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Abstract

Objectives: Studies have shown that fibrinolysis activity
is insufficient in COVID-19 patients. Plasminogen activator
inhibitor-1 (PAI-1) is an important antifibrinolytic molecule
that plays a key role in the fibrinolytic system. In our study;
we aimed to evaluate serum PAI-1 and other biochemical
parameters of COVID-19 patients in terms of disease course
and mortality.

Methods: A total of 40 COVID-19 patients were hospitalized
in the service and intensive care unit (ICU) of our hospital
from October to December 2020 and 20 healthy volunteers
were included in our study. The patients were grouped
as those who transferred to the ICU from the service
and transferred to service from the ICU. The first and
second values of the same patients in both the service and
the ICU were analyzed by SPSS.
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Results: The PAI-1 levels of the patients in the ICU were
significantly higher than the levels of the same patients
in the service and the healthy control group (p<0.001).
IL-6, ferritin, and D-dimer levels in the ICU of the same
patients were significantly higher than the levels of
service and healthy control group (p<0.001). A positive
correlation was found between initial serum PAI-1 and
D-dimer levels in patients hospitalized in the service
(p=0.039) and initial serum ferritin and IL-6 levels in the
ICU (p=0.031).

Conclusions: In our study, we found that PAI-1 levels
increased significantly with the increase in mortality in
COVID-19 patients.

Keywords: biochemical; COVID-19; fibrinolysis; mortality;
PAI-1.

Introduction

In December 2019, a coronavirus affecting the respiratory
tract of patients with pneumonia was detected in Wuhan,
China. Due to its highly contagious and deadly nature,
this common novel coronavirus disease has become a
worldwide pandemic with the name COVID-19 (Corona-
virus disease 2019). Approximately 536 million cases
detected in the world so far, and 6.3 million deaths from
COVID-19 are stated [1].

Acute phase reactants due to inflammation increase
in patients diagnosed with COVID-19. Cytokine storm,
called macrophage activation syndrome (MAS), is char-
acterized by hyperferritinemia and high proinflammatory
cytokine levels [2]. It is also known that this situation
leads to the disruption of the anticoagulant pathways [3].
In order to restore the disrupted gas exchange by these
microthrombi to normal, the fibrinolytic system is acti-
vated and fibrin degradation products such as D-dimer
increase [4]. In addition, high levels of plasminogen
activator inhibitor (PAI-1) are produced by endothelial
cells and activated platelets [5, 6].
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As the severity of the disease increases, the pulmonary
coagulation system is rapidly activated and the fibrinolytic
system becomes unable to compensate for this situation.
Especially in COVID-19 patients in the ICU (intensive care
unit), insufficient fibrinolysis activity was observed compared
to the healthy population [7] As a result of all these, increased
oxygen requirement, renal failure, ischemia, thrombosis,
acute respiratory distress syndrome (ARDS), disseminated
intravascular coagulopathy [8], multiple organ failure, and
even serious complications up to death can be seen [4]. It is
valuable to evaluate the impaired fibrinolysis system of
COVID-19 patients and to examine the effect of this condition
on the clinical course and mortality of the disease. More
research is needed to elucidate the mechanisms that cause
this course in patients with a worsening clinical condition.

PAI-1 is one of the most important and fastest in-
hibitors of the fibrinolytic system in plasma. The main
function of PAI-1 is to inhibit plasminogen activators
by cleaving a specific arginine-valine peptide bond at the
protease site [9].

At this point investigating the correlation between
PAI-1 levels which play an acute phase reactant role in
inflammation in the control step of the fibrinolytic system,
and prognosis and mortality in COVID-19 patients can
be valuable in follow-up and treatment and can be a guide
in preventing sudden complications. Studies examining
PAI-1 levels in COVID-19 patients are quite limited.

In our study, we aimed to determine the initial PAI-1
levels of COVID-19 patients who were hospitalized in
the service and then transferred to the ICU and the hospi-
talized in ICU and then transferred to the service and
evaluate the relationship between the PAI-1 levels and
ferritin, D-dimer, IL-6 levels and the clinical course of
the disease.

