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Purpose: We report our single-center experience on the neurological manifestations of long COVID.
Patients and Methods: This is a retrospective observational study. All consecutive patients referred to the neurological long COVID 
outpatient clinic of our institute from January 21 2021 to December 9 2021 underwent a general neurological objective examination. 
Treatments and investigations (brain MRI, neuropsychological evaluation, or others) were prescribed on an individual basis as per 
standard clinical practice. A follow-up visit was performed when appropriate. Descriptive statistics were presented as absolute and 
relative frequencies for categorical variables and as means, median, and ranges for continuous variables.
Results: One hundred and three patients were visited (mean age 50.5 ±36 years, 62 females). The average time from acute COVID-19 
infection to the first visit to our outpatient clinic was 243 days. Most patients presented with a mild form of acute COVID-19, with 
only 24 cases requiring hospitalization. The neurological symptoms mostly (n=70/103, 68%) started during the acute phase (before 
a negative swab for SARS-CoV-2). The most frequent acute manifestations reported, which lately became persistent, were fatigue 
(n=58/103, 56%), olfactory/taste dysfunction (n=58/103, 56%), headache (n=47/103, 46%), cognitive disorders (n=46/103, 45%), 
sleep disorders (n=30/103, 29%), sensitivity alterations (n=29/103, 28%), and dizziness (n=7/103, 7%). Tremor was also reported 
(n=8/103, 7%). Neuropsychological evaluation was performed in 30 patients and revealed alterations in executive functions (n=6/30, 
20%), memory (n=11/30, 37%), with pathological depressive (n=9/30, 30%) and anxiety (n=8/30, 27%) scores. Brain MRIs have been 
performed in 41 cases, revealing nonspecific abnormal findings only in 4 cases. Thirty-six patients underwent a follow-up, where 
a general improvement was observed but rarely (n=2/36) a complete recovery.
Conclusion: The majority of patients presenting persistent neurological symptoms (most frequently fatigue, cognitive disorders, and 
olfactory dysfunctions) developed a previous mild form of COVID-19. Further studies are required to develop therapeutic strategies.
Keywords: COVID 19, neuroCOVID, follow-up, cognitive disorders, neuropsychology, hypo/anosmia

Introduction
A significant number of COVID-19 patients develop a post-acute syndrome known as long COVID, which may last for 
several months and be highly debilitating. Long COVID was initially defined as signs and symptoms that develop during 
or following COVID-19, which continue for more than 4 weeks and are not explained by an alternative diagnosis.1 

Recent studies have identified further subdivisions that are (1) subacute or ongoing symptomatic COVID-19, which 
includes symptoms and abnormalities persisting for 4–12 weeks beyond acute COVID-19, and (2) chronic or post- 
COVID-19 syndrome, which includes symptoms and abnormalities persisting beyond 12 weeks after acute COVID-19.2,3

While first studies hypothesized an association between long COVID development and the severity of acute infection 
or pre-existing comorbidities,2 the most recent ones have shown that long COVID is frequent also in non-hospitalized 
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patients.4 Indeed, the frequency of persistent symptoms in patients after mild COVID-19 ranges between 10% and 35%.4 

The most common neurological symptoms in long COVID patients described so far are chronic malaise, diffuse myalgia, 
depressive symptoms, non-restorative sleep, headache, loss of taste and smell, and cognitive impairment.2 In particular, 
brain fog is the term used to describe typical cognitive disorders associated with COVID-19, which affects especially 
executive function, attention, memory, and language.5

The underlying pathophysiology is still unclear, although evidence primarily implicates immune dysfunction, 
including nonspecific neuroinflammation secondary to cytokine storm and antineuronal autoimmunity.5 Indeed, first 
hypothesis expected SARS-CoV-2 to enter the central nervous system via migration through the nasal cavity and the 
olfactory pathway or crossing the blood–brain barrier, but no relevant results were obtained by trying to detect viral RNA 
in the cerebrospinal fluid (CSF) of patients with neuropsychiatric manifestations. Conversely, a dysregulated immune 
activation was shown both in the CSF and in peripheral tissues.6

Consistently, high blood levels of inflammatory markers were detected 3 months after the infection, with a correlation 
with cognitive disorders.7

Considering the high prevalence of long COVID, a systematic study of this condition is needed to develop evidence-based 
multidisciplinary teams that can support these patients, allowing the development of multi-specialty COVID-19 clinics.2,8

Herein, we report the one-year experience of a referral center for neurological manifestations of long COVID.

