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Summary

Human T-lymphotropic virus type 1 (HTLV-1) is the aetiological agent of
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP). The
objective of this study is to identify which ex vivo and in vivo markers are
associated independently with HAM/TSP in a Peruvian population. Eighty-
one subjects (33 men/48 women) were enrolled: 35 presented with HAM/TSP,
33 were asymptomatic HTLV-1 carriers (ACs) and 13 were HTLV-1-
seronegative controls (SCs). Ex vivo markers included T cell proliferation and
Th1 [interferon (IFN)-g], Th2 [interleukin (IL)-4, IL-5], proinflammatory
[tumour necrosis factor (TNF)-a] and anti-inflammatory (IL-10) cytokine
production in non-stimulated peripheral blood mononuclear cell (PBMC)
cultures. In vivo CD4+ T cell count, markers of Th1 [interferon-inducible
protein (IP)-10] and Th2 (sCD30) activity in plasma and HTLV-1 proviral
load in PBMCs were also evaluated. In univariate analysis, several markers,
including T cell proliferation, IFN-g, IP-10, sCD30 and proviral load were
associated with HAM/TSP, but in a multiple logistic regression analysis only
the proviral load remained associated significantly with disease manifestation
[adjusted OR 9·10 (1·24–66·91)]. Our findings suggest that HAM/TSP is asso-
ciated primarily with proviral load, whereas the observed association with
some immune markers seems secondary.
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Introduction

Human T-lymphotropic virus type 1 (HTLV-1) was the first
human retrovirus described [1]. It has been estimated that
HTLV-1 infects 10–20 million people worldwide. Clinical
studies have revealed a high prevalence of HTLV-1 infection
in south-western Japan, whereas moderate rates have been
reported in the Caribbean, West Africa, Australia and
Central/South America [2]. In South America, Brazil, Peru
and Colombia show the highest rates of infection [3]. A
study carried out in Peru by Sanchez Palacios et al. reported
between 1 and 4% prevalence of HTLV-1 infection in women
from three different ethnic groups: Indigenous, African
American and Mestizo [4].

HTLV-1 is recognized as the aetiological agent of two dis-
tinct types of disease: adult T cell leukaemia/lymphoma
(ATLL) and a chronic inflammatory disease known as
HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) [5–8]. In a prospective cohort study, it was
found that up to 4% of HTLV-1 infected people develop

HAM/TSP [9]. Although the factors that trigger disease
expression have not been elucidated fully, interactions
between host genetic and immune factors, as well as viral
factors, are clearly important in the pathogenesis [10–12].

HTLV-1 proviral load has been proposed as a marker to
predict the clinical outcome of HTLV-1 infection. In most
cases it remains stable for years after reaching an equilibrium
‘set point’, which does not fluctuate by more than two- to
fourfold [13]. Nagai et al. found a median proviral load
percentage of 5% in PBMCs from patients with HAM/TSP
and of 0·3% in asymptomatic HTLV-1 carriers from a Japa-
nese population [14].

Several reports have shown that HTLV-1 infection is char-
acterized by spontaneous T cell proliferation and production
of proinflammatory cytokines such as interferon (IFN)-g
and tumour necrosis factor (TNF)-a when peripheral blood
mononuclear cells (PBMCs) from infected subjects are cul-
tured ex vivo in the absence of any stimulus [15,16]. In
addition, studies performed by flow cytometry and intracel-
lular cytokine staining showed a high production of IFN-g,

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/j.1365-2249.2006.03208.x

226 © 2006 The Author(s)
Journal compilation © 2006 British Society for Immunology, Clinical and Experimental Immunology, 146: 226–233

mailto:ibest@itg.be


TNF-a and interleukin (IL)-2 in PBMCs from HAM/TSP
patients compared to HTLV-1-seronegative controls. Cytok-
ine production was attributed primarily to HTLV-1-specific
CD8+ lymphocytes [17], as the percentage of proliferating
CD8+ T cells is two to five times higher than of CD4+ T cells
[18]. Furthermore, the up-regulation of IL-2R expression
and of IL-2 production, observed in both CD4+ and CD8+

T-cells of HTLV-1-infected patients, could contribute to the
spontaneous proliferation and cytokine production [19].

