How Genomics Can
Guide Clinical Care
for Long COVID &
Long Vax or
Spikeopathies

Sharon Hausman-Cohen, MD, FAAFP, ABOIM
Wednesday September 23 7 pm EST




By watching this presentation (in any format), you agree that you will only use the
information in this presentation for your own use in providing care to your patients and not
for any commercial or other purposes. You expressly agree not to use the information in this
presentation to create a genomic product or tool to use the information in this presentation
and you confirm that you are not associated with any commercial genomics company.
Genomic images and other information in this presentation are taken with permission from
IntellxxDNA™ genomics clinical decision support tool.

© IntellxxDNA™ Genomics 2026. All rights reserved.

This presentation contains referenced material from clinical studies in addition to proprietary
information. No part of this presentation may be reproduced, stored in a retrieval system or
be transmitted by any means without written permission of IntellxxDNA™.



Post-Acute Sequelae of SARS-CoV-2 (PASC)

or Long COVID is NOT One Dlsease 4
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* Patients can have similar
symptoms but very different
underlying drivers

* Genomics helps us see those
differences

* Helping us take a more optimal
and precise approach



What Do We Know About
Long COVID, Long Vax, PACs
or Spikeopathy?

(Whatever Your Preferred Nomenclature is)



10% - 40% of People Infected with

COVID-19 Have Prolonged Symptoms

* Chronic Fatigue or ME/CFS
* Cardiac Dysfunction

O » O O
* Elevated Troponins
* Cardiomyopathy
* New Onset Arrhythmias

O O O »

* Cognitive Changes
* Migraines
* Coagulation Driven Disease

* Pulmonary Emboli
* Stroke

!
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* New Onset Autoimmune Disease

Low, R. N., Low, R. J., & Akrami, A. (2023). A review of cytokine-based pathophysiology of Long COVID symptoms. Frontiers in Medicine, 10, 1011936. https://doi.org/10.3389/fmed.2023.1011936
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Differing Etiologies Make Long COVID More

Difficult to Treat: Algorithm Method Doesn’t Work

Patients may have similar symptoms but different underlying drivers.
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Brain / Nervous
We Can Go 7N

Even Deeper

Inflammatory Activation

* 1 Pro-inflammatory cytokines, chemokines,
CCL2, IL-6, TNF-q, IL-1a, IL-1B, CRP

* Mast cell activation

* Autoimmune disease

Immune Dysregulation
* » Complement proteins

+ Immune dysfunction - IFNG, TLR2, TLR4 [T
Inflammatory

Coagulation Abnormalities

* 1 Platelet activation

* ™ Fibrinogen & D-dimer

* Endothelial Dysfunction (NOS3 & other)

Musculoskeletal
Nutrient Contributing Factors

* Mg++, Vit D, Vitamin C

Cardiovascular /
Autonomic

Vascular /
Hematologic




Where Genomics Fits In

With many dozens of etiologies
contributing to Long COVID and
Long Vax, there is not one treatment
protocol for getting someone with
persistent symptoms Post-COVID
or Post-Vaccine.

Genomics helps us identify the
specific pathways for a particular
individual that may be contributing.

Once key contributing biological
drivers are identified, they can be
addressed.

IntellxxDNA helps with this.

-+ Activation of signaling { Inhibition of signaling = N protein-mediated activation { N protei

Cao, Y., Wang, Y., Huang, D., &Tan, Y.-J. (2025). The role of SARS-CoV-2 nucleocapsid protein in host inflammation. Viruses, 17(8),
1046. https://doi.org/10.3390/v17081046




NLRP3 / IL-13 Combination: 30x the Risk of

Severe Fatigue with an Infectious Trigger

Take a patient who has NLRP3
and IL-13 combination

N o
Overactive -
\ Inflammasome /
\. Response /

Risk of Severe /
Fatigue -

This combination gives
30x the risk of fatigue!

For this patient, the main
symptom of Long COVID
is fatigue.

Valencia, B. M., Cvejic, E., Vollmer-Conna, U., Hickie, I. B., Wakefield, D., Li, H., Pedergnana, V., Rodrigo, C., & Lloyd, A. R. (2021). The severity of the
pathogen-induced acute sickness response is affected by polymorphisms in genes of the NLRP3 inflammasome pathway. Brain, Behavior, and
Immunity, 93, 186-193. https://doi.org/10.1016/j.bbi.2021.01.005



Low CoQ10 Also Comes From Genes and is

Associated with Long COVID

Low CoQ10canleadto
mitochondrial dysfunction.

' - L -....\_‘ ‘et Ul
g {a L \:\ )
% Y G - T
. \l W\ '
- X

Low CoQ10 Mitochondrial Lower Energy

Dysfunction Production
Mitochondrial dysfunction can
lower energy production and lead
to poorrecovery.

For this patient, low CoQ10
can contribute to fatigue
and poor recovery.
Gvozdjakova et al. (2023). Effect of Vaccination on Platelet Mitochondrial Bioenergy Function of Patients with Post-Acute COVID-19. Viruses, 15(5), 1085.
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A Closer Look at Patients
and their Genetic Pathways

CASE STUDIES: Shana/Cory/Vinny/ Ellen g
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Shana
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* 49-year-old Woman
* Long COVID

* Brain Fog
* Inflammation

* Low Vitamin D

Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026



Most of these
ene Variants
hana Had, are in
ess Than 10%

GPX1

Oxidative Stress

GC

Low Vitamin D

MS4A2 | FCERIA

IgE Receptor/Mast Cells Mast Cells Inflammation

Long COVID 10 0f 10 selected

Odds

SNP gepr::::r:;g:pies T Ratic 1 Key Information
P Long COVID
ALE GPX1 variant: reduced capacity to clear oxidative stress and heavy metals (e.g., mercury). Increased susceptibility to oxidative
9.0% 0 2.27 damage raises risks of many diseases and complications.
& | The A allele (GA or AA genotype) is associated with long COVID-related brain fog (OR = 2.27).
Low Vitamin D
e GG 2 »
75% 0 Individuals with the G allele (GT or GG genotype) for DHCR7 rs12785878, the G allele (GT or GG genotype) at GC rs2282679, and
& ' the G allele (AG or GG genotype) at CYP2R1rs10741657 have been shown to have an increased risk of vitamin D insufficiency
(OR = 2.0-2.5) and rickets.
CYP2R1 Vitamin D Binding Protein gene (main vitamin D carrier). This SNP is associated with lower vitamin D levels; individuals with two
AG 1 copies may need markedly higher supplementation, sometimes up to 50,000 IU (1,250 mcg) weekly lifelong to maintain ideal
& A471% 0 > N levels.
- This DHCR7 variant reduces the skin's ability to convert 7-DHC to vitamin D with sun exposure and . Affected individuals tend to
have lower vitamin D levels.
DHCR7 Cytochrome P450 Family 2 Subfamily R Member 1 converts vitamin D precursor to its active form. Individuals with two copies of
GT 1 this SNP may have naturally higher vitamin D levels.
42.0% 0 J Vitamin D levels were significantly lower in long COVID patients compared to control patients (p < 0.05). VD deficiency is
3] significantly associated with overall long COVID symptoms (OR = 5.80).
CYP24A1 Low Vitamin D
cc 2 This SNP increases vitamin D breakdown, causing lower Vitamin D levels.
- 4.4% 0 M/A Vitamin D levels were significantly lower in long COVID patients compared to control patients (p < 0.05). VD deficiency is
] significantly associated with overall long COVID symptoms (OR = 5.80).
Mast Cell Activation - Increased mast cell activation
MS4A2
AG 1 MS4A2 (Membrane Spanning 4-domains A2) encodes the beta chain of the high-affinity IgE receptor (FCER1). Beta-chain
amplification associated with SNP upregulates mast cell activation, increasing risk of allergies and associated diseases (eczema,
70% &) N/A
= . asthma).
a Mast Cell activation has been associated with long covid and persistent covid symptoms.
Mast Cell Activation - Increased IgE level, asthma
FCER2
GG 2 FCER2 (CD23), the low-affinity IgE receptor on airway smooth muscle, regulates IgE via negative feedback. This SNP reduces
8.2% 0 NIA FCER? expression, disrupting feedback and causing elevated IgE, with potential paradoxical steroid responses characterized by
& e increased IgE.
- Mast Cell activation has been associated with long covid and persistent covid symptoms.
Increased IL-6
IL6
AA 2 This SNP is associated with higher interleukin-6 (mostly proinflammatory). IL-6 rises with infection or tissue damage, can cross
13.2% “ NiA from the body into the brain, and contributes to increased risk of certain inflammation-related disorders as well as depression.
® e A 2024-2026 Long COVID clinic study found that IL-1B, IL-6, and TNF-a remained significantly elevated in peripheral blood
- compared with recovered controls, supporting a persistent chronic inflammatory signature in Long COVID.

