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Abstract HTLV-1 proviral load (pvl) is an important risk
marker for HTLV-1-associated myelopathy/tropical spastic
paraparesis (HAM/TSP), but its value as prognostic marker
is not well defined. Long-term prospective cohort studies are
necessary to clarify this question. Here, we analyzed HTLV-1
pvl in the peripheral blood of 82 asymptomatic carriers (AC;
351 samples), 12 HAM/TSP patients (HAM; 46 samples), and
six incident cases of HAM/TSP (iHAM), with serial samples
collected before (n = 10) and after (n = 20) the disease onset.
The mean interval of follow-up was 10 years in the AC group
and 8 years in HAM and iHAM groups. pvl was not signifi-
cantly different between the first and last measurements in the
three groups, but there was a trend to decrease over time.
Coefficient of variation of pvl was significantly lower in the
AC group than in HAM (p = 0.015) and iHAM (p = 0.022)
patients. AC and HAM individuals showed a significant and
strong positive correlation between the first and last measure-
ments of pvl, but not iHAM subjects. All individuals who
developed HAM/TSP during the follow-up had high pvl level
(>1%) before the onset of disease, but a typical increase in pvl

was not observed in that period. The data suggest that there is
a trend to reach an equilibrium plateau of pvl over time, char-
acteristic of each individual. A significant rate of AC keeps
high pvl levels for a long time without developing clinical
symptoms associated to HTLV-1 infection. Thus, serial quan-
tification of pvl in the peripheral blood does not seem to be a
good prognostic marker for HAM/TSP.
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Introduction

The infection by human Tcell lymphotropic virus 1 (HTLV-1)
may lead to the development of adult T cell leukemia (ATL)
(Hinuma et al. 1981; Yoshida et al. 1984) and HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/
TSP) (Gessain et al. 1985; Osame et al. 1986) in about 5–
10 % of infected carriers. Other inflammatory clinical condi-
tions, such as uveitis, inflammatory myositis, arthritis, and
HTLV-1-associated pulmonary disease, as well as infective
dermatitis and some types of skin lesions, are also associated
with HTLV-1 (Martin et al. 2014; Gonçalves et al. 2003).

HAM/TSP is an inflammatory neurodegenerative disease,
usually with a slow and insidious onset that progresses to
motor and sensory disturbance, due to the atrophy of the tho-
racic spinal cord and involves perivascular demyelination and
axonal degeneration (Izumo 2010; Yamano and Sato 2012).
The pathogenesis of HAM/TSP supposes a strong inflamma-
tory response in the central nervous system (CNS), with infil-
tration of HTLV-1-infected cells and specific anti-HTLV-1 T
lymphocytes (Saito 2010).

Since only a relatively small percentage of the infected
individuals develop HAM/TSP, which in general takes a long
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time for its installation, it is desirable to obtain good risk
markers for monitoring HTLV-1-infected carriers. Cross-
sectional studies comparing asymptomatic carriers to patients
with HAM/TSP or other HTLV-1-associated diseases have
shown that the median proviral load quantified in the periph-
eral blood is significantly higher in symptomatic patients (Ono
et al. 1998; Hishizawa et al. 2004; Yakova et al. 2005; Olindo
et al. 2005; Furtado et al. 2012), and therefore, a high proviral
load is considered a risk marker for a poor clinical outcome
throughout viral infection. The potential of the use of mea-
surements of proviral load in the peripheral blood as a prog-
nostic marker for HAM/TSP is hampered by the considerable
frequency of asymptomatic carriers with high proviral load,
leading to an important overlap of proviral load values among
asymptomatic and symptomatic individuals (Furtado et al.
2012). Thus, it is not clear whether the high proviral load
observed in patients with HAM/TSP is the cause or conse-
quence of the disease.

Longitudinal studies monitoring proviral load may clarify
the potential of the proviral load as a prognosis marker for
HAM/TSP. The present study analyzed variation of proviral
load in asymptomatic carriers and patients with HAM/TSP,
during a long-term follow-up (5 to 16.6 years). It was also
possible to analyze six incident cases of HAM/TSP, with
quantification of proviral load in serial samples collected be-
fore and after the onset of illness.

