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What’'s long COVID? CardioSmart

AMERICAN COLLEGE of CARDIOLOGY« i ll

If you've recovered from COVID-19 but still
feel unwell or have symptoms, you may have "'

long COVID. Affectsupto1in 3
people who've had

Long COVID includes a wide range of new, COVID, including those
returning or ongoing health problems with mild cases or
lasting 4 or more weeks after COVID-19. no symptoms.
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https://www.cardiosmart.org/assets/infographic/what%27s-long-covid

Major Factos That May be Involved in The Pathophysiologic

- Mechanism of Long COVID Disease

The 5 hypothesized mechanisms of long
COVID disease.
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Receptors fr SARS-CoV-2 Present in Wide Variety of Human Cells
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https://www.the-scientist.com/news-opinion/receptors-for-sars-cov-2-present-in-wide-variety-of-human-cells-67496?utm_campaign=TS_OTC_2020&utm_source=hs_email&utm_medium=email&utm_content=87227297&_hsenc=p2ANqtz--5C3lIUqWR4U46f1ubsMkvJAE2TuMujj7w3Lutv4DgeanSfPCWFyIVqMhvIa5Gt1Y2F2Zt52nBBdPyiEI-R2j4tNf0R10vjg6jAWBcEBOlXFAXx00&_hsmi=87227297
https://www.the-scientist.com/author/chris-baraniuk-4907

" Organ Systems Affected by Long COVID

g@

Mental Health
- Anxiety

+ Depression
. Sleep problems
- Substance abuse

Respiratory System

+ Cough
- Low blood oxygen
+ Shortness of breath

- Acute kidney injury
- Chronic kidney disease

- Diarrhea
- Acid reflux
- Constipation

. Rash
- Hair loss

Blood Disorders
- Anemia
- Blood clots

Nervous System
. Stroke
» Headaches

- Memory problems
- Loss of smell and taste

Cardiovascular

- Arrhythmia

- Palpitations

. Heart failure

- Acute coronary disease

- Obesity
- Diabetes
- High cholesterol

Musculoskeletal
- Joint pain
- Muscle weakness

General
- Fatigue
- Malaise

+ Mitochondrial dysfunction



https://www.caymanchem.com/news/research-tools-for-long-covid-syndrome
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SARS-CdV:ZIhféction and Persistence in The Human Body
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Stein, S.R., Ramelli, S.C., Grazioli, A. et al. SARS-CoV-2 infection and persistence in the human body
and brain at autopsy. Nature 612, 758-763 (2022). https://doi.org/10.1038/s41586-022-05542-y
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( This immunofluorescent image shows SARS-CoV-2 components
(green) specifically in neurons (magenta) in the hypothalamus of
% the brain of a person who died from COVID-19. Image captured
and colorized at Rocky Mountain Laboratories in Hamilton,

L]

Montana. Credit: NIAID


https://www.niaid.nih.gov/news-events/covid-autopsy-study?utm_campaign=+54352994&utm_content=&utm_medium=email&utm_source=govdelivery&utm_term=
https://www.nature.com/articles/s41586-022-05542-y
https://doi.org/10.1038/s41586-022-05542-y
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Hierarchical Phése-
Contrast Tomography

(HiP-CT) of COVID
Lung

BY MICHAEL GRESHKO
PHOTOGRAPHS BY LUCA LOCATELLI AND
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This HiP-CT scan reveals

, P the vasculature within a
N > }“ lung lobe from a 54-year-
%Hﬁ old male who died of
A 2 COVID-19. HiP-CT scans
L show that in severe COVID-

19 cases, the lungs’ blood
vessels are severely
damaged: Here, airspaces
are colored with cyan,
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\ lin/red, and

) blocked,/damaged-blood
} vessels are eolored. in
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Copyright © 2015-2022
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., Post-COVID Diabetes

Patients in tH’e\Stﬂ'ﬂ'y were about 40% more likely than the
control groups to develop mainly type 2 diabetes.

Pancreas

Infected § B 0
Beta Cells & =
8

g -

SARS-CoV-2 infects and replicates in cells of the human endocrine

and exocrine pancreas. Muller JA, GroB R, Conzelmann C, Mdinch J, Posted m.*dne 8th 2021/by D} FF&DE:IS

Heller S, Kleger A, et al. Nat Metab. 2021 Feb;3(2):149-165.

