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Topics of today‘s talk
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Immunodeficiencies, autoimmunity and mast cell actviation in Post-COVID 

syndrome and ME/CFS 

Clinical phenotypes and underlying immunological 

pathomechanisms

PAIS and ME/CFS

Relevance of patients‘ subgrouping in PAIS and ME/CFS

https://freepngimg.com/icon/101-45-

minutes



Post-acute infection syndrome (PAIS): an umbrella term
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PAIS

Post-infectious 

orthostatic intolerance 

Reactive arthritis 

MS 

ME/CFS

Post-COVID syndrome

Post-Dengue fatigue syndromeGuillain-Barré syndrome

Post-sepsis syndrome

…and many more

PAIS and ME/CFS



Various triggers of post-acute infection syndromes
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Choutka J et al. Nature Medicine 2022

Following 5–30% of infections (e.g.

20% in Q fever fatigue)

PAIS and ME/CFS



ME/CFS: a subgroup of post-acute infection syndromes 
(PAIS)
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PAIS ME/CFS

Unknown triggers

Traumas

Significant hormonal changes

PAIS and ME/CFS
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Post-COVID Syndrome: A wide variety of symptoms

• Various organ systems affected

• More than 200 symptoms associated with 

Post-COVID syndrome

• Difference in disease presentation in different 

patients

Davis HE et al. Nature Rev Microbiol 2023

PAIS and ME/CFS
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Various organ systems affected in ME/CFS

Arron HE et al. Immunol Front 2024

PAIS and ME/CFS
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Hoffmann K et al. Ms submitted

Interconnected PAIS pathomechanisms

PAIS and ME/CFS

Pathophysiological mechanisms (endotypes) 

and modulators interact → complex 

biological network → shape the diverse PAIS 

phenotypes 

Influences in individual patients on:

• disease severity

• specific manifestation 

• combination of PAIS diseases, syndromes, 

and domains
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http://www.teaching-learning.eu/aktuelles/einzelansicht/article/ects-

grades-hilfsmittel-zur-besseren-vergleichbarkeit-von-noten.html

Studies with non-stratified PAIS cohorts

PAIS and ME/CFS



Considerations for patient 
stratification in PAIS
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Post-exertional malaise: relevance for patient stratification

Hoffmann K et al. Infect Dis Ther 2024

PAIS and ME/CFS
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Gender and age distribution in ME/CFS 
Data from 687 ME/CFS patients from Austria, 

Germany, Northern Italy and Switzerland 

Hainzl A., Rohrhofer J., Schweighardt J. et al. 2024

 DOI: 10.5281/zenodo.12091631

Sex distribution Disease onset (sex distribution)

female female malemale diverse diverse

PAIS and ME/CFS
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Pipper C et al. J Endocrinol Invest. 2024

The relevance of sex and disease severity for patient 
stratification in ME/CFS

Female cohort

Male cohort

Hierarchical cluster analysis of plasma steroid hormone levels

PAIS and ME/CFS



Comorbidities and new symptoms in ME/CFS patients
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Hainzl A., Rohrhofer J., Schweighardt J. et al. (2024) 

DOI: 10.5281/zenodo.12091631

Data from 687 ME/CFS 

patients from Austria, 

Germany, Northern Italy 

and Switzerland 

Comorbidities/symptoms 

(newly diagnosed/acquired 

following ME/CFS diagnosis)
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Immunological comorbidities in ME/CFS patients

16

Eva Untersmayr-Elsenhuber

Hainzl A., Rohrhofer J., Schweighardt J. et al. (2024) 

DOI: 10.5281/zenodo.12091631

Comorbidities/symptoms 

(newly diagnosed/acquired 

following ME/CFS diagnosis)
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Infection-related symptoms in Post-COVID or ME/CFS
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Immunological assessment via 

• a detailed medical history

• lymphocyte subtyping

• evaluation of the humoral immune 

component

• functional immune cell analysis

Recommendations from guidelines

PAIS and ME/CFS



18

Eva Untersmayr-Elsenhuber

Immunological changes following SARS-CoV-2 infection

Kratzer B et al. Allergy 2024

Case-control study

133 COVID-19 patients (rtPCR-confirmed (n = 116) and/or SARS-CoV-2 antibody-confirmed) 

98 uninfected control subjects who had been asymptomatic for the past 10 weeks, with negative 

SARS-CoV-2 antibody test results

Cellular and humoral changes in the immune system up to 10 months after infection 