.2, IntellxxDNA
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Shana’s Top Contributing Factors: Oxidative

Stress, Vitamin D Related, Mast Cell

Long COVID 10 of 10 selected

Genotype/Copies

& Prevalence s

SNP

Odds
Ratio

i Key Information

GPX1

Long COVID

GPX1 variant: reduced capacity to clear oxidative stress and heavy metals (e.g., mercury). Increased susceptibility to oxidative
damage raises risks of many diseases and complications.
The A allele (GA or AA genotype) is associated with long COVID-related brain fog (OR = 2.27).

2.27

Oxidative Stress

GC

Low Vitamin D

CYP24A1

Low Vitamin D

CYP2R1} DHCR?

Low VitD Low Vit D

420% @

Low Vitamin D

Individuals with the G allele (GT or GG genotype) for DHCR7Y rs12785878, the G allele (GT or GG genotype) at GC rs2282679, and
the G allele (AG or GG genatype) at CYP2R1rs10741657 have been shown to have an increased risk of vitamin D insufficiency
(OR = 2.0-2.5) and rickets.

Vitamin D Binding Protein gene (main vitamin D carrier). This SNP is associated with lower vitamin D levels; individuals with two
copies may need markedly higher supplementation, sometimes up to 50,000 IU (1,250 mcg) weekly lifelong to maintain ideal
levels.

This DHCR? variant reduces the skin's ability to convert 7-DHC to vitamin D with sun exposure and . Affected individuals tend to
have lower vitamin D levels.

Cytochrome P450 Family 2 Subfamily R Member 1 converts vitamin D precursor to its active form. Individuals with two copies of
this SNP may have naturally higher vitamin D levels.

Vitamin D levels were significantly lower in long COVID patients compared to control patients (p < 0.05). VD deficiency is
significantly associated with overall long COVID symptoms (OR = 5.80).

N/A

MS4A2 | FCERIA

Mast Cells

IgE Receptor/Mast Cells

Low Vitamin D

This SNP increases vitamin D breakdown, causing lower Vitamin D levels.

L2
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/A Vitamin D levels were significantly lower in long COVID patients compared to control patients (p < 0.05). VD deficiency is
significantly associated with overall long COVID symptoms (OR = 5.80).
Mast Cell Activation - Increased mast cell activation
MS4A2 (Membrane Spanning 4-domains A2) encodes the beta chain of the high-affinity IgE receptor (FCER1). Beta-chain
amplification associated with SNP upregulates mast cell activation, increasing risk of allergies and associated diseases (eczema,
N/A asthma).
Mast Cell activation has been associated with long covid and persistent covid symptoms.
Mast Cell Activation - Increased IgE level, asthma PY
FCER2 (CD23), the low-affinity IgE receptor on airway smooth muscle, regulates IgE via negative feedback. This SNP reduces
FCER?2 expression, disrupting feedback and causing elevated IgE, with potential paradoxical steroid responses characterized by
NJA :
increased IgE.
Mast Cell activation has been associated with long covid and persistent covid symptoms.
Increased IL-6
This SNP is associated with higher interleukin-6 (meostly proinflammatory). IL-6 rises with infection or tissue damage, can cross
NiA from the body into the brain, and contributes to increased risk of certain inflammation-related disorders as well as depression.

A 2024-2026 Long COVID clinic study found that IL-1B, IL-6, and TNF-a remained significantly elevated in peripheral blood
compared with recovered controls, supporting a persistent chronic inflammatory signature in Long COVID.




* A study contained 167
patients with PACS who were
evaluated for antioxidant-
related genetic variants.

* Researchers examined GPX,
GST, SOD2, Nrf2 and other
antioxidant pathways.

* Combinations involving
GPX1 were associated with
a greater likelihood of Long

COVID, brain fog and myalgia,

with GPX1 and GSTM1 Null
combo =12.98x the risk.

» Antioxidants (Basel). 2022 May 12;11(5):954. doi: 10.3390/antiox11050954 &

Antioxidant Genetic Profile Modifies Probability of Developing
Neurological Sequelae in Long-COVID

Marko Ercegovac 1%, Milika Asanin 2, Ana Savic-Radojevic 14, Jovan Ran a Matic T_iana Djukic
L4 Vesna Coric Ddej a Jerotic ™%, Nevena Todorovic ®, lvana Milosevic *°, Goran Stev: 5, Tatjana Simic

146 Zoran Bukumiric ! arija Pljesa-Ercegovac

Analyzed genotype

GSTA1 (CC vs. CT/TT) e 1.18 (0.41 - 3.36)
GSTT1 (active vs. null) e 1.24 (0.42 - 3.66)
GSTM1 (active vs. null) e + 229(0.79-6.58)
GSTM3 (AA vs. AC/CC) ——— 0.95 (0.37 - 2.43)
GSTP1AB (llelle vs. lleVal/ValVal) . 1.08 (0.43-2.71)
GSTP1CD (AlaAla vs. AlaValValVal) e 1.10(0.38 - 3.24)
GSTO1 (AlaAla vs. AlaAsp/AspAsp) e 1.26 (0.50 - 3.18)
GSTO2 (AsnAsn vs. AsnAsp/AspAsp) g 0.64 (0.26 - 1.62)
SOD2 (AlaAla vs. AlaVal/ValVal) S 0.56 (0.21 - 1.51)
- GPX1 (ProPro vs. ProLeu/Leuleu) = & 4 2.27 (0.83 -6.18)
GPFX3 (TT vs. TC/CC) N 0.69 (0.22 - 2.19)

Nrf2 (CC vs. CA/AA) — | 1.62 (0.60
ACE2 - r$143936283 (GluGlu vs. GIuGly/GlyGly' —au— 1.20 (0.38
ACE2 - rs4646116 (LysLys vs. LySArg/ArgArg)  -@————— 0.30 (0.01 -

1 L 1
DD 10 ZIZI 30 40 50 60 7O

-4.33)
- 3.84)

2.45)



Shana has No GSTM1 Null, but Low Klotho

and GSTT1 Null are Present

Klotho is a protective “healthy aging” protein

* Low klotho increases oxidative stress and inflammation,
slows mitochondrial and endothelial function, and
decreases antioxidant defenses and nitric oxide signaling

* GSTT1 NULL leads to loss of GSTT1 enzyme activity

* Reduces one pathway for handling reactive compounds *
and oxidative stress

* Combined these lead to greater vulnerability to ROS
accumulation, mitochondrial dysfunction, and less protection
against endothelial stress

* Can contribute to persistence of symptoms after a major
inflammatory/oxidative challenge like COVID

Klotho in age-related cardiovascular diseases: Insights into mitochondrial dysfunction and cell death. Biomedicine &
Pharmacotherapy, 2025. PMID: 40129656.
Sprenger R, et al. Pharmacogenetics. 2000;10(6):557-565. doi:10.1097/00008571-200008000-00009.



Glutathione Peroxidase (GPX1) Helps Protect

Against Mitochondrial Oxidative Stress

* GPX1 converts H,0,, a
by-product of mitochondrial
energy production, into water.

-""-Tx'_c_‘:—:‘ ° °
\35\5 Mlt“hondrlonj A small amount of
* H0; is produced

* Glutathione (GSH) supplies the
reducing power GPX1 needs.

* Reduced GPX1 activity can
allow oxidative stress to build up,
Impairing brain function.

Selenium (Se)
| = GPX1 co-factor

Ribas V, Garcia-Ruiz C and Fernandez-Checa JC (2014) Glutathione and mitochondria. Front. Pharmacol. 5:151. doi: 10.3389/fphar.2014.00151



Selenium Helps GPX1 Work Better

GPX1
Oxidative Stress

* Selenium is an essential cofactor
for GPX1 function.

* Adequate selenium boosts GPX1
antioxidant activity.

* The increase is especially
pronounced in those with
one variant.

Cardoso BR, Busse AL, Hare DJ, et al. Pro198Leu polymorphism affects the selenium status and GPx
activity in response to Brazil nut intake. Food & Function. 2016;7:825-833. doi:10.1039/C5F0O01270H.



Low Vitamin D

ﬂl-“ '-" llnl =

* Shana had a haplotype of three
variants associated with severe
vitamin D deficiency.

* Two copies of the “GC” SNP were
associated with low vitamin D
levels (p =107"%).

