
Citation: Abudouleh, E.; Alhamlan,

F.; Al-Qahtani, A.A.; Bohol, M.F.; Al

Hazzani, A.; Khorfan, K.; Alkaff, M.;

Owaidah, T.; Al-Qahtani, A.A.

Changes in the Fibrinolytic System of

Patients Infected with Severe Acute

Respiratory Syndrome Coronavirus 2.

J. Clin. Med. 2023, 12, 5223. https://

doi.org/10.3390/jcm12165223

Academic Editor: Peter Markus

Spieth

Received: 21 May 2023

Revised: 15 June 2023

Accepted: 27 June 2023

Published: 10 August 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Changes in the Fibrinolytic System of Patients Infected with
Severe Acute Respiratory Syndrome Coronavirus 2
Esra’a Abudouleh 1 , Fatimah Alhamlan 2,3 , Arwa A. Al-Qahtani 4, Marie Fe Bohol 2 , Amal Al Hazzani 1,
Khadija Khorfan 5, Morad Alkaff 5, Tarek Owaidah 5,6,* and Ahmed A. Al-Qahtani 2,3,*

1 Department of Botany and Microbiology, College of Science, King Saud University,
Riyadh 11451, Saudi Arabia; eabudouleh@ksu.edu.sa (E.A.); alhazzani@ksu.edu.sa (A.A.H.)

2 Department of Infection and Immunity, Research Centre, King Faisal Specialist Hospital & Research Centre,
Riyadh 11211, Saudi Arabia; falhamlan@kfshrc.edu.sa (F.A.); mbohol@kfshrc.edu.sa (M.F.B.)

3 Department of Microbiology and Immunology, College of Medicine, Alfaisal University,
Riyadh 11533, Saudi Arabia

4 Department of Family Medicine, College of Medicine, Al-Imam Mohammad Ibn Saud Islamic University,
Riyadh 13317, Saudi Arabia; arahalqahtani@imamu.edu.sa

5 Department of Pathology and Laboratory Medicine, King Faisal Specialist Hospital and Research Center,
Riyadh 11211, Saudi Arabia; kinda84@hotmail.com (K.K.); kaff@kfshrc.edu.sa (M.A.)

6 Department of Pathology, College of Medicine, Alfaisal University, Riyadh 11533, Saudi Arabia
* Correspondence: towaidah@kfshrc.edu.sa (T.O.); aqahtani@kfshrc.edu.sa (A.A.A.-Q.)

Abstract: Introduction: In this study, coagulation and fibrinolysis parameters and their association
with disease severity were investigated in coronavirus disease (COVID-19) patients. Materials and
Methods: COVID-19 patients (n = 446) admitted to our institute between 21 February 2021 and
17 March 2022, were recruited. Clinical data and staging were collected from all patients. Blood
samples were collected and analyzed for several parameters of fibrinolysis and coagulation, including
alpha-2-antiplasmin(α2AP) and plasminogen, thrombin activatable fibrinolysis inhibitor (TAFI),
tissue plasminogen activator (tPA), plasminogen activator inhibitor-1 (PAI-1), D-dimer, and fibrinogen
levels. Results: The TAFI, fibrinogen, and tPA levels were significantly higher in participants who
died compared to that of patients who recovered (p < 0.001). However, PAI-1, tPA, and TAFI were
significantly higher in patients admitted to the ICU than those of the healthy controls (p < 0.001
for PAI-1 and tPA; p = 0.0331 for TAFI). Our results showed that stage C and D COVID-19 patients
had significantly higher levels of PAI-1 (p = 0.003). Furthermore, stage D COVID-19 patients had
significantly higher tPA and TAFI values (p = 0.003). Conclusions: Hypofibrinolysis was the most
prevalent condition among patients with severe COVID-19. In this study, several coagulation markers
were elevated, making them suitable prognostic markers for hypofibrinolysis.

Keywords: coagulation; coronavirus disease; thrombin activatable fibrinolysis inhibitor; plasminogen
activator inhibitor; tissue plasminogen activator

1. Introduction

Coronavirus disease 2019 (COVID-19) is a highly infectious respiratory illness caused
by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The first case of
COVID-19 was reported in Wuhan, China in December 2019. However, the virus has
spread to become a global pandemic [1]. As of January 2023, the COVID-19 pandemic has
affected >120 million people worldwide, with >2.6 million deaths reported. The symptoms
of COVID-19 range from mild to severe [2].

Fibrinolysis is a complex physiological process that involves the degradation of in-
soluble fibrin. Under normal physiological conditions, the fibrinolytic components of
the body are maintained in a state of balance between pro-fibrinolytic (activation) and
anti-fibrinolytic (inhibition) factors [3]. However, in certain diseases, such as respiratory
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diseases, cancer, and sepsis, the pathophysiology involves an altered fibrinolytic balance
that leads to hypofibrinolysis (thrombosis) or hyperfibrinolysis (bleeding) [4].

A key mechanism involved in the progression of respiratory diseases is the activation
of fibrinolysis. In these diseases, there is an increase in the release of fibrinolytic enzymes,
such as plasmin, which break down blood clots formed in the lungs [5]. Excessive fibrinoly-
sis can contribute to disease progression by increasing the permeability of the lung vessels,
leading to fluid accumulation in the lungs and a further reduction in oxygen exchange [6].

SARS-CoV-2 can activate the fibrinolytic system, leading to excessive degradation of
blood clots in infected individuals [7–9]. The mechanism by which SARS-CoV-2 induces
fibrinolysis is not fully understood, but it is believed to involve the activation of the
coagulation and fibrinolytic pathways in response to the virus [10]. The virus activates
the immune system, leading to the excessive release of pro-inflammatory cytokines and
increased activation of the coagulation system. This can lead to excessive activation
of the fibrinolytic system. Additionally, SARS-CoV-2 infects cells that play a role in the
regulation of fibrinolysis, such as blood platelets and epithelial cells of blood vessels, further
contributing to the activation of fibrinolysis [11]. The virus can induce a hypercoagulable
state, leading to an increase in thrombotic events and a decrease in fibrinolysis [12,13].

This report describes the correlation between the severity and progression of the dis-
ease caused by SARS-CoV-2 and changes in factors that regulate fibrinolysis. Our findings
may contribute to the understanding of fibrinolytic changes and aid in the development of
effective therapies.

