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ABSTRACT 

Coagulation, although primarily regulated by platelets, endothelial cells, and clotting factors, can also 

be influenced by molecules that are not traditionally seen as related to coagulation, including 

cytokines, hormones, metabolites, reactive oxygen species, acute phase reactants, and more. Here, we 

derive pseudoserum or clotting factor-depleted fractions from control, type II diabetes mellitus, and 

Long COVID platelet-poor plasma (PPP) samples, and expose them to purified, exogenous fibrinogen 

obtained from healthy donors. Thrombin-induced fibrin networks were then formed and visualized 

using light and scanning electron microscopy. The results demonstrate that pseudoserum can greatly 

influence the organisation, density, and ultrastructure of fibrin networks formed from purified 

fibrinogen, emphasizing the role of non-clotting factors in fibrin formation. Fibrin networks formed 

from purified fibrinogen exposed to control pseudoserum appear homogeneous, exhibiting 

organized architecture with few regions of unusual density or aggregates, whereas the networks 

formed using patient pseudoserum show disorganisation, regions of density, fibre-like strands, and 

anomalous aggregates. These abnormalities are also observed in patient PPP samples, suggesting that 

fibrin network characteristics in PPP samples are also significantly influenced by non-clotting factors 

and are somewhat independent of endogenous fibrinogen. The ability of pseudoserum to drive these 

changes, despite the absence of endogenous fibrinogen and other classical clotting factors, suggests 

that soluble molecules retained in pseudoserum can directly modify fibrinogen’s structural 

conformation and functionality, influence thrombin-mediated fibrin formation and polymerization, 

and/or impact Factor XIII’s crosslinking capabilities. This study provides a systems-level perspective 

on the influence of pseudoserum on fibrin networks and highlights the potential of serum and other 

clotting factor–depleted fractions to yield deeper mechanistic and diagnostic insights into 

coagulation. 

Keywords: coagulation; fibrin(ogen); pseudoserum; Type 2 Diabetes Mellitus; long COVID 

 

INTRODUCTION 

Coagulation is primarily regulated by platelets, endothelial cells, and clotting factors, as well as 

various enzymatic and non-enzymatic components [1]. Central to this cascade is fibrinogen, a 340 
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kDa soluble glycoprotein synthesized by the liver. Upon vascular injury, fibrinogen is cleaved by 

thrombin to form fibrin monomers, which spontaneously polymerize into insoluble fibrin fibres, 

forming a structural scaffold that stabilizes the platelet plug at the injury site [2, 3]. The fibrin network 

is then degraded by plasmin, a serine protease responsible for clot dissolution [4]. The kinetics of 

coagulation as well as the architecture and mechanical properties of fibrin networks – including fibre 

thickness, branching, pore size, and susceptibility to lysis – are dynamically modulated by the 

functionality and concentrations of various factors within the coagulation cascade [5, 6], and 

variations within these parameters influence cardiovascular risk [7].  

Studying blood in its derivative states, including platelet-rich plasma (PRP), platelet-poor 

plasma (PPP), and serum, enables investigation of how each fraction and their components influence 

coagulation processes and clot characteristics, especially across disease cohorts [8]. Serum is defined 

as plasma depleted of clotting factors, and contains a wide variety of molecules including metabolites 

(lipids, carbohydrates, and amino acids), plasma proteins (enzymes, albumin, immunoglobulins, 

cytokines, and complement proteins), hormones, waste products, vitamins, and ions [9, 10].  

Due to the fact that serum mostly lacks fibrinogen and other clotting factors, and hence cannot 

coagulate, serum is typically viewed to lack clinical utility in the context of coagulation. However, 

certain components of serum, although not primarily related to coagulation, have been shown to 

modulate clotting processes and fibrin networks [11-16]. A number of these molecules, including 

proinflammatory cytokines [17], serum amyloid A [12], reactive species [18], hormones [19, 20], and 

sugars [21], can directly interact with and alter the structure and function of fibrinogen, which can 

influence resulting clot networks, including fibre thickness, pore size, and resistance to fibrinolysis 

[13, 20, 22, 23]. These findings suggest that serum, although devoid of functional clotting factors, 

might have clinically relevant effects in the context of the coagulation system. 