Materials and methods

Design and study groups

This prospective study was approved by the Institutional Ethics
Committee (April 22, 2020, No: 2,726) and was conducted at the
University of Health Sciences, Sisli Etfal Training and Research
Hospital. Consent was obtained from all participants or their rela-
tives in the study. The study included COVID-19 patients who had
SARS-CoV-2 RNA detected in their nasopharyngeal or oropharyngeal
swab specimens by reverse transcription polymerase chain reaction
(RT-PCR) (Biospeedy® SARS-CoV-2 Double Gene RT-qPCR Kit,
Bioeksen) on BioradCFX96 Touch Real Time (ABD, CA, USA) device.
These patients were hospitalized in Sisli Hamidiye Etfal Training
and Research Hospital COVID-19 service and ICU between October
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and December 2020. Being under 18 years of age, malignancy,
chronic kidney disease, cardiovascular system disease, coagulopathy,
organ transplantation, use of immunomodulators, and pregnancy
were determined as exclusion criteria. After completing the patient
group, serum samples were collected from healthy volunteers of
similar gender and age at the rate of 1/2 of the total number of patients
for the control group. As a result, 40 patients and 20 controls were
included in the study by performing a power analysis. A total of
two blood samples were taken from each patient on the first day
of hospitalization to both the service and the ICU. The patients
were grouped as those who were hospitalized at the ICU and then
transferred to the service and who were hospitalized at the service
and then transferred to the ICU.
The following criteria [10] were evaluated and decided for
hospitalization at ICU in the COVID-19 cases in our hospital.
- Dyspnea and respiratory distress, respiratory rate>30/min, PaO,/
Fi0,<300,
— Increase in oxygen demand during follow-up,
- Sp02<90% or Pa0,<70 mmHg despite 5 L/min oxygen therapy,
- Hypotension,
— Tachycardia>100/min,
—  Acute kidney injury, acute liver function tests,
— Patients with immunosuppression and development of acute
organ dysfunction such as confusion,
—  Acute bleeding diathesis, troponin elevation, and arrhythmia,
— Lactate>2 mmol,
—  Presence of prolonged capillary refill time and skin disorders
such as cutis marmaratus.

Biochemical analyses

Measurement of IL-6 and ferritin: Venous blood samples were taken
from all patients participating in the study after 12 h of overnight
fasting.

Samples taken into gel vacuum tubes (Sarstedt, Niimbrecht,
Germany) for ferritin and IL-6 parameters were kept at room tem-
perature for 30 min, centrifuged at 3220xg for 10 min and their sera
were separated. They were stored in Eppendorf tubes at —80 °C until
the day of analysis. Before analysis, they were kept at —20 °C for 12 h
and at +4 °C for 12 h, respectively. Sera were thawed at room tem-
perature and homogenized by vortexing and IL-6 and ferritin were
performed on the Roche Cobas 8,000 (Basel, Switzerland) device on
the day of analysis of all serum samples.

Measurement of D-dimer: Venous blood samples taken into gel
vacuum tubes containing 3.2% sodium citrate (Sarstedt,
Niimbrecht, Germany) were centrifuged at 3220xg for 10 min and
the plasma was separated and D-dimer analysis was performed on
the Beckman Coulter AU480 (Pasadena, CA, USA) device on the day
of analysis of all serum samples with D-Dimer Latex Assay Kit
(Improgen, Istanbul, Turkey).

Measurement of PAI-1: Samples taken into gel vacuum tubes (Sarstedt,
Niimbrecht, Germany) for PAI-1 analysis were kept at room temperature
for 30 min and their sera were separated by centrifugation at 1000xg
for 20 min at +4 °C. They were stored in Eppendorf tubes at —80 °C until
the day of analysis. Before analysis, it was kept at —20 °C for 12h and at
+4°C for 12 h, respectively. Sera were thawed at room temperature and
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homogenized by vortexing and ELISA was performed on sera on the
day of analysis. Bioassay Technology Laboratory brand Human PAI-1
ELISA Kit (Shanghai, China) (Cat. No: E1159Hu) was used for PAI-1
analysis. It was an advantage for us that the kit stability period
was convenient and the assay procedure steps were quick and easy.
The standard curve range of the kit is 0.05-20 ng/mL, the sensitivity
is 0.019 ng/mL. The intra-assay coefficient of variation is 3.7% and
the inter-assay coefficient of variation is <10%. Patient samples were
diluted 1/50 with Phosphate-Buffer Saline, which is the diluent rec-
ommended to us. BIO-TEK ELx50 (Vermont, USA) was used for
washes and BIO-TEK ELx500 (Vermont, USA) for readings.

Statistical analysis

SPSS (Statistical Package for the Social Sciences) 21.0 for Windows
program was used for statistical analysis. Parametric tests were used
for normally distributed data and nonparametric tests were used for
data that did not show normal distribution. Kruskal Wallis test was
used for the comparison of the independent three groups and the
Mann-Whitney U test was used for the comparison of the indepen-
dent two groups. Wilcoxon test was used for dependent two groups.
Diagnostic values of valuable parameters for clinical course and
mortality of COVID-19 patients were evaluated by area under the
receiver operating characteristic (ROC) curve. Quantitative variables are
given as mean, standard deviation, minimum and maximum. The sta-
tistical alpha significance level was considered as less than 0.05.

