LTLLUTT 1Y, LTIUULNTivpduly Ul LUy VYO vl

Lecture 15: Endotheliopathy of Long COVID
Lecture 15: Endotheliopathy of Long COVID

q

Stellenbosch

UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

forward together
sonke siya phambili
saam vorentoe

Photoby Stefan Els



Collaborators and postgraduate students contributing 1 stetenboscs
to this presentation &% .

Prof Douglas B Kell (University of Liverpool)

Dr Massimo Nunes (Postdoc)

Dr Jaco Laubscher, Dr Arneaux Kruger, Dr Uvi Naidoo, Dr Elouise Kroon

Prof Alain Thierry and team (INSERM: France)

Prof Melanie Walker (Department of Neurological Surgery (University of \Washington)

Br Alatkel)ndu Sekhar (Department of Neurology, The Walton Centre, Aintree University
ospita

Dr Chantelle Venter (Blood lab manager: Stellenbosch University)
Dr Mare Vlok (Biochemist)

Dr Justine Grixti (Postdoc: University of Liverpool)

Dr Simone Turner (Biocode Technologies)

Tom Usher, Anel Thompson, Maxine Waters, Liz Copley (postgraduate students:
Stellenbosch University)

Prof Maritha Kotze, Prof Kanshu Rajaratnam (Stellenbosch University)
Fritz van Schalkwyk and the University of the Free State team

tuurwetenskappe



@] Stel!gnbosch
Funding bl

* Polybio Research Foundation (USA),
Balvi Research Foundation
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KERNLS crowd funding initiative, together with patients and their family members,
clinicians and researchers

StandingUpToPOTS (USA)
MRC and NRF (South Aftica),
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* lam a Founding Director of Biocode Technologies
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2007 t0 20710 2011 to 2014 2015 2016 2017 to 2019 2020 ‘.
Scanning electron The clinical Simultaneous Acute Substoichiometric Substantial Champion of Host D Preva
microscopy of fibrin, relevance of occurrence of induction of  molecular control fibrin Defense: A Generic Rm amyloid m ::m'
platelets and RBCs altered hypercoagulability anomalous and amplification amyloidogenesis Large-Scale Cause Fibrin( ) a and widespread
various inflammatory fibrinogen and and of the initiation in inflammatory for Platelet lhtu:g:‘uc platelet dysfunction
diseaes packaging and  hypofibrinolysis  amyloidogenic  and nature of diseases Dysfunction and di in COVID-19 plasma
fibril formation  during systemic  blood clotting amyloid fibril Depletion in

inflammation

..

EP: WHO panel member: expanding understanding of the post COVID-19
condition; EP, DBK various keynotes, presentations

— -
- 9

Various patents filed for the early detection of
Inflammation using Serum Amyloid A

Biocode Technologies

is registered

EP: WHO panel member: formulating a Post COVID-19 Condition case definition
for children and young peopie; EP, DBK various keynotes, presentations

2021 2022
>
Proteomics: TEG®, Microclot and SARS-CoV-2 spike Combined triple The potential role A central role Follow-up Cardiovascular Relative
Persistent clotting  Platelet Mapping for protein $1 induces  treatment of fibrin of ischaemia-  for amyloid Proteomics and
pathology due to Guiding Early fibrin(ogen) resistant amyloid microclots and injury fibrin  study of Long haematological  of the SARS-
microclots in Long  Management of Severe to fibrinolysis platelet pathology In in chronic, microclots in  COVID pathology in CoV-2 Beta and
COVID entrapping  COVID-19 Coagulopathy Long COVID relapsing long microclots Myalgic Delta variants
huge amounts of diseases such as COVID/PASC: itis/ when compared to
inflammatory rheumatoid origins and Chronic Fatigue  the less severe
molecules arthritis, Long  therapeutic Syndrome (ME/  Omicron variants
COVID, and ME/  implications CFS
CFS

A patent is filed: the detection of amyloid microclots in blood samples as
the first diagnostic method for Long COVID

EP: Invitation to US National Academies of Sciences and Germany Academy of Science;

First clinics in Europe and US signs licencing agreement to use microclot detection
method in Long COVID patients

Various international collaborator publications are published where amyloid

Cohost of KEYSTONE conference on Long COVID EP, DBK various keynotes online
toth nature of microclots are shown
2023 > 2024 to 2025 >
Long COVID: Development of an Proteomics of ME/ Viral CPET study with  Proteomics study  Extracted A Delphi
MV"'::N Imaging Flow Cytometer CFS plasma reveals Persistence  Derby Team with clinical team:  macroclots  paper with
factors method to detect a dysregulated Paper in showing Post COVID/ from stroke  international
abnormalities of microclots in Platelet poor coagulation system Lancet microclots break Vaccine Injury patients collaborators
coagulation nlnema Infectious  down and reform study contain
Discases during exercise amyloid

Various licencing agreements are signed to use microciot detection methods to identify
microclots in Long COVID
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Platelets Interactions &%1 Stellenbosch

Platelet-Immune Cell Complexes
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Conventional fibrin polymerization

many a-helixes

molecules

protein-protein interactions

Pathological polymerization and microclot
formation via direct binding of inflammatory