* Individuals with 2 copies of GC
generally need 50,000 IU of
vitamin D weekly just to maintain
normalvitamin D levels. GC is the vitamin D binding protein that

protects vitamin D from rapid degradation
assocaton sy, Lanees 2010:376(67301 0188, do10.1016/50140.676(1040566.0. as it moves throughout the body.




Low Vitamin D
Contributes to
Multiple Sxs of PACS

by

» Med Sci (Basel). 2025 Sep 18;13(3):199. doi: 10.3390/medsci13030199 (4

Association Between Vitamin D Levels and Long COVID Signs and
Symptoms

Karn Matangkha !, Vichit Punyahotara %, Jarasphol Rintra %, Phakkharawat Sittiprapaporn 2%
Editor: Antoni Torres

» Author information » Article notes » Copyright and License information

PMCID: PMC12471862 PMID: 40981197

Abstract

Background: “Long COVID” refers to a condition in which individuals continue to experience
persistent signs and symptoms even after recovering from the initial COVID-19 infection.
Signs and symptoms that persist can affect multiple organs in the body. Vitamin D is an
essential nutrient that plays a crucial role, particularly in the immune system, and may be
linked to the development of long COVID. Objective: The study aimed to investigate the

Comparison of vitamin D levels between individuals with and without long COVID signs and

symptoms, classified by affected signs and symptoms.

Long COVID Yes No
Signs and p-Value
Symptoms n (%) Median (IQR) n (%) Median (IQR)
25.46 (22.42, <0.001
Overall # 21.52 (17.5, 28.48) 60 (35.3)
(64.7) 33.84) 5
21.21 (16.36, 103 <0.001
General 67 (39.4) 25.46 (20.82, 33.0)
26.51) (60.6) !
i 21.32 (16.96, 26.65 (22.48, <0.001
Respiratory 94 (55.3) 76 (44.7)
27.61) 33.99) *
15.33 (14.08, 150 <0.001
Cardiovascular 20 (11.8) 25.28 (20.77, 32.5)
16.39 (88.2) X
17.03 (14.84, 125 26.67 (21.52, <0.001
Neurological 45 (26.5)
21.31) (73.5) 32.97 *
12.27 (10.28, 168
Gastrointestinal 2(1.2) 23.12 (18.85, 31.7) Jp.002 *
14.25) (98.8)
147 <0.001
Musculoskeletal 23 (13.5) (16.36 (14.03, 18.9) 86.5) 25.46 (20.8, 32.5) .
27.82 (22.42, <0.001
Skin 86 (50.6) 21.0 (16.42, 26.34) 84 (49.4)
34.23) *
<0.001
Psychiatric 51 (30.0) 20.91 (15.36, 26.2) 25.46 (20.16, 33.0)




Mast Cell Overactivity is Another Significant

Contributing Factor to Long Covid

L
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T1L-4, TNF-q, IL8

4

p IgG

FCyRI
— Release of tryptase

Therapeutic Options
Mast cell stabilizers
Steroids

H1/H2 blockers

Allergic inflammation

IgE Receptor/Mast Cells Mast Cells

* Shana has 2 different
variants that relate to
her binding of IgE to
the main mast cell
receptor and
contribute to
overactivation.

* FCER1A and MS4A2
create tighter binding
of IgE

* Increases IL-4, TNF-q,
IL-8 w/ degranulation

Adapted from: Limgala, R.P,; Fikry, J.; Veligatla, V.; Goker-Alpan, O. The Interaction of Innate and Adaptive Immunity and Stabilization of Mast Cell Activation in Management of Infusion Related Reactions in Patients with Fabry Disease. Int. J. Mol.
Sci. 2020, 21, 7213. https://doi.org/10.3390/ijms21197213



Shana Has Two Important Variants That Drive
ngher IgE Slgnallng

* FCER1A and MS4A2 are the IgE A B
receptors. Variants contribute to R

tighter IgE binding, which triggers Red grape Peanuts
prolonged mast cell activation. D'ﬁ"‘mg”mx /

* |gE levels can be normal, but patient
can have amplified IgE effect.

0.185mg/100 g

* Resveratrol is a great intervention
as it directly downregulates FCER1.

Cranberries Blueberries
1.9mg/100 g 0.4mg/100 g

Ruggiero M, Motti ML, et al. Resveratrol and Physical Activity: A Successful Combination for the Maintenance of Health and Wellbeing? Nutrients. 2025 Feb 28;17(5):837. doi:
10.3390/nul7050837. PMID: 40077707; PMCID: PMC11902109.



Cory

LU LT L R g L UL LU L

M L= My |

* 14-year-old Boy

* Since having COVID, has had Long
COVID with significant fatigue.

* Comorbid symptoms of:
—Myalgic Encephalomyelitis
/Fibromyalgia
—Dysautonomia

MTHFR __

olic/ Imm 1IN |-||gh Homocysteine

Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026



Cory’s Top
4 VVariants

Inflammation and Immune
Response Were Huge Drivers

CCL2

Inflammation

'MTHFR

High Homocysteine

INFG

Inflammation

IL-6R

Inflammation

Long COVID & of 8 selected

Genotype/Copies
& Prevalence

T

Odds

Ratio "

Key Information

Immune & Infection Response - Tissue damage at sites of inflammation

This C-C motif chemokine ligand 2 (CCL2) SNP can intensify immune cell recruitment, causing excessive
tissue damage at inflamed or infected sites. This can contribute to a wide variety of health issues
throughout the body and brain.

The GG genotype was associated with an increased long COVID risk by enhancing CCL2-mediated
monocyte recruitment, which can sustain post-infectious inflammation, endothelial injury, and persistent
monocyte-driven inflammation and endothelial injury.

Long COVID

This SNP is associated with higher interferon-y, which can enhance T-cell responses to infection but,
when excessive, may drive inflammation, joint pain, and fatigue. Persistent immune activation may also
increase autoimmune disease risk by promoting tissue injury and impaired immune tolerance.

AA of this interferon gamma SNP has been associated with an increased risk of PACS or Long Covid.
Some of the particular symptoms noted in AA individuals compared to those with 0 or 1 allele included
decreased visual acuity, arrhythmias, headaches, throat irritation, fatigue. and insomnia. Interestingly, this
was a study of patients who had only mild COVID who then developed PACS, which makes sense since
high INF-y patients are often more symptomatic. Having lower INF-y low expression genotype could
display lower Sort-1inhibition which can relate to some of the cardiac sequelae underlying long COVID.

Long Covid - Over active HIF1A

HIF1A (hypoxia-inducible factor 1-alpha) SNP is linked to elevated HIF1A and activation, influencing
persistent vascular inflammation, tissue remodeling, and cellular energy shifts. Research indicates it
drives a vasculo-proliferative state affecting heart and brain function, in addition to increasing cancer
susceptibility by enhancing HIF1A-mediated cancer-cell survival under low-oxygen conditions.
Elevated HIF1a as conveyed by the T allele (CT or TT genotype) has been highly associated with Long
COVID. This variant has also been shown to have a significant association to COVID susceptibility (p =
0.01)

Homocysteine and Methylation - Lower methionine / higher homocysteine

MTHFR converts 510-methylenetetrahydrofolate to 5-methyl-THF, enabling homocysteine—methionine
conversion and gene methylation. Inadequate methylation (low methionine/high homocysteine with this
SNP) raises stroke, neural tube/other birth defect risk and can impair serotonin, dopamine,
norepinephrine production, increasing depression and neuropsychiatric risks.

Elevated homocysteine is linked to more severe acute COVID-19 and may contribute to vascular
inflammation, endothelial dysfunction, and increased clotting risk. Although the evidence is observational
and heterogeneous, higher levels are a plausible marker of greater risk for serious disease.

Depression - Dampens brain IL6, but higher tissue

Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026

IL6R variant increases soluble IL6 receptor, enhancing IL-6-mediated inflammation. sILER crosses the
blood-brain barrier, promoting neurcinflammation, and increased IL6 signaling via sIL6R has been linked
to poorer outcomes after brain injury.

A 2024-2026 Long COVID clinic study found that IL-1B, IL-6, and TNF-a remained significantly elevated in
peripheral blood compared with recovered controls, supporting a persistent chronic inflammatory
signature in Long COVID.
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CCL2is a Destructive Type of Inflammation

Vet

* CCL2 creates tissue injury at the site of
inflammation.

* CCL2 helps recruit white blood cells
™ . toareas of inflammation. Overactive
4 . CCL2signaling causes excessive

me . humbers of immune cells to be
recruited into the tissue.

* That can contribute to more local
inflammation and tissue injury.