Clearly, most investigators concentrated on ex vivo cytok-
ine production, whereas cytokine activity in vivo has not
been studied in HTLV-1-infected patients. Nevertheless, Th1
and Th2 serological markers, including IFN-g-inducible
protein-10 (IP-10) and soluble CD30 (sCD30), have been
assessed in various infections [20–25]. Interferon-inducible
protein (IP)-10 is a member of the CXC chemokine super-
family, which attracts activated Th1 cells and natural killer
(NK) cells through interaction with CXC chemokine recep-
tor 3 (CXCR3) [26]. With regard to CD30, it has been clas-
sified as a member of the tumour necrosis factor and nerve
growth factor receptor superfamily. CD4+ and CD8+ T cells
that produce cytokines associated with a Th2 phenotype can
express CD30 on their surface [27,28].

It is still unclear why some HTLV-1-infected individuals
develop a specific associated disease while others remain
asymptomatic. The aim of the present study is to evaluate the
relationship between immune markers, proviral load and
disease expression. Specific attention is paid to plasma levels
of IP-10 and sCD30 as well as to spontaneous ex vivo pro-
duction of Th1 versus Th2 cytokines as potentially specific
markers of HAM/TSP.

Materials and methods

Subjects and cells

Blood samples were obtained from 68 consecutive HTLV-1-
infected patients in a clinical cohort study at the Institute of
Tropical Medicine ‘Alexander von Humboldt’ in Lima, Peru,
as well as 13 HTLV-1-seronegative controls (SCs) (unin-
fected laboratory students and uninfected relatives of HTLV-
1-infected patients). The study protocol was approved by the
Universidad Peruana Cayetano Heredia Research Ethics
Committee. Written informed consent was obtained from all
participants. HTLV-1 infection was determined by enzyme-
linked immunosorbent assay (ELISA) (Sanofi Pasteur/
Bio-Rad Laboratories, CA, USA or Cambridge Biotech
Corp., MA, USA) and confirmed by Western blot (Genelabs
Diagnostics, Singapore) or line immunoassay (INNO-LIA™
HTLV I/II Score; Innogenetics, Ghent, Belgium). The diag-
nosis of HAM/TSP was made by an expert physician accord-
ing to World Health Organization criteria [29]. PBMCs were
isolated from ethylenediamine tetraacetic acid (EDTA)-anti-
coagulated peripheral blood via density gradient centrifuga-
tion on Ficoll-Hypaque (Amersham, Uppsala, Sweden), and

washed three times with Hanks’s buffered salt solution
(Gibco, Paisley, Scotland, UK). All cells were resuspended in
RPMI-1640 medium (Gibco) supplemented with 5%
pooled human serum (PHS) obtained from uninfected labo-
ratory students, 100 IU/ml penicillin and 100 mg/ml strepto-
mycin (Gibco), further referred to as complete medium.

Proliferation assays

To evaluate the spontaneous T cell proliferation, PBMCs
were cultured in 96-well U-bottomed plates (Falcon, Becton
Dickinson, San Diego, CA, USA) in complete medium at
2 ¥ 105 cells per well. The cells were incubated at 37°C in a
humidified 5% CO2 atmosphere for 3 days, without any
additional stimulation. Afterwards, 0·4 mCi [3H]-thymidine
(Sigma-Aldrich, St Louis, MO, USA) was added to each well
for the last 5 h of incubation. The cells were harvested on
filter paper (Filtermat A, Perkin Elmer, Turku, Finland),
washed extensively and liquid scintillation mixture
(Sigma-Aldrich) was added. Incorporated [3H]-thymidine
was measured with a 1205 Betaplate Liquid Scintillation
Counter (Wallac, Turku, Finland).

Cytokine determination

To evaluate the spontaneous production of cytokines (IFN-g,
TNF-a, IL-4, IL-5 and IL-10), 4 ¥ 105 PBMCs per well were
cultured as described in the previous section. Supernatants
were collected on day 3 and stored at - 20°C. Cytokines levels
were measured by sandwich ELISA technique using com-
mercial kits (PharMingen, Erembodegem, Belgium). Plasma
levels of IP-10 were evaluated using ELISA (R&D System,
MN, USA) and sCD30 was measured in plasma samples
using sCD30 module set (Bender MedSystems, Vienna,
Austria).