Materials and methods

Study population

Individuals for whom serial HTLV-1 proviral load data in
the peripheral blood were available were selected from
all seroposit ive individuals followed up by the
Interdisciplinary HTLV Research Group (GIPH). This
open cohort study was started at Fundação Hemominas
in March 1997 and follows up on blood donors with
HTLV-1/2-positive serological results. HAM/TSP patients
were from Rede Sarah, a rehabilitation hospital in Belo
Horizonte, Brazil. Infection by HTLV-1 was detected by
ELISA (different commercial kits were used during the
enrollment of participants) and was confirmed by
Western blot (WB HTLV 2.4, Genelabs Diagnostics,
Singapore) or real-time PCR (Andrade et al. 2010).
Subjects were submitted to neurological examinations
and classified as asymptomatic carriers or HAM/TSP pa-
tients according to the WHO criteria (WHO 1989). All
asymptomatic individuals enrolled in the present study
were submitted to clinical examinations every time that
blood sample was collected, and they did not show signs
or symptoms. According to the GIPH protocol, when
signs and symptoms suggestive of HAM/TSP are

detected, an individual is referred to a specialized hospi-
tal (Hospital Sarah) for more specific tests in order to
confirm or refute the diagnosis of HAM/TSP. Spinal cord
injury was evaluated for HAM/TSP patients using the
American Spinal Injury Association (ASIA) impairment
scale that describes a person’s functional impairment as a
result of their spinal cord injury. The ASIA scale (im-
pairment calculation) was A (complete): no motor or sen-
sory function in the lowest sacral segment (S4–S5); B
(incomplete): sensory function below neurologic level
and in S4–S5, no motor function below neurologic level;
C (incomplete): motor function is preserved below neu-
rologic level, and more than half of the key muscle
groups below neurologic level have a muscle grade <3;
D (incomplete): motor function is preserved below neu-
rologic level, and at least half of the key muscle groups
below neurologic level have a muscle grade >3; and E
(normal): sensory and motor functions are normal.

In this study, HTLV-1 proviral load of 82 health carriers
who remained asymptomatic until the end of the study (AC
group) and 12 HAM/TSP patients (HAM group) was quanti-
fied in different periods of their follow-up ranging from 5 to
16.6 years, totaling 351 and 46 samples analyzed, respective-
ly. Proviral load was also quantified in six incident cases of
HAM/TSP (iHAM group), in serial samples collected before
(n = 10) and after (n = 20) the onset of disease and during their
follow-up (mean of 8 years, ranging from 3.8 to 16 years).

Quantification of proviral load

DNAwas extracted from the peripheral blood by column ex-
traction (QIAamp DNA Blood kit; Qiagen GmbH, Hilden,
Germany). HTLV-1 proviral load was quantified by a real-
time SYBR Green PCR method, using primers to pol region
(SK110 [5′-CCCTACAATCCAACCAGCTCAG-3′] and
SK111 [5′-GTGGTGAAGCTGCCATCGGGTTTT-3′) and
to albumin gene (ALB-S [5 ′-GCTGTCATCTCTTG
TGGGCTGT-3′] and ALB-AS [5′-AAACTCATGGGAGC
TGCTGGTT-3′]) to determine the total cell number. For both
HTLV-1 and the albumin gene, amplifications were performed
in separate reactions using 240 ng DNA, 1× SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA),
and 200 nM of each primer. Real-time PCR was performed
using an ABI Prism 7300 Sequence Detector System (Applied
Biosystems), with the following cycle conditions: 2 min at
50 °C and 10 min at 95 °C followed by 50 cycles of 15 s at
95 °C and 1 min at 65 °C. Melting curves were performed
after the end of the amplification cycles to validate the speci-
ficity of the amplified products. Standard curves were gener-
ated using tenfold serial dilutions of DNA from MT2 cells
(104–101) and normalized to three copies of the HTLV-1 pol
gene and two copies of the cellular albumin gene per MT2
cell. All standard dilutions and individual samples were run in
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duplicate for both HTLV-1 and albumin DNA quantifications.
Standard curves were accepted when slopes were between
−3.10 and −3.74 and the r2 was >0.99. The value for the
HTLV-1 proviral load was reported as [(pol average copy
number)/(albumin average copy number/2)] × 10,000 and
expressed as the number of HTLV-1 proviral copies/10,000
cells. Mean coefficient of variation of Ct for pol in intraassays
and interassays was 1.4 and 2 %, respectively. For albumin,
mean coefficient of variation of Ct in intraassays and
interassays was 0.4 and 1.5 %, respectively.