Materials and Methods
This was a single-center retrospective observational study of patients attending a “long NeuroCOVID” weekly outpatient 
clinic established at our Institute from 21 January 2021 to 9 December 2021. Patients were referred by their general 
practitioner when they detected a persistent (≥1 month from the onset) neurological disturbance that arose during acute 
COVID-19 or after its resolution following indications of the local health trust of Bologna, Italy (Figure 1). The 
diagnosis of COVID-19 was confirmed by PCR test in all patients. In each medical examination, the following data 
were collected: demographics, comorbidities, and acute COVID-19 clinical data (duration of symptoms, diagnostic 
modality details, hospitalization, oxygen therapy, and/or ventilation). We considered mild infection a form that has been 
managed in the outpatient setting.4

In addition, during the clinical interview, the following data on long-term neurological disturbances were collected: 
onset time (during or after acute COVID-19); new-onset symptoms, or aggravation of pre-existing ones. Following 
a qualitative description, the reported symptoms were classified into seven categories: sleep disorders, headache, 
cognitive disorders, sensory alterations, chronic fatigue, dizziness, and olfactory/taste dysfunctions. The neurological 
symptoms were divided into acute and persistent (considering as persistent symptoms that last more than 4 weeks and 
that therefore determine the long COVID syndrome). Myalgia was identified when patients referred muscle pain, while 
fatigue when a decrease in the ability of the muscle to produce force or power was reported.9,10 Previous treatments taken 
specifically for these symptoms were noted. A complete neurological physical examination was performed on each 
patient, and specific therapies or exams were prescribed according to the clinical picture, including brain MRI, brain CT, 
EEG, EMG, neuropsychological examination, Sniffin’ Sticks test,11 and other specialist visits as per standard clinical 
practice. If needed, follow-up visits were scheduled at three or six months to evaluate the outcome, based on individual 
needs with no predetermined criteria.

Descriptive statistics were presented as absolute (N) and relative frequencies (%) for categorical variables and as means, 
median, and ranges for continuous variables. Due to the descriptive nature of the study, no statistical comparisons were performed.

Neuropsychological Evaluation
At the discretion of the neurologist, a complete neuropsychological evaluation was performed, on the basis of patients’ 
availability to undergo neuropsychological testing. The standardized battery12 included a general screening test (ie, 
Montreal Cognitive Assessment MoCA) and investigated language skills, verbal and visuospatial memory, visuocon-
structional abilities, and attention. In addition, we also administered two scales: the Depression, Anxiety, and Stress 
Scale-21 Items (DASS-21)13 and the Modified Fatigue Impact Scale (MFIS).14 All raw scores were corrected by age and 
education, according to published norms, and performances were considered impaired if below the cut-off values.
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Ethical Approval and Informed Consent
Ethical approval was obtained by the Institutional Review Board “Area Vasta Emilia Centro” (AVEC). The local IRB 
waives the requirement to obtain informed consent for observational retrospective studies performed within IRCCS 
(Scientific Institute for Research, Hospitalization and Healthcare).

Results
A total of 103 patients were visited (62 females, mean age 50.5 ± 36.5 years). The average time from acute COVID-19 
infection to the first referral was 243 days (22 to 618 days). The majority of patients (n=79/103, 76.7%) had a mild form 
of COVID-19, whereas only 24 patients were hospitalized and three of them required invasive mechanical ventilation. 
The average time before a negative respiratory sample was 28 days (6 to 92 days). A total of 12 patients had previous 
comorbidities. Demographic details are fully reported in Table 1, whereas infection details are reported in Table 2.

The most common neurological symptoms in the acute phase were fatigue (n=58/103, 56%), olfactory/taste dysfunc-
tion (n=58/103, 56%), headache (n=47/103, 46%), cognitive disorders (n=46/103, 45%), sleep disorders, including both 
insomnia and hypersomnia (n=30/103, 29%), sensitivity alterations, including paraesthesia, neuropathic pain, and 
dysesthesia (n=29/103, 28%) and dizziness (n=7/103, 7%). Tremor was also reported (n=8/103, 7%).

