 shows that P13-N23 latency prolongation and no response were more frequent in the HTLV-1
groups, compared with the seronegative group. The
same analysis using only the groups infected by HTLV-1
was done, considering the HTLV-1 asymptomatic carriers as the group with lower risk of VEMP abnormalities.
Table 1. VEMP P13-N23 Latencies (Means) in 30 HTLV-1
Seronegative and 42 Seropositive Individuals
HTLV-1

Materials
The electromyographic activity was recorded from the upper
half of the SCM muscle using surface electrodes, with a reference on the upper sternum and a ground electrode on the forehead. During each recording session, in the seated position,
the subject was instructed to rotate the head towards the
contralateral side of the tested ear to keep the SCM muscle
under tension.32

Variables
P13 latency (ms)
N23 latency (ms)

Negative
(Mean ⫾ SD)
(N ⫽ 30)

Positive
(Mean ⫾ SD)
(N ⫽ 42)

P

13.66 ⫾ 0.52
23.23 ⫾ 0.95

14.84 ⫾ 1.59
24.60 ⫾ 1.85

0.0002 (t test)
0.0004 (t test)

GIPH cohort study. Belo Horizonte, Brazil, 2007.
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Table 2. VEMP P13-N23 Response in the HTLV-1 Seronegative and Seropositive Groups (N ⴝ 72)
VEMP Response

HTLV-1 Groups

Normal

P13-N23 Latency
Prolongation

P*

No Response

P*

Seronegative (N ⫽ 30)
Asymptomatic (N ⫽ 22)
Complaint of walking difficulty (N ⫽ 10)
HAM/TSP (N ⫽ 10)

30
11 (50%)
3 (30%)
2 (20%)

0
10 (45%)
3 (30%)
3 (30%)

1
0.00003
0.003
0.02

0
1 (5%)
4 (40%)
5 (50%)

1
0.29
0.0005
0.0005

GIPH cohort study. Belo Horizonte, Brazil, 2007.
*2-tailed P-value.

It was seen that P13-N23 latency prolongation was more
frequent among the asymptomatic carriers than among
the patients complaining of walking difficulty or with
definite HAM/TSP (Table 3). Conversely, no response
after the acoustic stimulus was more frequent among the
patients complaining of walking difficulty (P ⫽ 0.04) or
with definite HAM/TSP (P ⫽ 0.01). Figure 1 displays the
difference among the groups.
Considering the accuracy of VEMP to define cervical
spinal cord neural dysfunction, the sensitivity was 80%
(8 of 10) for definite HAM-TSP and the specificity was
100% (30 of 30).
Discussion
The lesion in the tissue of the central nervous system
caused by HTLV-1 is associated to dense infiltrates of
mononuclear cells, largely CD8⫹ lymphocyte response.5
Thus, in terms of medullar injury, HAM/TSP is considered an inflammatory disease, in which cellular damage
leads to demyelination.5
The increasing interest in VEMP is because of its
property of eliciting neurogenic vestibular-evoked potentials in a noninvasive manner, it is easy to perform,
to interpret and does not cause any discomfort to the
patient.
Currently, the most important parameters considered
in the VEMP analysis are P13-N23 latency and amplitude. However, amplitude may vary according to age,35
muscle strength34,36 and cochlear diseases.17,18 In spite
of having these variables controlled in the present study,
possible bias related to amplitude, which could induce to
false positive results, has discouraged its consideration as
a parameter for defining abnormalities in neural conduc-

