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The Underlying Cause: SARS-CoV-2

\

* An RNA virus that attacks cells by binding its surface protein (S-
" protein) to a receptor (ACE2 receptor/enzyme) on many human
cells.

* The lungs are the most vulnerable organ because of the high
percentage of cells expressing ACE2. 83% of the ACE2 expressing
cells in the lungs produce surfactant, leading to hypoxia.
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* ACE2 receptors are also found in the heart, kidney, olfactory ~__
\ endothelium, vascular endothelium, and intestine — explaining the
correlation between infection and the seemingly disparate organ
_— systems affected in COVID-19

/

Zhang, H., Penninger, J.M., LI, Y. et al. Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular mechanisms and potential therapeutic target. Intensive Care Med 46, 586-590 (2020)

\ y



COVID-19

PATHOPHYSIOLOGY
AND
MECHANISMS

UNDERSTANDING THE VIRUS
EQUALS UNDERSTANDING WHERE WE CAN INTERVENE

* SPIKE PROTEIN CLEAVAGE
*ACE-2 RECEPTOR DOCKING
*IRAL ENTRY INTO THE CELL
* FUSION IS ENDOCYTOSIS
*TRANSCRIPTION AND TRANSLATION OF IV'IRAIL RNA
ASSEMBLY AND REILLEASE OF IVIRIONS

(EACH PHASE CAN BE A POTENTIAL TARGET FOR THERAPEUTICS)



A unigue furin-like cleavage site (FCS) in the spike protein (S),
is responsible for its high infectivity and transmissibility.

FURIN CLEAVES THE SPIKE PROTEIN

MECHANISM = PLACE TO INTERVENE

FURIN CLEAVES THE SPIKE PROTEIN
OF SARS-COV-2
ALLOWING IT TO ENTER THE CELL

SECONDARY CLEAVAGE SITE :
TRANSMEMBRANE PROTEASE,
SERINE 2 (AKA: TMPRSS2)



ELEVATED FURIN MEANS MORE & FASTER CLLEAVAGE OF SPIKE PROTEINS
WHICH MEANS IT IS EASIER FOR IVIRUS TO DOCK AND ENTER THE CELL
EILEVATED FURIN MAKES ONE MORE SUSCEPTIBLE TO SEVERE SARS-COV’-2 INFECTION



PATHOILOGY

ELEVATED FURIN ASSOCIATED WITH A PRO-COAGUILATION STATE
VIA ELEVATED VWFE AND VIl : HENCE CLLOTTING ISSUES
ELEVATED FURIN IS ALSO ASSOCIATED WITH ELLEVATED PLLASMAN




THE PATH AND THE BIOCHEMICAL
CONSEQUENCES OF THE VVIRUS

ACE-2 RECEPTOR = DOCKING STTE

AND BEGINNING OF THE PATHOLOGY

AFTER CLEAVED BY FURIN,
SARS-COV2 BINDS TO, AND DAMAGES ACE2
RECEPTOR/ENZYME COMPLEX,

ACE2 RECEPTOR/ENZYME GETS DOWN REGULATED
(OR DECREASED)

RESULTING IN INCREASED ACTIVATION OF
AT1 RECEPTOR

(PUSHES ANGIOTENSIN 2 PATHW.AY DOMINANCE)

WE NEED BALLANCE
FOR OPTIMAL FUNCTION

ACE2 in RAAS Physiology

Angiotensinogen

£33

Angiotensin |

@} @

Angiotensin 1-9

v

Angiotensin Il -Angiotensin 1-7

AT1 receptor

Vasoconstriction
Proliferation
Inflammation

Pro-fibrotic effect
Thrombosis
Oxidative stress

l Angiotensin Il Angiotensin 1-7

Vasodilatation
Anti-proliferation

Must be in balance

Anti-inflammation

Anti-fibrotic effect
Anti-thrombosis

Anti-oxidation
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Low ACE2 Results in..
® DIABETES e CHF e CARDIOVASCULAR
DISFASE

e OBESITY * OLDER PATIENTS »
HYPERTENSION 0 y]
e

(HOW YOU DO, IS RELATED TO N\%\o'\
WHAT YOU COME TO THE TABLE WITH)

+ SARS-COV-2 INFECTION g e
EFFECT ON ACE2 LEADS TO: ol

AN INCREASE IN ANGIOTENSIN 11 Vasoconstriction

Proliferation
(RESULTS IN ZASOCONSTRICTION, e y 9
PROLIFERATION, INFLAMMATION,

Al

Pro-fibrotic effect

OXIDATION, FIBROSLS AND Thrombosis
THROMBOSIS) Oxidative stress

STARTS A NEGATIVE CASCADE




ADAM 17 activated by:

ADAM 17 is Activated e
2. Hyperglycemia M 17
3. Oxidative stress METALLOPROTE
is a key component of ACE2 modulation
and plays a complex role in inflammation
OO0 : .
and immunosurveillance

Bradykinin Angiotensin |
y TNF-alpha
Angiotensin Il

ACTIVATION
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Alpha and a sloughing off
of ACE2 enzyme

Oxidative stress



extracellular
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ADAM 17 activated by:
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Pro-inflammatory
cytokines

INFECTION WITH § - -

LEADS TO AN INCREASE IN
ADAMT7ACTIVITY CONTRIBUTING
TO A MACROPHAGE
PREDOMINANT INFLAMMATORY
RESPONSE, DIMINIS HED
IMMUNOSURVEILLANCE AND

::::::::::;:::::I DECREASED VIRAL CLEARANCE.

DATA SUGGESTS SEVERE LUNG
INJURY IN COVID-19 IS
ASSOCIATED WITH HIGHER
LEVELS OF
INF-, I1-6, T-CELIL I.YMPHOPENIA,
HYPERCOAGUILABILITY, AND A
MACROPHAGE-PREDOMINANT
IMMUNE RESPONSE.

