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Interleukin 28B (IL28B) rs12979860 polymorphisms were
examined in 41 individuals with human T-lymphotrophic
virus type 1 (HTLV-1). The alleles CT/TT were more fre-
quent in 12 individuals with HTLV-1-associated myelopa-
thy/tropical spastic paraparesis than in 29 asymptomatic
carriers (80% vs 20%; P = .03), and median HTLV-1 proviral
load was greater in CT/TT than CC carriers (P = .01). Thus,
IL28B testing and closer follow-up of HTLV-1 asympto-
matic CT/TT carriers is warranted.

Human T-lymphotrophic virus type 1 (HTLV-1) was the first
identified human retrovirus [1]. Approximately 15–20 million
people are infected with HTLV-1 worldwide, with the pres-
ence of highly endemic foci on all continents [2, 3]. Only
5%–10% of persons infected with HTLV-1 develop clinical
manifestations lifelong, with adult T-cell leukemia/lymphoma
(ATLL) and HTLV-1–associated myelopathy/tropical spastic
paraparesis (HAM/TSP) the 2 most serious complica-
tions [4–6]. Although predictors of disease development have
not been well established, a high HTLV-1 proviral load has
been associated with clinical manifestations [7–9].

Immune-mediated mechanisms are involved in the patho-
genesis of HAM/TSP, which typically manifests in middle-aged
women [10, 11]. Disease development is in part attributed to
failure of the innate and adaptive immune system to control
HTLV-1 spread [10]. In other chronic viral diseases, such as in
hepatitis C virus (HCV) infection, liver damage also occurs
through immune mechanisms. Interestingly, a single nucleotide
polymorphism near the interleukin 28B (IL28B) gene that codes
for interferon λ3 was recently shown to strongly influence HCV
natural history and treatment outcomes [12, 13]. Based on this
observation, we assessed whether IL28B gene polymorphisms
could also play a role in the development of HAM/TSP in
HTLV-1 carriers.

METHODS

The Spanish HTLV register records all reported cases of
HTLV-1 and HTLV-2 infections in Spain since 1989. Up to
January 2012, a total of 199 individuals with HTLV-1 infec-
tion had been reported in Spain. Twenty-five (13%) had been
diagnosed with HAM/TSP using well-defined criteria [9]. For
the purpose of this study, only patients who had frozen per-
ipheral blood mononuclear cells (PBMCs) were chosen.

The IL28B rs12979860 allelic variants were examined on
DNA extracted from stored PBMCs drawn from patients be-
longing to the Spanish HTLV-1 register. IL28B gene poly-
morphisms were characterized using allele specific TaqMan
probes (ABI TaqMan allelic discrimination kit) [14].

The HTLV-1 proviral DNA was quantified by real-time
polymerase chain reaction using primers and probes targeting
the pol gene, which have been reported elsewhere [15]. Briefly,
DNA was extracted from 1 × 106 PBMCs. TaqMan amplifica-
tion was carried out in a reaction with a final volume of 25 μL
using Taqman Universal Master Mix II (Applied Biosystems).
Thermal cycling conditions consisted first of an initial step of
2 minutes at 50°C and an activation step at 95°C for 10
minutes, followed by 45 cycles at 95°C for 15 seconds and 60°C
for 1 minute. For each run, a standard curve was generated
using 10–106 copies of a recombinant HTLV-1 plasmid DNA
that contains one HTLV-1 pol fragment (198 base pair) [16].
The HTLV-1 copy number in each clinical sample was esti-
mated by interpolation from the plasmid regression curve. To
determine the proviral load, the HTLV-1 DNA copy number
was normalized to the amount of cellular DNA by quantifying
in parallel the human albumin gene [15]. All samples were
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run in duplicate. Results were expressed as HTLV-1 DNA
copies per 104 PBMCs.

Statistical Analysis
The main characteristics of the study population and the
different parameters evaluated are expressed as median (inter-
quartile range). Comparisons between groups were carried out
using the chi-square test or the Fisher’s exact test, as appropri-
ate. Univariate and multivariate tests were performed to ident-
ify independent factors associated to TSP/HAM. All statistical
analyses were performed using the SPSS software version 15
(SPSS Inc.). All P values were 2-tailed and considered signifi-
cant only when <.05.