* CCL2 has also been associated with
Long COVID and fibromyalgia-related
inflammation.

Thomas D, Noishiki C, Gaddam S, et al. CCL2-mediated endothelial injury drives cardiac dysfunction in long COVID.Nature Cardiovascular Research. 2024;3(10):1249-1265. doi:10.1038/s44161-024-00543-8. PMID: 39402206.



CCL2: More Tissue Destruction at

Site of Inflammation

nature > nature cardiovascular research > articles > article

(2

CC L2 iS Monocyte Article Published: 14 October 2024
Protein 1 (MCP-1) CCL2-mediated endothelial injury drives cardiac

dysfunctioninlong COVID

Dilip Thomas, Chikage Noishiki, Sadhana Gaddam, David Wu, Amit Manhas, Yu Liu, Dipti Tripathi, Nimish

Kathale, Shaunak S. Adkar, Jaishree Garhyan, Chun Liu, Baohui Xu, Elsie G. Ross, Ronald L. Dalman, Kevin'

C. Wang, Anthony E. Oro, Karim Sallam, Jason T. Lee, Joseph C. Wu & Nazish Sayed &4

» Front Immunol. 2023 Oct 10;14:1254899. doi: 10.3389/fimmu.2023.1254899 (#

Immunological profiling in long COVID: overall low grade
inflammation and T-lymphocyte senescence and increased
monocyte activation correlating with increasing fatigue severity

Julia C Berentschot 1, Hemmo A Drexhage 2, Daniel G Aynekulu Mersha 2, Annemarie J M Wijkhuijs %,
ala i l
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Palmitoylethanolamine Lowers CCL2

Vet

* PEA is naturally derived from peanuts,
fenugreek seeds and soybean lecithin.

* Helps reduce pulmonary inflammation
and fibrosis in SARS-CoV-2 patients.

* Dosage: 600 mg, 1 to 2 times a day.

* PEA significantly improved post covid
fatigue scores (p =0.0001), with most
symptoms resolving within 3 months.

RacitiL, De Luca R, Raciti G, Arcadi FA, Calabro RS. The Use of Palmitoylethanolamide in the Treatment of Long COVID: A Real-Life Retrospective Cohort Study. Med Sci (Basel). 2022 Jul 14;10(3):37. doi: 10.3390/medsci10030037. PMID: 35893119;
PMCID: PMC9326613.



High Interferon Gamma Also Contributed to

His Joint Pain and Fatigue

4 Long COVID (O N

INFG

Inflammation

This SNP is associated with higher interferon-y, which can enhance T-cell responses to infection but,
when excessive, may drive inflammation, joint pain, and fatigue. Persistent immune activation may also
increase autoimmune disease risk by promoting tissue injury and impaired immune tolerance.

IFNG
AA 2 = ® = a a ] -
. AA of this interferon gamma SNP has been associated with an increased risk of PACS or Long Covid.
& 12.6% “ N/A Some of the particular symptoms noted in AA individuals compared to those with 0 or 1 allele included

= decreased visual acuity, arrhythmias, headaches, throat irritation, fatigue. and insomnia. Interestingly, this
was a study of patients who had only mild COVID who then developed PACS, which makes sense since
high INF-y patients are often more symptomatic. Having lower INF-y low expression genotype could
display lower Sort-1 inhibition which can relate to some of the cardiac sequelae underlying long COVID.

> Sci Adv. 2024 Feb 23;10(8):eadi9379. doi: 10.1126/sciadv.adi9379. Epub 2024 Feb 21.

Spontaneous, persistent, T cell-dependent IFN-y
release in patients who progress to Long Covid

-
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Curcumin (As Well As Steroids)
Decreases IFNG

* Curcumin has great evidence for
improving joint pain.

* Also has a lot of anti-inflammatory
effects — lowering various cytokines.

» Nutrients. 2023 Mar 23;15(7):1548. doi: 10.3390/nul5071548 3

Curcumin Confers Anti-Inflammatory Effects in Adults

Who Recovered from COVID-19 and Were Subsequentl
Vaccinated: A Randomized Controlled Trial

Samantha N Fessler !, Yung Chang 23, Li Liu 2, Carol S Johnston 1

Editors: Baiyi Lu, Fujie Yan, Xuan Yang

» Author information » Article notes » Copyright and License information

PMCID: PMC10096702 PMID: 37049389




High IL-6: Creates Inflammation in Response

to Infection or Tissue Damage

* A2024-2026 Long COVID clinic
Study found that IL-6 remained (Tl}e IL-1B, IL-6, and TNF cytokine triad is associated )
Si gni fican tly elevated in with post-acute sequelae of COVID-19

Christoph Schulthei 1, Edith Willscher 1, Lisa Paschold !, Cornelia Gottschick 2, Bianca Klee 2,

peripheral blood compared Svenja-Sibytla Henkes B, Lidia Bosurgi B, Jochen Dutzmann &, Denie Sedding ®,
. Thomas Frese %, Matthias Girndt ©, Jessica I Hall 7, Michael Gekle 8, Rafael Mikolajczyk 2,
with recovered controls. Mascha Binder ¢

Affiliations + expand
PMID: 35732153 PMCID: PMC9214726 DOI: 10.1016/j.xcrm.2022.100663 4

* This supports a persistent \.
chronic inflammatory
signature in Long COVID.

* Higher |L-6 can also increase
pain and fibromyalgia-like
symptoms.



How Can We Lower IL-67

IL-6R
Inflammation

* PQQ (pyrrologuinoline quinone) is
one IL-6 lowering option with
evidence for benefitin
spikeopathies.

* It also improves cognition and
mitochondrial function (energy)

especially with CoQ10.
s T e, =" LIFE
* The heart and brain are dense with BN e

mitochondria.

* PQQ has human mood studies and
animal cardiac (heart failure)
studies.

Harris CB, Chowanadisai W, Mishchuk DO, Satre MA, Slupsky CM, Rucker RB. Dietary pyrroloquinoline quinone (PQQ) alters indicators of inflammation and
mitochondrial-related metabolism in human subjects. ) Nutr Biochem. 2013;24(12):2076-2084. doi:10.1016/j.jnutbio.2013.07.008. PMID: 24231099.



HIF1A One of Cory’s Important Variants

{ HIF1IA

Metabolic/Immune
LOI'Ig COVID 8of & selected = ﬁ Y
NP poremeneer o paie ™ ey nformation

Immune & Infection Response - Tissue damage at sites of inflammation

CCL2 This C-C motif chemokine ligand 2 (CCL2) SNP can intensify immune cell recruitment, causing
Al t t h GG 2 excessive tissue damage at inflamed or infected sites. This can contribute to a wide variety of health
issues throughout the body and brain.
SO present, was the Y A 9 yanapran. | | |
® The GG genotype was associated with an increased long COVID risk by enhancing CCL2-mediated

monocyte recruitment, which can sustain post-infectious inflammation, endothelial injury, and persistent

HIF1A gene Va riant’ WhiCh _ idm-o:ocwe—rfriv:::ammationandendothelialinjury.
we will discuss later...

HIF1A (hypoxia-inducible factor 1-alpha) activation is linked to long COVID through elevated HIF1A,
persistent vascular inflammation, tissue remodeling, and cellular energy shifts. Research indicates it
drives a vasculo-proliferative state affecting heart and brain function, on addition to increasing cancer
N/A susceptibility by enhancing HIF1A-mediated cancer-cell survival under low-oxygen conditions.
Elevated HIF1a as conveyed by the T allele (CT or TT genotype) has been highly associated with Long
COVID. This variant has also been shown to have a significant association to COVID susceptibility (p =
0.01)

Homocysteine and Methylation - Lower methionine f higher homocysteine

MTHFR converts 5,10-methylenetetrahydrofolate to 5-methyl-THF, enabling homocysteine—methionine
conversion and gene methylation. Inadequate methylation (low methionine/high homocysteine with this
GG 2 SNP) raises stroke, neural tubefother birth defect risk and can impair serotonin, dopamine,
norepinephrine production, increasing depression and neuropsychiatric risks.

to be a m ajo r p laye r i n S pi keo path i eS. 9.2% 0 A Elevated homocysteine is linked to more severe acute COVID-19 and may contribute to vascular

inflammation, endothelial dysfunction, and increased clotting risk. Although the evidence is
observational and heterogeneous, higher levels are a plausible marker of greater risk for serious
disease.

