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The post COVID-19 syndrome (PCS) is an emerging phenomenon worldwide

with enormous socioeconomic impact. While many patients describe

neuropsychiatric deficits, the symptoms are yet to be assessed and defined

systematically. In this prospective cohort study, we report on the results of

a neuropsychiatric consultation implemented in May 2021. A cohort of 105

consecutive patients with merely mild acute course of disease was identified

by its high symptom load 6 months post infection using a standardized

neurocognitive and psychiatric-psychosomatic assessment. In this cohort, we

found a strong correlation between higher scores in questionnaires for fatigue

(MFI-20), somatization (PHQ15) and depression (PHQ9) and worse functional

outcome as measured by the post COVID functional scale (PCFS). In contrast,

neurocognitive scales correlated with age, but not with PCFS. Standard

laboratory and cardiopulmonary biomarkers did not di�er between the group

of patients with predominant neuropsychiatric symptoms and a control

group of neuropsychiatrically una�ected PCS patients. Our study delineates

a phenotype of PCS dominated by symptoms of fatigue, somatisation

and depression. The strong association of psychiatric and psychosomatic

symptomswith the PCFS warrants a systematic evaluation of psychosocial side

e�ects of the pandemic itself and psychiatric comorbidities on the long-term

outcome of patients with SARS-CoV-2 infection.
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Introduction

According to the British guidelines, the post COVID-19

syndrome (PCS) is defined as a constellation of symptoms

which develops following a severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) infection and persists for more

than 12 weeks, while not being explained by an alternative

diagnosis (1). Neurological symptoms affecting patients during

the acute course of COVID-19 are common and diverse

including neuromuscular, cerebrovascular or inflammatory

manifestations (2). In contrast, chronic neurological sequelae are

less well defined (3). In the UK, a study analyzing retrospective

data from over 200.000 patients reported that 12.8% with

COVID-19 received a new neurological or psychiatric diagnosis

during the first 6 months after initial infection (4). In

hospitalized patients, post COVID-19 sequelae were detected

in 80%, with a higher risk associated with treatment in the

intensive care unit [ICU, (5–7)]. This observation appears to

suggest a relationship between the severity of the COVID-19

manifestation and subsequent neuropsychiatric symptom load.

However, even young patients who were not hospitalized for

COVID-19 and asymptomatic individuals frequently describe

neurological and psychiatric sequelae such as anosmia, fatigue,

impaired concentration or memory problems months after

the infection (8–10). In a meta-analysis covering 39 studies

investigating acute and chronic symptoms following an infection

with SARS-CoV-2, fatigue presented as the most common

symptom in patients with PCS (44%), while anosmia was

reported by 10% of the patients (11).

Since the neurobiological substrates underlying the

neuropsychiatric manifestations of PCS are largely unknown,

an accurate description of the clinical presentation is essential

to better understand this syndrome. While many studies

describe the symptoms reported by the patients, a systematic

and objective characterization of the neuropsychiatric PCS

phenotype is still pending. In this prospective study, we present

a cohort of 105 consecutive patients from our neurological

post COVID-19 consultation examined by a standardized

neuropsychiatric assessment. Our main aim was to better

understand which neurological, cognitive, psychiatric and

psychosomatic symptoms mostly affect the functional long-

term outcome of patients with SARS-CoV2 infection. In

addition, a control cohort allowed us to compare clinical data,

as well as laboratory and cardiopulmonary biomarker profiles

between patients with and without neuropsychiatric symptoms.

Methods

In May 2021, we implemented an interdisciplinary

outpatient clinic for patients suffering from health complaints

after a documented infection with SARS-CoV-2, proven by PCR

testing. These patients were referred by their general practitioner

and primarily seen by an internal medicine specialist. During

the initial contact, a thorough cardiopulmonary assessment,

standard cardiopulmonary biomarkers (Table 1), SARS-CoV-2

PCR testing on nasopharyngeal swab samples, IgG antibody

testing against the spike protein (receptor binding domain,

RBD) and nucleocapsid (NC) to confirm the immunological

response to the SARS-CoV-2 infection, and the Post COVID

Functional Scale (PCFS) were performed. Additionally, several

self-questionnaires, including the Multidimensional Fatigue

Inventory (MFI-20), Patient Health Questionnaires 9 and 15

(PHQ-9, PHQ-15), the Generalized Anxiety Disorder scale

7 (GAD-7) were used as a basic psychiatric-psychosomatic

assessment. When scores in the self-questionnaires were

above predefined cut-offs (see below) or the patients reported

neuropsychiatric symptoms, a neurological consultation was

offered to the patients, if the symptoms were not explained by

an alternative diagnosis. In order to further assess the reported

deficits possibly associated with PCS, a full neurological

examination and neurocognitive testing was performed

(Figure 1A). The neurocognitive tests were conducted by a

trained medical assistant (IK). All individuals gave their written

consent for the scientific use of their data.