2. Materials and Methods
2.1. Study Design and Participants

This study included 446 COVID-19 patients admitted to the King Faisal Hospital and
Research Center (KFSHRC), Riyadh, Saudi Arabia between 2021 and 2022. The age of
the patients ranged between 8 days and 96 years (median: 54.9 years). The percentage of
children included in this study was 5.1% (n = 23). Diagnosis of SARS-CoV-2 was confirmed
according to the World Health Organization guidelines, nasopharyngeal swabs with reverse
transcriptase real-time polymerase chain reaction (RT-PCR) for SARS-CoV-2 were used to
confirm the diagnosis of COVID-19 in all patients. According to our hospital’s guidelines
for the management of COVID-19 patients, thromboprophylaxis (with unfractionated
heparin or low-molecular-weight heparin) was administered to all adult patients and 50%
of pediatric patients on the same day of hospital admission or two days later [14].

2.2. Blood Sample Collection

Blood samples were collected from patients hospitalized for up to 14 days on the third,
seventh, and fourteenth day of admission. Blood samples were drawn into tubes containing
10 mL of ethylenediaminetetraacetic acid (EDTA), citrated blood (3.2%), and serum. All
citrated samples were centrifuged within 2 h of sample collection and divided into aliquots
to test for several coagulation markers at the time of hospital admission, whereas other
aliquots were immediately stored at −80 ◦C until testing for fibrinolytic parameters.

2.3. Laboratory Analysis

Coagulation tests, including D-dimer, fibrinogen, prothrombin time, international
normalized ratio (INR), and activated partial thromboplastin time (aPTT) were performed
on the citrated samples using STAR Max® (Diagnostica Stago, Marseille, France). Platelet
counts from the EDTA samples was assessed using automated SYSMEX XN-10 (Sysmex
Corporation, Kobe, Japan) equipment. Serum creatinine, triglyceride, and C-reactive
protein (CRP) levels were measured using an automated chemistry analyzer (COBAS 601;
Roche Diagnostics, Basel, Switzerland), according to the manufacturer’s instructions. An
enzyme-linked immunosorbent assay with colorimetric output was performed to measure
the plasma concentrations of PAI-1 (Asserachrome #00949), Activated and inactivated TAFI
(Asserachrome #00616), and tPA (Asserachrome #00948). A colorimetric (STA-Stachrom)
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assay was used to measure plasminogen (Stachrom #00658) and α2AP (Stachrom #00659)
levels, according to the manufacturer’s instructions. Normal values were determined in a
control population, which comprised 40 healthy adult volunteers with no clinical evidence
of viral infection and a negative RT-PCR test for COVID-19 within five days of sample
collection. Patients with a history of systemic autoimmune disease, current infection, or
pregnancy were excluded.

2.4. Clinical Data Collection

The hospital system’s electronic patient medical file was accessed to gather infor-
mation about the patient’s demographics, COVID-19 stage, specifics of their symptoms,
prophylaxis, and outcome throughout their stay in the hospital. All patients were clinically
classified into those with disease stages A–D (Table 1). All patients with a confirmed
diagnosis of COVID-19 by PCR were included. COVID-19 patients discharged after 24 h or
those who were unable to provide samples for the assessment of fibrinolytic parameters
were excluded.

Table 1. Patients to assess disease severity.

Stage Type of Infection Symptoms ICU Admission

A Asymptomatic No symptoms Not required

B Mild Infection
URT symptoms
Other minor symptoms (including
fever and GTI)

Not required

C Moderate Infection

Dyspnea
Hypoxia
Oxygen saturation <93%
Absences or if pneumonia is present

Not required

D Severe Infection

Pneumonia or either of the
following:
PaO2/FiO2 < 300.
Respiratory rate of 30 breaths/min.
>50% lung involvement on imaging
within 24–48 h.
Critical respiratory failure requiring
mechanical ventilation, septic shock,
and/or multi-organ dysfunction.

Required

URT, upper respiratory tract; GTI, gastrointestinal infections; PaO2, partial pressure of oxygen in arterial blood;
FiO2, fraction of inspired oxygen; ICU, intensive care unit.

2.5. Statistical Analysis

Statistical analyses were performed using GraphPad Prism Version 9. When there
were two groups, skewed data were examined using the Mann–Whitney U test, while
normally distributed data were analyzed using a two-sided t-test. One-way analysis of
variance or the Kruskal–Wallis test with multiple comparison correction was used for
analyses of three or more groups. The Shapiro–Wilk test was used to determine normality.
Each p-value had two tails, and significance was defined as p value of < 0.05. The plasma
levels of the biomarkers examined were presented as population medians, together with
either the 95% confidence interval (CI) or interquartile range (IQR). A multivariate logistic
regression analysis was conducted to investigate the association between several variables
and the occurrence of thrombosis and the probability of death.

3. Results
3.1. Demographic and Clinical Results

COVID-19 stage C (n = 244, 54.6%) was the most prevalent, followed by stages B
(n = 108, 24.3%), D (n = 55, 12.4%), and A (n = 39, 8.8%). Table 2 illustrates the demographic,
clinical, and laboratory results of the COVID-19 patients.
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Table 2. Demographic and clinical data of COVID-19 patients.

Demographic Data

Number 446

Age * 55 ± 19 8D-96Y

Sex
Male 226 50.7%

Female 220 49.3%

BMI * 28.37 ± 7.7 8.8–69.4

Clinical data

COVID-19 Staging

A 39 8.8%

B 108 24.3%

C 244 54.6%

D 55 12.4%

Comorbidities

Yes 408 91.47%

No 38 8.53%

Types of comorbidities

Bronchial asthma 29 7.11%

Cancer 55 13.49%

Hypothyroidism 36 8.82%

Heart disease 17 4.17%

Liver disease 48 11.76%

Pneumonia 34 8.33%

Renal disease 100 24.50%

Smoker 6 1.47%

Other 83 20.34%

Respiratory status

O2 high flow 174 39%

Ventilator 94 21%

CPAP 8 1.8%

Thrombosis

Arterial thrombosis 4 22.23%

Venous thrombosis 14 77.77%

No. of Vaccines received

Three doses 24 5.4.%

Two doses 101 22.6%

One dose 26 5.8%

No 295 66.2%

Final outcomes

Dead 55 12.33%

Recovery 373 83.63%

Thrombosis 18 4.04%
BMI, body mass index; CPAP, continuous positive airway pressure. * Mean ± standard deviation (range).
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3.2. Laboratory Results

Selected laboratory results for the COVID-19 patients are presented in Table 3. Markedly
elevated D-dimer and fibrinogen levels were more frequently observed in ICU patients than
that among non-ICU patients (D-dimer median: 1.75; IQR, 0.5 to >20 µg/mL, p = 0.015 and
fibrinogen median: 5.04; IQR, 0.65–9.71 g/L, p < 0.001). It was also found that aPTT, platelet
count, and INR did not differ between the ICU and non-ICU patients. In the ICU patients,
CRP levels and serum creatinine were significantly higher than that of the non-ICU patients
(p < 0.001 in both).

