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Bio-SIG of Post-Exertional Malaise

Six parallel subprojects converging on a shared PEM bio-signature - radial view

@ SUBPROJECT NODE

m Clinical phenotyping
registry

Case definition - registry data -
clinical tests across three matched
arms.

TU Munich - Charité

m Cognitive & neuro
effects

MRI - cognitive testing - post-
exertional neural correlates.

Charité - UKJ

(O INTEGRATION HUB

m Immune-metabolic
profile

Cytometry (CYTOF - FACS) - RBC
morphology - bioenergetic response
wearable PEM, POTS predictions

Charité - UKJ Jena

BIO-SIG PEM

PEM Bio-Signature

Multi-modal fusion of SP1-SP6 readouts
- ME/CFS - KK - IBD

m Endothelial signature

Serum & vesicles - effects on
endothelial cell function - vascular
reactivity.

Charité - UKJ

@ CLINICAL TRANSLATION

COHORT
40 ME/CFS - 40 KK - 40 IBD

23 Photonic biomarkers

Raman spectroscopy - single-cell
optical fingerprints - label-free
signatures.

Leibniz IPHT

m Microbiome &
tryptophan
Microbiome co-metabolism -

tryptophan - serotonin axis - gut—
immune crosstalk.

Kiel - CAU

Understanding biology signature of
Post-Exertional Malaise in ME/CFS

.,|||||| BIO-SIG PEM

COORDINATION
Prof. C. Puta - UKJ

NETWORK
6 partner institutions

INPUTS

Cohort triad - 40 ME/CFS - 40 KK - 40 IBD

PEM challenge - repeated anaerobic exercise - 1-
min STS

Sample capture - serum - vesicles - cells -
wearables - imaging

OUTPUTS

Composite PEM panel discriminating ME/CFS
from KK & IBD

Predictive wearable digital phenotype of PEM
susceptibility

Translation - IC-PAIS day-clinic pathway (Slide 1)
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BIO-SIG PEM - RADIAL INTEGRATION VIEW - 2025-27
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Immunomodulatory mediators (1)
tissue damage (2)

viral antigen (3)

autoimmune responses (AAB,
molecular mimicry)

can be considered key triggers
that maintain infection regulation.

Their multisystemic adverse
effects on metabolic

pathways and vascular functions
contribute to maladaptation to
physical activity.

Upon physical activities, the
organism is thus confronted with
hypoxia (1),

energy deprivation (ll) and tissue
acidosis (Ill) that can further
modulate immune activation

Understanding biology signature of
Post-Exertional Malaise in ME/CFS
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Three stages phenotype procedure - Bio-SIG PEM

#1 Outpatient phenotype screening: IC-PAIS day clinic (three days)
N = 251 (1/2025-12/2025) > 27/125 ME/CFS eligibility for #2 Inpatient

#2 Inpatient phenotype: four days and nights
May 2026: 11/27 |1 40 IBD, 40 Controls, 40 ME/CFS 05/2027

#3 Follow up (after 12 weeks) > IC PAIS ambulance
N=8
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# 1: outpatient phenotype screening (3 days)
The intersection of the metabolic and recovery phenotypes

determines the outpatient individual PEM signature
—and, consequently, the precision of pacing recommendations,
pharmacological target values, and rehabilitation protocols within

the framework of the IC-PAIS model.

# 2: inpatient phenotype (4 nights and days)
Inpatient phenotype involves the crucial expansion of the
iImmunometabolic biomarker panel (red blood cell changes, deep

iImmune profile, endothelial markers, microbiome and brain
analysis).
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Outpatient phenotype screening:

The IC-PAIS Patient Pathway

@ PRIMARY PATH

Intake

=~ 6 MONTHS - PRE-CLINIC

Online registration

Self-referral via portal - prior records submitted.

Record review

01

02

Internal medicine & neurology screen documentation.

First assessment

Video / phone - SARS-CoV-2 link - differential
diagnostics.

Alternative diagnosis excluded?

Psychiatric - endocrine - malignant - autoimmune

NO - Refer to alternative specialty

03

Invitation to day clinic

Or: single outpatient appointment if criteria not met.

04

@ EXIT / ALTERNATIVE DIAGNOSIS

COHORT

Suspected PCS - ME/CFS

IC-PAIS Day Clinic

3 DAYS - MULTIDISCIPLINARY

ASE Internal medicine - baseline workup

e Consultation e Functional tests e Diagnostics
Physical exam - blood draw - NASA lean test - STS + HKT - Exclude PoTS / OH - pre &
ECG - autoimmune panel lactate - glucose - CBC post-exercise dysregulation

DAY 2 Physical medicine & sports - function & pacing

® Physical rehab ® Sports medicine
Musculoskeletal causes - pain syndromes - Exercise plan - yoga - PMR - relaxation - pacing
structural exclusion strategies

NSNS Psychology - neurology - social - cognition & reintegration

e Psychology e Neurology e Social medicine
Neuropsych testing - Physical exam - exclusion of Rehab - pension - DoD - care
cognitive deficits - alertness neurological conditions level - reintegration

) DECISION GATE

SETTING DURATION
Tertiary day clinic ~9 months end-to-end

Outcomes & Follow-up

DISCHARGE - 12 WK -» 9 MO

@ Multidisciplinary team meeting

Synthesise Day 1-3 findings - classify PCS | MEJ/CFS
yes or no.

Discharge consultation

20 min - diagnosis communication - treatment plan -
Bio-SIG PEM screen.

— NO PEM — BID-SIG PEM
Standard follow-up Inpatient phenotyping
Re-assessment at 6-9 months 4 nights - structured PEM
for confirmed patients. protocol - 12-week
reassessment.