Post COVID functional scale (PCFS)

The five-point PCFS was introduced to monitor the

functional long-term effects of COVID-19 (12). Even though it is

currently not validated, several groups have found an association

between a high PCFS score and treatment in the intensive care

unit or need for oxygen supplementation during the acute course

of illness (13). In an observational study, 70.5% of the analyzed

COVID-19 patients described a fully recovered functional status

six month after the acute infection (14). For our study, we

translated the PCFS into German (Supplementary Figure 1). The

PCFS was applied twice, at the initial contact and again at

the neurological consultation by the neurologist. In case of

discrepancies, the value of the second PCFS was used as primary

functional outcome measure.

Multidimensional fatigue inventory
(MFI-20)

The MFI-20 is a self-questionnaire and consists of five

subscales covering different domains of fatigue, i.e., general

fatigue, physical fatigue, reduced activity, reduced motivation

and mental fatigue. The subscores in each domain range from 4

to 20, with higher scores indicating higher levels of fatigue. The

MFI-20 was validated in various clinical and healthy cohorts (15)

and has since been widely used to assess the severity of fatigue.

Currently, there are no strict cut-off values (16). For descriptive

statistics, we included (i) the exact values of the subscores for
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TABLE 1 Descriptive statistics.

Range Total cohort Controls Study cohort p–value

n 219 55 105

Female (n, %) 142; 64.5 28; 50.9 69; 66

Age (median, IQR;[years]) 49; 36.75–58.25 56; 48–68.5 44.5; 34–55.75 <0.001

Time post infection [months] 7; 5–9 9;6–10 6; 4–8 <0.001

BMI (median, IQR) 26.1; 23.1–30.2, NA 1 27.6; 24.1–29.7; NA 1 25.6; 22.8–30.7 0.52

Psychiatric premorbidities

Total (n, %) 30; 13.6 4; 7.3 16; 15.1

Depression (n) 22 3 14

Anxiety (n) 5 1 1

PTSD (n) 3 0 1

Cardiopulmonary biomarkers

RR syst (median, IQR; [mmHg]) 140; 129.8–155; NA 4 145; 130.2–157.5; NA 1 140; 128–151; NA 3 0.06

RR dist (median, IQR; [mmHg]) 85; 78–93; NA 4 82.5; 79.3–91.5; NA 1 85; 78.5–94.5; NA 3 0.74

LVEF (median, IQR; [%]) 62; 58–66; NA 41 63; 59–65; NA 6 62; 59–66; NA 30 0.87

FEV1 (median, IQR; [%]) 97.1; 89.85–105.6; NA 101 95.8; 90.2–109.25; NA 36 96.5; 91–105.35; NA 39 0.68

Laboratory biomarkers

HbA1c (median, IQR; [%]) 5.5; 5.2–5.7; NA 2 5.6; 5.3–5.8;NA 1 5.4; 5.2–5.6; NA 1 0.006

GFR (CKDEPI; median, IQR; [ml/min/1.73 m2) 86; 74–98.25 78; 69–90 87.5; 75–100 0.006

IL−6 (median, IQR; [pg/ml]) 1.75; 1.75–1.75; NA 2 1.75; 1.75–1.75; NA 1 1.75; 1.75–1.75 0.19

CRP (median, IQR; [mg/l]) 1.12; 0.62– 2.39; NA 1 1.1; 0.68–1.6; NA 1 1; 0.52–2.48 0.46

Ferritin (median, IQR; [µg/l]) 98.45; 40.65– 200; NA 2 124; 49.3–259.8; NA 1 96.9; 40.7–182.5 0.58

