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Abstract 

Introduction  Post-COVID-19 Syndrome (PCS) includes neurological manifestations, especially fatigue and cogni-
tive deficits. Immune dysregulation, autoimmunity, endothelial dysfunction, viral persistence, and viral reactivation 
are discussed as potential pathophysiological mechanisms. The post-corona-virus immune treatment (PoCoVIT) 
trial is a phase 2a randomized, controlled, double-blind trial designed to evaluate the effect of methylprednisolone 
versus placebo on cognitive impairment in PCS. This trial is designed based on the hypothesised autoimmunological 
pathogenesis and positive aberrations, employing a series of off-label applications.

Methods  Recruitment criteria include a diagnosis of PCS, a minimum age of 18 years and self-reported cognitive 
deficits at screening. A total of 418 participants will be randomly assigned to either verum or placebo intervention 
in the first phase of the trial. The trial will consist of a first trial phase intervention with methylprednisolone versus pla-
cebo for six weeks, followed by a six-week treatment interruption period. Subsequently, an open second phase 
will offer methylprednisolone to all participants for six weeks. Outpatient follow-up visits will take place two weeks 
after each trial medication cessation. The third and final follow-up, at week 52, will be conducted through a telephone 
interview. The primary outcome measures an intra-patient change of 15 or more points in the memory satisfaction 
subscale of the Multifactorial Memory Questionnaire (MMQ) from baseline to follow-up 1 (week 8). Key second-
ary outcomes include long-term intra-patient changes in memory satisfaction from baseline to follow-up 2 (week 
20), changes in other MMQ subscales (follow-up 1 and 2), and changes in neuropsychological and cognitive scores, 
along with assessments through questionnaires focusing on quality of life, fatigue, and mood over the same periods. 
Exploratory outcomes involve molecular biomarkers variations in serum and cerebrospinal fluid, as well as structural 
and functional brain magnetic resonance imaging (MRI) parameters changes related to cognition.
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Introduction
In late 2019, a new strain of the coronavirus-family, 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), emerged. It spread rapidly around the world and 
precipitated the Coronavirus Disease 2019 (COVID-19) 
pandemic, thereby significantly impacting global pub-
lic health [13]. Consequently, many patients continue to 
experience protracted symptoms, commonly referred to 
as ‘long-COVID’ or post-COVID-19 syndrome (PCS), a 
condition that poses a substantial burden to society. PCS 
exhibits an overall estimated prevalence ranged from 7.5 
to 41% in non-hospitalized adults and 37.6% in hospital-
ized adults [18]. The manifestation of PCS is more com-
mon among younger and female patients [3, 6]. PCS is 
defined by the WHO as a persistent condition, lasting at 
least three months after infection with broad spectrum of 
symptoms which may affect all organ systems and impair-
ing daily activity [22]. Cardinal neurological symptoms 
include fatigue and cognitive deficits [5], which impose a 
significant impact on quality of life [22]. Patients report a 
range of cognitive deficits such as concentration difficul-
ties, word-finding difficulties, memory lapses, attention 
problems and “brain fog”. Systematic neuropsychological 
assessments reveal deficits in processing speed, executive 
function, phonemic fluency, category fluency, and mem-
ory encoding [2].

Pathophysiological mechanisms underlying the devel-
opment of PCS and persistent neurological manifesta-
tions following SARS-CoV-2 infection revolve around 
ongoing viral persistence and direct viral invasion, 
reactivation of latent herpesviridae, endothelial/micro-
circulatory dysfunction, neuroinflammation, and auto-
immunological processes [9, 15, 16, 21]. These potential 
pathomechanisms involve the overactivation of the 
immune system, characterized by hyperinflammation 
and cytokine release. A notable contributor is the post-
viral induction of autoimmunity, a well-established 
mechanism observed in other diseases [16, 21], along-
side molecular mimicry, where anti-pathogen antibodies 
cross-react with host proteins [19].