IC-PAIS - POST-COVID CARE PATHWAY - V3
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Inpatient phenotyping

A positive Bio-SIG PEM screen bifurcates the pathway — questionnaire screen and clinical
assessment, per ICC / CCC

| BERLIN 07.05.2026

Decision gate Inpatient phenotyping

DISCHARGE CONSULTATION - SLIDE 1, STEP B 4 NIGHTS - STRUCTURED PEM PROTOCOL
[ Bio-SIG PEM screen Q1
IC-PAIS: 3 day-clinic outcome — ME/CFS / PEM B Admission & baseline - pre-provocation

diagnosis. .
e Symptom & ECG (HRV) baseline

DSQ-PEM - fatigue scales - resting autonomic
profile, ECG instrumentation, wearable

TRIGGER

Positive Bio-SIG PEM
screen

o Pre-test bloods, stool sample
Blood gas analysis - immune profile

1
1 .. 1
O E Screen posmve? i instrumentation
: The pathway bifurcates here — single gate, two distinct i
: trajectories. i
1
1 1
E NO - Standard follow-up - 6-9 mo re-assessment :
1 . .
ettt ettt m 2-day Sit-to-Stand provocation - standardised exertional challenge
@) Yes - Inpatient phenotyping = ® Day 1STS ® Day 2 STS (rechallenge)
Triggers the structured 4-night PEM assessment 1-min STS - symptom diary - post-exertional Repeat STS - captures exertion-triggered
protocol vitals at +1 h, +24 h Bio-sample panel: Serum - relapse signature Bio-sample panel: Serum -

vesicles - PBMCs for SP1-SP6

@) Operationalising PEM

PEM is treated as a discrete, assessable
endophenotype — not a non-specific symptom
cluster.

m Post-PEM phenotype capture - discharge prep

® Post-test bloods, stool

Blood gas analysis - immune
profile

® Recovery trajectory

Wearable HRV - symptom
curves - PEM duration

@ INPATIENT PHENOTYPING PATH ") DECISION GATE

@ RE-ENTRY TO IC-PAIS PATHWAY

vesicles - PBMCs for SP1-SP6

e Discharge plan
Pacing - home monitoring -
12-wk reassessment booking

PROTOCOL REASSESSMENT
4 nights - inpatient 12 weeks post-
phenotyping discharge

®

BIO-SIG PEM TRIGGER -

Rationale & reassessment

WHY TWO STEPS 12-WEEK FOLLOW-UP

Two-step diagnostic principle
PEM must be both questionnaire-screened and
clinically assessed — neither alone is sufficient.

Meets ICC /| CCC standard

Only the screen + provocation pair satisfies the
evidentiary bar of current consensus case definitions
for ME/CFS.

+12 wk reassessment

Structured re-evaluation confirms persistence -
classifies ME/CFS phenotype - feeds longitudinal Bio-
SIG dataset.

Closes the IC-PAIS loop

Phenotyped patients re-enter the day-clinic pathway
with a confirmed, stratified diagnosis.

ICC / CCC TWO-STEP PRINCIPLE
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Outpatient IC-PAIS day clinic: Binary Diagnosis

01/2025-12/2025

Binary Diagnosis Distribution (N=251)

PoTS

13 (5.2%)

Post-EBV

Long COVID

ME/CFS

PAIS Unknown 6 (2.4%)

B Yes
No

0 50 100 150 200
Number of Patients

250
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Long COVID

Psychiatric Diagnosis

PoTS

ME/CFS

Post-EBV

PAIS unknown

Long COVID + Psychiatric Dx

Long COVID + PoTS

Long COVID + ME/CFS

Post-EBV + Psychiatric Dx

Post-EBV + PoTS

Post-EBV + ME/CFS

Post-EBV + Long COVID

Vitamin Deficiency (any)

Autoimmune (any)

BERLIN 07.05.2026

Structured Diagnoses & Comorbidity Combinations — Included Patients (N=251)

47 /251 (18.7%)

27 /251 (10.8%)

13/251 (5.2%)

6 /251 (2.4%)

757251 (29.9%)

45 /251 (17.9%)

27 /251 (10.8%)

1/251 (0.4%)

4/251 (1.6%)

4/251 (1.6%)

11/251 (4.4%)

E 85/251 (33.9%)

E 9/251 (3.6%)

137 /251 (54.6%)

167 / 251 (66.5%)

B Primary Diagnoses
mmm Diagnosis Combinations
Comorbidities

0 50 100 150
Number of Patients

200

Outpatient IC-PAIS day
clinic: diagnoses and
comorbidity

combinations
01/2025-12/2025
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Fatigue

Pain (general)
Post-Exertional Malaise
Exhaustion

Cognitive Impairment
Myalgia

Dizziness

60 (24%)
49 (20%)

41 (16%)

34 (14%)

25 (10%)

85 (34%)
83 (33%)

Headache 25 (10%)
Exercise Intolerance 25 (10%)
Tachycardia 24 (10%)
Dyspnea 19 (8%)
Tinnitus 18 (7%)
Sleep Disturbance 16 (6%)
Exertional Dyspnea{ | 14 (6%)
Reduced Performance - 13 (5%)
Hypotension A 12 (5%)
Arthralgia - 5 (2%)
Paresthesia 5 (2%)
Bradycardia - 5 (2%)
Brain Fog 5 (2%)
0 2I0 4IO 6I0 8I0 160

Number of Mentions

Outpatient IC-PAIS day
clinic: symptom report
01/2025-12/2025
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Frequency

140 -

120 -

100 -

80 -

60 -

40 A

20 -

130 (52.2%)

78N\(31.3%)

28N\{11.2%)

0 (4.0%)
1 (0.4%)

1 2 3 4 unknown
Number of COVID-19 Infections

Outpatient IC-PAIS day

clinic: Infections
01/2025-12/2025
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Phenotype 1
Low-lactate /
efficient (n=82)

Phenotype 2
Moderate /
plateau (n=82)

Phenotype 3
High-peak /
impaired (n=24)

Three Metabolic Phenotypes and Three Recovery Phenotypes

Bio-SIG PEM — study flow (CONSORT-style)

Bio-SIG PEM cohort - 01/2025 - 12/2025
n = 251

Complete lactate profile
(pre-1-5:10 min post STST)
n =188

Metabolic phenotyping (K-Means, k = 3)
n =188

Recovery phenotyping (K-Means, k = 3)
n = 170 (complete sub-domains)

Excluded / drop-out

Excluded: n = 63
(incomplete lactate values)

R-A: globally impaired (n=54)
R-B: metabolically slow (n=57)
R-C: PRO-burdened (n=59)



INTERNATIONAL ME/CFS CONFERENCE | BERLIN 07.05.2026

BEFORE PHENOTYPE SPLIT

Cohort-level lactate and glucose response.

Each thin line = one patient's individual trajectory. Overlaid: cohort median (white circles + connecting line) with inter-quartile range (Q1-Q3) shaded.
No phenotype differentiation yet — the next slide decomposes the cohort into the three lactate phenotypes.

Total cohort — individual trajectories with median (IQR) overlay, no phenotype split

Lactate — total cohort

Inter-quartile range (Q1-Q3)
QO Median (n =188)
10 1

Lactate [mmol/L]
()]

1-min STST

5 min
post
Time relative to exercise [min]

1 min
post

Take-home - the cohort median peaks at 1 min post and clears slowly back toward baseline at 10 min — clean signal at the population level, but it hides three

I distinct sub-trajectories.