Inflammatory molecules in circulation like the spike protein may
bind to the fibrinogen molecules - specifically to the a-chains =

Protein structure
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Widespread structural changes resulting in
particular the a-chain's a-helixes to untwist into B-

Pathological fibrin polymerization and microclot
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Our earlier 2016 work: discovery that LPS can make Stellenbosch
fibrinogen amyloid s
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Fibrin nets in the presence of thrombin &%1 Stellenbosch
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Our early work
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Red blood cells and ery

Haemochromatosis

THE LANCET

The effect of iron overload on red blood cell morphology

Etheresia Pretonus, Natasha Vermeufen, Janette Bester, Jeanette L du Plooy, George S Gericke

A 76yearold man with an extremely high serum ferritin
concentration {33790 pg/1} was referred to the National
Reference Laboratory for further laboratory testing to
determine the cause. Genetic analysis showed that he
was a aarrier of 3 haemochromatosis-associated allele
{H63D/heterozygous). Pathology confirmed  renal
insufficiency and liver damage, with an exceptiomally
high bilirubin concentration of 730 pmol/L and an
unconjugated bilirubin concentration of 272 pmoel/L
This light microscopy smear showed that most of the red
blood cells have a changed morphology (figure).
Scanning electron microscopy, by which  high
magnifications of the red blood cells @n be viewed,

-y

Abeormal red bloed cell merphology

showed that the cells form pointed extensions with large

nical Picture

Potbshed Onine

membrane pores (figure). This abnormality is not seen

in red blood cells from healthy individuals (figure). We
suggest that the presence of the H63D haemochromatosis-
associated allele is partly the cuse of the exceptionally
high serum ferritin concentrations, which brings about
the abnormal red blood cell morphology.

Acknowledgments
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Figuee
(A)Whole blood dght micsoscopy smear of 76-pear-cké man with the HE3D haemaochromatosis-assodated able (40x magnifcation. (B) Scaraing decison micoscopy
microgeaph thowing a sed bload cell at high mageifcation (C) A red blood cel from a heakthy Indwidial showing 3 typécal dlscokt RBC
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Thrombo-embolic-ischemic stroke




Red blood cells and eryptosis in Parkinson’s [ Stelenbosch
disease

Our early work

VERS
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Hematological visualization of T-cell
lymphoproliferative disorder

Bl IR ORGE S D 498G Ho

OB a3 O, 9 B ’ Plate 1: A and B) Light microscopy
08 a0 % EooPom s g @ ;o smear of whole blood, showing
€oiflahn vl SOTR P 000U Pe ' high concentration of white blood
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by morphology. (A: 20x magnification
f?‘% Q and B: 100x magnification).

o 5o C) Scanning electron microscopy

~ - micrograph of a whole blood
- ~ smear, showing 3 white blood cells
. .‘ = and plasma protein debris.

D) Scanning electron micrograph
showing Rouleaux formation of
erythrocytes with plasma protein
debris (Scale bar C and D: 2um).




Colorectal cancer

Healthy individuals

_Colorectal cancer

0O
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www.nature.com/scientificreports

SCIENTIFIC
REPORTS

natureresearch

M) Check for updates.

OPEN Colorectal cancer is associated
with increased circulating
lipopolysaccharide, inflammation
and hypercoagulability

Greta M. de Waal*, Willem J. S. de Villiers*?, Timothy Forgan®, Timothy Roberts (5)%%5 &
Etheresia Pretorius()'*
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Platelet and clotting pathologies in acute COVID-19 &% svess
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Structural changes in platelets Microclots

Low magnification Higher magnification
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Structural changes in fibrin(fogen) in acute COVID-19 Stellenbosch
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Spike protein S1 can induce fibrinolytic-resistant Stellenbosch
microclots and platelet hyperactivation S

Healthy PPP + spike
protein

Healthy PPP

Healthy PPP + thrombin Healthy PPP + spike protein
+ thrombin

Grobbelaar, L.M., Venter, C., Vlok, M., Ngoepe, M., Laubscher, G.J., Lourens, P.J., Steenkamp, J., Kell, D.B., and Pretorius, E. (2021). SARS-CoV-2 spike protein S1
induces fibrin(ogen) resistant to fibrinolysis: implications for microclot formation in COVID-19. Biosci Rep 41.
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Scanning electron microscopy & microfluidics: Spike - s.ienmosen
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Long COVID: first cases in SA, end of 2020
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Long COVID @] itesllcznbosch
Addressing the global health crisis that isn’t over yet

* 400 million people globally
* 10 to 30%
* Carrying an economic burden of $1 trillion per year

* Excess mortality up to 3% higher than pre-pandemic levels even up
to 2033
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Understanding the Burden of Long COVID:  Stellenbosch
Key Insights &% o

Economic Impact

» Long COVID-related productivity losses are estimated to cost billions, with
the UK alone seeing a GDP reduction of $15 billion annually