MTHFR

Hypoxia Inducible Factor 1ais turning out

*2 %« InfellxxDNA

Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026 .



v Fibromyalgia 3 of 8 selected S A oA

Genotype/Copies Odds

SNP & Prevalence T Ratio T Key Information
Immune & Infection Response - Tissue damage at sites of inflammation
CCL2
GG 2 This C-C motif chemokine ligand 2 (CCL2) SNP can intensify immune cell recruitment, causing

v excessive tissue damage at inflamed or infected sites. This can contribute to a wide variety of health

2 8.4% &) N/A ) .

® I | issues throughout the body and brain.

- Elevated CCL2 or MCP1 has been associated with fibromyalgia.

o w as Depression - Dampens brain IL6, but higher tissue

IL6R

® ® CcC @& ILBR variant increases soluble IL6 receptor, enhancing IL-6-mediated inflammation. sIL6R crosses
o o the blood-brain barrier, promoting neuroinflammation, and increased IL6 signaling via sIL6R has
= 1.2% “ N/A been linked to poorer outcomes after brain injury.
- Elevated IL-6 has been associated with increased fibromyalgia symptoms and increased pain.
Statin Response and Toxicity - Statin intolerance, low CoQ10

e cG @ This SNP lowers CoQ10 production (a cellular energy cofactor) and is associated with poorer
cardiovascular health, infertility, and statin intolerance/statin-induced muscle pain.
14.6% %’ N/A Patients with fibromyalgia have only 40-50% of the typical CoQ10 levels in muscles and tissues.
C t I b t

& CoQ10 supplementation of 300mg/day for 40 days reduced pain and fatigue by more than 50% by
reducing oxidative stress and inflammation.

{ o
to FI bromya lgla * CCL2 & IL6R: Promotes inflammatory signaling
* Detox Pathways: Processing environmental exposures
* CoQ10 Pathways: Mitochondrial energy production
* Immune Response: Overactive interferon signaling
Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026 .E : ’ |n.re"xxm'A‘
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Controlling Inflammation

Was Key to Cory’s Improvement

* CCL2 was one of Cory’s most
important inflammatory clues

* |IL-6 added another layer of
iInflammation in response to infection

* His fibromyalgia-like symptoms
overlapped with the same
inflammatory pathways

* Genomics helped elucidate the drivers of
his symptoms and helped identify a path
forward for improvement.




gﬂse srunv

* 6-year-old boy
* Long COVID
* Level 2 ASD

* Impulsivity, Mood,
Behavior
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Vinny: Clotting + Mast Cells Slow COVID Recovery

FS IL-4R

Hypercoagulability Mast Cells

VDR/cDX2| FOLR1

Mast Cells High Homocysteine

-

.o e g
. : il In.re"xxmA Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026

Depression - Hypercoagulability, cerebral blood flow, inflammation

F5 (Factor V) "Leiden" SNP is a significant contributor to
hypercoagulability (higher thrombin/fibrin). Increases DVT/PE risk: 4.22x
with 1 copy, 11.45x with 2 copies; associated with recurrent miscarriage. If

F3 cT @ female, oral estrogens (birth control pills, post-menopausal hormone
replacement) are contraindicated.
4.3% “ N/A Hypercoagulability or thrombophilia has been associated with both more
& severe COVID as well as an increased risk of long COVID. Part of this is
due to the microclots that form throughout the body. One example of the
negative effects of microclots is that individuals with a thrombophilia such
as factor five leiden have Over twenty times the risk of having pulmonary
diffusion issues.
Mast Cell Activation - Increased risk of atopy and asthma
IL4R 6c 3 Interleukin-4 receptor SNP is associated with heightened allergic
responses, increased susceptibility to environmental toxins, and higher
5.1% ﬂ N/A asthma risk, via increased mast cell activation and IgE release.
& Mast Cell activation has been associated with long covid and persistent
covid symptoms.
Mast Cell Activation - Higher IgE, asthma, cognitive effects
VDR Cdx2 e Vitamin D Receptor gene binds active vitamin D, regulating hundreds of
genes. This SNP is associated with higher IgE/histamine release, asthma,
7.9% ﬂ NIA and Alzheimer's disease.
] Mast Cell activation has been associated with long covid and persistent
covid symptoms.
Homocysteine and Methylation - Lower cerebral folate
FOLR1 encodes folate receptor alpha, the primary transporter of
FOLR1 methylated folate into the brain. This SNP may reduce transport and lower
oA G cerebral folate despite normal serum levels. Can also contribute to
elevated homocysteine and has been associated with autism.
~ F—
g 1.3% ﬁ N/A Elevated homocysteine is linked to more severe acute COVID-19 and may

contribute to vascular inflammation, endothelial dysfunction, and
increased clotting risk. Although the evidence is observational and
heterogeneous, higher levels are a plausible marker of greater risk for
serious disease.




Hypercoagulability and

Post COVID Sequela

* Factor V was one of Vinny’s key
genomic clues

* |t pointed toward hypercoagulability
as an important concern—-but a
specific type of hypercoagulability.

* This made coagulation a higher
oriority in his Long COVID picture

* Factor V is a familiar example of
now one genetic clue can help
guide what to address first




Hypercoagulability and Long COVID

Hypercoagulability

* Long COVID is associated with a variety
of coagulation abnormalities

* Microclots reduce tissue perfusion and
contribute to ischemia

* Fibrinogen levels and clotting cascade
are affected both by patient genetics
and response to the spike protein and
inflammation.

Nicolai L, et al. Thromboinflammation in long COVID—the elusive key to postinfection sequelae? ) Thromb Haemost. 2023;21(7):2020-
2031. doi:10.1016/j.jtha.2023.04.039.



The Role of Coagulation Post COVID

Hypercoagulability

* Coagulation abnormalities, both increased
platelet activation and higher fibrinogen are a
recognized component of the Long COVID
picture.

* Elevated fibrinogen and D-dimer can
be clues that coagulation is an important
disease component.

* Impaired blood flow can affect multiple organs,
including the brain.

* This contributes to symptoms such as brain fog
and other neurologic manifestations.

Nicolai L, et al. Thromboinflammation in long COVID—the elusive key to postinfection sequelae? J Thromb Haemost. 2023;21(7):2020-
2031. doi:10.1016/j.jtha.2023.04.039.




Options for Responding to Vinny’s

Hypercoaguability: Nattokinase

* Both lumbrokinase and nattokinase are used
for their fibrinolytic activity.

* Both can be considered to address Factor V.

* In Long COVID, Nattokinase is generally first line
as has evidence can also specifically can help
target spike protein activity and break down spike
proteins.

JinL, Jin H, Zhang G, Xu G. Changes in coagulation and tissue plasminogen activator after the treatment of cerebral infarction with lumbrokinase. Clin Hemorheol Microcirc.
2000;23(2-4):213-218.
Tanikawa T, Kiba Y, Yu J, et al. Degradative Effect of Nattokinase on Spike Protein of SARS-CoV-2. Molecules. 2022;27(17):5405 doi:10.3390/molecules27175405.



Nattokinase: Effective Against Spike Proteins

FS
o Spike protein Hypercoagulability

* Nattokinase is a fibrinolytic enzyme
Spike proteins

derived from fermented soybeans. o tha curtacs

_ , of cultured
* |In laboratory experiments, nattokinase cells

degraded SARS-CoV-2 spike protein. e

The effect mcrgased with both dose Nattokhiase

and exposure time. binds to and
cleaves the S
spike proteins *

* Nattokinase degraded spike protein

expressed on the surface of cultured < De;radedf,agments

Spike proteins & Vad
cells. aﬁ.',de';,aded o ""‘ “« i"l ’
into smaller, - sl

Tanikawa, T, Kiba, Y., Yu, J., Hsu, K., Chen, S., Ishii, A., Yokogawa, T., Suzuki, R., Inoue, Y., & Kitamura, M. (2022). Degradative harmless
fragments

effect of nattokinase on spike protein of SARS-CoV-2. Molecules, 27(17), 5405.
https://doi.org/10.3390/molecules27175405



Vinny Also HasAlLot
of Mast Cell Related
Genomic Variants




Vinny: Variants Linked to Mast Cell Activation

IL.-4R | VDR/CDX2
Mast Cells Mast Cells

* [IL-4R is associated with increased mast
cell activation and IgE release

* VDR/CDX2 is associated with higher
IgE/histamine release

* Increased mast cell activation has been
associated with Long COVID and
persistent COVID symptoms

* Mast cell activation triggers the release of
a whole cascade of cytokines and events

Wenzel SE, et al. IL4Ra mutations are associated with asthma exacerbations and mast cell/IgE expression. Am J Respir Crit Care Med. 2007;175(6):570-576. PMID: 17170387.
Am J Respir Crit Care Med. 2004;170(10):1057-1065. PMID: 15282200.



