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Abstract 

Background  Progressive multifocal leukoencephalopathy (PML) is a devastating demyelinating disorder of the cen-
tral nervous system caused by opportunistic infection of the JC virus (JCV).

Case presentation  A 58-year-old Japanese woman was admitted to our hospital for aphasia. She had a 5-year history 
of untreated sarcoidosis and was a human T cell lymphotropic virus-1 (HTLV-1) carrier. Serum angiotensin-converting 
enzyme, soluble interleukin-2 receptor, lysozyme, and calcium levels were elevated. JCV-DNA was not detected in 
cerebrospinal fluid by PCR testing. Skin biopsy revealed noncaseating granuloma formation. Bilateral multiple nodular 
lesions were present on chest X-ray. Brain magnetic resonance imaging showed left frontal and temporal lesions with-
out gadolinium enhancement. As we suspected that systemic sarcoidosis had developed into neurosarcoidosis, we 
started steroid and infliximab administration. After treatment, the chest X-ray and serum abnormalities ameliorated, 
but the neurological deficits remained. At 1 month after immunotherapy, she developed right hemiparesis. Cerebro-
spinal fluid was positive for prototype (PML-type) JCV on repeated PCR testing. Brain biopsy revealed demyelinating 
lesions with macrophage infiltration, atypical astrocytes, and JCV antigen-positive cells. We diagnosed her with PML 
and started mefloquine, leading to partial remission.

Conclusions  Sarcoidosis and HTLV-1 infection both affect T cell function, especially CD4+ T cells, and may devel-
opped the patient’s PML. The comorbidity of sarcoidosis, PML, and HTLV-1 infection has not been reported, and this is 
the world’s first report of PML associated with HTLV-1 infection and sarcoidosis.
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Background
Progressive multifocal leukoencephalopathy (PML) 
is a demyelinating disease of the central nervous sys-
tem caused by opportunistic infection with the JC virus 
(JCV). PML is induced by a dysfunction of cellular immu-
nity and can be triggered by various conditions, such as a 
human immunodeficiency virus (HIV) infection, hema-
tologic malignancy, and disease-modifying drugs for 
multiple sclerosis [1]. Here, we describe a patient with 
a history of untreated sarcoidosis, who was a human T 
lymphotropic virus-1 (HTLV-1) carrier, and who eventu-
ally developed PML. Following treatment for sarcoidosis, 
the patient’s neurological symptoms worsened. Thereaf-
ter, she was diagnosed with PML based on the findings of 
cerebrospinal fluid (CSF) examination and brain biopsy. 
T cell dysfunction caused by HTLV-1 and sarcoidosis was 
considered to affect the pathogenesis of PML. This is the 
world’s first case report of PML associated with HTLV-1 
infection and sarcoidosis.

Case presentation
A 58-year-old Japanese female with a 5-year history of 
untreated sarcoidosis was admitted to our hospital due 
to progressive aphasia lasting for 4  months. She was 
an HTLV-1 carrier, but was not affected by leukemia. 

She was a current smoker with a Brinkman index of 
560. Physical examination revealed fine crackles on the 
lower back and a brownish skin lesion on the left knee 
(Fig.  1A). On neurological examination, her Glasgow 
coma scale was 13/15 (E4V3M6). She showed mixed 
aphasia with a predominance of motor aphasia. There 
was no motor impairment on admission. Tendon reflexes 
showed hyperreflexia on the right side. Blood analysis 
revealed a normal white blood cell count with lympho-
cytopenia (770 cells/μL; normal: > 1,000 cells/μL) and 
elevation of angiotensin-converting enzyme (39.6  IU/L; 
normal: 7.7–29.4  IU/L), lysozyme (51.0  μg/mL; normal: 
4.2–11.5  μg/mL), serum calcium (13.5  mg/dL; normal: 
9.0–11.0  mg/dL), and soluble interleukin-2 receptor 
(3,080 U/mL; normal: 121–613 U/mL) levels. She was 
negative for serum HIV antigen/antibody, but she was 
positive for anti-HTLV-1 antibody. An interferon-gamma 
release assay for tuberculosis was negative. CSF analy-
sis revealed no pleocytosis or protein elevation. CSF 
oligoclonal bands were negative, and cytopathology 
revealed no atypical or malignant cells. CSF was nega-
tive for JCV-DNA as judged by a highly sensitive real-
time PCR test with a lower detection limit of 20 copies/
mL. Chest X-ray showed bilateral diffuse nodular lesions, 
indicating sarcoidosis of chest X-ray stage IV [2]. Chest 

