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Abstract: The 30th workshop of the HTLV European Resea
rch Network (HERN) was held in Madrid on September
15-16, 2023. Over fifty researchers from Europe and Amer-
ica convened for a two-day conference to update and discuss
basic science, epidemiology, clinical management and ther-
apeutics for patients with HTLV-1 infection. Scientific topics
addressed included new estimates for HTLV-1 in Europe;
impact of antenatal screening on mother-to-child HTLV-1
infections; new insights into the molecular epidemiology
of HTLV-1; reports of elite controllers for HTLV-1 infection;
role of antiretrovirals as HTLV-1 pre-exposure prophylaxis;
and prospects for a HTLV-1 vaccine. The group agreed to
submit a formal request to WHO for increasing the global
surveillance and awareness of HTLV-1. This viral infection is
a potentially life-threatening, neglected condition with nei-
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ther treatment nor vaccine. At this time, expanding HTLV-1
screening is the most effective way to reduce viral dissemi-
nation.
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Introduction

HTLV-1 is one of several retroviruses that infect humans.
All produce lifelong infections and at least three cause
overt disease. In the absence of antiretroviral therapy, pro-
gressive CD4+ T lymphocyte depletion leads to immun-
odeficiency and AIDS in almost all HIV-14+ individuals.
This also occurs albeit more slowly in HIV-2 carriers.
In contrast, HTLV-1 causes immortalization of CD4+ T
cells, leading to lymphoproliferation and immune dysfunc-
tion. Whilst HTLV-1 infection remains asymptomatic in
90 % of carriers, emerging data demonstrate a broader
impact on health and life-expectancy [1, 2]. The overt clin-
ical manifestations in HTLV-1 infection are a subacute
myelopathy (HAM, HTLV-1-associated myelopathy) which
predominantly occurs in women, and an aggressive T-
cell malignancy, adult T-cell leukemia/lymphoma (ATLL),
which in Europe is equally distributed by sex. In addition,
a wide range of immune/inflammatory conditions, includ-
ing uveitis, thyroiditis, arthritis, and bronchiectasis may
develop in HTLV-1 carriers [3].

The HTLV European Research Network (HERN) was
originally funded by the European Commission three
decades ago. After EU funding expired, most participant
researchers continued working together and meeting peri-
odically. On September 15-16, 2023, the 30th HERN confer-
ence was held in Madrid, Spain. Over fifty researchers from
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Europe and America convened for two days to present and
debate updates on basic science, epidemiology, clinical man-
agement and therapeutics for patients with HTLV-1 infec-
tion. Here we summarise highlights from the six categories
of presentations against what was previously known.

Epidemiology & public health

Antoine Gessain, from the Pasteur Institute in Paris, France,
addressed the origin of the HTLV-1 retrovirus in humans
from natural infection in African primates. HTLV-1 infec-
tion is a zoonosis like HIV, Mpox virus and Ebola. There
are an estimated 10 million people infected with HTLV-1
worldwide, half of them in equatorial Africa [4]. Gabon and
the Democratic Republic of Congo are the countries with
the highest infection rate. Nigeria is the country with the
largest number of infected individuals worldwide, given its
large population of 215 million. Women in these countries
exhibit increasing prevalence rates with age, reaching up to
10-25 % in elderly women. Despite Africa being the largest
HTLV-1 reservoir worldwide, there is no screening of blood
donors in the continent.

Many subjects infected with HTLV-1 are diagnosed late,
after developing clinical manifestations. HTLV-1 screening
of asymptomatic individuals is rarely performed in popu-
lations with high infection risk, including migrants from
endemic areas in Western countries [5]. Many physicians
and the general population have little knowledge about
HTLV-], in contrast to HIV, for which information is widely
available.

Hotspots of HTLV-1 endemicity are distributed across
all continents. High rates of HTLV-1 infection have been
reported among aboriginal people in Australia, Equatorial
Africa, Latin America and the Caribbean, northeastern Iran,
and southwestern Japan [6, 7]. Romania and neighboring
Moldova are the only European countries with a relatively
high HTLV-1seroprevalence. Atleast 5 new cases of ATLL are
reported annually in Romania [8]. Molecular epidemiology
studies have found that most infections in Romania were
introduced recently and due to a HTLV-1a transcontinental
variant most probably originated in South Africa or Mozam-
bique [9].