Flow cytometry analysis

For enumeration of the CD4+ T cell subpopulation, whole
blood was immunostained with saturating concentrations of
combinations of anti-CD45-peridinin chlorophyll protein
(PerCP), anti-CD3-fluorescein isothiocyanate (FITC) and
anti-CD4-phycoerythrin (PE) (Becton Dickinson, Erem-
bodegem, Belgium), according to the manufacturer’s
instructions. The red cells were removed with lysing solution
(Becton Dickinson, San Diego) and the white cells were fixed
with a 0·5% paraformaldehyde solution. Flow cytometric
analysis was performed using a fluorescence activated cell
sorter (FACS)Calibur (Becton Dickinson, San Diego). Data
from 10 000 white blood cells were acquired and analysed
using CellQuest software (Becton Dickinson, San Diego).

HTLV-1 proviral DNA quantification

HTLV-1 proviral load was determined by SYBR green-based
real-time quantitative polymerase chain reaction (PCR)
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(qPCR) using the iCycler iQ instrument (Bio-Rad, Hercules,
CA, USA). Genomic DNA was extracted from 5 ¥ 106

PBMCs by a spin column procedure using the QIAamp
blood DNA mini kit (Qiagen, Hilden, Germany) and used as
the template for amplification.

The primers used for qPCR reactions (pX3-f: ACAAAGT
TAACCATGCTTATTATCAGC and pX4-r: ACACGTA
GACTGGGTATCCGAA) allowed amplification of an
80-base pairs (bp) fragment within the pX (tax/rex) region of
the HTLV-1 proviral genome [30]. Human endogenous ret-
rovirus 3 (ERV-3 ) DNA quantification was performed in
parallel on all samples in order to determine the actual
amount of DNA added and used as an endogenous reference
to correct for variations due to differences in either PBMC
count or DNA extraction. The ERV-3 target sequence was a
135-bp fragment in the envelope gene of the provirus, and
the primers used for amplification were PHP10-F: CATGG
GAAGCAAGGGAACTAATG, and PHP10-R: CCCAGC
GAGCAATACAGAATTT [31]. qPCR reactions were per-
formed in triplicate in a 25-ml reaction mixture consisting of
12·5 ml of the 2¥ iQ SYBR green Supermix reagent (Bio-Rad)
(final 1¥ concentrations: 50 mM KCl, 20 mM Tris-HCl
pH 8·4, 0·2 mM each deoxyribonucleoside triphosphate
(dNTP), 3 mM MgCl2, 0·3 U of iTaq hot-start DNA poly-
merase, 10 nM fluorescein and SYBR green containing
buffer), 0·2 mM of each primer and 5 ml of DNA sample
(75–150 ng for clinical samples). For both HTLV-1 and
ERV-3 DNA amplification reactions, an initial denaturation
step at 95°C for 3 min was followed by 45 cycles at 95°C for
30 s and 60°C for 1 min. Data collection and analysis were
performed with the iCycler iQ Optical System Software,
version 3·0a (Bio-Rad).

Standard curves for proviral DNA quantification were
generated using 10-fold serial dilutions (105-101 copies/
reaction) of plasmid p4.39 (kindly provided by Thérèse
Astier-Gin, Université Victor Ségalen, Bordeaux 2, France).
This plasmid contains one copy of the HTLV-1 proviral
genome, which was cloned from the HTLV-1 cell line 2060
[32]. During the experimental set-up, the plasmid standard
DNA was diluted in the presence or absence of background
gDNA from an HTLV-1-negative donor (roughly equivalent
to 1·5 ¥ 104 PBMC, in order to mimic the context of the
clinical samples), and the sensitivity was compared by qPCR.
It is important to mention that the presence or absence of
background gDNA did not affect the sensitivity of HTLV-1
quantification because similar Ct values were obtained
within a coefficient of variation (CV) of 2% for all tested
dilutions of the standard plasmid DNA (data not shown).
This finding corroborates results of a previous study [33]. In
addition, the use of gDNA in our study lowered the PCR
efficiency (86·3% compared to 94·6% in the absence of back-
ground gDNA).

