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ABSTRACT

Introduction: The severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) can affect
multiple organs. Reports of persistent or newly
emergent symptoms, including those related to
the nervous system, have increased over the
course of the pandemic, leading to the intro-
duction of post-COVID-19 syndrome. However,
this novel syndrome is still ill-defined and
structured objectification of complaints is
scarce. Therefore, we performed a prospective
observational cohort study to better define and
validate subjective neurological disturbances in
patients with post-COVID-19 syndrome.

Methods: A total of 171 patients fulfilling the
post-COVID-19 WHO Delphi consensus criteria
underwent a comprehensive neurological diag-
nostic work-up including neurovascular, elec-
trophysiological, and blood analysis. In
addition, magnetic resonance imaging (MRI)
and lumbar puncture were conducted in sub-
groups of patients. Furthermore, patients
underwent neuropsychological, psychosomatic,
and fatigue assessment.
Results: Patients were predominantly female,
middle-aged, and had incurred mostly mild-to-
moderate acute COVID-19. The most frequent
post-COVID-19 complaints included fatigue,
difficulties in concentration, and memory defi-
cits. In most patients (85.8%), in-depth neuro-
logical assessment yielded no pathological
findings. In 97.7% of the cases, either no diag-
nosis other than post COVID-19 syndrome, or
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no diagnosis likely related to preceding acute
COVID-19 could be established. Sensory or
motor complaints were more often associated
with a neurological diagnosis other than post-
COVID-19 syndrome. Previous psychiatric con-
ditions were identified as a risk factor for
developing post-COVID-19 syndrome. We
found high somatization scores in our patient
group that correlated with cognitive deficits and
the extent of fatigue.
Conclusions: Albeit frequently reported by
patients, objectifiable affection of the nervous
system is rare in post-COVID-19 syndrome.
Instead, elevated levels of somatization point
towards a pathogenesis potentially involving
psychosomatic factors. However, thorough
neurological assessment is important in this
patient group in order to not miss neurological
diseases other than post-COVID-19.

Keywords: Post-COVID; Long COVID; COVID-
19; Neurological deficits; Neuropsychological
assessment; Somatization; Fatigue

Key Summary Points

Why carry out this study?

To validate subjective neurological
complaints in patients with post-COVID-
19 by applying a comprehensive neuro-
psychiatric diagnostic workup.

What was learned from the study?

The nervous system is rarely affected in
patients with post-COVID-19 syndrome.

Psychosomatic factors probably contribute
to the pathogenesis of post-COVID-19
syndrome.

Patients presenting with post-COVID-19
should be thoroughly assessed in order to
not miss other diagnoses.

INTRODUCTION

Since the first description of the coronavirus
disease 2019 (COVID-19), more than
500,000,000 infections with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
2) have been verified as of May 2022 [1]. Ini-
tially thought to mainly present as respiratory
tract infection, COVID-19 has been identified as
a multiorgan disease, among others, affecting
the kidneys, the heart, and the nervous system
in many patients [2].

Following the acute infection, symptoms in
some individuals persist while others develop
new symptoms, a phenomenon that the World
Health Organization (WHO) had recently
named post-COVID-19 condition or ‘long’
COVID-19 [3]. Even though varying definitions
exist for these two terms, they are used equiva-
lently in clinical practice. Reported frequency of
post-COVID-19 syndrome ranges between 10
and 35% [4, 5]. However, these numbers mainly
have been collected during the pre-vaccination
era and at a time when the alpha and delta
variants of SARS-CoV-2 were still dominant.
Whether they also apply to the omicron variant
of the virus or vaccinated individuals remains
unknown. Recent studies suggest that post-
COVID-19 syndrome can also occur following
infection with omicron [6] or even as a result of
the vaccination against the corona virus [7].
Interestingly, even asymptomatic individuals or
those with only mild COVID-19 symptoms
seem to be at risk of developing post-COVID-19
syndrome. Of note, even children can develop
post-COVID-19 syndrome, although the risk
appears to be lower compared to adults. How-
ever, with the increased transmissibility of
novel SARS-CoV-2 variants, pediatric post-
COVID-19 might occur more frequently [2, 8].

According to previous descriptions, distur-
bances related to nearly every organ system can
occur in individuals with post-COVID-19 syn-
drome, making the classification of this symp-
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tom complex and a challenging task in clinical
practice [5, 9, 10]. However, neurological and/or
neuropsychological deficits such as memory
loss, ‘‘brain fog’’, fatigue, dizziness, headaches,
or generalized pain [5] are frequent complaints,
thus placing the nervous system at the center of
interest when studying this condition.

The pathophysiological mechanisms trig-
gering post-COVID-19 are still under debate.
Several groups have suggested virus persistence,
long-lasting overactivation of the immune sys-
tem including autoimmune phenomena or
ongoing thrombus formation in the microvas-
culature as potential factors [11]. With respect
to the nervous system, distinct patterns of brain
atrophy have recently been reported in post-
COVID-19 patients suffering from impaired
cognition [12] and cerebral spinal fluid (CSF)
analyses suggested dysfunctional inflammatory
processes as the underlying cause of the disease
[13].

However, the clinical significance of these
often selective findings-in relation to the broad
and heterogeneous symptomatology—remains
unclear, and so does the validity of the diag-
nostic tests performed, many of which can be
considered rather experimental or not estab-
lished in routine practice [14, 15]. Therefore, an
increasing number of research groups have
recently stressed the potential importance of
psychosomatic factors in the emergence and
perpetuation of post-COVID-19 syndrome
[16, 17]. This idea is further supported by simi-
larities between post-COVID-19 syndrome and
the presentation of posttraumatic distress syn-
drome, depression, anxiety disorder, or poorly
defined disease entities such as myalgic
encephalomyelitis/chronic fatigue syndrome
(ME/CFS) [18, 19]. Coherently, supportive psy-
chotherapy appears to be effective in alleviating
the symptoms of post-COVID-19 [20].