Table 3. Laboratory results of COVID-19 patients.

All (n = 446) ICU (n = 209) Non-ICU (n = 237)

Variable References Range Median IQR Median IQR Median IQR p Value

Platelets count (109/L) 150–450 207 9–878 209 13–878 202 9–827 0.818
INR 0.8–1.10 1.1 0.2–21 1.1 0.8–4.3 1.1 0.90–21 0.354

PT (s) 10–14 14.9 11.6–72.6 14.9 11.60–17.38 15.1 11.80–16.90 0.498
aPTT (s) 26–40 38.75 26.3–150 38.75 26.3–150 38.75 26.30–109.6 0.597

D-dimer (µg/mL) >0.5 1.16 0.27 to >20 1.75 0.5 to >20 1.15 0.27 to >20 0.015
Fibrinogen (g/L) 1.4–4.40 4.8 0.65–9.71 5.04 0.65–9.71 4.5 0.8–8.730 <0.001

CRP (mg/dL) <0.9 49.1 0.3–559 69.2 0.4–559 34 0.3–292.3 <0.001
Serum creatinine

(mg/dL)
M (0.7–1.3)
F (0.6–1.1)

1 0.84–35 2.1 1.40–35 1 0.84–13 <0.001

Triglyceride (mg/dL) <1.7 1.26 0.94–9.90 1.34 0.47–9.90 1.15 0.43–7.08 0.169

On the same day that plasma samples were taken, laboratory tests were performed. INR, international normalized
ratio; PT, prothrombin time; aPTT, partial thromboplastin time; CRP, C-reactive protein; ICU, intensive care unit;
IQR, interquartile range. Significant differences (p < 0.05) are in bold.

3.3. Classification of the Fibrinolytic System Based on Coagulation Markers (Hypofibrinolysis
and Hyperfibrinolysis)

To assess the changes in the fibrinolytic system, we measured α2AP, plasminogen,
TAFI, tPA, PAI-1, D-dimer, and fibrinogen levels in all the COVID-19 patients. No specific
coagulation markers could be used to predict changes in the fibrinolytic system. A combination
of these markers was used to predict changes in the fibrinolytic system. As mentioned in the
literature [4,15–17], during hyperfibrinolysis, the activating factors of the fibrinolysis system
(tPA, plasminogen, and D-dimer) increase, while the inhibitory factors (PAI-1, TAFI, α2AP,
fibrinogen, and D-dimer) decrease, leading to an increase in bleeding complications.

The patients were classified as having hyperfibrinolysis, hypofibrinolysis, normal
(no change in coagulation markers), or unclassified (patients that could not meet either
criterion). Using a combination of seven coagulation markers, we found a prevalence of
suspected hypofibrinolysis and hyperfibrinolysis of only 1.29% and 0.86%, respectively, in
all the COVID-19 patient cohorts. We used new combinations of these two coagulation
markers to better understand these changes. A combination of elevated levels of PAI-1and
low levels of plasminogen was reported in 23.60% of the hypofibrinolysis patients, while
hyperfibrinolysis was reported in 14.59% of the patients, with an increase and decrease in
the α2AP and tPA levels, thereby making them more suitable candidates for predicting
hyperfibrinolysis in COVID-19 patients; this is illustrated in Table 4.

Table 4. Classification of the fibrinolytic system based on coagulation markers (hypofibrinolysis
and hyperfibrinolysis).

Patient or Subject
Classification

% Patients Showing All
Coagulation Markers *

% Patients Showing
PAI-1/TAFI/tPA

% Patients Showing
PAI-1/PLG

% Patients Showing
PAI-1/PLG/TAFI

% Patients Showing
tPA/α2AP

n = 233 p Value n = 233 p Value n = 233 p Value n = 233 p Value n = 233 p Value

Hypofibrinolysis 1.29% 0.007 3% 0.013 23.60% <0.001 10.73% 0.001 1.29% 0.100

Hyperfibrinolysis 0.86% <0.001 2.15% 0.003 1.29% 0.100 1.29% 0.051 14.59% <0.001
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Table 4. Cont.

Patient or Subject
Classification

% Patients Showing All
Coagulation Markers *

% Patients Showing
PAI-1/TAFI/tPA

% Patients Showing
PAI-1/PLG

% Patients Showing
PAI-1/PLG/TAFI

% Patients Showing
tPA/α2AP

n = 233 p Value n = 233 p Value n = 233 p Value n = 233 p Value n = 233 p Value

Normal 0.42% <0.001 5.58% <0.001 7.73% <0.001 6.44% <0.001 29.61% <0.001

Unclassified
(COVID-19 changes)

97.43 <0.001 89.27% <0.001 67.38% <0.001 81.55% <0.001 54.51% <0.001

* Coagulation markers include α2-antiplasmin (α2AP), plasminogen (PLG), thrombin activatable fibrinolysis
inhibitor (TAFI), tissue plasminogen activator (tPA), plasminogen activator inhibitor-1 (PAI-1), D dimer, and
fibrinogen.

3.4. Association between Plasma Levels of Coagulation Markers and Clinical Outcomes in
COVID-19 Patients

We assessed the levels of fibrinolytic markers, such as α2AP, plasminogen, PAI-1, tPA,
and TAFI, in COVID-19 patients. The plasma levels of α2AP and plasminogen were signif-
icantly higher in recovery patients than those in deceased patients (p = 0.025 and p < 0.001,
respectively) (Figure 1A,B). The plasma levels of tPA and TAFI were significantly higher in the
deceased patients than those of patients who recovered (p < 0.001) (Figure 1D,E), suggesting
both parameters when elevated are likely associated with the cause of mortality. However,
PAI-1 levels were similar in both patient groups (p = 0.243) (Figure 1C).
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Figure 1. Plasma levels of different coagulation factors in COVID-19 patients. Plasma was isolated
from patients who had died due to COVID-19 and those recovering from the disease (A–E). Patients
with thrombosis and those without thrombosis were isolated for α2AP, plasminogen, PAI-1, tPA, and
TAFI (F–J) tests. Groups were compared by using Mann–Whitney test, while normally distributed
data were studied using a two-sided t-test. Levels of the coagulation factors and p values are shown
in each panel. The dotted lines represent the upper limit of the normal range for the plasma level of
all the coagulation markers. Data are represented as medians with 95% CI of n = 36 (dead patients),
n = 197 (recovery patients), n = 22 (thrombosis patients), and n = 211 (no thrombosis).

