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ABSTRACT

Introduction Recently, there have been a few reports

of atypical post-coronavirus disease 2019 (COVID-19)
myelopathy manifesting tract-specific lesions similar to
those due to vitamin B, , deficiency. However, the precise
characteristics of imaging or clinical course remain not
well understood.

Methods A retrospective analysis of the clinical and
imaging characteristics of four patients who were referred
to our hospital with a unique post-COVID-19 myelopathy
was performed.

Results Four-to-six weeks following COVID-19 infection
in the summer of 2023, four middle-aged men developed
paraparesis, hypo/dysesthesia and bladder/bowel
disturbance, suggesting myelopathy. Although spinal MRI
showed no abnormalities in the early stages, tract-specific
longitudinal lesions along the dorsal and lateral columns
became apparent as the symptoms progressed. Owing to
the lack of MRI findings at the early stage, all cases were
challenging to diagnose. However, the patients remained
partially responsive to aggressive immunosuppressive
therapies, even in the advanced stage.

Discussion We termed these tract-specific longitudinal
lesions in the presented case series ‘Grasshopper sign’
because brain coronal and spine axial MRI findings looked
like a grasshopper’s antennae and face. Early identification
of the characteristic MRI abnormality could allow for early
intervention using intensive immunosuppressive therapy,
which could improve patient outcomes.

INTRODUCTION

Neurological complications of severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection have been recognised.
Specifically, myelopathy following the corona-
virus infectious disease of 2019 (COVID-19)
may worsen'; however, immunosuppressive
therapy may be effective, leading to a favour-
able prognosis.” Following COVID-19, longi-
tudinally extensive transverse myelopathy is
often observed; however, the time course of
the appearance of abnormal lesions on MRI,
which may be negative at initial presentation,
has not been evaluated.'”
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Here, we report a series of patients
presenting myelopathy with delayed appear-
ance of distinctive symmetrical longitudinal
hyperintensity along the corticospinal tract
and posterior column following COVID-19
infection.

METHODS

Between November 2023 and January 2024,
four patients who developed myelopathy
following COVID-19 infection were referred
to our hospital. This report presents a retro-
spective analysis of the clinical and imaging
characteristics of a wunique myelopathy
following COVID-19 infection.

RESULTS

Case 1

A 59-year-old man with a history of depres-
sion presented with a fever and was diagnosed
with COVID-19 in June 2023. Five weeks later,
the patient developed weakness in the lower
limbs; however, brain and cervical MRI showed
no abnormalities. His symptoms gradually
worsened, leading to difficulty walking, weak-
ness in the upper limbs and bladder/bowel
disturbances. Four months following the
COVID-19 diagnosis, T2-weighted imaging
(T2WI) /fluid-attenuated inversion recovery
(FLAIR) revealed abnormal signals along the
corticospinal tract in the brain. Myelopathy
was suspected and the patient was treated
with steroid pulse therapy; however, his symp-
toms worsened, and he was referred to our
hospital for further evaluation 6 months after
COVID-19 infection.

Laboratory tests revealed no abnormalities
as the cause of myelopathy. Cerebrospinal
fluid (CSF) analysis revealed a mildly elevated
protein level (67 mg/dL) but was negative for
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Figure 1 (A) MRl in case 1. Coronal brain FLAIR showed
hyperintense signals along the corticospinal tracts from the
posterior limb of the internal capsules, expanding bilaterally
to the corona radiata (white arrow) without enhancement.
Axial T2WI of C3 displayed hyperintensity involving the
lateral and posterior columns bilaterally (red arrowhead

and red arrow), which lasted throughout the spine. We
termed this unique characteristic image ‘Grasshopper sign’
because these abnormalities looked like a grasshopper’s
face (spine) and antennae (brain). (B) MRI in case 2. Coronal
brain FLAIR showed hyperintensity along the corticospinal
tracts involving internal capsules (white arrow). Axial T2WI

