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Abstract: Recent studies have shown the effects of vitamin D on host response to infectious diseases.
Some studies detected a high prevalence of hypovitaminosis D in HIV-infected patients, but scarce
information exists for HTLV-1 infection. We conducted a cross-sectional study to evaluate the fre-
quency of hypovitaminosis D in HTLV-1 patients and its relationship with their immune response
in HTLV-infected patients and in age- and gender-matched controls at a Brazilian rehabilitation
hospital. We compared vitamin D, interleukin-6 (IL-6), tumoral necrosis factor-alpha (TNF-α) and
interferon-gamma (IFN-γ) levels across groups. Logistic regression was utilized to assess the asso-
ciation between hypovitaminosis D and cytokine levels. We enrolled 161 HTLV-infected subjects
(129 HTLV-associated myelopathy/tropical spastic paraparesis (HAM/TSP) patients, 32 asymp-
tomatic HTLV carriers) and equal number of HTLV-negative controls. We observed a significantly
higher prevalence of hypovitaminosis D in patients with HAM/TSP than in HTLV asymptomatic
carriers (p < 0.001), or controls (p < 0.001). HAM/TSP patients also had higher levels of IL-6 and
IFN-γ than asymptomatic carriers. Patients with HAM/TSP and hypovitaminosis D had higher
levels of TNF-α than asymptomatic HTLV carriers. These findings suggest hypovitaminosis D plays
a role in HAM/TSP pathogenesis, and it needs to be evaluated in further studies.
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1. Introduction

The importance of vitamin D in bone metabolism is well known, and the role of
vitamin D deficiency in two major disorders of calcium metabolism (rickets in children
and osteomalacia in adults) was recently recognized [1,2]. The expression of vitamin D
receptors (VDR) in different organs (pancreas, brain, muscles, adipose tissue, colon, breast
and immune cells) reinforces its importance in non-bony processes [3]. Many studies have
linked vitamin D status to autoimmune diseases, type 1 diabetes mellitus, cardiovascular
diseases, cancer and infections [1–4]. It has been estimated that more than 1 billion people
have either 25-hydroxyvitamin D (25(OH)D) deficiency or insufficiency [2]. As a result,
routine screening for low 25 (OH) D levels and supplementation of vitamin D has become
increasingly common [1–5].

Immune system cells express VDR, which converts 25(OH)D, by enzymatic reaction, to
the active form of vitamin D, the 1,25-dihydroxyvitamin D (1,25(OH)2D), modulating and
enhancing the immune response to infectious diseases [1–3]. The 1,25(OH)2D suppresses T
cell activation and genes involved in cell proliferation and differentiation, and downreg-
ulates the production of proinflammatory cytokines such as interferon-gamma (IFN-γ),
tumor necrosis factor-alpha (TNF-α), interleukin-2 (IL-2) and interleukin-12 (IL-12) [5–9].
It can shift the activated T cell response from a Th1 to a Th2-like response and can play
an important role on antimicrobial defense and immune regulation, including monocyte
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chemotaxis and differentiation into macrophages, nitric oxide production by macrophages,
and production of cathelicidin and beta defensin-4, antimicrobial peptides whose functions
include inhibition of viral replication [9].

Because of vitamin D’s critical anti-inflammatory and antimicrobial functions, vitamin
D deficiency has been associated to several infectious diseases, including HIV [10–13].

Human T lymphotropic virus type 1 (HTLV-1) was the first human retrovirus iden-
tified. The majority of infected individuals remain lifelong as asymptomatic carriers
(AC). Approximately 0.2% to 3.8% of HTLV infected individuals develop a progressive
neurological disease named HTLV-associated myelopathy/tropical spastic paraparesis
(HAM/TSP) and 2% to 5% develop an aggressive mature T cell malignancy, the adult T
cell leukemia/lymphoma (ATL) [14]. HAM/TSP is a chronic, inflammatory disease of
the central nervous system and is characterized by slowly progressive spastic paraparesis,
lower limb sensory disturbance and bladder/bowel dysfunction [15,16]. Saito et al. found
that the VDR ApaI polymorphism is associated with increased risk of HAM/TSP, although
this polymorphism does not influence the proviral load of HTLV-1 in HAM/TSP patients
or asymptomatic carriers [17]. Immunomodulatory actions of 1,25 (OH)2D are mediated
by its interaction with the VDR receptor, which is expressed on the surface of activated and
non-activated lymphocytes [17].

Although the role of the immune response in HTLV pathogenesis is not fully un-
derstood, it seems that the efficacy of immune response in controlling viral persistence
determines the outcome of HTLV-associated diseases. The available data suggest that the
interaction between virus and host defense mechanisms plays a critical role in determining
the risk of development of HTLV-associated diseases among HTLV carriers [18–20].

To the best of our knowledge, there is only one published study describing an as-
sociation between hypovitaminosis D and HAM/TSP patients, coupled with some lipid
abnormalities, but without information on cytokines production [21]. The present study
aims to evaluate the frequency of hypovitaminosis D and its relationship with clinical
status and immune response in patients infected with HTLV.

