
da Silva Carvalho et al. 
Advances in Rheumatology           (2022) 62:31  
https://doi.org/10.1186/s42358-022-00259-y

RESEARCH

Radiographic aspects in individuals infected 
by human T‑lymphotropic virus type 1 (HTLV‑1) 
with joint pain
João Marcos da Silva Carvalho1,4, Eugênia Maria Teixeira de Araújo Campos1,4, José Luiz Nunes Ferreira2, 
Huliana Mourão Carvalho1,4, José Abraão Carneiro Neto1,4, Tássila de Oliveira Carneiro3 and 
Edgar Marcelino Carvalho1,4,5,6*    

Abstract 

Background:  Joint pain in the absence or with little synovitis is observed in a large percentage of HTLV-1 infected 
subjects. As the virus infect CD4 + and CD8 + positive, macrophages and B cells an exaggerated production of pro-
inflammatory cytokines is detected in these patients. However, the possible association of HTLV-1 infection with auto-
immune diseases has not been documented definitively and the clinical characteristics of HTLV-1 associated arthropa-
thy has not been defined. The objective this study is to describe clinic and radiographic features in HTLV-1-infected 
individuals with complaints of joint pain.

Methods:  Cross-sectional study enrolling HTLV-1-infected individuals with chronic joint pain, aged up to 75 years, 
both genders and seronegative controls with osteoarthritis. All participants underwent conventional radiography of 
the hips, knees and ankles.

Results:  Eighty-one HTLV-1 infected patients and 30 subjects with osteoarthritis participated in the study. Polyarticu-
lar and symmetrical arthritis prevailed in the HTLV-1 positive group (54%), while oligoarticular and asymmetrical (44%) 
were more common in controls (p < 0.05). The frequency of enthesophytes (90%) in HTLV-1-infected patients was 
greater than in the control group (73%) (p < 0.05). Radiographic features were similar in HTLV-1 carriers and in patients 
with probable or definite HTLV-1 associated myelopathy. The presence of enthesophytes in the absence of joint space 
reduction or osteophytes was only observed in HTLV-1-infected individuals (p < 0.001). Magnetic resonance imaging 
of the ankles of five HTLV-1-infected patients and five controls demonstrated a higher frequency of enthesitis, bursitis 
and osteitis in the HTLV-1 infected group.

Conclusion:  HTLV-1-associated arthropathy is clinically characterized by symmetrical polyarthralgia and the main 
radiological finding is the presence of enthesophytes in the absence of osteophytes and joint space narrowing.
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Background
Human T-lymphotropic virus type 1 (HTLV-1) was the 
first identified human retrovirus [1]. Four decades later, 
the natural course of HTLV-1 infection and the clinic 
manifestations of this viral infection are not fully known. 
An estimated 10–20 million individuals are currently 
infected with HTLV-1, with higher concentrations found 
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in endemic regions of developing countries, such as Bra-
zil [2, 3]. The two main diseases associated with HTLV-1 
infection are adult T-cell leukemia/lymphoma (ATLL) 
and HTLV-1 associated myelopathy/tropical spastic 
paraparesis (HAM/TSP), which occur in less than 5% 
of infected individuals [4, 5]. Nonetheless, evidence has 
been accumulated that HTLV-1 infection is associated 
with other diseases and may present a variety of clinical 
manifestations, including overactive bladder, dry syn-
drome, infective dermatitis, polymyositis, periodontal 
disease, arthropathy and erectile dysfunction [5–7].

HTLV-1-associated arthropathy was initially attributed 
to the occurrence of autoimmunity in infected individu-
als [8, 9], but other studies did not confirm the existence 
of association between this viral infection with rheuma-
toid arthritis, Sjögren syndrome or other systemic rheu-
matic disease [10, 11]. In a few HTLV-1 infected patients 
with arthritis, atypical lymphocytes were found in the 
synovial fluid [12], proviral DNA was identified in syno-
vial cells [13] and the presence of Tax protein messenger 
RNA was documented in the synovial stromal cells [14]. 
Moreover, transgenic mice expressing the Tax protein 
develop inflammatory arthropathy [15]. These observa-
tions influenced the concept that joint disease in HTLV-1 
was associated with a chronic synovitis as observed in 
rheumatoid arthritis [12]. However, from a clinical per-
spective, polyarthralgia, not arthritis, is the more relevant 
finding in HTLV-1-infected patients with joint manifesta-
tions [7, 16]. Actually, edema/warm was only observed 
in 23% of HTLV-1 infected subjects who had chronic 
joint pain [16]. Moreover, to date, no diagnostic criteria 
for HTLV-1 associated arthropathy (HAAP) has been 
established and the radiographic features of the joints in 
such patients have not been described. The aim of this 
study was to describe clinic and radiographic features of 
HTLV-1 infected subjects with joint pain, to better define 
HTLV-1 associated arthropathy.

