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Diagnosis and Management of Endocrinological Indications

Objectives

1 - The effects of SARS-CoV-2 spike protein reservoirs on hormones and metabolism: impacts in the
pituitary, adrenals, thyroid, pancreas, liver, testicles, ovaries, parathyroids, hypothalamus, intestine,
muscles, fat tissue, and in the nucleotide, glucose, lipids and amino acid metabolism.

2 - What should we predict from future epidemics caused by persistent exposure to SARS-CoV-2
spike protein: endocrine conditions are not developed right after the exposure, but in the long term

instead.

3 - Endocrine and metabolic diseases related to COVID-19 infection and SARS-CoV-2 vaccines, those
exclusively related to the vaccines, and those related to the combination between COVID-19
infection and vaccines that were never supposed to happen because vaccines should have never
allowed COVID-19 infections and COVID-19 infections should have never been followed by SARS-CoV-
2 vaccines.

4 - From the best to the worst: different scenarios in 5, 10, and 20 years from now.

5 - A practical approach to the person with suspected SARS-CoV-2 spike protein-related diseases in
the world of hormones and metabolism: from diagnosis to management.




Diagnosis and Management of Endocrinological Indications

Agenda

1. Challenges to demonstrate causality with SARS-CoV-2 vaccines — what really matters?

2. Literature on endocrine-related SARS-CoV-2 spike protein-induced diseases — methods of search and
reflections

3. Documented, confirmed, evidenced, likely, anecdotal, expected, predicted, possible — beyond speculation for
diseases of the future in the endocrinology field

4. Fundamental endocrinologic aspects of SARS-CoV-2 spike protein-induced diseases

5. Male gonadal axis

6. Female gonadal axis

7. Endocrine pancreas

8. Thyroid axis

9. Adrenal glands

10. Hypothalamic-pituitary axes

11. Parathyroid, vitamin D, calcium, and bone

12. Fattissue

13. Incretin system

14. Muscles

15. Practical approach

16. Take-home messages




SARS-CoV-2 spike-related injuries

Introduction — challenges to determine causality

Types of detection to determine that
injuries are related to SARS-CoV-2 spike protein:

1. In an individual basis &>

—> Chronological correlation with vaccines

- New onset, worsening, relapse

- a. Not justified by other causes or

b. Re-incidence after further re-exposure (additional shots)
+ (slow) improvement with time(+treatment)

2. In a populational level >

a. Increase in the incidence of new-onset endocrinological and metabolic-
related diseases

b. Atypical reports of endocrine disease presentation (severity, types of
manifestations, disease course, complications)




SARS-CoV-2 spike-related injuries

Introduction — challenges to determine causality

— The ‘alibi’ against the confirmation of injuries caused by the vaccines will be that it will not be
(theoretically) feasible to differentiate post-COVID from post-SARS-CoV-2 vaccine injuries.

- A more thorough analysis of the prevalence of diseases and mortality:

Scenario 1. Increase from 2019 to 2020, with further reduction from 2021 on >
COVID-19 infection-related diseases only.

- COVID-19 infection | | | |

!
2019 2020 2021 2022

>




SARS-CoV-2 spike-related injuries

Introduction — challenges to determine causality

Scenario 2. Increase from 2019 to 2020 that persisted in 2021 and 2022 -
a. Diseases related to COVID-19 infection and also related to SARS-CoV-2 vaccine and/or booster
b. Diseases triggered to COVID-19 infection that persisted throughout time

- Post-COVID —

- SARS-CoV-2 vaccines | | | .,

] | |
2019 2020 2021 2022
Scenario 3. Increase from 2020 to 2021 that persisted in 2022, with lack of increase from 2019 to 2020 -

a. SARS-CoV-2 vaccine-triggered diseases (2021) that persisted (2022)
b. Diseases triggered by the exposure to SARS-CoV-2 vaccine after COVID-19 infection

- SARS-CoV-2 vaccines

- Vaccines+COVID | | | |

I I [
2019 2020 2021 2022

Y




SARS-CoV-2 spike-related injuries

Introduction — challenges to determine causality

Scenario 4. Increase from 2020 to 2021, with further reduction in 2022 and lack of increase from 2019 to 2020 -
a. SARS-CoV-2 vaccine-triggered diseases (2021) that were transitory (2022)
b. Temporary diseases triggered by the exposure to SARS-CoV-2 vaccine after COVID-19 infection

- Transitory SARS-CoV-2 vaccines

- Transitory vaccines+COVID ' ! ! ! ! >
Scenario 5. Increase from 2020 to 2021 , with further incre 2019 2020 2021 2022 0>

a. SARS-CoV-2 VaCCine'triggered diseases (2021) that was einiariceu wiun vuusier > \cvece)

b. Progressive diseases and late-onset triggered diseases by the exposure to SARS-CoV-2 vaccine after COVID-19
infection

c. Diseases triggered by COVID-19 infection after SARS-CoV-2 vaccine and booster

- Progressive SARS-CoV-2 vaccines /
- Synergic vaccines+COVID

- Late-onset SARS-CoV-2 vaccines | | | | >
2019 2020 2021 2022




SARS-CoV-2 spike-related injuries
Introduction — challenges to determine causality

#1 - COVID-19 infection | | | | N
2019 2020 2021 2022

#2 - Post-COVID | | | | .

. I | I |
-SARS-CoV-2vaccines ;409 2020 2021 2022

#3 - SARS-CoV-2 vaccines -

- Vaccines+COVID ! ! ! ! >
2019 2020 2021 2022

#4 - Transitory SARS-CoV-2 vaccines J\

- Transitory vaccines+COVID ! ! ! ! >

2019 2020 2021 2022

#5 - Progressive SARS-CoV-2 vaccines L
- Synergic vaccines+COVID .

- Late-onset SARS-CoV-2 vaccines | | g
2019 2020 203 Z022




SARS-CoV-2 spike-related injuries

Introduction — challenges to determine causality

All diseases that did not increase from 2019 to 2020, but from 2020 to
2021 on must be blamed on the vaccines:

a. Vaccines alone
b. Vaccines+COVID-19

The ‘confounding’ factors will always take off the responsibilities from
vaccines.




SARS-CoV-2 spike-related diseases

Introduction — challenges to determine causality

However, if...the biggest issue are not vaccines alone, but the combination between
vaccines+COVID (pre- or post-COVID vaccination)?

1. COVID-19 vaccines do not prevent COVID-19 infection (widely accepted)
2. Misleading trials:

a. Vaccination only (lack of vaccine trials among subjects who had COVID-19)

b. Short-term effects only

c¢. No active biochemical monitoring

d. Lack of monitoring of the ‘unexpected’ COVID-19 after vaccine and its effects

d. Loss of placebo groups for comparison purposes (it was ‘ethical’ to give vaccines to the placebo group — pretending no further safety

surveillance was needed),

e. Vaccines were not given to the population studied




SARS-CoV-2 spike-related diseases

Introduction — challenges to determine causality

The complexity of SARS-CoV-2 allows us to conclude that:

1. Safety of vaccines after COVID-19 is unclear

-> Specific post-COVID vaccination trials focused on safety profile should’ve been conducted
-> It is unusual to vaccinate to a virus short after its infection
-> Safety profile of immunological reactions of the ‘combination’ is unknown

2. COVID-19 infection after being vaccinated in unexpected

- COVID-19 after getting vaccinated should’ve led to a massive ‘recall’

-> It was alleged an almost 100% efficacy to prevent infection (remember?)
- POST-VACCINATION INFECTION IS RARE IN MEDICAL HISTORY

-> This should’ve been considered as A SEVERE ADVERSE EVENT OF VACCINES

3. The unsubstantiated ‘guarantees’ on the effects the ‘novel phenomena’

- Who has ever guaranteed that there are no negative synergistic effects between the disease and vaccines when they’re
basically overlapped?

-> There is strong plausibility to believe that immunological responses should be not only ‘over-maximized’, but alsg
dysfunctional.

4. The unvaccinated population should be the ‘group’ to be followed.
- COVID-19+vaccine x COVID-19 alone




SARS-CoV-2 spike-related diseases

Methods of search — and reflections

Search in Pubmed + preprints + GoogleScholar
- Suppression of publications against SARS-CoV-2 vaccines: a political goal
- Multiple expressions and combinations

*  Which type of vaccine?
1. Intersection of complications — vaccines mixed or not specified
2. Reactions to each type of vaccine

*  We are still observing short-term effects:

- The current lack of adverse effects now in a certain tissue does not mean that it is safe in
the long term

—> The concept of ‘reserve’ in the Endocrinology field

- In the short term, several aspects may not be affected, but a reserve decreased by SARS-
CoV-2 spike protein may become an issue in the future

- Potential examples yet to be observed ‘early’ somatopause, adrenopause, thyropause,
andropause, accelerated aging




SARS-CoV-2 spike-related diseases

Methods of search — and reflections

*  We must know where we are now.

-> For each disease and its correlation with SARS-CoV-2 spike protein, it can be:

. Confirmed

. Probable/likely

. Possible

. Expected

. Underdiagnosed

. Long-term, yet to be captured

N o o A WN

. None of the above, but that deserves monitoring (basically everything)




SARS-CoV-2 spike-related diseases

Methods of search — and reflections

* Aspects we must consider when it comes to Endocrinology:

- Level of surveillence according to the likelihood of developing the disease and the specificity of its
manifestations (I likelihood + { specificity of symptoms = more active surveillence)

- Slow progression of endocrine diseases - Example: GHD after athletes’ retirement in impact sports.
- Sub-clinical

- Clinical but undetectable through basal tests

—> Root cause versus consequences

- Combination of mild abnormalities — and none of the abnormalities are clinically or biochemically
detected — challenges on the diagnosis

Predicting future diseases....
speculative or careful?




SARS-CoV-2 spike-related diseases

Methods of search — and reflections

[ SARS-CoV-2 J
.

| SARS-CoV-2 mRNA | orasonce

Direct and indirect effects

[ 1. Direct actions ]

2. Dysregulated ﬂj

b. Chmn_ic |
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[ SARS-CoV-2 spike protein J [> 3. ‘Dysfuncional
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4. Reservoir

4. Perpetuation of
Further source indirect effects
of origin

; After the
5. Transitory effects  discontinuation

of the exposure.

»

1. Demonstrated ] | 2. Predicted/ Expected




SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation
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SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

Are Catecholamines (Hypercatecholaminergic State) a Key Trigger of
SARS-CoV-2 mRNA Vaccine-Induced Myocarditis and Sudden Deaths?

DETECTION OF THE PHENOMENON

Pillar #1

f risk of
SARS-CoV-2 mANA vaccine or jo—1
COVID-19 infection

Do SARS-CoV-2 mRNA vaccines |ead o
Increased risk of myocarditls?

Ara young males and male athletes & the
highess disk far myacardiis?