2. Materials and Methods
2.1. Study Design and Population

We performed a cross-sectional study in the period of April 2014 to November 2016 at
a rehabilitation hospital (Sarah Network of Rehabilitation Hospitals) in Salvador, Northeast
Brazil. Cases of HAM/TSP or asymptomatic carriers (AC) were diagnosed according
to criteria of the World Health Organization (WHO) [22]. Infection by HTLV-1/2 was
confirmed by positive HTLV serology (ELISA and Western blot) in serum and cerebrospinal
fluid (for HAM/TSP patients). They were consecutively recruited at Sarah’s HTLV clinic.
We randomly selected HTLV-negative patients attended at the same hospital and 38 hospital
staff members to serve as controls, using electronic medical records. Controls were matched
by sex and age.

Individuals reporting use of vitamin D, anticonvulsants or corticosteroids, and patients
with moderate to severe chronic renal failure, were not eligible to participate in the study.

The Hoffer Functional Ambulation Scale was used to evaluate the functional gait
level of individuals and to classify them as community ambulators (level 1), household
ambulators (level 2), non-functional ambulators (level 3) and non-ambulators (level 4) [23].

2.2. Laboratory Assays

Sera from all cases were screened for HTLV 1/2 antibodies by EIA (Enzyme-Linked
Immunosorbent Assay HTLV-1/2, Symbiosys, São Paulo, Brazil). Confirmation and dis-
crimination between HTLV-1 and HTLV-2 was achieved by Western blot (HTLV Blot 2.4,
MP Biomedicals Asia Pacific Pte LTD. Singapore).

Plasma concentration of 25(OH)D was measured by ELFA. We used the current
Institute of Medicine’s (IOM) [22] and Endocrine Society’s [23] guidelines to define vitamin
D deficiency as a plasma 25(OH)D concentration < 20 ng/mL, vitamin D insufficiency as
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a plasma 25(OH)D concentration ≥ 20 and <30 ng/mL, and normal vitamin D status as
a plasma 25(OH)D concentration ≥ 30 ng/mL. In 2018, The Brazilian Society of Clinical
Pathology/Laboratory Medicine (SBPC/ML) and the Brazilian Society of Endocrinology
and Metabolism (SBEM) redefined the ideal 25(OH)D3 values for the population and
should be stratified according to age and individual clinical characteristics following the
normal cut-off point of 25(OH)D3 ≥ 20 ng/mL for the population healthy adult up to
60 years of age [24,25].

HTLV-1 proviral load was performed using the Real-Time Polymerase Chain Reaction
(RT-PCR) for detection of HTLV-1 pol gene and exon 12 of the human albumin gene [26].

Plasma levels of proinflammatory cytokines (IL-2 and IL-6, TNF-α, IFN-γ-) were
measured by ELISA (Human IFN-y DuoSet catálogo #285-05; Human IFN-a DuoSet kit
catálogo#DY210-05; Human IL-2 DuoSet kit catálogo #DY202-05; Human IL-4 DuoSet kit
catálogo#DY204-05;Human IL-6 DuoSet kit catálogo #DY206-05; Human IL-10 DuoSet
kit catálogo#DY217B-05,R&D Systems, Minneapolis, MN, USA), in samples collected and
stored at −80 ◦C until analysis. Laboratory personnel were blinded to clinical information.

2.3. Statistics Analyses

The sample size was calculated using the prevalence (49%) of hypovitaminosis D in
the general population attended at the same hospital by August 2016. The sample size
was estimated in 127 individuals for each group to have 80% power using 95% confidence
intervals. Significance difference was set as 0.05.

Simple frequency distributions of the variables, means and measures of dispersion
(standard deviation [SD]) for continuous variables with normal distribution were calculated.
For variables with non-normal distribution the median and interquartile range (IQR) were
used. If the distribution was not normal, the Kruskal–Wallis test was used. To confirm
the observed differences, we used a post-test for multiple comparisons (Dunn Test with
Bonferroni’s correction). Categorical variables were compared by chi-square test.

All analyses were carried out using SPSS Statistical version 18.0 (SPSS Inc. Chicago,
IL, USA).

2.4. Ethical Considerations

All enrolled subjects provided written informed consent prior to study participation.
The study was approved by the Research Ethics Committee at the Sarah Network of
Rehabilitation Hospitals (Plataforma Brasil CAAE: 1119331240000 0022, July 2014).

3. Results

The study population comprised 161 HTLV-infected subjects, 129 of them (80.1%) had
HAM/TSP and 32 (19.9%) were AC. They were matched by sex and age to 161 HTLV-
negative controls. Controls included patients with a diagnosis of stroke’s sequelae (36.6%),
hospital’s healthy professionals (23.6%), traumatic spinal cord injury sequelae (7.5%),
Parkinson’s disease (5%), ataxia (3.7%), idiopathic myelitis sequelae with negative serology
for HTLV (3.7%), multiple sclerosis (2.5%), traumatic brain injury sequelae (1.9%), and other
diagnosis (15.5%). Most (95%) of the participants were black or racially mixed. Table 1
summarizes patients’ characteristics.