Methods
This study was performed in the HTLV-1 outpatient 
clinic of the Federal University of Bahia Hospital, Sal-
vador, Brazil, from 2016 to 2018. This is a cross sec-
tional study comparing clinic and radiographic features 
of HTLV-1 infected patients of both gender with age 
between 18 and 75 years who had joint pain for at least 
01 year. Of the 104 HTLV-1 infected subjects who com-
plained of joint pain, 23 were excluded, 15 due to incom-
plete radiographic data, and 8 who had diagnosis of 
systemic rheumatic disease under the American College 
of Rheumatology (ACR) criteria [17]. Additional exclu-
sion criteria were previous history of joint surgery and 
contraindication to perform conventional radiographic. 
Participants were 81 HTLV-1-infected individuals and a 

control group consisted of 30 HTLV-1 seronegative indi-
viduals with hip, knee or ankle osteoarthritis followed 
in the Rheumatology clinic and evaluated by EMC in a 
period of 2  months. The diagnosis of osteoarthritis was 
performed according to the ACR criteria [17]. HTLV-1 
infection was diagnosed by ELISA (Cambridge Biotech 
Corp, Worcester, MA) and confirmed by Western blot 
(HTLV blot 2.4; Genelab, Singapore). The cases were clas-
sified as HTLV-1 carriers and those who had probable or 
definite myelopathy [18]. HTLV-1 carriers were HTLV-1 
infected without evidence of neurologic diseases, prob-
able HAM/TSP were patients who didn’t have motor dis-
ability but have sensory signals as urinary dysfunction 
mainly characterized by overactive bladder [18]. Definite 
HAM/TSP had spastic paraparesis and Osame motor 
disability score greater than 1 [18]. All included indi-
viduals answered a questionnaire, were independently 
evaluated by two rheumatologists and had conventional 
radiographs of the hips in anteroposterior (AP) incidence 
and of the knees and ankles in AP and lateral incidences. 
These images were independently analyzed by two blind 
radiologists regarding the diagnosis of the arthropathy. 
In the case of discrepancies between radiological evalu-
ations, a third radiologist was consulted. The joints of 
the hips, knees and ankles were selected to be evaluated 
due to great frequency of involvement in accordance with 
complaints of HTLV-1 infected individuals, and due to 
the common involvement of these joints in patients with 
osteoarthritis [19]. The assessment of joints using con-
ventional radiography was performed due to low cost, 
abundant availability and the possibility of detecting a 
range of joint alterations. Additionally, magnetic reso-
nance imaging (MRI) of both ankles was performed in 
5 HTLV-1 infected patients and in 5 with osteoarthritis 
who presented enthesophytes on conventional radiogra-
phy, in a device with a magnetic field of 1.5 T, weighted 
FSE sequences were performed in T1 and T2, in multiple 
planes.

This study was approved by the Institutional Review 
Board of The Federal University of Bahia, resolution 
number 7/2016, and all participants provided a written 
informed consent.

The Fisher’s exact and chi-square tests were used to 
compare among categorical variables, while the Student’s 
t test was used to compare age between groups. Statisti-
cal analysis was performed using SPSS® software version 
21 (IBM, USA). Results with p < 0.05 were considered sta-
tistically significant.

Results
The demographic characteristics, clinical forms of 
HTLV-1 infection and patterns of joint pain complaints 
in the cases and controls are shown on Table  1. No 
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differences were seen between the groups with respect 
to age and gender. The prevailing pattern of joint pain 
in the HTLV-1-infected subjects was polyarticular and 
symmetrical (54%), while the control group predomi-
nantly exhibited oligoarticular and asymmetrical pat-
tern (44%) (p < 0.0001). The knee was the joint with 
more frequent reports of pain in both groups, followed 
by the ankles and hips.