THIS CLLINICAL PICTURE LS
CONSISTENT WITH
DYSREGUILATION OF MANY OF
THE MOLECULAR PATHWAYS IN

WHICH ADAMT17 PARTICIPA



PATHOLOGY

LUNGS = MOST VULNERABLE ORGAN

DUE TO THE HIGH PERCENTAGE OF
ACE2 EXPRESSING CELLS

83% OF ACEZ2 EXPRESSING CELLS IN THE LUNGS
PRODUCE SURFACTANT:

SURFACTANT REDUCES SUREACE TENSION

WITHOUT SURFACTANT THE ALIEOILI BECOME STICKY
02 EXCHANGE CANNOT OCCUKR

YOUR LUNGS CANNOT EXPAND PROPERLY
YOU CANNOT EXCHANGE GAS ADEQUATELY,
AND YOU BECOME HYPOXIC

ACE2 RECEPTORS
ALSO FOUND IN HEART,
LINING OF VESSELS AND GI




This Phato by Unknown Author is licensed under CC BY-SA

BUT IT IS NOT ALL ABOUT THE VIRUS:
A CHANGE IN SETTING OR CONTEXT, CAN CHANGE THE STORY

THE HOST HEALTH AND HOST RESPONSE DETERMINES OUTCOME


https://en.wikipedia.org/wiki/COVID-19_pandemic_in_Ghana
https://creativecommons.org/licenses/by-sa/3.0/

The Functional Medicine Model

The Functional Medicine model is an individualized,
patient-centered, science-based approach that
identifies and addresses the underlying causes of
disease and promotes optimal wellness.

It utilizes a detailed understanding of each patient’s
genetic, biochemical, and lifestyle factors and
leverages that data to direct personalized treatment
plans that lead to improved patient outcomes.

The Institute for Functional Medicine. 2020. Functional Medicine | IFM. [online] Available at: <https://www._ifm_org/functional-medicine/> [Accessed 18 September 2020]



THE HEAILTH OF THE HOSTT,
IN LARGE PART, DETERMINES THE
SEVERITY OF SYMPTOMS
AND THE MANIFESTATIONS OF DISEASE

THE PUTATIVE ROLE OF PREEXISTING
FUNCTIONAL IMBALANCES:

* MITOCHONDRIAL
FUNCTION/DYSFUNCTION

* OXIDATIVE STRESS
* HYPERGILYCEMIA
INFI AMMATION

IMMUNE SYSTEM
FUNCTION/DYSFUNCTION




Strategies and overall Approach

Minimize viral load
and level of

Decrease overall exposure
inflammation

Optimize immune
system: mucosal,
innate and

and promote adaptive
resolution

Kill or inactivate
invasive microbe

> Assess and
Mitigate "' address genetics,

collateral — deficiencies,

qgnl?ge ?nd Utilize best medications comorbidities and
CRIEERS o lifestyle factors

and nutraceuticals to
disrupt virus




GENETIC VARL

OTHER REASON WHY SOME GE'T SICK, AND OTHERS DO NOT
* APOE4 = 4 X MORTALITY RISK, AND 2.24 X POSITIVITY RATE

*TMPRSS2 ENZYME SNPS (INVOLVED IN CLEAVAGE AND VIRAL BINDING)
* ACE2 RECEPTOR SNPS AND RECEPTOR VARIABILITY
* Apotd

» ApoE eded genotype was associated with increased risks of test positivity (OR =
2.24,95% Cl: 1.72-2.93, p = 3.24 x 10-9) and of mortality with test-confirmed
COVID-19 (OR =4.29, 95% CI: 2.38~7.72, p= 1.22 x 10-6), compared to e3e3s.

v Kuo CL, Pilling LC, Atkins JL, et al. ApoE ede4 genotype and mortality with COVID-19 in UK Biobank (published online ahead of print, 2020 Jul 4). J Gerontol A Biol S¢i
Med Sci. 2020:glaa169. doi:10.1093/gerona/glaal69



ITHE ENVIRONMENT:
AND THAT WHICH MAKES US V'ULNERABLE

Antecedents
OBESITTY DIABETES \ HYPERTENSION
Chronic inflammation Vulnerability Disrupted immunity
- - o . I p e = >
MEDIATORS ©Oxidative Inflammatory Mitochondrial Endothelial
stress Mediators dysfunction dysfunction

|

(Multi-) organ dysfunction/impaired oxygenation

I

Sustained tissue injury







INFLAMMATION
CAUSES
IMPAIRED HOST VIRAL DEFENSE:

THE PROBLEM IN DEFENSE IS HOW
FAR YOU CAN GO WITHOUT
“DESTROYING FROM WITHIN, WHAT
YOU ARE TRYING TO DEFEND FROM
WITHOUT.”

DWIGHT EISENHOWER
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ROLE OF PRE-EXISTING
INFILAMMATION

INFILLAMMATION IS HOW THE BODY RESPONDS TO
IVIRAL INFECTION

CHRONIC INFLLAMMATION IS ASSOCIATED WITH
INCREASED ANGIOTENSIN
AND LLOWERED ACE2 AT BASELINE

THE CYTOKINE STORM, AN EXAGGERATED
INFLLAMMATORY RESPONSE, IS PARTLY
RESPONSIBLE FOR SEVERE MORBIDITY AND
MORTALITY IN COVID-19

COVID-19 REINFORCES THIS PATHWAY
INCREASED COLLATERAL DAMAGE OCCURS

@

Metabolic
Syndrome

Infection
Injury

Joint Pain

Colon, Breast

& Inflammatory
& Lung Cancers

Bowel Disease



ADDITIONAL
CONSEQUENCES OF
INFILAMMATION

PRO-INFLAMMATORY
MEDIATORS SUCH AS
TNF-A4 AND NFK-B
INCREASE EXPRESSION OF
BRADYKININ

BRADYKININ IS A
PROINFILLAMMATORY PEPTIDE
THAT ACTS AS A VASODILATOR.

