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Role of the Gut Microbiome @ Microbiome

Center
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Gut-Organ Axis

Main classes of beneficial gut metabolites

Short-chain fatty acids (SCFAS)
« Acetate, Propionate, Butyrate

Amino acid-derived metabolites
« Indoles, Phenols, Amines, Branched fatty acids

Lipid-derived metabolites
« Glycerol derivatives, Choline metabolites (e.g., TMAO)

Vitamins and cofactors
« B vitamins (e.g., B12, Biotin, Folic acid), K vitamin

Polyphenol metabolites

Gas metabolites
« Hydrogen, methane, hydrogen sulfide

Neuroactive substances
« GABA, serotonin precursors, tfryptamine

Secondary bile acids

Brain

Neuroinflammation
Neurocognitive and
Psychiatric disorders

Lung
Lung infections
Asthma
Gut
Adipose _ Altered Gut Microbiota
Disrupted intestinal Barrier

4 SCFA producing bactena
T toxin producing bacteria

Metabolic Endotaxemis

Liver
Uremia
insulin Resistance
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Heart

Cardiovascular disease

~ Skin

Kidney

Acute kidney injury

Metabolic Disorders
Cirrhosis
Ascites infection

Genitourinary Bone

Tubular dysfunction

Urinary Tract Infection
interstitial cystitis
urinary incontinence

Bone resorption

Alagiakrishnan K, et al. Voorkant Nutr. 2024
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Example - Gut-Lung Axis
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Type | interferon Cancer =
IFN-I) signalin T immunothera - ~» | Dysbiotic microbiota
( 9 g Anti-inflam matory Py | - Antibiotic Treatment
= | - Aging, co-morbidity
effects ‘N ging,
[ I I I ] UID Cytotoxic
Cancer Ce" T Ce" Gottert S, et al. Nat Commun 2025
Sencio et al. Mucosal Immunol 2021
Steed et al. Science 2017
Rosshart et al. Cell 2017
Ichinohe et al. PNAS 2011
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Zoom in to the Tryptophane metabolism ) Hicreriome

Host metalbolism

Gut microbiota metabolism

(rs2 = <)
] Evolutionarily, AhR acts as: /
*| @ chemical surveillance receptor g Indole Pathway -Direct bacterial

linking diet — microbiota — host immunity
Fecal indoles tell the host:
mesende .+ 1 WhO's living in the gut, how active they are

SHIAA «— 5

metabolism of tryptophan (5%)
» Indole (via tryptophanase)
» Tryptamine (via decarboxylases)

e =4 whether the barrier needs reinforcement 0 Inelele-tprepiente el [LFA,
Velusetrag ¥ * o * Indole-3-aldehyde (IAld)
- . ) ) Functions:
- | + Physiologic levels — protective AhR o
prl Si Zmolin 9 P » Activation of Aryl hydrocarbon
receptor 9 9 . . . receptor (AhR) and IL-22 expression
« Excess / dysbiosis — epithelial stress, . : .
infl i » Barrier support & immune regulation
—= Agonists/enhancer inflammartion =l * Anti-inflammatory & antioxidant
gonists/enhance w— —
— nhibitors/antagonists QPRT . effeCTS (lPA)
" AR ligands TES9991, - v \ la_qmm(m(xi_
Tesiezs | AcMD o | T,
v cypla2
Serotonin Pathway (Host Production) (5%) o — cypibl

» Occurs in enterochromaffin cells

+ Regulated by microbial stimulation & SCFAs
(especially butyrate) — 1 TPH1 expression

+ Low-butyrate states leads to | Gut serotonin,
Altered motility and gut function

Modoux et al., Trends in Pharmacological Science 2021
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Kynurenine Pathway (Host-Driven, Immune-Sensitive) - Dominant route of
irypiophcm metabolism (90%)

Microbiota influence this pathway indirectly via immune signaling.
Activated by inflammation (1 IFN-y, TNF-q)

Induces IDO1

Tryptophan — kynurenine

Effects of dysbiosis:| Circulating tryptophan| Serotonin availability?
Neuroactive kynurenines
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Gut Microbiota-Derived GABA @ Microbiome