— Collins, NIH
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https://pubmed.ncbi.nlm.nih.gov/33536639/
https://pubmed.ncbi.nlm.nih.gov/33536639/
https://directorsblog.nih.gov/author/collinsfs/
https://directorsblog.nih.gov/author/collinsfs/




Study Verifies COVID-19 Infection Increases Diabetes Risk
| Cedars-Sinali







Even Mild COVID is Linked to Brain Damage

" - .
\\ :'-'? -

Even a mild case of COVID can shrink
your brain the same as aging 10 years

()

Hierarchical Phase-Contrast Tomography or ‘HiP-CT" of Human Brain.

Performed at the ESRF-EBS 4th generation synchrotron in Grenoble

COVID-19 Kills Blood Vessels in The Brain of
Infected Individuals!

Ratio brain volume/estimated total intracranial volume

Controls
Cases

56 58 60 62 64 66 68 70 72 74 76

"

The graph shows changes in the size of the brain between Covid
patlents (orange) and those who did not catch the virus (blue). It
shows in both cases those who had Covid saw a faster decline while

they aged (Credits: Douaud, G., Lee, S., Alfaro-Almagro, F. et al. SARS-CoV-2 is associated

with changes in brain structure in UK Biobank. Nature 604, 697-707 (2022).
https://doi.org/10.1038/s41586-022-04569-5)



https://metro.co.uk/2022/03/09/covid-brain-is-real-study-shows-virus-shrinks-regions-of-the-brain-16242745/
https://www.nature.com/articles/s41586-022-04569-5
https://www.nature.com/articles/s41586-022-04569-5
https://doi.org/10.1038/s41586-022-04569-5
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Neuroinflammation in
post-acute sequelae of
COVID-19 (PASC) as
assessed by [1!C]PBR28
PET correlates with
vascular disease
measures

o T Wl

pMCC = posterior midcingulate cortex; CC
I = corpus callosum; ACC = anterior cingulate
cortex

M.B. VanElzakker, M. G. H.
Martinos and Hannah F. Bues
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bioRxiv preprint doi:
https://doi.org/10.1101/2023.10.19.563117 ;
this version posted October 20, 2023
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https://www.biorxiv.org/content/10.1101/2023.10.19.563117v1.full.pdf
https://twitter.com/MBVanElzakker
https://twitter.com/MGHMartinos
https://twitter.com/MGHMartinos
https://twitter.com/HannahFBues
https://doi.org/10.1101/2023.10.19.563117
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https://www.nature.com/articles/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3




Serotonin Reduction in Long COVID Drives Brain Fog

3 \
Dietary * Long COVID is associated with reduced
typtophan, "e s e circulating serotonin levels
Viral Enterocyte
i fon Hil ST Rl © Serotonin depletion is driven by viral
SloeaTs /‘ ?hrﬁ?ﬁm RNA-induced type | interferons (IFNs)
Viral RNA . | * IFNs reduce serotonin through
diminished tryptophan uptake and
hypercoagulability

Tryptophan @." =
) 5-HT;
Serotonin

* Peripheral serotonin deficiency impairs

. cognition via reduced vagal signaling
- - ™  AANS
Wong et al. Cell, 2023.
https://doi.org/10.1016/j.cell.2023.09.013
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https://www.sciencedirect.com/science/article/pii/S0092867423010346?via%3Dihub#undfig1
https://doi.org/10.1016/j.cell.2023.09.013
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Chen, et al. RECOVER Mechanistic Pathways | B e
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Task Force (2023) Viral persistence, Response
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non-CoV-2 =

Exhausted NK cell



https://doi.org/10.7554/eLife.86015
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Latent Vlruses Actlvated Following SARS-CoV-2 Infection

Human Endogenous
Cytomegalovirus (CMV) Retrovirus K (HERV-K)

In Babies: brain. li | | Associated with malignant tumors of the
1 leelofstes il IHel; e L), testes; has multiple copies in the human

and growth problems. genome

Human Herpesvirus Family : Adenovirus

Herpes simplex virus (HSV) 1 & 2; Kaposi R Typically cause mild cold- or flu-like
Epstein-Barr Virus (EBV); Sarcoma-associated illness.

Herpesvirus; Varicella-Zoster Virus (VZV)

Parvovirus B19 HIV, John Cunningham (JC)

virus; BK virus (Human
polyomavirus 1)

'slapped face rash’, sore throat,
headache, cough

Post-acute sequelae of SARS-CoV-2 infection (PASC) associated with latent virus activation
T . S e o


https://rthm.com/articles/viral-reactivation-and-long-covid/

Increasing Belief in Vaccine Misinformation
(% of respondents holding science-inconsistent views)
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20% L |
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0% 10 Lf | S 11 = =
_.//[ 1 0 10
Apr. 21 Sep. 21 Jan. 22 Jul. 22 Oct. 22 Oct. 23
Jun. 21 Nov. 21 Apr. '22 Aug. 22 Aug. '23
-l |vermectin is an effective COVID-19 treatment -#— Vaccines in general are full of toxins and harmful ingredients like "antifreeze"