Glucose [mmol/L]

20.0

15.0 A

12.5 A

10.0 A

7.5 1

5.0 1

Glucose — total cohort

Inter-quartile range (Q1-Q3)
QO Median (n=187)

1-min STST

10 min
post

5 min
post
Time relative to exercise [min]

1 min
post

pre
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Metabolic Phenotypes

BERLIN 07.05.2026

Three trajectories emerge after a 1-minute exercise test.

Per-patient lactate trajectories during 1-min STST

Lactate — total cohort (n = 188)

Pl — low-lactate / efficient (n=82)
== P1 median (n=82)

P2 — moderate / typical (n=82)

=0O= Median (IQR) =O= Median (IQR)
=)= P2 median (n=82) 104
== P3 median (n=24)
10 1 o]
© ©
€ €
E 4 E |
13 Q
T ©
I} 9] i
8 3 a4 | = LR i
5 e ———
= 21 == : v -
© == $ i — v !
E . S I-min STST =« ° M 1-min STST
E 6 pre 1 min 5 min 10 min pre 1 min 5 min 10 min
) post post post post post post
E Time relative to exercise [min] Time relative to exercise [min]
g P3 — high-peak / impaired clearance (n=24) Comparison: phenotype medians (IQR)
- =O= Median (IQR) =0~ P1(n=82)
== P2 (n=82)
4 4 10 A =O= P3 (n=24)
g 8 3
° ©
£ £
2 z 3|
© ©
i} 9]
8 a4 54
1-min STST M
2
T T T T
pre 1 min 5 min 10 min 1-min STST 1-min STST
pOSt pOSt pOSt pre 1 min 5 min 10 min pre 1 min 5 min 10 min
Time relative to exercise [min] post post post post post post

Time relative to exercise [min]

Time relative to exercise [min]

Take-home - P1 clears efficiently - P2 plateaus (no clearance) - P3 hyperlactatemic peak — all lactate parameters p < 10* (Kruskal-Wallis).
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INCREASE & CLEARANCE

P3 produces the largest spike; P2 fails to clear it.

A Lactate: exercise increase & 10-min clearance

Lactate increase (1 min post — pre) Lactate clearance (1 min post — 10 min post)
Kruskal-Wallis Kruskal-Wallis
p = 3.051e-10 4 p = 1.298e-26
4 -
3 .
—_—
2 i —_— 2
o % J -
©° Y & 1 &% ©° (
£ - | E 17 L I
E o ; . ’«- E . nS %
= 04 H L Y Fee
2 ' it $
i) ) S 0 : e 208
O e O
ks S H
< _5 <
2 1
—2 1
_4 -
—3 1
_6 L 1 1 1 1 1 1
P1 P2 P3 P1 P2 P3
efficient (n=82) plateau (n=82) hyperlactatemic (n=24) efficient (n=82) plateau (n=82) hyperlactatemic (n=24)
INCREASE CLEARANCE

(1 min post - pre) (1 min post - 10 min post)
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PHYSICAL CAPACITY & LACTATE PROFILE

P3 carries the highest STST count — and the highest lactate.

1-min STST repetition count - by metabolic phenotype

Kruskal-Wallis
p = 0.003264

w
o
1

S
o
1
°
°

Count Sit-to-Stand-Test [reps in 1 min]
w
o

[ ] [ ] [ ]
[ ] [ ]
[ ] L) L]
20 o ° o o
[ ] A o
(1] [ ] [
10 - ;
P1 P2 P3
efficient plateau hyperlactatemic
(n = 82) (n =82) (n = 24)

Medians - P120 - P219 - P327 reps - Kruskal-Wallis p =0.003

Take-home - P3's hyperlactatemic peak is therefore a mechanical-output effect — these patients simply do more reps and produce more lactate; it is not a
dominant metabolic-clearance failure as in P2.
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FROM METABOLIC PHENOTYPE to RECOVERY- SCORE ARCHITECTURE
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FROM METABOLIC PHENOTYPE to RECOVERY- SCORE ARCHITECTURE

Four orthogonal domains, each scaled 0—100 - higher = better recovery.

L R Metabolic recovery C R Cardiac / effort recovery

% lactate clearance peak - 10 min (50 % —> 100) HRR_exercise (heart-rate drop) (40 bpm —> 100)
Slope 1 - 10 min (-0.30 > 100) Borg RPE post (perceived exertion) (6 > 100)
A peak - pre (0 - 100) Borg dyspnoea post (0 - 100)
S QR Patient-reported outcomes Symptom burden (clinical assessment)

12 cardinal symptoms from deskriptive_analyse_2
PCS (post-COVID symptom score) (10 - 100; 60 - 0)

BFI - FAS - BDI-II - PSQIl - PEM inversely scaled
mean of available questionnaires

PEM - fatigue - exhaustion - exertion intolerance - brain fog
cognitive impairment - exertion dyspnoea - |, performance
tachycardia - PoTS - myalgia - pain - SB=100-(1 - count/12)

I RS = mean of available sub-domains - missing items within a domain are dropped; a missing whole domain is omitted from the composite mean.
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THREE ORTHOGONAL AXES

One axis is not enough. Three orthogonal axes localize the patient.

Source: composite RS = LR + CR + SQR + SB
R-A: globally impaired

R-B: metabolically slow / cardio-preserved

R-C: physiologically recovered / PRO-burdened

METABOLIC AXIS
P1/P2/P3

P2 n R-A high-risk @ : do-

mitochondrial\Long-COVID PRO-driven - normal lactate

all-three-affected

O O,

RECOVERY AXIS SYMPTOM AXIS
R-A/R-B/R-C 0 - 12 symptoms

P3 n R-B hyperactive reserve

high effort - few symptoms

Source: lactate kinetics in 1-min STST
P1 clears efficiently

P2 plateaus (no clearance)

P3 hyperlactatemic peak

Source: diagnosis,
anamnesis, clinical documentation
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RECOVERY PHENOTYPES

Three recovery phenotypes - not just ‘bad - mid - good..

All sub-score comparisons p < 107" (Kruskal-Wallis, n = 170 with complete sub-domain coverage).

