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Abstract 

Background  Sporadic late onset nemaline myopathy (SLONM) is a muscle disorder characterized by the presence of 
nemaline rods in muscle fibers. SLONM has no known genetic cause but has been associated with monoclonal gam-
mopathy of undetermined significance and with human immunodeficiency virus (HIV) infection. Human T-cell leuke-
mia virus-1 (HTLV-1) is a known causative agent of adult T-cell leukemia/lymphoma and HTLV-1 associated myelopa-
thy/tropical spastic paraplegia (HAM/TSP), a chronic inflammatory neurological disease. HTLV-1 has been reported 
to be implicated in inflammatory myopathies, as well as in HIV infection.; however, there have been no reports of an 
association between HTLV-1 infection and SLONM to date.

Case presentation  A 70-year-old Japanese woman presented with gait disturbance, lumbar kyphosis, and respira-
tory dysfunction. The diagnosis of HAM/TSP with SLONM was made based on characteristic clinical symptoms of 
HAM/TSP, such as spasticity in the lower extremities, and cerebrospinal fluid test results; and of SLONM, such as gener-
alized head drooping, respiratory failure, and muscle biopsy results. Steroid treatment was initiated and improvement 
in her stooped posture was observed after 3 days of treatment.

Conclusion  This is the first case report of SLONM combined with HTLV-1 infection. Further studies are needed to 
elucidate the relationship between retroviruses and muscle diseases.
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Background
Nemaline myopathy is a disorder characterized by the 
presence of nemaline rods in muscle fibers and is a slowly 
progressive genetic muscle disease typically diagnosed in 

childhood. In contrast, sporadic late onset nemaline myo-
pathy (SLONM) has no known associations with genetic 
mutations, develops subacutely in adults aged 40  years 
and older, and can involve weakness in the neck muscles 
(head drop) and respiratory dysfunction. The presence of 
nemaline rods on muscle biopsy is essential for the diag-
nosis of both conditions. SLONM has been reported to 
be associated with monoclonal gammopathy of undeter-
mined significance (MGUS) [1, 2], systemic lupus erythe-
matosus, myasthenia gravis, Sjögren’s syndrome [3–5], 
and other immune-mediated diseases, while SLONM 
has been associated with human immunodeficiency virus 
(HIV), a retrovirus [6–8]. Immunomodulatory thera-
pies, such as immunosuppressive agents and autologous 
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peripheral blood stem cell transplantation after high-
dose melphalan administration, are effective treatments 
for patients with SLONM-MGUS [9, 10], whereas high-
dose intravenous methylprednisolone and intravenous 
immunoglobulin therapy is effective for SLONM without 
MGUS [11]. Thus, the precise cause of SLONM remains 
unknown.

Human T-cell leukemia virus-1 (HTLV-1) is a human 
retrovirus mainly transmitted from mother to child 
through breastfeeding. Current estimates suggest that 
about 10–20 million people are living with HTLV-1 infec-
tion. The majority of HTLV-1 carriers appear to remain 
asymptomatic throughout life, but a few percent develop 
HTLV-1-associated diseases, including adult T-cell leu-
kemia/lymphoma [12], HTLV-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP) [13], and HTLV-
1-associated uveitis [14] between about 40 and 70 years 
of age. Patients with HAM/TSP present with pyramidal 
tract symptoms and sensory deficits in the lower body 
and sphincter dysfunction, while the upper body remains 
asymptomatic for life. SLONM has been reported to be 
associated with HIV infection, but, as far as we are aware, 
it has not been linked to HTLV-1 infection. Here, we 
report the first case of HAM/TSP with SLONM.

Case presentation
A 70-year-old Japanese woman had been treated at a 
nearby orthopedic hospital for 3 years for low back pain 
and forward-leaning posture. She had a 10-year history 
of rheumatoid arthritis that had been treated success-
fully with 8  mg of methotrexate weekly, and, except for 

the back pain of 3 years duration, there was no swelling 
or pain in any of the joints in her extremities. During the 
preceding 1–2 years, the patient had noticed an increased 
frequency of falls with bilateral muscle weakness in the 
lower extremities. MRI and x-ray examination of the 
brain and entire spinal cord revealed only mild paraspi-
nal muscular atrophy without any atlantoaxial dislocation 
or lumbar spinal canal stenosis (Fig. 1A). The orthopedic 
surgeon referred her to our department for evaluation 
of the difficulty in maintaining an upright posture and 
lower extremity muscle weakness, which was accompa-
nied by only mild degenerative changes in the spine. The 
patient has a family history of certain medical conditions. 
Her older sister has been diagnosed with rheumatoid 
arthritis, and her older brother has Parkinson’s disease. 
However, there is no history of neuromuscular disorders 
within the family.