Center

Gut Microbiota

T GABA :
1 Homocarnosine LCIC TObGCI”.US,
I mf:::tiﬁgng afrlu’;::tt;?ra‘nd depression Bifidobacterium .
Enterococcus,
€& - Prebiotics Streptococcus
o enzymes Physiological roles of intestinal

Dietary Factors

] iy

: ¢ » Regulation of intestinal motfility
: - Glutamate ) )
oot o0 - Modulation of secretion and

i lGABA' absorption

- . ) o
A Intferaction with immune cells
GABA

Release of GABA

and other metabolites

"Postbiotics"

Brain

Gut microbiota

Mood, Stress & Anxiety

Braga et al., Gamma-aminobutyric acid as a
potential postbiotic mediator in the gut-brain axis.
npj Science and Food 2024
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Post-Acute Infectious
Syndrome (PAIS) and
the Gut microbiome
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Dysbiosis and PAIS

/—( Infectious Agents)

SARS-CoV-2 Q
Influenza
SARS Q
Dengue
Polio
Ebola
Coxiella burnetii
Borrelia B \
" and etc., / 17 & ;i
Nl ©
TN
- Fatigue L en® o,

- Exertion intolerance
- Myalgia/arthralgia

- Neurocognitie impairment

- Debilitating Flu-like symptom
- Chronic or recurrent joint pain

@otential Mechanismgﬁ

- Persistent pathogens cause long term pathology

- Coinfection and secondary infections

- Condition specific mechanism

- Systemic inflammation
% 7 through X-brain Axis

RS Y,
| A

- Prebiotics/Probiotics
- Bacterialphage therapy
-Fecal microbiota transplantation
- Condition specific measurement

- Existing drugs such as Metformin

;(Clinical Symptoms}

(Potential Therapiesa—/

Microbiome
Center

Guo C, et al. The microbiome in post-
acute infection syndrome. Comput
Struct Biotechnol J. 2023
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Gut microbe-host interactions in post-COVID I
syndrome: a debilitating or restorative partnership? Center

Head
Fatigue, Headache, Attention disorder, Healthy pre-COVID

Hair loss, Ageusia, Anosmia, SARS-CoV-2 virus/particles -
Memory loss, Hearing loss or tinnitus, + Opportunistic pathogens
Anxiety, Depression, ﬁ Beneficial bacteria
Sleep disorder, Health care related mental health, SCFAs producers
Psychiatric iliness, Red eyes, Dizziness, Diversity

Mood disorders, Dysphoria,

Obessive compulsive disorder,

Post-traumatic stress disorder o

han
Dysbiosis
+ 4+ 4+
Symbiosis

Respiratory tract

Dyspnea, Post-activity polypnea,

Cough, Reduced pulmonary diffusing capacity, &
Sleep apnea, Pulmonary fibrosis,

Throat pain

Cardiovascular system
Resting heart rate increase, Palpitations, a
Stroke, New hypertension, Myocarditis

Gastrointestinal tract
Nausea or vomit, Digestive disorders, >
Diarrhea, Abdominal pain

Body <

Joint pain, General pain, .
Chest pain/discomfort, Weight loss,
Cutaneous signs, Intermittent fever,

Chills, Discontinuous flushing,

Diabetes mellitus, Limb edema,

Gut microbiota

Gut-derived metabolites

hort-chain fatty acids, bile acids, tryptop
derivates, choline metabolites, vitamins,

neurotransmitters, lipids, and others.

Post-COVID syndrome

SARS-CoV-2 virus/particles -

Opportunistic pathogens
Beneficial bacteria
SCFAs producers

Renal failure, Post-exertional malaise - Diversity

[

+

T.P. M. Scheithauer, R.C. Montijn, &
A.Mieremet. Gut Microbes. 2024

Dysbiosis
Symbiosis

+ 4+ +
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Pilot with Q-fever thg ue Syndrome (QFS) patients @ T
who have beenill for an average of 16 years Center
48% see improvement in general well- 57% favourable to very favourable effect on
being(n=69) combined complaints (n=79)
*How are you doing (in the past week(s)e" Categorized as a score from -4 (strongly negative) to +4 (strongly
positive)
14% Very unfavorable (-1.5--2.5) Fo% (N=0)
48% W o30
N Strong beneficial Unclear or no Unfavorable (-1.5--2.5) 3% (N=2)
Posifive effect effect N=16
effects N=33
Slightly unfavorable(-1.5 - -0.5) 9% (N=7)