R-B: metabolically sl dio- d R-C: physiologicall d / PRO-

LR — Metabolic recovery 45.2 38.9 4 worst 69.0 4 best

CR — Cardiac / effort recovery 38.0 4 worst 60.2 4 best 52.6

SQR — Patient-reported outcomes 42.7 43.4 33.2 4 worst PROs

SB — Symptom burden 75.0 4 most symptoms 91.7 4 fewest 83.3

Recovery score (RS) 49 58 61

HRR exercise [bpm] 10 29 25

Long-COVID 85 % (46/54) 49 % (28/57) 63 % (37/59)

ME/CFS [diagnosis] 19 % (10/54) 2% (1/57) 8 % (5/59)

PEM 48 % (26/54) 7% (4/57) 12 % (7/59)

BDI-Il (median, depression) 16 14.5 22.5 4 highest depression

Recovery sub-scores 0-100 - K-Means, k = 3, silhouette = 0.19 (clinically interpretable, soft boundaries)
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Bio-SIG of Post-Exertional Malaise

Six parallel subprojects converging on a shared PEM bio-signature - radial view

@ SUBPROJECT NODE

m Clinical phenotyping
registry

Case definition - registry data -
clinical tests across three matched
arms.

TU Munich - Charité

m Cognitive & neuro
effects

MRI - cognitive testing - post-
exertional neural correlates.

Charité - UKJ

(O INTEGRATION HUB

m Immune-metabolic
profile

Cytometry (CYTOF - FACS) - RBC
morphology - bioenergetic response
wearable PEM, POTS predictions

Charité - UKJ Jena

BIO-SIG PEM

PEM Bio-Signature

Multi-modal fusion of SP1-SP6 readouts
- ME/CFS - KK - IBD

m Endothelial signature

Serum & vesicles - effects on
endothelial cell function - vascular
reactivity.

Charité - UKJ

@ CLINICAL TRANSLATION

COHORT
40 ME/CFS - 40 KK - 40 IBD

23 Photonic biomarkers

Raman spectroscopy - single-cell
optical fingerprints - label-free
signatures.

Leibniz IPHT

m Microbiome &
tryptophan
Microbiome co-metabolism -

tryptophan - serotonin axis - gut—
immune crosstalk.

Kiel - CAU

Understanding biology signature of
Post-Exertional Malaise in ME/CFS

.,|||||| BIO-SIG PEM

COORDINATION
Prof. C. Puta - UKJ

NETWORK
6 partner institutions

INPUTS

Cohort triad - 40 ME/CFS - 40 KK - 40 IBD

PEM challenge - repeated anaerobic exercise - 1-
min STS

Sample capture - serum - vesicles - cells -
wearables - imaging

OUTPUTS

Composite PEM panel discriminating ME/CFS
from KK & IBD

Predictive wearable digital phenotype of PEM
susceptibility

Translation - IC-PAIS day-clinic pathway (Slide 1)
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Immune-metabolic profile

changes (outpatient

after exertion (1-minute sit

to stand test) in Post-
OVID ME-CFS patients

Poster: Ramoji A, Kamiak K, Yeo TC, Stallmach A, Puta C, Popp J, Reuken P (2026)
Heterogeneous Biochemical Responses to Exertion in Post-COVID ME/CFS Revealed by
Raman Spectroscopy
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Heterogeneous Biochemical Responses to Exertion in Post-COVID ME/CFS Revealed

by Raman Spectroscopy
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BACKGROUND and METHODS

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) with post-exertional malaise following SARS-CoV-2 infection (post-COVID ME/CFS) is a complex condition associated with
persistent immune and metabolic dysfunction!. However, the underlying biochemical variations lead to immune and metabolic dysfunction. remain unclear, and no routinely used
diagnostic biomarkers are currently available. In this pilot study, Raman spectroscopy was applied for the investigation of peripheral blood mononuclear cells (PBMCs) before (V1) and
24 hours after (V2) STS-test (one minute sit-to-stand test) in individuals with post-COVID-19 ME/CFS (n = 18) and healthy controls (n = 16). Raman spectroscopy is a non-destructive
method that can profile cellular biochemistry and detect subtle immune system changes in these syndromes?3.

Patient cohort 1-minute sit-to-stand test Blood Sample Processing Raman spectroscopy Advantages Analysis*

Blood withdrawal Blood withdrawal PBMC isolation Sample » Non- » Spectral-
(time point V1) (24h time point V2) Incoming laser ,,\ b ered radiations  destructive preprocessing

[ 3 ) - AN ) Label-free > Principal
. IS biochemical component-Linear
asma
\ = information discriminant

PBNICs
Post-COVID  Healthy controls Lympholyte y
ME/CFS W rscs Ve Voou Fast me‘thod(i.’cA-LDA)
Density gradient centrifugation measurements ~ Patient-wise cross-
validation

RESULTS

Immune cell chemical profile changes after Raman difference spectra of PBMCs reveals metabolically distinct subgroups in Post-COVID ME/CFS
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Fig 3: Raman difference spectra of PBMCs, obtained by subtracting the mean spectrum at 24 h post-exertion (V2) from the pre-exertion mean spectrum
( || | 2 tor each patint.Differenc spect are grouped according to their pectral profe. Th balanced sccuracy and Cohen' kapaa were obtained ster
//4

3
i
E re-evaluation from the PCA-LDA model shown in Fig 1.
g

mod |
[\ & oMl /|
3 VMM‘\,«,VX
¢ 3 - 3 3 8 Patients' subgroup 1 Patients' subgroup 2
Wevenumeriom! Wevenumericm! % Methionine (638 cm-1) Cholesterol (704 cm-1)
Fig 1: PCA-LDA Raman model for differentiation of PBMCs before (V1) and
24h after (V2) exertion and the loadings.
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Fig 2: PCA-LDA Raman model for differentiation of PBMCs from control and
patients for before (V1) and 24h after (V2) exertion and the loadings.

=

Fig 4: Raman peak area analysis of metabolite-associated bands comparing patients to controls at each visit (Welch's two-sample t-test), revealing
differences in Group 1 but not in Group 2. Welch’s two-sample t-test for unequal variance (ns: not significant (*p < 0.05; **p < 0.01; and ***p < 0.001).

