
 

Aus der Klinik für Neurologie der Heinrich-Heine-Universität Düsseldorf                     

Direktor: Univ.-Prof. Dr.med. Dr. rer. nat. Sven Meuth 

The POPulation based Cognitive testing in subjects with SARS-CoV-

2 (POPCOV2) Study:                                                                 

Longitudinal investigation of remote cognitive and fatigue 

screening in PCR-positive cases and negative controls  

 

Dissertation  

zur Erlangung es Grades eines Doktors der Medizin der Medizinischen Fakultät der Heinrich-

Heine-Universität Düsseldorf 

Vorgelegt von                                                                                                           

Alina von Etzdorf 

2025 

 

 

 

 

 

 

 

 



 

Als Inauguraldissertation gedruckt mit Genehmigung der Medizinischen Fakultät der 

Heinrich-Heine-Universität Düsseldorf gez.: Dekan: Prof. Dr. med. Nikolaj Klöcker  

Erstgutachter: Prof. Dr. med. Philipp Albrecht 

Zweitgutachter: Prof. Dr. med. Torsten Feldt  

Drittgutachterin: Prof. Dr. Frederike C. Oertel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Widmung 

 

Diese Dissertation widme ich allen Menschen, die während oder nach einer SARS-CoV-2-Infektion 

unter anhaltenden kognitiven Einschränkungen, Fatigue oder psychischen Belastungen litten – 

insbesondere jenen, deren Symptome im klinischen Alltag nicht objektiv messbar waren und 

daher oft unterschätzt oder nicht ernst genommen wurden. 

Mein besonderer Dank gilt den Studienteilnehmerinnen und -teilnehmern, die trotz Isolation, 

Unsicherheit und gesundheitlicher Beeinträchtigungen bereit waren, sich auf eine digitale und 

wiederholte Erhebung neurokognitiver Testungen einzulassen. Ihre Geduld und ihr Vertrauen 

haben diese Studie überhaupt erst möglich gemacht. 
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Zusammenfassung 

Die bevölkerungsbasierte POPCOV2-Studie („Population-based Cognitive Testing in Subjects with 

SARS- CoV-2“) wurde konzipiert, um Häufigkeit, Ausmaß und Verlauf kognitiver Einschränkungen 

sowie Fatigue- Symptome bei Personen mit und ohne nachgewiesene SARS-CoV-2-Infektion zu 

erfassen. Die Studie wurde als vollständig dezentrale, prospektive Längsschnittstudie im Großraum 

Düsseldorf durchgeführt und ermöglichte eine ortsunabhängige Teilnahme unter 

pandemiebedingten Kontaktbeschränkungen. Insgesamt wurden 246 Teilnehmende 

eingeschlossen und zu vier definierten Zeitpunkten über sechs Monate hinweg untersucht. Die 

Testbatterie umfasste zwei validierte Screening-Instrumente: den Symbol Digit Modalities Test 

(SDMT), zur Erfassung von Verarbeitungsgeschwindigkeit und Aufmerksamkeit, sowie die Montreal 

Cognitive Assessment (MoCA), ein verbreitet eingesetztes Instrument zur kognitiven 

Kurzdiagnostik. Ergänzend wurden standardisierte Fragebögen zur Erhebung von Fatigue (Brief 

Fatigue Inventory, BFI) und depressiven Symptomen (Beck Depression Inventory – Fast Screen, BDI-

FS) eingesetzt. Bereits zu Studienbeginn berichteten SARS-CoV-2-positive Teilnehmende über 

ausgeprägtere Fatigue- Symptome und eine höhere subjektive Krankheitslast im Vergleich zur PCR-

negativen Kontrollgruppe. Dies entspricht klinischen Beobachtungen, wonach Fatigue zu den 

häufigsten anhaltenden Beschwerden nach COVID-19 zählt. Überraschenderweise zeigten sich 

jedoch in den objektiven Testergebnissen – gemessen an z-standardisierten Werten des SDMT und 

MoCA – keine signifikanten Unterschiede zwischen den Gruppen über den Studienverlauf hinweg. 

Eine Ausnahme bildete der Messzeitpunkt t2, an dem die Kontrollgruppe im SDMT signifikant 

besser abschnitt. Bei beiden Gruppen kam es im Verlauf zu einer klaren Steigerung der kognitiven 

Leistungsfähigkeit, was für eine temporäre Ausprägung der Beeinträchtigungen spricht. Die beiden 

eingesetzten Testverfahren, MoCA und SDMT, korrelierten signifikant über alle 

Erhebungszeitpunkte hinweg. Dies spricht für die Validität des kombinierten Testverfahrens. 

Darüber hinaus zeigten sich Fatigue- und Depressionswerte – gemessen über BFI und BDI- FS – 

insbesondere zu Studienbeginn konsistent mit niedrigeren kognitiven Testergebnissen assoziiert. 

Dies weist auf eine komplexe Wechselwirkung zwischen affektiven Symptomen und kognitiver 

Leistung hin und betont die Notwendigkeit, psychische Faktoren systematisch in neurokognitiven 

Studien zu erfassen. Die Analyse mittels gemischter linearer Modelle ergab einen signifikanten 

zeitlichen Erholungseffekt – unabhängig vom SARS-CoV-2-Status. Das bedeutet, dass sich die 

kognitive Leistungsfähigkeit über den Studienverlauf hinweg verbesserte, ohne dass eine 

spezifische Wirkung der Infektion nachgewiesen werden konnte. Dies legt nahe, dass psychosoziale 

Belastungen, Isolation und pandemiebedingter Stress eine größere Rolle für kognitive Beschwerden 

spielen könnten als das Virus selbst. Bemerkenswert war, dass auch ein relevanter Teil der PCR-

negativen Kontrollgruppe zu Studienbeginn kognitive Auffälligkeiten zeigte. Diese Beobachtung 

könnte teilweise durch einen Rekrutierungsbias erklärt werden, da sich vermutlich vermehrt 

Personen mit bestehenden Beschwerden zur Teilnahme motiviert fühlten. Alternativ könnten auch 

andere Infektionen oder die psychische Belastungssituation während der Pandemie das 

Leistungsvermögen in der Kontrollgruppe beeinflusst haben. Zusammenfassend liefert die 

POPCOV2-Studie belastbare Evidenz dafür, dass milde SARS-CoV-2- Infektionen zwar mit erhöhter 

Fatigue und subjektiver Krankheitslast einhergehen, jedoch nicht mit bleibenden oder 

progredienten kognitiven Defiziten. 
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Summary 

The population-based POPCOV2 study ("Population-based Cognitive Testing in Subjects with SARS-

CoV-2") was designed to assess the prevalence, severity, and course of cognitive impairments and 

fatigue symptoms in individuals with and without confirmed SARS-CoV-2 infection. Conducted as a 

fully decentralized, prospective longitudinal study in the greater Düsseldorf area, it allowed for 

location-independent participation under pandemic-related contact restrictions. A total of 246 

participants were enrolled and examined at four defined time points over a six-month period. The 

cognitive test battery included two validated screening instruments: the Symbol Digit Modalities 

Test (SDMT), measuring processing speed and attention, and the Montreal Cognitive Assessment 

(MoCA), a widely used tool for brief cognitive evaluation. Standardized questionnaires were also 

employed to assess fatigue (Brief Fatigue Inventory, BFI) and depressive symptoms (Beck 

