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Human T lymphotropic virus type 1 (HTLV-1) is the etiological agent of HTLV-
1-associated myelopathy, and adult T cell lymphoma/leukemia (ATL/L). Pulmonary
complications such as alveolitis and bronchiectasis were found in individuals who
develop TSP/HAM due to chronic inflammation. These individuals showed image
anomalies in CT scans and changes in pulmonary function parameters distinctive
of pulmonary disease. Furthermore, infected individuals have a greater susceptibility
to pulmonary tuberculosis either due to changes in the innate immune response, in
asymptomatic carriers, or to an opportunistic disease linked to immunodepression, in
individuals who develop ATL/L. This summary addresses the general lack of knowledge
regarding the relationship between HTLV-1 and pulmonary diseases and provides
direction for future work.
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INTRODUCTION

Human lymphotropic virus type 1 (HTLV-1) is the etiological agent of HTLV-1-associated
myelopathy, and adult T-cell lymphoma/leukemia (ATL/L) (Richardson et al., 1990). Various
HTLV related pulmonary anomalies heavily rely on the clinical form manifested in the infected
individual. In ATL/L, the pneumophathies mainly are caused by opportunistic infections or
pulmonary leukemic infiltrates. In asymptomatic carriers and HAM/TSP patients, T lymphocytic
alveolitis, interstitial pneumonia, bronchiolitis, and diffuse panbronchiolitis could be observed.
Besides, an elevated risk of developing pulmonary cryptococcosis, tuberculosis, and community
acquired pneumonia was observed (Atsumi et al., 2009; Fukuoka et al., 2013).

A relationship between HTLV-1 and pulmonary diseases was established with reports of
individuals with TSP/HAM who exhibit pulmonary diseases with characteristics of lymphocytic
inflammatory infiltrate (Sugimoto et al., 1987) and later by other authors (Teruya et al., 2008;
Kawabata et al., 2012; Nakayama et al., 2013), include opportunistic pulmonary infections (Taylor
and Matsuoka, 2005) and alterations in CT images in infected individuals (Kikuchi et al., 1996;
Tateishi et al., 2001; Kadota et al., 2004; Okada et al., 2016; Einsiedel et al., 2014; Yamakawa et al.,
2015; Falcéo et al., 2017).

Despite several studies linked HTLV-1 to pulmonary diseases, the scientific community still
has several questions to solve about the physiopathology of HTLV-1 infection and understand
why do some HTLV-1-infected individuals have pulmonary damage while others do not. A recent
study in Australia related highest mortality rates among subjects infected with HTLV-1c subtype
(Einsiedel et al., 2018). Another question remains unclear, for example, the role of epigenetic factors
or inflammatory imbalance in the lung injury.
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This study aims to improve the understanding of lung disease
in patients infected with HTLV, through a review of publications
on this neglected theme, gathering information from studies on
the area including recent reports.

IMMUNE RESPONSE

Patients with HTLV-1 with pulmonary involvement exhibit an
elevation of T lymphocytes in bronchoalveolar lavage fluid
(BALF) and consequent pulmonary inflammation, which is
mediated by a Thl type immune response, characterized by
the presence of soluble IL-2 receptors (IL-2R), increased levels
of interleukins IL-2, IL-12, and interferon (IFN-y) (Sugimoto
et al, 1989; Yamazato et al, 2003; Nakayama et al, 2013).
An increase in the expression of IL-10, an anti-inflammatory
cytokine, has also been detected. Its production is related to
a reduction in the activation of T cells responsible for the
chronic inflammatory process (Nakayama et al., 2013). The
mechanism underlying pulmonary inflammation involves the
local release of cytokines and chemokines and is related to the
interaction between the HTLV-1 bZIP factor (HBZ) and forkhead
box P3 (Foxp3) in infected CD4+ T cells (Nakayama et al.,
2013).

Another characteristic of pulmonary disorders in patients
with HTLV-1 is the presence of alveolitis (cryptogenic fibrosing
alveolitis) and lymphocytosis (CD4+ and CD25+) (Matsuyama
et al, 2003), in another study that evaluates the peripheral
blood monocyte cells (PBMCs) and BALF from six patients
(five HAM/TSP and one HTLV-1 carrier) who had pulmonary
involvement, lymphocytosis and the presence of HTLV-1
provirus in the BALF of HTLV-1 patients was found (Kawabata
et al., 2012). These findings are positively correlated with
elevated levels of MIP-1a, a chemokine responsible for the
activation and recruitment of inflammatory cells, IP-10, which
plays a key role in the pathogenesis of pulmonary fibrosis, and
ICAM-1. Various cells of the pulmonary epithelium express
ICAM-1, which facilitates the adhesion of neutrophils to cells
of the respiratory epithelium and thereby potentiates chronic
inflammation which is the landmark of many diseases related
to HTLV-1 (Miyazato et al., 2000; Matsuyama et al., 2003)
(Figure 1).

