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Human T-cell leukemia virus type 1 (HTLV-1) is one of the human retroviruses that causes various complications
in humans, including lymphoma. Mycobacterium tuberculosis (Mtb), on the other hand, is a causative agent of
tuberculosis (TB), a deadly infectious disease. According to the literature, patients infected with HTLV-1 are
prone to TB due to lack of regulation in the immune system. In the present study, we discussed the association
between previous HTLV-1 infection and TB susceptibility. We also reviewed the histopathological findings of
respiratory involvement following HTLV-1 infection and the management of this infection.

1. Introduction

Among infectious diseases, tuberculosis (TB) is one of the ten leading
causes of death in the world. According to the World Health Organiza-
tion (WHO) report, in 2019 there were about 10 million cases of TB and
1.2 million deaths among HIV-negative people [1]. Overall, one-third of
the world’s population is infected with Mycobacterium tuberculosis (Mtb)
as latent TB infection (LTBI) cases [2]. Although most LTBI patients have
no clinical symptoms during their lifetime, about 5-10% of them will
progress to active TB [3].

After Mtb enters the lungs, four categories are predictable for its fate
including; 1) immediate clearance of Mtb from lungs, 2) active TB
caused by replication of tubercle bacilli in the human’s body, 3) LTBI
which is characterized by the formation of granulomas due to immune-
response to prevent bacteria from replicating and spreading in the body,
4) reactivation of LTBI that occurs during decreased immune response
activity (Fig. 1) [4,5].

2. Progression of LTBI to active TB
2.1. LTBI phase

LTBI is a specific stage of infection that shows the balance between
the microbe and the host immune response. In the LTBI phase, intra-
cellular growth of Mtb is reduced by immune cells especially Th1, Th17,
CTLs, B cells, as well as cytokines such as IFN-y, TGF-p or IL-1p [6,7].
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Depending on the host epigenetic events, excessive secretion of cyto-
kines such as I[FN-y, TNF-qa, and IL-1p can cause tissue damage resulting
in active proliferation of Mtb [8,9].

2.2. Predisposing factors for the activation of latent TB

Progression of TB from the states of latent phase mode to active TB is
more common among the patients with underlying conditions such as
cancer, diabetes, immunodeficiency, transplantation, as well as in pa-
tients infected with viruses such as HIV or HTLV-1 [10]. Studies show
that dysregulation of the immune response in HTLV-1-infected patients
is considered a hallmark for LTBI progressing to active TB infection;
during infection with the virus, T regulatory (T reg) cells increase, while
Mtb inhibitory cell lines such as Mucosal-associated invariant T (MAIT)
cells and Invariant natural killer T (iNKT) cells decrease [11-15].

3. Coinfection of TB and HTLV-1
3.1. HTLv-1

HTLV-1 was first identified by Poiesz et al. in a patient with cuta-
neous T cell lymphoma (CTCL) in the United States [16]. HTLV-1 is a
type C Retrovirus (Deltaretrovirus) and is prevalent in various regions
including Japan, Africa, Latin America, the Caribbean, and the Middle
East, especially Iran [17]. Approximately 5-10 million people world-
wide are infected with HTLV-1; of these 90-95% of infected persons live
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asymptomatic carriers (ACs), but 2-6% of them develop to Adult T-cell
leukemia/lymphoma (ATLL) as well as 2-3% progress to HTLV-1-
associated myelopathy/tropical spastic paraparesis (HAM/TSP) [18].
HTLV-1 is transmitted in a variety of ways such as unsafe sexual contact,
injection, blood transfusion, congenital, and breastfeeding [19].

3.2. HTLV-1 and TB

HTLV-1 is a successful intracellular pathogens that provides persis-
tent infection due to its ability to attack the immune response. Several
strategies for persistent HTLV-1 infection include; I) inhibition of IRF3
by SOCS1, II) clonal proliferation of T reg cells, III) over-expression of
surface molecules (e.g. FasL, KIR2DL2, CADM1 or CCL22), and IV)
infection of CD4 + T cells [20]. In addition, HTLV-1 is transmitted
throughout cell-cell contacts and causes a variety of disorders during
the course of infection including uveitis, infective dermatitis, arthritis,
lymphadenitis, polymyositis, Sjogren syndrome, and bronchiolitis
[20,21]. In general, it seems that the previous HTLV-1 infection may
make the host susceptible to infectious diseases such as TB [14]. Based
on the evidence in the present study, we discussed the role of HTLV-1
infection in the pathogenesis of Mtb.

3.3. Global statistics about the TB and HTLV-1 coinfection

According to Grassi et al. study, there is a significant relationship
between co-infection with HTLV-1 and Mtb in areas where these infec-
tious pathogens are endemic. They showed that the incidence of TB in
patients with HTLV-1 was 3.3 per 1000 cases, while the incidence of TB
in healthy individuals was 1.1 per 1000 cases [14]. In another study,
Pedral-Sampaio et al. reported that 8.5% of HTLV-1-infected patients
were also infected with TB [22]. In their study, Bastos et al. reported that
10% of TB patients were also infected with HTLV-1 [23].