PAIS and ME/CFS
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Long-term immunological changes following SARS-CoV-
2 infection 

20 months after infectionJiang Z et al. IJID 2025

40,537 patients analysed Changes to the immune 

system

Lymphocyte dysregulation

PAIS and ME/CFS



ME/CFS: Recurrent infections in a group of patients
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Studies show a link between changes in the immune system and the development of 

ME/CFS

CCCFS study: Questionnaire-based study involving people with ME/CFS (n=687)

Skowera A et al. Clin Exp Immunol 2004

Guenther S et al. Hum Immunol 2015

Sotzny F et al. Autoimmune Rev 2018

Rohrhofer J, Milicic M et al. Manuscript in preparation

Recurrent infections prior to ME/CFS onset Affected patients

Influenza 73.7

Other viral illnesses 60.8

Bacterial/parasitic diseases 42.2

Respiratory tract infections 66.7

Gastrointestinal infections 55.3

Urogenital infections 43.1

Some patients developed ME/CFS following COVID 

PAIS and ME/CFS



Prevalence of diagnosed immunodeficiencies in ME/CFS  
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Based on ESID criteria: reduced immune parameters + 

recurrent and/or severe infections

7
%

MBL deficiency

Prevalence in the European population: 

4% (cut-off value <100 ng/mL)

Eva Untersmayr-Elsenhuber

1
7
.
6

%

No prevalence data available

2
.
7
%

Selective IgA deficiency

Prevalence in the European population: 

0.125% – 0.1%

Lutz L. et al. Biomolecules 2021

Approx. 20x 

more common

Approx. 2x 

more common

→ Clustering of 

immunodeficiencies 

in ME/CFS patients 

PAIS and ME/CFS



Results – reduced immune parameters/immune deficiencies
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Possible explanation for the patients’ 

increased susceptibility to infections

Eva Untersmayr-Elsenhuber

Lutz L. et al. Biomolecules 2021

PAIS and ME/CFS



Immunological patient stratification is relevant for post-
infectious diseases
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Rohrhofer J et al. JCM 2024

→ Different disease mechanisms and potential biomarkers 

ME/CFS patients 

after EBV 

Immunodiagnostics: Stratification  

PAIS and ME/CFS



Meta-analysis of NK cell function in ME/CFS
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28 studies and 

55 data points: 

effector-to-target 

cell ratio (E:T)

Significant 

reduction in 

NK cytotoxicity 

in ME/CFS to 

approximately 

half the levels 

seen in the 

healthy control 

group

PAIS and ME/CFS



Autoimmunity and ME/CFS
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CCCFS Study: Analysis of 687 questionnaires completed by ME/CFS patients

Pre-existing conditions After ME/CFS diagnosis

Autoimmune disease 15.7% 29.1%

Rohrhofer J, Milicic M et al. Manuscript in preparation

PAIS and ME/CFS



Autoantibodies in post-COVID patients
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Purified IgG → reaction with human locus coeruleus, thalamus, adrenal gland, and thyroid 

      → cross-reacted with mouse sciatic nerve and meninges

Transfer of total IgG purified from post-COVID patients: 

into mice:

- Induction of fatigue-like behavior, loss of 

balance/coordination, thermal hyperalgesia, small 

fiber nerve damage, and increased pain-related 

neuronal activity, recapitulating patients' symptoms.

Santos Guedes de Sa K et al. Cell 2026

CNS-reactive AABs correlated with several neurological 

symptoms. 

PAIS and ME/CFS



Results – Immune activation/inflammation
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Immune activation

Lutz L. et al. Biomolecules 2021

PAIS and ME/CFS



Immunological associations with PAIS
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14,985 studies were screened; 30 articles were included (n = 5,102 participants; 

833 PIFS/PIFS-like cases, n = 4,269 recovered control participants)

Meta-analysis (11 studies; n = 413 PIFS cases, analysed using random-effects models): PIFS 

cases showed elevated levels of: white blood cell count after 3–6 months, and circulating 

levels of RANTES and TNFα after 6–12 months, compared with control participants who had 

recovered from the same exposure.