The amount of proviral load was calculated as follows:
[(average copy number of pX)/(average copy number of
ERV-3)] ¥ 2 ¥ 104, and expressed as the number of HTLV-1

copies per 104 PBMCs. For this calculation, one copy of
proviral DNA per HTLV-1-infected cell was assumed. A
complete validation of this technique is described in a manu-
script entitled ‘SYBR Green-based quantification of HTLV-1
proviral load in Peruvian patients with neurological disease
and asymptomatic carriers: influence of clinical status, sex
and familial relatedness’ (submitted for publication by Adavi
V, Best I, Verdonck K et al).

Statistical analysis

Data were stored in Microsoft Excel and analysed with spss
for Windows version 13·0 (SPSS, Inc., Chicago, IL, USA). In a
first step, we compared the characteristics of HAM/TSP
patients with those of asymptomatic HTLV-1 carriers
through univariate analyses. T cell proliferation, IFN-g,
TNF-a, IL-4, IL-5, IL-10, IP-10, sCD30 and HTLV-1 proviral
load were treated as continuous variables and evaluated with
a two-tailed Mann–Whitney U-test. In a second step, we
included all variables with a P-value of less than 0·1 in
univariate analyses in a multiple logistic regression model.
The final model was adjusted for proviral load and potential
confounding variables (age, sex and relatedness to a HAM/
TSP patient).Adjusted odds ratios (OR) with 95% confidence
intervals (CIs) are reported for all independent variables.

Results

Subjects’ characteristics

Thirty-five HAM/TSP patients and 33 ACs were included.
Among HAM/TSP patients, 10 were men and 25 women
with an age range between 22 and 72 years; ACs included 16
men and 17 women between 20 and 67 years. SCs included
seven men and six women between 11 and 38 years. The SCs
were younger than the ACs (P � 0·001), who were younger
than HAM/TSP patients (P � 0·005). Sex ratios were not
significantly different among the groups (P � 0·1), although
it is evident that women were over-represented in the symp-
tomatic patients. Clearly, older age and female gender are
known to be associated with symptomatic disease [34–36].
Regarding the ethnic background, significant differences
were observed only between SCs and HAM/TSP patients
(P � 0·05), the latter group including relatively more sub-
jects of Andean origin than mestizos or African Americans.

Ex vivo immune markers

The spontaneous [3H]-thymidine incorporation ranged
from 557 to 12800 counts per minute (cpm) in cultures of
PBMCs from HAM/TSP patients, from 515 to 8831 cpm in
those from ACs and from 102 to 1640 cpm in those from SCs
(Fig. 1a). In univariate analysis, significant differences in the
spontaneous T cell proliferation were observed between
HAM/TSP patients and ACs (P � 0·005), HAM/TSP
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patients and SCs (P � 0·001), and ACs and SCs (P � 0·001)
(Fig. 1a).

In order to assess if a specific cytokine production profile
was associated with HAM/TSP, the spontaneous production
of IFN-g, TNF-a, IL-4, IL-5 and IL-10 was also measured in
these cultures. Spontaneous production of all cytokines was
much higher in HTLV-1 infected subjects (both ACs and
HAM/TSP) compared to SCs, the latter showing negligible
spontaneous cytokines production (Fig. 1b–f). Remarkably,
only IFN-g production was significantly higher in HAM/TSP
compared to ACs (P � 0·05). Spontaneous IFN-g produc-
tion ranged from 217 to 53 129 pg/ml in HAM/TSP patients
and from 27 to 34 511 pg/ml in ACs (Fig. 1b).

In vivo immune and viral markers

As shown in Fig. 2a, there was no difference in the CD4+ T
cell count among the different groups. IP-10 and sCD30 were
measured as serological markers of in vivo Th1 and Th2
activity. As shown in Fig. 2b, IP-10 levels ranged from 0 to

1618 pg/ml in HAM/TSP patients and 0–901 pg/ml in ACS,
whereas sCD30 ranged from 3·52 to 66·64 U/ml in HAM/
TSP patients and 3·60–44·20 U/ml in ACs (Fig. 2c). In
univariate analysis we found a significant difference in both
IP-10 and sCD30 between HAM/TSP patients and ACs
(P � 0·005) (Table 1).