In an attempt to further put into context the
manifold complaints brought forward by post-
COVID-19 patients, we performed a prospective
observational cohort study encompassing a
comprehensive neurological diagnostic work-
up.

METHODS

Study Cohort

The study was conducted in accordance with
the Declaration of Helsinki. A total of 171 par-
ticipants fulfilling the WHO Delphi consensus
criteria for post-COVID-19 syndrome [4] were
included in this prospective observational
cohort study. Individuals were recruited from
the post-COVID-19 outpatient center at the
Department of Neurology, University Medicine
Essen, Germany between January 2021 and
February 2022.

The cohort represents a typical ‘‘real-world’’
cohort in a German tertiary COVID-19 and
neurology center. A broad range of patients
with post-COVID-19 syndrome including those
with previous cerebrovascular disease has been
included into our study. Patients with comor-
bidities, in particular cerebrovascular disease,
did not present any severe physical or mental
deficits at the time of study entry and all
patients were able to undergo the full set of
diagnostic tests including neurocognitive
assessment.

All patients were of legal age and gave writ-
ten informed consent prior to study inclusion.
The study was approved by the local ethics
committee of the University Duisburg-Essen,
Germany (reference numbers 20-9284-BO,
20-9307-BO).

Diagnostics

Information on demographics, previous medi-
cal history, the severity of the preceding
COVID-19 infection, and the profession were
collected via structured interviews. All patients
underwent full neurological and physical
examination according to standards recom-
mended by the European Academy of Neurol-
ogy [21]. If clinically indicated or if more
specific complaints were brought forward by the
patient, additional diagnostics such as MRI or
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lumbar puncture were performed to substanti-
ate or exclude diagnoses.

In 171 patients, extensive nerve conduction
studies were performed (tibial nerve, sural
nerve, median and ulnar nerve), recording
motor distal latency, motor conduction veloc-
ity, compound muscle action potential ampli-
tude, F-waves, temporal dispersion and
compound muscle action potential duration in
motor nerves and sensory nerve action poten-
tial amplitude, and conduction velocity in sen-
sory nerves. Furthermore, sensory and motor
evoked potentials (SEP, MEP), blink reflex, and
masseter reflex were conducted. Electrophysio-
logical studies were expanded at the physicians’
discretion (n = 12 patients). Ultrasound exami-
nation of the extra- and intracranial head and
neck arteries was performed in 76 patients. In
41 patients, clinical findings justified brain MRI
and nine patients underwent lumbar puncture.
In addition, all patients received pulmonary
function tests (vital capacity, forced 1-s capac-
ity) using a handheld spirometer (Micro
Spirometer, Vitalograph), and peripheral oxy-
gen saturation was measured using a finger clip
(Pulox, PO-200). Blood was collected from all
patients and analyzed for routine parameters,
full blood count, and analysis of inflammatory
parameters.

Neuropsychological Assessment

Patients (n = 146) underwent structured neu-
ropsychological testing by trained personnel.
Patients were asked for self-perceived current
cognitive status and subjective cognitive
decline after COVID-19. A standardized cogni-
tive assessment was performed using the fol-
lowing neuropsychological tests: word list of
ten words to assess immediate and delayed
verbal memory [22], d2 test to assess selective
attention [23], verbal fluency (words with the
letter ‘‘S’’ at the beginning) as executive func-
tion [24], Trail Making Test A to assess process-
ing speed and Trail Making Test B to assess
cognitive flexibility as executive function [25],
digit span forward to assess verbal short-term
memory and digit span backwards to assess
verbal working-memory [26] and symbol digit

modalities test to assess attention, processing
speed, visual scanning and memory [27].

Results were transferred to z-scores using the
age-appropriate mean and standard deviation
(SD) of the corresponding test. If the perfor-
mance was more than 1 SD below the mean, it
was considered impaired. Results were depicted
as a radar plot to visualize the proportion of
individuals with impaired results.

Assessment of Fatigue and Somatization

In addition, study participants completed the
German adaptation of the Fatigue Inventory
Scale (FIS, n = 128) to evaluate fatigue [28, 29].
FIS scores 40 items, ranging from 0 (no prob-
lem) to 4 (severe problem), adding up to a
maximum score of 160. In addition, subdi-
mensions for cognitive, physical, and psy-
chosocial domains were calculated.

The severity of individual somatic symptoms
was evaluated using the Patient Health Ques-
tionnaire-15 (PHQ-15, n = 128). The survey is a
valid and reliable screening tool for detecting
patients at risk for somatoform disorders [21]
and requests 15 symptoms, accountable for
more than 90% symptoms reported in somato-
form disorders. PHQ-15 also records severity of
somatization [30], scoring from 0 (‘‘not both-
ered at all’’) to 2 (‘‘bothered a lot’’) [31].

Statistical Analysis

All statistical analyses were performed using
SPSS (IBM Corp. Released 2020. IBM SPSS
Statistics for Windows, Version 27.0. IBM Corp.
Armonk, NY, USA).

The two-step clustering method was per-
formed to identify underlying clusters of com-
plaints using SPSS (IBM Corp. Released 2020.
IBM SPSS Statistics for Windows, Version 27.0.
IBM Corp. Armonk, NY, USA). Clusters were
identified using log-likelihood distance measure
and Schwarz’s Bayesian clustering criterion.

Odds ratios (OR) for the complaints were
calculated and Cramer’s V test for statistical
significance was performed. We used logistic
regression analyses to examine the association
of risk factors (‘‘no’’ as reference) with patients’
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symptoms resulting in odds ratios (OR) and
95% confidence interval (CI). Comparison of
means was performed using Mann–Whitney
U test, and analysis of multiple groups was
performed using Kruskal–Wallis ANOVA with
Dunn’s post hoc test after testing for parametric
distribution with Shapiro–Wilk test. Influencing
factors on somatization (PHQ-15) and cognitive
dimensions were identified with linear regres-
sion calculation with the method enter. Corre-
lations were analyzed by bivariate correlation
and spearman’s rho. The level of significance
was set at p\0.05.