Conversely, the most common persistent neurological symptoms in order of frequency were fatigue (n=49/58, 84.5% 
of the acute cases went persistent), cognitive disorders (n=42/46, 91.3%), olfactory/taste dysfunction (n=40/58, 69%) 
sleep disorders (n=25/30, 83.3%), sensitivity alterations (n=27/29, 93.1%), headache (n=24/47, 51.1%), and dizziness 
(n=3/7, 42.9%). A comparison between acute and persistent neurological symptoms is reported in Figure 2.

Figure 1 Flowchart of patients’ selection by their general practitioners, according to the provisions of the local health authorities. 
Abbreviation: PNS, peripheral nervous system.
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Table 1 Demographic and Comorbidity Details

Demographics and Comorbidities n (%)

Total outpatients 103

Sex M 41 (39.8%), F 62 (60.2%)

Average age at first visit 49.8 years (range 14–89)

Heart disease 32/103 (31.1%)

Respiratory disease 18/103 (17.5%)

Kidney disease 10/103 (9.7%)

Neurological disease 33/103 (32%)

Headache 19/33 (57.6%)

Insomnia 8/33 (24.2%)

Cranial nerves disorder (trigeminal neuralgia, Bell’s palsy) 3/33 (9.1%)

Tumors 2/33 (6.1%)

Other (trauma, cognitive impairment, dizziness, tremor) 4/33 (12.1%)

Psychiatric disease 17/103 (16.5%)

Anxiety disorder 6/17 (35.2%)

Depression 5/17 (29.4%)

Depressive anxiety syndrome 4/17 (23.5%)

Bipolar disorder 2/17 (11.8%)

Other 56/103 (54.4%)

Table 2 Acute Infection Details

Acute Infection Details Patients n (%) First Symptom

Average duration of infection 28.4 days (range: 6–92)

Hospitalization 24/103 (23.3%)

Intensive care 3/103 (3%)

Asymptomatic infection 4/103 (3.8%) /

Fever 80/103 (77.6%) 67/103 (65%)

Asthenia 55/103 (53.4%) 18/103 (17.5%)

Respiratory symptoms 59/103 (57.3%) 31/103 (30.1%)

GI symptoms 18/103 (17.5%) 8/103 (7.8%)

Headache 38/103 (36.9%) 15/103 (14.6%)

Myalgia 38/103 (36.9%) 10/103 (9.7%)

Hyposmia 56/103 (54.4%) 4/103 (3.9%)

Hypogeusia 56/103 (54.4%) 1/103 (0.9%)
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The average onset time of neurological symptoms since the COVID-19 infection was 17 days, with most patients 
(n=70/103, 68%) developing them while still positive. Acute neurological symptoms were mainly new onset (n=89/103, 
86.4%); when already present before infection (n=14/103, 13.6%), symptoms (mainly headache and cognitive disorders) 
were aggravated in all cases. Further neurological details related to the infection are reported in Table 3.

Chronic fatigue was described as a lack of strength that could have arisen during the acute phase or even weeks later, 
not associated with muscular ache or shortness of breath but able to force them to reduce the amount of daily activities 
due to their sense of weakness.

Cognitive impairment, often reported as an increased forgetfulness or as an inability to recall whatever the patient was 
about to do or say, even if it was planned a few seconds before, was persistent, with only 9% of patients affected during 
the acute infection considered returning to their previous cognitive functioning.

Sleep disorders referred to our attention were extremely different, including difficulties in falling or staying asleep or, 
conversely, the tendency to sleep more hours than usual.

Only one patient developed acute COVID-19–related encephalopathy during hospitalization, characterized by delir-
ium and frontal lobe dysfunction with akinetic mutism without significant EEG and MRI alterations, and was success-
fully treated with pulse steroid therapy. Debilitating persistent cognitive disorders were observed during follow-up.