tion. Therefore, latency prolongation and no response
were the parameters considered in the analysis of the
VEMP. The quality of the test was guaranteed by the
presence of a biphasic wave P13-N23 in VEMP of the 30
controls, which was validated by previously published
literature33–37 and by an amplitude asymmetry index below 34%, which controlled variations of muscular
strength between the 2 tested sides.34,36
In terms of sensitivity, the HAM/TSP group was the
gold standard for the presence of medullar injury.10 A
gradient of abnormal VEMP going from asymptomatic
carriers (50%), patients with walking difficulty (70%) to
patients with HAM/TSP (80%) was observed. Taking
into account that VEMP is an objective test, this result
identified variable degrees of functional abnormality
(Table 2). Hence, this examination was showed to have
sensitivity enough to detect early functional medullar
damage. In case of therapeutic follow-up, VEMP may be
of value to evaluate recovery.
Regarding VEMP parameters no response and latency
prolongation, the most common finding in HAM/TSP
patients was no response, while in those HTLV-1 infected individuals without myelopathy, this alteration
was less frequent (Table 3). These data support the idea
that a correlation between the degree of neural damage
and a VEMP parameter may exist. Severe and massive
neural lesions usually lead to a total failure of conduction, known as conduction block, with no response in
VEMP.15 Delayed-evoked response has been traditionally attributed to impaired focal conduction through focal demyelination, as in multiple sclerosis16,22
In terms of specificity, the accuracy of VEMP to define
the absence of functional disease in the cervical spine was

Table 3. VEMP P13-N23 Response in HTLV-1 Asymptomatic Individuals, in HTLV-1 Infected Individuals With Complaint
of Walking Difficulty Without HAM/TSP and in Individuals With HAM/TSP (N ⴝ 42)
VEMP

HTLV-1 Groups

Normal

P13-N23 Latency
Prolongation

P*

No Response

P*

Asymptomatic (N ⫽ 22)
Complaint of walking difficulty (N ⫽ 10)
HAM/TSP (N ⫽ 10)

11 (50%)
3 (30%)
2 (20%)

10 (45%)
3 (30%)
3 (30%)

1
1
1

1 (5%)
4 (40%)
5 (50%)

1
0.04
0.01

GIPH cohort study. Belo Horizonte, Brazil, 2007.
*2-tailed P-value.
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Figure 1. VEMP response distribution according to the HTLV-1 evaluated group. GIPH cohort study. N ⫽ 42. Belo Horizonte, Brazil, 2007.

considered satisfactory, being guaranteed by the evaluation of the seronegative control group (100% normal
VEMP).
Concerning its predictive value, VEMP is worthless in
terms of myelopathy diagnosis. As an evoked potential,
the abnormality is the same for demyelization,16,22 ischemia,24 compression25 or trauma.28 The information derived from an abnormal VEMP is related to a defect in
the neural conduction itself. Therefore, the positive predictive value must be analyzed in terms of the prevalence
of the evaluated disease in the population. Conversely,
the negative predictive value is important, because in
case of medullar disease suspicion, a normal VEMP result can be the assurance of a functionally normal cervical spinal cord.
The value of VEMP has also been studied using galvanic electrical stimulation and the examination could
provide information about the level of the spinal cord
injury.28 VEMP using acoustic stimulus evaluates the
vestibulo-spinal tract up to the second cervical spinal
nerve, which is a disadvantage when compared with galvanic stimulation that can evaluate the spinal cord as a
whole.13,28 The advantages of using acoustic stimuli are
that the examination is more comfortable and safe to the
patient, the equipment is more accessible and the technique easier, when compared with galvanic electrical
stimulation.
In terms of cervical spine, the great majority of HAM/
TSP patients (80%) had abnormal VEMP when compared with none in the HTLV-1 seronegative control
group. Recent studies have supported the hypothesis that
cervical spinal cord in HAM/TSP could be more affected
than it was previously believed and that this alteration can
be related to the severity of the myelopathy prognosis.8,9
Concluding, according to the present research, accuracy enough was found to indicate the clinical use of
VEMP in the cervical functional spinal cord analysis.
VEMP, as any other evoked potential modality, allows
the detection of silent lesions, not displayed by neuroimaging or other neurophysiologic tests, opening the possibility of an early diagnosis in nontraumatic cervical
myelopathy. Perhaps, vague walking complaints in an

otherwise considered HTLV-1 healthy carrier indicate a
spine cord lesion (Figure 1). Prospective studies are necessary to answer this question. For this reason, the participants of the GIPH cohort will from now on be submitted to VEMP each semester in order to correlate
neurologic progression and VEMP parameters.
Key Points
● Human T cell lymphotropic virus type 1
(HTLV-1) is associated with myelopathy/tropical
spastic paraparesis (HAM/TSP).
● HTLV-1 causes cervical myelopathy.
● VEMP is useful in HTLV-1 associated cervical
myelopathy precocious diagnosis.
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