CONCLUSION: The study illustrates role of the immune system in the pathophysiology of chronic fatigue syndrome. The Raman spectral based predictive model indicate immunological
changes in post-COVID ME/CFS patients. The ability to discriminate between CFS patients before and after physical exertion (Fig. 1) shows the influence of minimal physical activity on
their immune system. Furthermore, the immune cells differ in their baseline chemical profile compared to healthy controls (Fig. 2). Following the STS test, ME/CFS patients showed
disrupted lipid metabolism (reduced phosphatidylinositol and cholesterol) indicating impaired energy distribution. Amino acids, especially tryptophan, were decreased, while disordered
proteins increased and TRP proteins declined, suggesting issues with ion balance. Reduced nucleic acid signals point to altered gene expression and immune function. Two patient
subgroups emerged—one with significant biochemical changes and one without—highlighting heterogeneity (Fig.3 and 4). Overall, Raman spectroscopy captured exertion-related
metabolic and molecular changes, supporting its potential for precision diagnostics, though larger studies are needed. As a result, Raman spectroscopy could open new opportunities for
research into the pathophysiology of CFS and long-term COVID.
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IMMUNE-METABOLIC PROFILING - RAMAN SPECTROSCOPY

+ Distinct immune-metabolic signature in patients (N=18) vs. controls (N=16)
- Exertion amplifies differences, enabling clear pre/post discrimination
- Two patient subgroups identified (Methionine, Cholesterol, Tryptophan, TRP proteins)

@ 1-minute-STST @ PBMC isolation @ Raman spectroscopy
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Lessen learned from highly trained athletes

Is symptom persistence following SARS-CoV-2
infection associated with altered peripheral
immune cell proportions and impaired
immunological recovery in highly trained athletes
across a four-month post-infection observation
period?

Ringleb M, et al. (2026) J Clin Immunol. 27;46(1):44.
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Immune Dysregulation and Persistent
Symptoms: Insights into T Cell Dynamicsin
Post-COVID among Athletes from the
CoSmo-S Study
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CoSmo-S sub-study: T-cell dynamics after
SARS-CoV-2 in athletes

DESIGN ASSAY FOLLOW-UP
i . . Prospective - 3 Flow cytometry 3 months post-
Three-timepoint flow-cytometry follow-up across persistent-symptom and symptom-free arms timepoints - PBMC infection

Timeline

PRE-INFECTION -» +3 MONTHS

T -1 - Pre-infection 01

Reference baseline - prior to SARS-CoV-2 infection.

SARS-CoV-2 infection

Index event - acute viral exposure across cohort.

@ PERSISTENT SYMPTOMS (PS)

T 0 -2-4 weeks post-infection 02

First post-infection assessment - early convalescence
window.

T 1 -+3 months after T 0 03

Follow-up assessment - symptom persistence vs.
resolution.

@ SYMPTOM-FREE (SF)

Cohort & Arms

PERSISTENT SYMPTOMS VS. SYMPTOM-FREE

Persistent symptoms (n =
19)

= 1 persistent symptom at T, - age
24.9+6.3, sex (f12/m7), VOppeai 43.1£8.0
ml/kg/min, training load 9.5 (5-18)
hrs/week.

Most frequent symptoms - fatigue
(45%) - reduced performance (45%)
muscle/joint pain (27%) - headache
(27%)

Group comparability (Table 1)

ﬂ Symptom-free (n=17)

Asymptomatic post-infection - age
21.1£4.2, sex (f10/m7), VOppeak 43.0£6.9
ml/kg/min, training load 10.2 (2-14)
hrs/week.

Reference arm for resolved post-
acute trajectory - matched to PS on

key covariates.

Groups comparable on age, sex, BMI, VOgpe,i and training load — supporting
attribution of T-cell differences to symptom trajectory rather than baseline fitness or

demographics.

Covariate balance verified prior to immune-phenotype comparison -

study, Ringleb et al. 2026

@ INTEGRATION WITH BIO-SIG PEM

CoSmo-S sub-

®

COSMO-S -

Assay & Readouts

FLOW CYTOMETRY - PBMC

PBMC isolation

Peripheral blood mononuclear cells harvested at each
timepoint - standardized cryopreservation.

Flow-cytometry panel

T-cell subsets - Th1/ Th2 / Th17 - NK cells - regulatory
T cells - activation markers.

Longitudinal contrast
Within-subject change T_; = Ty = T4 - between-arm
comparison PS vs. SF.

Feeds Bio-SIG PEM

Athlete cohort signal anchors the broader Th1 - Th2
| Th17 shift seen across post-infectious populations
(Slide 3).

RINGLEB ET AL. 2026 - FIG. 01 STUDY DESIGN
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Three immune populations rise in PS athletes from TO to T1

Th2 T (humoral arm) Thl7 T (chronic inflammation) NK cells T (innate compensation)
5.00 A 2.5 1 4.4
HHH . #H#
4.75 - | $okok | 2.4 - # § 4.2 - : * :
>
m . . 3
2 4.50 g 23 2 4.0
+U + §,
< 4.25 1 X 2.2 —~ 3.8
()] O ©
O et 45
‘S 4.00 - S 2.1 & 3.6
2 o a
° 3.75 1 ; 2.0 1 @ 3.4 -
= = v
= £ =
@ 3.50 1 3 1.97 e 3.2-
3.25 - 1.8 1 3 3.0
3,00 T T 1'7_ T T 2-8_ T T
TO T1 TO T1 TO T1
(2-4 wk) (+3 mo) (2-4 wk) (+3 mo) (2-4 wk) (+3 mo)

—@— PS - persistent symptoms (n = 19) =@ SF - symptom-free (n = 17)

Ringleb M, et al. (2026) J Clin Immunol. 27;46(1):44.
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Immune rewiring towards humoral immunity in
athletes with persistent symptoms T

CONTRAST
. . . trained TO (2-4 wk) — PS (n=19) vs
Highly trained athletes, 3 months after SARS-CoV-2 — PS vs SF arm comparison (Tg = T1) e e T1 (+3 mo) SF (n=17)
PS group - persistent symptoms SF group - symptom-free
To = T - immune rewiring toward humoral / inflammatory dominance To > T, - resolution of post-acute immune perturbation
TRIGGER SARS-CoV-2 TRIGGER SARS-CoV-2
SAMPLEN=19 (16 at TO - 8 at T1) SAMPLEN=17 (14 atTO - 10 at T1)
symptoms fatigue - reduced performance - pain - headache STATUS asymptomatic post-infection - matched on age, sex, BMI, VO,peak
Th1 J,  anti-viral arm weakens Th1 & stable [/ mild decline
Th2 4> humoral / antibody arm rises Th2 & stable
Th17 4> chronic inflammation Th17 J, inflammation resolves
NK cells 4> innate compensation NK cells J, innate response normalises
Naive T ’[‘ immature compartment expands Naive T & stable
Tregs & noregulatory rebalancing Tregs & stable
TAKE-HOME FOR PEM RESEARCH Even highly trained athletes show a Th1 > Th2 / Th17 shift with persistent symptoms — a
humoral / inflammatory imprint reminiscent of post-infectious ME/CFS, with no
Th1 \l’ Th 2 /P T h1 7 1\ compensatory Treg response.
@ T INCREASE @ ! DECREASE @ ~ UNCHANGED COSMO-S - PS VS SF - RINGLEB ET AL. 2026 - FIG. 05
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Is the immunological shift (Th1 = Th2 / Th17) a
shared signhature of post-infection associated
chronic illness?