Depression Inventory – Fast Screen, BDI-FS). At baseline, SARS-CoV-2-positive participants reported 

significantly more pronounced fatigue symptoms and higher subjective disease burden compared 

to the PCR-negative control group. This finding aligns with clinical observations that fatigue is 

among the most common persistent symptoms following COVID-19. Surprisingly, however, the 

objective test results—measured via z-standardized SDMT and MoCA scores—showed no 

significant differences between groups across most of the study period. An exception was observed 

at time point t2, where the control group performed significantly better on the SDMT. Both groups 

demonstrated marked improvements in cognitive performance over time, suggesting a transient 

nature of the impairments. The two cognitive instruments, MoCA and SDMT, correlated 

significantly across all measurement points, supporting the validity of the combined test battery 

and the robustness of the cognitive findings. Furthermore, fatigue and depression scores—as 

measured by the BFI and BDI-FS—were consistently associated with lower cognitive performance, 

particularly at study onset. This indicates a complex interplay between affective symptoms and 

cognitive function and underscores the importance of systematically capturing psychological 

variables in neurocognitive research. Analysis using mixed linear models revealed a significant 

temporal recovery effect—independent of SARS-CoV-2 status—indicating that cognitive function 

improved over the course of the study without a specific effect attributable to the infection. This 

suggests that psychosocial stressors, isolation, and pandemic-related strain may have a greater 

impact on cognitive complaints than the virus itself. Notably, a substantial proportion of PCR-

negative participants also showed cognitive impairments at baseline. This observation may partly 

reflect recruitment bias, as individuals experiencing symptoms may have been more inclined to 

participate. Alternatively, other infections or the general psychological burden during the pandemic 

may have influenced performance in the control group. In conclusion, the POPCOV2 study provides 

robust evidence that mild SARS-CoV-2 infections are associated with increased fatigue and 

subjective illness burden but not with persistent or progressive cognitive deficits. Moreover, the 

study demonstrates the feasibility and clinical value of video-based cognitive testing in a 

population-based context and supports its application in future epidemiological and telemedicine 

research on long-term neurocognitive outcomes. 
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AG Arbeitsgemeinschaft 

BDI-FS Beck Depression Inventory – Fast Screen 

BFI Brief Fatigue Inventory 

CMD CompuGrup Medical (ClickDoc-Plattform-Anbieter) 

CNS Central Nervous System 

COVID-19 Coronavirus Disease 2019 

FAB Frontal Assessment Battery 

MCI Mild Cognitive Impairment 

MLM Mixed Linear Model 

MMSE Mini Mental Status Examination 

MoCA Montreal Cognitive Assessment 

PCR Polymerase Chain Reaction 

POPCOV Population-based Cognitive Testing in Subjects with SARS-

CoV-2 

REACT Real-time-Assessment of Community Transmission 

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2 

SDMT Symbol Digit Modalities Test 

SPSS Statistical Package for the Social Sciences 

zMoCA z-transformierter MoCA-Wert 

zSDMT z-transformierter SDMT-Wert 
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Einleitung 

Die Coronavirus-Pandemie, verursacht durch das schwere akute respiratorische Syndrom 

Coronavirus Typ 2 (SARS-CoV-2), hat seit Ende 2019 weitreichende medizinische, gesellschaftliche 

und ökonomische Auswirkungen entfaltet. Neben den akuten pulmonalen Manifestationen stehen 

zunehmend auch neuropsychiatrische und kognitive Langzeitfolgen – insbesondere im Rahmen des 

Post-COVID-Syndroms – im Fokus klinischer und wissenschaftlicher Aufmerksamkeit. Patient:innen 

berichten über persistierende Konzentrationsstörungen, eingeschränkte Merkfähigkeit, mentale 

Erschöpfung („brain fog“) und Fatigue, oftmals Wochen bis Monate nach Abklingen der akuten 

Infektion. 1 Diese Symptome können sowohl subjektiv belastend als auch funktionell einschränkend 

sein und beeinflussen nicht selten die Teilhabe am sozialen und beruflichen Leben.2 Die 

pathophysiologischen Mechanismen dieser postakuten neurokognitiven Beschwerden sind bislang 

nur unzureichend verstanden. Diskutiert werden unter anderem direkte neuroinflammatorische 

Prozesse, vaskuläre Mikroschäden, Autoimmunreaktionen sowie sekundäre Effekte durch 

systemische Entzündungsprozesse und psychosozialen Stress.3 Während initial vor allem 

hospitalisierte Patientenkohorten untersucht wurden, zeigt sich zunehmend, dass auch milde 

Verläufe und ambulant behandelte COVID-19-Fälle relevante neurokognitive Einschränkungen 

entwickeln können.4 Mehrere Studien untersuchten mithilfe kurzer Screeningverfahren wie MoCA 

oder MMSE kognitive Störungen nach COVID-19. Eine Studie fand eine stärkere Abnahme der 

MoCA-Werte bei seropositiven Personen im Vergleich zu seronegativen.5 Bei hospitalisierten 

Patient:innen mit schwerem COVID-19 zeigten MoCA und FAB in der akuten postkritischen Phase 

deutliche Defizite.6 Alemanno et al. (2021) berichteten über kognitive Beeinträchtigungen bei 80 % 

der hospitalisierten Patient:innen7,  während Ortelli et al. (2021) signifikant niedrigere MoCA-Werte 

im Vergleich zu Kontrollen nachwiesen.8 Auch Woo et al. (2020) fanden in einem telefonbasierten 

Test schlechtere Ergebnisse bei Genesenen, insbesondere im Kurzzeitgedächtnis, der 

Aufmerksamkeit, Konzentration und Sprache.9 Insgesamt weisen die Daten darauf hin, dass COVID-

19 auch Monate nach der akuten Erkrankung mit kognitiven Einschränkungen assoziiert sein kann. 

Daraus ergibt sich die Notwendigkeit bevölkerungsbasierter Studien, die jenseits selektierter 

Klinikkollektive eine systematische Erhebung von Symptomen und Leistungsdaten ermöglichen. Ein 

wesentliches methodisches Problem liegt in der Diskrepanz zwischen subjektiv berichteter 

kognitiver Einschränkung und objektiv messbarer Leistungsminderung. Um dieser Herausforderung 

zu begegnen, ist der Einsatz validierter, quantitativer Testverfahren essenziell. Die Kombination aus 

neurokognitiven Screenings wie dem Symbol Digit Modalities Test (SDMT) zur Messung von 

Verarbeitungsgeschwindigkeit und Aufmerksamkeitsleistung sowie der Montreal Cognitive 

Assessment (MoCA) zur Erfassung globaler kognitiver Funktionen bietet hierfür ein etabliertes 

Instrumentarium.10, 11 Ergänzend erlauben standardisierte Fragebögen wie das Brief Fatigue 

Inventory (BFI) und das Beck Depression Inventory – Fast Screen (BDI-FS) die Abbildung relevanter 

affektiver Begleitsymptomatik.12, 13 Die Durchführung digitaler Erhebungen in Form dezentraler 

Studienprotokolle eröffnet zusätzlich die Möglichkeit, unter pandemiebedingten Einschränkungen 

eine breite und ortsunabhängige Datenerhebung durchzuführen. Besonders in longitudinal 

angelegten Studiendesigns erlaubt dies eine valide Verlaufsbeobachtung neurokognitiver 

Parameter über definierte Zeiträume hinweg. 