While many of the aforementioned studies have involved exposing said molecule(s) to purified 

fibrinogen or blood, the impact of the serum milieu as a composite entity on clotting kinetics, fibrin 

ultrastructure, and fibrinolysis remains underexplored. This study aims to investigate the impact of 

exposing purified, exogenous fibrinogen to serum derived from control and patient plasma samples, 

technically termed pseudoserum [24], with a focus on the resulting fibrin network and ultrastructure. 

Due to the availability of stored plasma samples from type II diabetes mellitus (T2DM) and Long 

COVID cohorts, these two pathologies are used as disease models in this study.  

By challenging purified fibrinogen with pseudoserum that is stripped of endogenous platelets, 

soluble fibrinogen, and other clotting factors, we isolate how disease-conditioned serum shapes fibrin 

ultrastructure. This serum-centric readout opens a window beyond routine coagulation tests. The 

result is a sharper mechanistic map of milieu-driven clot remodelling and a route to serum-based 

biomarkers for thrombotic risk stratification.  

METHODS 

Ethical clearance 

Ethical clearance was granted by the Health Research Ethics Council (HREC) of Stellenbosch 

University, South Africa. This study (project ID: #31384) made use of anonymous samples collected 

under the Stellenbosch University Blood Laboratory Biorepository (project ID: #28804). All 

Biorepository samples were obtained with voluntary informed consent, including consent for storage 

and future use in approved studies. All research protocols were conducted in accordance with the 

Declaration of Helsinki, the South African Guidelines for Good Clinical Practice, and the Ethical 

Guidelines for Research issued by the South African Medical Research Council. 

Sample Cohorts and Collection  

In this study, 11 healthy control, 13 Long COVID, and 10 T2DM samples were used to constitute 

the study cohorts. Healthy control individuals were included if they were without disease, did not 

smoke, were not using anticoagulant, antiplatelet, or anti-inflammatory medication, and had not 
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reported a known infection and/or received a vaccination within a month of sample collection. Long 

COVID participants, who were diagnosed by a medical professional, were excluded if they had 

coagulopathy or were taking anticoagulant drugs, were symptomatic for or recovering from an 

infection, and received a vaccination within a month of sample collection. For patients to have been 

diagnosed with Long COVID, symptom onset must have occurred following acute COVID-19 

infection and persist for more than 3 months. Symptoms included in the diagnostic assessment of 

patients included brain fog, chronic fatigue, post-exertional malaise, joint and muscle pain, 

gastrointestinal issues, dyspnoea, and sleep disturbances. T2DM participants were excluded if they 

were diagnosed with Long COVID and had reported a known infection and/or received a vaccination 

within a month of sample collection. Table 1 shows the demographics and co-morbidities of the 

sample cohorts. 

Stored PPP samples were used for this study, all of which had not yet been thawed. Blood 

samples were collected by a qualified medical professional in sodium citrate blood tubes (3.2%; BD 

Vacutainer®: 369714) and centrifuged at 3000g for 15 minutes at room temperature. The PPP were 

carefully collected, aliquoted into 1.5mL microcentrifuge tubes, and stored at -80ºC until further use.  

Table 1. Demographics and comorbidities of the sample cohorts. Data are represented as mean ± standard 

deviation. 

Demographics 

 Control Long COVID T2DM 
p-value (C 

vs LC) 

p-value (C 

vs T2DM) 

p-value (LC 

vs T2DM) 

Age 40.55 ± 17.26 42.32 ± 12.94 52.60 ± 9.66 0.99 0.17 0.11 

Sex 
8 Females, 3 

Males 

8 Females, 5 

Males 

5 Females, 5 

Males 

Not 

Applicable 

Not 

Applicable 

Not 

Applicable 

Comorbidities 

T2DM 

Hypercholesterolaemia 80% (8/10) Polycythemia 10% (1/10) 

Hypertension 70% (7/10) Colon Cancer 10% (1/10) 

Ischaemic Heart Disease 30% (3/10) Glaucoma 10% (1/10) 

Depression 30% (3/10) Hypothyroidism 10% (1/10) 

Anxiety 20% (2/10) 
Chronic Obstructive 

Pulmonary Disease 
10% (1/10) 

Asthma 20% (2/10) Gout 10% (1/10) 

Long COVID 

Hypercholesterolaemia 15% (2/13) Epilepsy 8% (1/13) 

Hypertension 8% (1/13) Rheumatoid Arthritis 8% (1/13) 

Fibrin Network Formation of PPP Samples 

PPP fibrin networks were formed using 3µL of PPP exposed to half volume thrombin (obtained 

from the South African National Blood Service at a stock concentration of 20 U/ml) and left to stand 

for 1 minute to form fibrin networks before placing a coverslip on the microscope slide. The sample 

was then viewed using the brightfield mode of the Zeiss Axio Observer 7 microscope with a Plan-

Apochromat 63×/1.4 Oil DIC M27 objective (Carl Zeiss Microscopy, Munich, Germany). 