Ringleb M, et al. (2026) J Clin Immunol. 27;46(1):44.
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A Th1 - Th2 | Th17 shift is a shared signature of
infection associated chronic iliness

Convergent immune phenotype across four post-infectious populations — two SARS-CoV-2 cohorts, one EBV

cohort, and chronic ME/CFS

Highly trained athletes with persistent
symptoms
Ringleb et al. 2026, J Clin Immunol - CoSmo-S sub-study

TRIGGER SARS-CoV-2
SAMPLE n =36 (PS=19 vs SF =17)
WINDOW TO (2-4 wk) = T1 (+3 mo)

Th1

anti-viral arm; d = -0.92

Th2

N2

1> humoral arm; d = +1.40
Th17 A inflammation; d = +0.29
NKcells 4 innate;d=+112

Tregs € no rebalancing

Th1/

J, ratio collapses; d = -1.36
Th2

COMMON DENOMINATOR - ALL FOUR POPULATIONS

ThM1d Th2 1T Th1/Th2 |\

@ T INCREASE @ | DECREASE

@ - UNCHANGED -

Long COVID, general population

Kratzer 2024 Allergy - Klein 2023 Nature - Yin 2024 Nat
Immunol

TRIGGER SARS-CoV-2
SAMPLE n =106 (Kratzer); n = 99 (Klein)

WINDOW 10 weeks - 10 months post-infection

Th1 J  Th1 cytokines decline (IFN-y, TNF-a)
Th2 1 Th2 serum cytokines dominate

Th17 1 elevated; gut / endothelial inflammation
NKcells |, reduced cytotoxic NK phenotypes
Tregs ? heterogeneous (Haunhorst 2022)
Th1/ .

Th2 J, reversal of Th1-dominated pattern

Post-EBV [ mononucleosis fatigue

Broderick & Katz 2012 J Transl Med - Katz 2009 Pediatrics -

Sepulveda 2022

TRIGGER Epstein-Barr virus (EBV)
SAMPLE n = 301 adolescents (prospective)

WINDOW 6, 12, 24 months post-mononucleosis

Th J, attenuated IFN-y network signalling

Th2 N au.gmented Th2 response (EBNA1-
driven)

Th17 1 dysregulated IL-23 / Th17 priming

NK cells J, reduced cytotoxicity post-EBV

Tregs ? EBV-driven Treg recruitment to B cells

Th1/

altered cellular immunity, Th2 skew
Th2 v Y

Two SARS-CoV-2 cohorts, one EBV cohort and chronic ME/CFS converge on

the same phenotype: cellular antiviral control gives way to humoral /

inflammatory dominance — regardless of training status, infection severity, or

trigger pathogen.

? HETEROGENEOUS

MARKERS CONVERGENCE
COHORTS Th1-Th2 - Th1d -
4 Th17 - NK - Th21 -
populations Tregs ratiod
ME [ CFS

Tl = T2/ 17 SHEFET o

Broderick 2010 Brain Behav Immun - Hornig 2015 Sci Adv -
Vu 2024 Front Immunol

TRIGGER Heterogeneous (post-viral, idiopathic)
SAMPLE n = 40-298 across studies

WINDOW Established / chronic disease (= 6 mo)

Th1 J/ attenuated Th1 cytokine network
Th2 1 established Th2 inflammatory milieu
Th17 J, attenuated in network analysis
NKcells | reduced NK cytotoxicity (consistent)
Tregs ?  FoxP3+ Tregs altered, direction varies
Ui J  Th2-skewed cytokine ratio

Th2

POST-INFECTIOUS ILLNESS
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A Th1 - Th2 | Th17 shift is a shared signature of
infection associated chronic illness

MARKERS CONVERGENCE
. . . . COHORTS Th1-Th2 - Thid -
Convergent immune phenotype across four post-infectious populations — two SARS-CoV-2 cohorts, one EBV 4 Th17 - NK - Th21 -
cohort, and chronic ME/CFS populations Tregs ratiod
Highly trained athletes with persistent Long COVID, general population Post-EBV [ mononucleosis fatigue ME [ CFS

symptoms
Ringleb et al. 2026, J Clin Immunol - CoSmo-S sub-study

TRIGGER SARS-CoV-2
SAMPLE n=36 (PS=19 vs SF=17)
WINDOW TO (2-4 wk) > T1 (+3 mo)

Kratzer 2024 Allergy - Klein 2023 Nature - Yin 2024 Nat
Immunol

TRIGGER SARS-CoV-2
SAMPLE n =106 (Kratzer); n = 99 (Klein)

WINDOW 10 weeks - 10 months post-infection

Broderick & Katz 2012 J Transl Med - Katz 2009 Pediatrics -

Sepulveda 2022

TRIGGER Epstein-Barr virus (EBV)
SAMPLE n = 301 adolescents (prospective)

WINDOW 6, 12, 24 months post-mononucleosis

Broderick 2010 Brain Behav Immun - Hornig 2015 Sci Adv -
Vu 2024 Front Immunol

TRIGGER Heterogeneous (post-viral, idiopathic)

SAMPLE n = 40-298 across studies

WINDOW Established / chronic disease (= 6 mo)

™ J  anti-viral arm; d = -0.92 Th1 J  Th1cytokines decline (IFN-y, TNF-a) Th1 J attenuated IFN-y network signalling Th1 J/ attenuated Th1 cytokine network
Th2 A humoral arm: d = +1.40 Th2 1 Th2 serum cytokines dominate Th2 ™ erji?/emne)nted Th2 response (EBNA1- Th2 1" established Th2 inflammatory milieu
Th17 A inflammation; d = +0.29 Th17 N elevated; gut / endothelial inflammation Th17 A dysregulated IL-23 / Th17 priming Th17 J, attenuated in network analysis

I NKcells 4 innate;d = +1.12 NKcells |, reduced cytotoxic NK phenotypes NKcells | reduced cytotoxicity post-EBV NKcells | reduced NK cytotoxicity (consistent) I
Tregs & no rebalancing Tregs ? heterogeneous (Haunhorst 2022) Tregs 2 EBV-driven Treg recruitment to B cells Tregs ?  FoxP3+ Tregs altered, direction varies
I:‘lzl J ratio collapses; d = -1.36 1:12/ J reversal of Thi-dominated pattern I:;l J  altered cellular immunity, Th2 skew 1:12l ¥ Th2-skewed cytokine ratio

COMMON DENOMINATOR - ALL FOUR POPULATIONS

ThM1d Th2 1T Th1/Th2 |\

@ T INCREASE @ | DECREASE

@ -~ UNCHANGED -

Two SARS-CoV-2 cohorts, one EBV cohort and chronic ME/CFS converge on

the same phenotype: cellular antiviral control gives way to humoral /

inflammatory dominance — regardless of training status, infection severity, or

trigger pathogen.