We assessed the levels of the aforementioned coagulation factors in patients with and
without thrombosis. Our findings showed that there were no significant differences in the
plasma levels of α2AP and plasminogen between the patients who developed thrombosis
and those who did not (p = 0.169 and p = 0.057, respectively) (Figure 1F,G). In contrast,
there were significantly higher levels of PAI-1, tPa, and TAFI in the thrombosis patients
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than those in patients without evidence of thrombosis (p = 0.005, p = 0.048, and p < 0.001,
respectively) (Figure 1H–J).

3.5. Coagulation Biomarkers in ICU and Non-ICU COVID-19 Patients

Our findings revealed no significant difference in the levels of α2AP between all the
patient groups. However, the plasma levels of plasminogen at 38.35% were significantly
lower in the ICU and non-ICU patients than that in the healthy control group (p < 0.001 and
p = 0.004, respectively) (Figure 2B). Furthermore, in comparison with the healthy control
group, there was a significant increase in plasma levels of PAI-1, tPA, and TAFI in the
ICU patients when compared to the healthy control group (p < 0.001 for PAI-1 and tPA;
p = 0.0331 for TAFI) (Figure 2C–E). Additionally, in comparison to the healthy controls,
there was a significant increase in the plasma levels of tPA and TAFI (p < 0.001), while the
non-ICU patients had significantly lower levels of tPA and TAFI when compared with the
ICU patients (p < 0.001), suggesting that both tPA and TAFI levels may be associated with
disease severity (Figure 2D,E).
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Figure 2. Coagulation parameters in ICU and non-ICU COVID-19 patients. Plasma isolated from
blood samples of healthy individuals and COVID-19 patients either admitted or not admitted to the
ICU were assessed for α2AP (A), plasminogen (B), PAI-1(C), tPA (D), and TAFI (E) were compared
using the Kruskal–Wallis test. Levels of the aforementioned coagulation factors and p values are
shown in each panel. The dotted lines represent the upper limit of the normal range for the plasma
levels of all the coagulation markers. Data are represented as medians with 95% CI of n = 130 (ICU),
n = 103 (non-ICU), n = 40 (healthy control).

3.6. Association between Plasma Levels of Coagulation Markers and COVID-19 Staging

Our results showed that the patients in stages C and D of COVID-19 had significantly
higher levels of PAI-1 and TAFI than those in stages A and B of the disease (p = 0.003
and p = 0.002, respectively) (Figure 3A,E). Additionally, the patients in stage D also had
significantly higher levels of tPA and TAFI than the patients in stage C of the disease (p = 0.003
and p = 0.021, respectively) (Figure 2B,E), and significantly higher levels of tPA than the
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patients in stages A and B of the disease (p < 0.001) (Figure 3C). These data suggest an
association between plasma levels of coagulation factors and disease stage.
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3.7. Multivariate Logistic Analysis between Thrombosis and Non-Thrombosis Patients

Multivariate logistic regression analysis was conducted to investigate the association
between several variables and the occurrence of thrombosis. The results showed that four
of the eleven variables examined were statistically significant predictors of thrombosis. The
odds of thrombosis increased by 17.4% for each unit increase in D-dimer levels (odds ratio
(OR) = 1.174, 95% CI: 1.054–1.313, p = 0.003). Conversely, the odds of thrombosis decreased by
39.4% for each unit increase in fibrinogen level (OR = 0.6063, 95% CI: 0.3795–0.9295, p = 0.027).
Two other variables, TAFI and PAI-1, were significant predictors of thrombosis. The odds
of thrombosis increased by 1.4% for each unit increase in TAFI levels (OR = 1.014, 95% CI:
1.001–1.027, p = 0.032) and by 2.4% for each unit increase in PAI-1 levels (OR = 1.024, 95% CI:
1.002–1.049, p = 0.043) (Table S1).

3.8. Multivariate Logistic Analysis among Dead and Recovery

Table S2 presents the results of the multivariate logistic analysis conducted to as-
sess the relationship between several variables and the likelihood of mortality risk. As
shown in Table 2, plasminogen was negatively associated with thrombosis (OR = 0.96,
95% CI = 0.94–0.99, p = 0.011), indicating that higher levels of plasminogen were associated
with a lower risk of dying. In contrast, TAFI (OR = 1.01, 95% CI = 1.00–1.02, p = 0.006) and tPA
(OR = 1.03, 95% CI = 1.01–1.06, p = 0.006) were positively associated with dying, indicating
that higher levels of these variables were associated with a higher risk of thrombosis.

4. Discussion

In this study, we investigated the association between coagulation markers (α2AP,
plasminogen, TAFI, tPA, PAI-1, D-dimer, and fibrinogen) and various changes in the
fibrinolytic system in a cohort of COVID-19 patients, as well as the severity of the disease
based on disease stage and whether these patients were admitted to the ICU. The COVID-19
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patients revealed changes in the levels of these markers, which may indicate changes in the
fibrinolytic system [18,19].

During hyperfibrinolysis, the fibrinolysis activating factors (tPA, plasminogen, and
D-dimer) increase while the inhibitory factors (PAI-1, TAFI, 2AP, and fibrinogen) decrease,
increasing bleeding and associated complications [4,15,17]. While COVID-19 patients may
not routinely present with either hypofibrinolysis or hyperfibrinolysis, using default criteria
for predicting changes in fibrinolysis, we found a prevalence of suspected hypofibrinolysis
and hyperfibrinolysis in only 1.29% and 0.86%, respectively, in all COVID-19 patients’
cohort. Hypofibrinolysis, or impaired fibrinolysis, is characterized by reduced fibrinolytic
activity and increased clot stability. Elevated levels of PAI-1 and TAFI have been observed
in COVID-19 patients, which can lead to reduced fibrinolysis and an increased risk of
thrombotic events [19,20]. In contrast, decreased levels of tPA have been reported in COVID-
19 patients, which can also contribute to impaired fibrinolysis [20]. Furthermore, low
plasminogen levels were reported in 38.35% of patients admitted into the ICU and deceased
patients and this was also associated with disease severity. Della et al. (2021) reported a low
level of plasminogen increases the risk of mortality in COVID-19 patients [21]. On the other
hand, hyperfibrinolysis, or excessive fibrinolysis, is characterized by increased fibrinolytic
activity and clot breakdown. Elevated levels of D-dimer, a fibrin degradation product and
marker of fibrinolysis, have been observed in COVID-19 patients, particularly in those with
severe disease [19,22]. Fibrinogen is an acute-phase reactant protein, its increased level in
our study indicates inflammation rather than consumption [23]. This may explain why we
found an elevated level of PAI-1 and TAFI, especially in the patients that were admitted
into the ICU.

