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Abstract

Human T-lymphotropic virus type 1 (HTLV-1) infections are associated with varying degrees of
HTLV-1 viral load and spasticity. Increased viral load is associated with higher risk of developing
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). The authors performed a
cross-sectional study of 24 people with HAM/TSP in Lima, Perd, to determine if higher HTLV-1
viral load was correlated with increased muscle tone, measured with a device providing quantitative
spasticity assessment (QSA). Median HTLV-1 viral load was 17.0 copies/100 peripheral blood
mononuclear cells and QSA value was 39.9 Newton-meters/radian. HTLV-1 viral load was
significantly correlated with QSA value (Spearman rho = .48, P =.02), suggesting viral load may
play a role in expression of symptomatic neurologic disease. Longitudinal studies are needed to
determine if treatments that reduce viral load will reduce muscle tone.

Address correspondence to Joseph R. Zunt, MD, MPH, Harborview Medical Center, Department of Neurology, Box 359775, 325 Ninth
Avenue, Seattle, WA 98104-2499, USA. E-mail: E-mail: jzunt@u.washington.edu.

The current address of S. M. Mantano is U.S. Naval Medical Research Center Detachment, Lima, Per(.

This work was presented in part at the 12th International Conference on Human Retrovirology, Montego Bay, Jamaica, June 2005;
abstract P18.

Disclaimer. The views expressed in this article are those of the authors and do not necessarily reflect the official policy or position of
the Department of the Navy, Department of Defense, the U.S. Government, University of Washington nor Universidad Nacional Mayor
de San Marcos.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zunt et al.

Keywords

Page 2

human T-cell lymphotropic virus type 1 (HTLV-1); myelopathy; tropical spastic paraparesis

Background

Results

Of the estimated 10 to 20 million people worldwide infected with human T-cell lymphotropic
virus type 1 (HTLV-1), approximately 3000 are recognized as having HTLV-1-associated
myelopathy/tropical spastic paraparesis (HAM/TSP) (de The and Bomford, 1993; Leon et al,
1997; Osame, 1999). The lifetime incidence of HAM/TSP in HTLV-1-infected people is
between 0.25% and 2.4% (Kaplan et al, 1990; Maloney et al, 1998; Murphy et al, 1997).
Symptoms and signs of HAM/TSP usually develop during the fifth decade of life and typically
include leg weakness, back pain, and bladder dysfunction. Affected individuals eventually
develop spasticity in the lower limbs (Roman and Roman, 1988; Vernant et al, 1987).
Compared to HTLV-1-infected people without overt neurologic disease, people with HAM/
TSP have higher HTLV-1 viral load in cerebrospinal fluid (CSF) and peripheral blood
mononuclear cells (PBMCs) (Lezin et al, 2005; Nagai et al, 1998). In addition, higher HTLV-1
viral load is associated with more rapid progression of motor disability (Matsuzaki et al,
2001).

Spasticity is a state of increased muscle tone producing a velocity-dependent resistance to
muscle stretch. A device developed at the University of Washington measures displacement
and torque at the ankle and provides a quantitative spasticity assessment (QSA) of muscle tone
(Lehmann et al, 1989). In studies of muscle tone, mean QSA value was 24 Newton-meters/
radian (N-m/r) in adults without neurologic disease and 98 N-m/r in adults with spasticity due
to noninfectious neurologic conditions (Lehmann et al, 1989; Price et al, 1991). In a previous
study of women with asymptomatic HTLV-1 infection, muscle tone was significantly higher
in these women than in a control group of women without HTLV-1 infection (mean value 27.1
versus 21.6 N-m/r) (Zunt et al, 1999). Muscle tone in people with HAM/TSP (mean value of
62.7 N-m/r) was more than double that measured in women with asymptomatic infection (Zunt
et al, 1999, 2005).

In view of the high prevalence of spasticity in people with HAM/TSP, the association of higher
viral load with neurologic dysfunction, and the potential benefit of quantitative measurement
of spasticity for better understanding the pathogenesis of HAM/TSP and monitoring
therapeutic response, we examined the relationship between quantitative HTLV-1 viral load,
QSA, and neurologic dysfunction in people with HAM/TSP in Lima, Perd.

Of the 53 patients with myelopathy referred to the study, 43 (81%) were positive for HTLV-1
infection; 2 (4%) were indeterminate; and 8 (15%) were negative. Of the 43 positive subjects,
24 underwent evaluation with the QSA and were included in the analysis. HTLV-1 viral load
ranged from 0.1 to 63.8 copies/100 peripheral blood mononuclear cells (PBMCs), and QSA
value ranged from 14.09 to 234.3 N-m/r (Table 1). Eleven subjects had QSA performed on
both ankles, and values were highly correlated within individuals (ICC = 0.89, P <.001).
Demographics, neurologic symptoms, and neurologic signs are detailed in Tables 1 and 2 along
with their association with viral load and QSA value.