29% No effect (-0.5 - +0.5)

Negative
effect N=20 Somewhat favorable(+0.5 — +1.5

"""""" Favorable (+1.5 - +2.5)
Strong
negative o
effect Very favorable (+2.5 - +3.5) 4% (N=3)
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PAIS and the
Metabolome

The contents of this document are property of Microbiome Center and are classified as confidential. Neither the document, nor parts thereof may be published, reproduced, copied, 12
made public, or distributed without explicit written permission of Microbiome Center. This content shall not be considered medical advice and is provided for information purpose
only. The content is exclusively intended for health care professionals.



Long COVID and Metabolites Production () Microbiome

Production of SCFA and L-Isoleucine is low in Long-Covid

Hospitalization Faecalibacterium prausnitzii \, Recovery
Disease severity A l Microbial functions: Prolonged impairment
“Zzz Short-chain fatty acids biosynthesis ¥  ghort-chain fatty acids )
é IL-104 " L-isoleucine biosynthesis »L L-isoleucine
Plasma- CXCL10A ¥~ Metabolites:
CRP A \{“ Short-chain fatty acids

L-isoleucine {

N 0 e g e P

COVID-19

Fen Zhang et al., Prolonged Impairment of Short-
Chain Fatty Acid and L-Isoleucine Biosynthesis in
Gut Microbiome in Patients With COVID-19
Gastroenterology
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Long COVID is associated with reduced @ Microbiome
circulating serotonin levels

Dieta ®
tryptopharx % ol . ) .
R « Long Covid is associated with reduced

L 1
Viral Enterocyte ES . . .
et Ty o irccriive circulating serotonin levels
l‘ | U 4 | tero- effects

chromaffin
« Serotonin depletion is driven by viral RNA-
induced type | interferons (IFNs)

v

Viral RNA

* |FNs reduce serotonin through diminished
tryptophan uptake and hypercoagulability

« Peripheral serotonin deficiency impairs
cognition via reduced vagal signaling

Wong et al., Serotonin reduction in post-acute
sequelae of viral infection. Cell 2023

The contents of this document are property of Microbiome Center and are classified as confidential. Neither the document, nor parts thereof may be published, reproduced, copied, 14
made public, or distributed without explicit written permission of Microbiome Center. This content shall not be considered medical advice and is provided for information purpose
only. The content is exclusively intended for health care professionals.



5.8-

5.61

5.4

SL2-

5 -

Figure 5. Group means =+ standard errors of GABA+/water and NAA (N-acetylaspartate) for PASC
and CNT groups. Controlling for the effect of tissue composition, biological sex, and drinking, the
PASC group demonstrated lower values than CNT for both metabolites. * p < 0.05, # p < 0.14.
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GABA in Long COVID

NAA

PASC CNT

Microbiome
Center

In Long Covid patients there is
some evidence that Cortical
GABA is lowered compared to
healthy controls

Marinkovic, K. et al.Brain Sciences.13,.1666.(2023)
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Tryptophan metabolism and AhR in Long Covid () Vicrobiome

During acute Covid infection: Building up Long Covid:
T IFN-y, IL-6, TNF The AhR switch flips — and doesn’t flip back
1 IDO1 expression (indoleamine 2,3-dioxygenase)

Kynurenine + inflammatory indoles — persistent AhR

Result: Activation

Tryptophan is shunted away from gut microbes

| fecal indoles (IPA, IAA), 1 skatole / toxic metabolites Different ligand — different tfranscriptional program

1 kynurenine, quinolinic acid This is the key pathology:

This is adaptive short-term (limits viral replication). AhR is activated continuously, but with the wrong
ligands.

Resulting clinical presentation of Long COVID:

* Persistent immune activation

« Shift in tryptophan metabolism away from microbiota-derived protective indoles toward host-derived kynurenine
pathway metabolites (potent AhR ligands).

« Chronic, maladaptive AhR activation,

* Immune exhaustion, epithelial dysfunction, neuroinflammation, dysautonomia, and impaired fissue repair

16



Chronic AhR signaling 2 resulting symptoms @Microbiome

AS¥® Center

Long-Covid = a failure of immune resolution driven by chronic mis-activation of

environmental sensing pathways (especially AhR).