Die Studienplanung begann im Juni 2020. Ein positives Ethikvotum der Ethikkommission (EK) an der 

Medizinischen Fakultät der Heinrich-Heine-Universität Düsseldorf lag am 08.12.2020 unter der 

Studiennummer 2020-1198 vor. 
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Ziele der Arbeit 

Ziel der vorliegenden Arbeit ist die systematische Untersuchung der Häufigkeit, Ausprägung und 

des zeitlichen Verlaufs kognitiver Einschränkungen sowie von Fatigue-Symptomatik bei Personen 

mit und ohne laborbestätigte SARS-CoV-2-Infektion im Rahmen der prospektiven, 

bevölkerungsbasierten POPCOV2-Studie. Hierzu wird die kognitive Leistungsfähigkeit mithilfe des 

Symbol Digit Modalities Test (SDMT) und der Montreal Cognitive Assessment (MoCA) über einen 

Zeitraum von sechs Monaten zu vier definierten Zeitpunkten erfasst und zwischen PCR-positiven 

und -negativen Probanden verglichen. Ergänzend wird der Zusammenhang zwischen subjektiv 

berichteter Fatigue und objektiv messbarer kognitiver Leistung analysiert, um potenzielle 

Wechselwirkungen zwischen affektiver Belastung und neurokognitiver Funktion zu identifizieren. 

Die longitudinale Entwicklung kognitiver Parameter wird mittels gemischter linearer Modelle 

ausgewertet, um gruppenspezifische Unterschiede ebenso wie allgemeine Erholungseffekte im 

Zeitverlauf zu erfassen. Darüber hinaus wird die Praktikabilität videogestützter kognitiver 

Testverfahren im Rahmen eines dezentralen Studiendesigns bewertet, mit dem Ziel, deren Eignung 

für zukünftige telemedizinische und epidemiologische Anwendungen einzuordnen. 
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population based cognitive testing in subjects with SARS-CoV-2 (POPCOV2) study: longitudinal 

investigation of remote cognitive and fatigue screening in PCR-positive cases and negative 

controls. Front. Hum. Neurosci. 18:1468204. DOI: 10.3389/fnhum.2024.1468204 
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The population based cognitive 

testing in subjects with 

SARS-CoV-2 (POPCOV2) study: 

longitudinal investigation of 

remote cognitive and fatigue 

screening in PCR-positive cases 

and negative controls

Alina von Etzdorf 1, Maja Harzen 1, Hannah Heinrichs 1, 

Henning Seifert 1, Stefan J. Groiß 1, Carolin Ballo" 1,2, 

Torsten Feldt 3, Björn-Erik Ole Jensen 3, Tom Lüdde 3, 

Michael Bernhard 4, Alfons Schnitzler 5, Klaus Goebels 6, 

Jörg Kraus 1,7, Sven G. Meuth 1, Saskia Elben 1 and 

Philipp Albrecht 1,2*

1 Department of Neurology, Medical Faculty and University Hospital Düsseldorf, Heinrich Heine 

University Düsseldorf, Düsseldorf, Germany, 2 Department of Neurology, Maria-Hilf-Clinics 

Mönchengladbach, Mönchengladbach, Germany, 3 Department of Gastroenterology, Hepatology and 

Infectious Diseases, Medical Faculty and University Hospital Düsseldorf, Heinrich Heine University 

Düsseldorf, Düsseldorf, Germany, 4 Emergency Department, Faculty of Medicine, Heinrich Heine 

University, Düsseldorf, Germany, 5 Institute for Clinical Neuroscience and Medical Psychology, Faculty 

of Medicine, Heinrich Heine University Düsseldorf, Düsseldorf, Germany, 6 Düsseldorf Health 

Department, Düsseldorf, Germany, 7 Department of Laboratory Medicine, Paracelsus Medical 

University and Salzburger Landeskliniken, Salzburg, Austria

Background: The majority of people infected with severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) only show mild respiratory symptoms. 

However, some patients with SARS-CoV-2 display neurological symptoms. Data 

on the exact prevalence and course of cognitive symptoms are often limited to 

patient reported outcomes or studies recruited at specialized centers.

Methods: For this prospective, non-interventional population based POPCOV2 

study, 156 subjects who performed SARS-CoV-2 testing in the Düsseldorf 

metropolitan area at public test centers between December 2020 and February 

2022 were recruited by handouts. SARS-CoV-2-positive and negatively tested 

subjects were included within the first seven days after the PCR test results. 

Cognitive testing was performed at baseline during home quarantine and after 

4–6 as well as 12–14!weeks of follow-up. Individuals were examined remotely 

by videocalls using the Symbol Digit Modalities Test (SDMT) and the Montreal 

Cognitive Assessment (MoCA) in addition to the Brief Fatigue Inventory (BFI) and 

the Beck Depression Inventory-Fast Screen (BDI-FS).

Results: At baseline, the SARS-CoV-2-positive group presented with higher 

levels of fatigue in the BFI. In both the SARS-CoV-2-positive and SARS-CoV-

2-negative groups, some subjects presented attention and memory deficits, 

defined as a z-score!<!−1,65 on the SDMT or!<!26 points on the MoCA (SDMT: 

22.9% in the positive and 8.8% in the negative group, p!=!0.024; MoCA: 35.6% 

in the positive and 27.3% in the negative group, p!=!0.313). MoCA and SDMT 
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improved over time in both groups. For MoCA scores, a significant di!erence 

between the two groups was only seen at the first follow-up. SDMT z-scores did 

not di!er at any time between the groups.

Conclusion: These results support previous evidence that mild SARS-CoV-2 

infections are associated with increased fatigue. However, we found relevant rates 

of cognitive impairment not only in the infected but also in the control group. This 

underlines the importance of including a control group in such investigations.

KEYWORDS

cognitive testing in COVID-19, fatigue screening COVID-19, depression screening 

COVID-19, COVID-19, cognitive impairment, remote cognitive testing, depression, 

post covid

Introduction

Since its first appearance in 2019, SARS-CoV-2 (severe acute 

respiratory syndrome coronavirus 2) has ravaged humanity in the 

worldwide COVID-19 pandemic but the severity of COVID-19 

has meanwhile decreased and the virus has become endemic. 

While COVID-19 primarily affects the respiratory system it can 

also lead to cognitive symptoms including confusion, difficulty 

concentrating, and memory problems, often referred to as “brain 

fog” (Hampshire et al., 2024). Symptoms can persist even after 

recovery, impacting daily functioning (Ceban et  al., 2022; 

Premraj et  al., 2022). Post-COVID-19 conditions are 

characterized by structural and functional impairments of several 

organs. Not only pulmonary and cardiological damage, but also 

neurological and psychiatric deficits can be recognized (Quan 

et  al., 2023). Neurocognitive deficits such as concentration, 

memory and executive function have been reported and were 

most frequently observed in hospitalized patients. An analysis of 

the electronic health records of more than 236,000 people 

infected with COVID-19 also showed that non-hospitalized 

patients were significantly more likely to develop psychiatric 

disorders such as mood swings, anxiety, insomnia and psychosis. 

Furthermore, it is essential to note that these effects are not 

limited to people with severe acute symptoms or those with a 

long history of COVID-19, but can also occur in milder cases 

without persistent symptoms (Zhao et al., 2023).

A recent two-year retrospective cohort study of over one million 

participants infected with COVID-19 found that the risk of cognitive 

de"cits a#er six months was higher than in the control group, with a 

hazard ratio of 1.36 (1.33–1.39) (Quan et al., 2023). $is risk remained 

elevated at the end of the two-year follow-up period of the disease. 