Based on previous findings, we propose that SARS-
CoV-2 triggers an immune response resulting in a dys-
regulated autoimmune system involving both cellular 

and humoral components. Preliminary studies of our 
research group have shown an association of neuronal 
antibodies present in both serum and cerebrospinal 
fluid (CSF) and pathological montreal cognitive assess-
ment (MoCA) results in patients with cognitive defi-
cits [9, 16, 21]. Reactive autoantibodies in the central 
nervous system (CNS), detected in both serum and 
CSF during SARS-CoV-2 infection, have been consist-
ently observed in a significant proportion of patients [7, 
10, 12, 17]. While the role of biomarkers as indicators 
for CNS damage or involvement in pathophysiological 
processes remains challenging, they represent potential 
targets for immunosuppressive treatment. The ration-
ale behind an autoimmune genesis hypothesis suggests 
that methylprednisolone could be a viable treatment 
approach. This well-established anti-inflammatory 
glucocorticoid has proven efficacy in treating various 
diseases suspected to have an autoimmune aetiology, 
characterized by inflammatory changes or immune 
overactivity. Examples include multiple sclerosis, 
chronic inflammatory demyelinating polyradiculoneu-
ropathy, and steroid-responsive autoantibody related 
encephalitis [14]. While some of these diseases can be 
cured completely with corticosteroids, others require 
repeated pulse therapy. There are several controlled 
trials that employ corticosteroids, particularly methyl-
prednisolone, at similar doses for autoimmune neuro-
logical diseases [8, 24]. The use of glucocorticoids has 
been explored in acute SARS-CoV-2 infections associ-
ated with an excessive inflammatory response [1, 11]. 
Methylprednisolone holds promise in disrupting vari-
ous immunological triggers, presenting a well-known, 
generally well-tolerated, cost-effective, and widely 
available therapeutic option [14]. Our data indicates 
that off-label administration of methylprednisolone 
resulted in subjective improvements and enhanced per-
formance on neuropsychological tests in a high propor-
tion of PCS patients with CSF autoantibodies (data in 
preparation). This underscores the potential efficacy 
of the chosen treatment approach within this specific 
patient cohort. To date, no randomized, placebo-con-
trolled trials have examined the effects of methylpred-
nisolone in patients with PCS primarily characterized 
by cognitive deficits.

Perspective  This trial aims to contribute novel evidence for treating patients with PCS, with a primary focus on those 
manifesting cognitive deficits. By doing so, it may enhance comprehension of the underlying pathophysiologi-
cal mechanisms, thereby facilitating biomarker research to advance our understanding and treatment of patients 
with PCS.

Keywords  Post-COVID, Long-COVID, Glucocorticoids, Treatment, Methylprednisolone, Placebo-controlled trial 
protocol, Pathophysiology
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Methods
Objective of the trial
The post-corona-virus immune treatment (PoCoVIT) 
trial aims to examine the effect of methylprednisolone 
versus placebo in patients with cognitive deficits in PCS 
syndrome in a randomized controlled double-blind trial. 
Additionally, the trial includes exploratory research to 
identify potential biomarkers, given the frequent occur-
rence of CNS reactive autoantibodies in the serum and 
CSF of patients with PCS, particularly those with neuro-
logical symptoms such as cognitive deficits. The PoCoVIT 
trial may enhance our understanding of treatment strate-
gies, thereby improving patient care. Simultaneously, it 
contributes to biomarker research advancing our under-
standing of the disease’s pathomechanisms. The objec-
tive is not only to demonstrate improvements in clinically 
relevant and qualitative patient-oriented measures from 
baseline to week 8 but also to establish correlations 
between these measures and objective antibody-related 
mechanistic indicators derived from baseline CSF, neu-
roimaging, and biomarkers. The second treatment phase, 
wherein all patients receive methylprednisolone will pro-
vide further insights into whether repetitive corticoster-
oid pulse therapy proves beneficial in symptom control 
among patients with PCS.