The frequency of radiographic changes in the cases 
and controls is shown on Tables  2 and 3. While the 
presence of osteophytes and joint space narrowing were 
the main radiological findings in the control group with 
osteoarthritis, the frequency of enthesophytes was 
higher (p˂0.001) in HTLV-1-infected patients than in 
controls. While joint space reduction and osteophytes 
were more prevalent in patients with osteoarthritis, the 
presence of enthesophytes in the absence of joint space 

Table 1  Demographic and clinical characteristics of 81 HTLV-1-infected patients and 30 controls with osteoarthritis

a  Mean (Standard Deviation); b Student’s t test; c Fisher’s exact test; d Chi-square test

Demographic and clinical features HTLV-1 + (n = 81) Control (n = 30) p

Age (years) 60 (± 9) a 59 (± 9) a 0.78b

Gender

 Female 59 (73%) 25 (83%) 0.32c

 Male 22 (27%) 5 (17%)

Clinical/neurological status

 Carrier 48 (59%) –

 Probable HAM/TSP 22 (27.1%) –

 Definite HAM/TSP 11 (13.5%) –

Pattern of joint pain 0.0001d

 Polyarticular and symmetric 44 (54%) 3 (10%)

 Polyarticular and asymmetric 4 (5%) 4 (13%)

 Oligoarticular and symmetric 16 (20%) 4 (13%)

 Oligoarticular and asymmetric 13 (16%) 13 (44%)

 Monoarticular 4 (5%) 6 (20%)

Main joints with pain complaint

 Knees 72 (89%) 27 (90%) 1.00 d

 Hips 31 (38%) 3 (10%) 0.005 d

 Ankles 54 (67%) 12 (40%) 0.004 d

Table 2  Frequencies of main radiographic findings in 81 HTLV-1-infected patients and 30 controls with osteoarthritis

a Fisher’s exact test

Radiographic findings HTLV-1 + N = 81 Control N = 30 pa

Joint Space Narrowing in at least one joint 34 (42%) 29 (97%) 0.0001

Osteophytes in at least one joint 46 (57%) 28 (93%) 0.0001

Enthesophytes in at least one joint 73 (90%) 22 (73%) 0.035

Enthesophytes with joint space narrowing or Osteophytes 49/73 (67%) 22/22 (100%) 0.001

Enthesophytes without joint space narrowing and without osteophytes 24/73 (33%) 0

Table 3  Radiographic findings by joint in 81 patients infected 
with HTLV-1 and 30 controls with osteoarthritis

a  Fisher’s exact test

Radiographic Findings HTLV-1 + N = 81 Control N = 30 pa

Knees

Joint space narrowing 30 (37%) 29 (97%) 0.0001

Osteophyte 46 (57%) 27 (90%) 0,001

Enthesophyte 29 (36%) 9 (30%) 0.6

Hips

Joint space narrowing 8 (10%) 3 (10%) 1.000

Osteophyte 4 (5%) 6 (20%) 0.02

Enthesophyte 46 (57%) 11 (37%) 0.08

Ankles

Joint space narrowing 1 (1%) 5 (17%) 0.005

Osteophyte 9 (11%) 13 (43%) 0.0001

Enthesophyte 69 (85%) 19 (63%) 0.01
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reduction or osteophytes was only observed in HTLV-1 
infected patients (p 0.001).

Further analysis of the three main radiographic 
findings in each joint indicated higher frequencies of 
osteophytes in the knees, ankles and hips, as well as 
joint space narrowing in the knees and ankles in the 
group with osteoarthritis compared to HTLV-1-in-
fected patients (p 0.02). While no difference was found 
between the groups regarding the presence of enthes-
ophytes in the knees and hips, this finding was more 
frequent in the ankles (p = 0.01) of HTLV-1-infected 
patients than in controls (Table  3). Among the cases, 
48 (59%) were carriers, 22 (27.1%) had probable HAM/
TSP and 11 (13,5%) had definite HAM/TSP. The pol-
yarticular pattern of joint pain was observed in carri-
ers, probable and definite HAM/TSP. The knee was the 
main joint involved in all the 3 subgroups of HTLV-1 

infected subjects (85%; 88% and 94% respectively; 
p > 0.05), and frequency of osteophytes in at least one 
joint was 60%, 54% and 48% in carriers, probable and 
definite HAM/TSP respectively (p ˃  0.05). The fre-
quency of enthesophytes without joint space narrow-
ing and without osteophytes was higher in patients 
with definite HAM/TSP (46%) than in carriers (33%) 
and in probable HAM/TSP (24%), but these differ-
ences did not achieved significance. No difference was 
observed regarding the radiographic findings between 
the HTLV-1 carriers and patients with probable or defi-
nite HAM. Other less frequent findings included sub-
chondral sclerosis, identified in four HTLV-1-infected 
individuals and two controls and diffuse osteopenia in 
three HTLV-1 carriers. Representative radiographic 
findings in the hip, knee and ankle of one HTLV-1-in-
fected patient are shown in Fig. 1. Enthesophytes in the 