PAIS and ME/CFS



Key take home message
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Immunological mechanisms might play a role in PAIS onset and progression

Immune diagnostics are relevant for PAIS patiens with recurrent infections 

and infect-associated symptoms

Relevance of autoimmunity in patients‘ subgroups

PAIS and ME/CFS



Immunological comorbidities in ME/CFS patients
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Hainzl A., Rohrhofer J., Schweighardt J. et al. (2024) 

DOI: 10.5281/zenodo.12091631

Comorbidities/symptoms 

(newly diagnosed/acquired 

following ME/CFS diagnosis)
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The intestinal barrier and Post-COVID syndrome
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Mucus

Epithelial cells

Mucosal immune 

system

M
u

c
o

s
a
l
 
b

a
r
r
i
e
r

Samadi N et al. Ann Allergy Asthma Immunol 2018

Micro-

organisms

PAIS and ME/CFS



The intestinal barrier and Post-COVID syndrome
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Mucus

Epithelial cells

Mucosal immune 

system

M
u

c
o

s
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l
 
b

a
r
r
i
e
r

Samadi N et al. Ann Allergy Asthma Immunol 2018

Micro-

organisms
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Gut health and Post-COVID Fatigue

Study cohort Patient data & sample analysis

Analysis of blood, saliva 

and stool samples

Detailed medical history

versus +

Rohrhofer J et al. Allergy 2025

PAIS and ME/CFS
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Intestinal barrier disorder in Long COVID

Intestinal barrier dysfunction is associated with PCS fatigue

Pre-existing GI 

complaints

SARS-CoV-2 Infection

LBP/

sCD14

IL-33

IL-6

Intestinal barrier disorder in PCS 

fatigue

No pre-existing GI 

complaints

SARS-CoV-2 infection

LBP/sCD14

IL-33

IL-6

Recovery after SARS-CoV-2 

infection

Eva Untersmayr-Elsenhuber

Rohrhofer J et al. Allergy 2025

PAIS and ME/CFS



The intestinal barrier and Post-COVID syndrome
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Mucus

Epithelial cells

Mucosal immune 

system

M
u

c
o

s
a
l
 
b

a
r
r
i
e
r

Samadi N et al. Ann Allergy Asthma Immunol 2018

Micro-

organisms

PAIS and ME/CFS



Specific microbial patterns and long COVID
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Association between gut microbiome composition at baseline and long-term COVID: 

Long-COVID patients: higher levels of Ruminococcus gnavus, Bacteroides vulgatus, less 

Faecalibacterium prausnitzii. Inverse correlation between butyrate-producing bacteria 

(Bifidobacterium pseudocatenulatum, Faecalibacterium prausnitzii and PASC after 6 mo)

Patients without 

Long-COVID: 

microbiota 

recovers after 6 

months 

(comparable 

composition to 

non-COVID 

infected controls)

Liu Q et al. Gut2022

PAIS and ME/CFS
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Microbial changes in Post-COVID and ME/CFS patients

Eva Untersmayr-Elsenhuber

Rohrhofer J et al. Allergy 2025

PAIS and ME/CFS

Genera Blautia and Bacteroides were more 

relatively abundant in patients with fatigue
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Gut microbiome signatures: predicitive markers? 

Comba IY et al. Gut microbes 2026

PAIS and ME/CFS



Immunological comorbidities in ME/CFS patients
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Hainzl A., Rohrhofer J., Schweighardt J. et al. (2024) 

DOI: 10.5281/zenodo.12091631

Comorbidities/symptoms 

(newly diagnosed/acquired 

following ME/CFS diagnosis)
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Allergy-like symptoms increasingly reported after COVID

40

Eva Untersmayr-Elsenhuber

Openclipart.org: Stomach 

pain (#2) by oksmith

PAIS and ME/CFS



Immune response after SARS CoV2 infection
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Inflammation and cell destruction → Release of danger signals 

and alarmins (IL-33, IL-25, TSLP) → Th2 cells and ILC2s activation

Vultaggio A et al. Allergy 2020

→ Activation of additional effector cells

3-9 months after hospital 

discharge following severe 

COVID → significantly 

increased Th2 and Th17 

markers:

• IL-4

• MDC

• TSLP

• IL-17A

• MIP-3α

• IL12/23p40

Ahearn-Ford S et al. Allergy 2021

PAIS and ME/CFS
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Kratzer B et al. Allergy 2024

Dysregulation of the immune system after COVID

Th2 shift 

10 months after COVID

→ Allergies and mast cell 

activation

PAIS and ME/CFS



Are allergies becoming more common after COVID?
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Oh J et al. Nature Comm 2024