RESULTS

Cohort Demographics

The demographics of the patient cohort are
summarized in Table 1. The cohort comprised
171 patients with a mean age of
45.2 ± 12.7 years; 66.7% of the study partici-
pants were of female sex; 75.3% of the patients
visited our department within 7 months after
the diagnosis of acute COVID-19. The average
time between diagnosis of acute COVID-19 and
study entry was 4.0 months ± 1.5 months;
32.5% of participants were employed in the
sector of public education, thereby representing
the largest group; 29.9% were working in
administration and service, while 18.8% held
positions within the healthcare system. Skilled
trade workers or individuals employed in the
field of science and research were less frequently
represented in our cohort (2.6%); 48.5% of the
study participants had an academic degree or A
level educational degree (Table 1).

The severity of the preceding acute SARS-
CoV-2 infection was rated according to the
COVID-19 severity classification of Buonseno
et al. [32]; 34.5% of the participants had suf-
fered from mild, 64.9% from moderate, and
0.6% from severe COVID-19; 94.1% required no
professional medical care and no specific
antiviral or anti-inflammatory treatment over
the course of COVID-19; 5.3% were hospitalized
without requiring ventilation, and only one
study participant (0.6%) was mechanically
ventilated; 29.0% of the participants suffered

Table 1 Demographics, severity of COVID-19, and
medical history of patients

Demographics

Participants 171

Age, years 45.2 ± 12.7

(18–74)

Female 66.7%

Severity COVID %

Mild 34.5

Moderate 64.9

Severe 0.6

Treatment %

No professional medical care 94.1

Hospitalized without ventilation 5.3

Required mechanical ventilation 0.6

Medical history %

Previous cardiovascular condition

(arterial hypertension (86%),

myocardial infarction (4%), other heart

diseases (10%))

28.3

Previous neurological conditions

(Migraine (44%), stroke (16.3%), MS

(4.1%), PNP (8.2%), CPS (8.2%),

epilepsy (4.1%), post-infectious fatigue

(2%), others (12.2%))

29.0

Previous psychiatric preconditions

(Depression (66.7%), anxiety disorder

(20.1%), post-traumatic stress disorder

(3.3%), somatic disorder (3.3),

adjustment disorder (3.3%), borderline

disorder (3.3%))

19.0

Allergies 5.0

Diabetes 3.0

Previous oncological conditions 3.1

Professions %

Nursery/teaching 32.5

Administration/Professional service 29.9

Healthcare 18.8
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from neurological comorbidities such as
migraine, stroke, or epilepsy. One patient had
experienced cerebral ischemia during acute
COVID-19 and one patient had a history of
fatigue following Epstein–Barr virus (EBV)
infection. However, the cohort did not com-
prise patients with previous post-infectious dis-
orders such as Guillain–Barré syndrome (GBS)
or myelitis, which could have been reactivated
after SARS-CoV-2 infection; 28.3% had preced-
ing cardiovascular conditions (e.g., hyperten-
sion, history of heart attack), and 19.0% had
psychiatric comorbidities including depression,
anxiety disorder, post-traumatic stress disorder,
or somatic disorder (Table 1). Importantly, par-
ticipants with comorbidities did not present any
severe physical or mental deficits at the time of
study entry and all participants were able to
undergo the full set of diagnostic tests including
neurocognitive assessment.

Timeline of SARS-CoV-2 Infections
in the Cohort

First of all, we compared the SARS-CoV-2
infection kinetics of our study participants with
the overall infection kinetics in Germany

(Fig. 1A) [33]. We found that all participants
had been infected during the first two infection
waves in Germany between March 2020 and
August 2021. This indicates that study patients
had been contaminated with the alpha to delta
variants of SARS-CoV-2 since the omicron vari-
ant did not emerge in Germany before
November 2021 [34]. At the time most of the
participants were recruited to our study, routine
sequencing of the viral genome in order to
determine the specific variant had not yet been
routinely established in Germany. Moreover,
due to the prioritization strategy followed by
German healthcare authorities, vaccination
against SARS-CoV-2 was not available in Ger-
many before January 2021 [35]. To the broader
public, i.e., younger individuals without active
comorbidities, similar to the participants from
our cohort, vaccination was not available before
summer 2021 and we did not routinely assess
the vaccination status of our patients.

Type and Frequency of post-COVID-19
Symptoms

The most frequent complaints reported were
fatigue (58.2%) and deficits in concentration
(58.2%) (Fig. 1B). Difficulties in recalling names
(32.7%), headaches (27.3%), and sensory or
motor disturbances (21.0%) were also fre-
quently mentioned. Word finding difficulties
affected 20.6% of patients. Psychiatric com-
plaints (20.0% in total) encompassed depressive
mood (41.0%), the feeling of being stressed
(22.5%), anxiety (22.5%), listlessness (19.3%),
irritability/aggression (6.4%), the feeling of
being restless (9.6%), and 3.2% other com-
plaints. Moreover, 15.2% of study participants
complained of dizziness.

Despite the broad variety of complaints
brought forward by the patients, we were able to
identify three distinct clusters of symptoms by
using a two-step clustering method (Fig. 1C): a
cluster with the predominant complaint of
headaches (n = 46); a cluster (n = 34) predomi-
nately including psychiatric symptoms, fatigue,
and difficulties in concentration designated as
‘‘Psycho-Fatigue’’; and finally the cluster ‘‘Fati-
gue-Concentration’’ (n = 60) including patients

Table 1 continued

Craft/Construction 9.4

Student/further education 6.8

Academic sector 2.6

Educational level %

Academic degree 22.8

A-level degree 25.7

Secondary school certificate 17.0

Vocational school certificate 7.0

Others 1.8

Missing 25.7

MS multiple sclerosis, PNP polyneuropathy, CPS carpal
tunnel syndrome
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that mainly reported fatigue, difficulties in
concentration and recalling names. The com-
plaints expressed by the remaining patients did
not allow for specific clustering. The ‘‘Fatigue-
Concentration cluster’’ included a higher pro-
portion of females (73.3%) as compared to the
‘‘Headache’’ (56.5%) and ‘‘Psycho-Fatigue clus-
ters’’ (61.8%). Moreover, symptoms of cognitive
impairment were significantly associated with
the presence of fatigue (number of abnormal
tests to fatigue levels, r = 0.283, p\0.01).