—8- COVID-19 vaccine NOT safer than getting COVID-19

Source: ASAPH Survey, April 2021 - October 2023

MNote: Combined subcategories may not add to totals in topline and text due to rounding. . . .
©2023 Annenberg Public Policy Center Copyright 2023 The Annenberg Public Policy Center of the

University of Pennsylvania. November 1, 2023



https://www.annenbergpublicpolicycenter.org/vaccine-confidence-falls-as-belief-in-health-misinformation-grows/

DNE O D arg s
Recruited patients with Long COVID syndrome Healthy unvaccinated controls
n=305 without COVID-19
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https://www.nature.com/articles/s41541-023-00739-2
https://doi.org/10.1038/s41541-023-00739-2
https://doi.org/10.1038/s41541-023-00739-2

Cumulative IgM positivity, for Herpes Simplex virus (HSV), Varicella-zoster virus
(VZV), Cytomegalovirus (CMV), Epstein—Barr virus (EBV), and Parvovirus-B19
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Gyongyosi, M., Lukovic, D., Mester-Tonczar, J. et al. Effect of monovalent COVID-19 vaccines on viral interference
between SARS-CoV-2 and several DNA viruses in patients with long-COVID syndrome. npj Vaccines 8, 145 (2023).



https://www.nature.com/articles/s41541-023-00739-2
https://www.nature.com/articles/s41541-023-00739-2
https://doi.org/10.1038/s41541-023-00739-2
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X Significantly less frequent among those vaccinated with two doses compared to the unvaccinated



https://doi.org/10.1038/s41541-022-00526-5
https://doi.org/10.1038/s41541-022-00526-5
https://www.nature.com/articles/s41541-022-00526-5
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Watanabe A, Iwagami M, Yasuhara J, Takagi
H, Kuno T. Protective effect of COVID-19
vaccination against long COVID syndrome: A
systematic review and meta-analysis.
Vaccine. 2023 Mar 10;41(11):1783-1790. doi:
10.1016/j.vaccine.2023.02.008. Epub 2023
Feb 8. PMID: 36774332; PMCID:
PMC9905096.
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Study involved six observational

studies involving 536,291
unvaccinated and 84,603 vaccinated
(before SARS-CoV-2 infection)
patients (mean age, 41.2-66.6;
female, 9.0-67.3%) and six
observational studies involving 8,199
long COVID patients (mean age,
40.0 to 53.5; female, 22.2-85.9%)
who received vaccination after SARS-
CoV-2 infection were included.

. X

a) two-dose vaccination vs. no vaccination

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio) SE Weight IV, Random, 95% CI IV, Random, 95% CI
Al-Aly [16] 01936 00134  42.0% 0.82 [0.80, 0.85] u
Azzolini [17) -1.3863 06363 7.0% 0.25 [0.07, 0.87)
Emecen [23] 06349 01563 32.2% 0.53[0.39, 0.72] -
Meza-Torres [22] 03011 03142 18.8% 0.74 [0.40, 1.37] e
Total (35% CI) 100.0% 0.64 [0.45, 0.92] £

Heterogeneity: Tau® =0.08; Chi*=11.52,df=3 (P =

Test for overall effect: £ = 2.39 (P = 0.02)

0.009); 1= T4% II:I.I:I1

b) two-dose vaccination vs. one-dose vaccination

L l ]
0.1 1 10 100
Favors [2 dose] Fawvors [no vaccimation]

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_ Weight IV, Random, 95% ClI IV, Random, 95% CI
Antonelli [25] -0.6162 0.2005 69.2% 0.54 [0.36, 0.80] . 3
Azzolini [17) -0.7133 0.7933  4.4% 0.49[0.10, 2.32] _
Meza-Torres [22] -0.1985 0.3249 264% 0.82 [0.43, 1.55] —
Total (95% CI) 100.0% 0.60 [0.43, 0.83] L 4
Het ity: Tau? = 0.00; Chi*= 1,27, df =2 (P = 0.53); P = t t l l
TE erfUQE”E' ‘f" ?FU ' Z ?Elrlll]{;{iE P=0 0';32 { w8 o Ll ped: ’ b L
est for overall effect: £ = 3.06 (F = 0. ) Favors [2 dose] Favors [1 dose]
c) one-dose vaccination vs. no vaccination
Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Azzolini [17] -0.1508 0.7147 0.7% 0.86 [0.21, 3.49)
Meza-Torres [22] -0.1054 0.0588 99.3% 0.90 [0.80, 1.01]
Total (95% CI) 100.0% 0.90 [0.80, 1.01]