? HETEROGENEOUS

Tl = T2/ 17 SHEFET o

POST-INFECTIOUS ILLNESS
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Can the signature interpreted as deconditioned or
as impaired immunological recovery?

Ringleb M, et al. (2026) J Clin Immunol. 27;46(1):44.
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IMMUNE-METABOLIC RECOVERY DYSREGULATION

The immunological shift (Thl - Th2 / Th17) cannot be explained away as deconditioning, and neither can
the bioenergetic deficit it accompanies. The CoSmo-S data therefore align with — and extend — the
emerging picture of post-infectious illness as a disorder of integrated multi-system recovery.

1 ELITE-ATHLETE FALSIFIER 2 MECHANISTIC CASCADE
The shift is not deconditioning Immune -> microvascular - Tregs unchanged = functional
bioenergetic impairment

Th2 / Th17 expansion without Treg compensation

Instead of returning to a Thl-balanced state after ’
lowers the threshold for autoreactive B cells.

acute infection, the immune system locks into a

humoral / Th17-biased state that persists for Kossack (2025) Severe-COVID Tregs fail to suppress T-
cell proliferation in vitro — function impaired, not just

numbers.

den Dunnen (2025) PCS-IgG transferred to mice
reproduces symptoms (causal evidence).

1 BIOENERGETIC FALSIFIER Langston (2023) Treg-mediated mitochondrial
protection (is one direct molecular link.

Davenport 2026 (n = 238, 2-day CPET) o o
ME/CFS and Long COVID share the same bioenergetic Sotz|j1y L) auseifloeees 6 EEimiTieiing
peptides - a-AdR, SLC24A3, TSPYL5, SRRM3.

decrement at VAT — hemodynamic and ventilatory
measures normal — ‘specific pathological mechanisms
rather than simple deconditioning.’

PS athletes - 9 — 10 h/wk training - VO,peak = 43
mL-kg”-min~". Yet they show the canonical Th1J /
Th2 shift at the same magnitude as much less

ths - led to TCA-flux fail d
active Long COVID and ME/CFS cohorts. months = coupied to SIS (26

imbalance and autonomic decoupling.

Stein (2025): 14/20 responders to immunoadsorption.

Davenport et al. Clin Transl Metab 2026 - Ringleb 2026 Haunhorst et al. Infection 2025 Haunhorst 2022 - Kossack 2025 - Fehrer et al. Autoimmun Rev 2026

Take-home - If the Th1 - Th2 / Th17 shift were an artefact of reduced physical activity after infection, it should be smallest in this population; instead, the
polarization shift was as large as or larger than the directional changes reported in less active Long COVID and ME/CFS cohorts
(Cohen's d = -1.36 for the Th1/Th2 ratio).
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216 track and field masters athletes:

Post-COVID-19 condition is associated with reduced quality of life
(independent of sex, prior competition levels, and training characteristics)

Low- grade inflammation based on CRP levels was associated with self- reported cardiac and flu-like symptoms

&
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PCC Sy I'eq

Worse Health related quality of li
21 % had
moderate to

O Q M
”b P Physical Mental
9» Componen Component
Score Score
severe PCC

symptoms g ®
ymp @,1 @‘4-

Y

Associated with Low Grade Inflammation

- Musculoskeletal pain ;
Track and Field 15% P . d;?;rbance . 30
Master Athletes (MAs) @ ) % ;;?
Mean age = 57.5 + 11.8 years ' D /
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Endurance:
— No/Mild exhibit greater antioxidant
capacity and superior Strength/Power
3 Moderate cardiopulmonary adaptation intermittent efforts that may
trigger increased oxidative
=3 Severe stress and chronic
inflammation
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INTERNATIONAL ME/CFS CONFERENCE | BERLIN 07.05.2026

SYMPTOM x RECOVERY HEATMAP

R-A concentrates almost all post-viral symptomes.

Symptom prevalence by recovery phenotype
(12 cardinal post-viral symptoms - text-mining of clinical diagnoses)

cognitive
impairment
S
Q
£ lai
O POTS - 4 8 9
> 30 5
‘g exhaustion - 20 18 15 [
o : o
exertion =
= - 17 5 3 a
_g intolerance -20
T tachycardia - 17 5 10
©
O exertion
dyspnoea 7 4 S 10
performance _
decline 6 2 8
brain fog - 2 0 2
1 1 1 - O
R-A R-B R-C
globally metabolically slow / physiologically recovered /
impaired cardio-preserved PRO-burdened

(n = 54) (n =57) (n =59)

Source - 12 cardinal symptoms extracted from the clinical anamnestic protocol.
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RECOVERY PHENOTYPES

Three recovery phenotypes

R-A — most symptomatic group

o Almost one in five (10/54) carries a formal ME/CFS diagnosis.
o Half (26/54) have PEM documented; 31/54 (57 %) have fatigue.
o 85 % Long-COVID; worst HRR (10 bpm) — multisystem exhaustion.

R-B — least symptomatic despite worst metabolic recovery

o Only 1/57 ME/CFS, 4/57 PEM, 10/57 fatigue — minimal documented symptoms.
° Best cardiac recovery (HRR 29 bpm) — autonomic reserve preserved.

o Possible early / compensated stage — close longitudinal follow-up indicated.

R-C — subjective burden in objectively recovered patients

o ME/CFS 5/59, PEM 7/59, fatigue 16/59 — moderate symptom load.
o Highest depression (BDI-Il 22.5 = moderate); worst PROs.

o Mind—body disconnect — central sensitisation pattern.
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TWO-AXIS CROSS-TABULATION

The two phenotype systems are not redundant.