Fig. 1  Presence of Enthesopathy Without Joint Space Narrowing or Osteophytes in a 48-year-old Female With HAAP. Enthesophytes (*) seen in 
iliac crests (A); patellar insertion of quadriceps tendon and patellar and tibial insertions of the patellar tendon (B); calcaneal insertions of calcaneus 
tendon and plantar fascia (C)
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absence of joint space narrowing and osteophytes are 
evident in all three joints.

MRI of ankles was performed in 5 patients of each 
group who presented enthesophytes on conventional 
radiography (Fig. 2). The comparative frequencies of find-
ings in the HTLV-1-positive and osteoarthritis groups 
were: enthesitis 90% versus 40% (p 0.01), bursitis 70% 
versus 10% (p 0.006) and osteitis 50% versus 0% (p 0.01), 
respectively. No difference was observed regarding the 
frequency of tendinitis between the groups.

Discussion
The arthropathies are a group of musculoskeletal dis-
eases affecting the joints, including osteoarthritis and 
inflammatory disorders as rheumatoid arthritis, psoriatic 
arthritis, ankylosing spondylitis and reactive arthritis, 
among others [19–22]. While neurological impairment 
associated with HTLV-1 infection, characterized as 
HAM/TSP, is well-known [4, 5], joint pain despite very 
frequent is not well studied in HTLV-1-infected patients. 
While polyarthralgia was observed in 56% of HTLV-1 
infected subjects only 27% of age- and gender-matched 
seronegative individuals complained of these manifes-
tations [16]. Despite cases of HTLV-1-infected patients 
with severe joint involvement characterized by syno-
vitis have been reported [23], the predominant joint 
complaint in infected individuals is polyarthralgia, with 
scant evidence of arthritis [16]. Here HTLV-1 associated 
arthropathy was clinically characterized by symmetrical 
polyarthralgia and the main radiographic finding was 
the occurrence of enthesophytes in the absence of osteo-
phytes and joint space narrowing.

As HTLV-1-associated diseases are more frequently 
observed after the fifth decade of life, osteoarthritis is 
expected to occur in infected individuals, which can 

represent a confounding factor in the establishment of 
criteria for HTLV-1 associated arthropathy. Here we 
compared clinical manifestations and radiographic find-
ings between HTLV-1-infected individuals with a history 
of joint pain for at least one year and patients with osteo-
arthritis. As inflamed joint is not a common manifesta-
tion in HTLV-1 infected subjects, we did not considerer 
to include as control patients with systemic rheumatic 
disease. Our findings indicate that while a polyarticu-
lar and symmetrical pattern of joint involvement was 
observed in HTLV-1-infected patients, individuals with 
osteoarthritis presented predominantly an oligoarticular 
and asymmetrical involvement. While osteophytes and 
joint space narrowing was more frequent in patients with 
osteoarthritis, enthesophytes were the main radiographic 
finding in individuals with HTLV-1.

The incidence of osteoarthritis and most systemic 
rheumatic diseases is greater in females [24] and in our 
series joint pain was more frequent in females of both 
groups. Accordingly, we cannot exclude that the greater 
number of women studied herein may be related to wom-
en’s greater interest in seeking medical care [25]. HTLV-
1-associated diseases, including arthropathy, are more 
frequently observed in patients with HAM/TSP than in 
carriers [26]. However, in our study, the observed rates of 
chronic joint pain were similar in HTLV-1 carriers and in 
patients with HAM.

