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Abstract 

World healthcare systems are dealing with the pandemic of the severe Coronavirus disease 19 
(Covid-19). Covid-19 neurological manifestations affecting both central and peripheral nervous 
systems have been reported. We describe the case of 44-year-old patient, who was admitted to 
our Rehabilitation Unit after discharge from intensive care unit for severe Covid-19 related 
respiratory failure. Neurophysiological investigation revealed an axonal polineuropathy with 
impairment both of sensory and motor component. He underwent a comprehensive rehabilitation 
treatment, including breathing exercises and motor rehabilitation. Despite rapid and effective 
diagnosis and customized progressive rehabilitation treatment, significant improvement in 
sensory-motor abnormalities has begun but distal complete recovery was not achieved. Indeed, 
complete indipendence during walking has been partially reached: patient constantly needs two 
sticks and wears two ankle-foot orthosis during ambulatory function. Nowadays, exploring the 
neurologic manifestations of Covid-19 may represent a step towards better understanding the 
virus, preventing longterm sequela and rehabilitation concerns. 
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 Nowadays, world healthcare systems are dealing with 
the pandemic of the severe acute respiratory coronavirus 
2 (SARS-CoV-2) and its associated disease, named 
Coronavirus disease 19 (Covid-19).1 Covid-19 infection 
mostly affects the respiratory system, with clinical 
presentation ranging from mild flu-like symptoms to 
severe acute respiratory infection. Anyway, 
extrarespiratory multisystemic involvement has also 
been reported,2 with neurological complications affecting 
both central and peripheral nervous systems.3 To the best 
of current knowledge, observational investigations 
reported peripheral nervous system involvement in up to 
8.9 % of people.4 Although mechanisms of Covid-19-
related neuropathy are yet not fully understood, the 
possibility of SARS-CoV-2 as a new neuropathogen has 
been postulated.5 Therefore, exploring the neurologic 
manifestations of Covid-19 may represent a step towards 
better understanding the virus, preventing longterm 
sequela and rehabilitation concerns. 

Materials and Methods 
Case Report 
We describe the case of a 44-year-old male patient, who 
underwent Covid-19 infection. He reported the onset of 
mild-flu like syndrome (fever, chills, headache, myalgia, 
cough and fatigue) from March 30, 2020. His 

nasopharyngeal specimen was tested for reverse 
transcription-polymerase chain reaction (RT-PCR) and 
its result was positive. Then, he was referred to 
emergency ward for serious respiratory failure needing 
oxygen supply with cPAP and “casco” (continuos 
positive airway pressure). Chest computed tomography 
(CT) scan showed multiple bilateral ground glass 
opacities and consolidations, typical of Covid-19 
pneumonia (Figure 1). He denied other symptoms, 
tobacco and drugs use or abuse. Significant past medical 
history comprehended diagnosis of diabetes mellitus type 
2, obesity and a mild cognitive impairment in a psychotic 
disorder. Then, the patient was rapidly transferred to an 
intensive-care unit for the severe deterioration of his 
respiratory condition. Intensive-care clinical course was 
complicated by: 
- Acute renal failure, without dialysis treatment; 
- Bacteric pulmonary sovrainfection, with necessity of 

specific antibiotic treatment; 
- Complete atelectasia of left lung. Patient underwent a 

tracheostomy to support adequate respiratory 
function; 

- Systemic sepsis and urinary tract infection, treated 
with specific antibiotic therapy; 

- High blood pressure levels, with the need to start an 
antihypertensive therapy. 
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Once stabilization of clinial conditions, the patient was 
transferrred to our Rehabilitation ward. Neurologic 
examination showed normal consciousness by Glasgow 
Coma Scale (GCS=15) and no cranial nerves 
abnormality. The upper and lower limbs strength was 
evaluated by means of manual muscle testing using the 
Medical Research Council scale (MRC):6 he was scored 
3 at shoulder abduction and handgrip, and 4 at elbow 
flexion, hip and knee extension; he was scored 1 at ankle 

dorsiflexion, bilaterally. Clinical examination also 
revealed absent deep tendon reflexes in upper and lower 
limbs and normal plantar response, symmetrically. No 
sensitivity alteration was assessed. Evaluation of 
respiratory gas exchanges revealed a good balance, with 
no need for oxygen supply. Neurophysiological 
investigation revealed an axonal polineuropathy with 
impairment both of sensory and motor component 
(Figure 2): absence of both sural nerve sensory action 

 
Fig 1. Chest CT scan, at the beginning (a) and after two months (b) of recovery period. 
 

