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Abstract & Objective

# Chronic Borrelia infections compromise
mitochondrial function, leading to cellular
energy failure and persistent symptoms.

® This presentation links mitochondrial
bioenergetics to infection-driven dysfunction.

® Focus: Evidence-based strategies to restore energy" | 3
metabolism, reduce inflammation, and support recovery.
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The Problem: Chronic Borrelia Infection

10-20% >50%

new Lyme cases/year chronic report persistent
(USA alone) Lyme Disease Syndrome fatigue & cognitive fog

Hallmark Symptoms of Chronic Lyme Disease

Profound fatigue Sleep disturbances Headache
Joint & muscle pain Peripheral neuropathy Autonomic dysfunction
Cognitive impairment ("brain fog") Mood disorders & anxiety Multisystem involvement

Standard antibiotic treatment often fails to resolve symptoms — pointing to a deeper metabolic disruption.



Chronic Borreliosis — A Multisystem Energy Trap

L ———————

* Persistent Borrelia burgdorfieri causes
ongoing metabolic and oxidative
burden

* Common symptoms: Extreme fatigue,
cognitive impairment, joint/muscle pain,
neuroinflammation, autonomic dysfunctlon

* Conventional diagnostics often’ mlss
the mitochondrial component.
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Mitochondria: Far More Than just a Powerhouse

ATP Production

Oxidative phosphorylation — 95% of cellular
energy via ETC Complexes |-V

Immune Regulation

mtDNA & ROS act as DAMPs; regulate NLRP3
inflammasome & innate immunity

Redox Balance

Primary source and buffer of reactive oxygen
species (ROS)

Apoptosis & Repair

Control cytochrome c release, autophagy
signaling & cellular fate

@ Ca?* Homeostasis

Buffer cytosolic calcium — essential for muscle,
nerve & metabolic signaling

Biogenesis & Fission

Dynamic fusion/fission cycles maintain
mitochondrial network quality




Identifying Mitochondrial Dysfunction: Key Biomarkers

Energy Metabolism

N Lactate / Pyruvate ratio (>20 = mitochondrial dysfunction) 8-OHdG (urinary mtDNA oxidation marker)
| ATP/ADP ratio (low = impaired OXPHOS) Isoprostanes (lipid peroxidation)
Il CoQ10 plasma levels (often deficient) Glutathione (GSH/GSSG ratio)

B Carnitine status (free & acylcarnitines) MDA — malondialdehyde (membrane damage)

hsCRP, IL-6, TN F-a (inflammatory load) mtDNA copy number (blood/urine)
TGF-B1 (mitochondrial suppression) Mitochondrial membrane potential (JC-1)
NK cell functional activity Seahorse XF assay — OCR/ECAR profiles

Lymphocyte transformation test (LTT) Mitochondrial morphology (electron microscopy)




Mitochondrial Health Index (MHI)
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MHI Mito Stress Test

Healthy Control : Chronic Lyme Disease
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sample type: Blood in CPDA vials

RESULTS

Requisition:
Mitechondrial Health Index f PEMCs

Summary

Patient’s valus Target value [optin

Mitechondrial Health Index [MHI)

1.02 =25

Mitochondrial Bioenergetics

Coupling efficiency, %

Reserve respiration capacity, %

Cellular oxygen consumption profile

Mon-mitochondrial respiration as a share of total

respiration, % 23 =10
Proton leak as a share of total respiration, % 20 5-10
Share of respiration used for mitochondrial ATP generation,

% 57 =90
ATP turnover rate (mitochondrial oxygen utilisation)

ATP base turnover, % 36 <20
ATP reserve, % 64 =80
Potential maximum coygen consumption rate in pmol

oxygen/min =300

Cellular energy phenotype

At rest Resting Resting

on energy demand Restin Ene! ic/aerob
Metabolic potential, mitochondrial percentage —j
Metabolic potential, glycolysis percentage 260 +350