PEA & Luteolin Decrease Mast Cell Activation

* PEA + luteolin significantly reduced
overall Long COVID symptom burden
over 90 days.

* Fatigue decreased from 91.5% to
22.2% of patients.

* Brain fog decreased from 63.8% to
11.1% of patients.

* By the end of treatment, more than
95% of patients reported overall
improvement.

.,

\Ng nutrients

» Nutrients, 2023 Aug 24;15(17):3701. doi: 10.3390/nul5173701 3

What Is the Role of Palmitoylethanolamide Co-
Ultramicronized with Luteolin on the Symptomatology
Reported by Patients Suffering from Long COVID? A

Retrospective Analysis Performed by a Group of General
Practitioners in a Real-Life Setting

Maurizio Pirro %, Luana Ferri %, Licia Piccioni !, Anna Maria Bellucci X, Federica Bartolucci &,

2 salvatore Cuzzocrea 3, Maurizio Evangelista #3*"

Editor: Nicola Laforgia

» Author information » Article notes » Copyright and License information

PMCID: PMC10490268 PMID: 37686733



Vitamin Vinny: Able to Recover Fully From His
Long Covid and Improve his ASD

Targeted Plan Included:
* Nattokinase

* Pychogenol

* PEA/ Luteolin (Mirica)

* Other genomically targeted
supplements

* Vinny’s ASD and his PACS
symptoms improved significantly.



Ellen EV
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* /8-year-old woman

* Only had COVID once then started
getting neurological symptoms

* Migraine/TIA like events
* Heart Palpitations

* Fatigue

* Dizziness
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Before Long COVID, We Treated Variants

Contributing to Her Migraines

Migraines 9 of 9 selected

Decreased NOS3 Lowers
Nitric Oxide and Blood
Vessel Dilation

Low Magnesium Increases
Migraine Susceptibility

Decreased Vitamin C
Recycling Increases
Oxidative Stress

Elevated ALPL Increases
Vitamin B6 Breakdown

-

[ \a
LS ] |ﬂT€|lxxmA Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026

Genotype/Copies

Odds

SNP & Prevalence T Ratio T Key Information
Migraines
Sk 16 @ Nitric Oxide Synthase 3 SNP lowers endothelial nitric oxide, which normally decreases
platelet stickiness and relaxes arteries; associated with increased ischemic stroke risk,
40.3% ﬂ 21 post-stroke dementia, and other vascular issues including cardiac disease.
] = | The T allele (TG or TT genotype) has been associated with increased risk of migraines
(OR = 2.10).
Low Magnesium
This SNP in ATPase Plasma Membrane Ca2+ Transporting 1. Having 1-2 variants is
ATP2B1 associated with decreased magnesium. The gene encodes a calcium pump; calcium and
magnesium interact and influence each other's levels.
Intravenous magneisum supplementation significantly lowered acute migraine severity at
N/A 15-45 minutes, 120 minutes, and 24 hours after initial dose (ORs = 0.23, 0.20, and 0.25

respectively). Oral magnesium supplemental significantly reduced the intensity and
frequency of migraines (ORs = 0.27 and 0.20). In addition, patients with severe migraines
commonly have lower magnesium levels. Recommended magnesium increase for
migraines is 400-600mg/day to start.

N/A

Low Vitamin C

Glutathione S-Transferase Omega 2 SNP impairs the ability to recycle vitamin C to its
antioxidant form, leading to increased oxidative stress. This SNP is associated with
increased risks of cognitive decline, environmentally induced asthma, certain cancers,
cataracts, and hypothyroidism. This SNP also is needed for clearing arsenic and can lead
to higher arsenic levels.

Higher vitamin C consumption is associated with lower odds of severe
headache/migraine. Highest vs lowest intake quartile had 22% lower odds of severe
headache/migraine (OR = 0.78).

Vitamin B6 Deficiency

N/A

This SNP increases alkaline phosphatase activity (in liver, bones, and kidney),
accelerating vitamin B6 removal and resulting in lower BE levels.

A large cross-sectional study found that BE intake is significantly lower in patients that
experience migraines compared to patients without migraines. Patients in the highest
quartile of B6 intake had 34% lower odds of migraine than in the lowest quartile (OR =
0.66).




Pycnogenol Initially for Migraines

_*r!othelial Dysfun

| * Addressed NOS3, B6 and
|, — magnesium first.

* Added Pycnogenol.

* Headaches improved
significantly, but not completely.

* Months later, palpitations and
other symptoms worsened.

Gluten-free, Non-GMO
& Hypoallergenic

I Dletar\r Supplemeﬂl(@ 1(
i 30 CAPSULES

R s n e mete)

Nishioka K, Hidaka T, Nakamura S, et al. Pycnogenol, French maritime pine bark extract, augments endothelium-dependent vasodilation in
humans. Hypertension Research. 2007;30(9):775-780. PMID: 18037769.



Significant Elevation

of Spike and N o
Protein Antibodies £ «

sars-cov-2 total Ab, S protein

08-11-2026 11:16 AM
sars-cov-2 total Ab, S protein positive, 21473

abnormal @

sars-cov-2 interp POSITIVE abnormal

sars-cov-2 total Ab 21473 high

L AR e R R R G F e R s e

sars-cov-2 total Ab, N protein abnormal @ \

08-11-2026 11:16 AM
sars-cov-2 total Ab, N protein positive, 104.0

sars-cov-2 total Ab POSITIVE abnormal
interp

sars-cov-2 total Ab 104.0 high
index



Ellen’s Top “Long COVID” Gene Is a Big Deal

Long COVID 7 of7 selected

Genotype/Copies 1 Odds 1

SNP & Prevalence Ratio

Key Information

Long Covid - Over active HIF1A

°

HIF1A (hypoxia-inducible factor 1-alpha) activation is linked to long COVID through elevated HIF1A, persistent vascular inflammation,
tissue remodeling, and cellular energy shifts. Research indicates it drives a vasculo-proliferative state affecting heart and brain
function, on addition to increasing cancer susceptibility by enhancing HIF1A-mediated cancer-cell survival under low-oxygen

conditions.
Elevated HIF1a as conveyed by the T allele (CT or TT genotype) has been highly associated with Long COVID. This variant has also
been shown to have a significant association to COVID susceptibility (p = 0.01) )

"HIFIA \ She also had other significant contributing factors:

Metabollc/lmmune

ATP2B1 | MTRA2756G
Low Magnisium High Homocysteine

'NOS3  [mrurrce77T| comr visem
High Homocysteine High Homocysteine

:En othelial Dysfunction

* Low Mg variant (.9%)

Homocysteine Related Variants (MTR is only 3%)

Low Endothelial nitric oxide (8%)

Slides property of IntellxxDNA™ and may not be reproduced or copied without permission ©2026
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HIF-1a Has Emerged as a Key Player

in Long COVID

HIFIA

Metabolic/Immune

* Research increasingly points to persistent
HIF-1a signaling in Long COVID patients

* HIF-1a regulates several systems already
implicated in Long COVID, including:

* Energy metabolism and mitochondria

* Inflammation

* Endothelial and Vascular health

* Coagulation



A Study on HIF-Ta |[HIFIAT b
and Long Covid

N—— — subset of ME/CFS & Long Covid patients
* 17.6% of Long Covid and ME/CFP patients
have

* Markedly elevated HIF-1a levels:
exceeding the highest levels observed in
any healthy control.

* 29.4% had higher levels than those seen
in 5 out of 6 control groups.

* High HIF-1a leads to high PINK1 protein
which is a mitochondrial quality control
protein. PINK1 protein levels go up when
there is mitochondrial damage

=
£
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o
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Amatica Health. (2025, April 16). HIF1a elevation correlates with mitochondrial, fibrotic, and
immunosuppressive proteins in a subset of ME/CFS & Long Covid patients.
https://www.amaticahealth.com/blog/hif1a-elevation-correlates-with-mitochondrial/



https://www.amaticahealth.com/blog/hif1a-elevation-correlates-with-mitochondrial/?utm_source=chatgpt.com

TheCells =i G
Oxygen-Sensing o @ .

Switch SO

* HIF-1ais a transcription factor that helps cells
Usually broken
respond when oxygen availability changes. down qumkly

* In healthy conditions, cells make HIF-1a
continuously—but they also break it down
very quickly.

* When oxygen becomes limited, HIF-1a is
allowed to accumulate and switch on genes
that help the cell adapt.

* These genes influence energy production,
blood vessel signaling, inflammation, and
oxygen delivery.