On the contrary, we also reported a significant increase in the tPA levels in COVID-19
patients. These findings are also in agreement with the finding so previous studies. For
example, a study by Panigada et al. (2020) found that COVID-19 patients had significantly
higher levels of D-dimer, a marker of fibrinolysis, compared to healthy controls [24]. The
study also found that the levels of tPA were significantly elevated in COVID-19 patients,
suggesting increased activation of the fibrinolysis system. However, the levels of PAI-1,
which inhibits fibrinolysis, were also elevated. Similarly, findings of elevated PAI-1 and
tPA have been reported in other studies [22,25,26], indicating that the fibrinolysis system
may be compromised in COVID-19 patients [25,27]. Taken together, these findings suggest
that COVID-19 patients have specific changes in coagulation markers that may help us to
predict changes in the fibrinolysis system and also understand the changes.

Numerous studies have reported an elevated risk of thrombotic events, particularly in
severe cases that require hospitalization [28,29]. However, COVID-19 is associated with an
increased risk of venous and arterial thrombosis. Pulmonary embolism has been reported
in up to 31% of hospitalized COVID-19 patients, with higher rates observed in critically
ill patients [30,31]. This is thought to be due to the complex interplay of factors, including
inflammation, endothelial dysfunction, and alterations in coagulation and fibrinolysis [32].
In our cohort, hypofibrinolysis was observed in 22 of 446 (4.9%) COVID-19 patients, with
more cases of hypofibrinolysis than hyperfibrinolysis. A similar study reported a lower
incidence of thrombosis in 1.9% of COVID-19 patients [14]. However, this finding may be
due to the administration of prophylactic anticoagulants earlier in the course of the disease.

In this study, arterial thrombosis was reported in 22.72% of the patients, whereas
77.27% had venous thrombosis. Deep vein thrombosis and pulmonary embolism were
observed in 2/22 (9%) patients admitted to the ICU, and this was associated with COVID-
19-related death. One of the children (13 years old) had a brain stroke with a high PAI-1
and low platelets. However, the patient did not receive prophylactic anticoagulants.

One trend observed in this study was a correlation between disease severity and the
occurrence of thrombotic events. We found a higher incidence of thrombosis, amounting to
13/22 (59%) in males, 18 (80%) in the elderly, 15/22 (68%) in patients admitted to the ICU,
and 20/22 (90%) in stages D and C COVID-19 patients. Our findings are consistent with
the theory that men and older adults have a higher incidence of thrombosis [33].
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All confirmed cases of thrombosis showed elevated levels of PAI-1, tPA, and TAFI, and
low plasminogen levels. This is indicative of dysregulation of the fibrinolytic system, with
a concomitant relationship between elevated levels of PAI-1, tPA, TAFI, and plasminogen
hypofibrinolysis changes. These changes may have occurred because these patients were
critically ill [30,31], suggesting that the occurrence of venous thromboembolism may be a
prognostic factor for disease outcomes in critically ill patients, which can be monitored by
elevated PAI-1, tPA, and TAFI levels.

Additionally, elevated levels of PAI-1 and TAFI have been reported in 88% and 45%
of COVID-19 patients, respectively. This is in agreement with other studies that reported
elevated plasma levels of TAFI and PAI-1, which are associated with the risk of thrombotic
events [34,35]. Furthermore, low plasminogen levels were reported in 41.4% of patients
admitted to the ICU and in deceased patients and were also associated with disease
severity. Della et al. [21] reported that low plasminogen levels increase the risk of mortality
in COVID-19 patients. Taken together, these findings suggest that COVID-19 patients have
specific changes in coagulation markers that may help us predict and understand changes
in the fibrinolytic system.

This study also found that the levels of coagulation markers were significantly elevated
in COVID-19 patients; however, the levels of PAI-1, which inhibits fibrinolysis, were also
elevated. Similarly, elevated PAI-1 and tPA levels have been reported in other studies [22,25,26],
indicating that the fibrinolytic system may be compromised in COVID-19 patients [26,27].

The multivariate logistic analysis showed that D-dimer, fibrinogen, TAFI, and PAI-1
were significant predictors of thrombosis, while plasminogen and α2AP were not found
to be significant predictors. These findings are consistent with previous studies that have
identified D-dimer, fibrinogen, and PAI-1 as being higher in thrombosis patients [36,37].

Previous studies have shown that coagulopathy is a common finding in severe
COVID-19, and that several biomarkers, such as D-dimer, fibrinogen, and platelet count,
are associated with disease severity and mortality [38,39]. Our multivariate logistic analysis
showed several of these biomarkers were associated with death or recovery in COVID-19
patients, further highlighting the importance of these parameters such as D-dimer, and
fibrinogen levels as biomarkers of disease severity and even convalescence in COVID-19.

The results of this analysis showed that plasminogen, TAFI, and tPA were associated
with mortality, which is consistent with previous studies that have shown an association
between these biomarkers and COVID-19 severity and mortality [19,40]. Specifically,
elevated levels of plasminogen and tPA have been shown to be associated with worse
outcomes in COVID-19 patients [22], while TAFI has been shown to be a predictor of
mortality in patients with sepsis [41]. This may also explain the association between TAFI
and tPA levels and ICU admission, as patients with worse disease outcomes and severity
are often admitted to the ICU.

Overall, these findings highlight the importance of monitoring coagulation biomarkers
in COVID-19 patients, particularly plasminogen, TAFI, and tPA, which may serve as
predictors of disease severity and mortality. Additionally, the results of this study suggest
that fibrinogen and PAI-1 are useful biomarkers for predicting disease severity in COVID-19
patients. Further research is needed to better understand the mechanisms underlying the
association between these biomarkers and COVID-19 outcomes and to determine their
potential as targets for therapeutic intervention.

Finally, TAFI, PAI-1, and tPA are not readily available in hospital laboratories. While
not entirely feasible, testing for TAFI, PAI-1, and tPA upon hospital admission in severe
cases may be helpful in defining coagulopathy linked to COVID-19 and identifying indi-
viduals at risk of hypofibrinolysis and poorer clinical outcomes.