Statistical analysis

HTLV-1 proviral load among the groups was compared using
the Mann–Whitney U test. Correlations between proviral load
for the first and last samples of the same group were per-
formed using Spearman’s rank correlation. Intraindividual
proviral load variation was determined by the coefficient of
variation (%), which was calculated as Std dev/mean × 100. A
p value <0.05 was considered statistically significant.

Results

HTLV-1 proviral load was quantified in 351 peripheral blood
samples from82health individualswho remained asymptomatic
carriers (AC) during follow-up for a mean time of 10 years (5 to
16.6 years). Proviral loadwas also quantified in 46 samples from
12 HAM/TSP patients (HAM) collected during a mean time of
8years (5.4 to13.5years). Itwaspossible tomeasureproviral load
in sixHAMindividuals before theydevelopHAM/TSP (10 sam-
ples) and after the disease onset (20 samples), during amean time
of 8 years (3.8 to 16 years) of follow-up.

AC group was composed by 50 females and 32 males, with
mean age at the first sample collection of 39 years. During their
follow-up, they remained without relevant signs, such as neuro-
genic bladder or intestine and walking disability until to the last
proviral load analysis (last sample collection). The HAM group
had eight females and four males, with mean age of 53 years.
The iHAMgroup had five females and onemale, withmean age
of 44 years (Table 1). The difference of age was statistically
significant between AC and HAM groups (p < 0.001), but not

between AC and iHAM groups (p = 0.373) or between HAM
and iHAM groups (p = 0.089; unpaired t test).

Mean proviral load of all samples analyzed during the
follow-up was compared among the groups. The AC group
showed significantly lower level of proviral load (median of
96 proviral copies/10,000 cells) when compared with the
HAM group (median of 373 proviral copies/10,000 cells;
p = 0.018) and with the iHAM group (median of 421 proviral
copies/10,000 cells; p = 0.004), whereas the difference be-
tween HAM and iHAM groups was not significant
(p = 0.349) (Fig. 1a).

The median of proviral load was 102 proviral cop-
ies/10,000 cells in the first samples and 65 proviral cop-
ies/10,000 cells in the last samples in the AC group, signifi-
cantly lower than in the HAM group (556 proviral cop-
ies/10,000 cells in the first samples and 168 proviral cop-
ies/10,000 cells in the last samples) and in the iHAM group
(235 proviral copies/10,000 cells in the first samples and 228
proviral copies/10,000 cells in the last samples) (Table 1 and
Fig. 1b).

Although the difference of proviral load levels between the
first and last samples from the same group was not significant,
proviral load tended to decrease over time in the three groups
analyzed. In addition, the groups tended to become more ho-
mogeneous regarding the level of proviral load, as shown by
smaller standard deviation values observed in the analysis of
the last samples (Table 1).

Analysis of correlation of proviral load quantified in the
first and last samples showed a significant and strong positive
correlation in AC (r = 0.78, p < 0.001) and HAM (r = 0.85,
p < 0.001) groups, but not in individuals who showed inci-
dence of HAM/TSP (r = −0.20, p = 0.714), suggesting that
these individuals had not yet reached an equilibrium of provi-
ral load level before the installation of disease (Fig. 1c).