Finally, the proviral load ranged from 142 to 8641 HTLV-1
copies per 104 PBMCs in HAM/TSP patients compared to
1–4773 HTLV-1 copies per 104 PBMCs in ACs (Fig. 2d).
In univariate analysis, this difference in proviral load
between HAM/TSP patients and ACs was highly significant
(P � 0·001) (Table 1).

Multiple logistic regression analysis

In summary, five of 10 markers studied (spontaneous T cell
proliferation, spontaneous IFN-g production, serum levels
of IP-10 and sCD30 and proviral load in PBMCs) were sig-
nificantly different between ACs and HAM/TSP. However, in
the logistic regression analysis, taking into account also age,

Fig. 1. Ex vivo immune markers. Data

represents spontaneous T cell proliferation

expressed as counts per minute (cpm) and

spontaneous cytokine production (pg/ml) in

non-stimulated peripheral blood mononuclear

cells (PBMCs), cultured for 72 h. Groups

included human T-lymphotropic virus type 1

(HTLV-1)-associated myelopathy/tropical

spastic paraparesis (HAM/TSP) patients,

asymptomatic HTLV-1 carriers and

HTLV-1-seronegative controls. The

Mann–Whitney U-test was used to evaluate

differences among groups. Only significant

differences are shown with: *P � 0·05,

**P � 0·005, ***P � 0·001.

HAM/TSPAsymptomaticSeronegative

HAM/TSPAsymptomaticSeronegative

12000·00

9000·00

6000·00

3000·00

0·00

T
 c

el
l p

ro
lif

er
at

io
n 

(c
pm

)

***

**

(a)

***

IF
N

-γ
 (p

g/
m

l)

T
N

F
-α

 (p
g/

m
l)

***

***
*

***
*** 240·00

180·00

120·00

60·00

0·00

IL
-4

 (
pg

/m
l)

***
***

IL
-5

 (
pg

/m
l)

***

***

IL
-1

0 
(p

g/
m

l)

***

***

HAM/TSPAsymptomaticSeronegative

600·00

450·00

300·00

150·00

0·00

HAM/TSPAsymptomaticSeronegative

HAM/TSPAsymptomaticSeronegative

HAM/TSPAsymptomaticSeronegative

60000·00

45000·00

30000·00

15000·00

0·00

(b)

(c) (d)

(e) (f)

1600·00

1200·00

800·00

400·00

0·00

1200·00

900·00

600·00

300·00

0·00

Proviral load and immune markers in HTLV-1 infection

229© 2006 The Author(s)
Journal compilation © 2006 British Society for Immunology, Clinical and Experimental Immunology, 146: 226–233



sex and relatedness to a HAM/TSP patient, the former four
immune parameters showed no independent association
with HAM/TSP [adjusted OR per unit increase in the inde-
pendent variables: 1·00 (1·00–1·00), 1·49 (0·34–6·47), 1·17
(0·41–3·30) and 1·02 (0·96–1·09), respectively] (Table 1).
Only the proviral load was associated independently with
disease manifestation [adjusted OR 9·10 (1·24–66·91)].

Discussion

Various viral and immune markers are known to be associ-
ated with HTLV-1 seropositivity and/or the presence of the
neurological disease HAM/TSP. These include in vivo provi-
ral load and ex vivo non-stimulated T cell proliferation and
cytokine production. From the existing literature, it is not

Fig. 2. In vivo immune and virological markers.

Data represented include absolute CD4

T cell counts (a) concentrations of
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Table 1. Immune and virological markers. Univariate and multivariate comparison between asymptomatic human T-lymphotropic virus type 1

(HTLV-1) carriers and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) patients.

Asymptomatic

HTLV-1 carriers

HAM/TSP

patients

Univariate

ORa (95% CI)

Multivariate

ORa,b (95% CI)

Sex ratio (male/female) 16/17 10/25 2·35 (0·86–6·41) 2·32 (0·62–8·62)

Relatedness to a HAM/TSP patient (yes/no) 16/17 7/28 0·27 (0·09–0·78) 0·19 (0·03–1·10)

Age (years) 40 (20)c 52 (21)c 1·05 (1·01–1·10) 1·04 (0·99–1·10)

CD4 (cells/ml) 836 (436)c 781 (410)c 0·999 (0·998–1·001)