Fig. 1  Skin lesions and chest imaging findings on admission. A A brownish skin lesion with a diameter of 3 cm was observed on the left knee. 
B Chest computed tomography revealed bilateral infiltrating band-like opaque lesions. C Chest positron emission tomography revealed diffuse 
accumulation in the lung lesions. D Skin biopsy hematoxylin–eosin (HE) staining showed noncaseating granuloma formation with multinucleated 
giant cells. Scale bar: 50 μm
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computed tomography and positron emission tomogra-
phy (PET) revealed bilateral infiltrating lesions with PET 
marker accumulation (Fig.  1B, C). Ultrasound echocar-
diography and Holter monitoring revealed no signs of 
cardiac sarcoidosis. Skin biopsy of the knee lesion dem-
onstrated noncaseating granuloma (Fig.  1D), a typical 
finding of sarcoidosis. Brain magnetic resonance imaging 
(MRI) indicated lesions in the left frontal and temporal 
lobes (Fig.  2A–H). These lesions were hyperintense in 
fluid-attenuated inversion recovery imaging, diffusion-
weighted imaging, and apparent diffusion coefficient 
mapping without gadolinium enhancement.

On the basis of these results, we suspected the apha-
sia was caused by neurosarcoidosis in a patient with 
untreated sarcoidosis, and we initiated immunotherapy. 
Although she was negative for CSF JCV-DNA, we also 
started mirtazapine (15  mg/day), considering the pos-
sibility of PML based on the MRI findings. We admin-
istered steroid pulse therapy (methylprednisolone 
1,000  mg/day × 3  days), followed by oral prednisolone 
(45  mg/day) with taper. After steroid treatment, inf-
liximab (200  mg) was administered for the neurological 
symptoms. After initiating immunotherapy, her serum 
and chest X-ray findings were ameliorated, with the nor-
malization of angiotensin-converting enzyme (9.8 IU/L), 
lysozyme (14.6 μg/mL), serum calcium (8.8 mg/dL), and 

soluble interleukin-2 receptor (356 U/mL) levels. How-
ever, her neurological conditions showed no improve-
ment. She was transferred to a rehabilitation hospital 
with the continuation of 15  mg/day oral prednisolone. 
At 1 month later, right-sided total paresis appeared and 
she was re-admitted to our hospital. Brain MRI revealed 
scattered multifocal lesions in the left frontal lobe with a 
“milky way appearance” [3] (Fig. 3). Again, no gadolinium 
contrast enhancement was observed. Despite immuno-
therapy, the patient had developed new brain lesions, 
and we suspected the possibility of PML instead of neu-
rosarcoidosis. Repeated CSF examinations indicated the 
presence of JCV-DNA (392 copies/mL) at this time; the 
detected JCV was a prototype with mutations in the reg-
ulatory regions of the viral genome characteristic of PML 
cases. We performed a brain biopsy to confirm the diag-
nosis and rule out other diseases. Under general anes-
thesia, a biopsy was performed on the left frontal lobe 
using the BrainLAB® navigation system (BrainLAB AG, 
Feldkirchen, Germany). Biopsy specimen sections from 
the left frontal lobe were analyzed with hematoxylin–
eosin and Klüver-Barrera staining. In addition, immu-
nohistochemistry was performed using anti-CD-68, 
anti-JCV capsid protein VP2/3, and anti-neurofilament/
NF-L antibodies. Brain biopsy specimen from the left 
frontal lobe lesion showed foamy macrophage infiltration 

Fig. 2  Brain magnetic resonance imaging on admission. Brain magnetic resonance imaging showed a hyperintense lesion in fluid-attenuated 
inversion recovery imaging (A), diffusion-weighted imaging (B), and apparent diffusion coefficient mapping (C) (arrows) in the left temporal lobe. 
T2-weighted images also show high-intensity lesions (D, E). There was also a left frontal lobe lesion (F, arrow). These lesions lacked gadolinium 
enhancement (G, H, arrows)
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Fig. 3  Brain magnetic resonance imaging after neurological deterioration. Brain magnetic resonance imaging showed an enlargement of the left 
frontal lobe lesion with hyperintensity in fluid-attenuated inversion recovery imaging (A), diffusion-weighted imaging (B), T2-weighted image (C, 
inset), and apparent diffusion coefficient mapping (D) with a “milky way appearance” (arrow). This lesion still lacked gadolinium enhancement (E) 
with “milky way appearance” in post-gadolinium enhancement (E, inset)