Higher HTLV-1 viral load was correlated with abnormal leg sensation, abnormal mental status,
bowel dysfunction, and bladder dysfunction and higher QSA value was associated with bowel
and bladder dysfunction (Table 1). Higher tally of neurologic signs and symptoms was

J Neurovirol. Author manuscript; available in PMC 2009 June 14.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Zunt et al.

Page 3

correlated with HTLV-1 viral load but not with QSA value (Table 2). QSA value was
significantly correlated with clinical measures of muscle tone at the hip, knee, and ankle but
viral load was not (Table 2). Quantitative HTLV-1 viral load was correlated with QSA value
(ICC =0.48, P =.02) (Figure 1).

Discussion

Methods

Spasticity eventually develops in all people with HAM/TSP. This study compared quantitative
muscle tone assessment with quantitative HTLV-1 viral load and neurologic signs and
symptoms in 24 patients with HAM/TSP. We know of no prior study comparing quantitative
measurements of muscle tone with viral load in people with HAM/TSP. Our prior study of
patients with HAM/TSP found mean QSA value was more than twice that measured in women
with asymptomatic HTLV-1 infection (62.5 versus. 27.1 N-m/r), implying that QSA value can
differentiate between people with and without HTLV-1-associated neurologic dysfunction.
This study expands upon those findings by demonstrating QSA value is also positively
correlated with quantitative viral load, suggesting higher viral load is associated with worse
neurologic status. In addition, we were able to demonstrate that QSA value is highly
reproducible within individuals and correlated well with the Ashworth scale measured at the
ankle.

Although QSA was significantly correlated with clinical measures of muscle tone, it was not
significantly correlated with other abnormal neurologic examination findings or with self-
reported neurologic symptoms, with the exception of bowel and bladder dysfunction. HTLV-1
viral load was not significantly correlated with clinical measures of muscle tone but was
correlated with tally of neurologic symptoms and signs. Thus, in people with HAM/TSP, QSA
provides a quantitative and specific measure of muscle tone, whereas viral load reflects broader
measures of neurologic dysfunction. By providing more sensitive quantitative measures for
detecting and monitoring neurologic dysfunction, QSA and HTLV-1 viral load together could
prove useful for studies of natural history and therapeutic efficacy. Long-term follow-up
studies will determine if higher viral load and QSA values are associated with development or
progression of HAM/TSP, and if fluctuations in viral load correlate with changes in QSA values
and with other neurologic dysfunction.

The main limitation of this study is the lack of data regarding variations in viral load and QSA
values over time in HTLV-1-infected people with and without neurologic symptoms. If muscle
tone and viral load fluctuate markedly from day to day, then QSA and PCR assays would be
of less value for studies of pathogenesis and treatment. In addition, we did not have information
regarding duration of infection and were therefore unable to examine the relationship between
length of infection with viral load or QSA values. Future studies will examine longitudinal
changes in QSA and viral load in HTLV-1-infected people with and without neurologic
disease.

The study protocol was approved by the University of Washington, Seattle, and Universidad
Nacional Mayor de San Marcos Institutional Review Boards in compliance of all applicable
Federal regulations governing the protection of human subjects.

Study design

Patients with clinical evidence of myelopathy were referred to neurologists at the Instituto de
Ciencias Neurolégicas (ICN) in Lima, Perd, for neurologic evaluation. Between March 1997
and November 1997, 53 patients with an onset in adulthood of progressive spastic paraparesis
with pyramidal tract signs and bladder dysfunction not due to trauma, nutritional deficiency,
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or other defined etiology were referred to the study to screen for HTLV-1 infection and to
undergo standardized neurologic evaluations. Sera were tested with enzyme-linked
immunosorbentassay (ELISA) for HTLV-1antibody (Cambridge Bioscience, Worcester, MA)
and confirmed with Western blot assay (HTLV-1/2 Blot 2.4,- Genelabs Diagnostics,
Singapore). ELISA-positive specimens were considered HTLV-1-seropositive if the Western
blot revealed bands representing Gag (p24 and p19), gp46, and Env proteins (GD21 and rgp-46-
). If Gag and Env proteins were absent but other HTLV-specific bands present, the individual
was considered indeterminate. Testing of CSF was not performed. Informed consent was
obtained from all study subjects. The study protocol was approved by the human subjects
committees of the University of Washington in Seattle, and the Universidad Nacional Mayor
de San Marcos in Lima, Per0.