Self–questionnaires

MFI−20 (median, IQR) 20–100 63; 50–75.25 42; 29.5–51.5 71; 61–81.75 <0.001

PHQ−9 (median, IQR) 0–27 8; 4–12 3; 1–4.5 10.5;8–14 <0.001

PHQ−15 (median, IQR) 0–30 12; 7–16 5; 3–7 14; 10–18 <0.001

GAD−7 (median, IQR) 0–21 6; 3–9 2; 0–4 7; 5–11 <0.001

PCFS 0–4 2;1–2 0;0–1 2;2–3 <0.001

Immune status

Anti–nucleocapside (median, IQR; [S/CO]) 1.4; 1.1–2.3; NA 10 1.4; 1.1–2.325; NA 3 1.4; 1.4–2.6; NA 1 0.36

Anti–RBD (median, IQR; [AU/ml]) 3763; 571–12502; NA 7 5256; 2148–14666; NA 2 2250; 376.2–10273; NA 1 0.0046

BAU/ml (median, IQR) 1243; 85.9–1759; NA 15 746.4; 356–1895; NA 6 465; 66–1464; NA 4 0.012

RR syst, systolic blood pressure; RR diast, diastolic blood presure; LVEF, left ventricular ejection fraction, FEV1, forced exspiratory volume; GFR (CKDEPI), Glomerular filtration

rate (Chronic Kidney Disease Epidemiology Collaboration); MFI−20, Multidimensional Fatigue Inventory; PHQ9 and 15, Patient Health Questionnaire 9 (depression module) and

15 (somatisation module); GAD−7, Generalized anxiety disorder scale; anti–RBD, antibodies against receptor binding domain; BAU/ml, binding antibody units per milliliters; IQR,

interquartile range; NA, not available.

each patient. (ii) the number of domains, where the result was

above the third quartile considering the mean values in the

general population (16) and (iii) the total value in the MFI-20.

Patient health questionnaire-9 (PHQ-9)

The PHQ9 is a short and reliable self-questionnaire, scoring

each of the nine DSM-IV criteria for depressive disorders. The

score ranges between 0 to 27 with higher values indicating more

severe depressive symptoms. Scores from 10 had a sensitivity of

88% and a specificity of 88% for major depression (17), making

it a sufficient tool in detecting depressive disorders. Accordingly,

in our study, scores from 10were used as indicator for a clinically

relevant depression.

Patient health questionnaire-15
(PHQ-15)

The PHQ15 self-questionnaire is the somatisation

module of the PHQ and consists of 13 questions regarding

somatoform disorders and two questions from the depressive

disorders module asking about sleep disorders and lack

of energy (18). The score ranges between 0 to 30 with
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FIGURE 1

Study design and description of study cohort. (A) Flowchart of patient distribution. (B) Age between cohort and control. (C–E) Comparison of

antibody levels between cohort and control. (E) Concentration of neutralizing antibodies (binding antibody units per milliliter (BAU/ml) tended to

be higher in the control (p = 0.012). While the concentration of anti–nucleocapside antibodies did not di�er, the control group had significantly

higher concentrations of antibodies against the receptor binding domain (anti–RBD; p = 0.0046), however possible vaccination–associated

influences were not examined.

higher values indicating a more severe somatisation.

Significant correlations of health anxiety with illness

behavior were described (19). The questionnaire was

validated in different cohorts with scores of 5, 10 and

15 representing cut-off values for low, medium and high

somatic symptom severity (18). In our study, scores of 10

or more were considered as an indicator for a relevant

somatisation disorder.

Generalized anxiety disorder scale 7
(GAD-7)

The GAD7 is a self-questionnaire and screening tool for

general anxiety disorder (GAD) but also for panic, social anxiety

and PTSD. It consists of seven items which describe the most

important diagnostic criteria for GAD after the DSM-IV. The

score ranges from 0–21 with higher values indicating a more
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severe disorder. Using a cut-off score of 10, it had a sensitivity

value of 0,89 and a specificity value of 0,82 for diagnosing GAD

(20). Accordingly, in our study we used a cut-off score of 10 as

an indicator for GAD.

Clinical examination and neurocognitive
screening

The clinical examination includes a full neurological status

with testing of cranial nerves, motor, sensory and coordination

functions. Neurocognitive screening consists of questions to test

orientation, memory (number span forward/backward, delayed

recall of three words), abstract thinking, language and praxis.

The neurocognitive screening was mainly used to obtain a test-

independent impression of the cognitive level of the patients.