Figure 2 Prevalence of neurological symptoms in acute and persistent phase.
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Of the 103 patients visited, 67 were prescribed a supplement (palmitoylethanolamide-based supplements for patients 
with fatigue, olfactory, and cognitive related symptoms, sometimes associated with homotaurine or multivitamin-based 
for the latter, and melatonin-based ones for sleep disorders), and 35 a specific medication, including mainly antidepres-
sant drugs. Thirty-six patients required a follow-up of one or more visits, often showing a general improvement but rarely 

Table 3 Neuro-COVID Details

Neuro-COVID n (%); mean (range)

New-onset symptoms 89/103 (86.4%)

Aggravated pre-existing symptoms 14/103 (13.6%)

Delay COVID-19/neurological symptoms 17 days (range: 0–166)

Onset before SARS-CoV-2 negative swab 70/103 (68%)

Onset after SARS-CoV-2 negative swab 33/103 (32%)

Onset delay after SARS-CoV-2 negative swab 14.2 days

Neurological examination 69 N; 34 P

Time (onset COVID-19-visit) 243.5 days (range: 22–618)

Time (onset Neuro-COVID-visit) 226.5 days (range: 20–617)

Acute, n (%) Persistent, n (%)

Fatigue 58/103 (56.3%) 49/58 (84.5%)

49/103 (47.6%)

Olfactory/taste dysfunctions 58/103 (56.3%) 40/58 (69%)

40/103 (38.9%)

Headache 47/103 (45.6%) 24/47 (51.1%)

24/103 (38.8%)

Cognitive disorders 46/103 (44.7%) 42/46 (91.3%)

42/103 (40.7%)

Sleep disorders 30/103 (29.1%) 25/30 (83.3%)

25/103 (24.3%)

Sensitivity alterations 29/103 (28.2%) 27/29 (93.1%)

27/103 (26.2%)

Dizziness 7/103 (6.8%) 3/7 (42.9%)

3/103 (3%)

Treatment prescription 85/103 (82%)

Supplement prescription 67/103 (65%)

Specific drug prescription 35/103 (34%)

Follow-up 36/103 (35%)

Improvement 25/36 (69%)

Resolution 2/36 (5%)
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(2/36) a return to usual health. Patients who did not present any improvement had several previous comorbidities in most 
cases. Thirty-one of the 36 patients who have been followed up (mean 96.5 days, range: 27–175 days) underwent at least 
one instrumental investigation or specialistic visit.

Forty-one MRIs were performed, mostly in patients without previous neurological comorbidities, revealing normal 
findings in most cases (n=37/41, 90.2%). Abnormal findings were identified in four cases: 1. Mild brain cortical atrophy 
(>temporal), small vessel disease; 2. Diffuse mild brain cortical atrophy, small vessel disease; 3–4: small vessel disease 
of moderate entity. Abnormal findings were also found in EEG (two out of the seven performed: 1. slight frontal slow 
abnormalities, rare, nonspecific; 2. symmetrical anterior sharp slow abnormalities during hyperpnea) and EMG (1. ulnar 
neuropathy; 2. chronic root disease).

Twenty-three patients underwent olfactory investigation through Sniffin’ Sticks, resulting in one patient with func-
tional anosmia, 21 patients with hyposmia (16.25–30.5), and one patient with normosmia (scoring 30.75, the cut-off 
value), but concomitant dysosmia and gustatory dysfunction. Nine patients were also presenting persistent dysosmia 
(n=9/23, 40%), which includes parosmia, cacosmia, and phantosmia.

Neuropsychological assessment was administered to a subsample of 30 patients, and all different cognitive domains 
were explored. A total of n = 6/30 (20%) showed attentive and executive function deficits; memory was impaired in 
a total of n = 11/30 (37%); instead, language and visuospatial abilities were the cognitive domains mainly preserved (n = 
1/30, 3%). Moreover, mood was also assessed with specific scales, showing the presence of depressive mood in 9/30 
(30%), and a high level of anxiety in 8/30 (27%) patients.

The simultaneous presence of mood deflection and memory impairment was reported as particularly frustrating, as 
was involving both the personal and the working area.