15 tha risk of myacardks dosa-depencant, 16,
o further dosss of lead to furihar incramanta in
e sisk of mypcarditis?

Does this alsa apply for paricarditis, cardiac |
evenls and sudden deaths?

Does COVID-18 infection also iead to
increased risk of myocarditis?

Are the characterstcs sooilar 1o the everis afler
mRNA SARS-CaV-2 vacoines, in tarms af
severily and progrosis, and popuialian al

SEARCH FOR THE ETIOLOGY OF THE PHENOMENON (1)

SEARCH FOR THE ETIOLOGY OF THE PHENOMENON (2)

Pillar #3
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mRNA SARS-CoV-2 vaccines or COVID-19 Inhvllan lnd
conseguent events

- Does SARS-CoV-2 mANA vaccines andior COVID-18 Infection lead to Increasad
o activity al any level? Does any
of them lead to a hypercatecholaminergic state?

Dees COVID-18 infection lead ta increased secretion from adrenal medulla, neo
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secratin fram sympathetic ganglons, noreagas sanstvity of

specific of the population likely
maost affected by myocarditis and related outcomes

Do young males present Increased mwmamlnornlc activity of any sort,
compared to older males and to females?

Do athletes present increased cataehnlmnlnevgie activity nrmy o,
to sex- and

Do young males prasent higher testosterone levels than
oldar males and to famalas?

racepioes, ar incrasad rsparse to tha calecholarmires' sgnaing?

1 EPIDEMIOLOGICAL FINDINGS

BIOLOGICAL FINDINGS i

Is it there any demonstration that any of the specific populations
that presented the highest risk of myocardiis present
increased catecholaminergic activity with SARS-CoV-2 mANA vaccine?

Ara miyacandtis and relsted oulcomes ifluanced o induced
by & hypercatechelaminergic slate?
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Do athletes present higher testosterone levels than
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Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by

10.7759/cureus.27883.

| :
| CATECHOLAMINE METABOLISM

EPIDEMIOLOGICAL. MOLECULAR,
ANATOMOPATHOLOGICAL
AND PHYSIOLOGICAL FINDINGS

HYPOTHESIS

Molecular, and

Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:




SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

DETECTION OF THE PHENOMENON

Pillar #1
Detection of risk of myocarditis following
SARS-CoV-2 mRNA vaccine or
COVID-19 infection

I
Do SARS-CoV-2 mRNA vaccines lead to
increased risk of myocarditis?

. i Are young males and male athletes at the
L Isthe prop.osed -hypo.theS|s supported by highest risk for myocarditis?
epidemiological data?

Is the risk of myocarditis dose-dependent, i.e.,
1.pPh do further doses of lead to further increments in
. Phenomenon the risk of myocarditis?

2. Specific to the hypothesis T

3. Population affected

Does this also apply for pericarditis, cardiac
events and sudden deaths?

Does COVID-19 infection also lead to
increased risk of myocarditis?

Are the characteristics similar to the events after
mRNA SARS-CoV-2 vaccines, in terms of
severity and prognosis, and population affected?

2= i =

EPIDEMIOLOGICAL FINDINGS

Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by iologi Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:
10.7759/cureus.27883.




SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

SEARCH FOR THE ETIOLOGY OF THE PHENOMENON (1)

Pillar #2
Potential alterations and abnormalities identified after
mRNA SARS-CoV-2 vaccines or COVID-19 infection and
consequent events

I

. Does SARS-CoV-2 mRNA vaccines and/or COVID-19 infection lead to increased
catecholaminergic (noradrenaline or adrenaline) activity at any level? Does any
of them lead to a hypercatecholaminergic state?

Do SARS-CoV-2 mRNA vaccines lead to increased secretion from adrenal medulla,
increased secretion from sympathetic ganglions, increased sensitivity of the
2. Is the epidemiologically detected catecholamine receptors, or increased response to the catecholamines’ signaling?

phenomenon _supported by the Does COVID-19 infection lead to increased secretion from adrenal medulla, increased
hypothesized reason? secretion from sympathetic ganglions, increased sensitivity of the catecholamine
receptors, or increased response to the catecholamines’ signaling?

1

Is it there any demonstration that any of the specific populations
that presented the highest risk of myocarditis present
increased catecholaminergic activity with SARS-CoV-2 mRNA vaccine?

Are myocarditis and related outcomes influenced or induced
by a hypercatecholaminergic state?

NA

BIOLOGICAL FINDINGS

Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by iologi Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:
10.7759/cureus.27883.



SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

SEARCH FOR THE ETIOLOGY OF THE PHENOMENON (2)

Pillar #3
Physiologic characteristics specific of the population likely
most affected by myocarditis and related outcomes

1
Do young males present increased catecholaminergic activity of any sort,
compared to older males and to females?
T
Do athletes present increased catecholaminergic activity of any sort,
compared to sex- and age-matched non-athletes?
IT
Do young males present higher testosterone levels than
older males and to females?
1T
Do athletes present higher testosterone levels than
sex- and age-matched non-athletes?
T
Do increased catecholaminergic activity and higher testosterone levels
act synergistically between them,
leading to further enhancement of the activity of these hormones?

3. Is the population more susceptible
to the phenomenon more exposed to
the proposed cause?

In this specific case, do higher testosterone levels lead to further increase in
catecholaminergic activity?

i

CATECHOLAMINE METABOLISM

Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by iologi Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:
10.7759/cureus.27883.



SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

OGICAL FINDINGS
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Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by

10.7759/cureus.27883.

Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:




SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

EPIDEMIOLOGICAL FINDINGS

(pillar #1)
1. Is the proposed hypothesis supported by COVID-19 mRNA vaccine-induced
epidemiological data? myocarditis and sudden death
1. Phenomenon |
2. Specific to the hypothesis gy || COVID-1I9mRNA | <18yio 1 13.6 10 22.3-fold
. 3w || vaccine-induced | 18-29 y/o t 5.3 to 30.0-fold
3. Population affected SE myocarditis' ' Males 1 9.4-fold
2 Professional soccer players
£ 5 || Sudden deaths 152 ft0-o
i) (2021, compared to 2009-
= 2020)*
1
g 2
% E § Myocarditis Youngs > Elders
S35 as cause of Males > Females
§ 5 % sudden deaths?=2 Athletes > Sedentary
1. The phenomenon is strongly supported by = 3
epidemiological data, is specific to the
hypothesis and its affected population. CONCLUSION: Young males and

young athletes are at the
highest risk of myocarditis induced by
SARS-CoV-2 mRNA vaccine,
and subsequent sudden deaths.

Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:

Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by
10.7759/cureus.27883.



SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

BIOLOGICAL FINDINGS
(pillar #2)

Lymphocyte-specific, non-thrombotic, non-
Deaths caused by " Catecholamine- | eosinophilic, contracted bands in cardiomyocytes

Autopsy mRNA COVID-19 [ ind
2. Is the epidemiologically findings vaccine-induced 7 | myocarditigze2ssess Prompt response and protection with
myocarditis alpha- and beta-adrenergic blockers®®s”

detected phenomenon supported
by the hypothesized reason?

Same histopathological findings as pheochromocytoma-induced myocarditis2432

‘ tAdrenergic activity ‘v‘)‘ de;ﬁ:::?aas:m ‘

= tConversion dopamine — | tNoradrenaline
mRNA SARS-COV-2 v noradrenaline* — |Dopamine
' ik COVID-19
Specificity of SARS- mMANA

|l mRNA COVID-19 vaccines * | 1Adrenal | —, | CoV-2mRNA and spike | ;
| medulla protein accumulation in |~ vac:me

2. The phenomenon has strong 4 the adrenal medulla®= o
data from different sources and | SARS-CoV:2 spike proteins | [, Infction

aspects that supports the
. tCatecholamine responses (as compared to the same
hypothesized reason as the Catecholamine responses to Athletes after athletes before vaccination)
cause for the phenomenon mRNA COVID-19 vaccines |/ mRNA COVID-19
in athletes vaccination® _> tCatecholamine responses compared to non-
. vaccinated athletes

CONCLUSION: Deaths due to myocarditis induced by SARS-CoV-2 mRNA vaccine are
| d by a ‘hyp: techolaminergic state’, in full accordance with the E—
catecholamine overresponses that occur in athletes after SARS-CoV-2 mRNA vaccine

Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:

Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by
10.7759/cureus.27883.



SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

CATECHOLAMINE METABOLISM

(pillar #3)
3. Is the population more susceptible . R:s:ingl | t Athletes > | Non-athletes+
to the phenomenon more exposed to [ ratscholamines
the proposed cause?
‘ 1Androgens®253 ‘
Sensitivity of
beta-adrenergic [ + Males > | Females®' ‘
Ll (
‘ lAgiHQJS 46 ‘
‘ tAndrogenss253 ‘
Catecholami ‘ tAthletes*! ‘
o
responses ‘ Mal = lostes |
3. The population more susceptible to iamsz | bomales
the phenomenon is undoubtedly the ‘ |Aging* ‘
most exposed population to the cause

of the phenomenon.

CONCLUSION: Young male athletes are at
the highest risk of complications due to
dysfunctional catecholamine metabolism
due to the already physiologically higher
catecholamine metabolism

Cadegiani FA. Catecholamines Are the Key Trigger of COVID-19 mRNA Vaccine-Induced Myocarditis: A Compelling Hypothesis Supported by jologi Molecular, and Findings. Cureus. 2022 Aug 11;14(8):e27883. doi:
10.7759/cureus.27883.




SARS-CoV-2 spike-related diseases
A representative example of :

1. Methods to explore a hypothesis
2. Multiple levels of hormonal dysregulation

BIOLOGICAL FINDINGS
(pillar #2)
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“SARS-CoV-2 vaccines could represent new external triggers for autoimmune endocrine diseases (AIED) in patients with individual
predisposition.”
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“SARS-CoV-2 vaccines could represent new external triggers for autoimmune endocrine diseases (AIED) in patients with individual
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SARS-CoV-2 vaccines-induced diseases —

Most documented endocrinopathies

Immune thrombocythaemia
Gullain-Barré syndrome
Myocarditis

‘Endocrine-induced
Myocarditis”

Hashimoto thyrouditis
Minimal change disease
Autoimmune hepatitis
Bullous Pemphigoid
IgA nephropathy
Transverse myslitis
Uveitis
Leukncytoclastc culaneous vasculitis
Systamic lupus enythamalosus
Polymyaigia rheumatica
Arthritis
Adult onset Sull Disease
Henoch-Schiniein purpura

Multiple sclerosis

Behoet disease

Pericarditis

Pemphigus Vuigaris

Multisystern inflammatory syndrome
Haemophagocylic lymphohissiocytosis
Encephalitis

Nauromyelitis optca

e e &

Distribution of the main & d diseases after COVID-19 vaccination.