Table 2 shows clinical characteristics and proviral load in
the beginning and final of follow-up of HAM/TSP patients.
Patients who remained able to walk without support (1 and 2)
had low proviral load and showed only a slight increase of
proviral load during the follow-up. Patients who showed
worsening of walking disability (3 and 4) presented different
ranges of proviral load. One (patient 3) had low proviral load
that increased slightly during the follow-up; the other (patient

Table 1 Proviral load in HTLV-1
asymptomatic carriers (AC), in
HAM/TSP patients (HAM), and
in individuals with incidence of
HAM/TSP (iHAM) during their
follow-up in the GIPH cohort
study

Group No. of samples Mean age (years)a Median proviral copies/10,000 cells

S1 (SD) SL (SD) p (S1 vs. SL)

AC (n = 82) 351 39 (14–64) 102 (535) 65 (197) 0.243

HAM (n = 12) 46 53 (28–65) 556 (642) 168 (146) 0.371

iHAM (n = 6) 30 44 (30–55) 235 (503) 228 (233) 0.818

SD standard deviation, S1 first samples, SL last samples
aMean age at the first sample collection and year range
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4) had high proviral load in his first sample, which decreased
after 7 years. Patients with worse walking disability had high
proviral load at the first sample (except patient 8) that de-
creased at the final of the follow-up (except patient 10). In
general, considering all patients, proviral load tended to de-
crease or to remain stable during the period of follow-up
(Fig. 2).

Table 3 shows clinical characteristics and proviral load in
the incident cases of HAM/TSP, before and after the disease
diagnosis. For all cases, proviral load was high before the
onset of disease, which tended to decrease or to remain stable
after HAM/TSP development (Fig. 2). Thus, the levels of
proviral load observed in the period before the disease diag-
nosis did not show an increase that could predict the develop-
ment of HAM/TSP.

We also analyzed the fluctuation of proviral load among all
the intraindividual samples analyzed during the follow-up.

Considering a variation of at least 0.5 log of proviral load
between individual samples with the highest and lowest
values of proviral load as a relevant fluctuation, variation
was seen in 61 % (50/82) of AC, 75 % of HAM (9/12), and
67 % of iHAM (4/6) individuals. In spite of this variation, the
majority of individuals in the three groups (AC 81 %; HAM
92%; iHAM83%) remained at the same level of proviral load
during the follow-up, which means that whoever had initial
high proviral load (>1 %) remained with high levels and those
who had low proviral load (≤1 %) remained with low values.
Sixteen/82 (19 %) of AC individuals showed changes in the
level of the proviral load at the final of the follow-up period.
Of these, 12 changed from high to low proviral load levels.

The coefficient of variation of proviral load for individual
samples was significantly higher in the HAM than in the AC
group (p = 0.015) and in the iHAM group (p = 0.022) but was
not statistically different between the AC and iHAM groups

Fig. 1 HTLV-1 proviral load in asymptomatic carriers (AC), HAM/TSP
patients (HAM), and individuals with incident HAM/TSP (iHAM). a
Points represent mean proviral load value of each individual. The line
indicates median proviral load of group, and the dotted line represents a
threshold value (1 %) to define low (≤1 %) and high (>1 %) proviral load

level. b Intragroup comparison of proviral load measured in the first
(black symbols) and last (white symbols) samples. c Correlation between
proviral load values for the first and last samples of AC, HAM, and
iHAM groups. Mann–Whitney U test (a, b) and Spearman’s correlation
(c)
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(p = 0.363) (Fig. 3). Comparing the coefficient of variation of
proviral load for AC individual samples with low and high
proviral loads, the mean was similar between them (63 and
57 %, respectively; p = 0.330).