. - . Chiz = & = - |2 = 08 f i 1 i |
Heterogeneity: Tau? = 0.00; Chi* = 0.00, df =1 (P =0.95); P=0% 0.01 01 ] 10 100

Test for overall effect: £ = 1.80 (P = 0.07)

Favors [1 dose] Favors [no vaccination]



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9905096/

Study or Log
subgroup {odds ratio) error

One dose before infection
loannou 2022% 0.030
Antonelli 2022% 0.030
Taquet 20217 -0.041
Azzolini 2022% -0.151
Simon 2021% -1.514

Two doses before infection
van der Maaden 2022% 0.020
Taquet 2021 0.000
lpannou 20222 -0.249
Mohr 2022 -0.357
Ayoubkhani 20222 -0.528
Tannous 2022% -0.545
Antonelli 20227 -0.673
Azzolini 2022% -1.386

Three doses before infection
Azzolini 20224 -1.833

Any dose before infection
Taquet 20217 0.010
Al-Aly 20227 -0.139
Pell 2022% -0.274
Tannous 2022 -0.545
Zisis 2022% -0.734

One dose after infection or after
diagnosis of long covid

Ayoubkhani 2022% -0.139
Simon 2021 (8-12 weeks)* -0.288
Wisnivesky 2022% -0.343
Simon 2021 (4-8 weeks)?'  -0.616
Tran 2021% -0.673
Simon 2021 (0-4 weeks)” -0.968

Two doses after infection or after
diagnosis of long covid

Ayoubkhani 2022 -0.094
Wisnivesky 2022% -0416
Wynberg 2022 -0.446

Odds ratic
IV, random
(9526 CI)

1.030.95t01.12)
1.03(0.85 t0 1.25)
0.96(0.89 t0 1.04)
0.86(0.21 10 3.52)
0.2200.20 to 0.24)

1.02100.85t01.22)
1.00(0.95 to 1.05)
0.78 (0.68 to 0.89)
0.70(0.58 to 0.84)
0.59 (0,50 to 0.70)
0.58 (0.52 to 0.65)
0.5110.32 t0 0.81)
0.251(0.07 to 0.89)

0.16 (0.03 to 0.85)

1.01 (0.96 to 1.06)
0.870.83 10 0.91)
0.76 (0.61 to 0.95)
0.5810.52 to 0.65)
0.48 (0.43 to 0.54)

0.8710.81 t0 0.93)
0.7500.71 t0 0.79)
0.7110.28 to 1.80)
0.54 (0.51 t0 0.57)
0.510.32t0 0.81)
0.380.35t0 0.41)

0.91(0.86 to 0.96)
0.66(0.31 to 1.41)
0.641(0.17 to 2.41)

The Effect of Covid-19 Vaccine Dosens on Long

2

1 S

@

covid. Only relevant outcomes from all reported e
outcomes in individual studies were chosen. IV=inverse . .=
variance

Byambasuren O, et al. BMJMED 2023;2:e000385.
doi:10.1136/bmjmed-2022-000385 . -

© Author(s) (or their employer(s)) 2023. Re-use permitted under CC BY-NC. No commercial re-
use. See rights and permissions. Published by BMJ.


https://bmjmedicine.bmj.com/content/2/1/e000385

Vaccination After Developing Long COVID: Impact on Clinical

Longitudinal study
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Vaccinatibn After beveloping Long COVID: IgG Immune Response
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COVID Vaccination After Long COVID Linked to Better Outcomes

Vaccination linked to lower cytokines

The five most common PCC symptoms reported at the beginning of the study were fatigue (81.9%),
trouble with concentration (47.0%), trouble with memory (39.8%), headache (32.5%) and
shortness of breath at rest (31.3%) during all follow-ups.

After vaccination, 77.8%, 7.4%, and 14.8% of participants reported improved, worsened and
unchanged well-being scores, respectively, the authors said. And 86%, 8.3% and 5.6% of participants
reported fewer, more, and the same number of PCC symptoms, respectively.

66 We observed a significant reduction in systemic inflammatory
cytokine/chemokine levels post-vaccination, independent of
number of vaccine doses received. 22

16 cytokines and chemokines were significantly decreased after vaccination in participant blood
samples, a sign that inflammatory proteins were mitigated by vaccination.