BRADYKININ CAUSES:

PROPAGATION OF INFLAMMATION, L
VASODILATION,
INCREASED VVASCULAR
PERMEABILITY,
RELEASE OF INFLAMMATORY
MEDIATORS = FURTHER DAMAGE



HYPERGLYCEMIA
CAUSES
IMPAIRED HOST VIRAL DEFENSE:

DIABETICS HAVE INCREASED SEVERITY OF COVID-19

REASONS INCILLUDE:

* ELEVATED FURIN = INCREASED VIRAL DOCKING
* GLUTATHIONE DEPLETION DUE TO OXIDATIVE STRESS
* NADPH DEPIL.LETION BY NADPH OXIDASE?2
* INCREASED SUSCEPTIBILITY AND ADVERSE OUTCOMES FROM IVIRAL
INFECTIONS ATTRIBUTED TO A COMBINATION OF DYSREGULATED
INNATE IMMUNITY
AND MALADAPTIVE INFL AMMATORY RESPONSES
s EFFECT ON ACE-2 RECEPTORS
* ROLE OF ADAM-17 ENZYME
* INCREASE IN PLASMIN
* INCREASE IN PROINFLAMMATORY CYTOKINES.
* MEI.ATONIN RECEPTOR FUNCTION (DECREASED)
* AL.DOSE REDUCTASE (OX STRESS, AGES, INFLAMMATION)

IN THE SETTING OF METABOLIC SYNDROME, ADIPOSE TISSUE BECOMES
A SIGNIFICANT STORAGE SITE FOR INFLLAMMATORY CYTOKINES.
INFI. AMMATORY CYTOKINES STIMULATE BRADYKININ
WHICH WORSENS THE COURSE

HITS MULTIPLE PATHWAYS AT ONCE
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IS LLEPTIN THE [LINK?

Obesity, (and diabetes) are the most common
comorbidities in SARS-CoV-2

Elevated leptin and insulin resistance are hallmarks of obesity.

* Leptin also modulates T cell number and function

Leptin connects metabolism with the immune response.

Leptin dysregulation has serious consequences during an infection.

Leptin, is involved in weight regulation, also plays a role in the modulation of the innate
and adaptive immune system by activating neutrophils, macrophages and T lymphocytes.

COVID-19 survival rates have improved in obese mice treated with anti-leptin antibodies

Chua MW/J, Zheng S. Obesity and COVID-19: The clash of two pandemics [published online ahead of print, 2020 Jun 25].
Obes Res Clin Pract. 2020;14(4):380-382. doi:10.1016/j.0rcp.2020.06.003



MITOCHONDRIAL DYSFUNCTION
CAUSES

IMPAIRED HOST VIRAL DEFENSE:

* MITOCHONDRIA HAVE ANTI-VVIRAL FUNCTION.

* MITOCHONDRIA WORK AT LEVEL OF INNATE IMMUNE
SYSTEM AFTER RECOGNITION OF PAMP'S (PATHOGENS)
BY TOLL IIKE RECEPTORS TO ACTIVATE GENES
TO MAKE PROTEINS TO DESTROY VIRUSES.

* MITOCHONDRIAL ANTIVIRAL SIGNALING (MALS)
PROTEIN COORDINATES ACTIVATION OF INTERFERON
AND AUTOPHAGY (CELL DEATH).

* MAV'S PROTEIN INTERACTS WITH THE ACTIVE FORM OF
THE NLRP3 INFILLAMMASOME INSIDE THE MITOCHONDRILA



SARS-COV-2 CAUSES
MITOCHONDRIAL
DYSFUNCTION

* SARS-COl” HAS BEEN
RECOGNIZED TO
MANIPULATE HOST
CELL MITOCHONDRIA
AND TO DAMAGE
MITOCHONDRIAL
FUNCTION

* SARS-COV2 TARGETS
THE MAV'S PROTEIN
(ANTIVIRAL FXN)
WHICH SUPPRESSES
ANTIVIRAL
CELLULAR SIGNALING




IMPAIRED HOST
VIRAL DEFENSE.:

(IDATIVE STRESS




Stages of oxidative stress

‘ 1.) BI-DIRECTIONAL ROS FORMATION

replicates replicates replicates AND OXIDATIVE CELLULAR DAMAGE IS A
as as as COMMON RESPONSE TO VIRAL EXPOSURE

OXIDATIVE STRESS IS
PLAYER IN SEVVERE ACUTE
RESPIRATORY SYNDROME (ARDS)
FROM CORONAVIRUS
(SARS-COV2) INFECTION

2.) OVERPRODUCTION OF ROS AND
A DEPLETED ANTIOXIDANT CAPACITY
: CONTRIBUTES TO THE PATHOGENESIS
N OF MORE SEVERE SARS-COV2 INFECTION

WHAT YOU COME TO THE TABLE WITH
EFFECTS YOUR OUTCOME
Normal Cell Cell Attacked by Free Radicals Cell with Oxidative Stress “HOW FUILL IS YOUR WATER BUCKET??”