Increased risk of developing allergies 

(HR, 1.20; 95% CI, 1.13−1.27) 

espec. asthma (HR, 2.25; 95% CI, 1.80−2.83)  

and allergic rhinitis (HR, 1.23; 95% CI, 1.15−1.32)

Risk of atopic dermatitis and NM allergy after COVID increased only in 

cohort A

Increased risk of allergies after

- severe COVID

- For certain SARS-CoV-2 strains

Risk of allergies reduced by

- vaccinations

PAIS and ME/CFS



Allergies: predisposing for Long COVID?
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Wolff D et al. Clin Trans Allergy 2023

LC increased risk in allergies

Risk of bias

PAIS and ME/CFS



Immunological text book knowledge: Mechanisms of mast 
cell activation
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•AG cross-linking of surface IgE = allergy

•Divalent antibodies against IgE Fc region

•Anti-idiotypic antibodies

•Anti-Fc receptor antibodies

•Covalently cross-linked IgE

•Lectins

•Complement (C3a, C5a) via C3aR, C5aR (CD88)

•Nerve growth factor

•IgG via FcγRI

•TLR ligands (e.g. TLR3 dsDNA → IFN-γ production in mast cells)

C3a

C5a7

Chales A. Janeway. Immunology

PAIS and ME/CFS



Mast cell activation syndrome: Consensus protocols
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Weiler CR. et al JACI 2019

Valent P. et al JACI in Pract. 2019

4 relevant organ systems:

• Cardiovascular system

• Skin

• Respiratory tract

• Gastrointestinal tract

3 diagnostic criteria:

• Severe recurrent systemic symptoms 

(affecting at least 2 organ systems), often 

anaphylaxis

• Laboratory diagnostics

• Therapeutic response Food and/or drug intolerances

Anaphylactic reactions

PAIS and ME/CFS
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Mast cell activation syndrome: Most recent consensus 
document

Castells M. et al JACI 2024

PAIS and ME/CFS
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Symptoms associated with mast cell mediator release

Castells M. et al JACI 2024

PAIS and ME/CFS



Mast cell activation: diagnosis and treatment
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Diagnosis: Laboratory markers are diagnostic criteria!

Mast cell mediators (note preanalytics!)

• Tryptase (increase to patient-specific baseline: 20% + 2 ng/ml); 

increase detectable within 3 hours in acute cases

• Histamine (and histamine degradation products)

• Leukotrienes, prostaglandins

Allergy diagnostics, intolerance assessment

Therapy: Response to adequate therapy is a diagnostic criterion!

• Antihistamines

• Mast cell stabilisers

• Blockade of mast cell products

≠ Mastocytosis: clonal proliferation of mast cells

Genetic testing not necessary in every case (note tryptase levels!)

PAIS and ME/CFS
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Differences between mast cell activation syndrome and 
mastocytosis

Castells M. et al JACI 2024

PAIS and ME/CFS



MCAS in PCS patients – real world data
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82 patients treated for PCS 

Aged between 18 and 100 (average 

age 35.9 years)

69 women (89.6%)

8 men (8.9%)

Kinnebrock P et al. Ms. in preparation

n=82
Age < 18 

years

Exclusion

n=57
Availability of complete MCAS 

diagnostics

n=50
Participation in a 

questionnaire study

PAIS and ME/CFS



MCAS-associated symptoms in PCS patients
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Kinnebrock P et al. Ms. in preparation

PAIS and ME/CFS



Frequency of MCAS diagnosis in PCS patients
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Kinnebrock P. et al Ms. in preparation

n=7 n=30

33 patients were diagnosed with MCAS 

(57.9% of 57 patients)

Questionnaire data: significant improvement 

of symptom burden (p=0.004) through MCAS 

therapy (histamine receptor antagonists/mast 

cell stabilizers) 

PAIS and ME/CFS



Clinical relevance of MCAS in ME/CFS
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2.8% of the entire cohort 

was diagnosed with MCAS 

before the onset of

ME/CFS.