Results

Forty COVID-19 patients and twenty healthy control were
included in our study. Twenty-four patients were hospi-
talized in the service and then these patients were
transferred to the ICU. 16 patients were hospitalized in
the ICU and then these patients were transferred to the
service. According to current data, all 24 patients who
passed to the ICU died and all 16 patients who entered the
service recovered and were discharged.

Age and gender distributions of the patient group
according to the initial hospitalization unit, age and
gender distribution of the control group are presented in
Table 1.

There was no significant difference between the
hospitalization unit and age gender (p=0.8) and between
the survival status of patients and age gender (p=0.7).

When the PAI-1 and other parameter levels of all
patients at the time of admission to the service and
intensive care unit were compared with the control
group, the PAI-1, IL-6, ferritin, and D-dimer levels of
the patients in the ICU were significantly higher than
the levels in the service and the healthy control group
(p=0.001) (Table 2).

When patients are grouped as those who are trans-
ferred to ICU from the service (group 1) and transferred
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to service from the ICU (group 2); a significant difference
was found between service and ICU PAI-1 values of the
first group (p=0.001) and the second group (p=0.004).

The mean values and significance levels of PAI-1 and
other parameters of the same patients grouped according
to hospitalization unit changes are given in Table 3.

When the correlation between values is evaluated; a
positive correlation was found between initial serum
D-dimer and PAI-1 levels in patients hospitalized in the
service (p=0.039) and ferritin and IL-6 levels in patients
hospitalized in the ICU (p=0.031).

ROC curve

In order to evaluate the survival status of patients in ICU;
serum PAI-1 value was calculated as 91.0 ng/mL cut-off
level, sensitivity as 67% and specificity as 65%, serum IL-6
value was calculated as 91.3 pg/mL cut-off level, sensitivity
as 79% and specificity as 80%, serum ferritin value was
calculated as 2073 pg/L cut-off level, sensitivity as 75% and
specificity as 90%, serum D-dimer value was calculated
as 1,399 pg/L cut-off level sensitivity as 63% and specificity
as 70% (Figure 1).

Discussion

Our study is a prospective-controlled study that includes
the follow-up of PAI-1 levels of COVID-19 patients and
examines the relationship between these levels and some
important parameters that correlate with the clinical
course and mortality of the patients. In our study, a
significant difference was observed between the serum
PAI-1 levels of COVID-19 patients at their first hospitaliza-
tion to the service and ICU. The values of ICU were

Table 1: Age and gender distribution of the patient and control
groups.

Hospitalization Gender n Mean of age Min, Max,
unit + SD, years years years
Service Female 11 73.9+12.4 50 88
Male 13 66.2 +10.0 53 83
Total 24 69.7+11.6 50 88
ICU Female 5 60.4+15.0 39 80
Male 11 61.3+16.2 25 80
Total 16 61.0+15.3 25 80
Control group Female 6 71.5+13.4 34 78
Male 14 65.9+8.9 47 77
Total 20 63.7 +10.7 34 77

ICU, intensive care unit; SD, standard deviation.
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Table 2: Mean values of the independent groups according to hospitalization unit and values of healthy control, for male® and female®.

Parameters Reference range Service median (IQR) ICU median (IQR) Control median (IQR) p-Value
n=24 n=16 n=20

PAI-1, ng/mL 87.4 (21.4) 95.7 (21.5) 3.3(2.1) 0.001

IL-6, pg/mL <7 40.5 (86.8) 109.5 (318.2) 2.6 (4.1) 0.001

Ferritin, pg/L 11-307% 24-336° 812 (997) 2,615 (3,314) 64 (77) 0.001

D-dimer, pg/L <500 946 (1,437) 1,573 (1,806) 351 (325) 0.001

PAI-1, plasminogen activator inhibitor-1; IL-6, interleukin-6; IQR, interquantile range.

significantly higher than service and healthy volunteers.
When the patients were grouped according to the first
hospitalization units, especially increasing PAI-1 levels of
patients transferred to the ICU from the service had a very
high statistical significance. All of the patients who trans-
ferred to the ICU from the service unit died, therefore, we
found that the serum PAI-1 levels of those who died tended
to increase. These findings forced us to think that the PAI-1
molecule may be a critical marker in patients diagnosed
with COVID-19 whose clinical course is worsening.

