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Common mechanistic factors of infection-associated chronic illnesses: 

immune dysregulation - autoimmunity (18`)



• Post Covid Syndrome and ME/CFS

• Evidence for autoimmunity
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„Long Viruses/Bacteria“ - Post infectious syndromes (PIS)

Post-polio syndrome

Post-Lyme syndrome

Post-dengue fatigue syndrome

Post-chikungunya chronic inflammatory joint disease

Guillain Barre syndrome

Glandular fever chronic fatigue syndrome

Post Covid





„classical diseases“ 
cardiovascular

diabetes mellitus
autoimmune diseases

and many others

Post COVID Syndroms:
• fatigue/exertion intolerance/PEM
• cognitiv, pain, orthostatic symptoms a.o.

ME/CFS
CCC

PoTS
orthostatic 
hypotonia

ME/CFS
IOM

Spectrum of Post COVID conditions
(WHO definition symptoms >3 month and impairement in daily activities)

Al-Aly Z et al 2022



o at least moderate fatigue + exertional intolerance 
o at 6 months
o no evidence for other disease
o not hospitalized
o ME/CFS in 50% of patients  (Can Consensus Criteria)

follow- up - 18 months:

ME/CFS as part of Post COVID syndroms

Legler F et al, medRxiv, 2023



ME/CFS (ICD G93.3) 
Myalgic Encephalomyelitis/ Chronic Fatigue Syndrome

ME/CFS 

"brain fog“

exertion intolerance
Post exertional malaise 

(PEM)

sleep
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orthostatic
intolerance

EBV
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• Post Covid Syndrome and ME/CFS

• Evidence for autoimmunity



Systems-level visualization of the complexity of Long COVID and its pathogenesis

Perumal et al. Long COVID: a review and proposed visualization of the complexity of long COVID. Front Imm 2023

Risk factors mechanism symptoms



Endothelial 
disease

hypoperfusion
microclots

Inflammation
AutoimmunitySARS-Cov2 persistence

EBV reactivation

Mechanism of Post COVID Syndroms and MECFS

ME/CFS
PCS

• Ahamed J, Lawrence J. Long COVID endotheliopathy: hypothesized 
mechanisms and potential therapeutic approaches. J Clin Invest, 2022

• Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major findings, 
mechanisms and recommendations. Nat Rev Microbiol. 2023

early



ME/CFS – Post Covid Syndrome 
- evidence for autoimmunity (AI)

post inf ME/CFS PCS subset
Family history of AID review: Sotzny F 2018

Comorbidity of AID review: Sotzny F 2018 review: Sharma C, 2023

Potential auto (mimicry) sequences EBV Sepulveda N, 2022 Spike Nunez-Castilla 22

EBV as (co-) trigger yes yes Su et al 2022

AI genetic risk factors various Hajdarevic R, 2022

AI immune risk factors Igl/MBL def Gunther S 2016 MBL def Kedor C, 2022

Autoantibodies correlating with 
symptom severity

GPCR
Fujii H, 2020, Kimura Y 2023

Sotzny F 2022

ANA Son K, 2023
RAS proteins/rec.
CNS Franke C 2022

Alterations in memory B cells/
B cell receptor skewing

Sato W, 2021
Milimojevic M, 2020

Castleman MJ 2022 
Woodruff MC, 2022

Efficacy of AAB targeting IVIG, IA, endoxan, 
CD20/38 depletion

Fluge O, 2021

IVIG, IA
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n= 106, median age 57, months 3 - 12

Son K, Jamil R, Chowdhury A, et al. Eur Respir J 2022



n= 50, median 250 days post Covid



L. Casciola-Rosen, 2020
A.I. Rodriguez-Perez, 2021
Arthur JM, 2021
Cabral-Marquez, O, 2022
Briquez PS, 2022

Autoantibodies against RAS in COVID



vaccinated mice



Chronic Fatigue Syndrome – Autoantibodies 

AGTR1 and CXCR3 AAB strongest association with disease severity 

Autoantibodies targeting GPCRs and RAS-related molecules associate 

with COVID-19 severity. Cabral-Marques O, et al. Nat Commun. 2022 

Variable importance score                              



• natural autoantibodies (1)

• correlation of AAB levels to GPCR with symptom severity in various diseases (1)

• ß adrenergic and muscarinic receptor antibody levels correlate with symptom severity 
and CNS alterations (MRI) in ME/CFS (2-4)

• ß2 adrenergic receptor antibody function is impaired in ME/CFS (5)

GPCR Autoantibodies

1. Cabral-Marques O, et al. Autoantibodies targeting G protein-coupled receptors: An evolving history in autoimmunity. Report of 
the 4th international symposium. Autoimmun Rev. 2023

2. Freitag H, et al. Autoantibodies to Vasoregulative GPCR correlate with Symptom Severity, Autonomic Dysfunction and Disability 
in ME/CFS. J Clin Med. 2021

3. Fujii H, Sato W, Kimura Y, et al. Altered structural brain networks related to adrenergic/muscarinic receptor autoantibodies in 
chronic fatigue syndrome. J Neuroimaging. 2020

4. Kimura Y et al. Free water corrected diffusion and adrenergic/muscarinc antibodies in ME/CFS, J Neuroimgaging 2023
5. Hartwig J,et al. IgG stimulated β2 adrenergic receptor activation is attenuated in patients with ME/CFS. Brain Behav Immun 

Health. 2020



Correlation of GPCR antibody levels with symptom severity in 
postinfectious (non-COVID) and post COVID ME/CFS

*Freitag H. et al. JCM 2021 Sotzny F. et al. Frontiers Immunology, 2022

• Postinf ME/CFS (black/striped)

• Non-postinf ME/CFS (grey)
• Post COVID ME/CFS month 6 – 9

• Post COVID non-ME/CFS

n= 2x40, median age 43, 7 months diseae durationn= 86/39, median age 43, 4 years disease duration



Chronic Fatigue Syndrome – Autoantibodies 

Correlation of GPCR autoantibodies with Raynaud syndrome
 in Post Covid ME/CFS

Correlation of  ß2R, M3 AchR with Raynaud symptoms 
in Post COVID ME/CFS but not non-ME/CFS PCS

Sotzny F, et al Autoantibodies targeting GPCRs and RAS-related molecules are 
dysregulated in PCS and correlate with symptom severity, Frontiers Immunology, 2022

• Black post COVID ME/CFS
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First evidence for efficacy of  immunoadsorption in 
postinfectious ME/CFS

21



primary response
SF-36PF > 10 week 4 

Inclusion criteria
• Age 18-65 

• Post COVID ME/CFS 
Canadian Consensus 
Criteria (CCC)

• elevated ß2 adrenergic 
receptor autoantibodies

• Immunoadsorption with 
TheraSorb® for 5 days

PF* = physical function

responder =
repeat IA

Primary endpoint:
SF-36 PF* > 10 points at week 4

IA1 IA2 IA3

Repeat Immunoadsorption in PC ME/CFS

Interim 4/23: n=  7/10 responder





https://cfc.charite.de



• A subset of PCS has ME/CFS

• Evidence for a role of autoantibodies in PCS and ME/CFS

• Treatment studies targeting AAB are warranted

     Summary
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