Healthcare Strain

« Ongoing symptoms affect multiple organ systems, complicating patient care
and recovery

https://impact.economist.com/perspectives/sites/default/files/download/ei264 - an_incomplete_picture_understanding_the burden_of long_ covid_v8.pdf
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Long COVID resulting in widespread organ damage [ stelienbosch

UNIVERASITY

Acute COVID-19 INUNIVESITH

10-30% Long COVID

50% (even as high as 70%) organ damage (both children and adults)

v ol v ' v

Heart Brain Endocrine system Endothelial cells and blood vessels Immune system

BRAIN

Loss of white and grey matter
HEART Disruption of blood-brain barrier ENDOCRINE SYSTEM

Direct effects on tissues via
Reduced blood oxygen Loss of learning/memory ability ACE2 binding
and cognition

Disruption of chronically inflamed Typdll-and 2 Diabetes

atherosclerotic plaques Autonomic nervous system
Infection of coronary vessels ischadlhic stroke Cushings syndrome
z | Thyroid disease
Ischaemia Intracranial hemorrhage .
g Reproductive hormone
Heart attack Dementia P changes
Alzheimer's disease Fertility
Parkinson's disease Disrupted menstrual cycle
ENDOTHELIAL CELLS AND BLOOD Adrenal insufficiency
VESSELS
Formation of microthrombi IMMUNE SYSTEM
(microclots)
Effects on all organ systems T-Cells
Lungs
B-Cells
Heart
Dendritic cells
Kidneys
Monocytes
Liver
Platelets

Muscle

EWING, A. G., SALAMON, S., PRETORIUS, E., JOFFE, D., FOX, G., BILODEAU, S. & BAR-YAM, Y. 2025. Review of organ damage from COVID and Long COVID: a disease with a spectrum of

pathology. Med Rev (2021), 5, 66-75.
Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Fluorescence microscopy and scanning electron 1( Stellenbosch

INIVE

microscopy in Long COVID
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Fluorescence microscopy in Long COVID [ Stellenbosch
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Scanning electron microscopy in Long COVID &I Stellenbosch
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Proteomics of Plasma from Healthy, Diabetic, Acute . cvos

‘l \
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COVID-19 and Long COVID \)) Rt

Healthy Plasma and Type 2

Diabetes
-,-—
Plasma
degraded
Degraded
- plasma Proteomics
filtered with
Acute COVID-19 and C18 filter
LongCOVID plasma

Degraded a“y’ |

plasma:
+—— | unfiltered

Plasma '
degraded A

— s

Centrifuged:
platelet poor
plasma

Trypsin
degradation

Citrated
blood

Visisible Fluorescence microscopy

deposits

Pretorius, E., Vlok, M., Venter, C., Bezuidenhout, J.A., Laubscher, G.J., Steenkamp, J., and Kell, D.B. (2021). Persistent clotting protein pathology in Long
COVID/Post-Acute Sequelae of COVID-19 (PASC) is accompanied by increased levels of antiplasmin. Cardiovasc Diabetol 20, 172.

Kruger, A., Vlok, M., Turner, S., Venter, C., Laubscher, G.J., Kell, D.B., and Pretorius, E. (2022). Proteomics of fibrin amyloid microclots in long COVID/post-acute
sequelae of COVID-19 (PASC) shows many entrapped pro-inflammatory molecules that may also contribute to a failed fibrinolytic system. Cardiovasc Diabetol

21, 190.
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- - - (1] ]
2021 Proteomics Analysis: are they indeed “clots”?  [[(L{ Stellenbosch
- ";/\ “.\ \ ',.“;‘.‘- ENT
Pretorius, E., Vlok, M., Venter, C., Bezuidenhout, J.A., Laubscher, G.J., Steenkamp, J., and Kell, D.B. (2021). Persistent clotting protein pathology in Long COVID/Post-Acute Sequelae of COVID-
19 (PASC) is accompanied by increased levels of antiplasmin. Cardiovasc Diabetol 20, 172.

Digested pellet deposits (microclots) from acute COVID-19 samples vs digested plasma from Control samples
These proteins are present in both sample types; and a fold change value more than 1 = the protein that more prevalent inside the digested pellet
deposits from COVID-19 samples. These proteins were concentrated inside the digested pellet deposits.
Fold change
45
41
187
Digested pellet deposits from Long COVID/PASC microclots samples vs digested plasma from Control samples
These proteins are present in both sample types; and a fold change value more than 1 = the protein that more prevalent inside the digested pellet
deposits from Long COVID/PASC samples. These proteins were concentrated inside the digested pellet deposits.
6.9
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Complement component C7 20 :
Digested pellet deposits from Long COVID/PASC microclots samples vs digested pellet deposits (microclots) from acute COVID-19 samples
These proteins are present in both sample types; and a fold change value more than 1 = the protein that more prevalent inside the digested pellet
deposits from Long COVID/PASC samples. These proteins were concentrated inside the digested pellet deposits.
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Long COVID and trapped inflammatory molecules
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a2-antiplasmin (a2AP) inhibit plasmin and ultimately will prevent

sufficient fibrinolysis from happening
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Ischaemia-reperfusion (I-R) injury @ Stellenbosch

Ischaemic state Reperfusion state *  What is Ischaemia-reperfusion (I-R) injury?