Trial description and design
The PoCoVIT trial is a prospective, single centre trial 
(OECD category 2) employing a randomized, dou-
ble blind, placebo-controlled, 2-arm parallel-group 
design. Patients with predominantly cognitive deficits 
are enrolled. Figure 1 provides an overview of the main 
trial procedures. Methylprednisolone serves as the 
active treatment (verum), and our hypothesis centres on 
achieving clinically significant improvement following its 
administration. The primary endpoint is the intra-patient 
change in Multifactorial Memory Questionnaire (MMQ) 
subdomain memory satisfaction by ≥ 15 points from 
baseline to week 8 [25].

Eleven trial visits, detailed in Table  1, including 
screening, are planned for each patient. The total trial 
duration for each participant is one year, including two 
treatment phases, each consisting of 4 weeks of treat-
ment followed by 2 weeks of tapering.

Patients receive trial information and undergo screen-
ing before enrolment. At baseline 1 (B1), participants 
are scanned using cerebral MRI. At baseline 2 and prior 
to randomization (B2/R), patients complete a neuro-
logical and neuropsychological assessment. Blood and 
optional CSF samples are collected and assessed poten-
tial occurrence of autoantibodies. Selected patients, 
with or without autoantibodies, may be enrolled, fol-
lowing informed consent, in the biomarker and diag-
nostic platform receiving additional blood analyses 
and imaging. The biomarker and diagnostic platforms 
within our centre serve as databases for the identifica-
tion of diagnostic and prognostic markers associated 
with PCS, using both imaging data and blood/CSF sam-
ples. After randomization, treatment phase 1 unfolds 
over six weeks, during which patients are randomly 
assigned to either verum (methylprednisolone) or pla-
cebo treatment. Follow-up 1 occurs two weeks post 
the cessation of trial medication of treatment phase 1. 
After a four-week treatment break, the second treat-
ment phase begins with all patients receiving methyl-
prednisolone for an additional six weeks. Follow-up 2 
occurs two weeks post the cessation of treatment phase 
2. Follow-up 3, scheduled 52 weeks after randomiza-
tion, comprises a telephone interview and patient-com-
pleted questionnaires.

During both treatment phases, each participant 
undergoes safety and monitoring assessments involving 
blood tests and ultrasound examination for exclusion of 
deep vein thrombosis of the lower extremity. Detailed 
documentation of demographic data, medical history, 
and clinical assessments is conducted during the trial 
visits (for details refer to Table 1).

Fig. 1  Flowchart of the post-corona-virus immune treatment (PoCoVIT) trial
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Eligibility criteria
Patients with PCS and cognitive deficits will be recruited 
from the specialised outpatient clinic of the Department 
of Neurology at Charité. Inclusion and exclusion criteria 
for the trial population are comprehensively outlined in 
Table 2. Informed consent from all participants is man-
datory and will be documented after the screening visit, 
ensuring at least a 24-h period before baseline 1.

Arms and intervention
Participants will be stratified based on age (> 50 years 
or ≤ 50 years), sex and cognitive screening assess-
ment results, as determined by the MoCA at baseline 2 
(> 26/30 or ≤ 26/30 points). Randomization will occur in 
a 1:1 ratio, assigning participants to either the verum or 
placebo group. The total intervention duration per par-
ticipant is 20 weeks. The initial six weeks constitute a 

Table 2  Inclusion and exclusion criteria for trial population

IMP, Investigational medicinal product; MMQ, Multifactorial Memory Questionnaire; MRI, magnetic resonance imaging; PCR, Polymerase chain reaction; PCS, Post-
COVID-19 syndrome; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; WHO, World Health Organization

Inclusion criteria

1. History of confirmed (PCR or serology) SARS-CoV-2 infection according to WHO criteria

2. Ongoing symptoms of PCS for ≥ 3 months

3. Self-reported predominant cognitive deficits at screening

4. Male or female adult who is 18 years or older at the time of informed consent

5. Subject is willing, understanding, and able to provide informed consent

6. Signed informed consent prior to initiation of any trial related measure

7. For female subject or diverse subjects:

 (a) Confirmed post-menopausal state, defined as amenorrhea for at least 12 months, or