of T7 revealed hyperintensity involving lateral and posterior
columns bilaterally (red arrowhead and red arrow). (C) MRl in
case 3. Axial and coronal brain FLAIR showed hyperintensity
along the corticospinal tracts (white arrow). Axial T2WI of C2
showed hyperintensity involving bilateral lateral columns and
partially posterior columns (red arrowhead). (D) MRI in case
4. Coronal brain FLAIR and axial T2WI of C2 revealed a more
apparent ‘Grasshopper sign’ compared with the other cases.
C, cervical; FLAIR, fluid-attenuated inversion recovery; T,
thoracic; T2WI, T2-weighted imaging.

oligoclonal band (OCB). Brain and spine MRI demon-
strated characteristic symmetrical longitudinal hyper-
intensities in T2WI/FLAIR, affecting the corticospinal
tract and posterior column from the brain throughout
the spine (figure 1A). Additional intravenous immuno-
globulin treatment and plasmapheresis were initiated.
Finally, the patient showed gradual improvement in
muscle strength of his limbs and could stand with some
assistance.

Case 2

A previously healthy 59-year-old man who presented
with fever and headache was diagnosed with COVID-19
in August 2023. The patient experienced urination
difficulty 6weeks after COVID-19 onset. He also devel-
oped paraparesis, hypoesthesia and dysesthesia in both
lower legs; however, no obvious abnormal lesions were
observed on the whole-spine MRI. No treatment was initi-
ated and his symptoms worsened, resulting in an inability
to stand. Subsequently, he was referred to our hospital
for a follow-up examination 4months after COVID-19
infection.

Neurological examination revealed spastic paraparesis
with apparent pyramidal signs in both lower limbs, mild
muscle weakness in both upper limbs, spinal automatic
reflexes, hypoesthesia below the thoracic 10 level, disap-
pearance of vibratory sensation in both lower extremities
and bladder/bowel disturbances. His laboratory profile
to rule out other myelopathies was negative. Further-
more, the CSF profile was normal. Brain and spine MRI
showed bilateral hyperintensity along corticospinal tracts
and posterior columns (figure 1B). He underwent steroid
pulse therapy, plasmapheresis and intravenous immuno-
globulin. At last, the patient showed dysesthesia disap-
pearance and became able to stand with some assistance.

Case 3
A previously healthy 65-year-old man who presented
with fever and fatigue was diagnosed with COVID-19
in September 2023. Six weeks after COVID-19 onset,
bladder/bowel disturbances and lower limb dysesthesia
gradually developed, followed by the inability to stand. An
examination performed by neurologists revealed hypoes-
thesia and dysesthesia in the lower lumbar 2, decreased
deep sensation, bladder/bowel disturbances and pyra-
midal signs. CSF analysis revealed mildly elevated basic
myelin protein levels (MBP, 327 pg/mL). Repeated spinal
MRI showed no abnormal lesions; however, brain MRI
revealed faint hyperintensity in the bilateral posterior
limbs of the internal capsules. Intravenous immunoglob-
ulin and steroid pulse therapy were initiated; however, the
progression of paraplegia made it difficult for the patient
to stand. For further evaluation, the patient was trans-
ferred to our hospital 4 months after COVID-19 infection.
A spine MRI, performed in our hospital, revealed long
hyperintensities in the lateral columns along the entire
spinal cord, partly including the posterior columns
(figure 1C). We administered plasmapheresis; the patient
was eventually able to stand independently.