RESULTS

A total of 41 individuals recorded in the HTLV-1 Spanish reg-
ister had frozen PBMCs in which examination of HTLV-1
proviral load and IL28B testing could be undertaken. Twelve
of them (29.3%) had HAM/TSP, and the remaining 29 sub-
jects were asymptomatic HTLV-1 carriers. The median age of
the study population was 46 years (range, 4–67), and 56%
were women. The regions of origin of the study population
were as follows: Latin America (n = 32, 78%), native Spaniards
(n = 5, 12%) and sub–Saharan Africa (n = 4, 10%). Table 1
summarizes the main demographics of individuals included in
the Spanish database as well as information from the subset of
individuals that constituted our study population, with HAM/
TSP patients and asymptomatic HTLV-1 carriers considered
separately. Overall, no significant differences between groups
were recognized.

As shown in Figure 1A, patients with HAM/TSP had a
median HTLV-1 proviral load greater than asymptomatic car-
riers (637 [291–1267] vs 60 [60–469] copies/104 PBMCs,
respectively; P = .003).

The IL28B allelic distribution was as follows: CC (n = 22,
54%),CT (n = 16, 39%) andTT (n = 3, 7%). Interestingly,median
HTLV-1 proviral load was higher in CT/TT than CC carriers
(635 [60–1094] vs 71 [60–230]; P = .01) copies per 104 PBMCs
(Figure 1B). Furthermore, the IL28B CC variant was more fre-
quent in asymptomatic carriers than in HAM/TSP patients
(62% vs 33%; P = .1). When the 3 individuals who had acquired
HTLV-1 through solid organ transplantation (thus, involving
large HTLV-1 inoculum) were excluded, there was a signifi-
cantly greater rate of CC variants in asymptomatic HTLV-1
carriers than in HAM/TSP patients (80% vs 20%; P = .03).

Factors associated with development of HAM/TSP were
finally analyzed using a logistic regression model in which
variables known to influenceHAM/TSPdevelopmentwere taken
into account (Table 2). Analysis was performed excluding the
3 individuals who acquired HTLV-1 following transplantation

of a solid organ from an infected donor. In the univariate
analysis, HAM/TSP was significantly more frequent in CT/TT
than CC carriers (odds ratio [OR], 6.54; 95% confidence inter-
val [CI], 1.17–36.61; P = .03) and in subjects with high HTLV-
1 proviral load (>200 DNA copies/104 PBMCs) (OR, 17.1;
95% CI, 1.88–154.84; P = .012). The final multivariate analysis
showed that both factors were strongly linked and conse-
quently did not predict independently HAM/TSP. It should be
noted that in this study neither older age nor female gender
was significantly associated with HAM/TSP.

DISCUSSION

This study is the first to demonstrate a role for IL28B gene poly-
morphisms in the risk of developing HAM/TSP in HTLV-1 car-
riers. Individuals with CT/TT variants exhibited approximately
a 3-fold increased risk of HAM/TSP than CC carriers. It must be
highlighted, however, that this association seemed to be largely
mediated by an increased HTLV-1 proviral load in CT/TT car-
riers. Individuals with CT/TT allelic variants at the IL28B
rs12979860 gene had nearly 10-fold higher median HTLV-1
proviral loads than CC carriers. Given that a high HTLV-1 pro-
viral load is a well-established risk factor for developing
HAM/TSP [7–9], we hypothesize that innate immunity critically
involving interferon λ3 might contribute to the control of
HTLV-1 replication/expansion in infected persons and, through
this mechanism, influence the risk of developing HAM/TSP.