Sni�n’ sticks 12-identification test
(SIT-12)

The SIT-12 is a test of nasal chemosensory performance. It

consists of a battery of odorant-filled pens. Due to COVID-19-

associated hygiene standards, these pens were used to create a

line of two centimeters on a neutral fragrance strip. The patients

were then asked to smell 3 cm in front of both nostrils and to

identify the correct odorant from a list of four descriptors. The

odorants are selected to be applicable to the general European

population (21). Validated in several countries, a Danish study

detected a mean identification score of 11 out of possible 12

among normosmic healthy adult participants (22). In our study,

we used a cut-off value < 9 as an indicator for hyposmia.

Montreal cognitive assessment (MoCA)

The MoCA is a brief cognitive screening tool with high

sensitivity and specificity to detect a mild cognitive impairment

(23). The score ranges between 0 to 30, with higher values

indicating better performance.We used the original cut-off score

of < 26 as indicator for cognitive impairments. When deficits

were detected during testing, elements were repeated during the

neurocognitive exploration in order to verify the deficit.

Trailmaking test (TMT) A and B

The TMT consists of two parts, where the participant is

instructed to connect a set of 25 dots as quickly as possible

while still maintaining accuracy. In TMT A, the dots depict the

numbers 1 to 25 and the participant is supposed to connect

the numbers in the right order without lifting the pen from

the paper. This version is used to examine cognitive processing

speed. In TMT B, the participant is asked to alternate between

numbers from 1 to 13 and letters from A to L. This part is used

to examine executive functioning (24). The time is stopped with

a clock in seconds. In our study, we used a modified version

for younger populations and applied cut-off values adapted for

age and education (25). A percentile ranking <16 was judged

as abnormal.

Semantic verbal fluency test

The semantic verbal fluency test is a short test of verbal

executive functioning. In the standard versions of the test,

participants are given 1min to produce as many unique words

as possible within a semantic category. The participant’s score

in each task is the number of unique correct words within

1min. In our study, we used the category “animal” and applied

age and education adapted cut-off scores as suggested by

Aschenbrenner et al. (26). Again, a percentile ranking <16 was

judged as abnormal.

Statistical analyses

Statistical analyses were performed using R (Version 4.1.2,

http://www.R-project.org). Parameters were tested for normal

distribution using Shapiro-Wilk test. For normally distributed

data, parametric tests such as t-test and Pearson correlation

were used. In case of non-parametric data or extreme outliers,

we used non-parametric tests such as Mann-Whitney-U-test

or Spearman correlation. To adjust the p-value for multiple

comparison, post-hoc Bonferroni correction was performed if

needed. A p-value <0.05 was considered significant.

Results

From May to December 2021, 219 consecutive patients

visited our interdisciplinary post COVID outpatient clinic. Of

these, 105 individuals (48%, female n = 69, 66%) with a

median age of 44.5 years were transferred to the neurological

consultation based on the scores in the initial self-questionnaires

or their complaints. This group formed the principal study

cohort. 55 individuals (25%, female n = 28, 51%) with a

median age of 56 years showing no deficits in the psychiatric-

psychosomatic self-questionnaires assessed during the first

consultation acted as control cohort for the parameters outside

the neuropsychiatric assessment (Table 1). The remaining 59

patients did not want a neurological consultation despite (single)

scores in the self-questionnaires were above the predefined cut-

offs (Figure 1).
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Cardiopulmonary and laboratory
biomarkers

While cardiopulmonary and inflammatory markers such as

the left ventricular ejection fraction (LVEF), forced exspiratory

volume (FEV1) or C-reactive proteine (CRP) did not differ,

renal function and HbA1c differed significantly between both

groups, a phenomenon which we attributed to the younger

median age of the principal cohort (Table 1, Figure 1). All

PCR testings for SARS-CoV-2 were negative at the time of

admission. In the total post COVID-19 outpatient cohort, RBD-

antibodies were positive in 92.2% and NC-antibodies in 56.2%,

demonstrating seropositivity in most patients. Interestingly, the

study cohort had significantly lower levels of RBD-antibodies

and concentrations of neutralizing antibodies (binding antibody

units per milliliters, BAU/ml; Table 1, Figures 1C–E). However,

since the levels of NC-antibodies decrease with time after

infection, whereas the levels of anti-RBD antibodies increase, a

vaccination-related effect on anti-RBDmust be considered. This,

however, was not examined systematically, since the vaccination

status was not documented during the whole study period.