Oxygen consumption/glycolysis on energy demand

Moderate preference for
anasrobic glycolysis

Optimal siightly high /low | 07

Moderately

v R

MHI Mito Stress Test

Healthy Control
h ATP Production

[ . Maximal Respiration

By ATP Prodiscion

5Ly .+ Maximal Respiration



Under Attack: How Borrelia Disrupts Mitochondria

T Inflammatory Cytokines

TNF-a, IL-1B, IL-6 trigger
mitochondrial membran depolarization

ETC Complex I-1ll Inhibition

Bacterial lipoproteins & OspC disrupt
proton gradient & ATP yield

ROS Overproduction

Spirochete antigens activate NOX
& Complex | leakage
- oxidative storm

Mitochondrial Fragmentation

DRP1 activation - fission; impaired
PGC-1a - reduced
biogenesis

mtDNA Damage

8-OHdG adducts; impaired mtDNA
replication & electron
transport encoding

Impaired Autophagy

Defective mitophagy allows

accumulation of damaged mltochondnaJ 33
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The Vicious Cycle: Infection - Dysfunction - More Inflammation

Borrelia

Infection

cytokine
storm

activates NOX
& ETC leak

1 ROS &

Persistent :
Symptoms Self-perpetuating

: S Inflammation
mitochondrial crisis

immgne DRP1 D
evasion PGC-1a

J ATP &
Immune Fa“"b&%/—/os

failure

Mitochondrial

Fragmentation




Beyond Borrelia: A Shared Mitochondrial Response MDD
to Chronic Infection

Borrelia is one model — the biological principle may extend far beyond Lyme disease.

Different Pathogens.
Different Triggers.
A Potentially Shared Mitochondrial

Many Pathogens - Shared Host Response Pathways
One Potential Outcome

Infection / microbial persistence

\ J

*  Borrelia burgdorferi 4+ ' L ety Stress Archltecture
) . Spirochete causing Innate immune activation B L - :

Lyme disease & cytokine signaling

Viruses L ROS / RNS and redox |mbalance

e.g., EBV, SARS-CoV-2,

CMV, HHV-6 =

Mitochondrial membrane dysfunctlon
& fragmentatlon
Intracellular Bacteria
e.g., Chlamydia, Mycoplasma, Impalred OXPHOS and
Bartonella, Rickettsia ATP productlon

}

Wl o ..t o Wt - 4

z — s Mitochondrial dysfunction is not
Fungi mtDNA / m|tochondnal DAMP release } Lo pathogen-specific.
e.g., Candida, Aspergillus T ——— =S
. - = 3 It may be the central convergence
Paracites Further immune activation and \ & point of chronic infection.
e.g., Babesia, Toxoplasma, ~ impaired cellular resilience " Restoration of mitochondrial health
y Leishmania may support immune balance,
Lo _ energy recovery and resilience. N
& The pathogen may initiate the process —
S but cellular dysfunction may determine persistence, symptom burden and recovery capacity.

Prof. Dr. Brigitte Konig
MMD GmbH & Co. KG, Magdeburg AON M
07.07.2026
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Clinical Consequences of Mitochondrial Dysfunction

Muscular / Metabolic

Neurological

® Profound fatigue — ATP depletion in skeletal muscle
@ Post-exertional malaise (PEM)
@ Lactic acidosis under minimal exertion

@ witochondrial myopathy pattern

® Brain fog — neuroenergetic failure
@ Neuroinflammation via microglial activation
© Axonal degeneration & demyelination

® Slee p-wake cycle dysregulation

Immunological

Cardiovascular / Autonomic

o Macrophage metabolic reprogramming
o Impaired T-cell activation & NK function
@ NLRP3 inflammasome overactivation