Fig. 4  Pathological findings of a brain biopsy from the left frontal lesion. A, B In low-magnification view of hematoxylin–eosin (HE) and 
Klüver-Barrera (KB)-stained sections. The sampled lesion consisted of inflammatory cell infiltration and myelin loss. C, D High-magnification view 
of HE. HE staining showed foamy macrophage infiltration and atypical astrocytes. E KB staining demonstrated demyelination with myelin-laden 
macrophages. F Double-staining of KB and neurofilament immunostaining revealed relatively preserved axonal structures compared to myelin. 
G Immunostaining showed that the infiltrating cells were CD68 + . H Immunohistochemistry using an anti-JCV VP2/3 antibody indicated the 
presence of JC virus antigen-positive cells. Scale bars: 200 μm (A, B), 20 μm (C–F, H), and 50 μm (G)
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and atypical astrocytes by hematoxylin–eosin staining 
(Fig. 4A, C-D). Klüver-Barrera staining revealed a marked 
loss of myelin with myelin-laden macrophages in the cer-
ebral white matter (Fig.  4B, E). Axonal staining with an 
anti-neurofilament/NF-L antibody revealed preserved 
axonal structure, showing demyelination as the primary 
pathology (Fig.  4F). Immunohistochemistry demon-
strated that the infiltrating cells were CD68+ phagocytic 
macrophages (Fig.  4G). Immunohistochemistry using 
an anti-JCV capsid protein VP2/3 antibody showed the 
presence of JCV antibody-positive cells (Fig.  4H). PCR 
analysis of DNA extracted from the biopsied brain tissue 
detected the JCV genome (1.03E + 04 copies/cell), con-
firming the definite pathological diagnosis of PML with 
no evidence of sarcoidosis-associated granular lesions 
or HTLV-1-related lymphoma. The possibility of HTLV-
1-associated white matter lesions was also considered. 
However, the pathological findings of the patient was dif-
ferent from previously reported HTLV-1-associated neu-
rological lesions, as lymphocytic infiltrates were reported 
to be present as well as macrophages [4]. As treatment 
for PML, prednisolone was reduced to 2.5  mg/day, and 
mirtazapine was increased to 30 mg/day based on previ-
ous reports [5, 6]. We also added oral mefloquine therapy 
(275  mg/day × 3  days, followed by 275  mg/week) based 
on previous reports [7, 8], and the patient is currently in a 
stable state with no disease progression, but with the per-
sistence of aphasia and right hemiparesis.

Discussion and conclusions
Here, we report an HTLV-1 carrier with untreated sar-
coidosis who developed PML after treatment for sar-
coidosis. PML is a fatal central nervous system disease 
caused by the opportunistic infection of JCV due to the 
suppression of cellular immunity, which leads to suba-
cute neurological symptoms [1]. PML generally occurs in 
immunocompetent hosts; especially, impairment of cellu-
lar immunity leads to JCV reactivation. JCV reactivation 
is most common in patients with CD4+ T cell deficiency, 
such as HIV infection or idiopathic CD4+ cell deficiency 
syndrome [9]. In addition, CD4+ T cell counts reportedly 
correlate with the prognosis of PML [10]. Conversely, 
early CD8+ T cell reactivity is associated with the preven-
tion and resolution of PML [11].

In this case, HTLV-1 infection was also thought to have 
contributed to the development of PML. HTLV-1 mainly 
infects CD4+ T lymphocytes and reduces host immu-
nocompetence, even in the non-leukemic state [12]. In 
addition, lymphocytes infected with HTLV-1 express the 
tax gene. Previous reports showed that JCV promotes 
intercellular proliferation via the tax gene [13], lead-
ing to the aggregation and propagation of JCV in CD4+ 

lymphocytes. These mechanisms may increase the risk 
of developing PML. Previous reports have shown that 
there is no relationship between HTLV-1 infection and 
sarcoidosis [14, 15]. In our case, HTLV-1 infection and 
sarcoidosis independently affected PML. We speculate 
that sarcoidosis and HTLV-1 infection caused T lympho-
cyte dysfunction; however, since HTLV-1 proliferates in 
T lymphocytes, the development of PML may have been 
suppressed by the maintenance of T lymphocyte counts. 
Immunotherapy such as steroids and infliximab for sar-
coidosis may have decreased T lymphocyte cell count 
and function; further dysfunction of T lymphocytes may 
have led to the development of PML.