Using distinct approaches, British and Spanish
researchers provided updated estimates of the number of
HTLV-1+ individuals in Europe. In England and Wales the
estimate of 14,900 in 1991 was revised to 36,300 in 2021,
based on the 2021 population census [10]. This doubling
of cases of infection parallels the rise in the incidence of
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ATLL in the UK. Migration from HTLV-1 endemic regions,
including Nigeria and Romania, contributed to the increase
in the estimate of HTLV-1 in England and Wales during
the last 30 years. Based on migrant populations, Spanish
investigators updated HTLV-1 prevalence estimates for Italy,
France, Spain and UK [11]. The largest HTLV-1 population
was estimated in UK, with migrants from the Caribbean
and West Africa being the most important contributors. In
contrast, Latin American migrants were the most frequent
in Spain. In France, persons from French West Indies as
well as migrants from West Africa predominated. Finally,
Italy had the lowest estimate of HTLV-1 infection among
migrants.

HTLV-1 sexual transmission

HTLV-1is an intracellular virus transmitted through contact
with body fluids, including blood, semen and milk. Accord-
ingly, sexual exposure, breastfeeding, transfusions, organ
transplantation, and needle-sharing in drug users, etc. pose
individuals at high risk of infection. Nowadays sexual trans-
mission may account for most new HTLV-1 infections glob-
ally. The virus is more efficiently transmitted from male
to female than vice versa. In contrast to HIV-1, men who
have sex with men have only slightly higher rates of HTLV-1
infection than heterosexuals. The rate of infection increases
with duration of sexual relationships with an infected
partner.

Following implementation of HTLV-1 antenatal screen-
ing in Japan, new infections in adolescent and adult gener-
ations mostly occur through sexual contact. Vertical trans-
mission is no longer the main route for transmission. In
Japan, with a population of 125 million, a recent survey esti-
mated that 3,000 new HTLV-1 infections still occur annually,
the majority through sexual relationships [12].

Data from sexually transmitted infection (STI) clinics
were presented at the meeting. In Spain, a recent study
identified 5 subjects infected with HTLV-1 out of 2,000 who
attended STI clinics [13]. Three were men who have sex with
men from Latin America. These results reinforce the impor-
tance of including HTLV-1 screening within the list of STI
tests, especially for subjects coming from highly endemic
regions.

The HTLV-1 Spanish register

A nationwide register was created in 1989. Main demo-
graphics, clinical symptoms/signs and laboratory findings
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Figure 1: Annual incidence of HAM and ATLL in Spain.

are collected for each new case at baseline using one stan-
dardized case report form. All positive individuals are fol-
lowed periodically. Members of the Spanish HTLV Network
cover most of the laboratory facilities nationwide where
this virus can be diagnosed, including public or private
microbiology laboratories or blood banks [14, 15]. The group
updates the national figures on a yearly basis and produces
recommendations for screening and medical management.
Up to the end of 2022, a total of 451 cases of HTLV-1 had been
recorded in Spain. HAM had been diagnosed in 58 and ATLL
in 35 patients [16]. The current incidence of HAM in Spain
is of 2-3 new cases per year whereas it is slightly lower
for ATLL (Figure 1). At least 8 individuals had been infected
with HTLV-1 in Spain following blood transfusions or solid
organ transplantation before screening hecame mandatory
for transplants and targeted for blood donors [17].

Virology

Unlike many other viruses, including HIV-1, cell-free infec-
tion by HTLV-1 is rare, and HTLV-1-infected cells release
few if any viable virus particles. HTLV-1 infectious spread
requires cell-to-cell contact between an infected cell and
an uninfected cell. One of the primary mechanisms for
HTLV-1 transmission involves the formation of a virologi-
cal synapse. Once an HTLV-1 virion enters a target cell, its
RNA genome is reverse transcribed into dsDNA. During cell
division, this dsSDNA integrates into the new host genome,
at which point it is termed a provirus. Once integrated, this

n=58 n=35

provirus can be transcribed by cellular RNA polymerase II
to express viral gene products.