@ chronic low-grade systemic inflammation

@ Cardiac conduction defects (AV block)
o Dysautonomia / POTS-like syndrome
@ Reduced cardiac mitochondrial density

o Vascular endothelial dysfunction




Restoring Mitochondrial Function: The Framework

T Inflammatory Cytokines

TNF-a, IL-1B8, IL-6 trigger
mitochondrial membran depolaization

ETC Complex I-lll Inhibition

Bacterial lipoproteins & OspC disrupt
proton gradient & ATP yield

ROS Overproduction o

Spirochete antigens activate NOX

& Complex | leakage —

—> oxidative storm

Redox Modulation

NAC, ALA, Glutathione, NRF2

activation

DRP1 activation — fission; impaired
PGC-1a — reduced biogenesis

Mitochondrial Fragmentation

Anti-inflammatory
| Therapy

Omega-3, curcumin, LDA, LDN

Y. .

ek B e N . . . Ve - .
o - - .l :n . e
P R e
T B BT s Soaee e SEEC
# e & - " v o.
c" .‘.c' ‘B . 4 8



Therapeutic Target 1: ETC Support & CoQ10

Complex | Complex i CoQ10 Complex il Complex IV Complex V
NADH dehydrogenase Succinate Electron carrier Cytochrome bcl Cytochrome c oxidase ATP Synthase
dehydrogenase
| | |
NADH - NAD* FADH, - FAD Ubiquinone = Ubiquinol e~ transfer 0, H,0 ADP + Pi > ATP

Potential Mitochondrial Support Strategies

Ubiquinol (CoQ10 reduced)

Restores ETC electron flow; reduces oxidative damage; improves mitochondrial membrane potential

Riboflavin (Vitamin B2)
Cofactor for Complex | & II; required for FAD synthesis; shown deficient in CFS/PTLDS patients

Nicotinamide Riboside (NR/NMN)
NAD* precursor; activates sirtuins & PARP; boosts Complex | via NADH




Therapeutic Target 2: Redox Modulation

Oxidative Stress Antioxidant Defense
. ‘N ROS / RNS production ‘ 1 Glutathione (GSH)
. Lipid peroxidation N\ ‘ SOD & Catalase activity
|
@ rrotein carbonylation . NRF2 pathway activation
® mtDNA strand breaks . Thioredoxin system
. NE-kB activation . Mitophagy — remove damaged mito

Key Redox-Modulating Agents

N-Acetyl Cysteine (NAC) | e.g. 600—1800 mg/day Alpha-Lipoic Acid (ALA) | e.g. 300-600 mg/day
Glutathione precursor: thiol donor: inhibits NF-kB Universal antioxidant; recycles GSH, Vit C&E; NRF2 activator

Liposomal Glutathione | e.g. 250-500 mg/day Astaxanthin | e.g.4-12 mg/day

Direct GSH repletion; crosses BBB; neuroprotective Singlet O, quencher; mitochondrial membrane protector

Mechanism-based supportive strategies — evidence varies by intervention and clinical context



Therapeutic Target 3: Metabolic Cofactors & Energy Substrates

L-Carnitine / Acetyl-L-Carnitine

Dose: 1000-3000 mg/day

oxidation and ATP synthesis

B-oxidation, Complex |

Transports long-chain fatty acids into mitochondrial matrix; essential for -

D-RI bose ATP pool recovery

Dose: 5-15 g/day

Rate-limiting substrate for ATP & NAD* synthesis; replenishes adenine nucleotide
pool; reduces PEM

Magnesium (Mg?*)

Dose: 300-600 mg/day (glycinate/malate)

mitochondrial Ca?*

ATP stability, Ca®*

Cofactor for 300+ enzymes; required for ATP-Mg complex stability; regulates

TCA cycle, OXPHOS

B-Vitamin Complex

Dose: B1 50-300mg, B2 100mg, B3 250mg, B12

B1: pyruvate dehydrogenase; B2: FAD; B3: NAD*; B12: methylation & neuro-mito
axis

Creatine Monohydrate

Dose: 3-5 g/day

mitochondrial permeability transition

PCr = ATP buffer

Phosphocreatine buffer: rapid ATP regeneration; neuroprotective; reduces

Alpha-Ketoglutarate (AKG) UER 7 2 VAL

Dose: 1-3 g/day

TCA cycle intermediate; ammonia scavenger; regulates mTOR & supports
epigenetic reprogramming




Therapeutic Target 4: Anti-Inflammatory Strategies

Rationale: Chronic neuroinflammation perpetuates mitochondrial dysfunction via sustained cytokine signaling - targeting inflammation is

essential to break the cycle.