Radiographic findings in osteoarthritis are mainly char-
acterized by the presence of osteophytes, joint space nar-
rowing, bone cysts and subchondral bone sclerosis [19]. 
Accordingly, we found a higher frequency of osteophytes 
and joint space narrowing in controls with osteoarthri-
tis compared to HTLV-1 infected patients. Alterna-
tively, enthesophytes were more common in the HTLV-1 
group. Enthesophytes are calcification that result from an 

Fig. 2  MRI of the Ankle of a Patient With HAAP and in a Patient with Osteoarthritis. Liquid distension of the deep retrocalcaneal bursa in a 
HTLV-1 + patient (A), and in a patient with osteoarthritis (B). Deep retrocalcaneal bursa (*)
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inflammatory process where a tendon, ligament, aponeu-
rosis or joint capsule is inserted into bone structure. This 
is a very common finding in inflammatory seronegative 
arthropathies, which include ankylosing spondylitis and 
psoriatic arthritis [27]. Here in addition to the entheso-
phytes bursitis and osteitis were found in the MRI of 
ankles in HTLV-1 infected subjects. The most relevant 
finding in the HTLV-1 infected group was the high fre-
quency of enthesophytes. They were documented in the 
hips, knees and ankles, but were more frequent in the 
ankles of HTLV-1 infected individuals than in the con-
trol group. Enthesophytes are also common in patients 
with osteoarthritis and they were observed in the con-
trol group. However, the occurrence of enthesopathy in 
the absence of osteophytes and joint space narrowing was 
only observed in HTLV-1-infected subjects.

The majority of the diseases associated to HTLV-1 are 
mainly observed in patients with definite HAM/TSP 
[5–7]. However, we have previously shown that HTLV-1 
carriers present higher frequency of HTLV-1 associated 
diseases than seronegative controls. Here the pattern of 
joint pain, the main joint involved and the radiographic 
features were similar in HTLV-1 carriers and in patients 
with probable and definite HAM/TSP indicating that the 
pathogenesis of the HTLV-1 associated arthropathy may 
be different from the one related to neurologic diseases, 
but future studies are necessary to determine how the 
virus and or the abnormalities in the immune response 
observed in HTLV-1 infection may cause arthropathy.

One of the limitations of our study was the fact that 
more specific and more sensitive imaging techniques for 
the detection of joint involvement were not used. How-
ever, conventional radiography, besides being a cheap, 
rapid and easily accessible method, does contribute to 
characterization of joint pathologies in the patients stud-
ied. Importantly, alterations detected on conventional 
radiography continue to be part of the diagnostic criteria 
for osteoarthritis [17]. In rheumatoid arthritis, joint fea-
tures detected in conventional radiography were part of 
the diagnostic criteria of the disease up to 2010 when due 
to the limitation to detect of early changes in the count 
it was list out [28]. In patients with rheumatoid arthritis 
a characteristic finding of the disease is joint destruction 
[29] and it is important to highlight that in the present 
study, joint destruction was not observed in any HTLV-1 
infected patient with joint pain.

Understanding the existence and importance of struc-
tures adjacent and related to the enthesis that contribute 
to dissipate the forces of stress helps to better understand 
the processes that affect the entheses. The study of enthe-
sis of the calcaneus tendon should be extended to adja-
cent fibrocartilage, bursa, fat and fascia [30]. While the 
calcaneus enthesis is avascular in its fibrocartilaginous 

region, vessel growth may occur in association with the 
tissue repair response. The synovium, present in the 
retrocalcaneal bursa, is vascularized and vulnerable to 
inflammation and the high levels of pro-inflammatory 
cytokines observed in HTLV-1 infection may explain a 
higher frequency of retrocalcaneal bursitis and osteitis in 
the HTLV- 1 infected subjects compared to patients with 
osteoarthritis.

Conclusion
Based on our study HTLV-1 associated arthropathy is 
characterized mainly by symmetric polyarticular pain 
and enthesophytes in the absence of joint space narrow-
ing and osteophytes in the ankles.

Abbreviations
HTLV-1: Human T-lymphotropic virus type 1; ATLL: Adult T-cell leukemia/lym-
phoma; HAM/TSP: HTLV-1 associated myelopathy/tropical spastic paraparesis; 
HAAP: HTLV-1 associated arthropathy; EMC: Eugênia Maria Campos, Rheuma-
tologist; ACR​: American College of Rheumatology; MRI: Magnetic resonance 
imaging.

Acknowledgements
We thank Cristiano Franco for his support in the preparation of this 
manuscript.