Immune System

T-cell exhaustion

Impaired memory formation

Blunted antfiviral responses

» Paradoxical inflammation + immunosuppression

— explains reinfections, poor vaccine responses in
some patients

Gut & epithelial barriers

« | tight junction integrity

» | regenerative signaling

» Dysbiosis reinforces itself (loss of indole producers)
— “leaky gut” feeds systemic inflammation

Brain & Nervous system

ANhR is active in microglia, astrocytes and endothelial cells

Effects:
 neuroinflammation

« aqaltered serotonin / dopamine synthesis (tryptophan

depletion)
* autonomic instability
— brain fog, fatigue, POTS-like symptoms

Mitochondria & Metabolism

AhR interferes with:

*  mitochondrial biogenesis

« NAD® balance

« oxidative phosphorylation

— post-exertional malaise, chronic fatigue
exercise intolerance (PEM)
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Metabolome and
the Probiotic
therapy
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The Biovis ‘microbiome’ (e.g. MIDI) package @'&",jf,;‘;?““‘e

The standard Microbiome analysis
(e.g. MIDI package) contains a

Metabolome (functional groups) section “Metabolome”
Secondary bile acids -1,5 %
TMA/TMAO 45 K « This does not measure metabolites
Indoxyl sulfate 50,0 % themselves.
Phenols -44.6 %
Ammonia 339 % « Instead, it is a measurement of
Histamine -50,0 % bacterial taxa that can potentially
Equol 39,2 % produce certain metabolites.
Beta glucuronidases -48,3 %
Bacteria Phyla - most important genera and species ® Wh eTher Th ese bO CTeriO dO
- Antinahantari produce the metabolites and, if
5O, how much, is not known.
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The

Biovis ‘microbolome’

measurement

Microbiome
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Histamin <0,3 pmoll <5 Bl o5
Tryptophan 21 pmo >145 1. Tryptophan Metabolism
e .o - o - Serotonin pathway - Serotonin
p > .
Aminosuren (Vorstfen) « Kynurenine pathway —
Tryptophan 231 pmold >145 [N "7 Kyn ure nin e
Tyrosin 69 pmolA >s50 [N 39 .
- — = = * |Indole pathway- indole, IPA,
Toxine IAA, ILA
Tryptamin 0,95 pmolA 0.05-19.99 111 . .
— w2 o S 2. Tyrosine Metabolism
p-Cresol Sulfat 2,27 pmol <15 Bl 0,24 L4 Ty rosine
Kynureninsaure 0,95 pmol 01-749 W 058 3 G A B A
Summenparameter ‘ . .
Toxin- Score 5 ex <3 — 4. Proteolytic Toxins
Indolderivate (AhR-Agonistsen) o i
Indolpropionat (IPA) 4,95 pmolA =35 N 244 Try pTO m ! n e
Indol-3-Essigsaure (IAA) 538 prmold >32 27 * p-C resol sulfate
Indolaldehyd (IAld) 1.37 pmold >0.35 [ 1,09 . |ndoxy| SUlfOTe
Tryptamin 0,95 umolA 0,05-19,99 .11 o o
Indol 110,0 umol >60 [N 32,7 5. Hlstamlne
Indollaktat (ILA) 1,50 umoal >14 150 6' Bile qcid mefq bolism
Kynureninsaure 0,95 pmold 0,1-749 Bl 063 . °
A 7. Phenylalanine Metabolism
AHR-Score 99 % >80 [N 52
Gallenséuren (GS)
Konjugierte / freie GS 6.4 Ratio 2-20 D 44
Desoxycholsaure (DCA) 216 umolA 175- 2500 [ Il 151
Zytotoxische / protektive GS** 382,30 Ratio <67 W 628,47
*“*DCA / UDCA
Gesamtsumme Gallens3uren ars pmold 630- 4125 [N 284
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Metabolites measured by Biovis — potential to t@

modulate with Microbiome Center strains

1. Tryptophan Metabolism

« Serotonin pathway - Serotonin
Kynurenine pathway — Kynurenine
Indole pathway (AhR signaling) -
indole, IPA, IAA, ILA

2. Tyrosine Metabolism
« Tyrosine

3. GABA

4. Proteolytic Toxins
« Tryptamine

« p-cresol sulfate

« Indoxyl sulfate
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Approach: the same philosophy as explained 2 tieerioms