Difference in sun exposure is a well-known confounding variable associated with risk
factors for hypovitaminosis D. Patients with greater neurological impairment are likely to be
less exposed to sunlight. To rule out the effect of sunlight exposure on vitamin D levels, we
compared the vitamin D levels for patients with the same locomotion capacity, as measured
by Hoffer scale. There was a significant difference in mean vitamin D levels between
community ambulators HAM/TSP patients (27.5 ± 9.8 ng/mL) and community ambulators
controls (31.2 ± 9.8 ng/mL, p = 0.015) as well as between wheelchair-restricted HAM/TSP
patients (20.6 + 9.5 ng/mL) and controls with same mobility condition (27 ± 10.4 ng/mL,
p = 0.001). Most patients were classified as community ambulators in both, HAM/TSP
(57.3%) and control group (60%).
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Table 1. Demographic characteristics of patients infected by HTLV and HTLV-negative controls.

Patients
Characteristics

HAM/TSP
N = 129 (%)

HTLV-
Asymptomatic

Carriers N = 32 (%)

HTLV-Negative
Controls

N = 161 (%)
p-Value

Gender
Male

Female
38 (29.5)
91 (70.5)

8 (25)
24 (75)

46 (28.6)
115 (71.4) 0.88

Age in Years
(Mean ± SD) 51.6 ± 13.6 48.5 ± 13.4 51.6 ± 13.5 0.58

HAM/TSP patients showed a significantly higher frequency of hypovitaminosis D
than AC (p < 0.001) or controls (p < 0.001). Table 2 summarizes the mean levels of vitamin
D for the study’s groups.

Table 2. Comparison between serum levels of vitamin D between the HAM/TSP, HTLV-
asymptomatic carriers and controls groups.

Variables HTLV+
(N = 161) 1

HAM/TSP
(N = 129) 2

Asymptomatic
Carriers HTLV 3

(N = 32)

Controls
(N = 161)

Mean 25(OH)D3 *
ng/mL (SD)

25(OH)D <20 (%) **
25(OH)D ≥ 20 (%) **

25(OH)D < 30 (%) ***
25(OH)D ≥ 30 (%) ***

26.3 (10.5)

47 (29.2%)
114 (70.8%)

105 (65.3%)
56 (34.7%)

24.5 (10.3)

46 (35.7%)
83 (64.3%)

94 (72.9%)
35 (27.1%)

33.5 (8.3)

1 (3.1%)
31 (96.8%)

11 (34.4%)
21 (65.6%)

29.5 (10.3)

30 (18.6%)
131 (81.4%)

82 (51%)
79 (49%)

Mean proviral HTLV
load (copies of

HTLV-1/105 cells/mLSD )
- 5.94 ± 14.04 508 ± 1.04 -

* Student’s t test. 1 p = 0.007 (CI95%: −5.43; −0.86)-HTLV vs. controls. 2 p < 0.001 (CI95%: −12.8; −5.06)-
HAM/TSP vs. HTLV-asymptomatic carriers. p < 0.001 (CI95%: −7.31;−2.52)-HAM/TSP vs. controls. 3 p =
0.03 (CI 95%: 0,19; 7,83)-HTLV-asymptomatic carriers vs. controls. ** cut-off of 20 ng/mL (chi-square test).
1 p = 0.026 (CI 95% 0.329; 0.936)-HTLV vs. controls. 2 p < 0.001 (CI95%: 0.008; 0.44)-HAM/TSP vs. HTLV-
asymptomatic carriers. p = 0.001 (CI95%: 0.242; 0.706)-HAM/TSP vs. controls. 3 p = 0.029 (CI 95%: 0.932;
54.07)-HTLV-asymptomatic carriers vs. controls. *** cut-off of 30 ng/mL (chi-square test). 1 p = 0.009 (CI 95%
0.354; 0.866)-HTLV vs. controls. 2 p < 0.001 (CI95%: 0.085; 0.44)-HAM/TSP vs. HTLV-asymptomatic carriers. p <
0.001 (CI95%: 0.235; 0.635)-HAM/TSP vs. controls. 3 p = 0.087 (CI 95%: 0.897; 4.37)-HTLV-asymptomatic carriers
vs. controls.

Patients in HAM/TSP group had a higher mean proviral HTLV load (5941 SD: 14,038
copies of HTLV-1/105 cells/mL) compared to AC (508 SD: 1.038 copies of HTLV-1/105 cells
copies/mL, p = 0.03; 95% CI: 267; 10,597).

HTLV-infected patients with hypovitaminosis D had significantly higher levels of
IL-6 (95 pg/mL; IQR: 36–119) and TNF-α (50 pg/mL; IQR: 24.3–94.2) than patients with
normal vitamin D levels (IL-6: 57 pg/mL; IQR: 31.4–99; p < 0.001; TNF-α: 40.3 pg/mL, IQR:
6.8–62.8; p = 0.001). A post-test (Dunn’s test with Bonferroni’s correction) confirmed the
significant differences between HAM/TSP and AC groups. Table 3 shows the cytokine
levels according to patient group. In HAM/TSP patients, a significant negative correlation
was detected between TNF-α and vitamin D levels (r = −0.272; p = 0.009). Figures 1–3
show these findings. Values for cytokines levels are also depicted in Table 4.
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Table 3. Comparison between serum levels of proinflammatory cytokines (IL-2, IL-6, TNF-α and
IFN-γ) between the HAM/TSP patients and HTLV-asymptomatic carriers.