Functional outcome in the study cohort

94.3% (n= 99) of the study cohort were home-isolated with

no or mild symptoms during the acute course of infection. The

median time of consultation was 6 months post infection (IQR

4–8). Notably, 89% of the patients were younger than 60 (n

= 93). Two thirds of the patients referred to the neurological

consultation were women, who were significantly younger than

the men in our cohort (female median age = 43, IQR 34–52,

male median age= 49.5, IQR 38–57; p= 0.046). However, none

of the tests or questionnaires displayed a significant difference

between male and female patients (Supplementary Table 1). The

median PCFS in our study cohort was 2, reflecting slight to

moderate functional limitations in everyday life. The number of

pre-COVID morbidities and the number of medications taken

by the patient correlated significantly with the PCFS (ρ = 0.28,

p = 0.003). At the time of consultation, 27.6% of the patients

were still out of work due to persisting symptoms after the

SARS-CoV-2 infection (Table 2). Furthermore, 60% made use

of rehabilitation measures such as neurocognitive training or

psychological support or somatic rehabilitation.

Clinical neurological examination

The clinical neurological examination was unremarkable in

two thirds of the patients. Mild pallhypaesthesia or hearing

deficits were detected in the remainder, with no clear links to

the SARS-CoV-2 infection (Table 3). One patient suffered from

critical illness neuromyopathy as a direct result of the intensive

TABLE 2 Demographic and clinical data of the study cohort with

neurological consultation.

Comorbidities Mean (Max;NA)= 1.65 (6;1)

Medications Mean (Max;NA)= 1.72 (10;2)

Education [years] Median(IQR)= 13;13–16

Acute COVID−19 features

No/mild symptoms 94.3% (n= 99)

Hospitalization (non–ICU) 2.86% (n= 3)

ICU care 0.95% (n= 1)

Unknown 1.9% (n= 2)

Functional outcome

Sick leave 27.6% (n= 29)

Part–time job 9.5% (n= 10)

Full–Time Job 39.05% (n= 41)

Unemployed 1.9% (n= 2)

Retired 5.7% (n= 6)

Unknown 16.2% (n= 17)

Treatment

No aftercare 33.3% (n= 35)

Neurocognitive training 30.48% (n= 32)

Psychosomatic support 25,7% (n= 27)

Rehabilitation 9.5% (n= 10)

Unknown 6.67% (n= 7)

ICU, intensive care unit.

care medicine during the acute course of the disease. Regarding

olfaction, < 9 correctly identified odors in the SIT-12 were

detected by 15.6% (n = 17) of the patients, indicating mild to

more severe olfactory deficits.

Psychiatric-psychosomatic
self-questionnaires

As prespecified by our experimental design, the study

cohort revealed significantly higher scores in all psychiatric-

psychosomatic self-questionnaires compared to the control

cohort (Table 1, Figures 2A–E). A persistent exhaustion since

the infection was the most often reported symptom. Eighty

four patients (80%) of our study cohort described symptoms

in at least four domains of fatigue tested in the MFI-20.

Furthermore, there was a strong significant correlation of the

overall results in the MFI-20 with the PCFS (ρ = 0.66, p <

0.001; Figure 2F). In contrast to the existing literature (16),

there was no association of fatigue with age or a specific gender

(Supplementary Figure 2). A positive correlation with the PCFS

was also seen for the scores in the somatisation module PHQ-

9 (Figure 2G), the depression module PHQ-15 (Figure 2H) and

the anxiety module GAD-7 (Figure 2I). Analyzing the subgroup

who did not receive hospitalization (n = 99) did not change

these results (Supplementary Table 1).
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TABLE 3 Neurological examination and neurocognitive testing of the study cohort (N = 105).