N/




STUDY IDENTIFIED DEFICIENCY
OF GLUTATHIONE
AS THE MOST LIKELY CAUSE OF SERIOUS
How Glutathione Works in the Body MANIFESTATIONS AND DEATH
IN COVID-19 PATIENTS

Glutathione may be a critical link

Helps break down nutrients Regulates immune response  Protects against oxidative stress

THE HYPOTHESIS THAT GLUTATHIONE DEFICIENCY IS THE MOST
PILAUSIBLE EXPI ANATION FOR SERIOUS MANIFESTATION AND

). ‘k ‘ DEATH IN COVID -19 PATIENTS WAS PROPOSED BASED ON AN
" 4 ' - EXHAUSTIVE LITERATURE ANALYSLS AND OBSERIVATIONS.
‘k ‘{ )’ ENDOGENOUS GLUTATHIONE DEFICIENCY IS A CRUCLAL EACTOR
r ENHANCING SARS -COV -2 -INDUCED OXIDATIVE DAMAGE OF THE

_K LUNG. AS A RESULI, LEADS TO SERIOUS MANIFESTATIONS, SUCH AS
_1\ \{ \{ ACUTE RESPIRATORY DISTRESS SYNDROME, MULTIORGAN FAILLURE,
_k : > ) AND DEATH IN COVID -19 PATIENTS.

'( )\ l WHEN THE ANTIVIRAL ACTIVITY OF GSH 1S CONSIDERED,
- Q INDIVIDUALS WITH GLUTATHIONE DEFICIENCY SEEM TO HAV'E A
\< . 9 HIGHER SUSCEPTIBILITY FOR UNCONTROLILED REPLICATION OF
; 0 ® SARS-COV -2 VIRUS AND THEREBY SUFFER FROM AN INCREASING

' 0 VIRAL L.OAD. THE SEVERITY OF CLINICAL MANIFESTATIONS IN
‘ 0 COVID -19 PATIENTS IS DETERMINED BY THE DEGREE OF IMPAIRED
[j Qﬁ \ @ ‘ 0 REDOX HOMEOSTASIS ATTRIBUTABLE TO THE DEFICIENCY OF

Q

REDUCED GILUTATHIONE AND INCREASED ROS PRODUCTION.

G POLONIKOV A. ENDOGENOUS DEFICIENCY OF GLUTATHIONE AS THE MOST LIKELY
’ 0 ) . CAUSE OF SERIOUS MANIFESTATIONS AND DEATH IN COVID-19 PATIENTS.
9) ) . . . \ J

1 1l Helps with detoxification teeroscos Q) ACS INFECT DIS. 2020,6(7):1558-1562. DOI:10.1021/ ACSINFECDIS.0C00288



UNDERSTANDING THE HOST IMMUNE SYSTEM
AND THE COURSE OF THE 1IVIRUS




The human immune system

IMMUNE SYSTEM
Immune system
acquired innate
HOST DEFENSE |
White blood cells Initial immune
tackle certain response
pathogens or
IMMUNE SYSTEM WORKS IN LAYERS OF mutated body cells
INCREASING SPECIFICITY:
l_.')efense cells Protection f
THERE CAN BE BREAKDOWN AT ANY LEVEL in the blood: . orechenrom
B lymphocytes the inside:
. bacteria-killing
\l’ substances
O MUCOSAL IMMUNE SYSTEM Antibodies
O INNATE IMMUNE SYSTEM Defense cells in
lymphoid tissue:
0 ADAPTIVE IMMUNE SYSTEM  YSIRCE Y I First order of attack
in lymphoid tissue:

i macrophages and
killer cells




Many, if not all, viruses...suppress the innate immune ;3“ e A )T
responses to gain a window of opportunity for efficient viral & '

replication, and perpetuation of infection.

THE HOST’S IMMUNE RESPONSE IS OFTEN INCOMPLETE, DELAYED OR DIMINIS HED;
AND THE DISPLAYS AN OVERLY STRONG INDUCTION
(AFTER THE INITIAL DELAY)
THE CONSEQUENCE IS COLLATERAL TISSUE DAMAGE

KIKKERT M. INNATE IMMUNE EVASION BY HUMAN RESPIRATORY RNA VIRUSES.
J INNATE IMMUN. 2020;12(1):4-20. DOI:10.1159/000503030




Monocytes/
Macrophages
Mast cells (s Endothelial cells

Eosinophils MAIT cells

Cellular
innate Immune 0 iNKT cells

\ \\ 70 T cells

Basophils

NK cells

\ LGS

DAYS 0 - 5:

« KEY COMPONENTS OF THE HOST

IMMUNE RESPONSE IN THE
PRE-SYMPTOMATIC STAGE

e MUCOSAL. ¢ INNATE
IMMUNE SYSTEM
» SECRETORY oA
o INFLAMMASOMES
 CYTOKINES
» NK CELLS
 GUT MICROBIOTA



INNATE IMMUNITY

(rapid response)

DAYS 5 - 12- ADAPTIVE IMMUNITY
(slow response)
HOST IMMUNE RESPONSE
EARLY INFECTION: Macrophage B Cell
MILD TO MODERATE SYMPTOMS R e 0
INNATE AND ADAPTIVE Natural O ™ "
" \ ' Antibod
IMMUNE SYSTEM Killer Cell _, TCell A
N 3 O
INF SOMES o' Dendritic cell TGl
LAMMA . | :
\CYTOKINES — KININS?— BRADYKININ? \UtroPh N""%’é’!ﬁ'"“ / O\
“NK CELLS O | o U
+(GUT MICROBIOTA W CD4+ CDB¢
( / e TCel  TCel

JoM *IoG Basophil



: . DAYS 12 AND BEYOND:
Cytokine Storm Syndrome in

Coronavirus Disease 2019 HOST IMMUNE RESPONSE

: : CAN GO 1 OF 2 WAYS
a Narrative Review

1.) RECOVERY
OR
2.) SEVERE ILLNESS AND HOSPITALIZATION

VULNERABILITY IS INFILLUENCED BY:

* PRE-EXISTING COMORBID CONDITIONS

 LEVEL OF FUNCTION OF IMMUNE SYSTEM
FROM PRE-EXPOSURE THROUGH DAYS 0— 12

THIS 1S WHERE PEOPLE CAN GET IN TROUBLE
AND/OR

THIS IS WHERE WE CAN INTERVENE

Journal of
Internal Medicine




HOW DO WE CHAN
OUTCOME?