Serum Levels of
Pro-Inflammatory Cytokines

(pg/mL)
HAM/TSP

HTLV-
Asymptomatic

Carriers
p-Value

IL-2 74.1 (39.9–92.1) 50.2 (31–85.8) 0.121 1

IL-6 87.8 (52.7–117.3) 34.8 (26.2–91) <0.001 2

TNF-α 41.2 (8.1–81.5) 58.1 (31.4–64.4) 0.341 3

IFN-γ 98.2 (58.6–171) 66.2 (32.2–108.6) 0.001 4

Median and interquartile range (IQR). Confidence interval (IC): 95% (IC95%). Wilcoxon-Mann–Whitney test.
1: U = 1482.5; p = 0.121. 2: U = 973.5; p < 0.001 (r = −0.33 IC95% [−0.18; −0.47]). 3: U = 1608.5; p = 0.341.
4: U = 1123; p = 0.001 (r = −0.27 IC95% [−0.11; −0.42]).
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1: U = 1482.5; p = 0.121. 2: U = 973.5; p < 0.001 (r = −0.33 IC95% [−0.18; −0.47]). 3: U = 1608.5; p = 0.341.
4: U = 1123; p = 0.001 (r = −0.27 IC95% [−0.11; −0.42]).
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4. Discussion

To the best of our knowledge, this is the first study to demonstrate an association
between hypovitaminosis D and immune response in this population. We found a higher
prevalence of hypovitaminosis D in HAM/TSP patients than in controls and AC and
a significant association between vitamin D deficiency and higher levels of TNF-α in
HAM/TSP patients, but not in AC. Our findings suggest vitamin D levels play a role in
pathogenesis of HTLV infection.

Reports on vitamin D levels in patients with HTLV infection are scarce, but there is
consistent evidence on its role in HIV infection and the regulation of immune response to
HIV [10–13,27–32]. The effects of 1,25(OH)2D are mediated through its interaction with
VDR, allowing its access to the nucleus where its binds to vitamin D response elements
(VDRE) and regulates gene transcription. VDR expression is also found in immune system
cells, like monocytes, macrophages, dendritic cells, natural killer cells, and T and B cells,
which supports its immunomodulatory effects [5–9].

Vitamin D effect on viral expression was associated with the cytokine environment,
since vitamin D enhanced HIV expression in the presence of TNF-α but inhibited viral
expression in the presence of IFN-γ, IL-6 and granulocyte–macrophage colony-stimulating
factor (GM-CSF) [33]. In addition, vitamin D is involved in T cell activation and phenotype
modulation as well as in antigen-presenting cells function and IL-10 synthesis [34]. It a
direct correlation between HIV viral load and inflammation biomarkers was also observed,
but not between vitamin D status and current CD4 counts [35–37].

Spontaneous cytokine production is seen in both AC and HAM/TSP patients [37].
HAM/TSP patients show high frequencies of Tax-specific CD8+ T cells in peripheral
blood and cerebrospinal fluid, high antibody titers to HTLV and increased production
of proinflammatory cytokines (IFN-γ, TNF-α, interleukin-1beta (IL-1 β), IL-6 and IL-
12) [17,37]. In our study, we observed high levels of IFN-γ and IL-6 in the HAM/TSP
group. In addition, higher levels of TNF- α were observed in the HAM/TSP group
presenting with hypovitaminosis D, than in patients with normal levels of vitamin D. TNF-
α may induce a defect in the hydroxylation and activation of vitamin D by blocking the
stimulation of parathyroid hormone (PTH) on 1-α-hydroxylase. TNF-α levels are increased
in HIV patients due to the status of immune hyperactivation and may be the cause of
hypovitaminosis D in such individuals [38,39]. TNF-α levels are also consistently increased
in HAM/TSP patients [40–42]. The most consistent theory on mechanisms of HAM/TSP
pathogenesis indicates that neuronal damage is caused by a bystander effect of activated
CD8 + T lymphocytes against CD4 + T cells infected by HTLV. This response is mediated by
production of high levels of proinflammatory cytokines (TNF-α and IFN-γ) and decreased
levels of IL-4 and IL-10 [43]. The association between hypovitaminosis D and increase
in levels of TNF-α in patients with HAM/TSP may suggest vitamin D is involved in the
pathogenesis of neurological disease caused by HTLV-1.