We further analyzed whether the pre-exis-
tence of certain disease states was associated

with distinct post-COVID-19 symptoms.
Patients with a previous history of psychiatric
conditions were more likely to report psychi-
atric symptoms (OR 3.5, CI 1.47–8.32, p\0.01),
fatigue (OR 2.43, CI 1.11–5.82, p\0.05), or
difficulties in concentration (OR 2.58, CI
1.01–6.19, p\ 0.05) (Fig. 2A). A previous neu-
rological condition was associated with a higher
probability of complaining about deficits in
sensory or motor functions (OR 2.49, CI
1.10–5.62, p\0.05) and dizziness (OR 2.13, CI
1.02–4.42, p\ 0.05) (Fig. 2B). A history of
migraine or other types of headaches increased

Fig. 1 Timeline of SARS-CoV-2 infections and self-
reported complaints. A Number of SARS-CoV-2 infec-
tions per month of the study participants in comparison to
the different SARS-CoV-2 infection waves in Germany.
All study participants had been infected during the first
two infection waves in Germany between March 2020 and
August 2021. B Frequency of complaints reported by
patients with fatigue and difficulties in concentration as
most prevalent complaints. C Clusters of complaints.
Complaints brought forward by the participants were

clustered with a two-step clustering method. Three distinct
clusters could be identified. Diameter indicates the number
of patients reporting the respective complaint. Cluster 1:
Headache (n = 46) is defined by the complaint of
headaches and fatigue. Cluster 2: Psycho-Fatigue
(n = 34) is predominated by psychiatric complaints and
fatigue. In Cluster 3: Fatigue-Concentration (n = 60),
fatigue and difficulties in concentration constitute most
frequent complaints
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the risk of developing headaches after COVID-
19 (OR 3.52, CI 3.52, 1.34–9.36, p\ 0.01)
(Fig. 2C).

We next quantified the extent of neuropsy-
chiatric and neuropsychological symptoms in
our patient cohort by using standardized ques-
tionnaires and neuropsychological assessment.
Analysis of FIS (n = 128) revealed a considerable
high level of fatigue in post-COVID-19 patients
(86.1 ± 37.12). Females had significantly higher
fatigue sum scores than males (95 ± 34.0 vs.
67.0 ± 36.5, p\ 0.001, data not shown). For
the cluster of complaints, patients in the cluster
‘‘Fatigue’’ presented the highest fatigue levels,
whereas those in cluster ‘‘Headache’’ had the
lowest sum scores (62.3 ± 42.1 vs. 95.8 ± 33.2,
p\0.001). A subgroup analysis of patients with
previous psychiatric conditions (n = 33)
demonstrated significantly elevated total fati-
gue scores (110.2 ± 27.4 vs. 79.8 ± 38.0,
p\0.01) compared to patients without a his-
tory of psychiatric condition. In contrast, neu-
rological comorbidities were not associated with
elevated fatigue scores (Fig. 3A). Since patients
with former stroke and multiple sclerosis are
prone to developing fatigue, we in addition

performed a subgroup analysis in these patients
(n = 10). Indeed, we found a significant associ-
ation between fatigue levels and structural brain
damage due to previous stroke or multiple
sclerosis (beta 0.274, p\0.05; data not shown).

To validate the self-reported cognitive defi-
cits, a neuropsychological assessment was per-
formed by trained personnel (n = 141) (Fig. 3B).
In the total cohort, 79.6% of individuals had
deficits in one or more subdomains tested, i.e.,
immediate verbal memory, processing speed, or
cognitive flexibility. In the ‘‘Fatigue-Concen-
tration cluster’’, almost half of the patients
(48.0%) presented with deficits in three or more
test dimensions, whereas this was the case in
only 20% of patients in the ‘‘Headache cluster’’.
Of patients presenting with psychiatric comor-
bidities, 57.8% were found to have deficits in
three or more test dimensions. In contrast, pre-
existing neurological conditions had no specific
impact on post-COVID-19 neurocognition. Of
note, structural brain damage due to previous
stroke or multiple sclerosis (n = 10) did not
negatively influence the performance in stan-
dardized cognitive testing (p[0.05, not
shown). In addition, the level of education

Fig. 2 Evaluation of risk factors by calculation of odds
ratios (OR) and 95% confidence interval (CI) for
presenting a particular complaint. A Patients with a
history of psychiatric conditions were more likely to
complain of fatigue (OR 2.43, CI 1.11–5.82, p\ 0.05),
difficulties in concentration (OR 2.58, CI 1.01–6.19,
p\ 0.05), and to report psychiatric complaints (OR 4.50,
CI 1.47–8.32, p\ 0.01). B Patients with a history of
neurological conditions more frequently reported sensor
and motor disturbances (OR 2.49, CI 1.10–5.62,

p\ 0.05) as well as dizziness (OR 2.13, CI 1.02–4.42,
p\ 0.05). C History of headaches was a risk factor for
reporting headache as part of post-COVID-19 syndrome
(OR 3.52, CI 1.34–9.36, p\ 0.01). OR are given with
respective 95% confidence intervals (95% CI), x-axis is
depicted in logarithmic scale. Only OR that reached a level
of significance p\ 0.05 are reported *p\ 0.05,
**p\ 0.01, ***p\ 0.001
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could be ruled out as a potential confounder on
cognitive performance (p[0.05, not shown).
Linear regression analyses showed that only
‘‘complex scanning and visual tracking’’ as
cognitive dimension was significantly influ-
enced by the level of education. Further eight
dimensions were not influenced by education,
therefore arguing against academic degree being
a major confounding factor during cognitive
assessment. Notably, despite a considerable
high frequency of participants showing poor
performance in neuropsychological tests in our

cohort across all different clusters, we were not
able to identify a distinct pattern of neuropsy-
chological deficits suggestive of any specific
neurodegenerative disease, e.g., dementia or a
predominantly affected cognitive domain.