Clinical

Low-Dose Naltrexone (LDN)

1.5-4.5 mg/night

Transiently blocks opioid receptors - microglial
modulation; {, TNF-q, IL-6; emerging evidence in
PTLDS & ME/CFS

Moderate

Palmitoylethanolamide (PEA)

600-1200 mg/day

Endogenous anti-inflammatory; PPARa agonist; mast
cell stabilization; neuroprotective — well tolerated

EPA+DHA 2-4 g/day

Resolvin & protectin precursors; |, NF-kB, NLRP3;
improves mitochondrial membrane fluidity & inner
membrane composition

Moderate

Resveratrol

250-500 mg/day

SIRT1 activator; mimics caloric restriction; induces
mitochondrial biogenesis; \, IL-1B, TNF-a signaling

|
Curcumin (Liposomal/BCM- Moderate
95)

500-1000 mg/day

NF-kB inhibition; NRF2 activation; reduces
neuroinflammation; improves mitochondrial
biogenesis via PGC-1a upregulation

Specialist

Hydroxychloroquine / IVIG
Off-label / specialist use
Modulates innate immunity; reduces autoimmune-like

activation; consider in refractory PTLDS with immune
dysregulation




Therapeutic Target 5: Stimulating Mitochondrial Biogenesis

Activators Downstream Effects

. Exercise (HIIT / moderate aerobic) . D Mitochondrial number & density

. Caloric restriction / IF . N OXPHOS Complex expression

. Cold exposure (PGC-1a4 isoform) . N Fatty acid oxidation capacity

. NMN / NR — NAD* elevation . N ROS scavenging enzymes
. Resveratrol (SIRT1) . D Mitofusin 1/2 — fusion
. AMPK activators (Berberine) . { Fragmentation (DRP1)

. Quercetin + EGCG . 1 Antioxidant gene expression




The Gut—Mitochondria Axis in Chronic Infection

. Antibiotic-induced dysbiosis depletes SCFA producers

. { Butyrate - impaired mitochondrial B-oxidation in colonocytes
. LPS translocation (leaky gut) - TLR4 - NF-kB - cytokines

. { Akkermansia muciniphila - {, mitochondrial biogenesis signals
. Fungal overgrowth - mycotoxins - ETC Complex | inhibition

. Amino acid malabsorption = |, precursors for CoQ10, carnitine

. Increased intestinal permeability = systemic inflammatory load

‘ Targeted Probiotics:

L. rhamnosus, L. plantarum, B. longum — restore SCFA & mucosal immunity

‘ Postbiotics / Butyrate:
Sodium butyrate 300-600 mg — direct mitochondrial fuel for colonocytes

‘ Prebiotics (FOS/Inulin):
Feed Bifidobacteria; 1> SCFA production; reduce LPS-producing bacteria

‘ Fecal Microbiota Transplant:
Emerging in post-infectious gut dysbiosis; early case data encouraging

Dietary interventions:
Mediterranean / anti-inflammatory diet; {, ultra-processed food; 1

polyphenols

Leaky gut repair:
L-glutamine 5 g/day; zinc carnosine; colostrum; deglycyrrhizinated licorice

(DGL)
‘ Antifungal protocols:

If Candida suspected: dietary restriction + targeted antifungals + probiotics




Lifestyle Medicine & Cellular Resilience

Energy Pacing Sleep Optimization

@ Heart Rate Variability (HRV) monitoring @ Mitochondrial repair happens in N3 sleep

o Stay below anaerobic threshold ® Melatonin 0.5-5 mg: antioxidant, mito-protective