Hoe et al. examined the effects of 1,25(OH)2D on peripheral blood mononuclear cells
(PBMCs) and purified immune cell subsets isolated from healthy adults. They found that
1,25(OH)2D significantly reduced proinflammatory cytokines like TNF-α, IFN-γ, and IL-1β
as well as the chemokine IL-8 for both ligands, while levels of IL-10 were increased. Levels
of IFN-γ were significantly higher in adults with insufficient levels of vitamin D than in
those with normal vitamin D levels. These results suggest that 1,25(OH)2D is an effective
modulator of the inflammatory response [44]. Cantorna et al. also suggested an important
role of 1,25(OH)2D in regulating T cells to limit immune mediated diseases [45].

To date, there are few reports in literature on the frequency of hypovitaminosis D in
patients infected with HTLV, and they did not focus on the potential association between
vitamin D levels and patients’ immune response [17,21]. Our results indicate that vitamin
D levels can play a role in HAM/TSP pathogenesis.

Our study has some limitations, like its cross-sectional design which does not allow
us to define causality. Variability in vitamin D levels due to sunlight exposure or dietary
differences could be a potential confounding factor, but the use of matched controls makes
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our results consistent and strengthen the detected associations. We suggest that our results
are strong enough to indicate the need of additional research to define the role of vitamin
D in the pathogenesis of HTLV infection.

Once hypovitaminosis D is associated with negative outcomes of some infectious
diseases, like sepsis, HIV, COVID-19, tuberculosis and respiratory infections, and there
is increasing evidence about its role on the immune response, clinicians should consider
routine screening of HTLV-infected patients for vitamin D insufficiency/deficiency [46,47].
Vitamin D supplementation is a cheap and safe intervention and could be recommended
for patients with HTLV-1 infection in an attempt to improve their immune balance.

Author Contributions: C.B. and E.C.N. designed the study. A.C.S. performed data entry and analysis.
C.P. performed the laboratory tests. C.B. and E.C.N. prepared the manuscript and supervised all
steps of the work. All authors have read and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors. Brites is a recipient of a research scholarship from Brazilian
National Council of Research (CNPq).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Research Ethics Committee at the Sarah Network of
Rehabilitation Hospitals (Plataforma Brasil CAAE: 1119331240000 0022, July 2014).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to institutional policy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Holick, M.F. Vitamin D deficiency. N. Engl. J. Med. 2007, 357, 266–281. [CrossRef]
2. Holick, M.F. The Vitamin D Solution: A 3-Step Strategy to Cure Our Most Common; Penguin/Hudson Street Press: Youngstown, OH,

USA, April 2010.
3. Rosen, C.J. Clinical practice, Vitam. D Insufficiency. N. Engl. J. Med. 2011, 364, 248–254. [CrossRef]
4. Thacher, T.D.; Clarke, B.L. Vitamin D insufficiency. Mayo Clin. Proc. 2011, 86, 50–60. [CrossRef]
5. Skrobot, A.; Demkow, U.; Wachowska, M. Immunomodulatory Role of Vitamin D: A Review. Curr. Trends Immun. Respir. Infect.

2018, 1108, 13–23. [CrossRef]
6. Aranow, C. Vitamin D and the Immune System. J. Investig. Med. 2011, 59, 881–886. [CrossRef] [PubMed]
7. Umar, M.; Sastry, K.S.; Chouchane, A.I. Role of Vitamin D Beyond the Skeletal Function: A Review of the Molecular and Clinical

Studies. Int. J. Mol. Sci. 2018, 19, 1618. [CrossRef]
8. Prietl, B.; Treiber, G.; Pieber, T.R.; Amrein, K. Vitamin D and Immune Function. Nutrients 2013, 5, 2502–2521. [CrossRef] [PubMed]
9. Hewison, M. Vitamin D and immune function: An overview. Proc. Nutr. Soc. 2011, 71, 50–61. [CrossRef]
10. Bearden, A.; Abad, C.; Gangnon, R.; Sosman, J.M.; Binkley, N.; Safdar, N. Cross-Sectional Study of Vitamin D Levels, Immunologic

and Virologic Outcomes in HIV-Infected Adults. J. Clin. Endocrinol. Metab. 2013, 98, 1726–1733. [CrossRef]
11. Lake, J.E.; Adams, J.S. Vitamin D in HIV-Infected Patients. Curr. HIV/AIDS Rep. 2011, 8, 133–141. [CrossRef] [PubMed]
12. Pinzone, M.R.; Di Rosa, M.; Malaguarnera, M.; Madeddu, G.; Foca, E.; Ceccarelli, G.; d’Ettorre, G.; Vullo, V.; Fisichella, R.;

Cacopardo, B.; et al. Vitamin D deficiency in HIV infection: An underestimated and undertreated epidemic. Eur Rev. Med. Pharm.
Sci. 2013, 17, 1218–1232.