Concerning the relationship between sarcoidosis and 
PML, sarcoidosis is reported to be a risk factor for the 
development of PML, whether treated or not [16]. Clini-
cians should note that PML with a background of sar-
coidosis can easily be misdiagnosed as neurosarcoidosis, 
and sarcoidosis-associated PML reportedly takes an aver-
age of 4.5 months to be diagnosed [17]. In our case, we ini-
tially thought the patient had neurosarcoidosis, and it took 
us 1  month to diagnose PML. To differentiate PML from 
neurosarcoidosis, CSF analysis is generally normal in PML, 
while approximately 80% of patients with neurosarcoido-
sis show abnormal CSF findings [17]. Brain MRI in PML 
typically shows multifocal asymmetric subcortical white 
matter lesions without gadolinium enhancement and with 
T2-high/T1-low signals [18]. In particular, the "milky way 
appearance" or "punctate pattern" seen on T2-weighted 
images and post-gadolinium-enhanced T1-weighted 
images are well-known findings of PML [19, 20]. In the 
present case, relatively compatible MRI findings were pre-
sent (Fig. 3C, E), which is, next to the pathological findings, 
helpful in diagnosing PML. Conversely, neurosarcoidosis is 
associated with gadolinium-enhanced lesions of the menin-
ges and brain parenchyma [21]. In our case, the possibility of 
PML was also considered from the onset. We started mir-
tazapine because initial MRI showed no contrast enhance-
ment, despite CSF examination revealing that JCV-DNA 
was under the detection limit. We could not find any previ-
ous case reports of the coexistence of these three diseases. 
Here, we report this rare case for the further accumulation 
of similar cases.

Here, we report a case of PML associated with 
untreated sarcoidosis and HTLV-1 infection. JCV-DNA 
was not detected in the initial CSF examination, but was 
detected after immunotherapy for sarcoidosis. Sarcoido-
sis and HTLV-1 infection both influence T cells, espe-
cially CD4+ T cells, and may have been involved in the 
development of PML. The comorbidity of sarcoidosis, 
PML, and HTLV-1 infection has not been reported, and 
is considered a rare event.



Page 6 of 6Nagahori et al. BMC Neurology           (2023) 23:52 

Abbreviations
CSF	� Cerebrospinal fluid
HIV	� Human immunodeficiency virus
HTLV-1	� Human T lymphotropic virus-1
JCV	� JC virus
MRI	� Magnetic resonance imaging
PET	� Positron emission tomography
PML	� Progressive multifocal leukoencephalopathy

Acknowledgements
We especially thank Professor Hirofumi Sawa of Hokkaido University for 
providing the anti-JCV antibodies. We also thank Dr. Takuya Matsushita of 
Kyushu University for their suggestions on the patient’s imaging findings and 
treatment strategy.

Authors’ contributions
TN, WS, MN, AM, TO, TS, and TH were involved in clinical patient care. TN, 
WS, YY, KT, and TS conducted the histopathological work-up. KT, TS, and KN 
performed the viral DNA analysis. TN, WS, KT, and KN drafted the initial manu-
script. All authors read and approved the final manuscript.

Funding
This work was partially supported by the Research Committee of Prion Disease 
and Slow Virus Infection, Research on Policy Planning and Evaluation for Rare 
and Intractable Diseases, Health, and Labor Sciences Research Grants from 
the Ministry of Health, Labor, and Welfare of Japan (no. 20FC1054) and by JSPS 
KAKENHI (Grant Number 21K07450). The funding allowed immunostaining, 
pathological, and genetical investigations.

Availability of data and materials
The datasets in this manuscript are available from the corresponding author 
upon reasonable request.

Declarations

Ethics approval and consent to participate
This case report was prepared in accordance with the ethical guidelines of 
Kokura Memorial Hospital. Written informed consent was obtained from the 
patient’s family.

Consent for publication
We have obtained the written informed consent for publication from the 
patient’s family.

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

Received: 19 August 2022   Accepted: 27 January 2023

References
	1.	 Cortese I, Reich DS, Nath A. Progressive multifocal leukoencepha-

lopathy and the spectrum of JC virus-related disease. Nat Rev Neurol. 
2021;17(1):37–51. https://​doi.​org/​10.​1038/​s41582-​020-​00427-y.