Discussion

The level of HTLV-1-infected cells in the peripheral blood has
been considered an important risk marker for several diseases

associated with the virus, because of the significant differences
of proviral load observed between groups of healthy carriers and
symptomatic individuals, including HAM/TSP patients (Nagai
et al. 1998; Furtado et al. 2012). Understanding how HTLV-1
proviral load ranges over time in infected individuals is neces-
sary to define whether it could be used as a strong prognostic
marker for HTLV-1-associated diseases. Only a few studies
have measured HTLV-1 proviral load in samples from infected
individuals collected in long-term follow-up. In this study, we
quantified HTLV-1 proviral load in 94 Brazilian individuals,

Table 2 Clinical characteristics and HTLV-1 proviral load measured in HAM/TSP patients in the beginning and final of follow-up

Patient Gender Age pvl/10,000
(log)

Follow-up
(years)

Disease
duration

Walking
disability

Disability score
(ASIA)

Neurogenic
bladder

Neurogenic
intestine

1 First
Last

Female 55
62

11 (1.04)
41 (1.61)a

6.8 12
19

No aid D Yes Yes

2 First
Last

Female 60
66

13 (1.11)
67 (1.83)

5.8 5
11

No aid E
D

Yes Yes

3 First
Last

Male 48
64

24 (1.38)
50 (1.70)

5.8 21
27

No aid
With aid

D Yes Yes

4 First
Last

Male 59
66

229 (2.36)
107 (2.03)

6.8 12
19

No aid
With aid

D No
Yes

No
Yes

5 First
Last

Female 28
41

1533 (3.19)
372 (2.57)

13.5 1
14

With aid D Yes Yes

6 First
Last

Female 62
73

1179 (3.07)
376 (2.58)

11.2 14
25

With aid D Yes Yes

7 First
Last

Female 65
71

860 (2.93)
173 (2.24)

5.8 1
7

With aid D Yes Yes

8 First
Last

Male 51
57

44 (1.64)
110 (2.04)b

5.8 15
21

With aid D No
Yes

No
Yes

9 First
Last

Male 60
65

508 (2.71)
162 (2.21)

5.4 7
13

With aid C Yes Yes

10 First
Last

Female 49
61

604 (2.78)
879 (2.94)

12 4
16

Unable A Yes Yes

11 First
Last

Female 44
52

727 (2.86)
180 (2.26)

8.5 19
27

Unable B Yes Yes

12 First
Last

Female 52 826 (2.92)
233 (2.37)

9.3 4
13

Unable C Yes Yes

First and last are initial and last analyses during follow-up, respectively. Age and disease duration are measured in years

pvl proviral copies/10,000 cells quantified in the peripheral blood, No aid walking without support, With aid walking with support, Unable unable to
walk, ASIA American Spinal Injury Association impairment scale
a Proviral load in CSF sample collected at the same time was 481 proviral copies/10,000 cells
b Proviral load in CSF sample collected at the same time was 1020 proviral copies/10,000 cells

Fig. 2 Range of HTLV-1 proviral
load in HAM/TSP patients and in
incident cases of HAM (iHAM)
during their follow-up in the
GIPH cohort. In the iHAM group,
the samples were quantified be-
fore and after the diagnosis of
HAM/TSP (time 0). Each line
represents data from one subject
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during amean follow-up of 8 to 10 years, and including incident
cases of HAM/TSP, whose serial samples were collected before
and after the onset of disease. Although the Brazilian population
is quite a mixed race, we do not consider the color of the skin to
define ethnicity since, at the individual level, there is a signifi-
cant dissociation of color and genomic ancestry (Parra et al.
2003). Thus, it is very difficult to classify the individuals as
Caucasian, African-American, and others by self-reported skin
color. For tri-hybrid Latin American populations, such as
Brazilians, ancestry information is required for African,
European, and Native American populations. Recently, we ob-
tained data that estimated admixture in individuals from the
GIPH cohort, using several ancestry informative markers (data
not published). Among the individuals analyzed, we have 51 of
82 AC and 15 of 18 HAM patients who were enrolled in the
current study. The ancestry frequencies of these AC and HAM
were, respectively, 53.0 and 55.7 % European (p = 0.630), 37.7
and 36.0 % African (p = 0.765), and 9.3 and 8.2 % Amerindian
(p = 0.592). The difference was not significant for any of the
parental populations between AC and HAM. Therefore, we
believe that the ethnic diversity in the individuals analyzed in
the present study did not influence the results that were shown.

