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A B S T R A C T

HTLV-2/HIV-1-coinfected patients and HIV-infected patients with natural HIV-1 control show an immune ca-
pacity that allows some control of viral infections. These two groups of patients have showed an immune ca-
pacity that allows them to have some control over viral infections, very strong control of HIV-1 replication in the
case of HIV-1 controllers. The purpose of this retrospective cross-sectional study was to compare viral and
immunologic parameters between three cohorts of Caucasian adult HIV-1-infected patients, including HIV-1
controllers (29 patients), HTLV-2/HIV-1 chronic progressors (56 patients), and HIV-1 chronic progressors (101
patients), followed in two different tertiary University Hospitals in Spain.

Demographic parameters, nadir CD4 T cell count, CD4 and CD8 T cell counts and percentage, anti-HCV
antibodies, HCV RNA load, HCV genotype, HIV-1 RNA loads, and anti-HTLV-2 antibodies were analyzed. HIV-1
controllers and HTLV-2/HIV-1 chronic progressors were younger and with shorter time since HIV-1 diagnosis
compared to HIV-1 chronic progressors. HIV-1 controllers and HTLV-2/HIV-1 chronic progressors had sig-
nificantly higher CD8 T cell percentage (p= 0.002 and p= 0.016, respectively) and lower levels of HCV RNA
loads (0.015 and 0.007, respectively) compared to that of HIV-1 chronic progressors. Multivariate analyses
showed that gender and HTLV-2 infection were independently associated to HCV RNA load, while only HTLV-2
infection was independently associated to CD8 T cell percentage. The implication of HTLV-2 infection in the
control of HIV-1 and HCV infections is worth being further analyze.

1. Introduction

HTLV-2/HIV-1 co-infection is relatively frequent among injection
drug users in North America and Western Europe since the 80´s (Abad
et al., 2011; Beilke, 2012; Cooke et al., 2005; Roucoux and Murphy,
2004; Treviño et al., 2012). HTLV-2/HIV-1-coinfected patients have
been reported to have lower levels of plasma HIV-1 RNA loads before
antiretroviral treatment, and slower decrease of CD4 T cell counts
(Abad-Fernández et al., 2015; Pilotti et al., 2013). Also, as previously

reported by our group, HTLV-2/HIV-1-coinfected patients with HCV
infection had decreased levels of transaminases and slower hepatic fi-
brosis development (Abad-Fernández et al., 2015).

Natural control of HIV-1 infection occurs in less than 1% of patients
maintaining very low plasma HIV-1 RNA loads or even below the limit
of detection, and usually with no clinical signs of disease progression
for many years without any antiretroviral treatment (Boufassa et al.,
2011; Lambotte et al., 2005; Madec et al., 2013; Okulicz and Lambotte,
2011). Viral characteristics such as mutations or deletions in viral
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proteins and host specific immunological and genetic determinants are
related to natural suppression of viral replication (Betts et al., 2006;
Boritz et al., 2016; Casado et al., 2013; Domínguez-Molina et al., 2017;
Hunt et al., 2008; O’Connell et al., 2010; Okulicz et al., 2009; Ramirez
et al., 2016; Sáez-Cirión et al., 2009; Vingert et al., 2012). On the other
hand, higher frequency of spontaneous HCV clearance and lower
plasma HCV RNA load have also been reported in HIV-1 controllers
(Asher et al., 2014; Ruiz-Mateos et al., 2011; Sajidi et al., 2010).

These two groups of patients have showed an immune capacity that
allows them to have some control over viral infections, very strong
control of HIV-1 replication in the case of HIV-1 controllers. The aim of
this study was to compare viral and immunologic parameters between
HIV-1 controllers and HTLV-2/HIV-1 chronic progressors, in compar-
ison with HIV-1 chronic progressors.