	2.	 Scadding JG. Prognosis of intrathoracic sarcoidosis in England. BMJ. 
1961;2(5261):1165–72. https://​doi.​org/​10.​1136/​bmj.2.​5261.​1165.

	3.	 Yousry TA, Pelletier D, Cadavid D, Gass A, Richert ND, Radue EW, et al. 
Magnetic resonance imaging pattern in natalizumab-associated progres-
sive multifocal leukoencephalopathy. Ann Neurol. 2012;72(5):779–87. 
https://​doi.​org/​10.​1002/​ana.​23676.

	4.	 Izumo S. Neuropathology of HTLV-1-associated myelopathy (HAM/TSP): 
The 50th Anniversary of Japanese Society of Neuropathology. Neuro-
pathology. 2010;30(5):480–5. https://​doi.​org/​10.​1111/j.​1440-​1789.​2010.​
01135.x.

	5.	 Delgado-Alvarado M, Sedano MJ, Gonzalez-Quintanilla V, de Lucas EM, 
Polo JM, Berciano J. Progressive multifocal leukoencephalopathy and 

idiopathic CD4 lymphocytopenia. J Neurol Sci. 2013;327(1–2):75–9. 
https://​doi.​org/​10.​1016/j.​jns.​2013.​02.​002.

	6.	 Nambirajan A, Suri V, Kataria V, Sharma MC, Goyal V. Progressive multifo-
cal leukoencephalopathy in a 44-year old male with idiopathic CD4+ 
T-lymphocytopenia treated with mirtazapine and mefloquine. Neurol 
India. 2017;65(5):1061–4. https://​doi.​org/​10.​4103/​neuro​india.​NI_​535_​16.

	7.	 Beppu M, Kawamoto M, Nukuzuma S, Kohara N. Mefloquine improved 
progressive multifocal leukoencephalopathy in a patient with systemic 
lupus erythematosus. Intern Med. 2012;51(10):1245–7. https://​doi.​org/​10.​
2169/​inter​nalme​dicine.​51.​6810.

	8.	 Gofton TE, Al-Khotani A, O’Farrell B, Ang LC, McLachlan RS. Mefloquine in 
the treatment of progressive multifocal leukoencephalopathy. J Neurol 
Neurosurg Psychiatry. 2011;82(4):452–5. https://​doi.​org/​10.​1136/​jnnp.​
2009.​190652.

	9.	 Tan CS, Koralnik IJ. Progressive multifocal leukoencephalopathy and other 
disorders caused by JC virus: clinical features and pathogenesis. Lancet 
Neurol. 2010;9(4):425–37. https://​doi.​org/​10.​1016/​S1474-​4422(10)​70040-5.

	10.	 Ferenczy MW, Marshall LJ, Nelson CD, Atwood WJ, Nath A, Khalili K, et al. 
Molecular biology, epidemiology, and pathogenesis of progressive mul-
tifocal leukoencephalopathy, the JC virus-induced demyelinating disease 
of the human brain. Clin Microbiol Rev. 2012;25(3):471–506. https://​doi.​
org/​10.​1128/​CMR.​05031-​11.

	11.	 Gheuens S, Bord E, Kesari S, Simpson DM, Gandhi RT, Clifford DB, et al. 
Role of CD4+ and CD8+ T-cell responses against JC virus in the outcome 
of patients with progressive multifocal leukoencephalopathy (PML) 
and PML with immune reconstitution inflammatory syndrome. J Virol. 
2011;85(14):7256–63. https://​doi.​org/​10.​1128/​JVI.​02506-​10.

	12.	 Kimura A, Ueyama H, Kimura N, Fujimoto S, Kumamoto T. Progressive 
multifocal leukoencephalopathy in an HTLV-I carrier. Clin Neurol Neuro-
surg. 2006;108(8):768–71. https://​doi.​org/​10.​1016/j.​cline​uro.​2005.​09.​006.

	13.	 Okada Y, Sawa H, Tanaka S, Takada A, Suzuki S, Hasegawa H, et al. Tran-
scriptional activation of JC virus by human T-lymphotropic virus type I Tax 
protein in human neuronal cell lines. J Biol Chem. 2000;275(22):17016–23. 
https://​doi.​org/​10.​1074/​jbc.​275.​22.​17016.

	14.	 Saghafi M, Rezaieyazdi Z, Nabavi S, Mirfeizi Z, Sahebari M, Salari M. HTLV-1 
seroprevalance in sarcoidosis. a clinical and laboratory study in northeast 
of Iran. Int J Rheum Dis. 2018;21(6):1309–13. https://​doi.​org/​10.​1111/​
1756-​185X.​13009.