« ltis initiated via bursts of reactive oxygen species
produced during the reoxygenation phase following
hypoxia,

» This is a well-known process in a variety of acute
circumstances.

« We argue that I-R injury also underpins elements of
the pathology of Long COVID. |

Anaerobic metabolism
acidification

Glucose —Pyruvate —»Lactate

Cytochrome ¢ » Ischaemia may be initiated via fibrin amyloid microclot

temporary blockage of capillaries, for instance as
exercise is started;

* Reperfusion is a necessary corollary when it finishes

Kell, D.B., and Pretorius, E. (2022). The potential role of ischaemia-reperfusion injury in chronic, relapsing diseases such as
rheumatoid arthritis, Long COVID, and ME/CFS: evidence, mechanisms, and therapeutic implications. Biochem J 479, 1653-1708.
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US GAO February 2022 &] Stellenbosch

Science, Tgchnnlogy Assessment, MARCH 2022
1 and Analytics

WHY THIS MATTERS

Long COVID has potentially affected up to 23 million
Americans, pushing an estimated 1 million people out of

SCIENCE & TECH SPOTLIGHT. work. The full magnitude of health and economic effects
is unknown but is expected to be significant. The causes
L 0 N G c OVI D of long COVID are not fully understood, complicating

diagnosis and treatment. The condition raises policy
questions, such as how best to support patients.

-
£

2 4

4

Autoimmune Persistent Organ
response virus damage

Source: GAO analysis of medical literature. | GAO-22-105666

Microclots
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CLUES T0 LONG COVID

Scientists strive to unravel what is driving disabling symptoms

hey span three continents, but a
trio of researchers who've never
met share a singular focus made vi-
tal by the still-raging pandemic: de-
ciphering the causes of Long Covid
and figuring out how to treat it.
Almost 2 years ago in Italy, pe-
diatric infectious disease doctor
Danilo Buonsenso, who works at

SCIENCE science.org

By Jennifer Couzin-Frankel;
lllustrations by Ashley Mastin

Gemelli University Hospital, started to see
children who, months after mild infec-
tions with SARS-CoV-2, were still short of
breath and had crushing fatigue and other
symptoms. He now suspects that, in some
of them, the cells and tissues that control

blood flow are damaged and the blood’s
tendency to clot is amplified. Minute blood
clots, leftover from the viral assault or fu-
eled by its aftermath, might be gumming up
the body’s circulation, to disastrous effect
from the brain to joints. “In some patients
we have specific areas where no blood flow
comes in” or the flow is reduced, Buonsenso
says. Is that driving their lingering symp-

17 JUNE 2022 « VOL 376 ISSUE 6599 1261



NEWS FEATURE: NATURE ( Stellenbosch
24 August 2022 E% s

Could tiny blood clots cause long COVID’s puzzling symptoms?
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Fluorescence microscopy images reveal microclots

circulating in healthy blood (left) and a severe one in
along COVID patient (right). The COVID clots are
more resistant to a natural clot-busting process called
fibrinolysis and don'’t break down easily.
MICROGRAPH BY CHANTELLE VENTER
AND RESIA PRETORIUS

help solve the long
COVID puzzle

S

https://www.nationalgeographic.com/magazine/article/microclots-pots-long-covid-treatment-diagnosis
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https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0
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https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nationalgeographic.com%2Fmagazine%2Farticle%2Fmicroclots-pots-long-covid-treatment-diagnosis&data=05%7C01%7C%7C5c965f2f87ca405c345408db028a0f74%7Ca6fa3b030a3c42588433a120dffcd348%7C0%7C0%7C638106565298280760%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C2000%7C%7C%7C&sdata=3kUTetcBKPh8ksd6EdCEqcW0nWsSrN50Ahyv4r2pYxE%3D&reserved=0

A place for flow cytometry? (Balvi Foundation, Stellenbosch
funded together with KERNLS and Polybio Researchv) i
Foundation)

A Controls B Long COVID

ChO7 Ch01 ChO7 Cho7 Ch01

Turner, S., Laubsher, HG.J., Khan, M.A., Kell, D.B., and Pretorius, E. (2023). Accelerating Discovery: A Novel Flow Cytometric
Method for Detecting Fibrin(ogen) Amyloid Microclots Using Long COVID as a Model. Heliyon 9 e19605.

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Microclots: more than just tiny aggregates but rather &%1 Stellenbosch
complexes iy

* |t is not only (simply) the size/numbers of microclots present in healthy vs Long
COVID (or any other disease with circulating inflammatory molecules), but
their:

e content (inflammatory molecules of interest for a trial)
g activity
*  biochemical characteristics

* We cannot ignore the role of hyperactivated platelets and the numerous
inflammatory molecules in circulation

* Ultimately platelet and clotting pathologies are driving thrombotic
endothelialitis

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Proteomic evidence for amyloidogenic cross-seeding @1 Stellenbosch
of inflammatory molecules into microclots .