In summary, the multivariate logistic analysis carried out showed that COVID-19
patients are at increased risk of developing venous and arterial thromboses, which can lead
to severe complications, including death. In this study, hypofibrinolysis was observed in
patients with severe COVID-19, leading to a decreased ability to dissolve blood clots, which
is associated with disease severity. Hyperfibrinolysis was also observed in some COVID-19
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patients, but this was less prevalent. Several coagulation and fibrinolytic markers, including
TAFI, PAI-1, and tPA were elevated in this study, making them suitable prognostic markers for
hypofibrinolysis. Thus, understanding the mechanisms underlying thrombosis in COVID-19
patients is crucial for predicting disease progression and improving patient outcomes.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12165223/s1, Table S1: Multivariate logistic analysis between
thrombosis and non-thrombosis patients. Table S2: Multivariate logistic analysis between dead and
recovery patients.

Author Contributions: Conceptualization E.A. and A.A.A.-Q. (Ahmed A. Al-Qahtani), writing and
methodology: E.A, F.A., A.A.A.-Q. (Arwa A. Al-Qahtani), M.F.B., A.A.H., K.K., M.A., T.O. and
A.A.A.-Q. (Ahmed A. Al-Qahtani), Formal analysis was done by E.A. and A.A.A.-Q. (Ahmed A.
Al-Qahtani) edited the final manuscript. All authors have read and agreed to the published version
of the manuscript.

Funding: This work was funded by King Faisal Specialist Hospital and Research Center, project
number 2201086.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of KFSHRC project number: 2201086)
for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data is available upon request to the corresponding author.

Acknowledgments: The support of the KFSHRC Research and Innovation administration is greatly
appreciated.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sharma, A.; Tiwari, S.; Deb, M.K.; Marty, J.L. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2): A global pandemic

and treatment strategies. Int. J. Antimicrob. Agents 2020, 56, 106054. [CrossRef] [PubMed]
2. Acosta, R.A.H.; Garrigos, Z.E.; Marcelin, J.R.; Vijayvargiya, P. COVID-19 Pathogenesis and Clinical Manifestations. Infect. Dis.

Clin. N. Am. 2022, 36, 231–249. [CrossRef] [PubMed]
3. Diwan, D.; Usmani, Z.; Sharma, M.; Nelson, J.W.; Thakur, V.K.; Christie, G.; Molina, G.; Gupta, V.K. Thrombolytic Enzymes of

Microbial Origin: A Review. Int. J. Mol. Sci. 2021, 22, 10468. [CrossRef] [PubMed]
4. Chapin, J.C.; Hajjar, K.A. Fibrinolysis and the control of blood coagulation. Blood Rev. 2015, 29, 17–24. [CrossRef] [PubMed]
5. Hassanpour, S.; Kim, H.; Saadati, A.; Tebon, P.; Xue, C.; Dolder, F.W.v.D.; Thakor, J.; Baradaran, B.; Mosafer, J.; Baghbanzadeh, A.; et al.

Thrombolytic Agents: Nanocarriers in Controlled Release. Small 2020, 16, 2001647. [CrossRef] [PubMed]
6. Edlmann, E.; Giorgi-Coll, S.; Whitfield, P.C.; Carpenter, K.L.H.; Hutchinson, P.J. Pathophysiology of chronic subdural haematoma:

Inflammation, angiogenesis and implications for pharmacotherapy. J. Neuroinflamm. 2017, 14, 1–13. [CrossRef]
7. Mackman, N.; Antoniak, S.; Wolberg, A.S.; Kasthuri, R.; Key, N.S. Coagulation Abnormalities and Thrombosis in Patients Infected

With SARS-CoV-2 and Other Pandemic Viruses. Arterioscler. Thromb. Vasc. Biol. 2020, 40, 2033–2044. [CrossRef]
8. Srivastava, S.; Garg, I.; Bansal, A.; Kumar, B. COVID-19 infection and thrombosis. Clin. Chim. Acta 2020, 510, 344–346. [CrossRef]
9. Alexiou, A.; Batiha, G.E.-S.; Al-Kuraishy, H.M.; Al-Gareeb, A.I.; Al-Harcan, N.A.H. Tranexamic Acid and Plasminogen/Plasmin

Glaring Paradox in COVID-19. Endocrine Metab. Immune Disord.-Drug Targets 2022, 23, 35–45. [CrossRef]
10. Conway, E.M.; Mackman, N.; Warren, R.Q.; Wolberg, A.S.; Mosnier, L.O.; Campbell, R.A.; Gralinski, L.E.; Rondina, M.T.;

van de Veerdonk, F.L.; Hoffmeister, K.M.; et al. Understanding COVID-19-associated coagulopathy. Nat. Rev. Immunol. 2022, 22,
639–649. [CrossRef]

11. Ahmad, F.; Kannan, M.; Ansari, A.W. Role of SARS-CoV-2 -induced cytokines and growth factors in coagulopathy and throm-
boembolism. Cytokine Growth Factor Rev. 2022, 63, 58–68. [CrossRef] [PubMed]

12. Connors, J.M.; Levy, J.H. Thromboinflammation and the hypercoagulability of COVID-19. J. Thromb. Haemost. 2020, 18, 1559–1561.
[CrossRef] [PubMed]

13. Steadman, E.; Fandaros, M.; Yin, W. SARS-CoV-2 and Plasma Hypercoagulability. Cell. Mol. Bioeng. 2021, 14, 513–522. [CrossRef]
[PubMed]