Author contributions
JMSC: Design and conception of the study. Interpretation and analysis of data. 
Draft and design of the work. Revision of the work. EMTAC: Interpretation 
and analysis of data. Draft and design of the work. Revision of the work. JLNF: 
Analysis and interpretation of data. Draft and design of the work. Revision of 
the work. HMC: Interpretation and analysis of data. Draft and design of the 
work. Revision of the work. JACN: Analysis and interpretation of data. Draft 
and design of the work. Revision of the work. TOC: Analysis and interpretation 
of data. Draft and design of the work. Revision of the work. EMC: Design and 
conception of the study. Interpretation and analysis of data. Draft and design 
of the work. Revision of the work. All authors have read and approved the 
manuscript.

Funding
This study was supported by the Fundação Maria Emília Pedreira Freire de 
Carvalho, Conselho Nacional de Pesquisa (CNPq), Ministério da Ciência, Tec-
nologia e Inovação and Fundação de Amparo à Pesquisa do Estado da Bahia 
(FAPESB).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board of The Federal 
University of Bahia, resolution number 7/2016.

Consent for publication
All participants provided a written informed consent.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Immunology Service of HUPES‑UFBA, Post-Graduation Program in Health 
Science of the Federal University of Bahia, Praça Ramos de Queirós, s/n – Largo 



Page 7 of 7da Silva Carvalho et al. Advances in Rheumatology           (2022) 62:31 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

do Terreiro de Jesus, Salvador, Bahia CEP 40026‑010, Brazil. 2 (CDI) Clínica de 
Diagnósticos por Imagem, Colégio Brasileiro de Radiologia E Diagnóstico Por 
Imagem (CBR), Av ACM, 1034, Itaigara, Salvador, Bahia CEP 418256‑906, Brazil. 
3 Bahiana School of Medicine and Public Health, Av Dom João VI, 274, Brotas, 
Salvador, Bahia CEP 402850‑001, Brazil. 4 Division of Immunology, University 
Hospital Professor Edgard Santos (HUPES), Federal University of Bahia (UFBA), 
Salvador, Bahia, Brazil. 5 National Institute of Science and Technology of Tropi-
cal Diseases (NIST-TD), Salvador, Bahia, Brazil. 6 Gonçalo Moniz Institute (IGM), 
Fiocruz‑Ba, Federal University of Bahia Medical School, Rua Waldemar Falcão, 
121, Candeal, Salvador, Bahia CEP 40296‑710, Brazil. 

Received: 28 January 2022   Accepted: 18 July 2022

References
	1.	 Poiesz BJ, Ruscetti FW, Gazdar AF, et al. Detection and isolation of type C 

retrovirus particles from fresh and cultured lymphocytes of a patient with 
cutaneous T-cell lymphoma. Proc Natl Acad Sci USA. 1980;77:7415–9.

	2.	 Gessain A, Cassar O. Epidemiological aspects and world distribution of 
HTLV-1 infection. Front Microbiol. 2012;3:388.

	3.	 Grassi MFR, dos Santos NP, Lírio M, et al. Tuberculosis incidence in a 
cohort of individuals infected with human T-lymphotropic virus type 1 
(HTLV-1) in Salvador. Brazil BMC Infect Dis. 2016;16:491.

	4.	 Osame M, Usuku K, Izumo S, et al. HTLV-I associated myelopathy, a new 
clinical entity. Lancet. 1986;1:1031–2.

	5.	 Souza A, Tanajura D, Toledo-Cornell C, et al. Immunopathogenesis and 
neurological manifestation associated to HTLV-1 infection. Rev Soc Med 
Trop. 2012;45:545–52.

	6.	 Murphy EL, Wang B, Sacher RA, et al. Respiratory and urinary tract infec-
tons, arthritis and asthma associated with HTLV-I and HTLV-II infection. 
Emerg Infect Dis. 2004;10:109–16.

	7.	 Poetker SKW, Porto AF, Giozza SP, et al. Clinical manifestation in individuals 
with recent diagnosis of HTLV Type I infection. J Clin Virol. 2011;51:54–8.

	8.	 Motokawa S, Hasunuma T, Tajima K, et al. High prevalence of arthopathy 
in HTLV-I carries on Japanese island. Ann Rheum Dis. 1996;55:193–5.

	9.	 Eguchi K, Matsuoka N, Ida H, et al. Primary Sjӧgren’s syndrome with 
antibodies to HTLV-I: clinical and laboratory features. Ann Rheum Dis. 
1992;51:769–76.

	10.	 Lee S-J, Lee JS, Shin M-G, et al. Detection of HTLV-1 in the labial salivary 
glands of patients with Sjӧgren’s syndrome: A distinct clinical subgroup? 
J Rheumatol. 2012;39:809–15.