Thromboelastography (TEG®) of PPP Samples, and Obtainment of Pseudoserum 

Coagulation was induced in PPP samples in order to obtain pseudoserum, which represents a 

fraction depleted of fibrinogen and other clotting factors, mimicking serum as obtained from serum-

collecting tubes. Pseudoserum was obtained via thromboelastography (TEG®). 340µL of PPP was 

exposed to 20µL of 0.01M calcium chloride in the TEG® cup. The test was promptly started, and 

completed once the maximum amplitude of clot production was achieved. Importantly, the collection 
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of the pseudoserum occurred immediately once the maximum amplitude value was registered, in 

order to avoid fibrinolysis and the accumulation of fibrin degradation products in pseudoserum 

samples. The clot was carefully removed and pseudoserum collected in a microcentrifuge tube.  

Fibrin Networks of Purified Fibrinogen Exposed to Pseudoserum: Light Microscopy 

The collected pseudoserum from the TEG® cup post-test was exposed to 4.3mg/mL purified 

human fibrinogen (ThermoFisher Scientific: RP43142). 10µL of purified fibrinogen was exposed to 

5µL of pseudoserum (final concentration of 2.87mg/mL), and left to incubate for 30 minutes. 3µL of 

the incubated sample was pipetted onto a microscope slide and then exposed to 1.5µL of purified 

human thrombin at the same concentration and left to rest for 1 minute to form fibrin networks. A 

coverslip was then placed on the sample, which was then viewed using the brightfield mode of the 

Zeiss Axio Observer 7 microscope. Pseudoserum was also exposed to half volume of exogenous 

thrombin to assess for the absence of fibrin networks and hence depletion of fibrinogen and other 

clotting factors during the TEG® experiment. 

Thioflavin T Staining of Pseudoserum and Fibrin Networks 

Pseudoserum samples were stained with thioflavin T (ThT), a fluorogenic amyloid probe used 

to detect fibrinaloid microclot complexes, at a final concentration of 5µM and left to incubate for 30 

minutes. Samples were viewed using both the brightfield and fluorescence modes of the Zeiss Axio 

Observer 7 microscope with the excitation and emission wavelengths set at 450 - 488 nm and 499 - 

529 nm, respectively. We also assessed whether the fibrin networks formed from purified fibrinogen 

exposed to pseudoserum stained positive for ThT. After fibrin formation on microscope slides, a ThT 

solution of 5µM was pipetted onto the fibrin networks and then washed twice with PBS, and viewed 

on the Zeiss Axio Observer 7 microscope. No ThT signal was apparent in these fibrin networks and 

hence such micrographs are not included here.  

Fibrin Networks of Purified Fibrinogen Exposed to Pseudoserum: Scanning Electron Microscopy 

In addition to using the Zeiss Axio Observer 7 to visualize fibrin networks formed from 

fibrinogen exposed to pseudoserum, 5 samples from each cohort were subject to scanning electron 

microscopy (SEM) to enable optimal study of fibrin ultrastructure. Fibrin networks were induced 

from purified fibrinogen exposed to pseudoserum and exogenous thrombin as previously described, 

but prepared on round glass coverslips. After a minute of allowing clot networks to form, the samples 

were transferred into 24-well plates and washed with PBS. The washed fibrin networks were then 

exposed to 4% paraformaldehyde and left to incubate for 30 minutes. The samples were washed three 

times with PBS before being fixed with 1% osmium tetroxide for 30 minutes. The samples were again 

washed three times with PBS and then dehydrated with increasing concentrations of ethanol, 

specifically 30%, 50%, 70%, 90%, and 100%. 1% hexamethyldisilazane (HMDS) (Sigma-Aldrich, 