Energy Blood vessel | flammation Oxygen
production signaling delivery

Semenza GL. Regulation of cell proliferation by hypoxia-inducible factors. Biochim Biophys Acta. 2016;1863(5):989-996.
Haase VH. Therapeutic targeting of the HIF oxygen-sensing pathway: Lessons learned from clinical studies. Exp Cell Res.
2017;356(2):160-165.




2 Copies of HIF1A Associated with

Increased HIF-1a Expression

* More HIF-1a activity can turn on more
hypoxia-response genes

* This can further increase glycolysis,
VEGF signhaling, and inflammatory
signaling

* |t can also reduce the cell’s reliance on
mitochondrial energy production

Vainrib M, Golan M, Amir S, et al. HIF1A C1772T polymorphism leads to HIF-Ta mRNA overexpression in prostate
cancer patients. Cancer Biol Ther. 2012;13(9):720-726. doi:10.4161/cbt.20554.

Typical response
» Normal
Stress y sensitivity
signal - .
0 i
Q0
Qo »
A usual HIF-1a response turns on
when stress signals rise.
HIF1A variant
Stress semty
signal 4 )
X > @&EX 7 H')J
O f—
% | LOW HIGH
Some HIF1A variants can make the

HIF-1a response stronger and harder to turn off.



Chronically Elevated HIF-1ais Associated With

Persistent Long COVID Symptoms

* A 2026 Study showed that people with
Long COVID had significantly higher HIF-1a
expression than recovered individuals
without persistent symptoms.

* Higher HIF-1a expression was associated
with greater overall symptom burden.

* HIF-1a changes occurred alongside abnormalities
in inflammatory and mitochondrial pathways.

* The findings support HIF-1a as a link
between persistent cellular stress and
multisystem symptoms in Long COVID.

) ,! ﬂl’FIA!
etabolic/Immu .

Article Open access Published: 15 May 2026

Integrated immune, apoptotic and mitochondrial
gene dysregulation in Long COVID and their
association with symptom burden at 10 months
post-infection

Yumna Hamid Ali, Uzair Abbas 84, Muhib Ullah Khalid, Ishfague Ahmed,

Niaz Hussain, Israr Baloch, Haniah Mahboob, Ali Ahsan Zafar & Usama

Abdul Musawwir




How HIF-1a Can Promote Hypercoagulability

" HIFIA|

Metabolic/Immune

HIF-1la S

* Increased HIF-1a signaling is associated with
higher Tissue Factor, one of the main triggers that starts
the clotting process.

* Tissue Factor activates the coagulation cascade, setting o v s
off a series of reactions that increase clot formation. o [00;955!:;?"} Fix
* This leads to greater production of thrombin, which helps = ¥ i

convert fibrinogen into fibrin.

* More fibrin provides the structural framework needed to
build and stabilize a blood clot.

* When this pathway becomes overactive, it can contribute
to a more hypercoagulable, or “clot-prone,” state.

Bohuslavova, R., Cerychova, R., Papousek, F., Olejnickova, V., Bartos, M., Gorlach, A., Kolar, F.,, Sedmera, D., Semenza, G. L., & Pavlinkova, G.
(2019). HIF-1ais required for development of the sympathetic nervous system. Proceedings of the National Academy of Sciences of the
United States of America, 116(27), 13414~13423. https://doi.org/10.1073/pnas.1903510116




HIF-1a Can Also Influence the Sympathetic Nervous

System and Cardiac Sympathetic Regulatio ()

° Studles ShOW that |nCreased HIF_1 a Slgnallng HIF-1ais required for development of the sympathetic

nervous system

In autonomic brain regions can contribute Bomana Bty ™ Badia ervehon * Eantsk opousek, Yo
to increased sympathetic outflow.

Olejnickova ™, Martin Bartos 9, Agnes Gorlach &f Frantisek Kolar b, David Sedmera

b, Gregg L Semenza &MY, Gabriela Pavlinkova *!

» Author information » Article notes » Copyright and License information

* Increased sympathetic activity can PUCID: PUCGE13052 PMID: 21196957
raise heart rate and contribute ;
to tachycardia and palpitations.

* This is another connection between Ellen’s
HIF1A finding and her history of
tachycardia.




Long COVID Can Also Sustain HIF-1a-Driven
Vascular Dysfunction

‘Metabolic/Immune

* Long COVID plasma and
spike subunits upregulate

HIF-1a downstream targets
like VEGF and ANGPT1.

* This leads to microvascular
Injury and abnormal blood
vessel proliferation.

Philippe A, et al. Plasma proteome of Long-COVID patients indicates HIF-mediated
vasculo-proliferative disease with impact on brain and heart function. Journal of
Translational Medicine. 2023;21:377. d0i:10.1186/s12967-023-04149-9.



Andrographolide Helps Keep HIF-1a in Check

THIFIA

Metabolic/Immune

* Andrographolide is a primary
bioactive compound extracted
from the herbal plant
Andrographis paniculata.

* |Itis a potent inhibitor
of HIF-1a.

* Andrographis also has antiviral
and antibacterial activity.

Wang Z, et al. Andrographolide inhibits hypoxia-inducible factor-1 through phosphatidylinositol 3-kinase/AKT
pathway and suppresses breast cancer growth. Oncotarget. 2015;6(5):3340-3353. PMID: 25709476.



Remember Ellen’s Labs? Elevation of

Spike Protein...

* Andrographolide also decreases
SARS-CoV-2 spike protein levels in
cell-based experiments.

* [treduces binding between spike protein
and the ACE2 receptor.

* [tinhibits SARS-CoV-2 main protease

(Mpro), which is needed for viral replication.

* Ininfected human lung cells,
andrographolide was shown to reduce
production of infectious virus.

.__'Metabolic/lmmune

Synergistic inhibition effects of
andrographolide and baicalin on
coronavirus mechanisms by
downregulation of ACE2 protein level

Lina Wan, Yuchen Li, Wenhao Liao, Lizhen Lei, Maoyuan Zhao, Jinhao

Zeng B3, Ziyi Zhao B2 & Jianyuan Tang &

Anti-SARS-CoV-2 Activity of Andrographis
paniculata Extract and Its Major Component

Andrographolide in Human Lung Epithelial Cells and
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Signaling in Experimental Models

lvermectin Has Been Shown to Reduce HIF-1a

lvermectin has many biochemical
effects.

In COVID/Long COVID discussions, it
has been studied for antiviral and
anti-inflammatory effects.

Independently, lvermectinis a
significant HIF1A inhibitor.

lvermectin can also inhibit NF-kB
signaling, which can decrease
production of pro-inflammatory
cytokines, decreasing inflammation.
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Abstract

Hypoxia-inducible transcription factors (HIFs) regulate hundreds of genes involved in cellular
adaptation to reduced oxygen availability. HIFs consist of an O2-labile a-subunit (primarily HIF-1a
and HIF-2a) and a constitutive HIF-1B subunit. In normoxia the HIF-a subunit is hydroxylated by
members of a family of prolyl-4-hydroxylase domain (PHD) proteins, PHD1-3, resulting in
recognition by von Hippel-Lindau protein, ubiguitination and proteasomal degradation. In contrast,
reduced oxygen availability inhibits PHD activity resulting in HIF-1a stabilisation and nuclear
accumulation. Nuclear import of HIF-1a mainly depends on classical nuclear localisation signals
(NLS) and involves importin a/f heterodimers. Recently, a specific inhibitor of nuclear import has
been identified that inhibits importin a/B-dependent import with no effects on a range of other
nuclear transport pathways involving members of the importin protein family. In this study we
evaluated the physiological activity of this importin a/B-inhibitor (lvermectin) in the hypoxia
response pathway. Treatment with Ivermectin decreases binding activity of HIF-1a to the importin
a/B-heterodimer. Moreover, HIF-1a nuclear localisation, nuclear HIF-1a protein levels, HIF-target
gene expression, as well as HIF-transcriptional activity are reduced upon lvermectin treatment. For
the first time, we demonstrate the effect of specific importin a/-inhibition on the hypoxic response
on the molecular level.



lvermectin Has Many Pathways to Interact
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Amantadine is Another
HIF-1a Inhibitor

* Both groups started with similar fatigue
scores on VAFS and FSS, with no
significant baseline difference.

* After only 2 weeks, the amantadine group

showed a much larger reduction in
fatigue than the control group.

* VAFS: 7.90 » 3.37 with amantadine,
compared with 7.34 > 5.97 in controls.

* FSS:53.10 > 28.40 with amantadine,
compared with 50.38 > 42.59 in controls.

* The between-group differences after
treatment were significant: p <.001.