 (b) If being of childbearing potential:

1. Negative highly sensitive urine or serum pregnancy test before inclusion, and

2. Practicing a highly effective birth control method (failure rate of less than 1%):

 (a) combined (oestrogen and progestogen containing) hormonal

 (b) contraception associated with inhibition of ovulation (oral/intravaginal/ transdermal), or

 (c) progestogen-only hormonal contraception associated with inhibition of ovulation (oral/injectable/implantable), or

 (d) Intrauterine device, or

 (e) Intrauterine hormone-releasing system, or

 (f ) Bilateral tubal occlusion, or

 (g) Vasectomised partner, or

 (h) Heterosexual abstinence

Exclusion criteria

1. Any ongoing central nervous system disease

2. Any major psychiatric disease within the last 10 years

3. Previous medical history of gastric ulcer, osteoporosis and/or previous vertebral fractures, rheumatological disease or metabolic disease includ-
ing diabetes mellitus

4. Ongoing immunosuppressive therapy

5. Patient is pregnant or breastfeeding at screening

6. MMQ memory satisfaction subdomain > 50 points at Screening

7. Current malignant disease (including space-occupying brain tumours)

8. Body weight < 45 kg

9. Severe lactose intolerance

10. Participation in another clinical interventional trial within the last 3 months or five half-lives of the other trial’s IMP, if longer than 6 months previous 
to informed consent

11. Patient is institutionalized by order of court or public authority

12. Patient who might be dependent on the sponsor, the investigator or the trial site

13. Place of living does not allow the subject to attend the planned study visits

14. Other conditions that are likely to affect the safety of the study treatment (e.g., severely impaired immune status)

Additional exclusion criteria for MRI assessments

1. Pacemaker

2. Metal implants and other objects that are not proven MRI safe (e.g., drug pumps, heart valves, shards, joint prosthesis, hearing aids, stents)



Page 7 of 10Franke et al. Neurological Research and Practice            (2024) 6:16 	

double-blind intervention with a starting dose of body 
weight-adjusted methylprednisolone or matching pla-
cebo. In the verum group, participants receive oral 
methylprednisolone at a dose of approximately 1 mg/kg 
body weight, taken once daily for four weeks followed 
by a two-week tapering phase. Conversely, in the con-
trol group participants receive a matching placebo orally 
once daily for six weeks, adhering to a comparable titra-
tion schedule to maintain blinding. Following the initial 
six-week blinded intervention, a drug-free period of six 
weeks ensues. This is followed by a second, unblinded 
treatment phase lasting the same duration with an equiv-
alent tapering scheme. During this phase, all participants 
receive methylprednisolone Three follow-up visits (week 
8, week 20, and week 52) are scheduled in addition to the 
six safety visits.

Outcome measures
The primary outcome measure is the intra-patient 
change in the MMQ sub-domain memory satisfaction, 
demonstrating an increase of ≥ 15 points from baseline to 
week 8 [25]. Key secondary and safety outcome measures 
include: (a) Intra-patient change in MMQ sub-domain 
memory satisfaction from baseline to week 20 and week 
52, along with changes from week 8 to week 20, and from 
week 20 to week 52 (b). Mean difference in MMQ sub-
domain memory performance and memory strategy from 
baseline to week 8, (c) Intra-patient change in neuropsy-
chological and cognitive scores and quality of life meas-
ures from baseline to week 8 and week 20, and from week 
8 to week 20 (d). Exploratory biomarker-related out-
comes encompass the occurrence and change in molecu-
lar biomarkers in serum and CSF as well as structural or 
functional alterations in imaging of cortical and subcorti-
cal regions and fibre tracts implicated in neurocognitive 
processes.