WE CHANGE /DECREASE
THE DRIVERS

(ANTECEDENTS AND MEDIATORS)

AND WE MODIFY THE
SETTING

ENVIRONMENT

CONTEXT

-
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THEORETICAL BENEFIT OF FURIN INHIBITION O

« REDUCE VIRAL ENTRY INTO CELL ©

D B
E TRANS GOLGI

- LIMITED FURIN = LIMITED FURIN /AVAILABLE FOR ACTIVATIC
COMPOUNDS INVOLVED IN SARS-EOV-2 PATHOGENESIS, IN

* REDUCE VIRAL REPRODUCTION/?!‘F

« ADAM 17 » TGF-BETA » PRO-RENIN RECEPTOR (RAAS)
* CLOTTING FACTORS, HEPCIDIN e
« MATRIX METALLOPROTEINASES 4

i Y B’ _ . '
BRC 2 LS A
« STUDIES SHOW ABSENCE OF FCC GREATLY LIMITS VIRULENCEIOF W KN
OTHER VIRUSES, INCLUDING A SARS-COV-2 VARIANT "4 \ »

w r ‘ . P o
- , -
- 4

\




SUBSTANCES THAT REDUCE /JACT ON FURIN

ANDROGRAPHICUS
EGCG
GLUTATHIONE
BERBERINE
POSSIBLY HEPARIN POSSIBLY NEIFINAVIR




THERAPEUTICS ACE2 DOCKING PHASE: SPIKE PROTEIN:

CONVALESCENT PLASMA
MONOCLONAIL ANTIBODIES
LECTINS
REST'ERATROL
MEL.ATONIN



TMPRSS2 THERAPEUTICS:

CAMOSTAT

CAMOSTAT MESIL.ATE (CM)
IS AN INHIBITOR OF TMPRSS2

Endosomal entry

OCYlosIS
CM BLOCKED THE SPREAD AND e
PATHOGENESIS OF SARS-COV” IN A
MOUSE MODEIL. AND WOULD BE
EXPECTED TO SHOW SIMIT.AR EFFECT l Translation oAU
IN MERS-COl” R K genomic RNA \’/Qrion assembly
o Replication
(ALSO WORKS AT THE FUSION STEP)  Proteaysis mnscn ﬂ
ption

EXPERIMENT SHOWED CM WAS EFFECTIVE ® o RT

IN PROTECTING MICE AGAINST DEATH, itk Swlichiral profeins

FOLILOWING A LLETHAL SARS-COV %) P T"‘""’“"

INFECTION, WITH A SURVIVAL RATE OF 60% More. Pl

HTTPS:/ /] WWW.NCBLNLM.NIH.GOV/ PMC/ ARTICLES/ w
PMC7188520/

nsps


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188520/

Spike (S) protein

THERAPEUTICS FOCUSED ON
IVIRAL ENTRY INTO THE CELL

FUSION IS ENDOCYTOSILS

TRANSCRIPTION AND TRANST.ATION
OF VVIRAIL RNA

TRANSLATION STEP:
CURCUMIN
QUERCETIN
RESVERATROL

TRANSCRIPTION:
ZINC (ONLY PROPHYLAXIS!)
REMDESIVIR
FAVIPIRAVIR (REPURPOSED INFLUENZA DRUG)

CORONAVIR




REMDESIVIR

INHIBITS COVID-19 VIRLU
POLYMERASE OR REPI
MACHINERY. I'T WAS REC
FOUND THAT REMDE
STOPS, OR HEAVII
REPLICATIO
WHICH IN TT
PROPAGATIO

-

HTTPS://WWWSCIE!

200924082656 HTM
e N




FAVIPIRAVIR IS AN ANTIVIRAL DRUG USED FOR INFLUENZA IN JAPAN

IT IS CURRENTLY BEING STUDIED IN HUMANS FOR TREATING COVID-19 IN OVER 30 CLINICAL TRIALS
(AS OF JULY 31, 2020). IT IS NOT KNOWN WHETHER IT IS SAFE OR HELPFUL FOR THIS DISEASE.

Favipiravir 6 ca41FN-0:

F N ~ :
S - a
T r\NHz e e
N OH

-~

i h
FAVIPIRAVIR WAS FIRST USED AGAINST SARS-COV-2 IN WUHAN AT THE VERY EPICENTER OF THE I\E\/HC. WEN, AS THE
PANDEMIC SPREAD TO EUROPE, THIS DRUG RECEIVED APPROVAL FOR EMERGENCY USE IN IIALY, AND CURRENTLY HAS

BEEN IN USE IN JAPAN, RUSSIA, UKRAINE, UZBEKISTAN, MOLDOVA, AND KAZAKHSTAN. W
APPROVAL HAS ALSO RECENTLY BEEN GRANTED IN SAUDI ARABIA A HE UAE. THEREAETER, TURKEY, BANGLADESH,
UNCHES, « &
~—

AND MOST RECENTLY EGYPT HAVE ALSO SEEN RECENT COMMERCIAL
HTTPS://WWWNCBILNLM.NIH.GOV/PMC/ARTICLES /PMC7467067/ ‘



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7467067/

THE DRUG APPEA,
A DRUG DI

%

CORONAVIR WAS APPROVED FOR USE IN HOSPITALS INJUI
IN SEPTEMBER 2020 I'T RECEIVED APPROVAL FOR PRESCRIP OR OUTPATIENT



https://en.wikipedia.org/wiki/RNA_polymerase
https://en.wikipedia.org/wiki/Nucleotide_analogues
https://en.wikipedia.org/wiki/Remdesivir
https://en.wikipedia.org/wiki/Coronavir
https://en.wikipedia.org/wiki/Favipiravir
https://en.wikipedia.org/wiki/Coronavir