A local production of ICAM-1, cytokines (IL-1a, IL-1, IL-6,
IL-8, and TNF), and chemokines (CCL2 and CCL5) is believed
to be induced by the NF-kf and AP-1 pathways in HTLV-1-
infected epithelial cells; this mechanism can explain, in part, the
pathogenesis of HTLV-1-related lung diseases characterized by
the production of inflammatory cytokines and chemokines, and
expression of adhesion molecules by the infected cells (Teruya
et al., 2008). Patients with TSP/HAM and uveitis as well as
asymptomatic carriers may present pulmonary complications
characterized by T-lymphocytic alveolitis. In previous studies
based on BALF analyses, the proportion of lymphocytes at the
pulmonary level was higher in HTLV-1 infected individuals
than in individuals with pulmonary changes and negative
serology for HTLV-1 (Sugimoto et al, 1987; Mattos et al,
1995).

The main pulmonary lesions found in patients with HTLV-
1 are alveolitis and bronchiectasis resulting from the increase
in inflammatory chemokines (MIP-1at and IP-10) induced by
Tax, which is responsible for the activation and circulation
of inflammatory cells and their recruitment to the lungs;
and by ICAM, which promotes leukocyte adhesion to the
pulmonary endothelium (Matsuyama et al, 2003). Other
findings include increased mRNA expression of the viral
Tax and HBZ in BALF cells of patients with HTLV-I.
Additionally, there is a positive correlation between high levels
of Foxp3 mRNA and a high proportion of lymphocytes in
BALF of patients with HTLV-1-related lung diseases. These
findings suggest the involvement of regulatory T cells in the
pathogenesis of pulmonary inflammation (Nakayama et al,
2013).

There are findings showing that HTLV-1-specific CD8+ T
cells accumulate in the BALF at a higher concentration than
that in the peripheral blood of patients infected with HTLV-
1, suggesting that selective infiltration occurs in the lungs and
specific immune responses occur in lung tissues (Mori et al.,
2005; Kawabata et al., 2012). This hypothesis is supported by
a histochemical analysis revealing the formation of clusters of
CD8+ T cells in the lung tissue of a patient with TSP/HAM
(Kawabata et al., 2012).

Patients with HTLV-1-associated inflammatory diseases (e.g.,
HAM/TSP and uveitis) exhibit more substantial lung tissue
injury, as evidenced by the significantly increased levels of
lymphocytes (CD4+ and CD25+), cytokines (IL-2, IL-12, and
IFN-y), and inflammatory chemokines (MIP-1a and IP-10) as
well as cell adhesion molecules (ICAM-1) in the BALF compared
to the levels observed in asymptomatic carriers (Yamazato et al.,
2003; Nakayama et al., 2011, 2013). These findings support the
relationship between the occurrence of diseases related to HTLV-
1 and the development of alveolitis (Matsuyama et al., 2003)
(Figure 2B).

The virus subtype seems to be correlated with the severity
of the disease. In Australian indigenous people, the highest
mortality rate was found among subjects infected with HTLV-
Ic subtype and high proviral load (pVL > 1000 copies per
10° peripheral blood leukocytes) when compared to those
infected with the same virus but with lower proviral load
or uninfected subjects. This mortality was largely due to
bronchiectasis-related deaths (Einsiedel et al., 2018). It is
believed that the link between HTLV-1 associated diseases
and higher proviral load result from a genetically determined,
inefficient cytotoxic T lymphocyte response, which permit the
widespread dissemination of the virus (Saito and Bangham,
2012).