 
Fig 2. Neurophysiological examination. 
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potential (SAP) and the common peroneal nerve 
compound muscle action potential (CMAP), decreased 
tibial nerve velocity and severely decreased CMAP 
amplitude for the same nerve on electroneurography, and 
decreased SAP amplitude for ulnar nerve. Patient’s 
functional status and disability were assessed by means 
of Motricity Index,7 Timed Up and Go Test (TUG)8 and 
Barthel Index.9 

Training Protocol 
The patient received a comprehensive rehabilitation 
treatment, including respiratory and motor rehabilitation. 
The training program was organized in 5 sessions per 
week, each session lasting about 60 minutes. The overall 
duration of rehabilitation program was about 9 months, 
as long as hospitalization period. The training program 
was conceived with a progressive evolution and intensity, 
where the progression is specifically tailored on patients’ 
competencies and motor functions improvement. At the 
beginning, physiotherapy was manly focused on daily 
standardized passive or active motion session of the 
upper and lower limbs and active postural changes. 
Breathing exercises for respiratory muscle were focused 
on chest expansion, controlled breathing and 
diaphragmatic re-education. According to patients’ 
functional improvements, the programme included 
coordination exercises for trunk control, recovery of 
standing position, reconditioning of walking and 
functional activities. Finally, an overground ambulatory 
training with the prescription of orthosis was 
administered in order to balance distal neurological 
deficits. 

Results 
Considering functional scales, we revealed an 
improvement of mobility as shown by the possibility to 
perform TUG test at the end of recovery period, (TUG at 
T1= 20.29 s). Moreover, we showed a partial 
improvement of patient’s motor abilities as assessed by 
Motricity Index. In particular, we found a complete 
recovery for upper extremities abilities on the right side 
(T0: 76 vs T1:100); while, lower extremities function 
remained quite impaired at the end of rehabilitation 
period, with a stationary situation for the left side (T0: 50 
vs T1:50) and a mild improvement for the right side (T0: 
38 vs T1:50), Figure 3a. As regard lower extremities 
muscle, we found no improvement in distal district, as 
suggested by complete absence of ankle dorsiflexors 
activity. Finally, overall functional abilities were 
improved after rehabilitation training, as evidenced by 
Barthel Index score (T0: 0 vs T1: 89), Figure 3b. In 
particular, our patient gained more advantage in self-care 
activities, such as feeding and bathing, and in mobility, 
such as during postural transfers and ambulatory 
function. 

Discussion 
Nowadays, extrarespiratory multi-systemic involvement 
of SARS-CoV-2 has been reported, with neurological 
manifestations appearing in the acute phase and 
worsening functional outcomes after training period. In 
this context, we describe the case of young male who 
underwent Covid-19 infection, resulting in prevalent 
neurological impairment: axonal polineuropathy with 
impairment both of sensory and motor component. 
Despite rapid and effective diagnosis and customized 