A five day course of ivermectin for the treatment of
COVID-19 may reduce the duration of illness

Ahmedul Kabir - Asma Binte Aziz

Sabeena Ahmed - Mohammad Mahbubul Karim - Allen G. Ross

Wasif Ali Khan = = Show all authors

Published: December 02, 2020 DOI: https://doi.org/10.1016/.ijid.2020.11.191

JID

International Journal of Antimiicrobial Azcents

joumal homepage: www elsevier.comvlocatelijantiTmnicag

A COVID-19 prophvlaxis? Lower incidence associated with
prophvlacric administration of ivermectin

Martin D. Hellwig -, Anabela Maia®

= Sy oo Srare Dnmiversicoy. 17 High Soreer. FIyvimmoascin. INFS. LISA
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Antiviral Research

journal homepage: www . elsevier.com/ilocate/antiviral
Appears to inhibit . s o pmpu . :
pp b The FDA-approved drug ivermectin inhibits the replication of SARS-CoV-2 ir
viral replication and |t
c Leon Caly”, Julian D. Druce®, Mike G. Catton®, David A. Jans"”, Kylie M. Wagstaff
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IVERMECTIN
12 MG INITLALLY, REPEAT IN 3 DAYS
OR
12 MG DAILY X 5 DAYS
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THE APPROVED DOSE OF IVERMECTIN ALONE IS NOT THE IDEAL DOSE

FOR THE TREATMENT OF COVID-19

CLIN PHARMACOLOGY AND THERAPEUTICS 2020 OCT;108(4):762-765. DOI: 10.1002/ CPT.1889.
EPUB 2020 JUN 7.

Caly et al.! reported that ivermectin inhibited severe acute respiratory syndrome-
coronavirus 2 (SARS-CoV-2) in vitro for up to 48 hours using ivermectin at 5 pM.

The concentration resulting in 50% inhibition (ICs ; 2 uM) was > 35X higher
than the maximum plasma concentration (C,,,. ) after oral administration of the
approved dose of ivermectin.

In summary:

Lvermectin has promise, and a valid mechanism for decreasing viral
replication but we may not be able to reach high enough therapentic levels
safely. Combination therapy is more probable, and should be evaluated in vitro

(May be enough though to decrease viral load)



ADDITIONAL
POTENTIAIL THERAPEUTICS:

FL.CCC

DRUGS UNDER INVESTIGATION

Atorvastatin 80 mg/day.

Statins have pleotropic anti-inflammatory,
immunomodulatory, antibacterial, and antiviral
effects. Statins effect clotting abnormalities by

interaction with PAI 1.

Simvastatin has been shown to reduce mortality in the
hyper-inflammatory ARDS phenotype. [196]
Preliminary data suggests atorvastatin may improve
outcome in patients with COVID-19.[197-201]
(Add CoQ10 & Mg if using Statins)

Famotidine 40 mg BID
20-40 mg/day in renal impairment).

Works on Mast cell/histamine [78—84].

Vascepa, Lovaza or DHA/EPA 4¢ day

(must also be on antioxidants if using)

Figure 1. The course of COVID-19 and General Approach to treatment
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Treatment approach
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headache diarrhea <4 L/min N/C & aSat < 94%

" Antiviral R Anti-inflammatory Rx

Potential therapies |

? Interferon-a ] Methylprednlsolone 40mg q 12 inc. to 80 mg q 12 if reqd.

-
Fever, malaise, cough, } {SOB Mild hypoxia ][ Progressive hypoxia ]

[ ASA ][ Enoxaparin 60 mg/day IEnoxaparin 1mg/kg s/cq 12

=

IVERMECTIN 12mg | IVERMECTIN 12mg x2

[ Quercetin + Zinc + Vit C + Vit D ] [ Quercetin + Zinc + Vitamin D + IV Vitamin C




OZONE THERAPY SEEMS TO HAVE AN IMMUNOLOGICAL
ROLE BECAUSE OF THE MODULATION OF CYTOKINES AND
INTERFERONS, INCLUDING THE INDUCTION OF GAMMA
INTERFERON. SYSTEMIC OZONE THERAPY SEEMS TO
CONTROL INFLAMMATION, STIMULATE IMMUNITY AND
EXHIBITS ANTIVIRAL ACTIVITY . IT PROVIDES PROTECTION
FROM ACUTE CORONARY SYNDROMES, ISCHEMIA AND
/ REPERFUSION DAMAGE, THIS SUGGESTS A NEW

-



ASSEMBLY
AND
RELLEASE OF VIRIONS

CURCUMIN

LECTINS

HTTPS://WWW.NCBLNIM.NIH.GOVL"/ PMC/
ARTICLES/PMC7114093/

NITAZOXANIDE (ALINLA)

ANTIBODIES



ASSESS AND ADDRESS
EACH PERSON’S UNIQUE VULNERABILITY

1.) LOOK AT GENETICS
2.) ADDRESS:

CO-MORBIDITIES
IMMUNE HEALTH
INFLAMMATION
OXIDATIVE STRESS
BIOCHEMICAL IMBAIL ANC.
LIFESTYLE FACTORS




LIKELTHOOD OF SEVERE INFECTION IS
THE BALANCE BETWEEN

VIRAL LOAD
AND

HOST IMMUNITY

l :
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Hand washing
o 4 This document is a general guidance to practicing clinicians, may change with fime, and it is not

S h s dtEh infended to mpouogdo the medical judgment of the clinician. Please check with info@ifm.org for
frequent updates fo the algorithm.
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Pre-exposure: What to address

Inflammation oo S
Reduce Viral Comorbidities Oxidative stress g Y High Prevalence
Resistance