The HTLV-1 proviral load in the BALF seems to be related
with the proportion of lymphocytes in the BALF too (Desgranges
et al., 1989). Besides that, the higher percentages of CD4+
and CD25+ in the BALF than in peripheral blood (Seki et al.,
2000) suggests that HTLV-1 infection could induce chronic
inflammation in the lung, through immunologic mechanisms
(Yamakawa et al., 2015). It seems that this exacerbated immune
response that occurs in HTLV-1 infected patients may play a key
role in the development of lung injury.
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FIGURE 1 | Pulmonary inflammation is induced by HTLV-1 cells infected by HTLV-1 (T CD4+, T CD25+, and Lung Epithelial cells). MIP-1a chemokine recruits and
activates inflammatory cells to the lungs (HTLV-1 specific T CD8+ cells) expressing inflammatory cytokines (IL-1a, IL-1, IL-2, IL-6, IL-8, and TNF). There is an
increase in IP-10, a chemokine that plays a key role in the pathogenesis of pulmonary fibrosis. Associated with this, ICAM-1 acts by facilitating neutrophil adhesion to
pulmonary epithelial cells and potentiating local chronic inflammation. The result is the development of Alveolitis and Fibrosis.

t@ /

HTLV-1/TUBERCULOSIS COINFECTION
AND ATL/L

The high prevalence of HTLV-1 among patients with pulmonary
tuberculosis (PT) (Moreira et al., 1993; Pedral-Sampaio et al.,
1997; Marinho et al.,, 2005; Verdonck et al., 2008; Bastos et al.,
2009; Kozlowski et al., 2014), high mortality rates among co-
infected individuals, and increased likelihood of hospitalization
and treatment for PT in patients with HTLV-1 (Bastos et al,
2012) reinforce the hypothesis that individuals with HTLV-1
are at higher risk of infection with Mycobacterium tuberculosis
(Marinho et al., 2005; Grassi et al., 2016).

This was also demonstrated in the Northeast Region of Brazil
(Moreira et al., 1993; Pedral-Sampaio et al., 1997; Marinho et al.,
2005; Bastos et al., 2009) and in a study conducted in the Central-
west region of Brazil, where the prevalence was higher than that
observed in blood donors (Kozlowski et al., 2014). In a study
conducted with patients admitted to a hospital in Salvador, Brazil,

2 deaths were observed in HTLV-1 and tuberculosis coinfected
patients (Bastos et al., 2012).

A cohort study conducted in Salvador, Bahia, Brazil, found
a higher incidence density of 3,3 per 1,000 people in an HTLV-
1 infected group. The higher risk of PT was found mainly in
individuals aged 31 to 50 years (Grassi et al., 2016). In another
study conducted in Lima, Peru the authors found an association
between HTLV-1 infection and a lifetime history of active PT
among relatives of HTLV-1 infected patients (Verdonck et al.,
2008). These findings reinforce the concepts of an association
between HTLV-1 and PT in areas where both infections are
endemic, and the increased risk of HTLV-1 individuals to
develop PT.

The increased susceptibility to infection appears to be linked
to a change in the innate immune response associated with
HTLV-1, which facilitates the multiplication of the etiological
agent of PT and leads to a more severe disease (Marinho et al.,
2005). HTLV-1 infection increases the risk for tuberculosis, by the
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FIGURE 2 | HTLV-1 clinical forms and their pulmonary alterations. After HTLV-1 infection, three clinical forms may occur. (A) ATL/L Clonal proliferation of infected
cells, through the actions of Tax and others viral proteins, causes alterations and errors in the host genome, leading to the onset of ATL cells, reduced numbers of
naive T cells and T reg cells (CD4+ and CD25+). ATL/L also induces higher expression of Forkhead Fox P3+ and anti-inflammatory cytokines, such as IL-10, leading
to immunodeficiency and opportunistic infections as Tuberculosis. (B) HAM/TSP The increased levels of lymphocytes (CD4+ and CD25+), inflammatory cytokines as
Interleukine 2 (IL-2), Interleukine 12 (IL-12), and Interferon-y (IFN-y), and inflammatory chemokines such as Macrophage inflammatory protein (MIP-1a) and IP-10 in
the BALF, leading to the development of alveolitis and bronchiolitis. (C) Asymptomatic Carriers do not develop visible symptoms but exhibit tumor necrosis factor-a
(TNF-a), Interleukine 1-B (IL-1B) and Interleukine 17 (IL-17) low expression, which makes these individuals more susceptible to coinfection by Mycobacterium

way, little is known. It is probable that HTLV-1 leads to decreased
production of TNF-a, which plays a key role in protection
against M. tuberculosis (Bastos et al., 2012; Carvalho et al,,
2018). Furthermore, the production of interleukins (IL-1b and
IL-17) was lower in HTLV-1 infected and co-infected individuals
when compared with healthy subjects. This impairment in
TNE IL-1b and IL-17 production upon stimulation with
mycobacterial antigens, may explain the higher susceptibility to
M. tuberculosis in HTLV-1 infected individuals (Carvalho et al.,
2018). The exaggerated inflammation in HTLV-1 infection may
have contributed to the rapid sputum smear conversion and
severity of tuberculosis (Figure 2C).