Test Median (IQR;NA) Min–Max Cut–off Pathologic tests n (%)

Neurostatus

Non-descript 22 (21)

Pallhypaesthesia 16 (15.24)

Critical illness myopathy 1 (0.95)

Other sensory deficits 5 (4.7)

SIT−12 Hyposmia 10 (9–11;4) 3–12 <9 17 (15.6)

Bed side test

Number sequence forward 6 (5–6;42) 3–8 <5 2 (1.9)

Number sequence backward 4 (4–5;44) 3–6 <4 10 (9.5)

Delayed recall 3(2–3;42) 0–3 <3 25 (23.8)

MoCA 27 (25–28) 16–30 26 37 (35.2)

#Visuospatial 4(4–5) 1–5 <5 59 (56.2)

#Language 5(4–5) 2–5 <4 7 (6.7)

#Phonemic fluency <1 56 (53.3)

#Alertness 6(5–6) 3–6 <5 7 (6.7)

#Abstraction 2(2–2) 0–2 <2 21 (20)

#Memory 4(3–5) 0–5 <4 48 (45.7)

#Orientation 6(6–6) 5–6 <5 0 (0)

Semantic fluency [words] 24.5 (20–29;3) 10–43 age– and education adapted 15 (14.3)

Trailmaking

TMT A [seconds] 31 (23–39.75;3) 14–89 age– and education adapted 32 (30.5)

TMT B [seconds] 54 (44–74;4) 22–160 age– and education adapted 29 (27.2)

MFI−20 72 (61–82) 40–97 no validated cut–off

#1 General fatigue 16 (14–19; 4) 9–20 no validated cut–off

#2 Physical fatigue 16 (13–17; 4) 5–20 no validated cut–off

#3 Reduced activity 15 (12–17; 4) 6–20 no validated cut–off

#4 Reduced motivation 14 (12–17; 4) 6–20 no validated cut–off

#5 Mental fatigue 11 (8–14; 4) 4–19 no validated cut–off

SIT−12, Sniffin’ Sticks−12 identification test; MoCA, Montreal cognitive assessment; in the subtest of phonemic fluency, a number of words <11 was used as cut–off. MFI−20,

Multidimensional Fatigue Inventory; IQR, interquartile range; NA, not available.

Neurocognitive testing

35.2% of the patients of our study cohort showed slight

impairments in the MoCA when applying our predefined cut-

off value (Table 3). Deficits were detected for memory, letter

fluency and visuospatial functions. However, we frequently

noted that similar tasks could often be performed flawlessly

and with greater ease during the clinical neurocognitive

exploration. While 56 patients failed the letter fluency test

in the MoCA, only 11 of them showed relevant deficits in

the additional semantic verbal fluency test. Furthermore, 17

patients failed the MoCA memory task, while demonstrating

an error-free delayed recall on clinical examination. Errors

in orientation, abstraction, alertness and language were rarely

relevant (Table 3). While results in the neurocognitive testing

correlated with age (Figures 3A–D), they did not correlate with

the PCFS (Figures 3E–H).

Discussion

In this study, we describe the neuropsychiatric phenotype of

the PCS in a prospective cohort of patients 6 months after an

acute SARS-CoV-2 infection that did not require hospitalization.

Despite favorable cardiopulmonary recovery, most patients

still suffered from slight to moderate functional limitations in

everyday life. Functional outcome highly correlated with the

symptoms of fatigue, depression and somatisation, while no

correlation was found with the neurocognitive scores.

All patients of our study cohort underwent a systematic

neuropsychiatric assessment. Except for hyposmia in about

15% of the patients, the clinical neurological examination

remained unremarkable for COVID-19 associated deficits.

However, many patients reported difficulties in memory or

attention. Neurocognitive testing detected slight neurocognitive

impairments in about one third of the patients. However,
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FIGURE 2

Psychiatric–psychosomatic assessment. (A–E) The study cohort revealed significantly higher test results in all psychiatric–psychosomatic

self–questionnaires when compared to the neuropsychiatrically una�ected control cohort (all p-values < 0.001). (F–I) Significant correlations of

the Post COVID Functional Scale (PCFS) with the total scores of the MFI–20 (Fρ = 0.66, p < 0.001), PHQ–9 (Gρ = 0.59, p < 0.001) and PHQ–15

(Hρ = 0.56, p < 0.001) and GAD–7 (Iρ = 0.4, p < 0.001) in the total cohort (N = 219).

discrepant results between the neurocognitive testing and

the clinical examination were frequent, suggesting some

degree of invalidity in our testing (e.g., low sensitivity for

cognitive impairments only affecting high-level performance)

and/or functional symptom load in the patients. Our results

are in line with a recent study of home-isolated patients

with neuropsychiatric complaints in which slight cognitive

impairments in the MoCA were also found in one third of

the patients about 6 months after the infection (27). Using the

Mini-Mental State Examination, a large-scale study on multi-

organ assessment in non-hospitalized individuals showed no

differences compared to a matched control cohort (28). In

addition, neuroimaging biomarkers for vascular brain damage

and atrophy in that study did not differ between the groups.