Center

in our recent publication

Data
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Microbiome

How probiotics influence metabolic pathways @center

Direct Metabolite Targeting
via Enzymatic Activity

Indirect Modulation

® Microbiota restructuring —

@ Produce beneficial metabolites ., Histamine £GABA ¢ . inhibit pathogens and stimulate
such as indole metabolites, beneficial microbes
GABA, histamine (Bifidobacteria sp.,

e Degradation of toxins Lactobacillus sp,,
& Faecalibacterium prausnitzii)
such as p-cresol

Cross-feeding interactions

©/:H via SCFAs @
Q i %o é
Indole J—&\‘éﬁ QCF A
* Metabolites ® Yo =
i A

% -® t*} @ /}

e > .ii: - A % .
@’ '\%«%’p Immune modulation

Direct Metabolite Targeting
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Metabolic modulation — based on @ Microbiome
[ ] opgeo [ ) [ ) c t
initial strain screenings o

Tryptophane Metabolism Tyrosine Metabolism Toxins Histamine/ GABA

Increased tryptophane amino Tryrosine/DOPA «Not direct measurements on the *Reported GABA stimulation
acid availability +1 tyrosine and DOPA levels metabolism of p-cresol sulfate *Supports metabolic balance
sincrease precursor availability and indoxyl sulfate
Tryptophan — Serotonin
*Shift toward serofonin SynfheSiS Dopamine paihways eReduction of pofhogenic taxa
«| TH and DBH expression and shift toward saccharolytic
Tryptophan — Kynurenine stabilization of fermentation.
*Shifts tryptophan away from dopamine/norepinephrine stress *| pathogenic load
kynurenine pathway axis 1 Faecalibacterium and
Bifidobo.c’rerium — lower foxin
Tryptophan — Indole production
*Microbiota stabilization
Indirect support of aromatic
amino acid balance
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L. plantarum DR-7

Strong evidence for animal
and human studies?.2:3.4

Tryptophan — Serotonin
«1 IDO / | TDO
7 TPH2/TH2
1 5-HTé receptor expression

Suggests shift toward
serotonin synthesis

Tryptophan — Kynurenine
1 IDO & TDO expression
Suggests shifts tryptophan
away from kynurenine
pathway

Increased tryptophane
amino acid availability

~ >

— Rebalancing towards a
serotonin-favoring metabolic
phenotype

— Reduced inflammatory
diversion

Tryptophane Metabolism

L. paracasei Lpc-37

Some evidence for human
study (symbiotic)® and
fermentation model¢

Tryptophane availability

*? Plasma fryptophan
e|ncreased conversion into
bioactive derivatives in
fermented matrix

Tryptophan — Serotonin

* | 5-H significantly reduced
in plasma

Suggest normalization of
peripheral serotonin levels

Tryptophan — Kynurenine

*1 Kynurenine, | 5-HT, | 5-
HIAA Suggests redistribution
away from hyper
serotonergic state

Tryptophan — Indole

e|ndolelactic acid enriched
in fermen@model

— Redistribution away from
hyper serotonergic state

— Rebalancing of
fryptophan metabolism

E. coli MC231

Good evidence for animal
studies

Tryptophane availability

*Modulation of tryptophan
utilization

Tryptophan — Serotonin

1 5-HTP

» Suggests shift toward
serotonin synthesis and
serotonin bioavailability in
gut tissues®

Tryptophan — Indole

1 Indole generation from
tryptophan’?

» Suggest increase of indole
and indole derivates

~>

— Rebalancing toward a
serotonin-favoring metabolic
phenotype

—Rebalancing towards
indole metabolism

Microbiome

L. plantarum P-8

B. adolescentis SHOO1
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Tyrosine Metabolism Microbiome

Center

L. plantarum DR-7 L. paracasei Lpc-37 E. coli MC231 L. plantarum P-8 B. adolescentis SHOO01
Tryrosine/DOPA!2 Tryrosine 34
1 tyrosine and DOPA levels 1 L-tyrosine in plasma
increase precursor Indicates aromatic amino
availability acid modulation
Dopamine pathways Dopamine turnover
| TH and DBH expression markers
stabilization of T Homovanillic acid and
dopamine/norepinephrine 1 vanillyimandelic acid
stress axis Suggests improved

catecholamine
metabolism regulation

~* L=

— Stabilization of — Improved
dopamine/norepinephrine catecholamine
stress axis metabolism regulation
— Reduced stress- — Possibly improved stress
. . . 1.Zaydi et al., Microbes 2020; 11: 753-66
GSSOCIgTed me’robollc OdOpTOTIOH 2.Yap eta al., Appl Biochem Biotechnol 2020; 191: 226—44.
overdrive 3.Wang et al. Research 2020; 157: 104784.
4. Loh et al., J Agric Food Chem 2021; 69: 14024-36.
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GA BA Microbiome