2. Methods

2.1. Patients

This was a retrospective, cross-sectional correlational study of HIV-
1-infected individuals. All HTLV-2-infected patients included in this
study were over 40 years, in line with the period in which intravenous
drugs were frequently used in Spain, mostly among HIV-1-infected men
(from the ‘80 s to the ‘90 s). These patients could have acquired HCV
and HIV-1 co-infections by injection drug use (IDU) by the same time.
In fact, almost all HTLV-2/HIV-1-infected patients diagnosed in the
University Hospital Ramon y Cajal of Madrid were former IDU and were
exposed to HCV. To avoid bias due to transmission route or HCV ex-
posure, all the patients included in this study were former IDUs and
with the presence of antibodies anti-HCV. Hence, three cohorts of
Caucasian adult HIV-1 infected patients with a history of injection drug
use followed in two different tertiary Hospitals in Spain, Virgen del
Rocío University Hospital (Seville) and Ramón y Cajal University
Hospital (Madrid), were included: a) 29 HIV-1 controllers with at least
three consecutive plasma HIV-1 RNA load determinations below 2000
copies/mL (3.3 log HIV-1 RNA copies/mL) during at least 12 months in
the absence of any antiretroviral therapy (Domínguez-Molina et al.,
2016, León et al., 2016), and negative for anti-HTLV-2 antibodies; b) 56
HTLV-2/HIV-1-coinfected chronic progressors with at least 24 months
of suppressive viremia under combination antiretroviral treatment
(cART), with confirmed HTLV-2 infection, and with certainty that they
never were HIV-1 controllers; and c) 101 HIV-1-infected chronic pro-
gressors, with at least 24 months of suppressive viremia under cART,
negative for anti-HTLV-2 antibodies and with certainty that they never
were HIV-1 controllers.

Among patients who received HCV treatment, only those who
completed the treatment (pegylated IFN-alpha plus ribavirin during 48
weeks) more than one year before the inclusion in this study were in-
cluded. This prevented the possible effect of the HCV treatment in the
variables studied. All patients gave their written informed consent to
participate in this study. The local ethics committee approved the
study, which complied with the stipulations of the Declaration of
Helsinki. Demographic parameters such as age, gender and route of
HIV-1 infection transmission, as well as time since HIV-1 diagnosis and
time on ART were collected.

2.2. Laboratory determinations

2.2.1. Serologic and virologic assays
Serum HIV antibodies were assayed by enzyme immunoassay (EIA,

Abbott Laboratories, North Chicago, IL, USA), and reactive results were
confirmed by western blot analysis (DuPont, Wilmington, DE, USA).
Plasma HIV-1 RNA quantification was measured by quantitative poly-
merase chain reaction (qPCR, COBAS Ampliprep/COBAS Taqman HIV-
1 test, Roche Molecular Systems, Basel, Switzerland) according to the
manufacturer’s protocol, with detection limit of 50 HIV-1 RNA copies/

mL.
HCV antibodies were assayed by EIA (Siemens Healthcare

Diagnosis, Malvern, Pennsylvania). Plasma HCV RNA quantification
was measured by qPCR (COBAS Amplicor, Roche Diagnosis, Barcelona,
Spain), and genotyped by line probe assay (Inno-Lipa HCV II, Bayer,
Barcelona, Spain), following manufacturer´s instructions

HTLV antibodies were assayed in plasma samples using third gen-
eration Bioelisa HTLV-I+ II 5.0 (Biokit, Barcelona, Spain) following
manufacturer´s instructions, and repeatedly reactive results were con-
firmed using Inno-LIA HTLV-I/II Score (Fujirebio Diagnostics, Japan),
that also discriminate between HTLV-1 and HTLV-2 infection. Also, in-
house PCR for LTR, env and tax gene sequences performed in peripheral
blood mononuclear cells (PBMC) was used to confirm the results (Abad
et al., 2011).

2.2.2. T cell subsets
EDTA anticoagulated whole blood was processed to analyze CD4+

and CD8+ T cells by flow cytometry (FACScalibur, Becton Dickinson,
Franklin Lanes, NJ, USA). Cells were stained with subtype-specific
monoclonal antibodies, CD3, CD4, CD45 (TrueCount tubes, Becton
Dickinson, Franklin Lanes, NJ, USA) to obtain the absolute numbers
and percentajes. At least 105 CD3+ T cells were collected for each
sample and analyzed with by initially gating lymphocytes according to
morphological parameters.