13. Mansueto, P.; Seidita, A.; Vitale, G.; Gangemi, S.; Iaria, C.; Cascio, A. Vitamin D Deficiency in HIV Infection: Not Only a Bone
Disorder. BioMed Res. Int. 2015, 2015, 1–18. [CrossRef]

14. Egessain, A.; Ecassar, O. Epidemiological Aspects and World Distribution of HTLV-1 Infection. Front. Microbiol. 2012, 3, 388.
[CrossRef]

15. Castro-Costa, C.M.; Araújo, A.Q.; Barreto, M.M.; Takayanagui, O.M.; Sohler, M.P.; Silva, E.L.; Paula, S.M.; Ishak, R.; Ribas, J.G.;
Rovirosa, L.C.; et al. Proposal for Diagnostic Criteria of Tropical Spastic Paraparesis/HTLV-I-Associated Myelopathy (TSP/HAM).
AIDS Res. Hum. Retroviruses. 2006, 22, 931–935. [CrossRef]

16. Castro-Costa, C.M.; de Araújo, A.Q.-C.; Menna-Barreto, M.; Penalva-de-Oliveira, A.C. Guide of clinical management of HTLV
patient: Neurological aspects. Arq. Neuropsiquiatr. 2005, 63, 548–551. [CrossRef] [PubMed]

17. Saito, M.; Eiraku, N.; Usuku, K.; Nobuhara, Y.; Matsumoto, W.; Kodama, D.; Sabouri, A.H.; Izumo, S.; Arimura, K.; Osame, M.
ApaI polymorphism of vitamin D receptor gene is associated with susceptibility to HTLV-1-associated myelopathy/tropical
spastic paraparesis in HTLV-1 infected individuals. J. Neurol. Sci. 2005, 232, 29–35. [CrossRef]

http://doi.org/10.1056/NEJMra070553
http://doi.org/10.1056/NEJMcp1009570
http://doi.org/10.4065/mcp.2010.0567
http://doi.org/10.1007/5584_2018_246
http://doi.org/10.2310/JIM.0b013e31821b8755
http://www.ncbi.nlm.nih.gov/pubmed/21527855
http://doi.org/10.3390/ijms19061618
http://doi.org/10.3390/nu5072502
http://www.ncbi.nlm.nih.gov/pubmed/23857223
http://doi.org/10.1017/S0029665111001650
http://doi.org/10.1210/jc.2012-4031
http://doi.org/10.1007/s11904-011-0082-8
http://www.ncbi.nlm.nih.gov/pubmed/21647555
http://doi.org/10.1155/2015/735615
http://doi.org/10.3389/fmicb.2012.00388
http://doi.org/10.1089/aid.2006.22.931
http://doi.org/10.1590/S0004-282X2005000300036
http://www.ncbi.nlm.nih.gov/pubmed/16059617
http://doi.org/10.1016/j.jns.2005.01.005


Viruses 2021, 13, 2223 9 of 10

18. Yamano, Y.; Sato, T. Clinical Pathophysiology of Human T-Lymphotropic Virus-Type 1-Associated Myelopathy/Tropical Spastic
Paraparesis. Front. Microbiol. 2012, 3, 389. [CrossRef]

19. Souza, A.; Tanajura, D.; Toledo-Cornell, C.; Santos, S.; De Carvalho, E.M. Immunopathogenesis and neurological manifestations
associated to HTLV-1 infection. Rev. Da Soc. Bras. De Med. Trop. 2012, 45, 545–552. [CrossRef]

20. Quaresma, J.A.S.; Yoshikawa, G.T.; Koyama, R.V.L.; Dias, G.A.S.; Fujihara, S.; Fuzii, H.T. HTLV-1, Immune Response and
Autoimmunity. Viruses 2015, 8, 5. [CrossRef] [PubMed]

21. Derakhshan, R.; Mirhoseini, A.; Ghezeldasht, S.A.; Jahantigh, H.R.; Mohareri, M.; Boostani, R.; Derakhshan, M.; Rezaee, S.A.
Abnormal vitamin D and lipid profile in HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP) patients. Mol.
Biol. Rep. 2019, 47, 631–637. [CrossRef]

22. Osame, M. Review of WHO Kagoshima meeting and diagnostic guidelines for HAM/TSP. In Human Retrovirology: HTLV; Raven
Press: New York, NY, USA, 1990; pp. 191–197.

23. Hoffer, M.M.; Feiwell, E.; Perry, R.; Perry, J.; Bonnett, C. Functional Ambulation in Patients with Myelomeningocele. J. Bone Jt.
Surg.-Am. Vol. 1973, 55, 137–148. [CrossRef]

24. Ross, A.C.; Manson, J.E.; Abrams, S.; Aloia, J.F.; Brannon, P.M.; Clinton, S.K.; Durazo-Arvizu, R.A.; Gallagher, J.C.; Gallo, R.;
Jones, G.; et al. The 2011 Report on Dietary Reference Intakes for Calcium and Vitamin D from the Institute of Medicine: What
Clinicians Need to Know. J. Clin. Endocrinol. Metab. 2011, 96, 53–58. [CrossRef]

25. Holick, M.; Binkley, N.C.; Bischoff-Ferrari, H.; Gordon, C.M.; Hanley, D.A.; Heaney, R.P.; Murad, M.H.; Weaver, C.M. Evaluation,
Treatment, and Prevention of Vitamin D Deficiency: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. Metab.
2011, 96, 1911–1930. [CrossRef]

26. Dehée, A.; Césaire, R.; Désiré, N.; Lézin, A.; Bourdonné, O.; Béra, O.; Plumelle, Y.; Smadja, D.; Nicolas, J.-C. Quantitation of
HTLV-I proviral load by a TaqMan real-time PCR assay. J. Virol. Methods 2001, 102, 37–51. [CrossRef]

27. National Institute of Health (NIH). 2018. Available online: https://ods.od.nih.gov/factsheets/VitaminDHealthProfessional/
(accessed on 25 September 2021).