In contrast to the prominent complaints, formal neurocognitive

testing in our study and others has not clearly revealed

severe persistent neurocognitive deficits as part of the PCS.

Rather, the mild severity of neurocognitive impairments was

contrasted with the observation of severe symptoms of fatigue,

depression and somatisation which correlated with functional

outcome in the PCFS. This suggests that mainly psychiatric and

psychosomatic symptoms influence the long-term outcome after

a SARS-CoV-2 infection. However, one needs to emphasize,

that especially the PHQ-15 covers multiple physical complaints,

which might not be detectable by the internal assessment.

Hence, it does not necessarily explain a psychiatric cause for

these symptoms.

Regarding the pathogenesis of neuropsychiatric

manifestations of COVID-19, several studies point to a

potential neurotropism of SARS-CoV-2 (29). The virus enters

human cells via the angiotensin-converting enzyme 2 receptor

which is widely expressed throughout the central nervous

system (CNS). However, in autopsy samples with a short

post mortem interval, SARS-CoV-2 was only detected in the

olfactory mucosa, but not in the olfactory sensory neurons

or the parenchyma of the olfactory bulb (30), suggesting an
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FIGURE 3

Neurocognitive assessment in the study cohort (N = 105). Upper row, correlation with age: Significant correlations of the MoCA (A ρ = −0.34, p

< 0.05), time [in seconds] in the Trail making test A (B ρ = 0.44, p < 0.05) and Trail making test B (C ρ = 0.44, p < 0.05) with age. Correlation of

number of correct words in the semantic fluency task with age did not stay significant after adjustment for multiple comparisons (D ρ = −0.21, p

= 0.34). Lower row, correlation with post COVID functional scale (PCFS): Not significant correlations of the MoCA (E ρ = −0.06, p = 1), time [in

seconds] in the Trail making A (F ρ = 0.2, p = 0.33) and Trail making B (G ρ = 0.08, p = 1) and the number of correct words in the semantic

fluency task (H, ρ = −0.2, p = 0.2) with the PCFS.

effective barrier preventing the entry into the CNS. In this

regard, analyses of the cerebrospinal fluid (CSF) of patients

with COVID-19 and neurological symptoms suggest that

direct CNS infection seems to be rare, given that classical

signs of intrathecal CSF inflammation are typically missing

and SARS-CoV-2 PCR testing usually remains negative (31).

Against this background, persistence of the virus in the

CNS therefore seems to be an unlikely explanation for the

long-term neuropsychiatric symptoms. Alternative hypotheses

include a persistent disruption of the blood-cerebrospinal

fluid barrier (31), an ongoing immune-mediated inflammation

(32–34) or a disrupted microcirculation (35). However, most

studies were performed in ex vivo experimental settings or

in autopsy samples of patients with SARS-CoV-2 infection,

making assumptions on the potential long-term effects in

the living brain difficult. Considering the absence of elevated

inflammatory biomarkers and missing evidence for persistent

virus or viral antigens due to the negative SARS-CoV-2 PCR

testing in our cohort, a chronic inflammation driven by the

virus itself seems unlikely. While we detected differences

in RBD-antibody levels between the neuropsychiatric and

the control cohort, the significance of this finding remains

unclear. This is because RBD-antibody levels are also induced

by vaccination. This conclusion was supported by the fact

that the levels of IgG-antibodies against the nucleocapsid

did not differ between the neuropsychiatric and the control

group. Therefore, we did not find evidence for an enhanced

or diminished infection-associated immune response in

patients with neuropsychiatric symptoms. In line with that,

other studies found no difference of antibody levels in

individuals with confirmed COVID-19 with and without PCS

(32, 36).

In the light of a missing distinct neurobiological substrate

of the neuropsychiatric PCS, psychiatric and psychosocial

factors need to be considered. Whiteside et al. (37) examined

54 outpatient patients 6 months after the acute SARS-CoV-

2 infection. They found that formal cognitive performance

correlated with mood and anxiety, but neither with the

severity of the acute disease nor with the cognitive complaints,

pointing to the importance of psychological distress for

cognitive performance. This is also in line with a meta-

analysis examining psychiatric symptoms after infections with

other coronaviruses (SARS and MERS). Fifteen percent of the

recovered patients described sleep disorders, emotional lability,

impaired concentration and fatigue. However, it was not possible

to distinguish between an actual pathophysiologic response to

the virus infection and the general effects of the pandemic (38).