Another longitudinal cohort study in China with 3,233 COVID-19 

patients reported that severe COVID-19 disease was associated with 

a higher risk of early-onset cognitive decline (six months a#er 

discharge), late-onset cognitive decline (12 months a#er discharge) 

and progressive cognitive decline than in control subjects (Hampshire 

et al., 2024). A study from England investigated whether participants 

with persistent symptoms (≥12 weeks) a#er the onset of infection had 

objectively measurable global cognitive de"cits. Study participants 

who had persistent symptoms resolved a#er COVID-19 had 

objectively measured cognitive function comparable to participants 

with shorter duration of symptoms, although a short COVID-19 

duration was still associated with small post-recovery cognitive 

de"cits (Hampshire et al., 2024).

Several previous studies have performed cognitive testing to 

investigate minor and/or major neurocognitive disorders after 

Covid-19 using short screening measures such as the Montreal 

Cognitive Assessment (MoCA) or the Mini Mental Status 

Examination (MMSE). One of these studies reported a higher 

rate of decline on the MoCA in individuals who were seropositive 

for COVID-19 compared to those who were seronegative (Del 

Brutto et al., 2021). Another study examined the performance on 

MoCA and the Frontal Assessment Battery (FAB) in hospitalized 

patients diagnosed with severe COVID-19  in the post-critical 

acute phase of the disease (Beaud et al., 2021). Alemanno et al. 

(2021) found cognitive impairment in 80% of hospitalized 

patients infected with COVID-19 using MoCA and MMSE, while 

Ortelli et al. (2021) found significantly lower MoCA scores in 

patients with COVID-19 compared to healthy controls (Ortelli 

et al., 2021).

Woo et  al. (2020) used a modi"ed telephone interview to 

determine that patients recovering from COVID-19 performed 

signi"cantly worse than healthy controls, particularly on measures of 

short-term memory, attention, concentration, and language (Woo 

et  al., 2020). Overall, the available data suggest that COVID-19 

infection may be associated with cognitive dysfunction even months 

a#er the acute illness.

However, SARS-CoV-2 is not the only virus associated with 

cognitive impairment and “brain fog”; EBV, HSV and HTLV are other 

examples (Burrell et al., 2017). Symptoms may occur during and a#er 

the viral infection, but can also recur over the course of up to several 

months. Patients with symptoms persisting more than four weeks a#er 

the acute phase of a SARS-CoV-2 infection classify as “long COVID”1. 

We  recently examined the diagnostic and prognostic value of 

electrophysiological and cognitive assessments in hospitalized 

COVID-19 patients without previous neurological disease and 

identi"ed relevant rates of peripheral and central nervous system 

impairment as well as cognitive de"cits (Ballo% et al., 2023; Costa 

et al., 2023).

We report the results of the prospective, population based 

POPCOV2 study, which aimed to investigate the prevalence and 

dynamics of cognitive impairment during and a#er the acute infection 

in population-based cohorts of SARS-CoV-2 positive and negative 

people from a representative urban area in Germany. Including people 

1 https://www.cdc.gov/coronavirus
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with negative SARS-CoV-2 test results as a control cohort allowed us 

to assess a possible recruitment bias, resulting from complaint-

dependent willingness to participate in the study.

Methods

Cohorts and recruitment

!e inclusion criteria were > =18 years of age and a positive or 

negative result of a polymerase chain reaction (PCR) test for SARS-

CoV-2 within seven days from enrollment and baseline examination. 

Our test subjects all have German nationality and were recruited by 

information lea"ets handed out by testing centers in Düsseldorf, 

Germany. We acknowledge the fact that it would have been of interest 

to investigate a possible in"uence of the vaccination status of our 

participants. However, the vaccination status was, unfortunately, not 

assessed in the POPCOV2 study.” !e recruitment period was 

December 2020 to February 2022.

Remote cognitive testing

Study participants were examined in their home setting up to four 

times by means of end-to-end encrypted videoconference via the 

online video portal Click-Doc (AG CMD, 2021). !e baseline 

assessment (initial testing) was conducted within the $rst week of a 

SARS-CoV-2 PCR test. !e $rst follow-up 4–6 weeks a%er baseline 

testing, the second follow-up a%er 12–14 weeks from baseline, and the 

fourth follow-up was performed 6 months a%er baseline. Study 

participants were tested using the Symbol Digit Modalities Test 

(SDMT) and the Montreal Cognitive Assessment (MoCA). !e 

Symbol Digit Modalities Test is a screening instrument for the 

presence of neurocognitive de$cits. In this test nine di&erent symbols 

are linked to the numbers 1 to 9. In a timed examination, subjects are 

then asked to write the correct number under the corresponding 

symbol (Smith, 1982). !e Montreal Cognitive Assessment is a rapid 

screening instrument for mild cognitive impairment (MCI) or 

dementia. It is a 1-page, 30-item test which takes about 10 min to 

complete. It includes tasks on short-term memory recall, visual–

spatial abilities, executive functions, phonemic "uency, verbal 

abstraction, attention, concentration and working memory. Language 

and orientation to time and place are also assessed (Nasreddine et al., 

2005). SDMT was used to investigate information processing speed 

and MoCA was used as a global screening for cognitive impairment 

(Smith, 1982). Z-scores of < −1 were considered as suggestive of an 

impaired information processing speed, and z-scores < − 1.65 as 

evidence for clinically relevant cognitive dysfunction. A score of <26 

out of 30 was considered as suggestive of mild cognitive impairment 

(Nasreddine et al., 2005). Both test procedures have been validated for 

video-based administration (Jennings et al., 2021; Smith, 1982). !e 

test sheets were presented to the subjects on the screen and responses 

were recorded by the investigators on the test record forms. For the 

visuospatial tests subjects drew test objects on a paper sheet and 

presented it to the examiner on camera for assessment. Furthermore, 

additional questionnaires were included to examine the subjects’ 

mood by using the Beck Depression Inventory Fast Screen (BDI-FS) 

and the Brief Fatigue Inventory (BFI) to asses fatigue (Fossati et al., 

2011; Beck et al., 2000). Individual symptoms of the test subjects were 

recorded using unstructured oral interviews.

Statistical testing

Descriptive statistics were performed using R version 4.3.2 and 

SPSS version 28, p-values <0.05 were considered signi$cant. To test 

normal distribution in the population samples, we  applied the 

Shapiro–Wilk test and Kolmogorov–Smirnov test. Group 

comparisons were performed using the Mann–Whitney U test due 

to ordinal scaling or non-normally distributed parameters. 

Comparisons of categorical parameters were performed using 

Fisher’s exact test. We adjusted the p-values calculated from the 

Mann–Whitney U and Fisher’s exact tests using the Benjamini-

Hochberg procedure.

To verify the results obtained with the raw MoCA values, 

we  transformed the individual MoCA values of the SARS-CoV-2 

positive and negative subjects into age-and education-related z-scores 

as previously described. To account for the relevant factors of potential 

in"uence and the longitudinal nature of the data we have performed 

an additional mixed e&ects linear model (MLM) analysis using SARS-

CoV-2 status, age, sex, education status and time interaction as $xed 

and patient ID as random e&ects. p-values are provided for the 

di&erent tests as indicated and values below 0.05 were considered 

signi$cant. In addition, we performed Spearman correlation analyses 

between both neurocognitive tests (MoCA, zSDMT). We  also 

correlated the test questionnaires on depressive symptoms and fatigue 

(BDI-FS, BFI) with each other and with the neurocognitive tests. In 

addition, we z-transformed the rho values of the four measurement 

points. We then used a two-sample z-test to examine whether the 

pairwise di&erences of the z-transformed rho values deviate 

signi$cantly from the null hypothesis.