Rodriguez Y, Rojas M, Beltran S, Polo F, Camacho-Dominguez L, Morales SD, Gershwin ME, Anaya JM. A
2022 Aug 24;132:102898. doi: 10.1016/j.jaut.2022.102898.

ine and

y conditions after COVID-19 vaccination. New case reports and updated literature review. J Autoimmun.
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SARS-CoV-2 spike protein

Hypothalamus Pituitary Anterior Pituitary | HPG axis — GnRH-LH/FSH-T/Sperm | SHBG |

- The male genitalia potentially is vulnerable to SARS-CoV-2 infection
- SARS-CoV-2 mRNA - |, GnRH (at all ages) - Multiple consequences

- Presence of SARS-CoV-2 within semen samples:
1. Direct viral damage
2. Secondary inflammatory response —» orchitis
3. Immunologic activation
4. The amount (and persistance) of viral load predicts testicular damage
5. Possible formation of anti-sperm antibodies (ASA) = immunological infertility
6. 1 Sperm DNA fragmentation

- P ACE2 signalling in macrophages and mast cells + oxidative stress + inflammation >
Spermatogenesis failure =
1. Abnormal sperm motility
2. DNA fragmentation
3. Male infertility

Sheikhzadeh Hesari F, Hosseinzadeh SS, As| Monadi Sardroud MA. Review of COVID-19 and male genital tract. Andrologia. 2021 Feb;53(1):e13914. doi: 10.1111/and.13914.
Haghpanah A, Masiedi F, Alborzi S, Hosseinpour A, Dehghani A, Malekmakan L, Roozbeh J. Potennal mechanisms of SARS-CoV-2 action on male gonadal function and fertility: Current status and future prospects. Andrologia. 2021 Feb;53(1):e13883. doi: 10.1111/and.13883.

Sabetian S, Castiglioni |, Jahromi BN, Mousavi P, Cava C. In Silico Identifi of miRNA-l ions in Male Disorder Associated with COVID-19 Infection. Cells. 2021 Jun 12;10(6):1480. doi: 10.3390/cells10061480.

Yang M., Chens., Huang B., Zhong J-M., Su H,, Chen Y.-J,, Cao Q, Ma L, He J,, LiXF., et al. Pathological findings in the testes of COVID-19 patients: Clinical implications. Eur. Urol. Focus. 2020;6:1124-1129. doi: 10.1016/.euf.2020.05.009.

Achua J.K., Chu K.Y., Ibrahim E., Khodamoradi K., Delma K.S., lakymenko O.A., Kryvenko O.N., Arora H., Ramasamy R. and findings of fatal COVID-19i on testis. World J. Mens Health. 2021;39:65. do: 10 5534/wjmh.200170.

Kresch E., Achua J., Saltzman R., Khodamoradi K., Arora H., Ibrahim E., Kryvenko O.N., Almeida V.W., Firdaus F., Hare J.M., et al. COVID-19 endothelial dysfunction can cause erectile study of the human

penis. World J. Mens Health. 2021;39:466. doi: 10.! 5534/w]mh 210055.
medn 10.1101/2022.02.05.22270327v1
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- Invasion of SARS-CoV-2 spike protein to
1. The spermatogonia - Extensive germ cell destruction, Hyalinization and thickening of the basement membrane of the seminiferous
tubules, with lymphocyte infiltration, germ cell apoptosis, thickening of the tunica propria
2. Leydig cells - Scattering, inhibition, inflammation, and fibrosis
3. Sertoli cells - Defoliation, edema, vacuolation, cytoplasmic rarefaction, barrier loss, evident hemorrhage, angiogenesis
-> Sex hormonal alteration + Impaired gonadal function

“Coronavirus-like particles are presente in the cytoplasm of the interstitial cells of the testes”
“Macrophages and spermatogonial cells - The main SARS-CoV-2 lodging sites”
“SARS-CoV-2 maintains its replicative and infective abilities long after the patient’s infection in the testes = Viral sanctuary”

03 months after infection: subfertility resolved (one study) +
< 60 days after infection = J,16% | > 60 days after COVID-19 1 16% =
Any long-term male infertility issue should be attributed to vaccine

Penis and SARS-CoV-2 spike protein -
1. COVID-19 endothelial dysfunction - erectile dysfunction
2. Extracellular viral particles in the peri-vascular erectile tissue.

Sheikhzadeh Hesari F, Hosseinzadeh SS, Asl Monadi Sardroud MA. Review of COVID-19 and male genital tract. Andrologia. 2021 Feb;53(1):e13914. doi: 10.1111/and.13914.
Haghpanah A, Masiedi F, Alborzi S, Hosseinpour A, Dehghani A, Malekmakan L, Roozbeh J. Potential mechanisms of SARS-CoV-2 action on male gonadal function and fertility: Current status and future prospects. Andrologia. 2021 Feb;53(1):e13883. doi: 10.1111/and.13883.

Sabetian S, Castiglioni |, Jahromi BN, Mousavi P, Cava C. In Silico Identifi of MIRNA-IncRN ions in Male Disorder Associated with COVID-19 Infection. Cells. 2021 Jun 12;10(6):1480. doi: 10.3390/cells10061480.

Yang M., Chens., Huang B., Zhong J-M., Su H,, Chen Y.-J,, Cao Q, MaLL,, He J,, Li XF., et al. Pathological findings in the testes of COVID-19 patients: Clinical implications. Eur. Urol. Focus. 2020;6:1124-1129. doi: 10.1016/.euf.2020.05.009.

Achua J K., Chu K.Y., Ibrahim E., Khodamoradi K., Delma K.S., lakymenko O.A., Kryvenko O.N., Arora H., Ramasamy R. and findings of fatal COVID-19 on testis. World J. Mens Health. 202139:65. dol 10 5534/wjmh.200170.

Kresch E., Achua J., Saltzman R., Khodamoradi K., Arora H., Ibrahim E., Kryvenko O.N., Almeida V.W., Firdaus F., Hare J.M., et al. COVID-19 endothelial dysfunction can cause erectile study of the human

penis. World J. Mens Health. 2021;39:466. doi: 10.5534/wimh.210055.
medrxi 10.1101/2022.02.05.22270327v1
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‘Forcing evidence of safety of SARS-CoV-2 vaccines’
+

‘Forcing evidence of harm with COVID-19 infections’

Review Article | Open Access | Published: 27 October 2021

Effects of SARS CoV-2, COVID-19, and its vaccines on
male sexual health and reproduction: where do we
stand?

Sharon P, Lo, Tung-Chin Hsieh, Alexander W, Pastuszak, James M. Hotaling & Darshan P, Patel =
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‘Forcing evidence of safety of SARS-CoV-2 vaccines’
+

‘forcing evidence of harm with COVID-19 infections’
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1 ¥ \
\ Sexual Dysfunction
‘ \ : LA § {} Prolactin & LH
TR Testosterone & FSH
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1. Impaired spermatogenesis

1. Semen virus detection

Proposed mechanisms

1. Direct virus effect
2. Seminiferous injuries
3. Reduction in Leydig cells number
4. Inflammation

Kazakou P, Pascho SA, Psaltopoulou T, Gauriatopoulou M, Korompoki €, Stefanakl K, Kanouta , Kassi GN, Dimopoulos MA, Mitrakou A. Early and late endocrine complications of COVID-19. Endocr Connect. 2021 Sep 20;10(9):R229-R239. doi: 10.1530/EC-21-0184.
Gonzalez D.C., Nassau D.E., i K., lbrahim ., R., OryJ., Ramasamy R. Sperm Parameters Before and After COVID-19 mRNA Vaccination. JAMA. 2021;326:273-274. doi: 10.1001/jama.2021.9976.
Lifshitz D., Haas L, Lebovits O, Raviv G., Orvieto R., Aizer A. Does mRNA SARS-Cov-2 vaccine detrimentally affect male fertlty, as reflected by semen analysis? Reprod. Biomed. Online. 2022
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. COVID-19 infection

- No influence -

“IVF treatment outcomes and the rate of early pregnancy loss appears to be unaffected by SARS-CoV-2 disease”
“No inflammatory lesions of the endometrium were identified histologically.”

“Fertilization rate, embryo development, and clinical outcomes after embryo transfer were reassuring.”

. Inactivated COVID-19 vaccines -
- No negative effects were found on female fertility in Ul cycles following exposure to the inactivated COVID-19 vaccine

- 8.8% menstruation disturbances | 4.6% metrorragia | 1.6% hirsutism = Significant linear correlation with number of
doses

- - Endometrial samples did not express SARS-CoV-2 RNA = And spike protein?

XuZ,WuY, LinY, Cao M, Liang Z,Li L, Lin J, Chen Q, Liu J, iu H. intrauterine study. Front Public Health. 2022 Sep 12;10:966826. doi: 10.3389/fpubh. 2022.96682
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Papes 23062513, ity doorg 101093 e 1s2

10

infection or BNT162b2 mRNA COVID-19 vaccination, Human Reproduction, Volume 36, Issue , September 2021,

101/2022.03:302227316501
101/2021.1123.2126670903
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Abdollahi A, Nasehl, Kalroozi F, ) beti Bilandi 5, ik V, and Covaxin in Women in Terms of Menstruation Dist do:
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. COVID-19 mRNA vaccies >

“MCycle length (Pfizer - 1st dose - 0.50 days and 2nd dose - 0.39 days; Moderna - 1.26 days)

-> If vaccinated with COVID-19 mRNA in the follicular phase -

™ 1 Cycle length (Pfizer - 1st dose - 0.97 days and 2nd dose - 1.43 days; Moderna = 2.27 days)
-> Unrelated to symptoms after vaccinations

- 4 7% AMH levels compared to prior to vaccines (ovarian reserve)

- I FSH (early sign of menopause)

N Ala and Pro together + { lipids + |, trimethylamine N-oxide (TMAO) in follicular fluids (FFs)
J TNF-a recovered COVID-19 patients and SARS-CoV-2 vaccinated women

. Overall SARS-CoV-2 vaccines >

- 4x higher reported changes in menstrual cycle and menopause in 2021 compared to 2020 - clear influence of the
vaccines

Vaccination for COVID-19, menstrual disturbance occurred in 20% of individuals in a UK sample
- COVID-19 before vaccines was an aggravating factor
- Oestrogen was a protective factor
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Female baseline characteristics SARS-CoV-2 mRNA vaccine
A ) 3154355 32114421

e A { 10% AMH levels

AMH 4.01+386 448374 < - 20% estradiol peak

0.01%¢ J' Quality of transferred embryos
E; on the trigger day | 324536 + 4290.73 £ 3591.38 | 0.01*

2416.23 _'_

mRNA vaccine

GroupLin GroupIllin=| GroupII(r | GroupIVin Effect size (V'  p vulue

=63) L) =11} = 380) oraf)
Embryo stage al ET, n (%) 0.110 0.10 Groups I/Il — Innactivated virus
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Oality of rransferred 0144 <005 Group IV — Unvaccinated
embryos, n (%)