The assessment of investigational medicinal product 
side effects is conducted through adverse event, seri-
ous adverse event, and suspected or unexpected serious 
adverse reaction reports. Detailed objective measures 
and outcomes are shown in Table 3.

Sample size calculation and statistical analysis
For the PoCoVIT trial, we aim to detect an improvement 
in the MMQ sub-domain memory satisfaction. We con-
sider a change of additional 15 points a clinically relevant 
improvement. Based on our previous data, we anticipate 
this improvement in 15% of the verum group and 5% of 
the placebo group. To achieve 90% power at a significance 
level of α = 0.05, we require 188 patients in each group. 
This calculation uses a two-sample test for proportions 
(z-test with arcsine transformation) in the stats pack-
age of the R statistical computing environment (version 

4.0.2). Assuming a dropout rate of 10%, our recruitment 
target is 209 patients per group, ensuring that 188 par-
ticipants remain after dropout. We, therefore, plan to 
screen 700 patients to enrol the necessary 418, stratified 
by sex, age, and MoCA score.

Since a single primary outcome is selected, no multi-
plicity adjustment is required. Analyses of secondary out-
comes will be exploratory. For the primary outcome, a 
binary logistic regression model will be used, focusing on 
improvement in outcome variables and treatment group 
as main effects, adjusting for stratification variables. 
Odds ratios will be reported with 95% confidence inter-
vals, and an alpha of 0.05 has been set for significance. 
Complete case analysis will be conducted. Where missing 
values exceed 5%, sensitivity analysis will be performed 
using multiple imputation chain equations [4].

Secondary outcomes will be initially analysed descrip-
tively and modelled using appropriate techniques such 
as ANCOVA and logistic models, depending on the 
outcome distributions. The treatment variable will be 
included as the main factor adjusting for stratification 
variables similar to the primary analysis model. Treat-
ment effects will be calculated with two-sided 95% 
confidence intervals, and outcomes will be analysed in 
complete cases analyses. Safety, subgroup and interim 
analyses will be conducted. Statistical analyses will be 
performed using SAS release 9.2 or higher (SAS Institute 
Inc., Cary, North Carolina, USA) and R (www.r-​proje​ct.​
org) version 4.1.2 or higher.

Contacts
The PoCoVIT trial is conducted within the Nationale 
Klinische Studiengruppe (NKSG), a clinical trial and 
translational research platform for the development of 
treatment in PCS and ME/CFS, funded by the German 
Ministry of Education and Research (BMBF) [20].

Perspective
This trial is based on the hypothesis that an immune sys-
tem overactivation triggers sustained hyperinflammation 
and autoantibody production in PCS. Autoantibodies, 
including those against neurotransmitter receptors, 
have been identified in several cohorts of patients with 
PCS [9, 10]. The identification and specification of rela-
tive frequencies are still limited due to the broad spec-
trum of antibodies. Notably, autoantibodies against G 
protein-coupled receptors (GPCRs), particularly ß2- and 
a1-adrenoreceptors, angiotensin II-, muscarinic M2-, 
MAS-, nociception–, and ETA-receptors, have been 
found in sera from PCS patients with neurological and/or 
cardiac symptoms [26]. These autoantibodies correlated 
with symptom severity (e.g., fatigue, vasomotor and cog-
nitive symptoms) in patients with post-acute sequelae of 

http://www.r-project.org
http://www.r-project.org


Page 8 of 10Franke et al. Neurological Research and Practice            (2024) 6:16 

COVID-19 with chronic fatigue syndrome (PACS-CFS) 
[23]. Our findings indicate that autoantibodies target-
ing brain epitopes are common in patients with PCS and 
strongly associated with pathological cognitive screening 
test, especially when detected in CSF [9, 10]. However, 
due to the recent nature of this research, the epitopes and 
nature of these autoantibodies have not yet been fully 
characterized.