2.3. Statistical analysis

Continuous variables were expressed as median and interquartile
range (IQ25-75), and categorical variables were described by frequencies
and proportions. The Mann-Whitney U test (non parametric) for in-
dependent samples was used to compare continuous variables.
Differences between categorical variables were evaluated using con-
tingency table (Chi square distribution). For continuous dependent
variables (CD8 T cell percentage and HCV RNA load) univariate linear
regression analysis was assessed using all variables studied. Those
variables in the univariate analysis with p < 0.1 were included in the
multivariate logistic regression analysis with stepwise enter method.
The regression coefficient (β) and 95% confidence interval (CI) for β
were estimated in this model. Variables were independently associated
with the dependent variable when p < 0.05. Statistical analysis was
performed using SPSS software 16.0 (SPSS Inc., Chicago, Illinois, USA).

3. Results and discussion

As show in Table 1, HIV-1 controllers and HTLV-2/HIV-1 chronic
progressors were younger and with shorter time since HIV-1 diagnosis
compared to HIV-1 chronic progressors. HTLV-2/HIV-1 chronic pro-
gressors had lower level of HIV RNA load compared to HIV-1 chronic
progressors, according to previous reports (Abad-Fernández et al.,
2015; Pilotti et al., 2013). Nadir CD4 T cell count was higher only in
HIV-1 controllers. Interestingly, despite similar CD4 T cell count in the
three groups of patients, HTLV-2/HIV-1 chronic progressors and HIV-1
controllers had higher levels of CD8 T cell percentage compared to that
of HIV-1 chronic progressors (0.002 and 0.016, respectively), as show
in Table 2. While HIV-1 controllers had higher CD4 T cell percentage
compared to the that of the other two groups (p=0.005 and
p=0.029, respectively), HTLV-2/HIV-1 chronic progressors showed
higher levels of CD8 cell count (p=0.034) and lower CD4/CD8 ratio
compared to that of HIV-1 chronic progressors (p= 0.020), according
to previously reported data (Abad-Fernández et al., 2015).

To analyse whether HCV infection could alters CD8 T cell percen-
tage, only those patients with negative HCV RNA load (patients with
sustained virological response and patients with spontaneous HCV
clearance) were analyzed. In this case, HTLV-2/HIV-1 chronic pro-
gressors and HIV-1 controllers showed higher levels of CD8 T cell
percentage compared to that of HIV-1 chronic progressors (p=0.041 y
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p=0.044, respectively). In the same way, analyzing those patients
with positive HCV RNA load at the time of the study, HTLV-2/HIV-1
chronic progressors and HIV-1 controllers also showed higher CD8 T
cell percentage compared to that found in HIV-1 chronic progressors
(See supplementary Table 1), although almost significant in this last
group (p= 0.008 and p= 0.055, respectively).

To study the natural control of HCV replication among the three
groups of patients, all available plasma HCV RNA load recorded before
HCV treatment (including those patients who had sustained virological
response at the time of the study) were included. Hence, both HIV-1
controllers and HTLV-2/HIV-1 chronic progressors had lower levels of
plasma HCV RNA load compared to that of HIV-1 chronic progressors
(p=0.007 and p=0.015, respectively), as shown in Table 1.

In contrast with our findings, higher HCV RNA loads were found in
HCV/HIV-1/HTLV-2 and in HCV/HTLV-2-co-infected individuals
among IDU from the USA (Hisada et al., 2005). On the other hand,
HTLV-2 infection, regardless HIV-1 co-infection, appeared to reduce
HCV RNA loads in a limited number of Brazilian patients (n=5 with
HIV-1 infection, and n=8 with no HIV-1 infection) compared to HCV/
HIV-1-co-infected patients (n= 548) (Alves et al., 2018), in agreement
with our data. A possible explanation on these apparent discordant

results might be the genetic background of the individuals and the
circulating HTLV-2 strain. Indeed, HTLV-2 strains differ in these three
countries, while HTLV-2a is mostly circulating in the USA, and HTLV-2c
in Brazil, only HTLV-2b has been reported in Spain so far (Abad et al.,
2011; Eiraku et al., 1996; Magri et al., 2013; Caterino-de-Araujo et al.,
2018). HTLV-2a and HTLV-2b differ from HTLV-2c in an additional 25
amino acids at the C-terminal end of the protein Tax, which may have
contributed to this discrepancy (Romanelli et al., 2013; Eiraku et al.,
1996). Despite genotypic difference, HTLV-2c could be phenotypically
more related to HTLV-2b, although this hypothesis requires further
investigation.