In individuals with ATL/L, HTLV-1 infection causes a clonal
proliferation of infected cells by action Tax and others viral
proteins. Alterations and errors in the host genome accumulation
leading to the onset of ATL cells with reduction in the
number of naive T cells, T reg cells (CD4+ and CD25+)
express of FoxP3+ phenotype anti-inflammatory cytokines,
such as IL-10, suggesting an immunoregulatory function
leading to immunodeficiency (Taylor and Matsuoka, 2005)
(Figure 2A). It causes more susceptibility to this individuals
develop opportunistic infections by several pathogens (Taylor
and Matsuoka, 2005). In a 3712 ATL/L patients cohort of a

Japanese hospital, pulmonary tuberculosis had a prevalence of
3.8% that were significantly associated with higher health care
costs (Maeda et al., 2015).

CT FINDINGS AND PULMONARY
FUNCTION

Computed tomography (CT) abnormalities in patients with
HTLV-1 are predominantly parenchymal, especially centrilobular
nodules, thickening of bronchovascular bundles, ground-glass
opacity, and bronchiectasis. There is an association between
HTLV-1 infection and bronchiectasis (Honarbakhsh and Taylor,
2015). In a case report, two HTLV-1 carriers were diagnosed
with interstitial pneumonia, both showed pulmonary alterations
in CT but low lymphocytic infiltration (Burioka et al., 1997).
In a retrospective case review of 246 asymptomatic and 167
symptomatic patients, 13 symptomatic patients was diagnosed
with bronchiectasis (13/167, RR 19,2 95% CI 2,5 - 14,5,
p =0.004) (Honarbakhsh and Taylor, 2015), and this association
is particularly strong in patients with inflammatory diseases
associated with the virus (e.g., uveitis and HAM/TSP) living in
regions with low socio-economic development (Einsiedel et al.,
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2014). In a study with 645 patients, bronchiectasis was the most
frequently observed abnormality (51.3%, n = 19) (Nakayama
etal, 2013).

In patients with HAM/TSP, combinations of alterations
are frequently found in CT, including bronchiectasis
and pleural thickening, bronchiectasis and parenchymal
bands, bronchiectasis and interlobular septum thickening,
bronchiectasis and centrilobular nodules, and centrilobular
nodules and parenchymal bands, with some patients presenting
three or more changes (Falcio et al., 2017). Other imaging
findings that reinforce the existence of a causal relationship
between pulmonary diseases and HTLV-1, including findings of
peripheral bronchioles and alveoli at sites of injury, probably due
to BALF lymphocytosis (Kawabata et al., 2012) as well as a higher
prevalence of pneumonias among patients with HTLV-1 than
that in the general population (Yamashiro et al., 2012).

A study involving indigenous individuals in Australia (840
patients) shows higher rates of CT with bronchiectasis between
the individuals infected with high proviral loads. All individuals
were infected with HTLV-1c, and although HTLV-1 associated
bronchiectasis affects diverse genetic backgrounds, the infected
individuals in Japan use to have subclinical lung disorders. It
was demonstrated that the HTLV-1 infected indigenous adults
have more diffuse bronchiectasis and a higher HTLV-1c proviral
load, which correlates with more extensive injuries and deaths
due to bronchiectasis. The authors demonstrate that rates of
bronchiectasis and bronchitis/bronchiolitis were significantly
higher in this population than among the healthy individuals
(adjusted odds ratio = 2.9; 95% CI, 2.0, 4.3) they propose that this
viral subtype is linked with major lung injury lesions between this
population (Einsiedel et al., 2018).

Also, certain studies that try to correlate the CT image
findings with alterations in the respiratory function. In a study
with asymptomatic individuals, no difference in parameters
of respiratory function was found when compared to those
of a healthy control group. These results suggest that the
HTLV associated pulmonary abnormalities previous described
in CT images, cells, and BALF could not affect the pulmonary
function, but in this study, the parameters were not evaluated in
symptomatic individuals (Murphy et al., 2003).