Neurologist’'s assessment

Study neurologists (SM, JZ) administered a questionnaire and performed a neurologic
examination without knowledge of QSA or viral load. Questions addressed pain or sensory
dysfunction in the arms or legs, weakness of the limbs, stiffness, impotence, and incontinence
of bladder or bowel. The neurologic examination entailed a detailed and standardized
assessment of cranial nerve function, muscle strength, deep tendon reflexes, sensory function
(light touch, pinprick, and vibration), coordination, and gait. Each section of the neurologic
examination was coded as normal or abnormal. Number of neurologic symptoms and signs
was tallied for each subject and ranged from 0 to 13. Tone in the lower limbs was assessed at
the hip and knee using clinical tests described previously, and coded as either normal or
abnormal (Zunt et al, 1999). In addition, the Ashworth scale was used to assess tone at the
ankle and was coded between 0 and 4 (Haas et al, 1996).

Quantitative spasticity assessment

The QSA device developed at the University of Washington measures the variation in elastic
and viscous stiffness of the gastroc-soleus-achilles tendon unit by oscillating the foot over
precise sinusoidal displacements and measuring the resulting torque response of the tendon
unit (Lehmann et al, 1989). Assessment involved placing the subject prone on an examining
table with the foot attached to the machine by means of a footplate. The computer randomly
varied the frequency of sinusoidal oscillation. Displacement and torque were measured
simultaneously during the testing, and using Fourier analysis, the torsional stiffness was
measured in Newton-meters/radian. This single summary variable was derived for the left
ankle, unless there was a previous injury or surgery to that ankle, in which case the right ankle
was used. We performed QSA in a subset of subjects to examine the agreement between the
measures in both legs of an individual. In previous studies, this device has shown significant
and reproducible differences between people with and without spasticity resulting from
cerebral palsy, as well as a high degree of test-retest reliability in healthy subjects (correlation
coefficient of .907) (Lehmann et al, 1989; Price et al, 1991).

HTLV-1 real-time PCR

Genomic DNA was extracted from isolated PBMCs using the Puregene DNA Isolation Kit
(Gentra, Minneapolis, MN). HTLV-1 provirus load was measured by a real-time polymerase
chain reaction (PCR) assay (Nagai et al, 2001). The primer set for the HTLV-1 (pX) region was
5-ACACGTAGACTGGGTAT CCGAA-3' and 5'-ACAAAGTTAACCATGCTTATTAT
CAGC-3'. The Tagman fluorescent probe was 5-FAM-TTCCCAGGGTT-
TGGACAGAGTCTTCT-TAMRA-3'. One hundred nanogram of sample DNA was added to
a PCR mixture containing 1 x Tagman PCR master mix (Applied Biosystems, Foster city, CA),
200 nM of each primer, and 100 nM probe. Thermal cycler conditions were 2 min at 50°C, 10
min at 95°C, and 45 cycles of 15 s at 95°C, followed by 1 min at 60°C. Dilutions of HTLV-1
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DNA obtained from TARL-2, an HTLV-1-infected rat lymphoid cell line, were used to prepare
a standard curve. To control for variations in the input DNA, each sample was also analyzed
by a B-globin real-time PCR assay using primers 5-TGAAGGCTCATGGCAAGAAA-3' and
5-GCTCACTCAGTGTGGCAAAGG-3' and the fluorescent probe 5'-FAM-
TCCAGGTGAGCCAGGCCATCACTATAMRA-3'. The reaction and thermal conditions
were identical to the HTLV-1 assay. DNA extracted from the cell line A3.01, an uninfected
human T-cell line obtained from the NIH AIDS Research and Reference Reagent Program,
was used to prepare a -globin standard curve. All standards and samples were assayed in
triplicate in the iCycler IQ Real-Time Detection System (Biorad, Hercules, CA). The HTLV-1
proviral DNA load was calculated by the following formula: copy number of HTLV-1 (pX)
per 100 cells = (copy number of pX)/(copy number of 3-globin/2) x 100.

Statistical analysis

Associations were assessed using non-parametric tests: Spearman-rank testand Mann-Whitney
U, providing interclass correlation (ICC). All P values were two-sided, with significance set
at P < .05. Statistical analyses were performed with STATA v.8.0 (Stata Corporation, College
Station, TX) and SPSS v.11 (Advanced Statistics, Chicago, IL).
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Figure 1.

Scatterplot of quantitative Human T-lymphotropic virus type 1 (HTLV-1) PCR assay versus
quantitative muscle tone, as measured by quantitative spasticity analysis (QSA).
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