Of notice, HCV genotype 1 was less represented in HIV-1 controllers
(33.3%), that is in agreement with other reports (Sáez-Cirión et al.,
2009), while the presence of this genotype was similar between HTLV-
2/HIV-1 chronic progressors and HIV-1 chronic progressors. Also, HCV
genotype 1 has been associated with high level of HCV RNA load (Rong
et al., 2012). To prevent this bias in the analysis, only patients with
HCV genotype 1 were analyzed. In this case, HCV RNA load was sig-
nificantly lower in HTLV-2/HIV-1 chronic progressors (22 patients)
compared to that of HIV-1 chronic progressors (53 patients), with sta-
tistical significance (p=0.003) (See supplementary Table 2).

Table 1
Immunovirologic characteristics of the HCV-exposed injection drug users at study point.

HIV-1
controllers 1

HTLV-2-HIV-1
chronic progressors 2

1 vs 2
p

HIV-1
chronic progressors 3

1 vs 3
p

2 vs 3
p

N 29 56 101

Age (years) 45 [39-49] 44 [42-49] 0.676 49 [45-52] 0.002 <0.001
Gender (male) 21 (72.4%) 42 (75%) 0.798 73 (72.3%) 0.988 0.713
Time since HIV-1 diagnosis (months) 224 [207-274] 250 [197-278] 0.723 264 [227-312] 0.012 0.006
Time on cART (months) – 163 [141-195] – 194 [153-234] – 0.001
Suppressive cART (months) – 58 [38-85] – 108 [68-165] – <0.001
Time with natural HIV-1 control (months) 224 [197-274] – – – – –
Zenith HIV load (log10 RNA copies/mL) 2.00 [1.57-2.92] 4.75 [4.30-5.27] – 5.00 [4.71-5.60] – 0.005
HCV infection
Spontaneous clearance 5 (17.2 %) 9 (16.1 %) 0.809 4 (3.9 %) 0.013 0.008
HCV PCR positive 13 (44.8 %) 34 (60.7 %) 0.242 50 (49.5 %) 0.657 0.177
Sustained virological response (Peg IFN-α/RBV) 7 (24.1 %) 12 (21.4 %) 0.762 47 (46.5 %) 0.031 0.002
Unknown 4 (13.8%) 1 (1.8%) –

Zenith HCV load (log10 RNA IU/mL) 5.93 [5.44-6.52] 6.11 [5.56-6.89] 0.489 6.55 [6.25-6.93] 0.007 0.015
HCV genotypes
Genotype 1 6 (20.7 %) 22 (39.3 %) 0.083 54 (53.5%) 0.002 0.088
Genotype 2 1 (3.4 %) 4 (7.1 %) 0.493 1 (1.0 %) 0.346 0.003
Genotype 3 8 (27.6 %) 9 (16.1 %) 0.201 18 (17.8 %) 0.248 0.787
Genotype 4 3 (10.3 %) 4 (7.1 %) 0.626 9 (8.9 %) 0.814 0.711
Unknown 11 (37.9%) 17 (30.4%) 19 (18.8%)

Nadir CD4 T cell count (cells/mm3) 392 [291-538] 125 [52-232] <0.001 94 [47-179] <0.001 0.260

Median and interquartile range (IQ25-75) for continuous variables, and frequencies and proportions for categorical variables. Mann Whitney U test for continuous
values and Fisher´s exact test (two tailed) for categorical values. cART, combined antiretroviral treatment. Significant when p < 0.05 in bold.

Table 2
Immunovirologic characteristics of the HCV-exposed injection drug users at study point.

HIV-1
controllers 1

HTLV-2-HIV-1
chronic progressors 2

1 vs 2
p

HIV-1
chronic progressors 3

1 vs 3
p

2 vs 3
p

N 29 56 101

CD4 T cell count (cells/mm3) 0.396 0.108 0.053
<200 1 (3.45%) 3 (5.36%) 14 (13.8%)
200-500 13 (44.8%) 27 (48.21%) 37 (36.6%)
>500 16 (55.2%) 26 (46.43%) 50 (49.5%)

CD4 T cell percetage 31.7 [21.4-40.1] 23.9 [17.2-30.4] 0.005 25.7 [21.6-32.7] 0.029 0.159
CD8 T cell count (cells/mm3) 0.416 0.275 0.034