* Inflammatory molecules in circulation
* Proteomics analysis

* These proteins (e.g., von Willebrand factor, periostin, adiponectin, a-2-
antiplasmin) have high amyloidogenicity scores and can integrate into
microclots

http://biongram.biotech.uni.wroc.pl/AmyloGram/

* A process of cross-seeding: structural association

KELL, D. B. & PRETORIUS, E. 2024. Proteomic Evidence for Amyloidogenic Cross-Seeding in Fibrinaloid Microclots.
International Journal of Molecular Sciences, 25, 10809.


http://biongram.biotech.uni.wroc.pl/AmyloGram/

a-2-antiplasmin (SERPINF2) is highly amyloidogenic K\%f T

X-axis: amino acid residue
number along the
sequence of the protein

Amyloidogenicity of a2-antiplasmin

sp|POEEST|AZAP_HUMAN

Shawing 1 to 1 of 1 entries

Armyloid regions

y-axis: amyloidogenicity
score, which is essentially
the probability that a given
sequence segment can
form amyloid structures
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Amino acid residue

Scores above 0.75 are considered highly

amyloidogenic

KELL, D. B. & PRETORIUS, E. 2024. Proteomic Evidence for Amyloidogenic Cross-Seeding in Fibrinaloid Microclots.
International Journal of Molecular Sciences, 25, 10809.



Heterogenous fibrinaloid microclot
complex phenotypes

* Seeding onto debris from damaged blood
vessels or blood cell membranes

* Fibrinaloid microclot forming immune
complexes

* Fibrinlogen) aggregating: fibrinaloid microclot
« Heterogenous inflammatory molecule

aggregates and fibrin(fogen) seeding onto
blood cells/endothelial cells

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe

Inflammatory molecules Debris from Debris from blood
in circulation endothelial cells cells

Amyloidogenic potential

Seeding area and scaffold for microclots

Fibrin(ogen) interacting  Vascular debris and :
with inflammatory intact/damaged c:rc:::'att;:?rlzl::gscells
molecules or biofilm endothelial layers or cellular products

Heterogenous fibrinaloid microclot phenotypes




Seeding onto cellular debris: the development of a

prothrombotic surface

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe

Early pathological membrane

Late pathological membrane

° Healthy cell phospholipid bilayer

Extracellular
\ space

="
Globular Glycoprotein
‘ proteln ) Glycolipid
Chol ' 04
!
"‘ Phosphoipid
,..m?

Surface Integral Floppase

Peri h | protein
Fllppase channel ::'op e?':ﬁ protein Scramblase

Intracellular a-helix

space protein

(integral)

e Disruption of cell phospholipid bilayer
Extracellular o

space

changes

Flippase Floppase Scramblase

changes

° ° °
S 0g " @
03 @ R Inflammatory molecules in
5 ‘. N o circulation
oS
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Cellular debris as prothrombotic seeding areas E%fl Stellenbosch
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A procoagulant and amylodogenic surface to seed fibrinogen and other pro-clotting molecules

Debris frorg platelet membranes Debris from Endothelial membranes Debris from white blood cell
membranes
0 Serum Amyloid A
-‘.‘1 serum ..................... :“““.“""l-.....nl-'"'u,.'
~ Amyloid A . Fibrinogen
’ ICAM-1 —“".I f‘/i : :  Fibronectin \
Fibrinogen - E' RITTEL aMB2 "‘ Fibronectin
:  avp3 P “. Fibrinogen %" K
: :—;,',.af : Y
05B1 :w '-t,*' '.“
. |brunect|n ", %
“. Formyl Peptid
----- allbp3 . 5 & Fon'nyl Serum “. Receptor 2 3
--------- Formyl Peptide - _: Peptide Amyloid A K e :
----------- Receptor2 - Receptor 2 o e, . 3
............................. 7 censnmmannans Amyloid A ..
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Cellular debris as prothrombotic seeding areas

Science

EyeNzululwazi ngezeNdalo

Natut

From white blood cells, platelets and endothelial cells to prothrombotic

amyloidogenic microparticles: inflammation and an immune
hypo-responsiveness

O»

X

Prothrombotic surface
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Healthy cell

* No PS flip
* Proteins receptors like fibrinogen

Integrin allbp3 (GPIlb/Illa) areinaa
low affinity binding state

Cell damage

A prothrombotic membrane

PS flip initiated

Membrane proteolysis

Proteins receptors like fibrinogen
Integrin allbf3 (GPIIb/Illa) switch to
high affinity binding state

"Eat me" signals muted

Immune hypo-responsiveness

Cell membranes
deteriorate to debris

¢ Prothrombotic surface enhanced

by inflammatory molecule binding

¢ Increased stay in circulation
¢ Immune hypo-responsiveness

Prothrombotic fragments with misfolded
-~ molecules and fibrin(ogen) AND

abgat ‘7&

.
%Mw ®

SAA —

{[\Q Prothrombotic Microparticles
N » Proteins receptors like fibrinogen
°3 Integrin allbB3 (GPIlb/Illa) associated
with ligands like fibrinogen and SAA