Center

L. plantarum DR-7 L. paracasei Lpc-37 E. coli MC231 L. plantarum P-8 B. adolescentis SHOO01
GABA C12AsnGABAOH GABA GABA
Modulate GABA receptors, *Produces T GABA in clinical study'. 1 GABA production?
not GABA itself3. Suggests C12AsnGABAOH* *May be linked to 1 Glutamate
modulation of central *This GABA containing neuroactive taxa (B. decarboxylation activity or
inhibitory compound inhibits adolesentis); improved stimulation of GABA-
neurotransmission and neuronal activation via microbial metabolic

stress response regulation the GABA; receptor pathways predicted by producing consortia

metagenomics Folate
*De novo folate

biosynthesis

> <+ e S

— indirect GABA Neuro- — analgesic effect via — GABA Neuro-Metabolic — GABA & Folate-Driven
Metabolic Support GABA; receptor - i
1.Ma et al., 2020 DOI:10.1007/s00394-020-02437-4 pp B p SUpporT Neuro MeTObO“C SUppOI’T
2.Producer leaflet
3.Stenman et al., Behavioural Brain Research 2020; 379: 112376
4. Pérez-Berezo, T. et al. Nat Commun.8,.1314.(2017)
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L. plantarum DR-7

L. paracasei Lpc-37

*No direct measurements
on the metabolism of p-
cresol sulfate and indoxyl
sulfate

*Reduction of pathogenic
taxa and shift toward
saccharolytic
fermentation.

E. coli MC231

*No direct measurements
on the metabolism of p-
cresol sulfate and indoxyl
sulfate

| Inhibit several bacterial
pathogens, including

Pseudomonas aeruginosa,

E. coli, Klebsiella

Proteolytic Toxins — p-cresol sulfate,
tryptamine and indoxyl sulfate

L. plantarum P-8

*No direct measurements
on the metabolism of p-
cresol sulfate and indoxyl
sulfate

* |[Enterobacteriaceae/

*Proteobacteria; shiff from
proteolytic to
saccharolytic

Microbiome

Center

B. adolescentis SHOO1

No direct measurements
on the metabolism of p-
cresol sulfate and indoxyl
sulfate

+Shift from proteolytic to
saccharolytic
fermentation - potential |
toxin generation

*| pathogenic load pneumoniae, ) fermentation - Reduced *Crossfeeder of F.
-1 Faecalibacterium and Enterococcus faecailis, systemic toxin burden, prausnitzi, the major
T i i Enterobacter cloacae improved epithelial and butyrate prodcuer
1. Ryan et al 2021 Integr Med (Encinitas) 2021
2. Hemalatha 2017 Microb Ecol Health Dis 2017; 28: 1298340
3. Kwok et al 2015 Benef Microbes 2015; 6: 405-13.
4. Wang et al 2014 Nutrition 2014; 30: 776-783.e1
5. Xu et al., 2020 DOI:10.1007/s00394-020-02437-4
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Pathways

Effect in
PAIS

Strains
potential

Long COVID: Metabolic Imbalance & icrobiome
Probiotic Modulation ‘@ Center

« Shift from indole to kynurenine
pathway

* Persistent maladaptive AhR
activation

* Barrier integrity, immune
activation, inflammation

i

E. coli MC231
» Increases indole and supports
tryptophan balance

L. plantarum DR7
» Supports serotonin pathway

* Reduces stress-axis overactivation

Tryptophane

« Circulating serotonin » Upregulated IDO
depletion » Upregulated kynurenine

+ Fatigue, mood changes, pathway
cognitive symptoms * Low tryptophan availability

+ Neuroactive imbalance

giip gl

r~

. plantarum DR7
Lowers IDO /TDO
Shifts Trp away from kynurenine
Lowers inflammatory signaling

balance

E. coli MC231
« Supports serotonin pathway

balance

The contents of this document are property of Microbiome Center and are classified as confidential. Neither the document, nor parts thereof may be published, reproduced, copied, made public, or distributed without explicit written permission of
Microbiome Center. This content shall not be considered medical advice and is provided for information purpose only. The content is exclusively intended for health care professionals.