379212) (>99% purity) was added as the terminal dehydrating agent for 30 minutes. The coverslips 

were carefully lifted to prevent adhesion to the plate surface during HMDS exposure. The samples 

were then removed from each well and placed onto a glass microscope slide for carbon coating and 

SEM analysis using a Zeiss MERLINTM field emission scanning microscope. Micrographs were 

obtained using the InLens at 1kV. A depiction of the methodology carried out in this study is 

contained in Figure 1.  
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Figure 1. Depiction of the methodology carried out in the present study. PPP samples, after exposing to 

thrombin and forming naïve fibrin networks, were subjected to TEG® analyses. The resulting pseudoserum was 

collected, and exposed to thrombin to confirm the depletion of fibrinogen. Next, pseudoserum samples were 

incubated with purified, exogenous fibrinogen obtained from healthy donors, and exposed to thrombin to form 

fibrin networks. Morphological analyses were conducted using light, fluorescence and scanning electron 

microscopy. 

Statistical Analysis  

All data were processed using GraphPad Prism (version 10.2.3). The Shapiro-Wilk test was used 

to test for normality. Statistical significance was determined using the Kruskall-Wallis test for 

nonparametric data, and the Brown-Forsythe and Welch tests for parametric data. Outliers were 

identified using the ROUT test with a Q value of 1%. Statistical significance was determined at p < 

0.05. Significance levels are indicated by asterisks (* = p < 0.05, ** = p < 0.01, *** = p < 0.001, and **** = 

p < 0.0001). Parametric data are presented as mean ± standard deviation (SD) and nonparametric data 

represented as median [range].  

RESULTS 

Thrombin-Induced PPP Fibrin Networks 

PPP samples were exposed to thrombin in order to assess naïve fibrin networks of participants 

(Figure 2). There are clear morphological distinctions between control and disease fibrin networks, 

with the latter showing enhanced density and disorganisation, dense granular regions, fibre 

thickness, and anomalous deposits. The control fibrin clots, in contrast, exhibit structural uniformity, 

almost lack regions of granular densities, and exhibit notable pore sizes and sparsely arranged 

networks.  
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Figure 2. Micrographs of PPP fibrin networks using light microscopy. All micrographs within a row represent 

different participants within a cohort. Images were obtained at 63X magnification using the brightfield mode of 

the Zeiss Axio Observer 7 microscope. 

Thromboelastography (TEG®) 

PPP samples were analysed with thromboelastography (Table 1) which assesses almost the 

entire coagulation cascade in context of clotting factors (without platelets), encompassing clotting 

kinetics and clot size and strength. Four of the six parameters – R, α-angle, maximum rate to 

thrombus generation (MRTG), and time to MRTG (TMRTG) – are informative of clotting kinetics, 

whereas maximum amplitude (MA) and total thrombus generation (TTG) refers to clot strength and 

amount generated, respectively. The only statistically significant differences that exist between 

groups are those involving the R and TMRTG parameters, where the T2DM and Long COVID groups 

both exhibited significant reductions in clotting times [25, 26]. These data emphasize greater clotting 

kinetics and highlight a degree of hypercoagulability within the disease groups, at least in the context 

of these two parameters. An outlier within each of the R and TMRTG assessments was removed from 

the analyses to prevent skewing of data, both from the T2DM group, therefore establishing a sample 

size of nine (n=9) for the T2DM cohort for these two parameters. TEG® analyses thus confirmed 

altered clotting kinetics in patient groups.  
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Table 1. Thromboelastography results of stored PPP samples. All parameters except maximum amplitude 

(MA) and total thrombus generation (TTG) pertain to clotting kinetics, while MA and TTG refers to clot strength 

and clot accumulated/formed, respectively. One outlier was identified and removed in the T2DM group for each 

the R and TMRTG parameters. Parametric data are presented as mean ± SD, and nonparametric data as median 

[range]. Statistical significance was set at p < 0.05. Significance levels are indicated by asterisks (* = p < 0.05, ** = 

p < 0.01, *** = p < 0.001, and **** = p < 0.0001). 