High 4T (RRGR)  BR(79.07) l 316 (R8.02)
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SARS-Cov-2 vaccinaled Recovered COVID-19 Control®

N. patients 6 5 9
Age (years) 36.2 (4.3) 37.4(5.9) 36.2 (4.2)
FSH (Ul/ml) 6.7 (2.6) 6.5(3.0) 6.8 (2.0)
AMH (ng/mL) 3.1(3.1) 22(12) 4.3 (4.6)
AFC 11.5(5.2) 114 (5.2) 13.3 (4.2)
Esiradiol (pg/mL) 1,828.0 (1,183.5) 1,195.1 (606.2)  1,848.6 (1232.1)
Progesterone (ng/mL) 1.3 (0.9) 1.2 (0.4) 1.3 (0.9)
BMI (kg/m?) 23.9 (4.1) 24.9 (5.3) 224 (3.5)
Follicles monitored 8.3 (2.9) 7.0 (4.6) 1.7 4.7
Total cocytes collected 4.8(1.9) 38(3.1) 9.2 (6.1)
MII oocytes 3.2 (1.0) 32(23) 7.0 (5.3)
Zygotes 2.5 (1.4) 24(17) 1.6(0.7)

Blastocysts 1.5 (1.4) LO(0.7) L6(0.7)"
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&

SARS-CoV-2 mRNA vaccine

relative 10 total proteins
E

™ IL-6 (bad for fertility)
™ SOD-2 (good for fertility)

Proteins expression
2

L6

B vaccinated B Recovered [l Controls
FIGURE 2

Expression level of interleukin-6 (1L-6). tumor necrosis facior-e (TNF-a), and superoxide dismutase 2 (S0D-2) proteins in

follicular fluids. {A) Representative western blot of proteins in follicalar fluid (FF). (B) Densitometric analysis of the

ive: bands p in three indep experiments, After densitometric analysis, western blot signals of the
target proteins are nosmalized to the total amount of protein in each lane. The boe plots show medians and whiskers,

Sigmificance ("p < 0,01},
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SARS-CoV-2 spike protein - Summary

Hypothalamus Pituitary Anterior Pituitary HPG axis — GnRH-LH/FSH-Egg/E2/P ] SHBG |

Early
1. Vaginal fluid positive
2. Increased risk for premature delivery
3. Vertical transmission not confirmed

Late
1. Adverse pregnancy outcomes
2. Adverse perinatal outcomes

Proposed mechanisms
1. Inflammation

|, ljaz Z, Jav: dMASh khar R, Pal S, Sheikh AB. COVID-19 and the Endocrine System: A Review of the Current Information and Mi
Desilva M., Vesco K K., Ackerman-Banks C., Zhu J., Boyce T.G., D\vMFFI\ r C.C, Getahun D., HR ceipt of fco\/mlgv

ct Dis Rep. 2022 Mar 11;14(2):184-197. doi: 10.3390/idr14020023.
ancy and Preterm or Small-for-Gestational-Age at Birth—Eight Integrated Health Care Organizations,

, December 15, I)Zl)fiuIyZZ,2021,Morb,Morta\.Wkly,Rep.ZOZl;U:ZstO,
Blakeway H., Prasad S., Kalafat E., Heath P.T., Ladhani S.N., Le Doare K., Magee L.A., O'Brien P., Rezvani A., von Dadelszen P., et al. COVID-19 vaccination during pregnancy: Coverage and safety. Am. J. Obstet. Gynecol. 2022;226:236.e1-236.e14. doi: 10.1016/}.2j0g.2021.08.007.
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™/ GnRH

Mirza SA, Sheikh AAE, Barbera M, ljaz Z, Javaid MA, Shekhar R, Pal S, Sheikh AB. COVID-19 and the Endocrine System: A Review of the Current Information and Misinformation. Infect Dis Rep. 2022 Mar 11;14(2):184-197. doi: 10.3390/idr14020023.
Lipkind H.S., Vazquez-Benitez G., DeSilva M., Vesco K.K., Ackerman-Banks C., Zhu J., Boyce T.G., Daley M.F., Fuller C.C., Getahun D., et al. Receipt of COVID-19 Vaccine During Pregnancy and Preterm or Small-for-Gestational-Age at Birth—Eight Integrated Health Care Organizations,

Predicted (not based on current evidence)

™=V
SHBG

™/ LH

™/ Estradiol

? DHT

™Y ( )

?
Progesterone ? Testosterone

™/ FSH

\ 1 Estrone

United States, December 15, 2020-July 22, 2021. Morb. Mortal. WKly. Rep. 2022;71:26-30.
Blakeway H., Prasad S., Kalafat E., Heath P.T., Ladhani S.N., Le Doare K., Magee L.A., O'Brien P., Rezvani A., von Dadelszen P., et al. COVID-19 vaccination during pregnancy: Coverage and safety. Am. J. Obstet. Gynecol. 2022;226:236.e1-236.e14. doi: 10.1016/}.2j0g.2021.08.007.
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Vaccine
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The impact of COVID-19 vaccines on fertility-A
systematic review and meta-analysis

D Zage " 43, . La Gatta *, L Petrella *, M.L. D Pictra*

Highlights

Vaccination against SARS-CoV-2 remains an important measure to

prevent serious mfection.

Misinformation and doubts regarding the vaccines should be properly [ ]

addressed.

Studies published so far report no assodation between covid19 vaccines

and fertility.

Future studies should focus on longer follow up time, systematic

investigation, and representativeness.

Su far, there is no scientific proof of any asserlaton bebween COVID-1Y vaccines
anel ferlilily impaicmenl in moen or women Considering hal COVID-19 infeclion
could pose 3 threat to the human reproductive health. vaccination represents an
hoice to prevent adverse COVID-19 nutcomes.

https://www.sciencedirect.com/science/article/pii/S0264410X22011185?via%3Dihub
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The impact of COVID-19 vaccines on fertility-A
systematic review and meta-analysis

D Zage " 43, . La Gatta *, L Petrella *, M.L. D Pictra*

Highlights
+ Vaccination against SARS-CoV-2 remains an important measure to

prevent serious mfection.

+  Misinformation and doubts regarding the vaccines should be properly (] . Py
addressed. 5 ) :
Db iwdond ighses g (MR Dl Bvetond Gl g
«  Studies published so far report no association between covid1% vaccines
Fag 5 Binchemical progaasey rale in the 3} vassinated anil b non vaccinsted grvep.

Fig b Cliracal prrgevacy ot in fhe sl acrinsted wd b men rascteated groy.

and fertility.

« Future studies should focus on longer follow up time, systematic
investigation, and representativeness.

Su far, there is no scientific proof of any asserlaton bebween COVID-1Y vaccines
anel ferlilily impaicmenl in moen or women Considering hal COVID-19 infeclion .
could pose 3 threat to the human reproductive health. vaccination represents an SARS-COV-Z vaccine
hoice to prevent adverse COVID-19 nutcomes. o . .
J 20% biochemical pregnancy rate
J 5% clinical pregnancy rate

https://www.sciencedirect.com/science/article/pii/S0264410X22011185?via%3Dihub
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SARS-CoV-2 vaccines - potential to impair glucose metabolism

*  Post-vaccination immune response
- Transient worsening of hyperglycemia and hyperglycemic emergencies

Individual Case Safety Reports (ICSRs) in the European database (Eudravigilance, EV).
- 4275 impaired glucose metabolism events:

Most reported event - “High glucose levels" (n=2012; 47.06%).

 KobeyasiT Awane  Asoh N, Amagawa,Otawas, Oo A Matsushia T4
alysi

in Patients With Type 1 Diabetes. Front Endocrinol (Lau
032 iy 214561677 o
102169 etermalmediine S04 1
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mRNA SARS-CoV-2 vaccines -
a. T86% T1DM (ROR 1.86; 95% Cl 1.33-2.60)
b. I 58% Type 2 diabetes mellitus (T2DM) (ROR 1.58; 95% Cl 1.03-2.42)
c. T 16% "High glucose levels" (ROR 1.16; 95% Cl 1.06-1.27)
d. P 63% "Uncontrolled DM" (ROR 1.63; 95% Cl 1.25-2.11)
e. T 62% "Hypoglycemia" (ROR 1.62; 95% Cl 1.41-1.86)
Compared to viral vector SARS-CoV-2 vaccines.
- = - mRNA SARS-CoV-2 vaccines - Substantially more harmful to glucose metabolism

* Viral vector and innactivated vaccines >
Severe diabetic ketoacidosis in previously controlled TIDM

nts With Type 1 Disbet (Lausanne). 2022 Mar 18;13:840580. doi: 10,338 fendo.2022.840580.
2022 May 27;15(6):677. doi: 10. ¥
4-21,

19
Med. 2022 Apr 15;61(8
. )
2

9/internal
Acase repor -1
0:

internalmedicine. 9004-
108. doi: 10.1111/jd1.13757.
13781,

/).d5%.2021.102371,

cted link between immune and metabolic ted Int.J. Cin. Pr
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* lllustrative case reports:

- mRNA vaccine (Moderna) - 73 y/o woman — 8 weeks after - new-onset type 1 diabetes

- mRNA vaccine - 36 y/o woman — 3-10 days later - new-onset type 1 diabetes discovered through
diabetic ketoacidosis with negative islet-related autoantibodies

- mRNA vaccine - 58 y/o man - 2 days later (21 days after 1st dose)- Hyperosmolar Hyperglycemic
State in non-previous T2DM (Nocturia, polyuria, polydipsia, altered mental status, weight loss

- Viral vector - 3 cases — 50-60 y/o - Exacerbation of hyperglycemia in pre-existing Type 2 Diabetes

Mellitus
- 20 patients — 8 mRNA / 12 viral vector - Transient hypoglycemia in TIDM

- mRNA vaccine - Case 1. Insulin + SGLT-2 inhibitor | Case 2. Insulin

Yakou F, Saburi M, Hirose A, Akaoka H, Hirota Y, Kobayashi T, Awane N, Asahi N, AmagawaT, Ozawas, Ohno A, Matsushita T. A Case Series o Ketoacidosis After Coronavirus Disease 2019 Vaccination in Patients With Type 1 Diabetes. Front Endocrinol (Lausanne). 2022 Mar 18;13:840580. doi: 10.3389/fendo.2022.840580.
di Ma alysis of mRNA and Viral Vector COVID-19 Vaccines on vents. 0 doi: 10.
Yano Intern Med. 2022 Apr 15/61(8):1197-1200.doi: 10.2169/internalmedicine 9004-21.

0 10.1111/jdi13757.