29



Pathways

Effect in
PAIS

Strains
potential

Long COVID: Metabolic Imbalance &

Probiotic Mo<|:|ulation

Microbiota/ SCFAS

+ Lowered butyrate producers

» Increased proteolytic metabolism

» Barrier weakening

giin

L. plantarum P8

1 Lactobacillus, Bifidobacterium,
Faecalibacterium

| Proteolytic fermentation| p-cresol,
indoxyl sulfate

L. plantarum DR7

1 SCFA-producing taxa (e.g.,
Blautia)

Supports fermentative balance

B. adolescentis SHOO1
+ Crossfeeder of F. prausnitzii, the
major butyrate prodcuer

E. coli MC231
« Strong inhibitor of proteolytic
pathogens

Tyrosine

+ Lowered tyrosine and elevated
phenylalanine/tyrosine

+ Autonomic dysregulation

+ Stress-axis imbalance

i

. plantarum DR7
« Stabilizes dopamine/norepinephrine

pathways

| Stress-associated enzyme
expression

| Cortisol

. paracasei Lpc-37

1 Tyrosine metabolism modulation

1 Dopamine turnover markers (HVA,
VMA)

Balanced catecholamine
processing

Neuroinflammatory states often
show imbalance of GABA

Some Long COVID patients show
lowered GABA in the brain

iy

. plantarum P8

Supports neuroactive taxa that
produce GABA

May act via interaction with B.
adolesentis

Indirect gut-brain modulation

. adolescentis SHOO1

Produces GABA

. coli MC231

Produces compound that is
agonist for GABAB receptor, with
analgesic effects.
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Microbiome

Implementations at MC plaiform Center

sever overgrowth; 4 = very severe overgrowth.

Parasites Is there an increase in abundance of parasites? 0 = no; 1 = somewhat; 2 = overgrowth; 3 =
sever overgrowth; 4 = very severe overgrowth.

Inflammation Is the level of inflammatory activity of the intestinal epithelia increased? Indications are
increased level of calprotectin or slgA, and to some extend of alpha-1-antitrypsin. 0 = no
increased inflammatory activity, 1 = somewhat increased; 2 = increased; 3 = severely
increased; 4 = very severely increased.

Lowered sigA Is slgA lowered? 0 = not lowered; 1 = moderately lowered; 2 = lowered; 3 = severely

lowered, 4 = very severely lowered. The meTO bO|Ome inpUT W|”

Intestinal permeability s there increased intestinal permeability? Indications are increased zonulin, histamine, or b e a se p ard Te , O p en- )
alpha-1-antitrypsin, or decreased number of mucus degrading bacteria such as C | Te ko b|e SeCTl on. SO -|-ho-|- |-|-
4

Akkermansia muciniphila. 0 = no increased intestinal permeability; 1 = somewhat

increased; 2 = increased; 3 = severely increased; 4 = very severely increased. doesn ’ T diSTrOCT YOU Whe N

Gluten sensitivity Does the patient have gluten sensitivity? Indications are increased level of anti-gliadin or YOU d | d ﬂOT medasure Th ese
anti-ransglutaminase antibodies, or clinical diagnosis, or signs from the anamnesis. 0 = no pO ram e-l-e rs

increased gluten sensitivity; 1 = somewhat increased; 2 = increased; 3 = severely

increased; 4 = very severely increased.

Metabolome +

Save
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« PAIS has high prevalence, is debilitating
condition
» Clear link with microbiome dysbiosis
 Metabolome deviations found, links
directly to symptoms
 Metabolome can inform clinical
decision making/treatment:
« Specific probiotics/ingredients can
target metabolic pathways
« Useable for clinical follow-up

« Microbiome Center willimplement the
metabolome in the forthcoming weeks

" /

Microbiome
Center

\ your qﬂen’rion!/
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