Exposure Load Obesity Mitochondropathy ) Environment?
Resilience
Hyperglycemia

— Furin*
Mask Lifestyle Factors Mucosal 1 Consider adding:
Wa'sh Hands Sleep Lifestyle Factors Covalder losw doss> Melatonin
Dlstancin.g Exer.ctse N Vit A,C,D,E,B6,B12 Elderberry
Eye protection? Nutrition ~ Gut Health Folate, Fe, Zn, Cu, Se Leeks & lectins
ssential workers Stress ( Nettles (tea/sup)
protocol” Relationships | EGCG* Consider: S - |
) — i : Curcumin Strep. salivarius If not already taking,
Per CDC guidelines See Unit 11 ] Astragalus LD heparin nasal spr. strongly conside
See Unit 3 - | Quercetin = these agents
| SutHeakh J Resveratrol snlenia | /
r See “Intro to FM” NAC* / GSH Consider low dose:
Berberine* ;
individualize | Andrographis* |




Post-exposure: Not symptomatic

If not already taking, add:

Resveratrol Quercetin Leeks |
Curcumin EGCG Nettles

Melatonin
Elderberry

If already taking, increase to high dose range




Post-exposure:

On admission:

cpﬁff%li?n%n (PC), Discontinue Allopathic Approved
g , 1roponins, "
Ferritin, Neutrophil- Zinc best pharma-

Lymphocyte
ratio, D-dimer and Mg,

Echinacea practices ceuticals

If not already taking, add;

If already taking, increase to high dose range:

CRPand D-dimer | Ragyeratrol Quercetin l Leeks l

are important

prognostic markers. Curcumin EGCG
APCT is ‘ | |

essential to rule out

Coefgjljgil pacterial Add melatonin: If already taking,
increase to 10 — 20 mg gqhs

Nettles




Intervention

Vitamin D

Suggested dose

Mechanism(s) of action against non-
COVID-19
viruses[351,[56],[571,[58],[59],[60],[61],[62],[63],[64],[65],[66],[
67],[68],[691,[701,[71],[72],[73],[74],[75],[76],[771,[78]

Outcomes data supporting their mitigating
effects on illness from other viral strains

Strength of evidence

Risk of harm:[791,[80],[81],[82]

VTTAMIN D

VITAMIN D,1,25(OH) D, IS A STEROID
HORMONE AND AN IMMUNE MODULATOR

IT REDUCES INFLAMMATORY CYTOKINES
AND INCREASES MACROPHAGE FUNCTION,

VITAMIN D ALSO STIMULATES THE
EXPRESSION OF POTENT ANTIMICROBIAL
PEPTIDES (AMPS), WHICH EXIST IN
NEUTROPHILS, MONOCYTES, NATURAL
KILLER CELLS, AND EPITHELIAL CELLS OF
THE RESPIRATORY TRACT.[54]

EVIDENCE SUGGESTS VITAMIN D
SUPPLEMENTATION MAY PREVENT UPPER
RESPIRATORY INFECTIONS.[55]

WE SUGGEST A LABORATORY RANGE OF
> 60 AND < 80NG/ML SERUM 25-HYDROXY
VITAMIN D MAY HELP TO MITIGATE
MORBIDITY FROM COVID-19 INFECTION.




Intervention Zinc

Suggested dose

Mechanism(s) of action against
non-COVID-19
ﬁ%use8120’121’122’123’124’125’126’

Outcomes data supporting their
mitigating effects on illness from
othef viral strains

Strength of evidence

Risk of harm128




Intervention

Vitamin A

Suggested dose

Mechanism(s of acti on
against ['%f?) VID-19

Vll'llSCS

Outcomes data I porting
their mitigatin ects on
illness from ot er viral strains

Strength of evidence

Risk
ha?:m? 71,[98]1,[99],[100],[101],[102]




Intervention Melatonin
Suggested dose
Mechanism(s of acti on

against f%ﬁlfs VID-19

V1ruses

Outcomes data I porting
their mitigatin ects on
illness froin ot er viral strains

Strength of evidence

};R[é;]}{no 6],[871,[88],[891,[901,[91],[92],[93




Intervention

Quercetin

Suggested dose

Mechanism(s) of, action against
non-COVID-19 viruses

Outcomes data supporting their
mitigating effects on illness from
othef viral strains

Strength of evidence

Risk of harm:[161:[17]




Intervention

N-acetylcysteine (NAC)

Suggested dose

Mechanism(s) of action against non-
COVID-19 viruses:[3]

Outcomes data supporting their
mitigating effects on illness from
other viral strains

Strength of evidence

Risk of harm:[371,[38],[39],[40],[41]

N-ACETYL.CYSTEINE (NA
(GLUTATHIONE)

N-ACETYLCYSTEINE PROMOTES
GLUTATHIONE PRODUCTION,
WHICH HAS BEEN SHOWN TO BE
PROTECTIVE IN THOSE INFECTED WITH
INFLUENZA AND OTHER VIRUSES.