On admission, the patient’s body temperature was 
36.9 °C, the pulse rate was 78 beats per minute, and the 
blood pressure was 129/65  mmHg. She was alert, her 
mental status was normal, and there were no abnor-
malities in the head and neck region, including cranial 
nerve function. There were no major deformities of 
the extremity joints, while slight deformities of the fin-
ger joints were noted. Chest examination revealed no 
lung murmurs, and chest X-rays showed no abnormali-
ties. Heart sounds and an electrocardiogram were nor-
mal. The MRI T2-weighted images (T2WI) of the spine 
showed no significant deformity of the thoracic or lum-
bar spine, no kyphosis or kyphosis, and only mild atrophy 
of the paraspinal muscles of the thoracic spine (Fig. 1a). 

Fig. 1  Change in patient’s walking posture before and after steroid treatment. A The MRI T2-weighted imaging (T2WI) revealed slight paraspinal 
muscle atrophy with no spinal kyphosis. Images of the patient before (B) and after (C) high-dose intravenous methylprednisolone therapy for 
3 days, resulting in marked improvement of walking
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The MRI Short Tau Inversion Recovery (STIR) sequence 
of the spine was evaluated for paraspinal muscle inflam-
mation using sagittal sections. However, no evidence of 
inflammatory changes was detected within the paraspi-
nal muscles (Data not shown). Gait examination revealed 
a wide-based gait with stooping posture and difficulties 
with tandem gait or squatting (Fig.  1B). She could not 
walk fast, and it took her 34  s to walk 10  m (Table  1). 
Symmetrical proximal muscle weakness, notably within 
the iliopsoas and quadriceps, was observed with Medi-
cal Research Council Grade 4/5. The other muscles of 
the extremities were normal. Deep tendon reflexes were 
enhanced bilaterally in the biceps brachii and quadriceps 
femoris and were normal elsewhere. Muscle tone in the 
upper limbs was normal, but spasticity was observed in 
the lower limbs. Babinski signs were detected bilaterally. 
Sensory examination, including deep sensation, showed 
no abnormalities. Cerebellar function was nearly normal 
in the finger–nose–finger test, although it was associated 
with terminal fine tremors in both hands. There was no 
history of autonomic nervous system symptoms such as 
frequent urination, constipation, or orthostatic hypoten-
sion, while skin dryness was observed from the lower 
abdomen to both lower extremities, which was thought 
to be a sweating disturbance.

Respiratory function tests showed mixed ventilatory 
impairment with a vital capacity of 67.5% and forced 
expiratory volume in 1  s of 60.61%. Because no abnor-
malities were detected on chest examination, trunk mus-
cle dysfunction was suspected as the cause of ventilatory 
impairment. Blood gas test results were pH 7.398, pCO2 
42.8 mmHg, pO2 69.9 mmHg, and HCO3 25.9 mmol/L.

Laboratory test results included erythrocyte sedi-
mentation rate (Westergren method) 23 mm/h (normal: 
3–15  mm/h), hemoglobin 12.2  g/dL, hematocrit 38.7% 
(mean corpuscular volume 93.9 fL, mean corpuscular 
hemoglobin [MCH] 29.6 pg, MCH concentration 31.5 g/
dL). White blood cell count was 3980/mm3 and plate-
let count was 230,000/mm3. Urinalysis, liver, and renal 
function tests; lipid tests; and thyroid function tests were 
normal. C-reactive protein level was 0.75  mg/dL (nor-
mal: < 0.14  mg/dL), soluble interleukin-2 receptor was 