To quantify the degree of somatization in
our study cohort, we used the PHQ15 ques-
tionnaire (n = 128, Fig. 3C). In general, females
had significantly higher somatization scores
than males (13.3. ± 5.5 vs. 8.6. ± 4.4,
p\0.001, data not shown). The lowest PHQ15
score (8.6 ± 5.4) was found in the ‘‘Headache

Fig. 3 Fatigue Impact Scale (FIS), neuropsychological
assessment and Patient Health Questionnaire 15
(PHQ15) for clusters of complaints and previous neuro-
logical and psychiatric conditions. A Highest levels of
fatigue (95.7 ± 33.2) were found in the ‘‘Fatigue-Concen-
tration cluster’’ while lowest levels were found in the
‘‘Headache cluster’’ (62.3 ± 42.0, p\ 0.001). Range of
reference encompassed fatigue levels of MS patients (high
fatigue levels, 93.2) and patients with high blood pressure
(HBP; low fatigue levels, 31.2) [28]. The presence of a
previous psychiatric condition was associated with mark-
edly higher FIS (110 ± 27.4 vs. 79.8 ± 38.0, p\ 0.01)
while previous neurological conditions did not influence
levels of fatigue. B The proportion of patients having
abnormal neuropsychological test results is depicted as

radar plot. For the total cohort, assessment revealed deficits
in all tested qualities of neurocognition. ‘‘Fatigue-concen-
tration cluster’’ and patients with previous psychiatric
conditions displayed the highest frequency of abnormal
test results. C Assessment of PHQ15 revealed the strongest
tendency towards somatization in the ‘‘Fatigue-concentra-
tion cluster’’ as compared to ‘‘Headache cluster’’ (p\ 0.01;
PHQ15[ 15, dotted line). Patients with a previous
psychiatric condition had significantly higher PHQ15
scores, whereas those with previous neurological conditions
showed the lowest levels of somatization (Dotted line:
mean score of the total cohort (PHQ15: 14.0)). *p\ 0.05,
**p\ 0.01, ***p\ 0.001, ns: not significant
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cluster’’, whereas patients from the ‘‘Fatigue-
Concentration cluster’’ reported a sum score of
13.6 ± 5.5 (p\ 0.01), indicative of a medium to
a high level of somatization. Moreover, patients
with psychiatric comorbidities were at a higher
risk for somatization compared to patients with
no history of psychiatric disorder (14.0 ± 5.5 vs.
11.3 ± 5.5, p\ 0.05). Interestingly, patients
with pre-existing neurological diseases reported
significantly lower PHQ15 scores than those not
suffering from neurological comorbidities
(12.0 ± 5.5 vs. 8.9 ± 4.5, p\ 0.001). We
observed a correlation between the extent of
somatization (PHQ15) and the extent of fatigue
(FIS, r = 0.656, p\ 0.001, data not shown).
Furthermore, patients with higher somatization
scores and higher levels of fatigue more fre-
quently exhibited abnormal findings in neu-
rocognition assessment as compared to
individuals with lower somatization scores
(r = 0.257, p\0.01) and lower fatigue levels
(r = 0.262, p\0.01, data not shown).

Diagnostic Work-up

An extensive diagnostic workup-up was per-
formed to align the different post-COVID-19
symptoms to any specific neuroanatomical or
neurophysiological pathology (Table 2 and
Fig. 4A–D).

In most of the patients (85.8%), neurological
examination did not yield any abnormal find-
ings. Sensory and motor deficits (11.8%), tremor
(1.2%), and ataxia (1.2%) added up to 14.2% of
cases with focal neurological deficits. In 10.0%
of the cases, the finding from the neurological
examination matched with at least one of the
subjective complaints (Fig. 4A).

Electrophysiological assessment (n = 171)
including extensive nerve conduction studies of
sensory and motor nerves, sensory and motor
evoked potentials and brainstem reflexes
revealed no pathological findings in 89.2% of
study participants (Fig. 4B). In 10.8%, axonal or
demyelinating peripheral nerve damage with
prolonged nerve conduction velocity or
reduced amplitude was detected. The electro-
physiological findings covered the complaints
brought forward by the patient in 6.3% (e.g.,

symptoms of sensory alterations in the lower
extremities and electrophysiological findings of
axonal sensory nerve damage diagnosed as dia-
betogenic polyneuropathy). In the remaining
4.5%, electrophysiological pathological find-
ings were incidental and not related to any
complaints.

Cranial MRI (n = 41) was normal in 85% of
examined patients (Fig. 4C). Three patients
(7.3%) were found with relevant cerebral
microangiopathy. Three additional patients
(7.3%) had MRI lesions typical for multiple
sclerosis. In two of these cases, a diagnosis of
multiple sclerosis had already been established
before COVID-19, while the remaining case
who presented with vertigo and dizziness was
newly diagnosed for multiple sclerosis in our
post-COVID-19 outpatient center.

In 11 patients, symptoms justified sampling
of CSF (Fig. 4D). CSF analysis was normal in
81.9% of the cases. In one patient presenting
with headache, fatigue, and difficulties in con-
centration, CSF examination finally yielded EBV
meningitis while in another patient findings
from CSF were in line with the diagnosis of
multiple sclerosis.

Neurovascular ultrasound (n = 76) yielded
pathological findings in only 1.7% of the
patients, whereas 98.3% of the examinations
were normal (Table 2). Finally, routine labora-
tory parameters (n = 171), including markers of
inflammation, were unremarkable in the vast
majority of patients (Table 2), as was the
assessment of respiratory function (vital capac-
ity, forced expiratory volume in 1 s, peripheral
oxygen saturation).