Acase report. . dol
0; oi; 10.111/jdi13781.
0 d

)

ZType 1

type 1 diabe s
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three. doi: 1 1
people with Type 1 Diabetes (T1DM) after COVID-19 Vaccination link

medication. Int. J. Clin. Pract, 2021;75:¢14714,

hosh A., Dutta K., Tyagi K. gl in pi
Heald A, Rea R., Horne L., Metters A, Steele T, Leivesley K., Whyte M.8.,Stedman M., Ollier W. Analysis of
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Early

1. Hyperglycemia on admission/during

hOSpitaliZation Acute Pancreatitis
Hyperglycemia
2. New presentation of DM with DKA or Islet cell destruction

. New-onset Type 1 Diabetes
hyperosmOIarlty Insulin resistance
3. DM or precipitation of TLDM

4. Aggravation of glycemic control in preexisting
DM

Expectec‘l

Confirmed

New-onset Type 2 Diabetes

Late
. Hyperosmolar Hyperglycemic State )
1. Permanent dysregulation of glucose Hyperglycemia [~

homeostasis Transient hypoghycemia in Type 1 diabetics ‘a
2. T1DM or T2DM
3. Alteration of pathophysiology of DM

Yakou F, Saburi M, Hirose A, Akaoka H, Hirota Y, Kobayashi T, Awane N, Asahi N, AmagawaT, Ozawa's, Ohno A, Matsushita . toacidosis inPaints Wt Typ 1 Dibete,FontEndocrinl (ausannel. 2022 ar 1513840580, dof: 10,3389/l 2022.840580.

Bellastella G, Esposito K, Capuano A. European Safety Analysis of mRNA and Viral Vector COVID-19 Met May 27;15(6)677. doi:

YamazaiY Shol . rato M, New-onset Tye 1 Dabetes afer COVID-A9 mRNA Vacnain.Intem Med. 2022 Apr 15,61{8):1197-1200. 6o 102168 ter

teguro's, ltoh H 1 diabetes disease Jun;13(6)-1105-1108.
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Proposed mechanisms
1. Pancreatic B-cell loss or malfunction: cytolytic effect of the virus on B-cells
2. Morphological, transcriptional, and functional changes of B-cells by SARS-CoV-2 infection
3. Effect of the virus on exocrine pancreas (pancreatitis)
4, Hyperinflammation/cytokine storm
5. Hypokalemia through reduction of ACE2 expression may decrease insulin secretion
6. Drugs (corticosteroids, antivirals)
7. Cahexia, muscle weakness, rhabdomyolysis lead to decreased insulin sensitivity

8. DPP4 potential SARS-CoV-2 receptor

doi: 10.1016/}.dsx.2021.102371
three. doi: 10.1016/.5x.2021.05.024.
people with Type 1 ID15 Vaccination link

in patients with t b
feald A, Rea R, Horne L, Metters A, Steele T, Leivesley K., Whyte M.8., Stedman M., Ollir W. Analysis of
doi: 10.1111/jep.14714.

medication. Int. . Clin. Pract, 2021;75:¢14714,
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*  Almost 90% of thyroid tissues are affected
- SARS-CoV-2 spike protein = All tissue (seen in autopsies)
- SARS-CoV-2 mRNA (follicular cells)

*  Thyroiditis
- Linked to COVID-19 vaccines
- Not linked to COVID-19 infection as per population-based prospective studies

*  ACE-2, TMPRSS-2, and furin (main proteins for SARS-CoV-2 cell entry)
- Previously: Not described on the thyroid
- Now: SARS-CoV-2 receptors are ubiquitously present

o, Sobrinho imGes M Soares . Detection of SATSCo-2 e icular cellsfrom a COVID-19 autopsy series. Eur Thyroid J. 2022 Jul 19;11(4):6220074. doi: 10.1530/€T)-22-0074.
| Folow-up. in Endoctino Mietab. 2022AD r 19, mns) oo do 6 5100 inem/dgac049.
elra

inac Med (Lond). 2021 Aug 23;1:24. doi: 10.1038/543856-021-00025 2

o
eraure Metabo mp znzm 12:100136. do': 10. zms/, metopa021 100136

Bahget n Bl Kalkan 5 e COUD-19paceric: prospectve sty | Excrnl et 2022 AprAS(4Y 56574 ok 101007 4061521017
VAT, Chy O, o 7. oo T, Godre . oo VT e Clin Exp Vaccine 11(2):226-229. doi: 10.
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Mechanisms of thryoid dysfunction with SARS-CoV-2 spike protein:
(mRNA and viral vector vaccines)

1. Molecular mimicry:

a. Genetic similarity or homology with a sequences of thyroid peoxidase (TPO) + human leucocytes antigen
(HLA) genes >

b. Cross-reaction with thyroid antigens in follicular cells + alteration of HLA structure and function -

c. Mitochondrial damage + immune-mediated destruction of the thyroid follicular cells -

d. Thyroid dysfunctions.

201 doi: 10.

! disease. End
Cov-2 Vaceination: (Basel). 2022 Sep 1;10(9):1445. doi:
Autoimmun Rev. 20: doi; 10.1016/j.autrev.2022.103096.
i ocrinol Invest. 2022 Jul 12:1-7.

7. doi: 10,
2022 Jun 28:1-12. doi: 10.1007/512020.022-03118-4,
b, 2605, doi: 10.

\956-A957. dol: 10.1210/
(COVID-19) Cureus. 202 eus. 16045,

ale patient: A case ther. 2021;17:4090-4092. dol: 10.1080/21645515.2021,1947102.
Induced by Adjuvants. Thyroid. 2021;31:1436-1439. doi: 10.1089/thy.2021.0142.
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Mechanisms of thryoid dysfunction with SARS-CoV-2 spike protein:

2. Autoimmune/inflammatory syndrome induced by adjuvants (ASIA) (described in 2011 by
Shoenfeld and Agmon-Levin):

a. Resulted from the dysregulation of immune system following exposure to adjuvants.
Adjuvants >

b. Enhancement of the immunogenicity of vaccines -

c. Increase of both innate and adaptive immune responses -
d. Formation of autoantibodies +

e. Local and systemic inflammation

201 doi: 10.

! disease. End
/2 Vaccination: (Basel). 2022 Sep 1;10(9):1445. doi:
Autoimmun Rev. 20: doi; 10.1016/j.autrev.2022.103096.
lierat. ocrinol Invest. 2022 Jul 12:1-7.

7. doi: 10,
Endocrine. 2022 Jun 28:1-12. doi: 10.1007/512020.022-03118-4,
Metab. 2605, doi: 10.

\956-A957. dol: 10.1210/
(COVID-19) Cureus. 202 eus. 16045,

ale patient: A case ther. 2021;17:4090-4092. dol: 10.1080/21645515.2021,1947102.
Induced by Adjuvants. Thyroid. 2021;31:1436-1439. doi: 10.1089/thy.2021.0142.
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Causes:

a. (Inactivated vaccine — CoronaVac) Aluminium hydroxide or aluminium salts

b. (Viral vector — AZ) Polysorbate 80

c. (mRNA vaccine) Polyethylene glycol (PEG) lipid conjugates (to stabilise the lipid nanoparticles)
d. Oil-in-water emulsion

Previously described:

1. Type 1 diabetes mellitus | 2. Primary ovarian failure | 3. Adrenal insufficiency | 4. Autoimmune thyroid
diseases

In: 1. HPV | 2. Influenza | 3. Hepatitis B vaccines - And now, after Covid-19 vaccines.

! disease. Endocrine. 2021 doi: 10.
(Basel). 2022 Sep 1;10(9):1445. doi:

doi; 10.1016/j.autrev.2022.103096.

£.2022 Jul 12:1-7,

7. doi: 10,
Endocrine. 2022 Jun 28:1-12. doi: 10.1007/512020.022-03118-4,
Metab. 2605, doi: 10.

6045
ther. 2021;17:4090-4092. doi; 10.1080/21645515.2021,1947102.
Induced by Adjuvants. Thyroid. 2021;31:1436-1439. doi: 10.1089/thy.2021.0142.
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Mechanisms of thryoid dysfunction with SARS-CoV-2 spike protein:
3. Genetic predisposition:

Full spectrum of autoimmune with personal and/or family history of autoimmune disorders - genetic
predisposition

“Despite a mass immunisation campaign against Covid-19 infection, thyroid adverse effects appear to be
rare” - “Rare” or rarely diagnosed?

a. T lymphocytes = Excessively sensitised to the TSH receptor antigen and vaccines
b. B lymphocytes = Produce and secrete autoantibodies against the TSH receptor - Graves disease

! disease. Endocrine. 2021 doi: 10.
(Basel). 2022 Sep 1;10(9):1445. doi:

doi; 10.1016/j.autrev.2022.103096.

£.2022 Jul 12:1-7,

7. doi: 10,
Endocrine. 2022 Jun 28:1-12. doi: 10.1007/512020.022-03118-4,
1. Metab. 2605, do: 10.

6045
ther. 2021;17:4090-4092. doi; 10.1080/21645515.2021,1947102.
Induced by Adjuvants. Thyroid. 2021;31:1436-1439. doi: 10.1089/thy.2021.0142.
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. SARS-CoV-2 vaccines: 48 new diagnoses of Graves Diseases (GD) and 15 recurrences or relapses

- mRNA or viral vector SARS-CoV-2 vaccines (inactivated virus vaccines seem to be safe for GD) - higher immunogenicity with
cross-reactivity?

. Other triggered thyroid diaseases:

1. Painful thyroiditis (Quervain)

2. Subacute thyroiditis,

3. Co-occurrence of subacute thyroiditis and Graves’ disease

How to differentiate subacute thyroiditis from GD?
- fT4 - higher in GD (p = 0.001)

*  Thyrotoxicosis within a few days of the 1st dose of SARS-CoV-2 vaccines - Aggravation of a chronic (previously
undiagnosed) autoimmune thyroiditis

Aggravation of -boost knmrisaton ov-2 vaccine ! disease. Endocrine. 2021 doi: 10.
Fatrdo A, Fertai S, 1 G, Ragusa . Paparo SR, MazzV, Antone el A, CFatahi . G SARS-CoV-2 Vaccination: Basel). 1,10(9):1445. doi:
Patrlo A, Frar S, Antanel & Falai . hersaRs.Cov Autoimmun Rev. 20: goi o 1015/1 autrev.2022.103096.
Ruggeri RM, Giovanellla L, RS-C autoimmunity: lierature. J Endocrino I
Garon . utammune and -C tocinial e, 07 12 do: 10.1007/s12020 022031184,

. “Thyroidits Following SARS-CoV-2 Vaccine: I J.Clin. Endocrinol. Metab.
Fanquemonls Galvez . Subacute Thyroidits After mANA Vaccine for Covid-19. J. Endocr. Soc. 2021;5:A956-A957. doi: 10, 1210/,e ds0/byab048.1954.
Oyibo 5.0. Subacute Thyroiditis After Recelving the Adenovirus-Vectored Vaccine for Coronavirus Disease (COVID-19) Cureus. 2021;13:016045. doi: 10.775¢ 5,160
Sonin Tokin M Solsy . Yortat G- Subacute thyrola olowing COVID.1 vccination n 67.yearold mle patent. Ao apor.Hum. Vacenes mmnother, 20T ATACS0-4092. o 10.1080/21645515 2021 1947102
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* [lllustrative case reports:

- Viral vector vaccine (AZ) - 4 days after - 1st dose (2 previous doses of inactivated virus vaccine) - 0y/o
Woman - Decompensation of a previously pharmacologically controlled Graves Diseases that did not
respond to high doses of methimazole

- mRNA vaccine (Pfizer) — a few days later - 2 cases of Graves' Ophthalmopathy (GD) relapse

- Attenuated virus vaccine (CoronaVac) — 3 females 34-37 y/o - Subacute Thyroiditis (secondary to ASIA
syndrome) (+ Recurrent myalgia and neck pain in patient 2)

-1 mRNA, 1 viral vector, 1 unknown - 3 additional cases of subacute thyroiditis

201 doi: 10.