Results

Demographics of probands at baseline 
examination

At baseline from December 2020 till February 2022, we observed 

di&erences between the symptoms of SARS-CoV-2 positive and 

negative subjects. !us, typical cold symptoms such as cough, 

rhinorrhea, cephalgia, and body ache were more frequently reported 

by the SARS-CoV-2 positive subjects in contrast to the negatively 

tested control group. Hyposmia and ageusia were also strikingly more 

pronounced in the SARS-CoV-2 infected subjects compared to the 

control group. In addition, the SARS-CoV-2 positive subjects rated 

their subjective cognitive performance and their subjective feeling of 

illness during the acute phase of infection as more severe than the 

SARS-CoV-2 negative subjects (see Table 1).

Results of the SDMT examination

!e Shapiro Wilk and Kolmogorov Smirnov tests for normal 

distribution showed that the SDMT was normally distributed. 

SARS-CoV-2 positive and negative subjects had an average zSDMT 
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score of −0.75 (SD = 1.14) and − 0.56 (SD = 0.92) respectively at 

baseline and showed an improvement to a z-score of −0.38 

(SD = 1.07) for positive and − 0.2 (SD = 0.92) for negative subjects 

at the second test, with the improvement in positive subjects 

proving signi!cant (p = 0.14, p < 0.05 respectively) (Figure  1B). 

#us, the means of both groups remained above the cut-o$ score 

for a clinically relevant de!cit of z < −1.65. #e groups with positive 

and negative PCR testing did not di$er at baseline (p = 0.315). On 

the individual level, 38 (22.8%) positive and 6 (8.8%) negative 

subjects fell below this cut-o$ score at baseline (Figure 1B) and 21 

(13.8%) positive and 3 (4.8%) negative subjects at the second 

assessment (Figure 1D). During the course of the study, an overall 

improvement in SDMT performance between baseline testing and 

testing a%er 6 months could be observed (Figure 1D). SARS-CoV-2 

positive subjects showed an improvement to a z-score of −0.75 to 

−0.15 a%er 6 months (Figure 1D). Negative controls improved to a 

score of −0.56 to −0.17 a%er 6 months (Figure 1D). At 6-month 

follow-up, 9 (9%) positive and 5 (10.9%) negative subjects were 

observed with test performances below the cut-o$ (Figure 1D). 

When comparing the results of SARS-CoV-2 positive and negative 

subjects, no statistically signi!cant di$erences of z-scores could 

be found both at baseline (p = 0.35), a%er second (p = 0.45) or third 

(p = 0.94) testing and a%er 6 months (p = 0.94) regarding the 

cognitive processing speed as measured by the SDMT (Figure 1D). 

#e mixed e$ects linear model analysis revealed a signi!cant e$ect 

of time since baseline (p < 0.001) on the zSDMT values while 

SARS-CoV-2 status, age, sex and education level did not (p = 0.223, 

p = 0.392, p = 0.376 and p = 0.409, respectively)

Results of the MoCA examination

#e test for normal distribution showed that the MoCA test was 

not normally distributed.

SARS-CoV-2 positive and negative subjects had an average MoCA 

score of 26.3 (SD = 2.2) and 26.6 (SD = 2.1), respectively, at baseline 

(Figure 1A) and also showed signi!cant improvements to a score of 

26.9 (SD = 2.3) for positive and 27.8 (SD = 1.7) for negative subjects at 

the second examination (p < 0.05, p = <0.01 respectively) (Figure 1C). 

However, there was no di$erence of MoCA-scores between the two 

groups at baseline (p = 0.35). In contrast, at the !rst follow-up a%er 

four weeks the SARS-CoV-2 positive group performed worse. At this 

test time, a signi!cant di$erence was found between the two groups 

of test subjects (p = 0,035) (Figure 1C). During the course of the study, 

an overall improvement in MoCA performance between baseline and 

testing at 6 months was observed (Figure 1C). At baseline testing, 

36.5% of SARS-CoV-2 positive subjects had a MoCA below 26 points, 

with 12% remaining under this cut-o$ a%er 6 months (fourth testing). 

However, in the control group, 26% had a MoCA score < 26 points at 

baseline testing, and 2% improved their MoCA above the cut-o$ score 

a%er 6 months. #e SARS-CoV-2-negative subjects also improved 

from a mean of 26.6 (baseline) to a mean of 28.2 at 6 months (fourth 

test). We observed no signi!cant di$erence in cognitive impairment 

between SARS-CoV-2 subjects and the control group at both the 

3-month and 6-month time points. In addition to these analyses of the 

MoCA raw values we  additionally transformed these to age-and 

education-based z-scores. No di$erence was found between the 

SARS-CoV-2 positive and negative subjects when comparing the 

TABLE 1 Demographics of probands at baseline examination.

SARS-CoV-2 positive SARS-CoV-2 negative p-value

N 167 69

Male, N (%) 95 (56.9%) 27 (39.1%)

0.024Female, N (%) 72 (43.1%) 42 (60.9%)

Diverse, N (%) 0 (0%) 0 (0%)

Age, mean 39.6 40.7 0.827

Education subgroupsa

Level 1, N (%) 1 (0.6%) 1 (1.5%)

0.501

Level 2, N (%) 16 (9.8%) 5 (7.6%)

Level 3, N (%) 1 (0.6%) 2 (3.0%)

Level 4, N (%) 17 (10.4%) 10 (15.2%)

Level 5, N (%) 128 (78.5%) 48 (72.7%)

Cough, N (%) 90 (53.9%) 11 (15.9%) < 0.0001

Rhinorrhoea, N (%) 81 (48.8%) 8 (11.6%) < 0.0001

Sore #roat, N (%) 30 (18.0%) 11 (16.2%) 0.851

Fever, N (%) 15 (9.0%) 1 (1.4%) 0.057

Cephalgia and body ache, N (%) 69 (41.6%) 8 (11.6%) < 0.0001

Hyposmia and Ageusia, N (%) 64 (38.2%) 3 (4.3%) < 0.0001

Subjective cognitive performanceb, mean 2.446 1.771 0.002

Subjective feeling of sicknessb, mean 2.504 1.714 < 0.0001

aEducation divided into subgroups: 1 – lower secondary school leaving certi!cate. 2 – intermediate school leaving certi!cate. 3 – higher education entrance quali!cation (A-levels). 4 – higher 

education entrance quali!cation (A-levels) plus apprenticeship. 5 – higher education entrance quali!cation (A-levels) plus any kind of university education.
bScale of 1–6 (equivalent to German school grades with 1 being the best and 6 being the worst possible outcome).
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FIGURE 1

(A) MoCA baseline results. All scores below the black line (26 and below) indicate cognitive impairment. (B) Baseline results of the SDMT (converted to 

zSDMT). The dotted line illustrates the cut-o! at −1 and the solid line the cut-o! at −1.65. (C) MoCA results of all participants tested positive for SARS-

CoV-2 and the negative control group for all 4 testing points. All scores below the line (26 and below) indicate cognitive impairment. (D) zSDMT-score 

of the participants tested positive for SARS-CoV-2 and the control group for all 4 testing points. The dotted line illustrates the cut-o! at −1 and the 

solid line the cut-o! at −1.65. (E) Baseline results of SARS-CoV-2 positive participants and the negative control group for the BDI-FS. For interpretation 

the manual suggests scores 10–21 are indicative of severe depression, moderate (7–9), mild (4–6) and minimal depression (0–3). (F) Baseline results of 

SARS-CoV-2 positive participants and the negative control group for the BFI. Scores are categorized as mild (1–3), moderate (4–6), and severe (7–10). 