Parameter Control Long COVID  T2DM 
p-value (C vs 

LC) 

p-value (C vs 

T2DM) 

p-value (LC vs 

T2DM) 

R 19.10 [24.40] 11.70 [13.60] 13.40 [11.30] 0.01* 0.03* >0.99 

α-Angle 30.88 ± 16.48 43.53 ± 10.57 43.41 ± 14.57 0.12 0.22 >0.99 

MA 33.30 [32.80] 23.90 [30.40] 30.65 [19.90] 0.07 >0.99 0.19 

MRTG 5.00 [10.92] 5.01 [7.93] 7.40 [9.76] >0.99 0.36 0.98 

TMRTG 21.00 [29.34] 13.00 [14.75] 15.25 [13.09] 0.01* 0.03* >0.99 

TTG 399.30 [394.70] 286.00 [365.10] 367.80 [238.80] 0.07 >0.99 0.20 

Pseudoserum Exposed to Thrombin  

To confirm fibrinogen depletion, pseudoserum samples were exposed to thrombin. No fibrin 

networks formed (Figure 3), validating that endogenous fibrinogen has been all or mostly depleted. 

This validation step ensures that the fibrin networks formed in the following experiments where 

purified fibrinogen is exposed to pseudoserum are synthesized from exogenous, healthy fibrinogen 

and not endogenous, participant fibrinogen. This ensures effective comparison and experimental 

rigour when assessing how pseudoserum affects purified fibrinogen and resulting fibrin networks. 

It is important to state that although it appears that all or most of the fibrinogen has been depleted in 

the pseudoserum samples, there might still exist low levels of other clotting factors upstream in 

coagulation cascade. Indeed, the TEG® activates a variety of clotting factors in PPP samples, but it 

does not typically exhaust the clotting factor pool. Studies investigating other modes of fibrin 

synthesis where coagulation induction precedes thrombin-mediated conversion of fibrinogen to 

fibrin should keep this in mind. 

Additionally, some but not all of the aggregates in the collected pseudoserum samples stained 

positive with ThT, which likely represent fibrinaloid microclot complexes. It must be noted that the 

prevalence of these complexes is much less in pseudoserum samples than usually observed in PPP 

samples, in both modern control and disease populations [27-30]. The aggregates can also be 

remnants of fibrin from the TEG® experiments, other protein aggregates, and cellular debris. 

Although these aggregates are not the primary focus of this study, further investigation into their 

presence and impact in both pseudoserum and serum samples is warranted – particularly in disease 

states, due to the greater prevalence of these aggregates observed in the patient cohorts. 
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Figure 3. Micrographs of pseudoserum samples exposed to exogenous thrombin. The lack of fibrin networks 

indicates that all or most of the fibrinogen in PPP samples, i.e. endogenous fibrinogen, has been depleted in the 

TEG® experiments. The last column represents ThT-stained pseudoserum, shown as an overlay in the patient 

cohorts. Some but not all of the aggregates in pseudoserum stained positive with ThT. All micrographs within a 

row represent different participants in a cohort, and were obtained at 63X magnification using the Zeiss Axio 

Observer 7 fluorescence microscope. 

Fibrin Networks of Purified Fibrinogen Exposed to Pseudoserum 

In order to assess the effects that pseudoserum samples from healthy and diseased cohorts have 

on fibrin network structure, exogenous thrombin was exposed to purified fibrinogen incubated with 

pseudoserum. The resulting fibrin networks were visualized with light microscopy (Figure 4) and 

SEM (Figure 5). Control pseudoserum produced sparse, organised networks, while Long COVID and 

T2DM pseudoserum yielded dense, disorganised fibrin networks with anomalous aggregates and 

fibre-like strands. Scanning electron microscopy confirmed these ultrastructural abnormalities, 

emphasizing increased fibre density resulting from patient-derived pseudoserum. Direct comparison 

of fibrin networks formed from naïve PPP and purified fibrinogen exposed to pseudoserum showed 

similar pathological features in disease groups (Figure 6). This suggests that serum-derived factors 

are sufficient to reproduce many of the morphological and structural abnormalities seen in PPP fibrin 

networks, even in the absence of endogenous fibrinogen and platelets. This highlights that the state 

of naïve PPP fibrin networks can be somewhat mimicked by exposing pseudoserum to healthy, 

purified fibrinogen, thereby emphasizing the role of serum components (non-clotting factors) in 

fibrin formation. 