Our findings have several implications for the management
of persons with HTLV-1. First, given its prognostic value,

Table 1. Main Characteristics of the Study Population

Total HTLV-1
Spanish Cohort

(n = 199)

Asymptomatic
HTLV-1 Carriers

(n = 29)
HAM/TSP
(n = 12) P

Median age,
years

45 44 47 .16

Female gender 120 15 8 .59

Origin

Latin America 114 24 8 .07
Spain 42 1 4 .04

Africa 30 4 0 .31

Risk group
Sexual 75 16 6 .7

Vertical 15 6 0 .09

Transplantation 3 0 2 …

Transfusion 7 0 2 .09

Intravenous
drug use

12 0 0 .15

Abbreviations: HAM/TSP, HTLV-1-associated myelopathy/tropical spastic
paraparesis; HTLV-1, human T-lymphotopic virus type 1.
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IL28B testing should be recommended to all asymptomatic
HTLV-1 carriers. Second, asymptomatic HTLV-1 carriers har-
boring CT/TT alleles should be followed more closely because
of their increased risk of developing HAM/TSP. In contrast
with HTLV-1 proviral load, whose methodology is not well
standardized and should be evaluated periodically [17], IL28B
testing is cheap and commercially available and must be done
only once in a lifetime [18].

Several questions may arise from our observation. First, the
role of IL28B polymorphisms with respect to susceptibility to
HTLV-1 infection (and not only risk of disease in carriers)
must be examined. As demonstrated for HCV infection [19],
CC allelic variants might also protect from establishment of
HTLV-1 infection following viral exposure. Second, the role of
IL28B variants with respect to the risk of developing ATLL
should be examined. It would be expected to be relevant as
well, given that a high HTLV-1 proviral load has also been
found to predict the risk of developing ATLL in subjects in-
fected with HTLV-1 since their childhood [8]. Last, the poten-
tial role of interferon λ as therapy for HTLV-1 warrants

consideration. A recombinant interferon λ molecule is cur-
rently being tested as treatment for chronic hepatitis C, and
preliminary results are quite promising [20]. Treatment
options in HTLV-1 patients with ATLL or HAM/TSP are cur-
rently very limited [21, 22]. Although interferon λ alone might
not improve these conditions once developed, it may help to
prevent them by reducing HTLV-1 proviral load in asympto-
matic carriers at risk, for example those with IL28B CT/TT
variants and/or high circulating proviral concentrations.

We acknowledge the small size of our study population as a
limitation of this work. Both HAM/TSP patients and asymp-
tomatic HTLV-1 carriers were chosen from the national
Spanish registry, and only the subset of individuals with avail-
able frozen PBMCs were included in the study. Of note, no
significant differences in demographics between our study
population and the whole series of cases recorded at the na-
tional database registry were found that might account for any
bias. Thus, although further studies testing larger HTLV-1
case series of HAM/TSP and asymptomatic HTLV-1 carriers
are warranted, we are confident our results are not casual. In

Table 2. Factors Associated With Human T-Lymphotopic Virus Type 1 (HTLV-1)–Associated Myelopathy/Tropical Spastic Paraparesis
in HTLV-1 Carriers

Univariate Analysis Multivariate Analysis

OR 95% CI P OR 95% CI P

Older age 1.03 .96–1.11 .29 … … …

Female gender 2.33 .5–10.91 .28 … … …

IL28B CT/TT alleles 6.54 1.17–36.61 .03* 2.80 .40–19.31 .29
High HTLV-1 proviral load (>200 DNA copies/104 PBMCs) 17.1 1.88–154.84 .012* 17.1 1.88–154.84 .012*

Abbreviations: CI, confidence interval; OR, odds ratio; PBMCs, peripheral blood mononuclear cells.

*Statistically significant.

Figure 1. Median human T-lymphotopic virus type 1 (HTLV-1) proviral load in asymptomatic HTLV-1 carriers versus HTLV-1–associated myelopathy/
tropical spastic paraparesis patients (A) and interleukin 28B CC versus CT/TT allelic variants (B ). Abbreviations: HAM, HTLV-1–associated myelopathy;
HTLV-1, human T-lymphotopic virus type 1; TSP, tropical spastic paraparesis.
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this regard, the association we found between IL28B allelic
variants and HTLV-1 proviral load was further reassuring.

In summary, we found a significant association between IL28B
allelic variants and HAM/TSP in individuals with HTLV-1
infection. An effect on HTLV-1 proviral load was the most
reasonable mechanism explaining this association. Altogether,
our results support IL28B testing of all asymptomatic HTLV-1
individuals and closer follow-up of IL28B CT/TT carriers.
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