Once HTLV-1 infection is established in a new subject,
persistence of infection occurs predominantly without viral
replication. After adaptive immunity develops, prolifera-
tion of infected lymphocytes occurs with division of cells
containing the integrated provirus. This sustained prolifer-
ation, and the use of cell-to-cell spread when infection does
occur, explains why there is no plasma viraemia, that is,
extracellular viral particles in the blood. HTLV-1 primarily
infects CD4+ T-cells; due to its widely available target recep-
tors, it has the ability to infect a wide variety of cell types, but
efficient propagation of the virus only occurs from infected
T cells and (possibly) dendritic cells. The HTLV-1 envelope
protein uses neuropilin-1 (NRP1) and heparan sulfate pro-
teoglycan (HSPG) for attachment and binding to target cells.
The binding between gp46 and HSPG/NRP1 allows a confor-
mation change in gp46 that exposes a binding domain that
interacts with glucose transporter-1 (GLUT-1), followed by
viral/cell fusion and the release of HTLV-1 nucleocapsid into
the cytoplasm. The chemokine receptor CCR4 and the adhe-
sion molecule LFA-1 also facilitate cell-to-cell transmission
of HTLV-1.

Charles Bangham provided new insights into the mech-
anisms of HTLV-1 persistence. Comparing cells infected in
vivo with those infected in vitro, his team identified selective
survival in vivo of clones with proviruses located near the
nuclear lamina or the nucleolus [18, 19]. The same phe-
nomenon was observed in selective clonal survival in the
HIV-1reservoir.
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The HTLV-1 accessory protein p8 induces cellular pro-
trusions through which HTLV-1 passes to newly infect cells.
Andrea Thoma-Kress discussed how p8 is transferred to
distinct cell types and could hamper immune responses
towards HTLV-1-infected CD4+ T cells [20].

Roberto Accolla reported on the role of the viral HBZ
protein in the development of leukemic cells. Recent find-
ings from his group pointed to the unprecedented evidence,
from nuclear interactome studies, of HBZ interaction with
the RNA splicing and non-sense mediated RNA decay (NMD
proteins), both basic functions of cell physiology, whose
alterations is involved in cancer [21]. Furthermore, Greta
Forlani from Accolla’s group highlighted that the nuclear
localization of HBZ could be a hallmark of neoplastic trans-
formation [22].

HBZ downregulates Tax expression, which activates the
NFkB pathway and the release of the cytokine IL-10, both
well-accepted primary steps of leukemogenesis. Thereafter,
the Tax protein is detected in ATL cells in approximately
50 % of cases. Ali Bazarbachi presented new data demon-
strating that primary cells from patients with ATL retain the
ability to express very low levels of Tax protein and depend
on Tax expression for NFkB activation and survival [23].

Pathogenesis

Most people infected with HTLV-1 remain free of HTLV-1
complications for many years or during their entire lives.
Only 10 % develop overt clinical manifestations, typically
a subacute myelopathy or a T-cell leukemia. Both condi-
tions are serious and difficult to treat. Most patients with
neurological disease end up in a wheelchair and very few
patients with leukemia/lymphoma survive longer than one
year [3].

HTLV-1 elite controllers

In HIV infection (AIDS), a subgroup of patients with persis-
tently undetectable or very low plasma viral load is well
documented. These individuals show little immune damage
and their clinical prognosis is good for decades [24]. Many
experts consider antiretroviral medication unnecessary for
this subset of patients. In an apparent parallel in HTLV-1
infection, an English team described a group of people with
western blot seroreactivity to HTLV-1 despite a persistently
undetectable proviral load. The longitudinal follow-up of
these individuals resulted in occasional HTLV-1 DNA detec-
tion, although the proviral load was always very low, near
the limit of detection. In a few subjects, the examination
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of multiple viral genome regions or the use of more sen-
sitive molecular techniques revealed the presence of the
provirus. However, no molecular evidence of viral infec-
tion was found in other such individuals despite intense
efforts [25].

The significance of HTLV-1 positive serology in the
absence of viral genomic detection is uncertain. Hypothet-
ically, it could represent: (1) slow progressors, controlling
the infection efficiently; (2) individuals exposed to the virus
that completely cleared the infection; and (3) false posi-
tive serology. As infection was confirmed by Western blot
and proviral DNA was detected at least once during long-
term follow-up, false positive serology in the case series
presented is unlikely. It is possible that the strong immune
responses to HTLV-1 seen in these individuals explains the
exceptionally low abundance or complete absence of the
virus. It is unlikely to be explained by infection with a low-
pathogenicity variant of the virus, because genetic variabil-
ity in HTLV-1is very low.