A global fatigue score can be found by average score obtained on each test item. (G) Performance of SARS-CoV-2 positive participants and the 

negative control group for baseline testing and all follow-ups for the BDI-FS. (H) Performance of SARS-CoV-2 positive participants and the negative 

control group for baseline testing and all follow-ups for the BFI.
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FIGURE 2

(A) Spearman correlation at baseline examination of BDI-FS and BFI. Linear regression with 95% confidence intervals, spearman rho and p values are 

provided. Higher scores in BDI-FS und BFI indicate more severe depression and fatigue, respectively. (B) Spearman correlation at baseline examination 

of zMoCA and BDI-FS. Linear regression with 95% confidence intervals, spearman rho and p values are provided. Z-values of < −1 are considered an 

indication of impaired information processing speed, z-values < − 1.65 as an indication of clinically relevant cognitive dysfunction. (C) Spearman 

correlation at baseline examination of MoCA and zSDMT. Linear regression with 95% confidence intervals, spearman rho and p values are provided. All 

MoCA-scores below 25 indicate cognitive impairment. (D) Spearman correlation at baseline between zMoCA and zSDMT. Linear regression with 95% 

confidence intervals, spearman rho and p values are provided.

MoCA Z-scores at baseline and a!er 3 and 6 months. Similar to the 

results obtained with the raw MoCA scores, a signi"cant di#erence 

(p < 0.001) (Figure 1C) was found between the two groups at the 

second examination a!er 4 weeks. %e mixed e#ects linear model 

analysis revealed a signi"cant e#ect of time since baseline (p = 0.001) 

on the MoCA values while SARS-CoV-2 status, age, sex and education 

level did not (p = 0.146, p = 0.077, p = 0.053 and p = 0.264, respectively).

Results of the BFI and BDI-FS examination

%e test for normal distribution showed that both the BFI and the 

BDI-FS are not normally distributed.

We observed a signi"cant di#erence between SARS-CoV-2 positive 

and negative subjects in BFI test scores at baseline (p < 0.0001) 

(Figure 1F). In the "rst follow-up a!er 4–6 weeks (p = 0.08), the second 

follow-up a!er 3 month (p = 0.69) and the "nal follow-up a!er 6 month 

(p = 0.28) no signi"cant di#erences between the two groups were 

detected (Figure 1H). %e SARS-CoV-2 positive subjects revealed higher 

mean scores at baseline with a mean of 3.2 (SD = 1.3), decreasing to a 

mean of 1.8 (SD = 1.6) at the last follow-up a!er 6 months. In comparison, 

the control group achieved a mean value of 1.5 (SD = 1.3) at baseline, 

which was consecutively reduced to a mean of 1.3 (SD = 1.5) a!er 

6 months. For the BDI-FS, the SARS-CoV2 positive and negative groups 

did not di#er (Figures 1E,G) Similarly, the SARS-CoV-2-positive subjects 

achieved higher mean scores at baseline, decreasing from a mean of 1.3 

(SD = 2.1) to a mean of 0.6 (SD = 1.5) at the last follow-up at 6 months. 

%e mean values of the negative control group were similar, but still 

moderately lower, with a mean of 0.8 (SD = 1.4) at baseline examination 

and a mean of 0.4 (SD = 1.2) at the last follow-up a!er 6 months.

%e mixed e#ects linear model analysis revealed no signi"cant 

e#ects of SARS-CoV-2 status, age, time, sex and education level since 

baseline on the BDI-FS values (p = 0.347, p = 0.745, p = 0.400, p = 0.805 

and p = 0.198 respectively). However, the mixed e#ects linear model 

analysis revealed signi"cant e#ects of SARS-CoV-2 status (p < 0.05) 

and time (p = 0.035) since baseline on the BFI values while age, sex and 

education level did not (p = 0.638, p = 0.561 and p = 0.301 respectively).

Correlation analyses

%e Spearman correlation between the zSDMT and MoCA scores 

showed a signi"cant correlation at baseline (ρ = 0.26, p < 0.0001), as well 

as at the second (ρ = 0.32, p < 0.0001), third (ρ = 0.26, p < 0.001) and fourth 

(ρ = 0.2, p < 0.01) follow-up tests (Figure 2C). We performed separate 

Spearman correlation analyses to investigate the associations of zSDMT 
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with zMoCA at the di!erent timepoints: "ey correlated signi#cantly at 

baseline (ρ = 0.2, p < 0.01) (Figure 2D), #rst (ρ = 0.26, p < 0.001) and second 

(ρ = 0.17, p < 0.05) follow-up. However, both groups did not correlate in 

the third follow-up examination a%er six months (ρ = 0.09, p = 0.42). A 

Z-test comparing the correlation coe&cients for the di!erent timepoints 

did not reveal signi#cant di!erences between the timepoints of the 

baseline and the subsequent follow-up examinations.

Furthermore, BDI-FS and BFI correlated signi#cantly with each 

other at all four time points of assessment (Figure 2A).

Z-test analyses revealed no di!erence in correlation coe&cients 

between baseline (ρ = 0.39, p < 0.0001), second (ρ = 0.34, p < 0.0001) 

third (ρ = 0.34, p < 0.0001) and fourth (ρ = 0.46, p < 0.0001) examination. 

In addition, only the baseline examination showed a signi#cant 

correlation between BDI-FS and zMoCA (ρ = −0.21, p < 0.01) and 

between BFI and zSDMT (ρ = −0.18, p < 0.05) (Figure 2B).

Discussion

In contrast to several previous reports, this study focuses on 

non-hospitalized SARS-CoV-2-positive persons. One of the main 

advantages of the POPCOV2 study’s design was the remote testing, 

which the test subjects could easily carry out from home, which 

largely facilitated testing during the acute infectious phase under 

quarantine conditions. Moreover, patients were closely followed-up 

over a period of six months and were compared to a SARS-CoV-2 

negative control group. "is allowed us to investigate several 

important albeit up to now o%en unaddressed aspects. On the one 

side, we compared the cognitive performance of subjects with recent 

positive SARS-CoV-2 PCR tests to negatively tested persons. On the 

other side, the long-term development of fatigue and depressive 

symptoms were prospectively investigated and compared to negative 

controls. Out of a total of 246 test subjects, 146 subjects (61.9%) 

completed all four tests in their entirety. "e third test was achieved 

by 188 test subjects (79.6%). By using validated neuropsychological 

screening procedures our study extends upon previous reports 

focusing on subjective patient reported outcomes (Barilaite 

et al., 2024).

Short cognitive screening tools commonly used to examine minor 

and major neurocognitive impairments a%er COVID-19. 

Comprehensive cognitive examinations of COVID-19 survivors are 

signi#cantly more rare. A recent study presented the results of a 

complete neuropsychological examination of patients with severe 

COVID-19 symptoms who were treated in the intensive care unit and 

then tested by telephone (Whiteside et al., 2021). "e examination 

showed impairments in memory encoding, verbal 'uency, and the 

onset of new psychiatric symptoms such as depression and anxiety. 