¢ Prothrombotic microparticle formation

Confocal microscopy examples

Whole Blood: Brightfield and fluorescence in
confocal: RBCs and membrane of platelets
stained with cell mask (red); microclot stained
with ThT (green)

Microclot complex in
PPP: Membrane debris: PPP: Fibrinogen

Microclot complex in

cell mask (red);
microclot stained with ThT signal (green)
ThT (green)

antibody (a-chain) (pink);

Stellenbosch
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Heterogenous fibrinogen and inflammatory molecule

phenotype

Science | EyeNzululwazi ngezeNdalo

(A

Intrinsic Pathwa

Fibrinogen and inflammatory molecules protein misfolding leading to amyloidogenic

Protein structure

D-region Fibrinogen )
B-sheets = D-region Fibrinogen chains
A 4 RSSER ALY a-chain W
a-helixes SN a b o Sa SR AR
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polymerization via the
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cascades
Activating +
surIace
@ -@D Trauma
| g
o -0 o £
e j;
oo e e
oo %
oo |¢
+ Thrombin £
ol
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formation
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Conventional fibrin
polymerization
many a-helixes (arrows =
fibrin fibres)

microclot complexes

0 Pathological polymerization and
heterogenous misfolded fibrin(ogen)
complex formation via direct
binding of inflammatory molecules
to fibrinogen
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Widespread structural changes resulting in
particular the a-chain's a-helixes to untwist into B-
sheets

Fibrin(ogen) protein misfolding
microclot structure (fibrinaloid)

Purified fibrinogen PPP + fibrinogen
+ Fibrinogen fluorescent a-
fluorescent a-chain chain antibody
antibody (red) + (red) + ThT
ThT + Thrombin

Al o et 20 p—

Pathological fibrinogen polymerization

into fibrin

Inflammatory molecules in circulation

0 !
a l of‘\
Serum amyloid A ¢JQL‘ ‘ ) LPS

Cumplerﬁent Spike protein

Inherent amyloidogenicity of

inflammatory molecules:
sticky protein deposits

!

+/- viral/bacterial
inflammagens in
circulation

7

Spike

protein LPS

Heterogenous
amyloidogenic
inflammatory molecule
deposit
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Microclot complexes seeding on intact cells

Stellenbosch
Amyloidogenic microclot complexes seeding onto intact cells in YONVES T
the vasculature: seeding onto red blood cells

g /4

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Microclot complex phenotypes

(3)

potential

generation.

the vasculature.

Science | EyeNzululwazi ngezeNdalo | Natuurweten

Misfolded fibrin(ogen) + amyloid
inflammatory molecule deposits/complexes

Inflammatory molecule deposits/
complexes with high amyloidogenicity

Prothrombotic misfolded protein cellular
debris complexes with amyloidogenic

With the potential to seed onto any other

(»)

surrounding protein

Prothrombotic (amyloidogenic) microclot complex phenotypes

ThT+MPO+DNA

Associated with NETs:

Immune complexes

Associated with
functional cells
(RBCs/other blood cells/
platelets/vascular layers)

Insoluble protein complexes, arising from inflammatory molecules,
interactions with fibrinogen, or deposits of cellular prothrombotic
debris, can act as scaffolds.

We refer to these early pathological deposits as "prothombotic microclot
complexes”, reflecting their role as triggers of downstream thrombotic
events. These complexes form catalytic surfaces for thrombin

In the presence of prothrombin, thrombin, or other activators of the
coagulation cascade, these complexes have the potential to initiate
bona fide and "true" clot formation either alone or on damage cells of

(| Stellenbosch
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Microclot complex phenotypes &%} Stk

e|nsoluble protein complexes arise from:

e Inflammatory molecules

e Fibrinogen

e Deposits of cellular prothrombotic debris

e Debris act as scaffolds

e We call them “prothrombotic microclot complexes” because they
trigger downstream thrombotic events

eThey form catalytic surfaces that assemble prothrombinase and
generate thrombin

e|n the presence of prothrombin or other activators, they can initiate
bona fide “true” clot formation

Collectively, these precursor complexes are termed ThT-positive
fibrinaloid microclot complexes (FMCs)

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe
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Microclots seeding on RBCs: thrombotic stroke &%] Stelienbosch
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Thrombotic stroke: Stroke T Stellenbosch

ASITY

. . (Background \ ‘
AmyI0|d Presence in Thrombolytic therapy fails in approximately one-third of acute
Acute Ischemic Stroke ischemic stroke (AIS) cases.

Thrombi: Observational Fibrin can adopt an amyloid-like configuration, termed

Evidence for Fibrinolytic fibrinaloid, which is resistant to fibrinolysis.
Resistance

It was unknown whether large AIS thrombi also exhibit this
amyloid feature.
.

[ Methods
Thrombi were retrieved from AIS patients undergoing
mechanical thrombectomy.

Samples were wax-embedded, sectioned, de-waxed, and stained
with thioflavin T (ThT), a standard dye that fluoresces upon
binding amyloid structures.

2000 pm

A » }[:\\ B

Fluorescence microscopy was used to visualize amyloid
presence.
\

[ Results / Conclusions
All analyzed AIS thrombi exhibited robust ThT fluorescence,
indicating high amyloid content.