896 U/mL (normal: 122–496 U/mL), and creatine kinase 
was normal. Immune function analysis showed elevated 
rheumatoid factor (RF) at 56.3  IU/L (normal: < 13  IU/L) 
and slightly elevated serum matrix metalloproteinase-3 
(MMP-3) at 60.1  ng/mL (17.3–59.7  ng/mL). Levels of 
anti-cyclic citrullinated peptide (anti-CCP) antibody 
were elevated at 67.3 U/mL (normal: < 4.5 U/mL), but 
all other antibodies tested, including anti-nuclear, anti-
dsDNA, anti-Sm, anti-RNP, anti-SS-A, and anti-SS-B 
antibodies, were not elevated. M-paraproteinemia was 
not detected. Serum was positive for anti-HTLV-1 anti-
body by chemiluminescence enzyme immunoassay. 
HTLV-1 proviral load (PVL) was 10.56 copies per 100 
peripheral blood cells. An anti-HIV antibody test was 
negative. Anti-hepatitis B virus (HBV) core and anti-
HBV surface antibody tests were positive, but HBV sur-
face antigen and HBV DNA tests were negative.

Evaluation of cerebrospinal fluid (CSF) showed normal 
cell counts, protein levels, and sugar levels, but neopterin 
and CXCL10, two markers of inflammation in myelitis, 
were elevated at 49  pmol/mL (normal: 0–5  pmol/mL) 
and 5331.9  pg/mL (normal: 0–200  pg/mL), respectively, 
suggesting an ongoing inflammatory process in the cen-
tral nervous system [15]. HTLV-1 antibody titer in CSF 
was elevated (1:1024 dilution) and HTLV-1 PVL was 
20.55 copies per 100 CSF cells.

A needle electromyogram revealed a short-duration 
and polyphasic pattern of motor unit potentials and early 
recruitment pattern in the iliopsoas muscle, but without 
increased insertion activity or any fibrillation potential. 
The needle electromyogram of the tibialis anterior mus-
cle showed no abnormalities. Nerve conduction studies 
performed in the left upper and lower extremities were 
within normal limits and F-wave latencies were also 
within normal limits. The F-wave frequency was > 90% in 
the right ulnar nerve and right tibial nerve. Somatosen-
sory evoked potential tests performed at the bilateral 
tibial nerves showed slightly prolonged latencies. P40 
latencies were 44.6  ms on the left side and 45.6  ms on 
the right side. The patient’s height was 153.9 cm. Because 
peripheral nerve conduction velocities were within nor-
mal limits, we concluded that the central conduction 

Table 1  Evaluation of the patient’s motor function before and after steroid therapy

The patient was evaluated 6 days before receiving high-dose methylprednisolone (1000 mg per day) infusion therapy on Days 1, 2, and 3 and then re-tested on Day

Examinations Day -6 test results Day 4 test results

10 m walk test (steps/time) 1st exam 54 steps / 34 s 34 steps / 23 s

2nd exam 50 steps / 31 s 31 steps / 23 s

2 min walk test (distance) 35 m 54 m

Manual muscle test (MMT) of iliopsoas Right 4/5, Left 4/5 Right 5/5, Left 5/5
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time was prolonged. Notably, prolonged central conduc-
tion time has been reported to be a possible finding in 
HAM/TSP [16, 17].

A pathological study was conducted on biceps brachii 
muscle tissue because the upper limb muscles are typi-
cally not affected in HAM/TSP. Microscopic examina-
tion of the biopsied left biceps brachii muscle revealed 
connective tissue elements with normal morphology 
(Fig. 2). Muscle fibers ranged between 15 and 70 μm in 
diameter and many fibers appeared to be degenerating 
without necrosis. Atrophied fibers with irregular sarco-
lemma and abnormal cytoplasm were common. Modi-
fied Gomori–Trichrome staining revealed nemaline 
rods; when evaluated by electron microscopy, these rods 
exhibited similar electron densities to those of the mus-
cle Z lines. Likewise, some fibers had a lobulated appear-
ance. The frequency of fibers with rods was estimated to 
be approximately 5.3%. Nicotinamide adenine dinucleo-
tide tetrazolium reductase staining revealed focal areas 
of both decreased and increased activity. Adenosine 
monophosphate deaminase and cytochrome c oxidase 
activities were within normal limits. A random checker-
board distribution of histochemical fiber types was pre-
served. Acid phosphatase activity was increased slightly 

in some myofibers, although muscle fiber glycogen and 
lipid content appeared to be normal.