"High inflammatory cytokine/chemokine levels have been correlated with increased acute COVID-
19 severity and poor prognosis," the authors concluded. "We observed a significant reduction in

systemic inflammatory cytokine/chemokine levels post-vaccination, independent of number of
vaccine doses received.” - CIDRAP
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Review Etima‘tes 69% 3-dose Vaccine Efficacy Against Long COVID

b

COVID-19 vaccine Participants
before/after COVID-19 [vaccinated + Pooled Diagnostic I* test for Vaccine
Vaccinated individuals infection™ Studies included (n) unvaccinated] (n} Odds Ratio [DOR] (95% Cl}) heterogeneity effectiveness™ (95% CI)

Fully vaccinated Before/After 24 620,221 0.680 0% 32.0%

(0.523, 0.885) (11.5%, 47.7%)
Fully vaccinated Before 21 618,841 0.631 0% 36.9%

(0.518, 0.769) (23.1%, 48.2%)
Fully vaccinated Afters#* 5 396,101 1.303 19.9% -

(0.890, 1.907)

Fully vaccinated Before {Omicron era) T 25,414 0.684 50.1% 31.6%
(0.542, 0.862) (13.8%, 45.8%)
Booster dose (1% Before 3 5,948 0.313 0% | 68.7% l

(0.278, 0.353) (64.7%, 72.2%)

Receiving a complete COVID-19 vaccination prior to contracting the virus resulted in a significant
reduction in post-COVID conditions throughout the study period, including during the Omicron era.
Vaccine effectiveness demonstrated an increase when supplementary doses were administered.

™ oJ O A ) O\ Y

Marra, A., Kobayashi, T., Callado, G., Pardo, 1., Gutfreund, M., Hsieh, M., . . . Rizzo, L. (2023). The effectiveness of COVID-19 vaccine in the prevention of post-COVID conditions: A
systematic literature review and meta-analysis of the latest research. Antimicrobial Stewardship & Healthcare Epidemiology, 3(1), E168. doi:10.1017/ash.2023.447

—


https://www.cambridge.org/core/journals/antimicrobial-stewardship-and-healthcare-epidemiology/article/effectiveness-of-covid19-vaccine-in-the-prevention-of-postcovid-conditions-a-systematic-literature-review-and-metaanalysis-of-the-latest-research/A0B115B5D3AA60846799857B801D116E
https://www.cambridge.org/core/journals/antimicrobial-stewardship-and-healthcare-epidemiology/article/effectiveness-of-covid19-vaccine-in-the-prevention-of-postcovid-conditions-a-systematic-literature-review-and-metaanalysis-of-the-latest-research/A0B115B5D3AA60846799857B801D116E
https://www.cambridge.org/core/journals/antimicrobial-stewardship-and-healthcare-epidemiology/article/effectiveness-of-covid19-vaccine-in-the-prevention-of-postcovid-conditions-a-systematic-literature-review-and-metaanalysis-of-the-latest-research/A0B115B5D3AA60846799857B801D116E

Associatioh of Va_ccination Status With Post—-COVID-19 Condition

(PCC), 2021 to 2022

Favors @ Favors

Source OR (95% CI) vaccination no vaccination
Ayoubkhani et al18 0.59 (0.50-0.69) =

Emecen et al6 0.53(0.40-0.71) —

loannou et al34 0.78 (0.68-0.90) ; =

Zisis et all? 0.43(0.37-0.49) s o

Total (random effects) 0.57 (0.43-0.76) —_—

Prediction interval (0.15-2.22) -«

Heterogeneity: x$=35.00 (P<.001); 1#=91% : | i | |
0.2 0.5 1.0 2.0 5.0
OR of PCC by vaccination status (95% Cl)

Individuals who were vaccinated against COVID-19 with 2 doses had a significantly lower risk of developing PCC than individuals who had not been vaccinated. The dotted line
represents the point of no difference between the 2 groups, and the dashed line represents the average effect of all studies when pooled together. OR indicates odds ratio.
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Long COVID has affected nearly 7% of

American adults, CDC survey data finds “VOICES™ OF LONG COVID STRESS THE URGENCY
OF COVID-19 VACCINATION

HEALTH BY SARA MONIUSZKO
WATCH f Awareness campaign spotlights COVID long-haulers to increase vaccine
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| used to run 5 to 6 miles a day. . .
womeakwanonol | | EVidence grows that vaccines lower the
stairs, I'm gasping for air ... . .
memsmgcomsoy | | [Sk of getting long COVID
hecause | don't want it to
| ruin other people’s lives March 24, 2022 - 5:00 AMET
like it did mine."

By Will Stone

Vaccine may limit long-COVID impact,

q studies show, but controlled trials needed
CIDRAP [
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even way before | got COVID ... . . .
I'm telling my Long COVID story Review estimates 69% 3-dose vaccine
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