These amyloid-rich structures may explain resistance to
fibrinolytics. Findings support further research into amyloid-
| targeted stroke therapies. Y

GRIXTI, J. M., CHANDRAN, A., PRETORIUS, J. H., WALKER, M., SEKHAR, A., PRETORIUS, E. & KELL, D. B. 2025. Amyloid Presence in Acute Ischemic Stroke Thrombi: Observational
Evidence for Fibrinolytic Resistance. Stroke.
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Latest research: preprint o TERmR
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T™7TT

Chronic Immune
Activation

Proteomic signatures of Post-Vaccination/Post-

e © o o
Infection Syndrome (PV/PIS): Insights into /H\ /H\ /H\ /H\
immune dysregulation and coagulopathy Saceration
Control cohort PV/PIS cohort
Maxine Waters!, Mare Vlok?, Elouise E. Kroon?3, n=16 n=14
Maritha J. Kotze4, Kelebogile E. Moremi4'5, | DIA Liquid Chromatography-Mass Spectrometry
Sunday O. Oladejo®, Kanshukan Rajartnam®, Jean [pvrpis | Inflammation O (R E"dithe:imth:
e 1 . ree?seo
M. Nunes!, Chantelle Venter!, Chantelle . s SRl
, e TIL-6 )
Scott*®, Douglas B. Kell*”® and Etheresia s T Corlnt iRl
. 1’7*
Pretorius san @ ILbg
X ®e
e
© ® « T heterogenous

microclot deposits

Coagulopathy e T thrombus formation

Long COVID

28

| Downregulated Functional Protein Clusters | Upregulated Functional Protein Clusters
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Proteomic signatures [ S
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IA. P-value vs fold change ratio plasma proteome of PV/PIS and Long COVID

1.000000E-042 ®
1.000000E-040
1.000000E-038
1.000000E-036
1.000000E-034
1.000000E-032
1.000000E-030
1.000000E-028
1.000000E-026
1.000000E-024
1.000000E-022
1.000000E-020
1.000000E-018
1.000000E-016
1.000000E-014
1.000000E-012
1.000000E-010 (%) ®
1.000000E-008 ® ..
1.000000E-006

1.000000E-004
1.000000E-002

p-value

O O
0.04 0.1 0.4 1 4 10 40

Fold change ratio

O pPv/PIS @ Long COVID (Kruger et al., 2022)
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Exercise-induced changes in microclotting and

cytokine Levels

46 Long COVID patients
completed 2-day submaximal
CPET with pre- and post-blood
sampling

Cytokine profiling and imaging flow cytometry

CPET '
Day 1

T ———_—

analysis of microclots were done.
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Key findings

CPET induced the fragmentation of large microclots (100—-3000
pum?) and caused an increase in small microclots (<30 um?) after
repeated exertion. Fragmentation correlated with increases in
cytokines associated with pro- and anti-inflammation, as well as
vascular injury.

\

'

Cytokines Microclot size shifts due to
exercise
IL-6 IP-10
EGF RANTES

increases in

correlated with
associated with pro- and anti-inflammation, as well as vascular
_injury.

Fragmentation cytokines

rs

Conclusion

Fragmentation of persistent microclots after exercise may drive
inflammation and impair oxygen utilization in Long COVID. These
findings caution against unmonitored rehabilitation and
underscore the need for targeted vascular repair strategies.

.

Average Demeaned Microclot Count (0-30)

150

100

50

-50

-100

[{1( Stellenbosch

NN
‘\\)} } IYVUNIVESITH
4 ) ! T

UNIVERSITE

Average Demeaned Microclot Count (100-400)

500

250

PreCPET 1 Post CPET 1 Pre CPET 2

Treatment Period

Post CPET 2

Pre CPET 1 Post CPET 1 Pre CPET 2

Treatment Period

Post CPET 2

Callum Thomas, Massimo Nunes, Jan H. Pretorius et al. Exercise-induced Changes in Microclotting and Cytokine Levels Point to Vascular Injury and Inflammation in People with Long COVID,
26 May 2025, PREPRINT (Version 1) available at Research Square [https://doi.org/10.21203/rs.3.rs-6717727 /v1]



Exercise-induced changes in microclotting and E%] Stellenbosch
cytokine levels o

Our paper challenges the rationale for graded exercise therapy in Long COVID
Underscores the need for exercise to be carefully considered

MOST IMPORTANTLY: the effects of exercise should be objectively monitored and
patient managed carefully

Callum Thomas, Massimo Nunes, Jan H. Pretorius et al. Exercise-induced Changes in Microclotting and Cytokine Levels Point to Vascular Injury and Inflammation in People with Long COVID,
26 May 2025, PREPRINT (Version 1) available at Research Square [https://doi.org/10.21203/rs.3.rs-6717727 /v1]



Where microclots are located and how they induce &1 o

pathology in long-covid

>
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Our latest findings: fibrinogen changes E%j ——
D) izt