T cell proliferation (cpm) 2247 (1972)c 3830 (2532)c 1·000 (1·000–1·001) 1·00 (1·00–1·00)

IFN-g (pg/ml)d 2958 (4110)c 5312 (10 399)c 2·75 (1·07–7·02) 1·49 (0·34–6·47)

TNF-a (pg/ml)d 193 (267)c 246 (230)c 2·87 (0·80–10·24)

IL-4 (pg/ml)d 13 (19)c 10 (22)c 0·76 (0·29–2·05)

IL-5 (pg/ml)d 53 (115)c 85 (154)c 1·42 (0·70–2·90)

IL-10 (pg/ml) 376 (243)c 290 (234)c 1·000 (0·998–1·002)

IP-10 (pg/ml)d 131 (197)c 309 (345)c 2·70 (1·04–7·02) 1·17 (0·41–3·30)

sCD30 (U/ml) 16 (13)c 23 (19)c 1·07 (1·02–1·13) 1·02 (0·96–1·09)

Proviral load (HTLV-1 copy number/104 PBMC)d 561 (1372)c 1779 (1532)c 8·87 (2·39–32·88) 9·10 (1·24–66·91)

OR: odds ratio, CI: confidence interval. aThe ORs are expressed per unit increase in the independent variables. bLogistic regression model (enter

approach) including: T cell proliferation, interferon (IFN)-g, interferon-inducible protein (IP)-10, sCD30, proviral load, age, sex and relatedness to a

HAM/TSP patient. cMedian (interquartile range). dFor univariate and/or multiple logistic regression analyses, the distributions of IFN-g, tumour

necrosis factor (TNF)-a, interleukin (IL)-4, IL-5, IP-10 and proviral load were normalized by log10 transformation. PBMC: peripheral blood mono-

nuclear cells.
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clear which of these markers is associated primarily with
HAM/TSP and which ones are secondary, reflecting the
uncertainty over the question of whether the pathogenesis of
HAM/TSP is driven primarily by high proviral load or by an
inflammatory reaction against the virus. We critically
re-evaluated these already established markers in a Peruvian
cohort and in addition we included two serum factors IP-10
and sCD30, which could provide convenient parameters of
in vivo Th1 and Th2 activity compared to the more cumber-
some ex vivo culture measurements.

In univariate analysis, a significant difference between
HAM/TSP patients and ACs was observed in ex vivo spon-
taneous T cell proliferation and IFN-g production, as well as
in vivo IP-10 and sCD30 plasma levels and proviral load in
PBMCs (Table 1). The final regression model was adjusted
by proviral load and potential confounding variables. After
this analysis, no immune markers evaluated were found to be
associated independently with HAM/TSP. Only proviral load
remained associated significantly with disease (Table 1).

Previous studies have shown differences in the cellular
immune response between HAM/TSP patients and asymp-
tomatic HTLV-1 carriers; however, in most cases the
immune parameters were not adjusted by proviral load. Two
previous studies in Brazil reported spontaneous production
of several cytokines such as IFN-g, TNF-a, IL-5 and IL-10 by
PBMCs from asymptomatic HTLV-1 carriers, which was not
observed in cells from HTLV-1-seronegative controls. This
observation already indicated that both Th1 and Th2 cytok-
ines are elevated during HTLV-1 infection [15,16]. The latter
study also compared HAM/TSP patients with asymptomatic
HTLV-1 carriers and found a spontaneous high production
of Th1 and proinflammatory cytokines such as IFN-g and
TNF-a in HAM/TSP patients compared to asymptomatic
HTLV-1 carriers, but only IFN-g production was signifi-
cantly different between both groups [16]. These findings are
in agreement with our results.

The relationship between HTLV-1 specific cellular
immune response, presence of neurological disease and
proviral load has been investigated in only a few studies.
When comparing HAM/TSP patients to asymptomatic
HTLV-1 carriers exhibiting a similar high proviral load, a
study in Japan revealed a higher production of HTLV-1-
specific IFN-g and TNF-a in the Tax-expressing T cells of
HAM/TSP patients [37]. Another study reported a signifi-
cantly higher frequency of HTLV-1-specific IFN-g-secreting
CD4+ T cells in HAM/TSP patients compared to asymptom-
atic HTLV-1 carriers, but a significant correlation between
proviral load and the frequency of HTLV-1-specific CD4+ T
cells was not found [38]. These findings indicated that the
association between HTLV-1 specific cellular immune
response and proviral load remained to be clarified.