14. Owaidah, T.; Maghrabi, K.; Alfraih, F.; Haroon, A.; Siddiqui, K.; Alnounou, R.; AlOtair, H.; Alqahtany, F.S.; Maghrabi, M.;
Owaidah, M.; et al. Report of Low Incidence of Thrombosis with Early Prophylaxis in Hospitalized Patients with COVID-19 from
Two Saudi Tertiary Centers. Clin. Appl. Thromb./Hemost. 2022, 28, 107602962210862. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/jcm12165223/s1
https://www.mdpi.com/article/10.3390/jcm12165223/s1
https://doi.org/10.1016/j.ijantimicag.2020.106054
https://www.ncbi.nlm.nih.gov/pubmed/32534188
https://doi.org/10.1016/j.idc.2022.01.003
https://www.ncbi.nlm.nih.gov/pubmed/35636898
https://doi.org/10.3390/ijms221910468
https://www.ncbi.nlm.nih.gov/pubmed/34638809
https://doi.org/10.1016/j.blre.2014.09.003
https://www.ncbi.nlm.nih.gov/pubmed/25294122
https://doi.org/10.1002/smll.202001647
https://www.ncbi.nlm.nih.gov/pubmed/32790000
https://doi.org/10.1186/s12974-017-0881-y
https://doi.org/10.1161/ATVBAHA.120.314514
https://doi.org/10.1016/j.cca.2020.07.046
https://doi.org/10.2174/1871530322666220801102402
https://doi.org/10.1038/s41577-022-00762-9
https://doi.org/10.1016/j.cytogfr.2021.10.007
https://www.ncbi.nlm.nih.gov/pubmed/34750061
https://doi.org/10.1111/jth.14849
https://www.ncbi.nlm.nih.gov/pubmed/32302453
https://doi.org/10.1007/s12195-021-00685-w
https://www.ncbi.nlm.nih.gov/pubmed/34221178
https://doi.org/10.1177/10760296221086286
https://www.ncbi.nlm.nih.gov/pubmed/35311592


J. Clin. Med. 2023, 12, 5223 12 of 13

15. Elbers, L.P.B.; Fliers, E.; Cannegieter, S.C. The influence of thyroid function on the coagulation system and its clinical consequences.
J. Thromb. Haemost. 2018, 16, 634–645. [CrossRef] [PubMed]

16. Saes, J.L.; Schols, S.E.M.; van Heerde, W.; Nijziel, M. Hemorrhagic disorders of fibrinolysis: A clinical review. J. Thromb. Haemost.
2018, 16, 1498–1509. [CrossRef]

17. Li, X.; Weber, N.C.; Cohn, D.M.; Hollmann, M.W.; DeVries, J.H.; Hermanides, J.; Preckel, B. Effects of Hyperglycemia and Diabetes
Mellitus on Coagulation and Hemostasis. J. Clin. Med. 2021, 10, 2419. [CrossRef]

18. McFadyen, J.D.; Stevens, H.; Peter, K. The Emerging Threat of (Micro)Thrombosis in COVID-19 and Its Therapeutic Implications.
Circ. Res. 2020, 127, 571–587. [CrossRef]

19. Whyte, C.S.; Simpson, M.; Morrow, G.B.; Wallace, C.A.; Mentzer, A.J.; Knight, J.C.; Shapiro, S.; Curry, N.; Bagot, C.N.; Watson, H.; et al.
The suboptimal fibrinolytic response in COVID-19 is dictated by high PAI-1. J. Thromb. Haemost. 2022, 20, 2394–2406. [CrossRef]

20. Aggarwal, M.; Dass, J.; Mahapatra, M. Hemostatic Abnormalities in COVID-19: An Update. Indian J. Hematol. Blood Transfus.
2020, 36, 616–626. [CrossRef]

21. Della-Morte, D.; Pacifici, F.; Ricordi, C.; Massoud, R.; Rovella, V.; Proietti, S.; Iozzo, M.; Lauro, D.; Bernardini, S.; Bonassi, S.; et al.
Low level of plasminogen increases risk for mortality in COVID-19 patients. Cell Death Dis. 2021, 12, 1–8. [CrossRef]

22. Zuo, Y.; Warnock, M.; Harbaugh, A.; Yalavarthi, S.; Gockman, K.; Zuo, M.; Madison, J.A.; Knight, J.S.; Kanthi, Y.; Lawrence, D.A.
Plasma tis-sue plasminogen activator and plasminogen activator inhibitor-1 in hospitalized COVID-19 patients. Sci. Rep. 2021, 11, 1580.
[CrossRef]

23. Abd El-Lateef, A.E.; Alghamdi, S.; Ebid, G.; Khalil, K.; Kabrah, S.; Abdel Ghafar, M.T. Coagulation Profile in COVID-19 Patients
and its Relation to Disease Severity and Overall Survival: A Single-Center Study. Br. J. Biomed. Sci. 2022, 79, 10098. [CrossRef]
[PubMed]

24. Panigada, M.; Bottino, N.; Tagliabue, P.; Grasselli, G.; Novembrino, C.; Chantarangkul, V.; Pesenti, A.; Peyvandi, F.; Tripodi, A.
Hypercoagulability of COVID-19 patients in intensive care unit: A report of thromboelastography findings and other parameters
of hemostasis. J. Thromb. Haemost. 2020, 18, 1738–1742. [CrossRef] [PubMed]

25. Nougier, C.; Benoit, R.; Simon, M.; Desmurs-Clavel, H.; Marcotte, G.; Argaud, L.; David, J.S.; Bonnet, A.; Negrier, C.; Dargaud, Y.
Hypofibrinolytic state and high thrombin generation may play a major role in SARS-COV2 associated thrombosis. J. Thromb.
Haemost. 2020, 18, 2215–2219. [CrossRef]

26. Cabrera-Garcia, D.; Miltiades, A.; Yim, P.; Parsons, S.; Elisman, K.; Mansouri, M.T.; Wagener, G.; Harrison, N.L. Plasma biomarkers
associated with survival and thrombosis in hospitalized COVID-19 patients. Int. J. Hematol. 2022, 116, 937–946. [CrossRef]
[PubMed]

27. Wright, F.L.; Vogler, T.O.; Moore, E.E.; Moore, H.B.; Wohlauer, M.V.; Urban, S.; Nydam, T.L.; Moore, P.K.; McIntyre, R.C., Jr.
Fibrinolysis Shutdown Correlation with Thromboembolic Events in Severe COVID-19 Infection. J. Am. Coll. Surg. 2020, 231,
193–203e1. [CrossRef]

28. Lodigiani, C.; Iapichino, G.; Carenzo, L.; Cecconi, M.; Ferrazzi, P.; Sebastian, T.; Kucher, N.; Studt, J.-D.; Sacco, C.; Bertuzzi, A.; et al.
Venous and arterial thromboembolic complications in COVID-19 patients admitted to an academic hospital in Milan, Italy. Thromb.
Res. 2020, 191, 9–14. [CrossRef]

29. Tang, N.; Bai, H.; Chen, X.; Gong, J.; Li, D.; Sun, Z. Anticoagulant treatment is associated with decreased mortality in severe
coronavirus disease 2019 patients with coagulopathy. J. Thromb. Haemost. 2020, 18, 1094–1099. [CrossRef]

