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Platelets Interactions

Platelet-Immune Cell Complexes





Our earlier 2016 work: discovery that LPS can make 
fibrinogen amyloid



Our early work
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Our early work

Fibrin nets in the presence of thrombin
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Red blood cells and eryptosis
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Our early work

Red blood cells and eryptosis in Parkinson’s 
disease
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Plate 1: A and B) Light microscopy 
smear of whole blood, showing 
high concentration of white blood 
cells. Arrow: atypical lymphoid 
cell  with flower-cell 
morphology.  (A: 20x magnification 
and B: 100x magnification). 
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: 2μm).

Hematological visualization of T-cell 
lymphoproliferative disorder



Colorectal cancer



Structural changes in platelets                              Microclots

Platelet and clotting pathologies in acute COVID-19



Structural changes in fibrin(ogen) in acute COVID-19 
infection

Healthy Plasma Type 2 Diabetes Plasma COVID-19 Plasma



Spike protein S1 can induce fibrinolytic-resistant 
microclots and platelet hyperactivation

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.



Scanning electron microscopy & microfluidics: Spike 
protein S1



Long COVID: first cases in SA, end of 2020



• 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

Addressing the global health crisis that isn’t over yet

Long COVID



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

Understanding the Burden of Long COVID: 
Key Insights

https://impact.economist.com/perspectives/sites/default/files/download/ei264_-_an_incomplete_picture_understanding_the_burden_of_long_covid_v8.pdf



Long COVID resulting in widespread organ damage

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.



Fluorescence microscopy and scanning electron 
microscopy in Long COVID



Fluorescence microscopy in Long COVID



Scanning electron microscopy in Long COVID



Proteomics of Plasma from Healthy, Diabetic, Acute 
COVID-19 and Long COVID

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.



2021 Proteomics Analysis: are they indeed “clots”?

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.
Protein name Fold change P-value
von Willebrand Factor 4.5 0.02
Complement component C4b 4.1 0.05
C-reactive protein 18.7 0.003
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.
Coagulation factor XIII A chain 6.9 0.001
Plasminogen 3 0.001
Fibrinogen alpha chain 4.1 0.0001
α2 antiplasmin (α2AP) 7.9 0.0002
von Willebrand Factor 10.2 0.001
C-reactive protein 11.2 0.007
Serum Amyloid A (SAA4) 17.5 0.01
Complement component C7 20 0.0002
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.
Plasminogen 2.3 0.0007
Fibrinogen β chain 2.8 0.007
Coagulation factor XIII B 2.7 0.01
Fibrinogen α chain 3.1 0.0002
Complement component C6 7.5 0.01
α2 antiplasmin (α2AP) 9.2 0.0003
Complement factor 1 25 0.0009

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.



Long COVID and trapped inflammatory molecules

α2-antiplasmin (α2AP) inhibit plasmin and ultimately will prevent 

sufficient fibrinolysis from happening



Ischaemia–reperfusion (I–R) injury

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.

• What is Ischaemia–reperfusion (I–R) injury? 

• It is 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. I

• 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



US GAO February 2022



Science feature: June 2022



Could tiny blood clots cause long COVID’s puzzling symptoms?

NEWS FEATURE: NATURE
24 August 2022



https://www.nationalgeographic.com/magazine/article/microclots-pots-long-covid-treatment-diagnosis

NATIONAL GEOGRAPHIC
JANUARY 2023

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
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


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.

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



Microclots: more than just tiny aggregates but rather 
complexes

• It 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:    

•      content (inflammatory molecules of interest for a trial)

•       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



Proteomic evidence for amyloidogenic cross-seeding 
of inflammatory molecules into microclots
• Inflammatory molecules in circulation

• Proteomics analysis

• These proteins (e.g., von Willebrand factor, periostin, adiponectin, α-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/


α-2-antiplasmin (SERPINF2) is highly amyloidogenic

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

 

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

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

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

• Fibrinaloid microclot forming immune 
complexes 

• Fibrin(ogen) aggregating: fibrinaloid microclot

• Heterogenous inflammatory molecule 
aggregates and fibrin(ogen) seeding onto 
blood cells/endothelial cells



Seeding onto cellular debris: the development of a 
prothrombotic surface



Cellular debris as prothrombotic seeding areas



Cellular debris as prothrombotic seeding areas



Heterogenous fibrinogen and inflammatory molecule 
phenotype



Microclot complexes seeding on intact cells



Microclot complex phenotypes



Microclot complex phenotypes

•Insoluble protein complexes arise from:
• Inflammatory molecules
• Fibrinogen
• Deposits of cellular prothrombotic debris
• Debris act as scaffolds 
• We call them “prothrombotic microclot complexes” because they 
trigger downstream thrombotic events
•They form catalytic surfaces that assemble prothrombinase and 
generate thrombin
•In 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)



Microclots seeding on RBCs: thrombotic stroke

10 𝜇𝑚

Thrombo-embolic-ischemic stroke

Red blood cells

Red blood cell



Thrombotic stroke: Stroke

10 𝜇𝑚
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.



Latest research: preprint

Proteomic signatures of Post-Vaccination/Post-

Infection Syndrome (PV/PIS): Insights into 

immune dysregulation and coagulopathy

Maxine Waters1, Mare Vlok2, Elouise E. Kroon3, 

Maritha J. Kotze4, Kelebogile E. Moremi4,5, 

Sunday O. Oladejo6, Kanshukan Rajartnam6, Jean 

M. Nunes1, Chantelle Venter1, Chantelle J. 

Scott4,6, Douglas B. Kell1,7,8 and Etheresia 

Pretorius1,7*



Proteomic signatures



Exercise-induced changes in microclotting and 
cytokine Levels

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 
cytokine levels

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]

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



Where microclots are located  and how they induce 
pathology in long-covid

Jeroen den 
Dunnen

Resia Pretorius

Denise Visser

Brent Appelman



Our latest findings: fibrinogen changes

https://www.biorxiv.org/content/10.64898/2025.12.29.696828v1.full.pdf 



Our latest findings: fibrinogen changes

https://www.biorxiv.org/content/10.64898/2025.12.29.696828v1.full.pdf 



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

Sonar images from the carotid artery (Fritz 
van Schalkwyk and team)



With Physicists at Stellenbosch 
University: 

Pieter Neethling lab

and

Le Roi Du Plessis

Willie Perold (SU Engineering)

Jason Vermaak (SU Engineering): 
pending HREC clearance

Nano-tweezer experiments



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.

A Delphi written by the World Health Network (WHN)



Hypercoagulation (microclot formation/platelet 
hyperactivation) and endothelial damage

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



Most popular article award



Nailfold (video) capillaroscopy



Infrared imaging



Development of a Point-of-Care Microclot 
Detection and Characterization Device (MDCD)



MDCD validation:  MDCD vs Zeiss microclot Image 
comparison ThT staining

MDCDZeiss



PAC1 FITC staining MDCD validation 

MDCDZeiss



Microclots, their content and diagnosis for 
hypercoagulation: a measurable biomarker in clinical 
trials





What is needed in Long COVID and post-viral 
research?
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Thank you
Enkosi
Dankie
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