 
Fig 3. Functional scales. 
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long-lasting progressive rehabilitation treatment, 
significant improvement in functional disabilities has 
begun but distal complete recovery was not achieved. 
Indeed, complete indipendence during walking has been 
partially reached: patient constantly needs two sticks and 
wears two ankle-foot orthosis during ambulatory 
function. According to the actual hypothesis of a possible 
neurotropism of SARS-CoV-2, the mechanism of Covid-
19 related neuropathy are yet to be fully evaluated.4 As 
known, infectious peripheral neuropathy may occur 
secondary to other viruses such as hepatitis C, human 
immunodeficiency virus (HIV) and varicella zoster.6 
Anyway, acute polyneuropathies has been documented in 
patients infected with SARS-CoV and MERS-CoV.10,11 
Therefore, acute autoimmune polyneuropathy triggered 
by coronavirus infection has been postulated, according 
to its neurotrophic, neuroinvasive, and 
neuroinflammatory features.12 As found in case report 
publications, most of patients with polyneuropathy were 
observed in a critically ill context, as well as our patient. 
Indeed, prolonged hospitalization can itself lead to 
peripheral nerve pathology due to critical illness 
polyneuropathy (CIP) or secondary to prolonged patient 
positioning. Moreover, prolonged neuromuscular 
blockage, vitamin deficiencies and electrolyte 
disturbances, and drug related neuromuscular disorders 
have to be included in the differential diagnosis list.6 
A recent case report, including 4 patients with acute 
neuromuscular disorders and SARS infection, described 
the onset of weakness, sensorimotor peripheral nerve 
symptoms and decreased deep tendon reflexes within 21–
25 days after the onset of SARS. Neurophysiological 
studies indicated temporarily reduced CMAP 
amplitudes, with no evidence of reduced nerve 
conduction velocity, prolonged distal motor latency, 
conduction block or temporal dispersion. 
Electromyography showed acute denervation with 
increased polyphasia. As far as these patients received 
intensive care for multiple organ failure, it could be 
argued that CIP likely played a significant role.12 A single 
case report showed a 28-year-old male with a MERS-
CoV severe respiratory infection that gradually 
improved. He was found to have weakness in both legs 
and an inability to walk, and nerve conduction study 
showed axonal polyneuropathy. A CIP was assumed as 
the final diagnosis.10 Another report studying acute 
polyneuropathy in CoV included 4 patients with 
Guillain-Barré syndrome (GBS) attributed to the MERS-
CoV infection. Two of these patients were diagnosed 
with acute sensory neuropathy in the context of treatment 
with ribavirin and lopinavir/ ritonavir.12 Similarly, a 3 
patient case report showed 2 women experiencing motor-
predominant peripheral nerve disorders and another 
woman experiencing neuropathy and myopathy 3 weeks 
after the onset of SARS-CoV-2. Clinical and 
electrophysiologic improvement was evident during 
follow-up examinations, with a good prognosis.11 Based 
on the current literature, mechanisms of peripheral nerve 

injury in Covid-19 patients may be multifactorial: 
complications of systemic disease, direct neuro-invasion 
and autoimmune response may have promoted peripheral 
nerve injury even in our subject. However, developing 
axonal polyneuropathies in the context of a viral infection 
suggests that the virus can cause a neural inflammatory 
reaction through immune mimicry or present as part of 
an inflammatory response syndrome. Those mechanism 
of SARS-CoV-2 related neuropathy needs to be clarified 
in order to promote a correct management and prevent 
patient morbidity. 
In conclusion, since patients recovery from COVID-19 
infection include a variety of pulmonary, neurological 
and cognitive complications, management of peripheral 
nerve injury in COVID-19 survivors should be included 
in future COVID-19-specific rehabilitation programs in 
order to prevent long-term sequelae. 

List of acronyms 
CIP - critical illness polyneuropathy  
CMAP - compound muscle action potential 
Covid-19 - Coronavirus disease 19 
cPAP - continuos positive airway pressure 
CT – computed tomography 
GBS - Guillain-Barré syndrome 
GCS - Glasgow Coma Scale 
HIV - human immunodeficiency virus 
MERS-CoV - Middle East Respiratory Syndrome-
Coronavirus 
MRC - Medical Research Council 
RT-PCR - reverse transcription-polymerase chain 
reaction 
SAP - sensory action potential 
SARS-CoV-2 - severe acute respiratory coronavirus 2 
TUG - Timed Up and Go 
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