30. Bikdeli, B.; Madhavan, M.V.; Jimenez, D.; Chuich, T.; Dreyfus, I.; Driggin, E.; Nigoghossian, C.D.; Ageno, W.; Madjid, M.;
Guo, Y.; et al. COVID-19 and Thrombotic or Thromboembolic Disease: Implications for Prevention, Antithrombotic Therapy, and
Follow-Up: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 2020, 75, 2950–2973. [CrossRef]

31. Middeldorp, S.; Coppens, M.; van Haaps, T.F.; Foppen, M.; Vlaar, A.P.; Müller, M.C.; Bouman, C.C.; Beenen, L.F.; Kootte, R.S.;
Heijmans, J.; et al. Incidence of venous thromboembolism in hospitalized patients with COVID-19. J. Thromb. Haemost. 2020, 18,
1995–2002. [CrossRef] [PubMed]

32. Canale, M.P.; Menghini, R.; Martelli, E.; Federici, M. COVID-19–Associated Endothelial Dysfunction and Microvascular Injury.
Card. Electrophysiol. Clin. 2021, 14, 21–28. [CrossRef]

33. Wilcox, T.; Smilowitz, N.R.; Seda, B.; Xia, Y.; Hochman, J.; Berger, J.S. Sex Differences in Thrombosis and Mortality in Patients
Hospitalized for COVID-19. Am. J. Cardiol. 2022, 170, 112–117. [CrossRef]

34. Bollen, L.; Peetermans, M.; Peeters, M.; Van Steen, K.; Hoylaerts, M.F.; Declerck, P.J.; Verhamme, P.; Gils, A. Active PAI-1 as
marker for venous thromboembolism: Case–control study using a comprehensive panel of PAI-1 and TAFI assays. Thromb. Res.
2014, 134, 1097–1102. [CrossRef]

35. Meltzer, M.E.; Lisman, T.; De Groot, P.G.; Meijers, J.C.M.; Le Cessie, S.; Doggen, C.J.M.; Rosendaal, F.R. Ve-nous thrombosis risk
associated with plasma hypofibrinolysis is explained by elevated plasma levels of TAFI and PAI-1. Blood 2010, 116, 113–121.
[CrossRef] [PubMed]

36. ten Cate, H.; Cate-Hoek, A.J.T.; Kleinegris, M.-C.F. D-dimer as a marker for cardiovascular and arterial thrombotic events in
patients with peripheral arterial disease. Thromb. Haemost. 2013, 110, 233–243. [CrossRef]

37. Mi, Y.; Yan, S.; Lu, Y.; Liang, Y.; Li, C. Venous thromboembolism has the same risk factors as atherosclerosis. Medicine 2016, 95, e4495.
[CrossRef]

38. Hong, L.-Z.; Shou, Z.-X.; Zheng, D.-M.; Jin, X. The most important biomarker associated with coagulation and inflammation
among COVID-19 patients. Mol. Cell. Biochem. 2021, 476, 2877–2885. [CrossRef] [PubMed]

https://doi.org/10.1111/jth.13970
https://www.ncbi.nlm.nih.gov/pubmed/29573126
https://doi.org/10.1111/jth.14160
https://doi.org/10.3390/jcm10112419
https://doi.org/10.1161/CIRCRESAHA.120.317447
https://doi.org/10.1111/jth.15806
https://doi.org/10.1007/s12288-020-01328-2
https://doi.org/10.1038/s41419-021-04070-3
https://doi.org/10.1038/s41598-020-80010-z
https://doi.org/10.3389/bjbs.2022.10098
https://www.ncbi.nlm.nih.gov/pubmed/35996516
https://doi.org/10.1111/jth.14850
https://www.ncbi.nlm.nih.gov/pubmed/32302438
https://doi.org/10.1111/jth.15016
https://doi.org/10.1007/s12185-022-03437-2
https://www.ncbi.nlm.nih.gov/pubmed/35994163
https://doi.org/10.1016/j.jamcollsurg.2020.05.007
https://doi.org/10.1016/j.thromres.2020.04.024
https://doi.org/10.1111/jth.14817
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1111/jth.14888
https://www.ncbi.nlm.nih.gov/pubmed/32369666
https://doi.org/10.1016/j.ccep.2021.10.003
https://doi.org/10.1016/j.amjcard.2022.01.024
https://doi.org/10.1016/j.thromres.2014.08.007
https://doi.org/10.1182/blood-2010-02-267740
https://www.ncbi.nlm.nih.gov/pubmed/20385790
https://doi.org/10.1160/TH13-01-0032
https://doi.org/10.1097/MD.0000000000004495
https://doi.org/10.1007/s11010-021-04122-4
https://www.ncbi.nlm.nih.gov/pubmed/33742367


J. Clin. Med. 2023, 12, 5223 13 of 13

39. Ozen, M.; Yilmaz, A.; Cakmak, V.; Beyoglu, R.; Oskay, A.; Seyit, M.; Senol, H. D-Dimer as a potential biomarker for disease
severity in COVID-19. Am. J. Emerg. Med. 2020, 40, 55–59. [CrossRef]

40. Bahraini, M.; Dorgalaleh, A. The Impact of SARS-CoV-2 Infection on Blood Coagulation and Fibrinolytic Pathways: A Review of
Prothrombotic Changes Caused by COVID-19. Semin. Thromb. Hemost. 2021, 48, 019–030. [CrossRef]

41. Semeraro, F.; Colucci, M.; Caironi, P.; Masson, S.; Ammollo, C.T.; Teli, R.; Semeraro, N.; Magnoli, M.; Salati, G.; Isetta, M.; et al.
Platelet Drop and Fibrinolytic Shutdown in Patients With Sepsis. Crit. Care Med. 2018, 46, e221–e228. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ajem.2020.12.023
https://doi.org/10.1055/s-0041-1736166
https://doi.org/10.1097/CCM.0000000000002919
https://www.ncbi.nlm.nih.gov/pubmed/29261568

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Blood Sample Collection 
	Laboratory Analysis 
	Clinical Data Collection 
	Statistical Analysis 

	Results 
	Demographic and Clinical Results 
	Laboratory Results 
	Classification of the Fibrinolytic System Based on Coagulation Markers (Hypofibrinolysis and Hyperfibrinolysis) 
	Association between Plasma Levels of Coagulation Markers and Clinical Outcomes in COVID-19 Patients 
	Coagulation Biomarkers in ICU and Non-ICU COVID-19 Patients 
	Association between Plasma Levels of Coagulation Markers and COVID-19 Staging 
	Multivariate Logistic Analysis between Thrombosis and Non-Thrombosis Patients 
	Multivariate Logistic Analysis among Dead and Recovery 

	Discussion 
	References