[ Activity-rest cycling; 50% rule in acute phase © Address sleep apnea (compounds fatigue & ROS)

@ Avoid boom-bust cycles > PEM @ Circadian entrainment — morning light
Graduated Exercise Thermal & Metabolic Hormesis

o Aerobic base building (HR zone 2) ® sauna / controlled heat exposure

o DN mitochondrial density & biogenesis ® cod exposure - I PGC-1a, UCP1

o Avoid overtraining — monitor lactate/HRV ® Fasting / time-restricted eating - mitophagy

o Yoga / Tai Chi: anti-inflammatory, low risk ® Intermittent hypoxia-hyperoxia training (IHHT)
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From Pathogen-Centered Medicine to Host Resilience

Restoring Cellular Function Determines Recovery

7 -
TRADITIONAL QUESTION

Focus on the Pathogen

® Which pathogen is present?
® How do we eliminate it?
() Antimicrobial strategies

() Pathogen eradication as primary goal

———
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INFECTION IMPACTS
THECELL
Oxidative stress « Inflammation
. Metabolic reprogramming
: “Mitochondrial dysfunction

A DYNAMIC

INTERPLAY
DETERMINES
OUTCOME

THE ADDITIONAL BIOLOGICAL QUESTION

Focus on the Host & Cellular Resilience

How did the infection
reshape cellular function?

Is mitochondrial reserve
preserved?

Can the immune system
energetically respond?

Is the cell capable
of recovery?

How can we rebuild resilience
and restore biological balance?

Toxoplasma)

PATHOGEN CONTROL
may end the infection.

\‘\ /'/
RESTORING CELLULAR RESILIENCE —f@’—

may determine recovery. /.

Different pathogens. Different triggers. A potentially shared mitochondrial stress architecture.

&

Mitochondrial
Health
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Energy
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Immune
Resilience
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Redox & Repair

Capacity
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Regenerative
Potential



Research Frontiers & Future Directions

Mitochondrial-derived peptides (MOTS-c,
Humanin) as novel therapeutic targets; exercise-
released exerkines modulating systemic
metabolism

Personalized Clinical adoption

Metabolomics

Multi-omics profiling (metabolomics + proteomics
+ microbiome) to identify individual
mitochondrial bottlenecks and guide therapy

Phase Il

Mitochondria-Targeted

Antioxidants

MitoQ, MitoTEMPO, SkQl — direct delivery to
mitochondrial matrix; 100—-1000x more potent
than systemic antioxidants

Emerging

Senolytics in PTLDS

Clearing senescent cells (Dasatinib + Quercetin);
reducing SASP; improving tissue mitochondrial
function in chronic infection models

Metformin & AMPK Pilot RCT

Activation

Metformin low-dose repurposing; AMPK -
mitophagy, & mTOR, I NAD*; studied in ME/CFS
& Long COVID overlap

Experimental

Mitochondrial Transfer

Transplantation of healthy mitochondria via
extracellular vesicles; MSC-derived approaches;
neuroprotective applications




Key Take-Home Messages

Mitochondrial dysfunction may not simply be a consequence of chronic infection — it may represent a key biological amplifier
of persistent symptoms.— it may be the central driver of persistent symptoms.

The vicious cycle (infection = inflammation - mitochondrial damage - immune failure > more infection) must be broken at
multiple levels simultaneously.

Standard antibiotic therapy alone is insufficient. Metabolic, redox, and immune support are essential components of a
complete treatment plan.

A staged, biomarker-guided, individualized protocol — addressing ETC support, redox balance, biogenesis, and immune
regulation — delivers the best outcomes.

Recovery is possible. Mitochondria are highly plastic and respond to targeted therapeutic intervention. Cellular energy CAN be
restored.




Thank You

Questions & Discussion

Prof. Dr. Brigitte Konig
MMD GmbH & Co. KG - Magdeburg, Germany

mmd@ mmd-web.de

"Healing begins at the cellular level. When we restore mitochondrial health, we restore the capacity for life."
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