! disease. End

(Basel). 2022 Sep 1;10(9):1445. doi:
doi; 10.1016/j.autrev.2022.103096.
£.2022 Jul 12:1-7,

7. doi: 10,
2022 Jun 28:1-12. doi: 10.1007/512020-022-03118-4,
b, 2605, doi: 10.

5. 16045
imunother. 2021;17:4090-4092. doi: 10.1080/21645515.2021,1847102.
Induced by Adjuvants. Thyroid. 2021;31:1436-1439. doi: 10.1089/thy.2021.0142.
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Expected Earl
R -? 1. Low T3 concentrations

| Subacute Thyroiditis . .
_&\ Thyrotoxicosis 2. Thyrotoxicosis
T Graves' Disease 3. Subacute thyroiditis

% L Hashimoto Thyroiditis
. Late

1. Low T3 concentrations
2. Low TSH concentrations
3. Hypothyroidism

Confirmed

Subacute Thyroiditis

— | Graves' Disease
4
i
LA
Kazakou P, PaschousA Psi\wpuu\cu' M, Kclompok\ E, Stefanaki K, Kz ita F, Kassi GN, Dir los MA, Mitrakou A. ‘complications of COVID-19. Endocr Connect. 2021 Sep 20;10(9):R229-R239. doi: 10.1530/EC-21-0184.
Patrizio. A M, Antonelll A, Fal \I hi P aﬁer ‘SARS-CoV-2 Autoimmun Rev. 20; doi: 10.1016/).autrev.2022.103096.
Camn P. Au(e\mmune and -C 2022 Jun 28:1-12. doi: 10.1007/512020-022-03118-4.
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Proposed mechanisms
Direct virus effect on follicular cells
2. Immune mechanisms
3. Euthyroid sick syndrome
Hypothalamic-pituitary dysfunction due to edema and neuronal degeneration
5. Drugs (glucocorticoids, heparin)

4.

los MA, Mitrakou A complications of COVID-15, Endocr Connect. 2021 Sep 20;10(9):R229-8239. dol: 10.1530/EC-21.0184.
Endocrine. 2021 doi: 10.

Kazakou P, Paschou SA, Psaltopoulou T, ™, Kclompok\ £, Stefanakd ta F, Kassi GN, O .

avation of bt immuniaton oV-2 vaccine
Patrizio A, Ferrari M, Elia G, Ragusa F, Paparo SR, MazziV, Anwnem A Fatahi ination: Basel) ):1445. o
Patiizio A, F i A Fallah o SARS.Cov.2 Autoimmun Rev. 20: doi; 10.1016/j.autrev.2022.103096.
Ruggeri RM, Giovanellla L, R autoimmunity: g JEndocrinol Invest, 2022 Jul 12:1-7. doi: 10.
Caron P. Autoimmune and -C to clinical 2022 Jun 28:1-12. doi: 10.1007/512020.022-03118-4,
Iremli 86, Sendur S.N., Unluturk U. “Thyroiditis Following SARS-CoV-2 Vaceine: 1A Syndrome. J.Clin. Endocrinol. Metab. 2605.doi: 10.
Franquemont 5, Galvez . Subacute Thyroidiis After mRNA Vaccine for Covid-19. J. Endocr. Soc. 2021;5:A956-A957. dol: 10.1210/jendso/bvab048. 1954
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Predicted (not based on current evidence)
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SARS-CoV-2 reservoir/sanctuary? (speculative)

Kazakou P, Paschou SA, Psaltopoulou T, ™, Kclompok\ £, Stefanaki K, Kanouta F, Kassi GN, Dimopoulos MA, Mitrakou A. complications of COVID-15, Endocr Connect. 2021 Sep 20;10(9):R229-8239. dol: 10.1530/EC-21.0184.
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The adrenal glands are a prominent target for SARS-CoV-2 and ensuing cellular damage, which could
trigger a predisposition for adrenal dysfunction.

Mechanisms >

1. Inflammation

2. Inflammatory cell death

3. Widespread microthrombosis

4. Severe direct adrenal injury.

5. Reduction of cortisone (increased 11betaHSD-type 1 activity)
6. Induction of adrenalitis.

Paul T, Ledderose S, Bartsch H, Sun N, Soliman S, Markl B, Ruf V, Herms J, Stern M, Keppler OT, Delbridge C, Miiller S, Piontek G, Kimoto YS, Schreiber F, Williams TA, Neumann J, Knésel T, Schulz H, Spallek R, Graw M, Kirchner T, Walch A, Rudelius M. Adrenal tropism of SARS-
CoV-2 and adrenal findings in a post-mortem case series of patients with severe fatal COVID-19. Nat Commun. 2022 Mar 24;13(1):1589. doi: 10.1038/541467-022-29145-3.

Kanczkowski W, Evert K, Stadtmilller M, Haberecker M, Laks L, Chen LS, Frontzek K, Pablik J, Hantel C, Beuschlein F, Kurth T, Gruber S, Aguzzi A, Varga Z, Bornstein SR. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 2022 Jan;10(1):13-16. doi:
10.1016/52213-8587(21)00291-6.

Kanczkowski W, Beuschlein F, Bornstein SR. Is there a role for the adrenal glands in long COVID? Nat Rev Endocrinol. 2022 Aug;18(8):451-452. doi: 10.1038/541574-022-00700-8.
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Adrenal medulla

*  SARS-CoV-2 spike protein entry
- ACE2 - ++ adrenal cortical cells | +++ intervening capillaries

- TMPRSS2 = + adrenal cells

*  SARS-CoV-2 spike protein + mRNA -
45% to 100% of subjects with severe COVID-19

And SARS-CoV-2 mRNA vaccine?

Paul T, Ledderose S, Bartsch H, Sun N, Soliman S, Markl B, Ruf V/, Herms J, Stern M, Keppler OT, Delbridge C, Miiller S, Piontek G, Kimoto YS, Schreiber F, Williams TA, Neumann J, Knsel T, Schulz H, Spallek R, Graw M, Kirchner T, Walch A, Rudelius M. Adrenal tropism of SARS:

CoV-2 and adrenal findings in a post-mortem case series of patients with severe fatal COVID-19. Nat Commun. 2022 Mar 24;13(1):1589. doi: 10.1038/541467-022-29145-3.
Kanczkowski W, Evert K, Stadtmilller M, Haberecker M, Laks L, Chen LS, Frontzek K, Pablik J, Hantel C, Beuschlein F, Kurth T, Gruber S, Aguzzi A, Varga Z, Bornstein SR. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 2022 Jan;10(1):13-16. doi:

10.1016/52213-8587(21)00291-6.
Kanczkowski W, Beuschlein F, Bornstein SR. Is there a role for the adrenal glands in long COVID? Nat Rev Endocrinol. 2022 Aug;18(8):451-452. doi: 10.1038/541574-022-00700-8.
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Specific features: Adrenal medulla

Catecholamines ]

1. No vascular endothelialitis | No microthrombosis in pre-capillary in COVID-19 infection

2. Microthrombi in capillary - 58%

3. Ischemia or hemorrhage in adrenal cértex or medulla - 16%

4. Disruption of the adrenal zonation - 100%

5. Disruption of the adrenal metabolism—> 100%

6. Numerous SARS-CoV-2 virus-like particles

7. Direct necroptosis activation in adrenocortical cells
-> Necroptosis activation in adrenomedullary cells = Exclusive to SARS-CoV-2 vaccies?

Paul T, Ledderose S, Bartsch H, Sun N, Soliman S, Markl B, Ruf V, Herms J, Stern M, Keppler OT, Delbridge C, Miiller S, Piontek G, Kimoto YS, Schreiber F, Williams TA, Neumann J, Knésel T, Schulz H, Spallek R, Graw M, Kirchner T, Walch A, Rudelius M. Adrenal tropism of SARS-
CoV-2 and adrenal findings in a post-mortem case series of patients with severe fatal COVID-19. Nat Commun. 2022 Mar 24;13(1):1589. doi: 10.1038/541467-022-29145-3.

Kanczkowski W, Evert K, Stadtmilller M, Haberecker M, Laks L, Chen LS, Frontzek K, Pablik J, Hantel C, Beuschlein F, Kurth T, Gruber S, Aguzzi A, Varga Z, Bornstein SR. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 2022 Jan;10(1):13-16. doi:
10.1016/52213-8587(21)00291-6.

Kanczkowski W, Beuschlein F, Bornstein SR. Is there a role for the adrenal glands in long COVID? Nat Rev Endocrinol. 2022 Aug;18(8):451-452. doi: 10.1038/541574-022-00700-8.
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Adrenal insufficiency - Several weeks after COVID-19

- Late-onset of adrenal insufficiency

1. Persisting dysregulation of the HPA axis*

2. Reactivation of latent viral infections

3. Autoimmune response

4. High molecular similarity between SARS-CoV-2 peptides and ACTH

> > > Triggered | Enhanced by mRNA SARS-CoV-2 vaccines

Paul T, Ledderose S, Bartsch H, Sun N, Soliman S, Markl B, Ruf V, Herms J, Stern M, Keppler OT, Delbridge C, Miiller S, Piontek G, Kimoto YS, Schreiber F, Williams TA, Neumann J, Knésel T, Schulz H, Spallek R, Graw M, Kirchner T, Walch A, Rudelius M. Adrenal tropism of SARS-
CoV-2 and adrenal findings in a post-mortem case series of patients with severe fatal COVID-19. Nat Commun. 2022 Mar 24;13(1):1589. doi: 10.1038/541467-022-29145-3.

Kanczkowski W, Evert K, Stadtmilller M, Haberecker M, Laks L, Chen LS, Frontzek K, Pablik J, Hantel C, Beuschlein F, Kurth T, Gruber S, Aguzzi A, Varga Z, Bornstein SR. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 2022 Jan;10(1):13-16. doi:
10.1016/52213-8587(21)00291-6.