Rohrhofer J. et al Diagnostics 2025

PAIS and ME/CFS



Therapeutic relevance of MCAS in ME/CFS
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PAIS and ME/CFS

Rohrhofer J. et al Diagnostics 2025



Clinical relevance of MCA in ME/CFS
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Rohrhofer J. et al Diagnostics 2025

PAIS and ME/CFS

Unselected Austrian ME/CFS cohort

Orthostatic intolerance 

significantly more common
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Connection between ANS and mast cells 

MCs may participate in autonomic function and dysfunction

ANS-associated mast cell actions:

- Activation of microglia and astrocytes

- BBB disruption

- Cardiac pacemaking

- Coronary artery constraction

- HPA axis regulation

- Neurinflammation

- Neurosensitization

- Vascular tone control

Theoharides TC. et al Ann Allergy Asthma Immunol 2024

PAIS and ME/CFS



Degranulate-ME: Mechanisms of mast cell activation in PAIS
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Figure: Johanna Rohrhofer

https://www.frontiersin.org/files/Articles/52311/fimmu-04-00100-

HTML/image_m/fimmu-04-00100-g001.jpg

Mast cell Activation Tests

LAD2 cells (human mast cell line) stimulation with patients’ plasma

Median age IQR 1 IQR 3 Sex, f (n) Sex, f (%) MCA*

A (n=20) 38 30 42 15 75 90%

B (n=20) 30 27 49,25 15 75 20%

C (n=16) 39 32,75 49,75 12 75 93,75%

E (n=20) 31 26,75 45 15 75 10,00%

Study cohort:

*clinically relevant MCA in more than 1 organ system

A – Post-COVID syndrome 

B – COVID, recovered

C – ME/CFS

E – Healthy

PAIS and ME/CFS
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FcεRI (IgE-mediated) 

ionophore/PMA 

stimulation, full 

anaphylactic degranulation

Tryptase (high), β-

hex (high)

full granule fusion, 

strong release of 

everything, richer in prot

eases (tryptase/chymase)

MRGPRX2-mediated 

activation, weak FcεRI 

stimulation, partial/ 

”piecemeal” degranulation, 

complement or 

neuropeptide  activation

β-hex (high), 

tryptase (lower/vari

able)

vesicular transport from 

granules, selective 

mediator 

release, enriched in 

lysosomal enzymes (β-

hex)

Complement 

receptors (C3aR, C5aR)

β-hex (low), 

tryptase (variable)

moderate, stimulus-

dependent

Cytokine receptor–

driven activation (Il-

33), TLR activation, primin

g without degranulation

β-hex (low), 

tryptase (low), but 

high in cytokines

mainly cytokines, 

little degranulation

“Piecemeal“ mast cell degranulation pattern in PAIS

PAIS and ME/CFS

Rohrhofer J et al. Manuscript in preparation

Quantitative proteomics of stool samples followed by STRING-network analysis: Differentially 

regulated proteins linked to innate immune/MCAS-relevant axis in female ME/CFS patients 

compared to healthy controls
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Mast cell activation can affect patients with post-acute infection syndrome

→ Diagnosis via medical history, laboratory testing and evaluation of treatment 

response

Figure: Johanna Rohrhofer

PAIS and ME/CFS

MCs may participate in autonomic dysfunction

Theoharides TC. et al Ann Allergy Asthma Immunol 2024
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List of medications for ME/CFS and PAIS
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Mostly symptomatic therapy Immune treatment included

PAIS and ME/CFS
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➢ Stratification based on presence of post-exertional malaise → ME/CFS diagnosis

➢ Stratification based on potential disease mechanims eg. presence of 

immunodeficiencies

Immunological patient stratification in PAIS

➢ Stratification based on presence co-morbidities

➢ Stratification based on sex and disease severity
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Summary of presented knowledge
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https://openclipart.org/detail/91513/al-tired 

by dominiquechappard

• PAIS are complex multisystem disorders

• Stratification is relevant for the care of PAIS patients

→ Further research involving patient subgroups 

is urgently needed!

Relevance of the overlaps and differences 

with ME/CFS

PAIS and ME/CFS

→ Move from phenotypes to endotypes towards 

targeted treatment
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New EU-funded research project in ME/CFS
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New EU-funded research project in ME/CFS

Eva Untersmayr-Elsenhuber

PAIS and ME/CFS
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Funding

• WE&ME Foundation

• WWTF: Degranulate-ME, ME/CFS Biobank Austria

• LBG PPIE projects: CCCFS, Care for ME/CFS

• Horizon Europe: DISCOVER-ME

Cooperation partners

• Dr Michael Stingl

• Prof. Elisabeth Puchhammer, 

Dr Marianne Graninger

• Prof. Sonja Zehetmayer

•

• Discover-ME project Team

PAIS and ME/CFS
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