Mother-to-child HTLV-1
transmission

In places with high HTLV-1 endemicity, transmission of the
virus to newborns from infected mothers continues to be
important. Children may acquire HTLV-1 when breastfeed-
ing extends beyond 3 months. It has been suggested that
maternal antibodies passively transmitted protect the baby
until then. Researchers from Germany and from the UK pre-
sented data showing anti-viral properties of milk, impacting
HTLV-1 transmission and replication in vitro. Overall, 20 %
ofinfants born to mothers carrying HTLV-1become infected.
Most occur through breastfeeding, although anecdotal cases
of intrauterine infection or at the time of vaginal delivery
have been demonstrated. If breastfeeding is eliminated and
elective cesarean section performed, there is hardly any
vertical transmission of HTLV-1 [26].

The results of a Spanish study that examined the pres-
ence of antibodies against HTLV-1 in more than 7,000 preg-
nant women were presented. Four positive cases were iden-
tified, all from Latin America. Three were primigravida
under the age of 23. They were advised against breastfeed-
ing and to date no children have been infected. On the con-
trary, several cases of HTLV-1infected children have already
been reported in Spain after late diagnoses of HTLV-1 in
their mothers [27].

Considering the large Latin American population resid-
ing in Spain and its high birth rate, it has been estimated
that around 30 new HTLV-1 infections occur each year by
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vertical transmission in Spain. This figure exceeds those
of congenital syphilis, HIV or hepatitis B, all diseases for
which there is a recommendation for antenatal screening.
Given that prenatal screening for Chagas disease is already
performed in Spain among pregnant women from Latin
America, it would be convenient to add HTLV-1 screening
to the same population [27]. An international study has
concluded that antenatal HTLV-1 screening would be cost-
effective or even cost-saving in many European countries
[28], and much more so in HTLV-1 endemic regions [29].
Furthermore, more than 94 % of those living with HTLV-1
in the UK would support HTLV-1 antenatal screening [30].

Clinical manifestations &
biomarkers

HTLV-1 associated myelopathy (HAM)

This is a neuroinflammatory disease of the spinal cord.
Patients with HAM typically experience chronic lower back
pain with early neuropathic urinary bladder symptoms fol-
lowed by the development of lower-limb spasticity. Proxi-
mal weakness of the lower limbs, which eventually spreads
distally, is common. Acute and subacute presentations, with
progression to severe spastic paraparesis or paraplegia
within a few months, can occur. Poorer prognostic indica-
tors in patients with HAM include a high HTLV-1 proviral
load, female sex, age at onset of >50 years, and early rapid
progression.

In patients with HAM, the host’s T-cell response appears
to drive the tissue damage in the disease. HTLV-1 indirectly
damages the CNS through infecting CD4+ T cells, which
cross the blood-brain barrier and activated cytotoxic CD8+
T cells which migrate in response to CXCL10 and themselves
release more CXCL10; the CD4+ and CD8+ T cells release
neurotoxic cytokines IFN-gamma and TNF-alpha, establish-
ing a cycle of neuroinflammation and neuronal death. A
high proviral load in the blood is strongly associated with
HAM, but alone is not sufficient to cause the disease; a
proviral load that is greater in the CSF than in the blood
strongly supports the diagnosis of HAM.

Several series of patients with HAM were presented at
HERN 2023. Included in the Spanish registry are 58 patients
with HAM, of whom 60 % have a Latin American origin and
76 % are women. The prognosis has been poor with 75 %
becoming wheelchair-dependent and/or with urinary/fecal
sphincter incontinence [31].

In another series of 74 individuals with HTLV-1 fol-
lowed at the Karolinska Hospital in Stockholm, Sweden,
nine had HAM and two ATLL. As previously reported,

de Mendoza et al.: Proceedings of the 30th HTLV European research network == 65

the HTLV-1 proviral load was relatively stable over sev-
eral years, and patients with HAM generally had higher
proviral load than asymptomatic carriers [32]. Interestingly,
many of these patients were originally from Iraq, because
of a political migrant agreement that took place after the
Gulf War in 1990. HTLV-1 is prevalent in the region, espe-
cially in Mashhad, northeast of Iran, but also in Iraq and
Kuwait, although less is known about other states in the
region.

In a Brazilian cohort, 9 out of 74 initially asymptomatic
individuals infected with HTLV-1 developed HAM during 12
years of follow-up. Reduced serum IL-10 concentration at
first clinic visit predicted the development of myelopathy
[33]. In contrast, high proviral load or older age were not
predictors. The predictive value of IL-10 as a biomarker of
HAM needs to be further confirmed.