We also examined the correlation between serum
ferritin, IL-6, and D-dimer levels of patients with PAI-1
levels and prognosis of the COVID-19. Serum ferritin, IL-6,
and D-dimer levels of the patients at the time of hospital-
ization to the ICU were significantly higher than that in
the service. Likewise, the healthy control group values
were significantly lower than the other groups. We found
a correlation between serum IL-6 and ferritin levels of
patients who transferred to the ICU from the service and
between serum PAI-1 and D-dimer levels of patients
transferred to the service from the ICU. Although it was not
statistically significant in other parameters (ferritin, IL-6,
and D-dimer), we found a positive correlation. The small
sample size and the lack of knowledge of the baseline

values of the patients may have shown the correlation
to be statistically weak. We found that IL-6, ferritin, and
D-dimer levels in patients with exitus tended to increase.

Studies on PAI-1, the main molecule in the plasmin-
ogen pathway, which is important in fibrinolytic activity
in COVID-19 patients are limited and prospective studies
are needed. These studies can offer promising options
in the follow-up and treatment of COVID-19. In our study,
we analyzed the serum PAI-1 levels with serum IL-6,
ferritin, and D-dimer levels of COVID-19 patients who were
transferred to the ICU from the service and transferred to
the service from ICU to investigate the relationship
between the plasminogen system whose function is likely
to be impaired and the prognosis of the disease.

Fibrinolysis is the result of interactions between a large
number of plasminogen activators and inhibitors and these
interactions form an enzymatic cascade that causes the
degradation of fibrin. The plasminogen activator system
plays a key role in a wide variety of physiological and
pathological processes such as coagulation, fibrinolysis,
and inflammation [11]. PAI-1 is in the control step of the
fibrinolytic system.

COVID-19 patients (especially those hospitalized in
the ICU) have been found to have insufficient fibrinolysis

Table 3: Mean values of same patients dependent grouped according to hospitalization unit changes.

Parameters Group 1 (patients transferring to the ICU from the service)
Service median (IQR) n=24 ICU median (IQR) n=24 p-Value
PAI-1, ng/mL 86.1(27.1) 97.7 (30.7) 0.001
IL-6, pg/mL 66.1(114.7) 350.7 (507.8) 0.001
Ferritin, pg/L 1,348 (787) 3,622 (7,394) 0.001
D-dimer, pg/L 884 (1,881) 1,484 (1,682) 0.008
Group 2 (patients transferring to the service from the ICU)
ICU median (IQR) n=16 Service median (IQR) n=16 p-Value
PAI-1, ng/mL 97.5(17.5) 87.1(12.5) 0.004
IL-6, pg/mL 57.2 (70.9) 6.7 (27.0) 0.034
Ferritin, pg/L 935 (2,110) 585 (434) 0.002
D-dimer, pg/L 2,023 (2,143) 1,222 (1,264) 0.023

PAI-1, plasminogen activator inhibitor-1; IL-6, interleukin-6; ICU, intensive care unit; IQR, interquartile range.
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activity compared to the healthy population [7]. There
are several studies in the literature that have examined
serum PAI-1 levels in COVID-19 patients. In a study of 78
hospitalized patients diagnosed with COVID-19, they found
that serum PAI-1 levels increased, especially in COVID-19
patients with critical comorbidity [12]. Similarly, we found
significantly higher PAI-1 levels in the COVID-19 group.
Furthermore, we compared both ICU and service values
of the same patients. The fact that the serum PAI-1 values
of the patients hospitalized in the ICU were higher than
the values in the service supports the literature. Also,
monitoring the serum PAI-1 levels of the patients at the time
of transition to the service and ICU makes our study valuable
in terms of evaluating the relationship between these levels
and the clinical course of the disease. In a study con-
ducted in Japan and contradicting our results; PAI-1levels
were examined in 24 ARDS patients with COVID-19
pneumonia and 200 ARDS patients with non-COVID-19
pneumonia and PAI-1levels were within the normal range
in COVID-19 patients [13]. Not including the healthy con-
trol group and the low number of COVID-19 patients may
be the reasons why we found different results from this
study.

Excessive fibrin-platelet formation in the pulmonary
vascular system and lung air spaces of patients with
COVID-19 [14, 15] causes excessive production of tissue fac-
tors and increased clot formation by alveolar epithelial cells
and macrophages. High levels of PAI-1 are produced by
endothelial cells, thrombocytes [5, 6], and alveolar macro-
phages due to the impaired coagulation system [16]. Some

sensitivity and specificity of these values
with the ROC curve.

studies have shown that PAI-1 levels are higher in the plasma
of patients with ARDS than healthy volunteers [17, 18]. In a
study on SARS-CoV infection; the fatal and non-fatal
SARS-CoV infection was activated in mice and the impor-
tance of the impaired activity effect of the urokinase pathway
in alveolar damage and acute lung injury was emphasized as
a result of proteomic analysis [19]. Wu et al. also found that
serum PAI-1 levels increased in patients with a diagnosis of
SARS [20].