<500 4 (14.8%) 5 (8.93%) 18 (17.82%)
500-1000 12 (44.4%) 26 (46.43%) 53 (52.47%)
>1000 11 (40.7%) 25 (44.64%) 30 (29.70%)

CD8 T cell percentage 47.6 [41.3-56.6] 48.7 [38.3-57.7] 0.905 41.4 [33.2-49.4] 0.004 <0.001
CD4/CD8 ratio 0.72 [0.38-0.93] 0.49 [0.31-0.81] 0.071 0.62 [0.48-0.93] 0.710 0.020

Median and interquartile range (IQ25-75) for continuous variables, and frequencies and proportions for categorical variables. Mann Whitney U test for continuous
values and Fisher´s exact test (two tailed) for categorical values. cART, combined antiretroviral treatment, ART, antiretroviral treatment. * Including recorded HCV
RNA load of those patients cured at study point before HCV treatment. Significant when p < 0.05 in bold.

E. Ruiz-Mateos, et al. Virus Research 264 (2019) 40–44

42



Unfortunately, the same analysis including HIV-1 controllers had no
statistical power because of the low number of patients (n= 5).

Gender was another possible bias; insomuch as lower levels of HCV
RNA load has been associated with females (Rong et al., 2012). Among
males, HCV RNA load was lower in both HTLV-2/HIV-1 chronic pro-
gressors (30 patients) and HIV-1 controllers (14 patients) compared to
that of HIV-1 progressors (64 patients), with statistical significance
(p=0.013 and p= 0.026, respectively). The analysis including only
females could not be performed due to the limited number of patients.
Interestingly, spontaneous HCV clearance was more frequent in both
HIV-1 controllers (p= 0.013), which is in accordance to elsewhere
reported data comparing HIV-1/HCV-coinfected and HCV mono-
infected patients (Sajidi et al., 2010; Jamalidoust et al., 2017; Soriano
et al., 2008; Berger et al., 1996; Rong et al., 2012), and HTLV-2/HIV-1
chronic progressors (p=0.008) compared to that found among HIV-1
chronic progressors, as shown in Table 1. Nevertheless, HCV genotype 1
has been associated with higher levels of HCV spontaneous clearance
(Mangia et al., 2013; Grebely et al., 2014; Marcellin et al., 2015). In this
study, HCV genotype 1 was less represented in HIV-1 controllers but
they had higher rate of spontaneous clearance. Perhaps other factors
(genetic factors and others) could give account for this apparent dis-
crepancy (Thomas et al., 2009). In the case of HTLV-2 co-infected pa-
tients, with no differences regarding HCV genotype 1 compared to
progressors, HTLV-2 infection itself might have a singular role, in
combination with the above mentioned host genetic factors.

To evaluate which factors were independently associated with HCV
RNA load and CD8 T cell percentage (as dependent variables), all
variables with p < 0.1 in the univariate analysis were included in the
multivariate logistic regression test. Hence, gender and HTLV-2 infec-
tion were independently associated with HCV RNA load, while HTLV-2
infection were independently associated with CD8 T cell percentage, as
shown in Table 3. These findings show the importance of the HTLV
infection in the improvement of the immune system against viral in-
fections.

This study had a number of limitations that has to be acknowledged,
such as the low number of elite controllers (< 50 copies HIV-1 RNA per
mL) that did not allow statistical powered comparisons with viremic
controllers (< 2000 copies HIV-1 RNA per mL). In addition, it must
take into account that HIV-1 controllers were not under antiretroviral
treatment, contrary to the other two groups of patients.

The implication of HTLV-2 infection in the control of HIV-1 and
HCV infections is worth being further analyze. Factors such as Tax-2
protein has a potential to induce cytokine gene expression such as in-
terferon or MIP-1a (Beilke, 2012), and the antisense protein APH-2 play
key roles in the virus lifecycle and persistence in the host inhibiting
HIV-1 transcription (Murphy et al., 2016). Characteristics such as ge-
netic determinants of the immune response, cytotoxic CD8 T lympho-
cyte response, CD4 T cell response and humoral response, among
others, have to be further studied to determine the role of HTLV-2
against viral infections.
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