As expected, HAM patients in the present study showed
significant higher proviral load than AC. Individuals who de-
veloped HAM/TSP during the cohort follow-up also showed
significant higher proviral load than AC.

Although the proviral load was quite variable among indi-
viduals classified as AC and HAM groups, the difference of
proviral load level quantified in the first and last samples from
individuals belonging to the same group was not significant,
indicating that the proviral load is rather stable over time, as
reported elsewhere (Taylor et al. 1999; Takenouchi et al. 2003;
Kwaan et al. 2006). Demontis et al. (2013) described a signif-
icant decrease of proviral load between the first and last sam-
ples in asymptomatic carriers, but not in HAM/TSP patients.
We observed a decreasing trend of the proviral load measured
from the first to the last sample for all groups, which suggests
an equilibrium of the proviral load level in each individual,
probably dependent on the ability to limit the expansion of
infected cells. This decrease of proviral load over the course of
infection tended to turn the groups more homogeneous, since
individuals who initially had high levels of proviral load
showed a reduction to levels that are closer to the group
average.

It was interesting to observe a significant and strong corre-
lation between the first and last measures of proviral load in
AC and HAM groups, which means that individuals with low
proviral load had a trend to remain with low levels, whereas
those with high concentration will probably show high level
(>1 %) of proviral load over time, in spite of its decreasing
trend. In contrast, this correlation was not observed for the
incident cases of HAM/TSP. This lack of correlation in this
particular group (iHAM) may be due to the comparison ofT
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samples in different situations of clinical status (before and
after HAM installation). This may suggest that after the onset
of the neurologic disease the proviral load progressively
achieves equilibrium.

Comparing the level of proviral load and clinical characteris-
tics of HAM/TSP patients, those with worse walking disability
showed higher proviral load than individuals who remained able
to walk without support. An increase in proviral load from the
beginning to the end of the follow-up was only observed in pa-
tients with low proviral load but did not necessarily correspond
with clinicalworsening.The rangeofproviral load in the incident
cases of HAM/TSP also did not show a pattern in which clinical
worseningwas associated with increased proviral load.

The coefficient of variation showed that individual varia-
tion of proviral load was significantly higher in HAM than in
the AC group. In addition, HAM patients showed more fluc-
tuation (at least 0.5 log) of proviral load than AC. In spite of
this fluctuation, the majority of AC and HAM individuals
remained at the same proviral load level [low (≤1 %) or high
(>1 %)]. Thus, slight change in proviral load seems to be
common and not necessarily clinically relevant, since asymp-
tomatic individuals did not show clinical worsening, such as
neurogenic bladder or intestine and motor disability during the
follow-up. Kwaan et al. (2006) described that subjects with
urinary tract infections had a greater increase in proviral load
over time than those without such infection. Comorbidities
observed in the incident cases of HAM/TSP are very prevalent
in the general population. However, we have observed in our
cohort that major depression, hypertension, diabetes, hypothy-
roidism, dyslipidemia, and keratoconjunctivitis sicca seem to
be more prevalent in individuals infected with HTLV-1, espe-
cially in HAM/TSP patients. Autoimmune mechanisms ob-
served in chronic infections, which lead to increased inflam-
matory response, endovascular injury, and possible impair-
ment of the microcirculation, may be involved.

We have observed, along with other authors (Demontis
et al. 2013), a significant rate of asymptomatic carriers with