Zhou et al. (2020) found that reaction times and alertness had slowed 

in people who had recovered from COVID-19 in China, in a short, 

iPad-based test battery focused on attention and processing speed. 

"is could be related to in'ammatory processes (Zhou et al., 2020). In 

addition, a large online study (N = 81,337) reported cognitive de#cits 

in individuals who reported a con#rmed or suspected COVID-19 

infection, even if they no longer had symptoms and a%er adjusting for 

many confounding factors (Hampshire et al., 2021). "ese results 

suggest persistent cognitive changes in COVID-19 survivors. 

However, despite these #ndings, data on the cognitive pro#le of 

individuals in the chronic phases of recovery are warranted. Such data 

would be  helpful to better understand risk factors for cognitive 

impairment a%er COVID-19 infection, as well as the cognitive areas 

most commonly a!ected.

A large study from Bangladesh with 2,198 participants investigated 

the prevalence of long COVID symptoms and possible associated risk 

factors. In this cohort, the prevalence of long COVID symptoms 

31 weeks a%er diagnosis was 16.1%. Female gender, rural residence, 

previous functional impairment and smoking were identi#ed as risk 

factors for persistence (Hossain et al., 2021). Likewise in Bangladesh, 

persistent COVID-19 symptoms associated with depression were 

investigated in 1002 people using an online questionnaire. Forty-eight 

percent of participants were classi#ed as moderately to severely 

depressed. A multivariate regression analysis revealed that depression 

during COVID-19 was positively associated with lower family income, 

poor health and sleep disturbances (Islam et al., 2021). In Wuhan, 

China, a study investigated the 1-year course of cognitive changes in 

older COVID-19 survivors. A total of 1,438 COVID-19 survivors and 

438 control subjects were included in the #nal follow-up. Cognitive 

changes during the #rst and second 6-month follow-up periods were 

assessed using the Informant Questionnaire on Cognitive Decline in 

the Elderly and the Telephone Interview on Cognitive Status, 

respectively. In this cohort study, COVID-19 survival was associated 

with an increased risk of long-term cognitive decline (Liu et al., 2022).

Furthermore, including a PCR-negative control group allowed 

us to investigate the bias resulting from a voluntary population-

based recruitment. Very similar to the results of the recently 

published cognitive results of the REACT study (Hampshire et al., 

2024) we observed similar mild cognitive impairment in the SARS-

CoV-2 positive subjects as in the negative controls. We  found 

cognitive de#cits in the MOCA in 20.4% of the positive subjects at 

baseline. "e rate of patients with cognitive de#cits then 

continuously decreased a%er 4 to 5 weeks (19.9%), to 12.3% a%er 

10 to 12 weeks and #nally only 5.4% a%er 6 months in SARS-CoV-2 

positive subjects.

However, in the control group, the rate of subjects with cognitive 

de#cits also continuously declined. It has to be mentioned, that the 

control group in our study started at a lower level of cognitive 

impairment at baseline, which did, however, not di!er signi#cantly 

from the SARS-CoV-2 positive subjects for most timepoints. "is 

assumption is supported by the fact that the di!erences between the 

two groups did reach signi#cance at the second follow up. 

We acknowledge that our study may have been underpowered to 

detect these subtle di!erences. We assume that our control group with 

SARS-CoV-2 negative subjects contains a substantial number of 

patients with infections other than SARS-CoV-2, which may also 

be  associated with cognitive de#cits. "is is in line with our 

observation that also the SARS-CoV-2 negative control group 

ameliorated over time. Our #ndings, therefore, suggest that other 

respiratory infections also lead to a cognitive impairment. A narrative 

literature review shows the e!ects of COVID-19, but also of six other 

acute viral infections (HSV-1, VZV, JEV, WNV, In'uenza A and B), 

on human cognition. Various viral pathogens have been shown to 

impair human cognition through di!erent pathogenetic mechanisms. 

Some of these pathogens can cause long-term cognitive impairment, 

including parenchymal brain damage due to direct CNS infection or 

indirect mechanisms leading to impaired brain function, such as 

hypercoagulable states and neuroin'ammation (Damiano 

et al., 2022).
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!e rather high rate of cognitive impairment in the SARS-CoV-2 

negative control group may be an indicator for a relevant recruitment 

bias, since people with subjective cognitive impairment may have been 

more likely to feel attracted to participation in the study. In consequence 

of the restrictions and limitations during the COVID-19 pandemic our 

study has some limitations: !e test setting only allowed for a brief 

cognitive assessment using screening tests. A personalized 

comprehensive cognitive examination was not feasible. Furthermore, 

we were not able to control for typical sources of bias: We could not 

assure that all participants were examined at the same time of the day 

and we could not control the setting and environment of cognitive 

testing (e.g., distraction resulting from the environment during remote 

home testing). !ese sources of bias were, however, identical for positive 

and negative subjects. It is also important to point out that, despite the 

use of alternating questionnaires, the improvement of the test subjects 

during the course of the measurements could be attributed to a learning 

e#ect, e.g., by adapting the strategy for completing the task (Vaniprabha 

et al., 2022). !erefore, symptom improvement is not necessarily the 

only factor responsible for a better test result at follow up. In order to 

minimize potential learning e#ects we have used alternative versions of 

the SDMT and MOCA. However, in line with previous studies (Méndez 

et al., 2021; Panagea et al., 2024; Vyas et al., 2022) the performance of 

the both positive and negative group ameliorated over time, which may 

be  suggestive of learning e#ects linked to retesting. !ese could 

be explained, e.g., by optimizing the strategy to solve the SDMT and 

MOCA tasks. An alternative and/or additional explanation for the 

cognitive improvement observed in our study could be the fact that 

both the SARS-CoV-2-positive and the negatively tested subjects 

reported $u-like symptoms during the %rst assessment. It is more than 

reasonable to assume that the cognitive performance increased with the 

decrease of such symptoms. One of the main advantages of the 

POPCOV2 study’s design was the remote testing, which the test subjects 

could easily carry out from home, which largely facilitated testing 

during the acute infectious phase under quarantine conditions.

In consequence of the restrictions and limitations during the 

COVID-19 pandemic our study has some limitations: !e test setting 

only allowed for a brief cognitive assessment using screening tests. A 

personalized comprehensive cognitive examination was not feasible. 

We were not able to control for typical sources of bias: We could not 

assure that all participants were examined at the same time of the day 

and we could not control the setting and environment of cognitive 

testing (e.g., distraction resulting from the environment during 

remote home testing). !e educational level of the participants of our 

study was higher than that of the general population in Germany and 

thus not representative regarding this aspect. However, these sources 

of bias were identical for the SARS-CoV-2 positive and negative 

subjects. Furthermore, we report not only the raw values but also 

z-scores of our cognitive test data (see Supplementary data for 

zMOCA), which adjust the values to the performance of healthy 

controls with a similar level of education, age and sex. Even if our test 

subjects have a higher level of education, some of them were 

cognitively impaired in comparison to healthy controls of similar 

education, age and sex.

Another limitation of our study is that we only asked the subjects 

about their mother tongue and nationality, but not about their 

ethnic background.

Overall, the present study did not reveal evidence of cognitive 

impairment in the SARS-CoV-2 positive subjects with mild 

respiratory symptoms compared to a matched control group from 

the same population. At the same time, our study did reveal 

signi%cant di#erences regarding fatigue and depression in SARS-

CoV-2 positive subjects during the acute phase of infection. !us, 

it is reasonable to assume, that the fatigue reported by SARS-

CoV-2 positive patients is not simply related to exhaustion in the 

context of cognitive impairment but may, instead, be linked to or 

associated with depressive symptoms. At the same time, the 

depressive symptoms and fatigue might have in$uenced the rather 

high rates of MoCA and SDMT scores below the cut-o# at baseline. 