Kanczkowski W, Beuschlein F, Bornstein SR. Is there a role for the adrenal glands in long COVID? Nat Rev Endocrinol. 2022 Aug;18(8):451-452. doi: 10.1038/541574-022-00700-8.
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*Additional harm caused in the HPA axis — disruption of the system:

1. Increased cortisol/cortisone ratio

2. Impaired post-receptor signaling

3. Resistance of cortisol receptors

4. Dissociation of ACTH and cortisol regulation

5. 1L-6 (replaces ACTH) >

Stimulates cortisol without influencing DHEA and aldosterone

____________________ .
:- Direct SARS-CoV-2 cytopathic effect 1
ol “" 1+ Immune-mediated hypophysitis J
™ "Molecular mimicry of SARS-CoV-2 | I %
with ACTH £l
u
2
8 [ o sl s S e .
2 y* Direct SARS-CoV-2 cytopathic effect |
W 1 Small vessel vasculitis |
g_ 1* Thrombotic events, insufficient venous drainage |
| L+ _Decreased cholesterol as a substrate for cortisol |

Paul T, Ledderose S, Bartsch H, Sun N, Soliman S, Markl B, Ruf V, Herms J, Stern M, Keppler OT, Delbridge C, Miiller S, Piontek G, Kimoto YS, Schreiber F, Williams TA, Neumann J, Knésel T, Schulz H, Spallek R, Graw M, Kirchner T, Walch A, Rudelius M. Adrenal tropism of SARS-
CoV-2 and adrenal findings in a post-mortem case series of patients with severe fatal COVID-19. Nat Commun. 2022 Mar 24;13(1):1589. doi: 10.1038/541467-022-29145-3.

Kanczkowski W, Evert K, Stadtmilller M, Haberecker M, Laks L, Chen LS, Frontzek K, Pablik J, Hantel C, Beuschlein F, Kurth T, Gruber S, Aguzzi A, Varga Z, Bornstein SR. COVID-19 targets human adrenal glands. Lancet Diabetes Endocrinol. 2022 Jan;10(1):13-16. doi:
10.1016/52213-8587(21)00291-6.

Kanczkowski W, Beuschlein F, Bornstein SR. Is there a role for the adrenal glands in long COVID? Nat Rev Endocrinol. 2022 Aug;18(8):451-452. doi: 10.1038/541574-022-00700-8.
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Illustrative case reports = Bilateral Adrenal Hemorrhage + VITT + adrenal insufficiency
1. Viral vector (AZ) — 8 days after 1st dose 38 y/o male
2. Viral vector (AZ) — 8 days after 1st dose — 55 y/o female

3. Viral vector (AZ) — 16 days after - 23 y/o woman - overt and unrecovered adrenal insuficiency
High anti-spike titre and positive anti-nucleocapsid titres for SARS-CoV-2 — post-COVID vaccination?

4. Viral vector (JJ) — 10 days after - 39 y/o
5. Viral vector (AZ) — 10 days after - 47 y/o man - overt adrenal insuficiency

6. MRNA vaccine — hours after 2nd dose — worsening of secondary adrenal insufficiency

Efthymiadis A, Khan D, Pavord S, Pal A. A case of ChAdOxL duced and syndrome leading to bilateral adrenal haemorrhage and adrenal insufficiency. Endocrinol Diabetes Metab Case Rep. 2022 Jun 1,2022:22-0239. doi: 10.1530/EDM-22-0239.
Tews HC, Driend| SM, Kandulski M, Buechler C, Heiss P, Stckert P, Heissner K, Paulus MG, Kunle Milller M, Schmid S. SARS-CoV-2 Induced Immune I with Venous Thrombosis, Pulmonary Embolism, and Adrenal Haemorrhage: A Case Report with
Literature Review. Vaccines (Basel). 2022 Apr 12;10(4):595. doi: 10.3390/vaccines10040595.

Taylor P, Allen L, Shrikrishnapalasuriyar N, Stechman M, Rees A. Vaccine-induced thrombosis and ia with bilateral adrenal haemorrhage. Clin Endocrinol (Oxf). 2022 Jul;97(1):26-27. doi: 10.1111/cen.

Tha T, Martini |, Stefan E, Redla . Bilateral adrenal haemorrhage with renal infarction after ChAdOx1 nCoV-19 AstraZeneca vaccination. BIR Case Rep. 2022 Jan 10;8(2):20210139. doi: 10.1259/bjrcr.20210139,
Boyle LD, Morganstein D.L., Mitra ., Nogueira E.F. A rare case of multiple thrombi and left adrenal haemorhage following COVID-19 vaccination. Endocr. Abstr. 2021;74:NCC4. doi: 10.1530/endoabs.74.NCC4,

Varona JF, Garcia-Isidro M, Moeis iM, R Lopez M, Fernandez-Domii M. Primary adrenal insufficiency associated with Oxford: ChAdOX1 nCoV-19 vaccine-induced immune ia (VITT). Eur J Intern Med. 2021 Sep;91:90-92. doi:
10.1016/j.€]im.2021.06.025.

Markovic N, Faizan A, Boradia C, Nambi S. Adrenal Crisis Secondary to COVID-19 in a Patient With ituitarism. AACE Clin Case Rep. 2022 Jul-Aug;8(4):171-173. doi: 10.1016/j.aace.2022.04.004.
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Expected

Early

1. Possible adrenal insufficiency

Later
1. Possible adrenal insufficiency

Confirmed

b Proposed mechanisms
| R 1. Adrenal hemorrhage
- 2 Adrenal micro-infarction
3. Ischemic necrosis
4 Adrenalitis

Kazakou P, Paschou SA, Psaltopoulou T, Gavriatopoulou M, Korompoki E, Stefanaki K, Kanouta F, Kassi GN, Dimopoulos MA, Mitrakou A. Early and late endocrine complications of COVID-19. Endocr Connect. 2021 Sep 20;10(9):R229-R239. doi: 10.1530/EC-21-0184.
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Varona JF, Garcia-Isidro M, iri M, Ramos-Lopez M, Fernandez-Dominguez M. Primary adrenal insufficiency associated with Oxford-AstraZeneca ChAdOX1 nCoV-19 vaccine-induced immune thrombotic thrombocytopenia (VITT). Eur J Intern Med. 2021 Sep;91:90-92. doi:
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*  Pituitary disorders = challenges for the diagnoses

1. Centrally located hormonal disturbances are harder to be biochemically detected — less frank
alterations in exams
2. Slowly progressive conditions

3. Only detectable through basal biochemistry (i.e., not stimulated, not using functional tests)
when severely affected

4. Non-specific manifestations

Abdillah DA, Kereilwe O, Ferdousy RN, terior pituitaries. ) Reprod Dev. 2022 Apr 1:68(2):152-159. doi: 10.1262/jrd.2021-126.
Guw, ewa, tumors. Ends 021

Who Died From COVID-19 Independently of Virus Detection in the Gland. J Clin Endocrinol Metab, 2022 Jul 14;107(8):2243-2253. doi: 10.1210/clinem/dgac312.
tufo P, Papanas N, i RO, V, Rizzo M.

ler P, L Stofan AP, Toth PP, Viswanathan

ions in cortsol and interleukin-6 secretion in patients with C¢ o Endocrine. 2022 Feb;75(2):317-327. doi: 10.1007/512020-021-02968-8.
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*  SARS-CoV-2 spike protein >
- Detected in 61% of subjects exposed, in both neuro- and adenohypophisis

- Impacts in both hypothalamus and pituitary through:
1. Direct cytopathic effects

2. Immune-mediated inflammation

3. Small vessel vasculitis

4. Microthrombotic events

Abdillah DA, Kereilwe 0, Ferdousy RN, Saito R, Kadok:
Guw, ewa,

wine anterior pituitaries. | Reprod Dev. 2022 Apr 1;68(2):152+159. doi: 10.1262/y7d.2021-126.
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Who Died From COVID-19 Independently of Virus Detection in the Gland. J Clin Endocrinol Metab, 2022 Jul 14;107(8):2243-2253. doi: 10.1210/clinem/dgac312.
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37326.
, Chrousos GP, Sfikakis PP. Alteations in cortisol and interleukin-G secretion in patients with C daptations. Endocrine. 2022 Feb;75(2):317-327. doi: 10.1007/512020-021-02968-8.
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*  SARS-CoV-2 spike protein -
- Causes hypophisitis — long-term consequences unknown

- Suppression of mRNA transcripts of pituitary hormones and pituitary developmental/regulatory
genes — IRRESPECTIVE of COVID-19 infection

- Agonist or antagonist that suppresses gonadotrophs through ACE2 - suppressed LH secretion
(both basal and stimulated by GnRH) and GnRH-stimulated FSH secretion.

- Activates ACTH (corticotrophs) through ACE2 > Disrupted circadian cycle, increased
accumulated cortisol release, and all the consequences

Abdillah DA, Kereilwe O, Ferdousy RN, terior pituitaries. ) Reprod Dev. 2022 Apr 1:68(2):152-159. doi: 10.1262/jrd.2021-126.
Guw, ewa, ndocrine. 2021 40-

Who Died From COVID-19 Independently of Virus Detection in the Gland. J Clin Endocrinol Metab. 2022 Jul 14;107(8):2243-2253. doi: 10.1210/clinem/dgac312.
tufo P, Papanas N, i RO, Stoian AP, Toth PP, Viswanathan V, Rizzo M.

ler P, L

ions in cortsol and interleukin-6 secretion in patients with C¢ o Endocrine. 2022 Feb;75(2):317-327. doi: 10.1007/512020-021-02968-8.
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* lllustrative case reports:

- Undetermined vaccine - 48 y/o woman - 2 days later - Diabetes insipidus (flu-like symptoms,
headache, myalgia, polydipsia, and polyuria) - thickening of the pituitary stalk persisted after 03
months

- mRNA vaccine (Pfizer) - 31 y/o man — 2nd dose — 4 days later —isolated secondary adrenal
insufficiency - atrophic pituitary gland (general fatigue, fever, headache, nausea, diarrhea, slight
disorientation, hyponatremia, hypoglycemia — Undectable ACTH and and extremely low cortisol)

- Viral vector vaccine (AZ) - 37 y/o woman - 5 days later — adenohypophysis hemorrhagic bleeding and
possible 10 mm intraglandular adenoma - (high-intensity frontal headache)

- Viral vector vaccine (AZ) - 28 y/o woman - long-lasting tension-type headache, hyperprolactinemia
and menstrual changes

-0ct;8(5):204-209. doi: 10.1016/j.3ace. 2022.06.001.
ith the BNT16252 SARS-CoV-2 vaceine: a case report. BMC Endocr Disord. 2022 Jul 19;22(1):185. dof: 10.1186/512802-022-01095-3.
i: 10,1016/} medcli 2021.09.028.
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Expected

Panhypopituitarism
Pituitary Apoplexy

Central Diabetes Insipidus
Syndrome of Inappropriate
Antidiuretic Hormone

Early
1. Possible hyponatremia

Proposed mechanisms
1.  Possible inappropriate antidiuretic hormone secretion
syndrome

Kazakou P, Paschou SA, Psaltopoulou T, M, Korompoki E, Stefanaki K, Kanouta ¥, Kassi GN, D los MA, Mitrakou A. Earl and late endocrine compiications of COVID-19. Endocr Connect. 2021 Sep 20;10(3):R229-R239. doi: 10.1530/EC-21-0184.
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Morita 5, Tuji T, Kishimoto S, Uraki 5, Takeshima K, Iwakura H, Furuta H, Nishi M, Inaba H, Matsuoka TA. Isolated ACTH deficiency following immunization with the BNT16262 SARS-CoV-2 vaceine: a case report. BMC Endocr Disord. 2022 Jul 19;22(1):185. dof: 10.1186/512802-022-01095-3.
Pifar-Gutiérrez A, Remon-Ruiz P, Soto-Moreno A, Case report: Pituitary apoplexy after COVID-19 vaccination. Med Clin (Barc). 2022 May 27;158(10):498-499. doi: 10,1016/}, medcl. 2021.09.028.