Other possible immune factors could be associated with
disease manifestation. HTLV-1-specific CD8+ lymphocyte
(CTL) responses contribute in part to control the proviral
load and are associated with a lower risk of HAM/TSP

[10–12,36]. A study showed that approximately 40–50% of
the between-individual variation in proviral load was attrib-
utable to variation in the rate at which CTL cleared infected
cells [39]. Host genetic factors implicated in the HTLV-1-
specific CTL response have been associated with disease sus-
ceptibility among HTLV-1 carriers [40,41]. A case–control
study carried out in southern Japan showed the protective
effect of human leucocyte antigen (HLA) class I alleles
against disease. The possession of HLA-A*02 or HLA-Cw*08
alleles was associated with a diminished risk of HAM/TSP
patients and a lower proviral load in asymptomatic HTLV-1
carriers [40,41].

Markers of Th1 and Th2 activity in vivo such as IP-10 and
sCD30, respectively, have not been studied in HAM/TSP
patients so far. They have been investigated, however, in
various other diseases [20–25]. An increase in IP-10 produc-
tion has been reported during the course of several inflam-
matory diseases associated predominantly with a Th1
phenotype such as visceral leishmaniasis (VL) [20] and
septic arthritis [21]. On the other hand, some studies have
reported that activated Th2 cells and Th0 clones release
sCD30 to the plasma during diseases associated with
increased Th2 activity such as systemic sclerosis [22],
Omenns’ syndrome [25] and HIV patients who had experi-
enced immune reconstitution after receiving highly active
anti-retroviral therapy (HAART) [23]. Our present data
indicate that both IP-10 and sCD30 are significantly more
elevated in HAM/TSP patients compared to asymptomatic
HTLV-1 carriers. Clearly, whereas the ex vivo data identified
only the Th1 IFN-g cytokine as discriminatory between
asymptomatic HTLV-1 carriers and HAM/TSP, the in vivo
measurement suggests that both Th1 and Th2 activity is
relatively increased in neurological complication. Notwith-
standing, all these immune markers appeared to be second-
ary to relative proviral load increase in HAM/TSP.

The use of proviral load as a marker to assess the risk of
disease or prognosis in asymptomatic HTLV-1 carriers has
been evaluated in some prospective studies [42,43]. In a
cohort of 20 initially asymptomatic HTLV-1 carriers, it was
shown that individuals who developed symptoms or
inflammatory conditions such as HAM/TSP or uveitis pre-
sented a persistently higher proviral load than those indi-
viduals who remained asymptomatic [42]. Another
prospective study of transfusion transmission in Jamaica
followed 24 subjects who experienced HTLV-1 seroconver-
sion. Early after transfusion, a 10-fold increase in proviral
load was observed in an individual who developed HAM/
TSP compared to those subjects who remained asymptom-
atic. However, a second individual presenting an earlier
increase in proviral after transfusion did not develop HAM/
TSP, suggesting that other factors might be influencing the
expression of disease [43].

The pathogenesis of HAM/TSP is considered to be due to
excess of T cell activation [11]. Logically, therefore, the risk of
disease may be associated more closely with the amount of
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viral antigen rather than with the level of proviral DNA. A
recent study showed indeed that high Tax expression was
significantly associated with HAM/TSP, and that its expres-
sion level is a better predictor of disease status than proviral
load. In addition, Tax expression showed a significant corre-
lation with proviral load and was associated significantly
with disease independently of proviral load. These findings
suggest that Tax expression drives immune activation and
HAM/TSP and that proviral load is a surrogate marker for
Tax expression [44]. Clearly, whereas the quantitative evalu-
ation of Tax expression is technically demanding, the mea-
surement of proviral load, using real-time PCR, is relatively
straightforward and therefore it could constitute a more
clinically applicable parameter.

In conclusion, our investigation represents the first study
that makes use of multiple logistic regression analysis to
show that proviral load is associated independently with
HAM/TSP, whereas ex vivo and in vivo immune markers,
such as IFN-g, IP-10 and sCD30, showed only an association
with disease in univariate analysis.
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