The patient received high-dose intravenous methyl-
prednisolone therapy (1000 mg per day) for 3 days. Test-
ing performed on Day 4 showed marked improvement 
in the strength of the iliopsoas muscles, as well as in 
posture and stride when walking (Fig.  1C). Notably, the 
time to completion and the number of steps taken in the 
10-Meter Walk Test were both remarkably improved, 
as was the distance covered in the 2-Minute Walk Test 
(Table  1). Interestingly, these improvements in function 
were sustained for approximately 3  months after treat-
ment, at which time the pre-treatment posture returned.

Discussion and conclusions
We report the case of a 70-year-old Japanese woman with 
a stooped posture during standing and walking in addi-
tion to ventilatory disturbance. Findings of spasticity of 
both lower extremities with Babinski’s sign on neuro-
logical findings, loss of sweating below the abdomen, 
and elevated anti-HTLV-1 antibody titers in both serum 
and CSF met the World Health Organization criteria 
for the diagnosis of HAM/TSP [18]. The prolonged P40 
latency found in the SEP test of the lower extremities 

Fig. 2  Histopathology of biopsied biceps brachii muscle. A Hematoxylin and eosin (HE) staining revealed many degenerating or atrophied muscle 
fibers (arrows) but no necrotic fibers. B Modified Gomori–Trichrome (GT) staining revealed nemaline rods (arrows) in some fibers and abnormal 
cytoplasmic agglutination (arrow heads) within atrophied muscle fibers. C Nicotinamide adenine dinucleotide tetrazolium reductase (NADH-TR) 
staining revealed a lobulated appearance (arrows) and focally increased or decreased oxidative enzyme activity. D Electron microscopy (EM) 
indicated that nemaline bodies (arrows) were of the same electron density as the Z line, with some bodies being physically connected to the Z line 
(arrow heads)
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suggested spinal cord damage [17], and elevated neop-
terin and CXCL10 in the CSF suggested inflammation 
of the central nervous system [15], both of which are 
common manifestations of HAM/TSP. The fact that the 
patient’s symptoms improved markedly with steroid 
treatment may also suggest that the steroids ameliorated 
the inflammation caused by HAM/TSP. However, given 
that HIV-related SLONM has been reported to respond 
to immunotherapy [11], it is not possible to determine 
whether steroid treatment improved only HAM/TSP. 
On the other hand, respiratory dysfunction is not seen 
in patients with HAM/TSP, a disease that almost never 
affects the upper body. In SLONM patients, the frequen-
cies of muscle weakness of the trunk and dyspnea are 
68% and 55%, respectively [8]; and neck-drooping syn-
drome has also been reported in SLONM patients [10]. 
These symptoms, the presence of nemaline rods found on 
muscle biopsy, and the electromyography results sugges-
tive of non-inflammatory myopathy led to the additional 
diagnosis of SLONM in this patient.

HIV has been suggested to be associated not only with 
SLONM but also with sporadic inclusion body myositis 
(sIBM) [19]. HTLV-1 has also been suggested to be asso-
ciated with sIBM and polymyositis [19–23], though there 
have been no reports of its association with SLONM. 
In a study evaluating muscle tissue from 11 HAM/TSP 
patients, four showed evidence of nonspecific inflam-
matory myositis and three showed evidence of nonin-
flammatory myopathy [24]. While HTLV-1 is known to 
infect CD4-positive lymphocytes and downregulate the 
expression of cell surface MHC I, ICAM-1, and ICAM-2 
molecules [25], numerous previous studies have reported 
mitochondrial dysfunction in HTLV-1 infected patients 
[26]. One study reported differences in the number and 
morphology of mitochondria within myofibers of HTLV-
1-infected and non-infected myositis patients [27]. 
HTLV-1 infection may alter the myofiber intracellular 
environment. Because HTLV-1 infection and nemaline 
myopathy are rare worldwide, it is difficult to determine 
their association epidemiologically.

To the best of our knowledge, this is the first report 
of a case of SLONM associated with HTLV-1 infection. 
Whether HTLV-1 causes chronic muscle disease remains 
unclear, and further research is needed on the relation-
ship between retroviruses and muscle diseases.
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