Case 4

A previously healthy 52-year-old man presented with fever,
headache and muscle pain in August 2023. Although the
patient did not undergo SARS-CoV-2 testing, his antibody
level for SARS-CoV-2 was very high at the time of admission.
Four weeks later, the patient experienced lower muscle
weakness and bladder/bowel disturbances, followed by
lower limb dysesthesia. Previous examinations by neurol-
ogists revealed paraplegia, pyramidal signs, hypoesthesia,
dysesthesia in the lower limbs and bladder/bowel distur-
bances. CSF analysis revealed elevated protein (54mg/
dL) and MBP (500 pg/mL) levels. However, blood anal-
ysis and repeated MRI of the brain and spine revealed
no abnormalities. Since the patient tested positive for
OCB 3weeks after hospitalisation, steroid pulse therapy
and plasmapheresis were initiated. However, paraplegia
worsened. Consequently, he was referred to our hospital
for further examination 4months after the COVID-19
infection.
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Brain and cervical MRI in our hospital revealed a more
apparent symmetrical longitudinal tract-specific hyper-
intensities in T2WI/FLAIR compared with cases 1-3
(figure 1D). Intravenous immunoglobulin was immedi-
ately administered. Finally, his dysesthesia disappeared,
but paraplegia remained.

DISCUSSION

We reported a series of four cases exhibiting a severe
form of myelopathy that developed following COVID-19
infection, with delayed appearance of distinctive bilateral
longitudinal abnormalities along the corticospinal tract
and posterior column. The tractspecific abnormalities
such as those in our cases had been previously reported
in individuals following COVID-19 infection or vaccina-
tion.*® However, the distinctive points of our case series
are as follows: (1) all cases involved middle-aged men
following COVID-19 infection in the summer of 2023,
(2) showing unique longitudinal MRI findings, which
we termed the ‘Grasshopper sign’ because it resembled
a grasshopper’s face (spine) and antennae (brain), mani-
fested with delayed clinical presentation and (3) immu-
nosuppressive therapy could be partially effective, even in
the long-term (online supplemental figure 1).

Since all these cases occurred in middle-aged Japanese
men following COVID-19 infection in the summer of
2023, we speculate that the underlying mechanisms of
myelopathy development are related to strain specificity
and host susceptibility. Past reports suggested that there
was a slight male predominance with a median age of
50 years in patients with myelopathy following COVID-
19.7 ® New SARS-CoV-2 XBB lineage mutants, with both
F456L. and L455F mutations, are expected to spread
widely throughout Asia in the summer of 2023.° These
mutations would enhance SARS-CoV-2 to the structural
angiotensin-converting enzyme 2 (ACE2)-binding affinity
and further immune activation.’ The locus gene of ACE2,
the target entry of SARS-CoV-2, is localised on the X chro-
mosome, as well as genes related to inflammation and the
release of inflammatory cytokines.'” Consequently, men
(who have a single X chromosome) may be more vulner-
able to COVID-19 infection than women (who have two X
chromosomes)."” In addition, testosterone offers protec-
tive effects on the immune system; therefore, middle-
aged men may present with severe myelopathy due to
the intense immune response induced by the new SARS-
CoV-2 strain.''

Signals similar to the ‘Grasshopper sign,” are observed
in white matter disorders such as adult-onset autosomal
dominant demyelinating leukodystrophy,'* mainly owing
to disorders of oligodendrocytes.'” This is consistent
with the partial response to immunosuppressive therapy
observed in our cases if oligodendrocyte dysfunction
occurs initially, followed by secondary axonal degen-
eration. Thus, the drastic immune responses induced
by COVID-19 infection could specifically trigger white
matter damage; early medical intervention is crucial.

Subacute combined degeneration of the spinal cord
due to vitamin B, or copper deficiency also showed

abnormal signals along the lateral and posterior columns

of the spinal cord similar to the ‘Grasshopper sign’.'*

However, our cases showed no significant abnormality in
the serum level of vitamin B, or copper. This could be
explained by the fact that COVID-19 may affect the meth-
ylation cycle.” '

In summary, the present case series described post-
COVID-19 myelopathy with delayed appearance of
longitudinal white matter abnormalities presenting with
‘Grasshopper sign’. This characteristic sign is indica-
tive of post-COVID-19 myelopathy and should prompt
aggressive therapeutic interventions. The study findings
could expand our current understanding of COVID-19-
associated neuroimmunological disorders.
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