!is would also explain the improvement of these scores in the 

long-term analysis since we also observed an improvement in the 

results of BDI-FS and BFI.

Our results support previous evidence that mild SARS-CoV-2 

infections are associated with increased fatigue (Rao et  al., 2021; 

Hartung et  al., 2022). Our %nding of relevant rates of cognitive 

impairment also in the negative control group demonstrates the 

importance of including a control group in such investigations, which 

is in line with previous reports (Quan et al., 2023). In conclusion, our 

results support previous evidence that mild SARS-CoV-2 infections 

are associated with increased fatigue. !e %nding of our cognitive 

testing demonstrating relevant rates of cognitive impairment also in 

the negative control group demonstrates the importance of including 

a control group in such investigations.
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Diskussion 

Die vorliegende prospektive, bevölkerungsbasierte Längsschnittstudie untersuchte den Verlauf der 

kognitiven Leistungsfähigkeit sowie der Fatigue- und Depressionssymptomatik bei Erwachsenen 

mit und ohne laborbestätigte SARS-CoV-2-Infektion unter ausschließlicher Anwendung 

videogestützter Testverfahren14. Die Ergebnisse zeigen, dass SARS-CoV-2-positive Proband:innen in 

der Frühphase nach Infektion signifikant höhere Fatigue- und Depressionswerte aufwiesen als die 

PCR-negative Kontrollgruppe 15, 16, jedoch über den Beobachtungszeitraum von sechs Monaten 

keine persistierenden oder progredienten kognitiven Defizite im Vergleich zur Kontrollgruppe 

nachweisbar waren1. Beide Gruppen zeigten eine deutliche Verbesserung der kognitiven 

Testleistungen im Verlauf, was auf eine generelle Erholung unabhängig vom Infektionsstatus 

hinweist17, 18. Diese Befunde stehen im Einklang mit mehreren aktuellen Studien, die ebenfalls eine 

erhöhte subjektive Belastung durch Fatigue und psychische Symptome nach SARS-CoV-2-Infektion, 

jedoch keine langfristig messbaren kognitiven Einschränkungen in ambulanten Kohorten 

nachweisen konnten19. Im Gegensatz zu früheren Untersuchungen, die vor allem hospitalisierte 

Patient:innen mit höherem Schweregrad der Akuterkrankung einschlossen und teils persistente 

kognitive Defizite berichteten 20 21 22, fokussiert sich die vorliegende Arbeit auf eine primär nicht 

hospitalisierte Kohorte. Der mildere Krankheitsverlauf könnte eine entscheidende Rolle in der 

rascheren kognitiven Erholung spielen. Ein zentraler Befund der Studie ist die signifikante 

Korrelation zwischen Fatigue- und Depressionswerten und reduzierter kognitiver Leistungsfähigkeit 

zu Studienbeginn. Dieser Zusammenhang schwächte sich im Verlauf ab und war am Endzeitpunkt 

nicht mehr signifikant. Diese Beobachtung legt nahe, dass affektive und somatische Belastungen, 

möglicherweise verstärkt durch pandemiebedingte Stressoren, einen relevanten Einfluss auf die 

subjektiv und objektiv erfassbare kognitive Leistungsfähigkeit haben23. Dieses Ergebnis deckt sich 

mit Forschungsergebnissen aus anderen Kontexten, in denen Fatigue und depressive Symptome als 

mediierende Faktoren zwischen Belastungserlebnissen und kognitiver Leistung beschrieben 

wurden. Interessanterweise zeigte auch die PCR-negative Kontrollgruppe zu Studienbeginn in 

einem relevanten Anteil kognitive Auffälligkeiten, was verschiedene Ursachen haben könnte. 

Neben einem möglichen Rekrutierungsbias – symptomatisch belastete Personen dürften eher zur 

Studienteilnahme motiviert gewesen sein – sind psychosoziale Auswirkungen der Pandemie zu 

berücksichtigen 24. Einschränkungen sozialer Kontakte, veränderte Arbeitsbedingungen, 

ökonomische Unsicherheiten und allgemeiner pandemiebedingter Stress können kognitive 

Funktionen beeinträchtigen, selbst ohne direkte virale Schädigung des zentralen Nervensystems 25. 

Die signifikante Leistungssteigerung in beiden Gruppen im Studienverlauf spricht dafür, dass es sich 

bei den festgestellten kognitiven Beeinträchtigungen um temporäre Phänomene handelt17, 26 18. 

Pathophysiologisch könnten reversible neuroinflammatorische Prozesse, vorübergehende 

vaskuläre Dysfunktionen oder nicht-spezifische Effekte systemischer Erkrankung beteiligt sein. 

Ebenso ist nicht auszuschließen, dass die Verbesserung zumindest teilweise auf einen Lerneffekt 

durch wiederholte Testungen zurückzuführen ist 27. Gleichwohl wurden in dieser Studie etablierte 

kognitive Tests mit geringem Retesteffekt eingesetzt, was die Wahrscheinlichkeit signifikanter 

Übungseffekte reduziert. Das Studiendesign weist mehrere Stärken auf. Besonders hervorzuheben 

ist der bevölkerungsbasierte Ansatz, der eine breitere Repräsentativität gewährleistet als rein 

klinikbasierte Kohorten. Die hohe Retentionsrate über sechs Monate ermöglichte eine methodisch 

belastbare Längsschnittauswertung. Zudem stellt die videogestützte Durchführung der Testungen 

eine pandemietaugliche, standardisierte und geografisch flexible Methode dar, die auch zukünftig 

für telemedizinische oder epidemiologische Studien von Bedeutung sein könnte. Dennoch 

bestehen Limitationen. Der Anteil milder Krankheitsverläufe limitiert die Übertragbarkeit der 
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Ergebnisse auf schwerere COVID-19-Verläufe. Die Selbstselektion der Teilnehmenden könnte zu 

einer Verzerrung hinsichtlich Symptomlast und Gesundheitsbewusstsein geführt haben. Ferner 

wurden ausschließlich Screeningtests eingesetzt, die sensitiv für globale kognitive Defizite sind, 

jedoch subtile oder domänenspezifische Beeinträchtigungen unter Umständen nicht erfassen20. 

Schließlich ist die Möglichkeit nicht auszuschließen, dass psychosoziale Faktoren einen größeren 

Einfluss auf die kognitive Leistungsfähigkeit hatten als die Infektion selbst 25. 

Zusammenfassend legen die Ergebnisse dieser Arbeit nahe, dass milde SARS-CoV-2-Infektionen 

zwar mit einer erhöhten subjektiven Fatigue- und Depressionsbelastung in der Frühphase 

einhergehen, jedoch keine langfristigen messbaren kognitiven Defizite im Vergleich zu einer PCR-

negativen Kontrollgruppe verursachen14. Die beobachtete Verbesserung der kognitiven Funktionen 

über die Zeit deutet auf eine vollständige oder weitgehende Erholung hin. Diese Erkenntnisse sind 

insbesondere für die Beratung und klinische Betreuung postakut genesener COVID-19-

Patient:innen von Bedeutung, da sie eine insgesamt günstige Prognose der kognitiven 

Leistungsfähigkeit in ambulanten Kohorten nahelegen. 
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