Roncati L, Manenti A.Piuitary apoplexy following adenoviral vector-based COVID-19 vaccination. Brain Hemorrhages. 2022 Apr 19. doi: 10,1016/} hest.2022.04.002.
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SARS-CoV-2 spike protein -

- Present in the parathyroids

- Potentially interferes in the vitamin D receptor (VDR)

- Directly and indirectly (through reduction of PTH) reduces lalpha-reductase activity - Reduction of
activation of vitamin D (25(OH)D - 1,25(0OH)D)

- Functional hypoparathyroidism

Effects >
- Not dependent on vitamin D status
- Exacerbated or triggered by low vitamin D status

Main manifestations >

- Hypocalcemia + hyperphosphatemia

- Chronic fatigue (fluctuable), weakness

- Vertebral fractures

- Immunologic disorders and immunesuppression
- Viral reactivation

Kazakou P, Paschou SA, Psaltopoulou T, Gavriatopoulou M, Korompoki , Stefanaki K, Kanouta F, Kassi GN, Dimopoulos MA, Mitrakou A. Early and late endocrine complications of COVID-19. Endocr Connect. 2021 Sep 20;10(9):R229-R239. doi: 10.1530/EC-21-0184.




Parathyroid, vitamin D, calcium and bone,

and SARS-CoV-2 spike protein - Summary
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Early
1. Complicated recovery in patients with vitamin D
deficiency and hypocalcemia
Expected 2. Vertebral fractures
Hypoparathyroidism P . i%‘ Lai
::z;rz':::;?:‘e"“a \ 1. Vitamin D deficiency
Ej\ 2. Increased PTH

Proposed mechanisms
1. Home isolation and low sun exposure during
lockdowns

Kazakou P, Paschou SA, Psaltopoulou T, Gavriatopoulou M, Korompoki E, Stefanaki K, Kanouta F, Kassi GN, Dimopoulos MA, Mitrakou A. Early and late endocrine complications of COVID-19. Endocr Connect. 2021 Sep 20;10(9):R229-R239. doi: 10.1530/EC-21-0184.
Cadegiani FA. Repurposing existing drugs for COVID-19: an endocrinology perspective. BMC Endocr Disord. 2020 Sep 29;20(1):149. doi: 10.1186/512902-020-00626-0.
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SARS-CoV-2 spike protein (speculative) -

- Increase of pro-inflammatory adipokines and reduction of anti-inflammatory
adipokines for a determined type and adipocyte volume

- Reduces lipogenesis and adipogenesis in subcutaneous fat 2

- Predisposition for hypertrophy of ectopic, dysfunctional adipocyte

Effects >

- Exacerbation of metabolic diseases

- Increased risks in the presence of metabolic diseases

- Increased mortality due to:

1. Cardiovascular diseases | 2. Diabetes | 3. Cancer | 4. Dementia (among > 200 other
diseases)
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Incretin system
GLP-1 GIP
Intestine Oxyntomodulin CCK
PYY GLP-2

SARS-CoV-2 spike protein (speculative) -

- Present in L and K cells in the intestine - dysregulation

- Reduction of GLP-1, GIP, and other incretins in response to meal
- Reduction of pancreas and body sensitivity to incretins

- (Disastrous) Consequences of a ‘global incretin reduction’

| Incretin system

| GLP-1 | GIP

Intestine | Oxyntomodulin | CCK

| PYY | GLP-2

Biology (Basel]. 2022 Feb 11;11(2):288. do’:

Feb 13;12(2):476. doi: 10




and

SARS-CoV-2 spike protein -

) Irisin
DEL-1

SARS-CoV-2 spike protein (speculative) >

- Vastly present in all types of muscles and locations

- Reduction of its functionality

- Potential reduction of exercise-induced irisin secretion and basal DEL-1

- Potential acceleration of the process of muscle loss = Early, severe sarcopenia
- Multiple consequences of sarcopenia

| risin |

Myokines

| DEL-1 |

Ren Y, Zhao H, Yin C, Lan X, Wu L, Du X, Griffiths HR, Gao D. Adipokines, Hepatokines and Myokines: Focus on Their Role and Molecular i in Adipose Tissue ion. Front Endocrinol (Lausanne). 2022 Jul 14;13:873699. doi: 10.3389/fend0.2022.873699.



SARS-CoV-2 spike protein and

Endocrinologic dysfunctions — Practical approach

Level (0-10 Short term Long term Likelihood Relevance Level of priority
Male hypogonadism > 7 > 8 7
Male infertility 3 9 6 10 10
Early menopause 4 8 6 10 10
Female infertility 3 6 4 10 10
Type 1 diabetes 7 4 5 7 7
Type 2 diabetes 2 8 6 9 10
Diabetic complications 6 7 6 8 6
Graves disease 8 1 3 2 1
Hashimoto’s disease 3 6 6 7 7
Hypothyroidism 1 6 5 8 7
Impaired T4-T3 conversion 5 3 8 5 5
Thyroid cancer 0 3 2 6 3
Adrenal insufficiency 5 6 2 8 4
‘Pseudocushing’ 3 5 3 4 6
RAAS-related conditions 4 7 6 8 8
Catecholaminergic hyperactivity 9 5 8 8 8
Growth Hormone (GH) deficiency 2 7 5 9 4
Panhypopituitarism 3 5 3 9 4
‘Functional’ hypoparathyroidism 6 3 8 7 10
Low active vitamin D 8 3 8 9 10
Dysfunctional fat tissue 1 6 8 9 9
Sarcopenia 3 7 8 8 10




SARS-CoV-2 spike protein and

Endocrinologic dysfunctions — Practical approach

When Blood work ‘Treatment’
Male hvpogonadism SUSpeCtEd LH, testosterone, SHBG, estradiol Testosterone therapy
Male |nf9rtl|lty Selected Sperm analysis Clomiphene, HCG, recombinant FSH
Early menopause Suspected LH, FSH, estradiol E2+-P therapy
Female infertility Selected AMH, follicle counting Multiple (protocols)
. Fasting glucose/insulin/peptide C,
Type 1 diabetes Suspected OGTT HbaLc, antlGAD, nsulin, ACAE12 Insulin (off-label: GLP1a, SGLT2)
TYpe 2 diabetes Screening Fasting glucose, OGTT, HbAlc Diet, exercise, metformin, GLP1a, SGLT2i
Diabetic complications Screening* 24h urine, ENMG, retinography Glucose control
Graves disease SUSpeCted TSAb, TSI, TSH, thyroid scintigraphy Methimazole, iodotherapy
HaShImOtO'S d|5ease Scr‘eening? Anti-TPO, anti-tireoglobulin Levothyroxine, liothyronine, vit D, selenium
H Oth rOIdlsm Screenin ? TSH, T4/fT4, T3/fT3 Levothyroxine, liothyronine, selenium
ypotny g :

Impaired T4-T3 conversion Selected T3/T4 ratio, rT3/T3 ratio Liothyronine
TherId cancer SUSpeCted Thyroid/cervical ultrasonography Surgery, +- iodotherapy
Adrenal insufficiencvy SUSpeCted Basal cortisol/ACTH, cortisol stimulation test Hydrocortisone, fludrocortisone
‘Pseudocushing’ Suspected Post-dex cortisol, 24h-UFC, 11PM salivary cortisol Ketoconazole, metformin
RAAS-related conditions Clinical** Renin, aldosterone Spironolactone
Catech0|a mi nerg|c hyperaCtIVIty Suspected Plasma/urinary catecholamines/metanephrines Alpha- and beta-blockers
Growth Hormone (GH) deficiency Suspected IGF-1, GH stimulation test GH, GHRH analogue
Pan hypopltu itarism Suspected ACTH/cortisol, IGF-1, TSH/T4?T3, LH/FSH/E2/T Hydrocortisone, T4, T3, T or E2/P, GH
lFUnCtiO_nall hVDODa ratthOidism Assumed 25(0H)D, 1,25(0H)D, serum Ca, PTH, DEXA Calcifediol, calcitriol, cholecalciferol, Ca

ssume 25(0OH)D, 1,25(0H)D, serum Ca, PTH Calcifediol, calcitriol, cholecalciferol
Low active vitamin D A d
Dysfunctional fat tissue Assumed Adiponectin, leptin, IL-6, hsCRP Diet, exercise, anti-obesity interventions

' High-protein diet, resistance exercise,

Sarcopenia Assumed BIA, DEXA hormone therapy>

‘Treatment’ = not considering preventing approaches
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Overall treatments in andSARS-CoV-2 spike-induced

diseases that affects the endocrine system

Melatonin — multiple benefits in overall hormone regulation and metabolism
Oxytocin — mood disorders, fatigue, potentially including hormonal dysfunctions
LD naltrexone — multiple regulatory actions

Fludrocortisone, extended/dual-release hydrocortisone - Selected cases when not in overt adrenal insufficiency
DHEA

Tadalafil + L-arginine

Nandrolone, oxandrolone — sarcopenia, severe fatigue

Optimization of hormonal therapies

High-dose methylfolate + methylB12 + B6

LD lisdexamfetamine - Selected, refractory cases

Calcefidiol, calcitriol

Thioctic acid

Iron

Rhodiola rosea

Ashwaganda (Withania somnifera)

Vitamin C

Ginseng

Beta-alanine | HMB

5-HTP

GABA

High-dose CoQ10

Probiotics (+ support to consolidate and maintain a healthy gut microbiota)
High-dose multisalt magnesium

Ozone?

Hydroxychloroquine?

Ivermectin?

Compounded intranasal ivermectin?

Ozone?

Intravenous high-dose amino acids?




Overall treatments in andSARS-CoV-2 spike-induce

diseases that affects the endocrine system
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