EIT

Fibrinogen

D-region D-region

-

a, Bandy

a,Bandy E-region fibrinogen chains

fibrinogen chains

Fibrinogen chains
a-chain s

B-chain /R

Peptide-level: significant alterations in post-translational modifications (PTMs)

Key modifications identified:
* Tryptophan oxidation
» AGE (Advanced Glycation End product) modification of the fibrinogen a,8 and y chains

Functional impact:
« Modifications strongly enhance amyloidogenicity
 Promote fibrinolysis-resistant amyloidogenic microclot complexes

https://www.biorxiv.org/content/10.64898/2025.12.29.696828v1.full.pdf
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Our latest findings: fibrinogen changes

ey

LONG COVID

Coagulation
67%

LC-POTS

Metabalic
18%

Immunity . Coagulation
61% 21%

POTS

Metabolic

30%

Coagulation
21%

COAGULATION METABOLIC

https://www.biorxiv.org/content/10.64898/2025.12.29.696828v1.full.pdf
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Sonar images from the carotid artery (Fritz
van Schalkwyk and team)

Nl

- ——

Fritz van Schalkwyk
MHSCT Cardiology and vascular studies

Dr Johan Jordaan
PhD in Cardiothoracic surgery
University of the Free State

Dr Lezelle Botes
PhD in Cardiothoracic surgery
Central University of the Free State

Prof Muriel Meiring
PhD in Haematology
University of the Free State

Natuurwetenskappe
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Nano-tweezer experiments &%1 Stellenbosch ..
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With Physicists at Stellenbosch
University:

Pieter Neethling lab

and

Le Roi Du Plessis

Willie Perold (SU Engineering)

Jason Vermaak (SU Engineering):
pending HREC clearance
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A Delphi written by the World Health Network (WHN) & i

(]Stellenbosch

EWING, A. G., JOFFE, D., BLITSHTEYN, S., BROOKS, A. E. S., WIST, J., BAR-YAM, Y., BILODEAU, S., CURTIN, J., DUNCAN, R,,
FAGHY, M., GALLAND, L., PRETORIUS, E., SALAMON, S., BUONSENSO, D., HASTIE, C., KANE, B., KHAN, M. A,, LAL, A., LAU, D.,
MACINTYRE, R., MCFARLAND, S., MUNBLIT, D., NICHOLSON, J., OLLILA, H. M., PUTRINO, D., ROSARIO, A. & TAN, T. 2025. Long
COVID clinical evaluation, research and impact on society: a global expert consensus. 2025 Ann Clin Microbiol Antimicrob, 24,

27.

[ £ Py Physician working
2 % with L Patients and

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Hypercoagulation (microclot formation/platelet ST
hyperactivation) and endothelial damage &%
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1) Flow Mediated Dilatation (FMD):
Useful to confirm endothelial dysfunction.
after cuff release nitroglycerine

@ Baseline e SPECT /VQ scan Perfusion-based
"/.'- R e

= : = ) imaging
SEp | N
FMD=11% FMD=18% il \
5y R / 7 ‘\l\;\, v/
// ¢ MRI (research tool)
D)

3) Radiology:
Useful to detect vasculopathic and
thrombotic phenomena.

)45 to 60 seconds |(¢) 4 minutes after

e DECT

2) Peripheral arterial tonometry and finger
thermal monitoring:
For example: The EndoPAT® device and
E4-diagnose device (Polymath Company.)
Useful to confirm endothelial dysfunction.

QY
)
> )
DATA

Kruger A, Joffe D, Lloyd-Jones G, Khan MA, Salamon S, Laubscher GJ, et al. Vascular Pathogenesis in Acute and Long COVID: Current Insights
and Therapeutic Outlook. Semin Thromb Hemost. 2024.

4) Nailfold video-capillaroscopy:
Identification of microvascular
abnormalities.
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Nailfold (video) capillaroscopy R s
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On the utility of nailfold (video)capillaroscopy in detecting the effects of fibrinaloid

microclots in diseases involving blood stasis
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Fibrinaloid microclots impede microcirculation. Combining microclot imaging with nailfold (video)

capillaroscopy provides complementary structural and functional insights across multiple inflammatory
and vascular diseases
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Infrared imaging
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Infrared imaging reveals effects of impaired microcirculation

Infrared (IR) image
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Infrared thermography detects spatial temperature gradients reflecting
microvascular health




Development of a Point-of-Care Microclot e et
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MDCD validation: MDCD vs Zeiss microclot Image
comparison ThT staining
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PAC1 FITC staining MDCD validation




Microclots, their content and diagnosis for ( Stelleboseh
hypercoagulation: a measurable biomarker In clinical&% e
trials
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Microclot Testing a new
diagnostic frontier

Our patented diagnostic technology detects abnormal microciots in the
blood, indicating poor vascular health, inflammotion, and an increased risk
for thrombotic endothelialitis. This pioneering test has been used to detect
and aid in the treatment of microclots in thousands with Long Covid, o
devilitating condition impacting millions worldwide and deeply affecting
giobal haalth, society, and the aconomy.

License Microclot Technology
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What is needed in Long COVID and post-viral

research?
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Long COVID population screening before clinical interventions to allow for the

identification of
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