Knowing that HTLV-1 infection per se is associated with
a 57 % increase in mortality [1], the mortality rate associated
with HAM was examined in the UK cohort, comparing 112
patients with HAM with age, sex and ethnically matched
asymptomatic HTLV-1 carriers. The majority of patients
were of Caribbean origin and living in London. The mortal-
ity rate was 2.4 times higher in patients with HAM compared
to the asymptomatic carriers [34]. Furthermore, although
HTLV-1infection was associated with residence in a location
with a high deprivation index, a higher mortality rate was
observed equally in patients with HAM and asymptomatic
carriers, further pointing to HAM as the cause of short-
ened life expectancy. Similar findings have been reported
in Japan [35] and Brazil [36]. The potential role of chronic
inflammation and persistent immune activation as a driver
of premature death in HTLV carriers has also been sug-
gested by others [2].

Adult T-cell leukemia/lymphoma (ATLL)

There are 4 clinical forms of ATLL. The acute and lym-
phomatous forms are aggressive and the prognosis is very
poor. Several chemotherapy modalities have been used with
poor results. The other two forms (chronic and ‘smoldering’)
are more indolent and have a better prognosis, although
most eventually transform and the overall 5-year survival
is poor.

The Spanish register has recorded to date 35 cases of
ATLL [16]. Survival was shorter than one year in almost
all cases. More than half were women, mostly from Latin
America or sub-Saharan Africa. The median age at diagnosis
was 47 years.

Juan Carlos Ramos, from the University of Miami,
reported on the combination of interferon, AZT and
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belinostat in a case series with encouraging results [37].
The latter is a histone deacetylase inhibitor, which is an
anti-neoplastic drug that re-activates HTLV-1, thus possibly
increasing the immune response against infected tumor
cells with interferon. A clinical trial has begun in the
United States to examine the combination treatment. It is
administered intravenously and is relatively well tolerated,
although cytopenias are commonly seen. So far, data show
this combination regimen can result in deep molecular
remission in some patients.

Ambroise Margais, of the Necker Hospital in Paris,
France, described the efficacy of allogeneic bone marrow
transplantation in 23 patients with ATL after a course
of chemotherapy with complete response [38]. In some
patients, the monoclonal antibody mogamulizumab (anti-
CCR4) was used after the first two months of transplantation
[39]. At two years, 75 % were free of oncological disease.
In addition, the HTLV-1 provirus was no longer detected
in peripheral blood mononuclear cells and all patients had
developed specific immune responses [40]. Resembling the
so-called ‘Berlin patient’, originally infected with HIV and
then cured after a bone marrow transplant [41], in the
patients with ATL described here who underwent bone mar-
row transplantation, had not only cured their leukemia but
also eradicated HTLV-1 infection.

HTLV-1 prevention: prophylaxis &
vaccines

Since HTLV-1 is a retrovirus like HIV, and many proteins
are similar in both viruses, including reverse transcriptase,
integrase, and protease, the possible efficacy of antiretrovi-
rals in established HTLV-1 infection has been investigated.
Overall, the results to date have been negative [42].
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Once HTLV-1 infection is established in a new host,
persistence of infection mostly occurs by proliferation of
infected cells, although viral replication persists at a low
level. This proliferation of infected lymphocytes by cell
division explains why antiretrovirals do not reduce HTLV-1
proviral load in vivo. However, they do block infection in
in vitro models, with inhibitory concentrations similar to
those observed against HIV-1. The integrase inhibitors bicte-
gravir, cabotegravir and dolutegravir are the most potent
inhibitors of HTLV-1 transmission [43].

British and Italian researchers discussed the evidence
supporting the use of antiretrovirals to prevent and man-
age HTLV-1 infection. Sexual contact being the predomi-
nant transmission route for HTLV-1, is there room to con-
sider pre-exposure prophylaxis (PrEP) or post-exposure
prophylaxis (PEP), resembling HIV-1 prevention strategies?
The time window for PEP to have any expected potential
inhibitory effect on HTLV-1 infection would be very early
in the acute infection period, before clonal proliferation
of infected cells replaces viral replication as the driver of
proviral load. This is before 2—-4 weeks after initial HTLV-
1 exposure and based on HIV infection likely to be less
than 72 h. Thus, only during the early phase, when trans-
fer of virions throughout cell-to-cell contact via the viro-
logical synapsis occurs, antiretrovirals that block the full
viral replication cycle might be effective (Figure 2). Based
on in vitro data, PrEP with integrase inhibitors will provide
susceptible cells the chances to block the HTLV-1 life cycle
before proviral integration.