We show that may be a relationship between HTLV-1
infection and changes in pulmonary function, especially in
individuals with HAM/TSP, which may progress to obstructive
or restrictive lung disease, possibly related to pulmonary
inflammation (Normando et al., 2016; Falcio et al., 2017).
A previous study observed obstructive disease in a suspect
patient of bronchiolitis obliterans that was identified as HTLV-1
associated bronchioloalveolar disorder (HABA) with 1.251 forced
expiration volume in one second (FEV) (74.4% of predicted)
and 64.1% forced expiratory volume in one second/forced vital
capacity (FEV/FVC) (Yamakawa et al., 2015) due Adult T-cell
leukemia (Kimura, 1992).

Spirometry analysis in patients with HAM/TSP has shown a
reduction in vital capacity (VC), FEV;, and maximum voluntary
ventilation (MVV). Low VC is related to restrictive lung disease,
a reduction of FEV) is correlated with airway obstruction,
and a reduction of MVV is related to both conditions and to

reduced mobility. Therefore, it is possible that the lesions found
in imaging studies associated with reduced mobility affecting
patients with HAM/TSP play a key role in the development of
obstructive or restrictive lung diseases (Falcio et al., 2017). It is
possible that bronchiectasis and pleural thickening play key roles
in the development of obstructive disease and restrictive lung
disease, respectively.

As a diagnostic criterion for the prevalence of HTLV-1
infection in patients with diffuse panbronchiolitis (Yamamoto
et al., 2004) and cryptogenic fibrosing alveolitis (Matsuyama
et al, 2003), spirometry shows a significant reduction of
FEV) in seropositive to seronegative patients. The reduction
in the number of pulmonary CD4+ T lymphocytes reduces
the ability to generate specific antigen responses, resulting in
immunosuppression and therefore explaining the vulnerability
to infections even in the presence of immunologic effectors.
The early complement diagnostic of pulmonary function could
inform an adequate intervention to avoid possible complications
(Matsuyama et al., 2003).

FUTURE DIRECTIONS

Pulmonary changes caused by HTLV-1 appear to be related to
the release of cytokines (IL-1a, IL-1f, IL-6, IL-8, and TNF-a) and
chemokines (MIP-1a and IP-10), which damage lung tissues via
the infiltration of activated T CD8 + lymphocytes with an altered
immune response pattern due to the expression of Tax and HBZ.
HTLV-1 causes persistent inflammation in all organs in which it
manifests. In the lungs, the characteristic fibrosis of these lesions
is related to chronic inflammation, leading to the activation of
pulmonary fibroblasts.

The HTLV-1 virus appears to have a peculiar tropism in
relation to the lungs that is expressed by the pulmonary lesions
found in individuals with HAM/TSP. In most cases, pulmonary
symptomatology in patients with HTLV-1 is subclinical; however,
further investigations are necessary to determine the evolution
of the pathology in individuals with advanced pulmonary
disease. The pulmonary inflammatory process related to HTLV-
1, when associated with other inflammatory characteristics,
may lead to a worse prognosis. Individuals infected with more
aggressive viral subtypes and high proviral loads shows more
severe lung injury, e.g., cases of Australian indigenous infected
with HTLV-1c, ATL/L patients showed lung injury due to
opportunistic infections, as Tuberculosis and Pneumonia caused
by HTLV-1 infection induced immunodeficiency. On the other
hand, the asymptomatic carriers seem to suffer from milder
immunodeficiency due to the development of coinfection with
M. tuberculosis.

The findings of lung lesions are more prominent in patients
with some degree of clinical presentation (HAM/TSP), suggesting
that lesions at the pulmonary level follow lesions in other organs,
as well as the systemic inflammatory process. Accordingly, it
may be appropriate to consider HTLV-1 infection as a systemic
inflammatory disease of chronic evolution. Pulmonary lesions
in asymptomatic individuals appear to be explained by an
inaccurate classification, including in this category individuals
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with only one symptom. To better determine the course of
the infection, well-defined classification criteria should be used.
We believe that the most appropriate classification is the De
Castro-Costa et al. (2006) criteria, in which individuals that
already present some clinical manifestation are classified as
definitive, probable, or possible HAM/TSP; the use of this
classification in future studies would allow more effective

comparisons.
Many studies made until now still do not allow
a  comprehensive understanding of pathophysiological

mechanisms and their links to specific clinical presentations of
patients infected by HTLV-1. There are mainly observational
studies, who did not characterize the various mechanisms
involved in lung alterations associated with HTLV-1 infection,
these studies have limited scope or describe only isolated clinical
cases. They do not answer the question about the evolution
and physiopathology of the HTLV-1 related pulmonary disease,
which remains unclear. Prospective studies and case-control
studies are required to understand these mechanisms better,
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