Evidence regarding the effect of immunosuppressive 
therapeutics is urgently needed. To date there are no 
proven therapeutic options to treat patients with PCS, 
which imposes a significant burden on individuals, 
society, and the economy. Methylprednisolone, chosen 
as the active treatment in this trial, is a cost-effective 
pharmaceutical with demonstrated clinical effective-
ness in various immune-mediated diseases. Adverse 
effects are well described, and safety visits are sched-
uled accordingly in the PoCoVIT trial. An additional 
major aim of PoCoVIT is to enhance our understanding 

of the pathophysiological mechanisms underlying 
the disease paving the way for potential therapeutic 
approaches. In PCS, the imperative for adequately pow-
ered randomized placebo-controlled trials is evident, 
seeking to replace controversial experimental therapeu-
tic approaches with evidence-based decision making in 
the future.

Abbreviations
B1	� Baseline 1
B2/R	� Baseline 2 and randomization
CNS	� Central nervous system
CSF	� Cerebrospinal fluid
COVID-19	� Coronavirus disease 2019
GPCRs	� G protein-coupled receptors
MRI	� Magnetic resonance imaging
MoCA	� Montreal cognitive assessment
MMQ	� Multifactorial Memory Questionnaire
PoCoVIT	� Post-corona-virus immune treatment
PCS	� Post-COVID 19 Syndrome
SARS-CoV-2	� Severe acute respiratory syndrome coronavirus 2

Table 3  Objectives and Outcomes

AE, adverse event; BDI, beck depression inventory II; CFQ, chandler fatigue scale; FSS, fatigue severity scale; IMP, investigational medicinal product; MMQ, Multifactorial 
Memory Questionnaire; MoCA, Montreal Cognitive Assessment; MRI, magnetic resonance imaging; PROMIS, patient reported outcomes measurement information 
system; SAE, serious adverse event; SDMT, symbol digit modalities test; SF-36, Short form 36 health survey; SUSAR, Suspected unexpected serious adverse reaction

Objective Outcome

Primary

Improvement in memory satisfaction from baseline to week 8 when com-
paring methylprednisolone with placebo in PCS patients

Intra-patient change in MMQ subdomain memory satisfaction by ≥ 15 
points from baseline to week 8

Secondary

Long-term improvement in memory satisfaction from baseline to week 20 
and to week 52

Intra-patient change in MMQ subdomain “memory satisfaction” 
from baseline to week 20, from week 8 to week 20 and from week 20 
to week 52

Improvement in memory ability, and memory strategy Mean difference in MMQ subdomain “memory ability” from baseline 
to week 8 and to week 20 and from week 8 to week 20

Mean difference in MMQ subdomain “memory strategy” to week 8 
and to week 20 and from week 8 to week 20

Improvement in neurocognitive symptoms quantified using neuropsycho-
logical and cognitive scores

Intra-patient change in neuro-psychological and cognitive scores 
(MoCA, neuropsychological test battery, SDMT) from baseline to week 8 
and to week 20 and from week 8 to week 20

Improvement in quality of life Intra-patient change in quantified PROMIS questionnaire and SF-36 
from baseline to week 8 and to week 20 and to week 52 and from week 
8 to week 20

Improvement in fatigue and mood Intra-patient change in fatigue scores (FSS, CFQ) and mood (BDI) 
from baseline to week 8 and to week 20 and to week 52 and from week 
8 to week 20

Key safety

Infections meeting SAE criteria Occurrence of IMP side and adverse effects, assessed with AE, SAE 
and SUSAR reports

Psychiatric complications (depression, euphoria, severe sleep disorders)

Endocrinologic disorders meeting SAE criteria

Exploratory

Biomarker-related: Autoimmune activity, immune status, inflammatory 
biomarkers, complement system

Occurrence and changes in molecular biomarkers

Biomarker-related: Structural changes in the brain and in brain functions Structural and functional alterations in MRI imaging in cortical and sub-
cortical regions and fibre tracts with relevance to neurocognitive 
processes
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