Fibrin networks were also stained with ThT to assess amyloid areas in fibres and also to 

determine if fibrinaloid microclot complexes are structurally associated or embedded within the 

fibrin networks. However, no signal was observed within fibrin fibres or networks. Hence it seems 

that pseudoserum exposure to purified fibrinogen did not result in noticeable amyloid or fibrinaloid 
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microclot complexes that are embedded in and structurally associated with the induced fibrin 

network. While no signal was observed within the fibrin network, there were some ThT-positive 

aggregates that appeared on top, under, and next to the networks, which we propose represent those 

already present in pseudoserum (Figure 3).  

 

Figure 4. Micrographs of thrombin-induced fibrin networks formed from purified fibrinogen exposed to 

pseudoserum samples using light microscopy. All micrographs within a row represent different participants 

within a cohort, and were obtained at 63X magnification using the brightfield mode of the Zeiss Axio Observer 

7 microscope. 
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Figure 5. Micrographs of thrombin-induced fibrin networks formed from purified fibrinogen exposed to 

pseudoserum samples using SEM. All micrographs within a row represent different participants within a cohort, 

and were obtained at 10000X magnification using the Zeiss MERLINTM field emission scanning microscope. 
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Figure 6. Micrographs of naïve PPP networks captured via light microscopy (column 1), and thrombin-induced 

fibrin networks formed from purified fibrinogen exposed to pseudoserum obtained by light (column 2) and 

scanning electron microscopy (column 3). All images within a row represent the same sample (PPP or 

pseudoserum), emphasizing naïve PPP fibrin network morphology and structure can be somewhat mimicked 

with pseudoserum and without endogenous fibrinogen. Light microscopy micrographs were obtained at 63X 

magnification and SEM micrographs at 5000X magnification. 

DISCUSSION 

Coagulation is traditionally viewed as a process driven by platelets, endothelial cells, and 

clotting factors. However, a growing body of evidence shows that other plasma constituents, 

including inflammatory mediators, acute-phase proteins, hormones, and metabolic by-products, can 

also influence fibrin polymerisation and network architecture [12, 15, 16, 19, 21, 22, 31, 32]. Despite 

these insights, the composite effect of serum as a whole on fibrin structure has remained 

underexplored. This study therefore investigated the impact of pseudoserum, or clotting factor–

depleted plasma, obtained following TEG® analysis, on fibrin networks formed from purified 

fibrinogen. 
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Our results here demonstrate that pseudoserum can significantly influence fibrin formation, 

network morphology, and ultrastructure. Purified fibrinogen exposed to pseudoserum from T2DM 

and Long COVID patients produced dense, disorganised fibrin networks with anomalous 

aggregates, closely resembling the abnormalities observed in naïve PPP fibrin clots from the same 

cohorts (Figures 2, 4, 5 & 6). The SEM analysis revealed comparatively significant ultrastructural 

characteristics, particularly notable fibrin density resulting from patient pseudoserum. In contrast, 

control pseudoserum yielded sparse, well-organised networks. Building on previous research, this 

study is among the first to examine pseudoserum as a composite milieu acting on fibrinogen and 

fibrin networks, extending previous molecule-specific studies to a systems-level perspective [33-36]. 

The mechanisms underlying these effects are likely multifactorial. Metabolic control analysis 

indicates that the flux through any biochemical pathway can be altered by any and all of the 

molecules that are present [37-39], and so it is to be expected that molecular clotting pathways can 

equally be so influenced. In this sense the clotting process can be seen as an integrator of plasma 

biochemistry. Proinflammatory cytokines such as IL-1β, IL-6, and IL-8 [15, 40, 41], hormonal factors 

including estradiol [19, 20, 22], and post-translational modifications of fibrinogen such as oxidation, 

glycation, and citrullination [21, 31, 32], have all been implicated in altering clotting kinetics, fibrin 

structure, and fibrinolytic susceptibility. In this particular study, pseudoserum may be expected to 

exert its effects at several levels, for instance by directly modifying fibrinogen conformation, by 

influencing thrombin-mediated cleavage, and/or by influencing crosslinking by Factor XIII. 

Disentangling these pathways will require targeted mechanistic studies of these dynamic divisions 

of fibrin formation.  