Diagnostic Attribution

First, we assessed the type and frequency of
confirmed neurological diagnoses in our cohort
of post-COVID-19 patients. If symptoms and
findings from diagnostic work-up matched the
criteria for a particular disease entity according
to clinical standards, they were attributed to the
respective condition other than post-COVID-
19. In 20.5% of the patients, at least one of the
reported symptoms was attributed to an ICD-10
coded neurological diagnosis other than post-
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COVID-19 syndrome (Fig. 5A). These included
polyneuropathy, carpal tunnel syndrome, and
restless legs syndrome. In only 2.3% of the
patients with a neurological diagnosis, a causa-
tive link to preceding COVID-19 appeared
plausible. These cases comprised one patient
with myelitis, one patient with cerebellar atax-
ia, and two cases of GBS. Of note, our cohort did
not comprise individuals with previous post-
infectious disorders such as GBS or myelitis,
which could have been reactivated after SARS-

Table 2 Results of neurological assessment

Explaining at
least one
complaint

Neurological

examination

(n = 171)

n (%) n (%)

No pathological

findings

147 (85.8)

Sensomotoric

deficits

21 (12.4) 16/21 (76.2)

Tremor 2 (1.2) 1/2 (50)

Ataxia 1 (0.6) 1/1 (100)

Electrophysiological

assessment

(n = 171)

n (%)

No pathological

findings

153 (89.2)

Axonal/

demyelinating

damage

18 (10.8) 10/18 (55.0)

Imaging (n = 41) n (%)

No pathological

finding

35 (85.4)

Microangiopathy 3 (7.3) 0/3 (0.0)

MS lesions 3 (7.3) 2/3 (66.6)

Neurovascular

assessment

(n = 76)

n (%)

No pathological

finding

75 (98.3)

Sub-intimal

bulging

1(1.7) 0/1 (0.0)

CSF diagnostics

(n = 11)

n (%)

No pathological

findings

9 (81.8)

Oligoclonal bands

(MS)

1 (6.1) 1/1 (100)

Table 2 continued

Explaining at
least one
complaint

Elevated cell count 1 (6.1) 1/1 (100)

Laboratory

assessment

(n = 167)

Mean ± SD

CRP 0.50 ± 0.33 mg/

dl

Above cut-off

(\ 0.5 mg/dl)

12.0% 0/20 (0.0)

Leukocytes 6.68 ± 2.04 /nl

Above cut-off

([ 11/nl)

6.0% 0/10 (0.0)

Respiratory

assessment

(n = 171)

Mean ± SD

VC [l] 3.65 ± 0.88 0/171 (0.0)

FEV1, [%] 94.07 ± 20.58 0/171 (0.0)

SpO2, [%] 97.48 ± 1.23 0/171 (0.0)

Results are given in absolute numbers with relative per-
centage in parenthesis
All findings were evaluated as to whether the complaints
can be explained by the diagnostic finding
VC vital capacity, FEV1 forced expiratory volume in 1 s,
SpO2 peripheral oxygen saturation, MS multiple sclerosis,
CRP C-reactive protein, CSF cerebrospinal fluid
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CoV-2 infection. In the remaining 18.2%, a
potential association of the neurological diag-
nosis with the previous COVID-19 did not
appear likely (Fig. 5A).

In post-COVID-19 patients presenting with
sensory or motor deficits as main symptoms,
the proportion of neurological diagnoses
explaining the reported complaints, e.g., dia-
betic polyneuropathy, was considerably high
(47.2%) (Fig. 5B). A plausible link to previous

COVID-19 could be made in 11.1% of cases in
this group.

In contrast, only 17.0% of patients primarily
complaining of fatigue were finally found with
a neurological diagnosis, and only 1.2% of these
diagnoses were probably related to COVID-19 in
this group (Fig. 5C). Patients reporting sensory
or motor deficits without an established neu-
rological diagnosis had significantly higher
somatization scores (PHQ15) compared to

Fig. 4 Results of neurological diagnostics. Findings eval-
uated as to whether they were able to explain at least one
reported complaint. A In 85.8%, the neurological exam-
ination (n = 171) revealed no abnormalities. Sensory and
motor deficits (11.8%), tremor (1.2%) and ataxia (1.2%)
added up to 14.2% of cases with focal neurological deficits;
10.0% of these findings could be attributed to one
complaint brought forward by the patient. B Electrophys-
iological assessment in 89.2% yielded normal and in 10.8%
pathological findings; 6.3% of these findings explained a
reported complaint, in 4.5% the electrophysiological

finding was incidental and not related to any complaints.
C 41 MRI scans were performed, revealing no pathological
findings in 85.0% of the cases. Of 15.0% noticeable
findings, 5.0% (stable MS lesions) were considered
explanatory for the complaints of the patients. D In
81.9% of patients, cerebrospinal fluid analysis (n = 11)
yielded no pathological findings; in 18.1% of cases either
elevated cell count or oligoclonal bands (new MS diagno-
sis) were found
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patients with any neurological diagnosis (mean
13.6 ± 4.8 vs. 9.1 ± 6.6, p = 0.05, Fig. 5C).

DISCUSSION

Our study showed that patients with post-
COVID-19 syndrome suffer from a great variety
of neuropsychiatric syndromes. However, dam-
age of the central or peripheral nervous system
could only be rarely objectified or, if present,
was attributable to a distinct neurological dis-
ease rather than post-COVID-19 syndrome.
Moreover, we found evidence of significant
psychiatric comorbidities and high levels of
somatization, pointing towards the possibility
that psychosomatic mechanisms like somato-
sensoric amplification might play a substantial
role in the pathogenesis of post-COVID-19
syndrome.