GLUTATHIONE IS A POTENT
ANTIOXIDANT AND IS HELPFUL WITH
CELLULAR REPAIR

IN A SIX-MONTH CONTROLLED STUDY
ENROLLING PRIMARILY ELDERLY
SUBJECTS, THOSE RECEIVING
600 MG NAC TWICE DAILY, AS OPPOSED
TO PLACEBO, EXPERIENCED
SIGNIFICANTLY FEWER INFLUENZA-
LIKE SYMPTOMS AND DAYS OF BED
CONFINEMENT.[36]




Intervention

Curcumin

Suggested dose

Mechanism(s) of action against
non-COVID-19 viruses

Outcomes data supporting their
mitigating effects on illness from
other viral strains No data available

Strength of evidence

Risk of harm:[221,[23],[24],[25],[26],[27]

CURCUMIN

CURCUMIN HAS BEEN SHOWN TO
MODULATE THE NLRP3
INFLAMMASOME,(5)

AND A PREPRINT SUGGESTS THAT

CURCUMIN CAN REDUCE VIRAL
REPLICATION BY TARGETING THE

SARS-COV-2 MAIN PROTEASE.(18)




Intervention

Resveratrol

Suggested dose

Mechanism(s) of action against
non-COVID-19 viruses

Outcomes data supporting their
mitigating effects on illness
fromx othet viral strains

Strength of evidence

Risk o
harm: 6] ’ [47] ’ [48] ’ [49] ’ [501 ’ [51] ’ [52] ’ [53]




Intervention Vitamin C -

Suggested dose
VITAMIN C
12}4%??};%{:{1}8&11 (8(?6 fistli%n VITAMIN C CONTRIBUTES TO IMMUNE
u

DEFENSE BY SUPPORTING CELLULAR
FUNCTIONS OF BOTH THE INNATE AND
ADAPTIVE IMMUNE SYSTEM.

VITAMIN C ACCUMULATES IN PHAGOCYTIC
CELLS, SUCH AS NEUTROPHILS, AND

CAN ENHANCE CHEMOTAXIS, PHAGOCYTOSIS,
GENERATION OF REACTIVE OXYGEN SPECIES,
AND ULTIMATELY MICROBIAL KILLING.

Outcomes dﬁ.ta

(0) tll’l cir
fitigat

% ts on
C S ?n other viral SUPPLEMENTATION WITH VITAMIN C APPEARS

strains TO BOTH PREVENT AND TREAT RESPIRATORY
AND SYSTEMIC INFECTIONS.[120]

VITAMIN C HAS BEEN USED IN HOSPITAL ICUS

Strength of evidence TO TREAT COVID-19 INFECTION.

Risk of harm[21




Intervention

Berberine

Suggested dose

Mechanism(s) of action
against non-COVID-19 viruses

Outcomes data s%porting
their mitigating effects on"
illness from other viral strains

Strength of evidence

Risk of harm




Intervention

Elderberry

Suggested Dose

Mechanism(;) of action

against A0 Y s o, 1y 1

X]II'USCS

Outcomes data supporting
their mitigating eftects on”,
illness from other viral strains

Strength of evidence

Risk of harm:[103]’[1071’[113]’[114]

EILLDERBERRY

ELDERBERRY (SAMBUCUS NIGRA) HAS
WIDESPREAD HISTORICAL USE AS
A SAFE ANTI-VIRAL HERB.[103]

ELDERBERRY IS MOST EFFECTIVE IN
THE PREVENTION OF INFECTION
AND DURING THE
EARLY PHASES OF INFECTION
WITH RESPIRATORY VIRUSES.[104]




Intervention

Licorice (Glycyrrhiza glabra)

Suggested dose

Mechanism(s) of action
against non-COVID-19 viruses

Outcomes data s%porting

their mitigating effects on"
illness from other viral strains

Strength of evidence

Risk of harm’72%73,74




Intervention

Andrographis :
drographis paniculata)

Suggested dose

Mechanism(s) of action
against non-COVID-19
vituses

Outcomes data s%porting

their mitigating effects on
illness from other viral
strains

Strength of evidence

Risk of harm




Intervention

{Eﬁ)(i%%l;())catechin gallate

\

EPIGALILOCATECHIN

Suggested dose

GALLATE (EGCG)
GREEN TEA

Mechanism(s) of action against
non-COVID-19 viruses

GREEN TEA MODULATES THE
NLRP3 INFLAMMASOME AND
TARGETS THE SARS-COV-2 MAIN
PROTEASE (MPRO)7 TO
REDUCE VIRAL REPLICATION

Outcomes data supporting their
mitigating effects on illness from
other viral strains

EGCG HAS ALSO BEEN SHOWN TO
PREVENT INFLUENZA IN
HEALTHCARE WORKERS (28)

Strength of evidence

Risk of harm:[301,[311,[32],[33],[34],[35]

-



Intervention

Luteolin

Suggested dose

Mechanism(s) of, action against
non-COVID-19 viruses

Outcomes data supporting their
mitigating effects on illness from
other viral strains

Strength of evidence




ECHINACEA

ECHINACEA PURPUREA HAS BEEN
SHOWN TO STIMULATE MACROPHAGE
ACTIVATION AS WELL AS NK CELL
ACTIVITY IN BOTH HUMAN AND ANIMAL
MODELS AND MAY BE LINKED DIRECTLY
TO INCREASED CYTOKINE
EXPRESSION.144,145VARIOUS ECHINACEA
HAS SHOWN ANTIVIRAL
ACTIVITY.146,147,148
ECHINACEA ALONE HAS BEEN SHOWN TO
REDUCE THE FREQUENCY, SEVERITY,
AND/OR DURATION OF UPPER
RESPIRATORY TRACT SYMPTOMS IN
SEVERAL TRIALS




Intervention

Chinese skullcap (Scutellaria

baicalensis)

Suggested dose

Mechanism(s) of action against
non-COVID-19 viruses

Outcomes data supporting their
mitigating effects on illness
fromx othet viral strains

Strength of evidence

Risk of harm




The Functional Medicine Model

The Functional Medicine model is an individualized,
patient-centered, science-based approach that
identifies and addresses the underlying causes of
disease and promotes optimal wellness.

It utilizes a detailed understanding of each patient’s
genetic, biochemical, and lifestyle factors ana
leverages that data to direct personalized treatment
plans that lead to improved patient outcomes.

The Institut2 for Functional Medicine. 2020. Functional Medicine | IFM. [online] Available at. <hiips. /Swww ifm.org/Tunctional-medidineg /> [Accessed 18 Seprtember 2020]
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CONTROL YOUR COVID OUTCOME
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