	11.	 Sebastian D, Nayiager S, York DY, et al. Lack of association of Human T-cell 
lymphotrophic virus type 1 (HTLV-1) infection and rheumatoid arthritis in 
an endemic area. Clin Rheumatol. 2003;22:30–2.

	12.	 Nishioka K, Maruyama I, Sato K, et al. Chronic inflammatory arthropathy 
associated with HTLV-I. Lancet. 1989;1:441.

	13.	 Yamamoto K, Aono H, Nakajima T, et al. Oligoclonal proliferation of 
human T-cell leukemia virus type I infected lymphocytes in lesions 
of virus-induced arthropathy. Biochem Biophys Res Commun. 
1995;208:1040–5.

	14.	 Kato T, Asahara H, Kurokawa MS, et al. HTLV-I env protein acts as a maior 
antigen in patients with HTLV-I associated athropath. Clin Rheumatol. 
2004;23:400–9.

	15.	 Iwakura Y, Tosu M, Yoshida E, et al. Induction of inflammatory artropathy 
resembling rheumatoid arthritis in mice transgenic for HTLV-I. Science. 
1991;253:1026–8.

	16.	 Caskey MF, Morgan DJ, Porto AF, et al. Clinical manifestations associated 
with HTLV Type I infection: a cross-sectional study. AIDS Res Hum Retrovir. 
2007;23:365–71.

	17.	 Altman RD. Criteria for classification of clinical osteoarthritis. J Rheumatol 
Suppl. 1991;27:10–2.

	18.	 De Castro-Costa CM, Araújo AQ, Barreto MM, et al. Proposal for diagnostic 
criteria of tropical spastic paraparesis/HTLV-I-associated myelopathy (TSP/
HAM). AIDS Res Hum Retrovir. 2006;22:931–5.

	19.	 Parker JH, Hong JY, Han K, et al. Prevalence of symptomatic hip, knee, 
and spine osteoarthritis nationwide health survey analysis of an elderly 
Korean population. Medicine. 2017;96: e6372.

	20.	 Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis. Lancet. 
2010;376:1094–108.

	21.	 Ogdie A, Weiss P. The epidemiology of psoriatic arthritis. Rheum Dis Clin 
N Am. 2015;41:545–68.

	22.	 Amrami KK. Imaging of the seronegative spondyloarthopathies. Radiol 
Clin N Am. 2012;50:841–54.

	23.	 Koster MJ, McPhail ED, Chowdhary VR. Synovial infiltration in human T 
lymphotropic virus type I-associated adult T cell leukemia/lymphoma. 
Arthritis Rheumatol. 2015;67:945.

	24.	 Magnusson K, Turkiewicz A, Englund M. Nature vs. nurture in knee osteo-
arthritis – the importance of age, sex and body mass index. Osteoarthritis 
Cartilage. 2019 Jan 8 (E-pub ahead of print).

	25.	 Vaidya V, Partha G, Karmakar M. Gender differences in utilization 
of preventive care services in the United States. J Womens Health. 
2012;21:140–5.

	26.	 Carvalho MM, Giozza SP, Santos AL, et al. Frequency of rheumatic disease 
in individuals infected with HTLV-1. Rev Bras Reumatol. 2006;46:315–22.

	27.	 Balint PV, Terslev L, Aegerter P, et al. Reliability of a consensus-based ultra-
sound definition and scoring for enthesitis in spondyloarthritis and psori-
atic arthritis: an OMERACT US initiative. Ann Rheum Dis. 2018;77:1730–5.

	28.	 Chang EY, Chen KC, Huang BK, et al. Adult Inflammatory Arthritides: What 
the Radiologist Should Know. Radiographics. 2016;36:1849–70.

	29.	 Harshan S, Dey P, Ragunathan S. Effects of rheumatoid arthritis associated 
transcriptional changes on osteoclast differentiation network in the 
synovium. PeerJ. 2018;6: e5743.

	30.	 McGonagle D, Lories RJU, Benjamin M. The concept of a “synovio-
entheseal complex” and its implications for understanding joint inflam-
mation and damage in psoriatic arthritis and beyond. Arthritis Rheum. 
2007;56:2482–91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Radiographic aspects in individuals infected by human T-lymphotropic virus type 1 (HTLV-1) with joint pain
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