The majority of our patients were female and
reported multiple complaints of which fatigue,
difficulties in concentration, and headache were
most frequently expressed. This observation
underlines that neurological and neuropsychi-
atric symptoms represent key features of post-
COVID-19 syndrome and is in accordance with
several previous reports on the symptomatology
and female predominance in post-COVID-19
syndrome [10, 36, 37]. Most of the patients
included in our study had only a mild-to-mod-
erate COVID-19 course, with only 5% requiring
hospitalization. This underrepresentation of
severe COVID-19 cases might have biased the
findings in post-COVID-19 syndrome

afterwards. On the other hand, it is well estab-
lished that there is no clear correlation between
the severity of acute COVID-19 and the risk of
developing post-COVID-19 syndrome, since
only mildly affected COVID-19 patients or even
asymptomatic SARS-CoV-2-positive individuals
can develop persisting symptoms [38–40].

Interestingly, stratification according to dif-
ferent occupational groups revealed that pro-
fessions requiring academic qualifications or
from the administrative and teaching field were
more frequently represented in our cohort in
comparison to professions going along with
physical activity. We are not aware of any other
study on post-COVID-19 that has captured the
occupational status of the study participants
and the reasons for this specific distribution are
unknown. However, different educational levels
of the study participants leading to a higher
interest in health issues in academics, in par-
ticular women [41], or disparities in social
security and the job situation between the dif-
ferent professions might play a role.

Fatigue was the most prominent complaint
in our cohort, which is in line with previous
observations [5, 9, 10, 42, 43]. The degree of
post-COVID-19 fatigue observed here was much
higher than in healthy individuals and similar
to the extent of fatigue in patients with multi-
ple sclerosis [28, 44], further underlining that
fatigue is one of the most disturbing symptoms
in post-COVID-19 syndrome, although we
cannot completely rule out from our findings
that some neurological comorbidities present in
our study participants, in particular former
stroke and multiple sclerosis amplified fatigue
levels. The mechanisms causing extensive fati-
gue in post-COVID-19 syndrome are still not
fully understood. Albeit post-infectious fatigue
is a common and sometimes long-lasting clini-
cal phenomenon, e.g., following EBV infections
or tick-borne encephalitis [45, 46], the high
frequency, the strong manifestation, and the
persistence of fatigue in patients with post-
COVID-19 argue in favor of distinct mecha-
nisms. In addition, significant tissue hypoxemia
as another potential cause of fatigue [47]
appeared unlikely in our cohort since the
assessment of blood oxygenation was normal in
all patients. Also, cranial MRI did not reveal any

bFig. 5 Neurological diagnoses explaining at least one
subjective complaint and the possible association with
COVID-19. A For the total cohort, 20.5% of participants
received a neurological diagnosis apart from post-COVID-
19, of which 18.2% were not associated with COVID-19.
B 47.2% of individuals with sensory or motor dysfunction
were finally found with a neurological diagnosis and in
36.1% this diagnosis was not associated with COVID-19.
C In 17.0% of individuals complaining of fatigue, a
neurological diagnosis was found explaining at least one
subjective complaint; 1.2% of these were related to
COVID-19
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structural abnormalities, e.g., strategic lesions
that could have accounted for the occurrence of
fatigue. In the absence of any specific measure-
ments in our study and evidence from the lit-
erature, we cannot exclude that continuously
elevated levels of certain proinflammatory
cytokines (e.g., IL-6) or the re-composition of
different immune cell subsets in the CSF are
involved in the occurrence of post-COVID-19
fatigue, as it has also been suggested for acute
COVID-19 [48, 49]. Finally, we did not routinely
assess iron metabolism (e.g., ferritin and trans-
ferrin levels) in our study participants, which
has been described to affect the frequency and
severity of fatigue [50]. However, hemoglobin
levels, which are linked to iron metabolism [51],
were normal in 97.7% of patients, therefore
arguing against a severe iron deficit in our
cohort.

Interestingly, patients with pre-existing psy-
chiatric conditions most often reported fatigue
in our study. It is well known that the percep-
tion of fatigue also depends on emotional fac-
tors such as mood and motivation [52, 53], and
it can sometimes be challenging in clinical
practice to strictly distinguish fatigue from
depression [54].

Some groups suggested that patients having
recovered from COVID-19 are at a higher risk of
developing dementia afterwards. For instance,
neurofilament and amyloid-beta serum levels
were increased in elderly and severely affected
COVID-19 patients, as was the extent of brain
atrophy [55, 56]. In line with these findings, the
feeling of suffering from cognitive deficits, e.g.,
difficulties in recalling names or word finding
difficulties, was also frequently reported by our
study participants. Indeed, the structured neu-
ropsychological assessment revealed low per-
formance in cognition in these patients.
However, the deficits did not follow any specific
pattern, but were distributed across all mea-
sured cognitive domains, resembling neuropsy-
chological patterns in individuals with mood
disorders such as depression [57–59], conditions
which are well known for their reduced impetus
to perform exhausting tests [60]. Also, MRI
assessment in our study did not reveal remark-
able brain atrophy, albeit we might have missed
subtle changes in brain volumes since we did

not perform volumetric brain measurements
and the cross-sectional study design did not
allow for collecting longitudinal MRI data.
Patients were examined according to common
clinical standards, which in Germany do not
include brain volumetry. According to the best
possible clinical judgement also from our neu-
roradiologists we did not observe any ‘obvious’
brain atrophy in our study patients. In addition,
we were not able to detect SARS-CoV-2 RNA in
the CSF of any of our study participants, which
is in accordance with our larger CSF studies on
COVID-19 [49, 61], arguing against an excessive
neurotropism of SARS-CoV-2 or virus persis-
tence in the CNS. Moreover, most patients with
post-COVID-19 syndrome spontaneously
recover after several months [42, 62, 63], a
phenomenon that explicitly excludes the diag-
nosis of dementia [64, 65]. In addition, elevated
neurofilament serum levels have also been
reported in hospitalized COVID-19 patients
without CNS involvement, and in non-hospi-
talized COVID-19 patients, biomarker levels of
neurodegeneration were found to be normal
[55]. Interestingly, study participants comorbid
of stroke and multiple sclerosis did not perform
worse in neurocognitive testing in comparison
to the other participants. Nevertheless, we
cannot fully exclude the possibility that in some
of our post-COVID-19 patients pre-existing
neuropsychiatric diseases might have negatively
impacted cognitive results.