	15.	 Blayney DW, Rohatgi PK, Hines W, Robert-Guroff M, Saxinger WC, 
Blattner WA, et al. Sarcoidosis and the human T-cell leukemia-lym-
phoma virus. Ann Intern Med. 1983;99(3):409. https://​doi.​org/​10.​7326/​
0003-​4819-​99-3-​409_1.

	16.	 Patel L, Elavarasi A, Garg A, Nambirajan A. Cerebellar progressive multifo-
cal leukoencephalopathy associated with pulmonary sarcoidosis. BMJ 
Case Rep. 2021;14(9):e245271.

	17.	 Jamilloux Y, Neel A, Lecouffe-Desprets M, Fevre A, Kerever S, Guillon B, 
et al. Progressive multifocal leukoencephalopathy in patients with sar-
coidosis. Neurology. 2014;82(15):1307–13. https://​doi.​org/​10.​1212/​WNL.​
00000​00000​000318.

	18.	 Horger M, Beschorner R, Beck R, Nagele T, Schulze M, Ernemann U, et al. 
Common and uncommon imaging findings in progressive multifocal 
leukoencephalopathy (PML) with differential diagnostic considerations. 
Clin Neurol Neurosurg. 2012;114(8):1123–30. https://​doi.​org/​10.​1016/j.​
cline​uro.​2012.​06.​018.

	19.	 Hodel J, Darchis C, Outteryck O, Verclytte S, Deramecourt V, Lacour A, 
et al. Punctate pattern: a promising imaging marker for the diagnosis of 
natalizumab-associated PML. Neurology. 2016;86(16):1516–23. https://​
doi.​org/​10.​1212/​WNL.​00000​00000​002586.

	20.	 Wijburg MT, Witte BI, Vennegoor A, Roosendaal SD, Sanchez E, Liu Y, 
et al. MRI criteria differentiating asymptomatic PML from new MS lesions 
during natalizumab pharmacovigilance. J Neurol Neurosurg Psychiatry. 
2016;87(10):1138–45. https://​doi.​org/​10.​1136/​jnnp-​2016-​313772.

	21.	 Zajicek JP, Scolding NJ, Foster O, Rovaris M, Evanson J, Moseley IF, et al. 
Central nervous system sarcoidosis–diagnosis and management. QJM. 
1999;92(2):103–17. https://​doi.​org/​10.​1093/​qjmed/​92.2.​103.

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

https://doi.org/10.1038/s41582-020-00427-y
https://doi.org/10.1136/bmj.2.5261.1165
https://doi.org/10.1002/ana.23676
https://doi.org/10.1111/j.1440-1789.2010.01135.x
https://doi.org/10.1111/j.1440-1789.2010.01135.x
https://doi.org/10.1016/j.jns.2013.02.002
https://doi.org/10.4103/neuroindia.NI_535_16
https://doi.org/10.2169/internalmedicine.51.6810
https://doi.org/10.2169/internalmedicine.51.6810
https://doi.org/10.1136/jnnp.2009.190652
https://doi.org/10.1136/jnnp.2009.190652
https://doi.org/10.1016/S1474-4422(10)70040-5
https://doi.org/10.1128/CMR.05031-11
https://doi.org/10.1128/CMR.05031-11
https://doi.org/10.1128/JVI.02506-10
https://doi.org/10.1016/j.clineuro.2005.09.006
https://doi.org/10.1074/jbc.275.22.17016
https://doi.org/10.1111/1756-185X.13009
https://doi.org/10.1111/1756-185X.13009
https://doi.org/10.7326/0003-4819-99-3-409_1
https://doi.org/10.7326/0003-4819-99-3-409_1
https://doi.org/10.1212/WNL.0000000000000318
https://doi.org/10.1212/WNL.0000000000000318
https://doi.org/10.1016/j.clineuro.2012.06.018
https://doi.org/10.1016/j.clineuro.2012.06.018
https://doi.org/10.1212/WNL.0000000000002586
https://doi.org/10.1212/WNL.0000000000002586
https://doi.org/10.1136/jnnp-2016-313772
https://doi.org/10.1093/qjmed/92.2.103

	A human T-lymphotropic virus-1 carrier who developed progressive multifocal leukoencephalopathy following immunotherapy for sarcoidosis: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusions 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