Additionally, exposing pseudoserum to purified fibrinogen did not result in the formation of 

ThT-positive aggregates incorporated within fibrin networks. Instead, the aggregates already present 

in pseudoserum appeared excluded from further fibrin polymerization, even in the presence of 

exogenous fibrinogen and thrombin (Figure 3). Although this was evident from microscopy imaging, 

additional molecular-level experimentation will be needed to clarify the mechanisms underlying this 

exclusion. It is also notable that many aggregates in pseudoserum did not stain with ThT, suggesting 

the presence of a distinct non-amyloid fraction that still appears more prevalent in disease groups. 

Our earlier work, prior to 2019, using SEM, demonstrated that when thrombin was added to 

plasma from patients with inflammatory conditions like T2DM, rheumatoid arthritis, Parkinson’s 

and Alzheimer’s disease, fibrin networks formed dense matted deposits [42-45]. The same 

phenomenon was seen when LPS, LTA, and spike protein were added to either purified fibrinogen 

or plasma from healthy individuals [46, 47]. When ThT was added to plasma prior to the addition of 

thrombin, we also observed amyloid deposits by fluorescence microscopy, although at that stage we 

did not establish that the amyloid signal was structurally integrated within the dense matted deposits 

themselves. In addition, In 2020, we reported that even without thrombin circulating deposits that 

bound ThT could be observed [30], suggesting spontaneous amyloidogenic activity. Here, in our 

pseudoserum study, we found that fibres formed by adding patient pseudoserum to purified 

fibrinogen retained a dense matted appearance, but these structures did not stain with ThT and were 

therefore not amyloid. This distinction suggests that some amyloid deposits represent insoluble 

fibrinogen that has misfolded into amyloid and become associated with pathological cellular debris 

and neutrophil extracellular traps (NETs), forming what we now define as fibrinaloid microclot 

complexes. In contrast, residual soluble fibrinogen in circulation may still polymerize into dense 

matted fibrin fibres that are structurally abnormal but not amyloid. Together, these findings reveal 

two distinct but co-existing pathological processes: (1) pre-formed amyloidogenic deposits in 

circulation, and (2) soluble fibrinogen that polymerizes into non-amyloid dense matted fibrin fibres. 

By showing that patient pseudoserum can reproduce PPP fibrin abnormalities in the absence of 

endogenous fibrinogen, our findings strengthen the concept that non-clotting molecules in plasma 

are nonetheless powerful modulators of coagulation. This aligns with reports linking inflammatory 

mediators, acute-phase reactants, and metabolic products to dysregulated fibrin formation and 

reduced fibrinolysis, but extends these insights to a systems-level perspective. Importantly, this line 
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of research highlights pseudoserum and other clotting factor-depleted fractions as valuable tools to 

identify novel serum-derived biomarkers and to improve risk stratification for coagulation disorders 

across diverse patient groups. While serum may only serve as a secondary point of assessment, 

complementing established measures such as clotting factors and D-dimer, it nonetheless offers a 

unique window into how circulating molecules outside the classical clotting cascade can shape fibrin 

architecture. 

CONCLUSION AND FUTURE DIRECTIONS 

Here, we show that pseudoserum obtained post TEG® analysis of PPP from two disease 

populations – Long COVID and T2DM – that was then exposed to purified fibrinogen results in 

noticeable and aberrant fibrin characteristics, and that similar fibrin abnormalities exist in naïve PPP 

samples exposed to thrombin. The ability of pseudoserum to drive these changes, despite the absence 

of fibrinogen and other clotting factors, emphasizes that soluble molecules retained in pseudoserum 

can modulate the coagulation process.  

Future studies should broaden the scope of this assessment by including additional disease 

populations, particularly those with known or suspected coagulopathies. Comparative analyses 

across diverse patient cohorts may help uncover shared or unique serum-derived influences on fibrin 

networks, and could lead to the characterization of serum biomarkers associated with coagulopathy. 

Deriving further serum sub-fractions, such as exosome-depleted, immunoglobulin-depleted, lipid-

depleted, or protein-specific isolates, or even individual metabolites and drugs, may help identify the 

components in question. Additionally, assessing fibrinolysis in this context of pseudoserum/serum-

exposed fibrinogen is also of interest, to determine if serum can also influence fibrinolytic resistance.  

Together, these data reposition pseudoserum and other clotting-factor–depleted fractions as a 

practical model to study serum-driven influences on fibrin architecture, expanding the biology of 

fibrin modulation and flagging serum-based assays as promising adjunct diagnostic and prognostic 

tools for coagulopathies.  
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