Discussion
In our experience, we have observed that the majority of patients referred for long-COVID neurological symptoms had 
had a mild form of acute COVID-19 infection. Accordingly, persistent neurological symptoms were observed in 
approximately 10% of patients affected by mild forms of infection after a mean follow-up of 13 weeks in a previous 
study.4 The mean time of active infection before negative respiratory samples in our cohort was 28 days, with rare cases 
of long positivity, up to 92 days, which are numbers slightly above average, that is 17.0 days, with a maximum shedding 
duration of 83 days in upper respiratory tract samples.15 In our cohort, the main general acute symptoms were fever, 
asthenia, respiratory and GI symptoms, headache, myalgia, hyposmia, and hypogeusia, which are the most common 
findings reported in the literature.16 While myalgia, identified as general or localized muscular pain, was a quite 
uncommon finding, asthenia was present in more than half of the patients, persisting in the majority of them despite 
negative respiratory samples, determining a condition of chronic fatigue, one of the most frequent manifestations of long 
COVID, even more than dyspnoea.4 Olfactory and taste dysfunction were both present in the acute disease (56%) and in 
the persistent (39%) form and represented the most frequent referral motivation. Accordingly, the prevalence of this 
symptom range from 11% up to 68% in the literature.17 We observed both new-onset headache and the worsening of 
a pre-existing headache; it was reported from 45.6% of patients in the acute phase, resolving in about half of them (49%) 
after COVID-19 resolution. Similarly, in a previous study, 77% of patients complained of headache in the first 6 months 
and only 2% in the following 6 months.18 Cognitive disorders represented a further frequent referral motivation. Patients 
suffered from impaired concentration, memory, and difficulty finding words or focusing on the required task, which is 
particularly problematic in the workplace.19 In our cohort of patients who underwent neuropsychological tests, we found 
that memory was the most impaired cognitive ability, with a prevalence of 37% of patients. In addition, one-third of 
patients also presented depressive mood and high anxiety levels. Sleep disturbances were less common than the other 
symptoms so far specified but in line with the literature.2 Sensitivity alterations were less common than other symptoms 
but more frequent than in other studies.20 Finally, as expected, dizziness was a rare symptom both in the acute and 
chronic phases.18

The most common persistent neurological symptoms observed in this cohort (fatigue, cognitive impairment, and 
olfactory dysfunction) are consistent with those previously reported,2,21 but with a slightly higher prevalence of cognitive 
disorders compared to other studies.7,8 However, the study of Rass et al (2022),7 which has divided self-reported 
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cognitive impairment into concentration difficulties and forgetfulness, shows that both symptoms tend to persist at 
3-month and 1-year follow-ups, similarly to our findings.

Furthermore, delirium, which we have observed in a single patient who developed encephalopathy, has been 
correlated with poorer cognitive outcomes.22 All other patients who reported cognitive impairment did not experience 
delirium, which is more typical of hospitalized patients, notably in the ICU, compared to those managed as outpatients.

In our cohort, brain MRI did not show pathological findings in the vast majority of patients, similar to previously 
reported findings.23

Regarding pathophysiology, neurological symptoms do not seem attributable to virus-specific pathophysiologic 
changes, as the evidence of the presence of SARS-CoV-2 in both cerebrospinal fluid and neurological tissues is 
scarce.6 So far, the most likely explanations are residual immune activation or persistent autoimmune disturbance, 
ongoing endothelial activation, vascular dysfunction, or residual injury accrued during acute disease.6

Due to the unclearness of the pathophysiology, there are no specific medications at present days that can be used for 
long COVID neurological symptoms. We have used different supplements, especially palmitoylethanolamide (PEA) 
based ones, for fatigue, olfactory, and cognitive related symptoms, as the anti-inflammatory, pain-relieving, antimicrobial, 
immunomodulatory, and neuroprotective effects of PEA have recently been observed.24

The present study has several limitations including selection bias, as not the totality of patients that reported these 
symptoms to their general practitioner was sent to our outpatient clinic, so the actual prevalence of disorders may variate. 
Additionally, we cannot exclude with certainty that all symptoms complained of by the patients and all the pathological 
findings we had at diagnostic investigations were directly related to COVID-19. Furthermore, a control cohort of patients 
with previous COVID-19 that did not develop long COVID would have enriched the findings. Finally, self-reported 
symptoms were not necessarily correlated to specific examinations and confirmed, ie, neuropsychological tests were not 
prescribed to all patients who complained of cognitive disorders but only to those who considered this symptom 
particularly debilitating in their everyday life.

Future studies are needed to shed light on the pathophysiology of long COVID and to provide an effective treatment 
acting on the mechanism that determines the persistent symptoms.

Conclusion
Most patients presenting with neurological manifestations of long COVID referred to our outpatient clinic have been 
affected by mild acute COVID-19 at the onset. The most common persistent symptoms at the time of evaluation were 
chronic fatigue, cognitive disorders, and olfactory and taste dysfunction. The lack of clear-cut pathological findings at 
brain neuroimaging studies and of knowledge of the pathophysiological processes determining this heterogeneous 
clinical picture limits the development of target therapeutic strategies.
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