high proviral load. In the GIPH cohort, these individuals have
showed high proviral load level for a long time, which indi-
cates that the levels of HTLV-1-infected cells in the peripheral
blood are not enough to trigger HAM/TSP. The level of
HTLV-1 proviral load seems to be regulated by the immune
response of the host, which should be effective in detecting the
infected cell and controlling its spread. For HAM/TSP onset,
it seems to be essential that the infected cells cross the blood-
brain barrier to reach the CNS, which leads to subsequent
damage of neuronal cells by the chronic immune response.
Studies have shown that HTLV-1 is able to disrupt the
blood-brain barrier (Afonso et al. 2008), and Tax protein
seems to play a major role in this process, enhancing the
expression of cellular genes that promote proliferation and
alter the blood-brain barrier permeability, enabling lympho-
cyte passage through it (Matsuura et al. 2010). This is corrob-
orated by the evidence that proviral load in cerebrospinal fluid
is always higher than in the peripheral blood in HAM/TSP
patients, but not in asymptomatic carriers (Lezin et al. 2005;
Demontis et al. 2013; Brunetto et al. 2014). Understanding
how proviral load in the CSF varies in parallel with proviral
load in the blood would help to understand the triggering
process of HAM/TSP. However, collecting CSF is an invasive
method, hindering its use in research of HTLV-1 pathogenesis
and in the follow-up in viral carriers. In the present study, three
patients (HAM, 1 and 8; iHAM, 5) had proviral load quanti-
fied in CSF and in blood. For all of them, proviral load in the
CSF was higher than in the blood.

Why are there asymptomatic carriers with high proviral
load in the peripheral blood who do not develop HAM/TSP
is a question still unclear. However, we have previously de-
scribed that high tax messenger RNA (mRNA) load instead of
high HTLV-1 DNA proviral load seems to be a key factor
associated to HAM/TSP development (Andrade et al. 2013).
In addition, other studies described that both the level of Tax
expression and lysis of infected cells were significant predic-
tors of the proviral load and had been significantly and

Fig. 3 Coefficient of variation (CV) of proviral load of peripheral blood samples of 82HTLV-1 asymptomatic carriers (AC, 351 samples), 12HAM/TSP
patients (HAM, 46 samples), and 6 subjects with incident HAM/TSP (iHAM, 30 samples) during their follow-up (5 to 16.6 years)
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independently associated with HAM/TSP (Asquith et al.
2005a, b). Hence, proviral load may be rather a consequence
of these processes than a factor that triggers HAM/TSP.

The measure of proviral load before and after the onset of
HAM/TSP in six individuals showed that, in general, proviral
load does not have a progressive increase before the neuro-
logic disease is established. Each individual in our study had
already high proviral load in the first measurement, before the
onset of clinical disease, which tended to decrease over time.
We did not observe a sharp progression of proviral load pre-
ceding the onset of disease; therefore, it was not possible to
distinguish a profile that could differentiate them from asymp-
tomatic carriers with high proviral load. Although only few
incident cases were analyzed and few proviral load measure-
ments were taken before the onset of disease, the data suggests
that following up the levels of proviral load does not help to
predict HAM/TSP development. These data is very rare in the
literature, being possible only through prospective cohort
studies, but additional studies with sample collection in regu-
lar and shorter intervals are necessary to confirm whether pro-
viral load could be of use as a prognostic marker for neuro-
logic disease.

In conjunction, the data presented here suggest that there is
an individual threshold of proviral load typical to each carrier,
with overall stability in time, and that it can be high in the
peripheral blood for many carriers without necessarily imply-
ing in HTLV-1-associated disease progression. Therefore, we
suggest that an expressive increase in proviral load in the
peripheral blood, atypical of particular individual threshold,
should be an alert to investigate other signs of HAM/TSP
development, such as proviral load in the CSF and tax
mRNA load. Unfortunately, they are much more difficult to
assess. Thus, monitoring proviral load in the peripheral blood
is important to assess the individual level to each carrier, being
alert for atypical changes.

Conclusion

Our results suggest that serial quantification of proviral load in
the peripheral blood does not seem to be a good prognostic
marker for development of HAM/TSP. The data show that
proviral load trends to reach an equilibrium plateau over time,
characteristic of each individual, and an increase of the provi-
ral load appears to be followed by stabilization and a slight
decrease to lower levels. Individuals may show high proviral
load for long periods of time in the peripheral blood, without
developing HAM/TSP. Although proviral load is considered
an important risk marker for the development of HAM/TSP,
our study showed that change in clinical status does not coin-
cide with significant changes in the peripheral blood proviral
load.
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