28. Ferreira, C.E.S.; Maeda, S.S.; Batista, M.C.; Lazaretti-Castro, M.; Vasconcelos, L.S.; Madeira, M.; Soares, L.M.; Borba, V.Z.C.;
Moreira, C.A. Consensus-reference ranges of vitamin D [25(OH)D] from Brazilian medical societies. Braz. Soc. Endocrinol. Metab.
(SBEM). J. Bras. Patol. Med. Lab. 2017, 53, 377–381.

29. Zhang, L.; Tin, A.; Brown, T.T.; Margolick, J.B.; Witt, M.D.; Palella, F.J.; Kingsley, L.A.; Hoofnagle, A.N.; Jacobson, L.P.; Abraham,
A.G. Vitamin D Deficiency and Metabolism in HIV-Infected and HIV-Uninfected Men in the Multicenter AIDS Cohort Study.
AIDS Res. Hum. Retrovir. 2017, 33, 261–270. [CrossRef]

30. Hidron, A.I.; Hill, B.; Guest, J.L.; Rimland, D. Risk Factors for Vitamin D Deficiency among Veterans with and without HIV
Infection. PLoS ONE 2015, 10, e0124168. [CrossRef]

31. Dao, C.N.; Patel, P.; Overton, E.T.; Rhame, F.; Pals, S.L.; Johnson, C.; Bush, T.; Brooks, J.T. the Study to Understand the Natural
History of HIV and AIDS in the Era of Effective Therapy (SUN) Investigators Low Vitamin D among HIV-Infected Adults:
Prevalence of and Risk Factors for Low Vitamin D Levels in a Cohort of HIV-Infected Adults and Comparison to Prevalence
among Adults in the US General Population. Clin. Infect. Dis. 2011, 52, 396–405. [CrossRef]

32. Barbosa, N.; Costa, L.; Pinto, M.; Rosinha, P.; Rosinha, I.; Couto, M. Vitamin D and HIV Infection: A Systematic Review.
J. Immunodefic. Disord. 2014, 3, 1.

33. Rejnmark, L.; Bislev, L.S.; Cashman, K.D.; Eiríksdottir, G.; Gaksch, M.; Gruebler, M.; Grimnes, G.; Gudnason, V.; Lips, P.; Pilz, S.;
et al. Non-skeletal health effects of vitamin D supplementation: A systematic review on findings from meta-analyses summarizing
trial data. PLoS ONE 2017, 12, e0180512. [CrossRef] [PubMed]

34. Shepherd, L.; Souberbielle, J.-C.; Bastard, J.-P.; Fellahi, S.; Capeau, J.; Reekie, J.; Reiss, P.; Blaxhult, A.; Bickel, M.; Leen, C.; et al.
Prognostic Value of Vitamin D Level for All-cause Mortality, and Association With Inflammatory Markers, in HIV-infected
Persons. J. Infect. Dis. 2014, 210, 234–243. [CrossRef] [PubMed]

35. Eckard, A.R.; Judd, S.E.; Ziegler, T.R.; Camacho-Gonzalez, A.F.; Fitzpatrick, A.M.; Hadley, G.R.; Grossmann, R.E.; Seaton, L.;
Seydafkan, S.; Mulligan, M.J.; et al. Risk factors for vitamin D deficiency and relationship with cardiac biomarkers, inflammation
and immune restoration in HIV-infected youth. Antivir. Ther. 2012, 17, 1069–1078. [CrossRef] [PubMed]

36. Ansemant, T.; Mahy, S.; Piroth, C.; Ornetti, P.; Ewing, S.; Guilland, J.-C.; Croisier, D.; Duvillard, L.; Chavanet, P.; Maillefert, J.-F.;
et al. Severe hypovitaminosis D correlates with increased inflammatory markers in HIV infected patients. BMC Infect. Dis. 2013,
13, 7. [CrossRef] [PubMed]

37. Rafatpanah, H.; Hosseini, R.F.; Pourseyed, S.H. The Impact of Immune Response on HTLV-I in HTLV-I-Associated Myelopa-
thy/Tropical Spastic Paraparesis (HAM/TSP). Iran. J. Basic Med. Sci. 2013, 16, 235–241. [PubMed]

38. Aguilar-Jiménez, W.; Zapata, W.; Rugeles, L.M.T. Participación de la vitamina D en la patogénesis de la infección por el virus de
la inmunodeficiencia humana tipo Infectio. Rev. Asoc. Colomb. Infectología. 2013, 17, 146–152.