Despite the multitude of diagnostic tests and
examinations applied, findings were normal in
most of our patients. Although we did not per-
form some of the diagnostic tests that have
recently been claimed to be specifically or cau-
sally linked to post-COVID-19 syndrome, such
as autoantibodies against g-protein-coupled
receptors [15] or Xenon CT of the chest [14], the
diagnostic armamentarium used in our study
well represents the current standard in clinical
neurology. Apart from that, most current
experimental tests and diagnostics offered to
patients with post-COVID-19 syndrome have
not been validated independently or in larger
groups of patients, and their actual pathophys-
iological relevance is unknown. Of note, some
of the reported abnormal findings, for instance
related to the autonomic nervous system, might
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even be triggered through conditioning mech-
anisms (fear conditioning) rather than struc-
tural organ changes [66]. Moreover, from a
clinical perspective, it is questionable that any
single abnormal finding can explain the large
heterogeneity of post-COVID-19 symptoms.
Accordingly, specific neurological diagnoses
plausibly linked to preceding COVID-19 could
be established only in single patients in our
study. GBS, transverse myelitis, and cerebellitis
have been described in temporal proximity to
the infection with SARS-CoV-2 [67–70].

Considering the absence of any specific
abnormalities in the CNS and PNS, evidence of
high somatization scores, and a higher fre-
quency of neuropsychiatric symptoms in indi-
viduals with pre-existing psychiatric disorder in
our cohort, one should consider that in some
individuals post-COVID-19 syndrome might be
a rather psychosomatic provenance. Indeed,
symptoms of post-COVID-19 syndrome even
occurred in patients with retrospectively falsi-
fied diagnosis of SARS-CoV-2 infection [71]. In
contrast, patients aware of a previous infection
reported higher rates of post-COVID-19 syn-
drome than those not being aware. Further-
more, the predisposition of developing
symptoms of post-COVID-19 in patients with
comorbid psychiatric disorders has already been
reported by other groups [72, 73] and psychi-
atric medications such as antidepressants have
been described to relieve symptoms of post-
COVID-19 [74]. Finally, the observed gender
and age distribution in post-COVID-19 is typi-
cal for patient populations suffering from psy-
chosomatic disorders [75], and there seems to
be considerable overlap in terms of symptoma-
tology and postulated pathophysiological con-
cepts with similarly enigmatic disease entities
such as chronic fatigue syndrome or ME/CFS
[19, 76].

Nevertheless, we cannot exclude from our
findings that post-COVID-19 syndrome repre-
sents a spectrum of different entities and that
subgroups of post-COVID-19 patients exist with
more specific organotypic abnormalities that
could be of causal relevance. In any case, it is
crucial to take the complaints of patients with
alleged post-COVID-19 syndrome seriously,
since in 18.2% of our study participants we were

finally able to secure a neurological diagnosis
unrelated to post-COVID-19 including multiple
sclerosis, migraine, and encephalitis. In partic-
ular, individuals presenting with sensory or
motor symptoms should be thoroughly exam-
ined since they were at a higher risk of suffering
from a neurological disease rather than from
post-COVID-19, although we cannot fully
exclude self-reporting of symptoms related to
previous disease states (e.g., stroke) or re-acti-
vation of neurological symptoms as a conse-
quence of SARS-CoV-2 infection.

Our study has several limitations. First, we
did not collect longitudinal data. Therefore, we
cannot make any firm statement regarding the
natural course of post-COVID-19 or the possible
development of brain atrophy over time in our
cohort. Nevertheless, previous studies have
shown that symptoms in populations with post-
COVID-19 significantly improve or even com-
pletely resolve in the majority of patients after
6 months [42, 62, 63]. Furthermore, due to the
monocentric and observational study design,
we cannot fully rule out selection bias or
unidentified confounders. Moreover, infection
of our study participants happened during a
time of the pandemic when the alpha and delta
variants of SARS-CoV-2 were still dominant, and
vaccination was not broadly available. Hence,
our data do not allow for conclusions as to
whether symptoms of post-COVID-19 are dif-
ferent according to virus variants or vaccination
status. For ethical reasons, we were not able to
apply all diagnostics, e.g., lumbar puncture, to
each study participant, and our population was
probably biased towards ‘Neuro post-COVID-19’
rather than pulmonary or cardiac disturbances,
for instance. Hence, we might have missed
specific findings in some individuals. However,
our approach reflects common clinical practice
and diagnostic decisions were strictly based on
the results from patient interviews and neuro-
logical examination. Also, most of the patients
suffering from post-COVID-19 report neu-
ropsychiatric symptoms [5, 9, 10, 77]. Another
limitation of our study is that psychosomatic
assessment was solely based on the PHQ15
score. Yet, PHQ15 is a well-established test in
psychosomatic medicine and can detect psy-
chosomatic disorders with a high level of
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sensitivity and specificity [78, 79]. Nevertheless,
further investigations are warranted to better
characterize how psychosomatic factors con-
tribute to the pathophysiology of post-COVID-
19 syndrome.

CONCLUSIONS

In conclusion, this study shows that objectifi-
able affection of the nervous system is rare in
patients with post-COVID-19 syndrome. How-
ever, this does not release physicians from the
responsibility to thoroughly examine these
patients to discern alternative disease entities
apart from post-COVID-19. Future research
should not exclusively focus on potential
organic causes of post-COVID-19 syndrome, but
rather should also take into account psychoso-
matic factors as possible triggers.

ACKNOWLEDGEMENTS

We thank the participants of the study. We
acknowledge support by the Open Access
Publication Fund of the University of Duisburg-
Essen.

Funding. No funding or sponsorship was
received for this study or publication of this
article. The Rapid Service Fee was funded by the
authors.

Author Contributions. Mark Stettner,
Christoph Kleinschnitz, and Martin Teufel
concepted the study. Data collection was per-
formed by Michael Fleischer, Muriel Tovar,
Hannah Dinse, Klaas Herchert, Daniel Jokisch,
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