Studies show that people infected with HTLV-1 are also unable to
produce TNF-a, so they are more likely to develop TB [23]. Verdonck
et al. showed that TB mortality was higher in HTLV-1 infected in-
dividuals than in healthy ones [24]. Based on studies, the immune
response to Mtb antigens is suppressed in these patients; in accordance
with this theory, Tachibana et al. found that the Mantoux test was
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negative in asymptomatic HTLV-1 individuals [25]. Moreover, Mas-
carenhas et al. have shown that Polymorphonuclear leukocytes (PMNs)
of HTLV-1-infected individuals were unable to migrate to the PPD in-
jection site [26]. It is suggested that the HTLV-1 infection can cause a
2-4-fold increase in progression to TB infection [27].

3.4. Immunological characteristics in HTLV-1 infection

HTLV-1 infection leads to activation of CD4 + T cells, resulting in
spontaneous lymph proliferation and overexpression of cytokines;
HAM/TSP patients have high levels of proinflammatory cytokines such
as IL-4, IL-6, IL-8, IFN-y, MIP1a, TNF-a, as well as in ATLL patients the
expression of IL-2, TGF-p, IL13, IL-15 leads to activation of NF-kB
signaling pathway [28,29]. Moreover, Souza et al. confirmed that
there was a significant overexpression of IFNy/IL-10 and TNF/IL-10
ratios in HAM/TSP patients with TB compared to non-TB patients
[30]. However, it is not yet clear how HTLV-1-infected individuals are
susceptible to Mtb, whereas there is overexpression of cytokines in their
activated T cells.

In general, there are several immunologic events in HTLV-1-infected
people that increase their susceptibility to TB including; 1) impairment
of TNF-a production, 2) impairment of IL-1f8 and IL-17 production, 3)
increasing in the number of T reg cells 4) overexpression of TGF-f
production, 5) malfunction of HTLV-1-infected lymphocytes (Fig. 2/
Table 1) [23,28-33].

3.5. TB in facing with all features of HTLV-1

Kawabata et al. showed that HTLV-1 was isolated from Bron-
choalveolar lavage (BAL) samples specimens in HTLV-1-infected in-
dividuals (HAM/TSP and asymptomatic carriers) [31]. Clinical findings
showed that the total number of pulmonary lymphocytes (Th1, CTLs,
and T reg cells) is higher in these patients than healthy individuals
[32,33]. Teruya et al. observed overexpression of ICAM-1, cytokines (IL-
la, IL-1, IL-6, IL-8, and TNF), and chemokines (MIP-1q, IP-10, CCL2, and
CCL5) in PMNs of HTLV-1-infected cases with pulmonary complications
[34]. Therefore, we conclude that HTLV-1 can alter the nature of pul-
monary involvement, especially in TB pathogenesis (Table 1) [33-35].
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Fig. 1. Different outcomes of tuberculosis infection. This figure is inferred from Khademi et al. study.
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Fig. 2. The role of immune system for the pathogenesis of HTLV-1/Tuberculosis coinfection. This figure was inferred from Dias et al. studies.

Table 1
Possible mechanisms for TB among —1-infected subjects.
HTLV-1 Immune-response Significant change TB outcome Computed tomography Ref
infection
HAM/TSPs IFN-y, IL-2, IL-12, IP-10 and Exaggerate Inmune-response and Active TB Granuloma formation, Cavitation, irregular linear [34]
MIP-1a and CTLs damage tissue opacity, centrilobular nodules
ATLLs IL-10, TGF-p and CD25 + T Suppression of immune-response against ~ Miliary TB Varies from cavitation to no visible symptoms [38]
regulatory cells TB Active TB
Opportunistic
infections
ACs TNF-a, IL-1p, Th17 and Th17 No significant symptoms, and dependent  Active TB Granuloma formation, nodular patch [39]
on epigenetic events Latent TB

In addition, chest radiographic findings show similarities in the histo-
pathological features of lung infection in both HTLV-1 and Mtb patho-
gens. According to related studies, these histopathological damages
include parenchymal destruction, lymphatic infiltration, centrilobular
nodules, bronchovascular patches, irregular linear opacities, cavity, and
bronchiectasis [33,36,37].

Almost 40 years after the discovery of the virus, there is no effective
and selective treatment for HTLV-1 infections [6,40]. Currently, one of
the major concerns about HTLV-1 infection is the lack of selective anti-
HTLV-1 drugs [18]. Typically, HTLV-1-infected patients are treated with
zidovudine (AZT) plus IFN-a [41]. Nucleoside/nucleotide reverse tran-
scriptase inhibitors (NRTIs) against HTLV-1 include zidovudine, (AZT),
emtricitabine (FTC), didanosine (ddI), lamivudine (3TC), stavudine
(d4T), abacavir (ABC), zalcitabine (ddC), and tenofovir (TDF); because
rifampin interferes with NRTIL, it is not recommended for cases of
retrovirus infection [18,42]. Therefore, the management or treatment of
pulmonary TB in patients infected with HTLV-1 is associated with many
challenges. Therefore, it is necessary to establish programs to control
HTLV-1 infections, such as screening blood products for HTLV-1, pre-
venting breastfeeding of HTLV-1-infected mothers, and safe sexual
contact [43].

4. Conclusion

TB is a predictable disease among people infected with HTLV-1, and
the main study during clinical trials should be conducted in developing
countries where the prevalence of both infections is high. Importantly,
this coinfection can be associated with high mortality. Therefore, careful
monitoring, especially in cases of negative PPD, should be considered as
prevention with isoniazid. However, the best solutions to this problem
should be low cost and possible for TB in endemic areas.
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