39. Haug, C.J.; Aukrust, P.; Haug, E.; Mørkrid, L.; Müller, F.; Frøland, S.S. Severe Deficiency of 1,25-Dihydroxyvitamin D3 in
Human Immunodeficiency Virus Infection: Association with Immunological Hyperactivity and Only Minor Changes in Calcium
Homeostasis. J. Clin. Endocrinol. Metab. 1998, 83, 3832–3838. [CrossRef]

40. Hanevold, C.; Yamaguchi, D.; Jordan, S. Tumor necrosis factor α modulates parathyroid hormone action in UMR-106-01
osteoblastic cells. J. Bone Miner. Res. 2009, 8, 1191–1200. [CrossRef]

http://doi.org/10.3389/fmicb.2012.00389
http://doi.org/10.1590/S0037-86822012000500002
http://doi.org/10.3390/v8010005
http://www.ncbi.nlm.nih.gov/pubmed/26712781
http://doi.org/10.1007/s11033-019-05171-1
http://doi.org/10.2106/00004623-197355010-00014
http://doi.org/10.1210/jc.2010-2704
http://doi.org/10.1210/jc.2011-0385
http://doi.org/10.1016/S0166-0934(01)00445-1
https://ods.od.nih.gov/factsheets/VitaminDHealthProfessional/
http://doi.org/10.1089/aid.2016.0144
http://doi.org/10.1371/journal.pone.0124168
http://doi.org/10.1093/cid/ciq158
http://doi.org/10.1371/journal.pone.0180512
http://www.ncbi.nlm.nih.gov/pubmed/28686645
http://doi.org/10.1093/infdis/jiu074
http://www.ncbi.nlm.nih.gov/pubmed/24493824
http://doi.org/10.3851/IMP2318
http://www.ncbi.nlm.nih.gov/pubmed/22894927
http://doi.org/10.1186/1471-2334-13-7
http://www.ncbi.nlm.nih.gov/pubmed/23295013
http://www.ncbi.nlm.nih.gov/pubmed/24470869
http://doi.org/10.1210/jcem.83.11.5270
http://doi.org/10.1002/jbmr.5650081006


Viruses 2021, 13, 2223 10 of 10

41. Neco, H.V.P.D.C.; Teixeira, V.G.D.S.; da Trindade, A.C.L.; Magalhães, P.M.R.; de Lorena, V.M.B.; Castellano, L.R.C.; de Souza, J.R.;
Vasconcelos, L.R.; de Moura, P.M.M.F.; de Morais, C.N.L. Mediators Go Together: High Production of CXCL9, CXCL10, IFN-γ,
and TNF-α in HTLV-1-Associated Myelopathy/Tropical Spastic Paraparesis. AIDS Res. Hum. Retrovir. 2017, 33, 1134–1139.
[CrossRef]

42. Luna, T.; Santos, S.; Nascimento, M.; Porto, M.; Muniz, A.; Carvalho, E.; Jesus, A. Effect of TNF-α production inhibitors on the
production of pro-inflammatory cytokines by peripheral blood mononuclear cells from HTLV-1-infected individuals. Braz. J. Med
Biol. Res. 2011, 44, 1134–1140. [CrossRef]

43. Ijichi, S.; Izumo, S.; Eiraku, N.; Machigashira, K.; Kubota, R.; Nagai, M.; Ikegami, N.; Kashio, N.; Umehara, F.; Maruyama, I.; et al.
An autoaggressive process against bystander tissues in HTLV-I-infected individuals: A possible pathomechanism of HAMTSP.
Med. Hypotheses 1993, 41, 542–547. [CrossRef]

44. Hoe, E.; Nathanielsz, J.; Toh, Z.Q.; Spry, L.; Marimla, R.; Balloch, A.; Mulholland, K.; Licciardi, P.V. Anti-Inflammatory Effects of
Vitamin D on Human Immune Cells in the Context of Bacterial Infection. Nutrients 2016, 8, 806. [CrossRef]

45. Cantorna, M.T.; Snyder, L.; Lin, Y.-D.; Yanng, L. Vitamin D and 1, 25(OH)2D regulation of T cells. Nutrients 2015, 7, 3011–3021.
[CrossRef] [PubMed]

46. Netto, E.; Gomes-Neto, M.; Brites, C. Vitamin D and HTLV Infection: A Systematic Review. Open Infect. Dis. J. 2019, 11, 35–42.
[CrossRef]

47. Charoenngam, N.; Holick, M.F. Immunologic Effects of Vitamin D on Human Health and Disease. Nutrients 2020, 12, 2097.
[CrossRef] [PubMed]

http://doi.org/10.1089/aid.2016.0296
http://doi.org/10.1590/S0100-879X2011007500140
http://doi.org/10.1016/0306-9877(93)90111-3
http://doi.org/10.3390/nu8120806
http://doi.org/10.3390/nu7043011
http://www.ncbi.nlm.nih.gov/pubmed/25912039
http://doi.org/10.2174/1874279301911010035
http://doi.org/10.3390/nu12072097
http://www.ncbi.nlm.nih.gov/pubmed/32679784

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Laboratory Assays 
	Statistics Analyses 
	Ethical Considerations 

	Results 
	Discussion 
	References