VAFS score

FSS score

Fatigue Scores Before and After Treatment
Amantadine vs Control group

VAFS (mean £ SD)

Before treatment

7.90 + 0.60 7344058 I After treatment

I I 5.97 +0.29

3.37+£0.44

Amantadine Control

Baseline p = 0.087; After treatment p < 0.001
Mean reduction: 4.53 + 0.44 vs 1.37 + 0.13 (p < 0.001)

FSS (mean  SD)

Before treatment

After treatment
53.10 + 5.96 6038 4 4,85 =

I :[ 42.59 + 1.50

28.40 +2.42

Amantadine Control

Baseline p = 0.053; After treatment p < 0.001
Mean reduction: 24.70 + 7.20 vs 7.79 + 0.86 (p < 0.001)

Harandi, A. A., Pakdaman, H., Medghalchi, A., Kimia, N., Kazemian, A., Siavoshi, F., Shirzadeh Barough, S., Esfandani, A., Hosseini, M. H., & Sobhanian, S. A. (2024). A randomized open-label clinical trial on the effect of amantadine

on post-COVID-19 fatigue. Scientific Reports, 14, 1343. https://doi.org/10.1038/s41598-024-51904-z



And Address
Downstream
Pathways for HIF1A

* Mitochondrial support for
energy/fatigue

* Nattokinase/Lumbrokinase,
pycnogenol or other
anticoagulants for elevated
fibrinogen, d-dimer, platelet
activation

* Arginine and Vitamin C for blood
flow

Mito cofactors

Barletta M.A.
et al., 2023
(Italy) [25]

174 patients,
aged 18-81

years

Prospective
observational

study

Immune modulatory

Bonilla H. et
al., 2023
(USA) [28]

59 patients,
aged 34-59

years

Retrospective
observational

study

Blood flow/ NOS3

Izzo R. et al.,
2022 (Italy)
[39]

1390 patients,
aged 18-90

years

Nationwide
survey-based
observational

study

100 mg of alpha lipoic
acid/Coenzyme Q10
each twice daily for 2
months
Arms: 116 patients on
combination vs. 58

patients control

Low-dose naltrexone:
Average of 2 mg daily,
median duration of
treatment was 143 days
Arms: Combined

treatment No control

group

L-Arginine: 1.66 g (two

vials/day).
Vitamin C: 500 mg of
liposomal Vitamin C
daily.
Patients in the
alternative treatment
group received a
multivitamin
combination
Arms: Combined

treatment. No control

A total of 53.5% of
treated patients
achieved complete
response (a = 50%
reduction in Fatigue
Severity Scale) vs.

3.5% in the control

Fatigue significant
reduction (p = 0.013).
Post-exertional malaise
improved (p = 0.010).
Unrefreshing sleep and

abnormal sleep
patterns were
significantly improved
(p=0.010andp =

0.016, respectively)

Fatigue: Absent in
94.9% of patients in
the L-Arginine +
Vitamin C group
compared to 0.4% in
the control group
Dyspnea: Absent in
74.2% of patients in
the L-Arginine +
Vitamin C group
compared to 5.4% in

the control group




The Top Key Variants in Four Different People
Can Be Very, Very Different
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There’s Hundreds of Things You Could Do...
But You CAN’T DO Hundreds of Things
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Genomics — With the the Proper Tool Can

Make It Easier to Optimize the Plan

IntellxxDNA Back to Patient List A

Shana LongCovid C Q @ Concerns Prevalence View

R

® aneaneneeid - Glear, Researched
You have added 1patient concern ° °
Descriptions

Far Long COVID, a select number of condition-relevant SNPs v Long COVID 10 of 12 selected oA
were identified. Clinicians may find additional context by

reviewing the Genomic Fundamentals section of the report. &
SNP s;’:::!r:;g: ples T g:‘?: T Key Information
Long COVID - Glutathione & Detox - Oxidative stress
Patient Concerns
. . GPX1 GPX1 variant: reduced capacity to clear oxidative stress and heavy metals (e.g.,
C ll n Ical AA 2 mercury). Increased susceptibility to oxidative damage raises risks of many diseases
. (When you are done selecting SNPs in the center pane, click P n 2.27 and complicaticns.
2t 7 HEE 0% . .

I nte rp retat I o n o Cllnlca! Interpreta.tlon prompt below or the C"n'cal‘ ) = . = [l The A allele (GA or AA genotype) is associated with long COVID-related brain fog Select SNPs to review.
Ir!lerpre_latlo: :ms";;" the top—nghtl carr:!ertn see a clinical = (OR = 2.27) - although confidence interval crossed 1 (CI .83-6.8). GPX A allele was The most relevant are
ClecuzS RO FYoUEve se ectedy also associated with increased D-dimer in Covid patients. preselected.

Clinical Interpretation for selected concerns +*

Clinical Interpretation / Long COVID

Concerns (3)
Long COVID 10 SNPs

Genomic 7 SNPs
Fundamentals

SNPs Not To

@ i Individuals with the G allele (GT or GG genotype) for DHCR7 rs12785878, the G allele
= 75% &P (GT or GG genotype) at GC rs2282679, and the G allele (AG or GG genotype) at

= CYP2R1rs10741657 have been shown to have an increased risk of vitamin D
insufficiency (OR = 2.0-2.5) and rickets.
Vitamin D Binding Protein gene (main vitamin D carrier). This SNP is associated with

This patient has two copies of GPX1 , found in 9.0 percent
of the population. This genotype has been associated with a

2 SNPs

reduced capacity to clear oxidative stress and heavy metals, CYP2R1 AG @ lower vitamin D levels; individuals with two copies may need markedly higher Miss
including mercury, as well as with increased susceptibility to supplementation, sometimes up to 50,000 IU (1,250 mcg) weekly lifelong to maintain
oxidative damage. It is also associated with long COVID- = 471% “ > " ideal levels.

related brain fog, with 2.27 times the risk, although the
confidence interval crossed 1, and with increased D-dimer
levels in COVID patients.

This DHCR? variant reduces the skin's ability to convert 7-DHC to vitamin D with sun
exposure and . Affected individuals tend to have lower vitamin D levels.

Cytochrome P450 Family 2 Subfamily R Member 1 converts vitamin D precursor to its

Total Unique SNPs (13) (&

Add SNPs to plan

i F . - DHCR7 active form. Individuals with two copies of this SNP may have naturally higher
This patlen! has l\n:la copiesof KL , four?d in 2.1 percent of eT 1 Vitamin D levels.
the population. This genotype has been linked to o o . .
significantly lower klotho protein levels, approximately 16 — 42.0% » Vitamin D levels were significantly lower in long COVID patients compared to control
percent lower compared to the optimal ‘haplolype s il (3] ’ / patients (p < 0.05). VD deficiency is significantly associated with overall long COVID
y z

with a higher oxidative stress burden. Decreased klotho symptoms (OR = 5.80).

levels are correlated with more severe COVID symptoms, - -
which are significant risk factors for long COVID or Post Vitamin D - Decreased vitamin D
Acute Covid Sequelae (PACS). CYP24A1
cc @ This SNP increases vitamin D breakdown, causing lower Vitamin D levels. Eas _to_Use
Among the remaining SNPs, GC (two copies, found in 7.5 4.4% “ N/A Vitamin D levels were significantly lower in long COVID patients compared to control y
percent of the population) has been associated with lower = i patients (p < 0.05). VD deficiency is significantly associated with overall long COVID Q
witamin N levals and a sinnifirant assneciatinn with Innn - symptoms (OR = 5.80). ctl o n a n
Type your patient's health concerns Mast Cell Activation - Increased mast cell activation
MS4A2 MS4A2 (Membrane Spanning 4-domains A2) encodes the beta chain of the high- *
AG 1 affinity IgE receptor (FCER1). Beta-chain amplification associated with SNP - ®
D I L e L 224 InfellxxDNA
-



IntellxxDNA Has a Lot to Offer ::::InfelxxxDNA

Whether your patient is experiencing Long Covid, Other Complex Illness, Cognitive
Decline, Cardiometabolic Disease, Other mental health symptoms, or even ASD or
Infertility, IntellxxDNA helps guide you to better precision medicine.

Clinician Success Team Members
Here to Help You in Your Genomics Journey

Genomics University
Learn More About Genomics and CDS Tool

Group Mentoring Sessions
Study Cases Applying Genomics in Practice

Free One on One Mentoring
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How to Access IntellxxDNA Genomics  .::. |\ ... OnA
for Your Complex Patients or Your Self? =

PATIENTS:

Find a Provider Free Training & Mentoring
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