Even a remarkable number of patients who, contrary to their
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belief, had not even had contracted a SARS-CoV-2 infection,

suffered from symptoms of PCS (39). This finding suggests

that PCS could be attributed to the negative effects of the

pandemic itself, i.e., the increased psychosocial burden, social

isolation and existential fears. Most of the patients who came

to the neuropsychiatric consultation described their concerns

about limitations at work, social anxiety and worries about

long-term consequences of the infection. For some of them,

psychological distress seems to be exacerbated by public and

social media coverage of post-COVID symptoms. Interestingly,

our principal study cohort was significantly younger than

the control group. While we scientifically cannot explain the

age difference based on our data, socioeconomic factors as

discussed above could be a reason for the higher sensitivity for

complaints after a Covid-19 infection. The overrepresentation

of women in our cohort is consistent with results found in

multiple studies where female sex was associated with an

increased risk of developing symptoms of PCS such as fatigue

and cognitive impairments (5, 40). That women may have a

higher risk of developing PCS may correspond to the fact

that women tend to carry a larger share of the burden of the

pandemic than men (41). One needs to discuss the relation of

the symptoms of PCS to the psychosocial environment and a

weakened psychosocial resilience due to pre-existing psychiatric

comorbidities or long-term psychological stress factors, such as

single parenting, fear of job loss, and financial difficulties which

may affect more women than men. In line with a predominantly

psychosocial origin of PCS, in our cohort, premorbid depression

was more frequent in the study than in the control cohort.

Future studies will need to evaluate the role of psychosocial

factors in the pathogenesis of PCS more systematically and in

more detail.

Irrespective of the underlying cause of PCS, it is evident

that the large number of patients who are still unable to

return to their work or activity level before the pandemic

poses a severe socioeconomic problem. While reliable numbers

of post COVID-19 cases recognized as occupational diseases

are still lacking, insurance companies report record numbers

in requests (42, 43). Therefore, long-term programs are

needed to provide support independently of the underlying

cause of persisting symptoms after COVID-19. It seems

likely that symptom management will be less successful

when based solely on biological rather than incorporating

psychosocial concepts of illness. Fortunately, first studies

show that the reported cognitive deficits may regress over

time (44) and are less likely to appear in vaccinated

patients (45).

The rapidly increasing case numbers around the world due

to the predominance of the omicron variant might be both, a

challenge and a chance. While higher case numbers could mean

even more patients suffering from long-term symptoms, the

social significance of an infection may decrease, as it becomes

more common to become infected by SARS-CoV-2.

Limitations

There are certain limitations to our study, which we would

like to address. First, since our control group also suffered

from symptoms due to the SARS-CoV-2 infection, we did

not test a healthy control group. Therefore, strict conclusions

on the influence of the pandemic itself on neuropsychiatric

symptoms remain hypothetical. Secondly, our neurocognitive

tests did not allow for the detection of subtler cognitive

impairments, in particular those only affecting high-level

performance in daily life. Therefore, the contribution of slight

cognitive impairments to PCS might be underestimated in

our study and future studies should put a particular emphasis

on the detection of subtle, but still functionally relevant

neurocognitive deficits. This consideration must not neglect the

discrepancy between the findings in the clinical neurocognitive

testing and the psychiatric-psychosomatic assessment. Thirdly,

we did not examine biomarkers for neurodegeneration and

brain injury in blood or cerebrospinal fluid. However,

although we cannot rule out permanent neuronal injury

in individual cases, the results of our neurological and

neurocognitive examinations do not indicate persistent organic

brain dysfunction.

Conclusions

In this article, we present a prospective cohort of mainly

non-hospitalized patients about 6 months after the acute

SARS-CoV-2 infection who present with a clinical phenotype

dominated by symptoms of depression, somatisation and

fatigue. The strong association of the severity of these

symptoms with the PCFS underlines the functional importance

of these symptoms for long-term outcome after an infection

with SARS-CoV-2. Although we did not focus on the

mechanisms underlying the neuropsychiatric manifestations

of PCS, our findings provide indirect evidence to suggest

that PCS is strongly influenced by psychosocial consequences

of the pandemic itself and by premorbid psychiatric and

psychosomatic comorbidities.
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