Recovery x metabolic phenotype intersection
(cells: n absolute + % of metabolic-phenotype row) P1 N R-C 64 %

Aerobic-efficient patients are metabolically recovered, yet have the

P1 : R
low-lactate / - (2;6%) (1:9%') worst PROs - symptoms appear |mmune—/central—/depressmn—
efficient

driven, not metabolic.

P2 N R-A + R-B 98 %

P2
moderate / -

plateau (1 %)

Delayed lactate clearance almost never reaches a fully-recovered
profile (P2 n R-C =1 %) - classic mitochondrial Long-COVID.
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Heart Rate [bpm]

— Data-driven POTS-detection?

Data-driven Active Standing Test
Participant: KdZOmzwiedblLxCgd, Source: Garmin, Date: 2025-02-01

[ ] pre
110{ e post oA Marc Gabriel
100 { Table 1. Criteria for the Postural
Tachycardia Syndrome
90 diff=33.0 Heart rate increases =30 bpm from supine to
standing (10 min)
80 1 Symptoms worsen with standing and improved
with recumbence
70 1 min=71.7 Symptoms last >6 mo
|get-up time i Absence of other overt cause of orthostatic
0 : . 07:15 07:20 07:25
mplementation details T symptoms or tachycardia (eg, active bleeding,

- The get-up time is calculated based on the first

significant heart rate increase around the sleep acute dehydration, medications)
offset _ . N
. . . . Raj, S. R. Postural Tachycardia Syndrome (POTS). Circulation 127, 2336-2342
- For robustness, sustained minimum/maximum get 2013)

calculated as the highest mean of three consecutive
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Heart Rate [bpm]

—— Post-COVID condition: Observation phase of 12
weeks, POTS is detected, if criteria are met
(at least 10 get-up times)

Heart Rate Differences of the Observation Phase Heart Rate Differences of the Observation Phase
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Date Date
(Gabriel et al. in prep)
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— PEM-Severity Score

how often have you had this how much has this symptom
s symptom? bothered you?
ymptoms For each symptom listed below, circle For each symptom listed below,
: a number from: circle a number from:
Necessity Check 0 = none of the time 0 = symptom not present
Is for any question 1 = a little of the time 1=mild
xandy = 2? 2 = about half the time 2 = moderate
N 3 = most of the time 3 =severe
4 = all of the time 4= very severe :
Yes No
1. Dead, heavy feeling after starting 0 1 2 3 4 0 1 2 3 4 M arc Gabrlel
s . t i
PEM positive PEM negative 0 exerese -
2. Next day soreness or fatigue after 0 1 > 3 4 0 1 2 3 4
l l 3. Mentally tired after the slightest 0 1 2 3 4 0 1 2 3 4
PSS Calculation PSS =0 Ettort
4. Minimum exercise makes you 0 1 2 3 4 0 1 2 3 4
physically tired
5. Physically drained or sick after 0 1 2 3 4 0 1 2 3 4
- - mild activity
Categorization
Grouping into For the purpose of the study, the questionnaire was modified to be answered in a weekly rhythm.
Severity States by PSS

PEM Severity Score (PSS) calculation
For each question: Normalized harmonic mean

PSS Severity State - PSS = Average of all harmonic means
=0 Not affected - Reminder: PSS gets only calculated, if at least one pair is
< 0.25 Mildly affected 2,2)
< 0.5 Moderately affected N XY, s 0and v 0
< 0.75 Severely affected PSS = —Z 2064 y;) x> Landy > ", with N = number of answered questions, (x;, y;) € {0,1,2,3,4}2.
< 1.0 | Very severely affected i=1 |0, else
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Heart Rate [bpm]

— Min Sleep Heart Rate and PEM-Severity

68

66

64 1

62

60

58

56 1

Min Sleep Heart Rate and Severity State Zones

Customer: 3mmWnH6GhV31gMe6; Source: Garmin

Min Sleep Heart Rate by Severity State

Customer: 3mmWnH6GhV31gMe6; Source: Garmin
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Human rhythms from time series

hours during the days in the life of... Adrian Pelcaru
@
™ \&hﬁhﬁﬁ\ﬁAﬁﬁf
o
©
Q
a1V I A S S A B SUL L B S
50001
n
o
2
(%2}
0 A A
08 15 22 29 05 12 19 26 02 09 16 23
Aug Sep
2024
time (1h)
- - ’ e Bundesministerium . Bundesministerium
UNVERSITAT VNS O Gnbetor ) Thryve poeio &> i E10.51G PEM B | S B e

JENA jena Synergy of Systems



Human rhythms from time series

- d dynamic SyStem Adrian Pelcaru
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POTS detection at a single get-up time

POTS criteria2

Increase in heart rate > 30 bpm within 10 minutes of
standing

Heart rate increase must be sustained (at least 2
measurements at least 1 minute apart)

Supine resting heart rates of < 60 bpm get set to 60 bpm
Absence of sustained orthostatic hypotension is necessary
Above criteria do not need to be met at every visit

Implementation details
- The get-up time is calculated based on the first significant

heart rate increase around the sleep offset
For robustness, sustained minimum/maximum get

calculated as the highest mean of three consecutive values

Heart Rate [bpm]

100 1

90 1

80 1

70 1

60 1

® pre

6 4 2 get'—up 2 4 6
Time [min]
POTS detection based on a single get-
up time

2Raj, Satish R et al. ,,Canadian Cardiovascular Society Position Statement on Postural Orthostatic Tachycardia Syndrome
(POTS) and Related Disorders of Chronic Orthostatic Intolerance.” The Canadian journal of cardiology vol. 36,3 (2020): 357-372.
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Heart Rate [bpm]

POTS detection over a time period

100 1

90 1

80 1

70 1

60 1

Expanded POTS criteria

I POTS
1 no POTS

Mean sustained increase in heart rates = 25bpm within 10 minutes of standing
Mean sustained orthostatic heart rates > 85bpm

Mean values are calculated from a minimum of 10 get-up events

At least one individual event meets a heart rate increase = 30bpm and an

orthostatic heart rate > 90bpm

29.5

T T

Time

1 T13

point []
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A\'/g

Heart Rate [bpm]

100 1

90 1
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L
—1

POTS
no POTS

T1

™ 715

T7

T9

| | _ 22.3
T11  T1

3 T15 T17 T19 Avg
Timepoint []

While the left patient is considered to have POTS (29.5 bpm), the right patient is not (22.3

bpm)
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