Could antiretrovirals used as HIV PrEP or PEP work
in uninfected persons at risk for HTLV-1 exposure? There
are at least three target populations: (i) individuals having
multiple sex partners, especially when they are from highly
endemic regions; (ii) babies of infected mothers; and (iii)
transplant recipients of HTLV-1+ donors. Advocates of PrEP

Cell-to-cell contact (synapsis)

Free viral
particles

2 -3

\ cell infection

CD4+ T lymphocytes

e

HIV-1

Figure 2: Difference in the life cycle of human retroviruses.

Cell proliferation
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NRP-1
GLUT1
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for HTLV-1 consider that tenofovir would be the most conve-
nient agent and that recruitment should be done in highly
endemic regions. These researchers have estimated for the
size of study populations but the difficulties in the design of
trials to prove the benefit of antiretrovirals in these popula-
tions are acknowledged. An alternative to prospective, ran-
domized trials would be to examine the HTLV-1 incidence
in individuals on in HIV-1 PrEP programmes, including
bimonthly cabotegravir, in regions with significant HTLV-1
prevalence [44, 45].

Gene therapy and gene editing

Itis estimated that HTLV-1 persists in approximately 103-105
infected T-cell clones within any infected host [46]. After ini-
tial viral infection, the virus is thought to become transcrip-
tionally silent (latent) in each cell at a given time, as it is dif-
ficult to detect sense viral transcripts or proteins in infected
individuals. However, the presence of activated cytotoxic T
lymphocytes (CTLs) directed against sense-strand-encoded
viral antigens suggests that constant, low-level viral tran-
scription occurs. Indeed, recent studies found that Tax is
transcribed in intense, intermittent bursts within infected
cells [47].

The genetic sequence stability of the virus and the
fact that proviral sequences integrate into the genome of
infected cells make HTLV-1 a suitable candidate for treat-
ment with gene editing tools [48]. Indeed, recombinase-
mediated excision of the HTLV-1 provirus represents a
promising approach to reduce proviral load in HTLV-1-
infected individuals, potentially reducing the risk of devel-
oping HTLV-1-associated diseases. However, the great clonal
diversity of infected cells in each host presents a formidable
obstacle to control or eradicate the infection.

Conclusions

HTLV-1is the second most prevalent human retroviral infec-
tion globally after HIV-1. Current estimates are of at least 10
million people living with HTLV-1 worldwide. The majority
are asymptomatic, unaware of their infection and inadver-
tently able to transmit due to the paucity of testing. Once
HTLV-1 is acquired, either sexually, vertically or parenter-
ally, infection is lifelong. In contrast with HIV-1 infection,
which causes a depletion of CD4+ T lymphocytes, HTLV-1
immortalizes infected CD4+ T-cells.

Nearly 10 % of HTLV-1 carriers develop overt clinical
manifestations related to inflammation, such as, but not
restricted to HAM, and malignancy in the form of ATLL.
Worsened outcomes are also recognized with a range of
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co-infections [49] and associated to persistent immune acti-
vation and inflammation [1, 2]. Typically, HAM affects more
frequently middle-aged women whereas ATLL occurs about
a decade later; and in both sexes. A wide range of inflamma-
tory conditions, including uveitis, thyroiditis and arthritis
appear more frequently in individuals living with HTLV-1
than in the general population.

Although antiretrovirals are ineffective in established
HTLV-1infection, in vitro data support their potential as pro-
phylaxis. Conversely, mogamulizumab, an anti-CCR4 mono-
clonal antibody, reduces HTLV-1 proviral load through semi-
selective depletion of HTLV-1 infected cells, the majority of
which express CCR4. Treatment with mogamulizumab infu-
sion has shown efficacy in patients with HAM, with recent
disease onset being a predictor of response.

The advent of new gene therapies and CRISPR editing
has opened ways for targeting HTLV-1 proviral DNA. If not
eradicative, these new treatment approaches could reduce
proviral load, which ultimately predicts the risk of overt
clinical disease [50]. Finally, the unique low genetic vari-
ability of HTLV-1 compared to many other RNA viruses, has
encouraged the search for protective HTLV-1 vaccines [51].
However, the recognition that HTLV-1 spreads almost wholly
by cell-to-cell contact through a virological synapse has
diminished the initial enthusiasm for producing antibody-
mediated vaccines [52].
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