Plasminogen activators initiate fibrinolysis and are
controlled by PAI-1 [9]. In the case study of Wang et al.,
it was reported that three COVID-19 patients with ARDS
and respiratory failure recovered after tissue plasminogen
activator (alteplase) treatment, and the PaO,/FiO, ratio
of the patients improved [21]. This study shows the
importance of the plasminogen pathway in the mortality
of patients diagnosed with COVID-19.

SARS-CoV-2 infection together with inflammation-
activated immune cells in the lungs causes impairment of
bronchoalveolar hemostasis or excessive clot formation
[22]. Moreover, acute phase reactants increase in patients
due to inflammation, and tissue damage is increasing
due to the resulting cytokine storm [23]. Proinflammatory
cytokines play a critical role in abnormal clot formation
and platelet hyperactivation, as well as disrupting the
function of important physiological anticoagulant path-
ways [3]. In addition to cytokines, ferritin, which is present
in high levels in the circulation, also reflects the acute
phase response and plays a critical role in inflammation
[24]. Pulmonary microthrombus formations were detected
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in patients with COVID-19 in postmortem examinations
[25]. For the disrupted gas exchange due to these micro-
thrombi to return to normal, the fibrinolytic system is
activated and fibrin degradation products such as D-dimer
increase [4]. So, it is important to evaluate the coagulation
system and immune system together in COVID-19 infection.

In the literature; Ruan et al. showed that those who
died due to COVID-19 had serum IL-6 levels nearly twice
as high as those who survived [26]. In another study,
serum IL-6 levels were associated with increased fibrin-
ogen and D-dimer levels in 16 COVID-19 patients requiring
mechanical ventilation and confirmed the link between
inflammation and the impaired coagulation system [27].
According to a meta-analysis of 8752 COVID-19 patients,
elevated IL-6 levels were associated with the patients’
deteriorating clinical picture. Significant increases in
leukocyte count, procalcitonin, D-dimer, lactate dehydro-
genase, and ferritin levels were detected before treatment
in those with exitus [28]. According to a meta-analysis of
10,614 COVID-19 patients, ferritin levels were significantly
higher in severe patients compared to other groups and
those who died were significantly higher than those who
were not exitus [29]. Yaga et al. found that serum ferritin
values positively correlated with disease severity and
mortality in 59 COVID-19 patients [30]. Shah et al. reported
in a meta-analysis that 3,682 patients with COVID-19 had
significantly higher D-dimer levels and correlated with
increased mortality [31]. Our findings are similar to the
literature, showing that as the course of the disease
worsens, IL-6 and ferritin levels due to increased cytokine
storm and inflammation and D-dimer levels due to exces-
sive fibrin degradation increase.

Kang et al. grouped patients with sepsis, ARDS, and
burn-induced cytokine release syndrome and examined the
levels of IL-6 and other proinflammatory cytokines and PAI-1
in the plasma of these patients; they found that IL-6 levels
and PAI-1 levels were positively correlated as in their study.
In addition, after tocilisumab treatment of seven COVID-19
patients, it was found that PAI-1 levels decreased with cyto-
kines and the patients’ clinic tended to improve; in addition,
the importance of cytokine storm therapy in lowering PAI-1
levels and regression of coagulopathy-endothelial dysfunc-
tion findings was emphasized [32]. In our study compared to
this study, all patients were diagnosed with COVID-19 and
there were no patients receiving tocilisumab treatment. Our
patient group included both critically ill and recovering
patients. Also, we analyzed the serum PAI-1 levels before the
treatment on the first day of hospitalization of the patients in
the ICU and service, some of the patients transferred to
the service from the ICU recovered and were discharged
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without receiving tocilisumab treatment. For this reason, we
think that it is important to evaluate the follow-up and treat-
ment of patients not only in terms of cytokine storm but also
in terms of plasminogen pathway and PAI-1 levels.

The STAT-3 pathway, one of the intracellular signaling
pathways, plays a role in T cell differentiation and inflam-
mation [33, 34]. According to the reviews of Matsuyama
et al.; the PAI-1 and STAT-3 pathway is likely to interact
in COVID-19, promoting coagulopathy and thrombosis.
According to this mechanism, through hypoxia inducible
factor-1 alpha which increases as a result of hypoxia, PAI-1,
which is overproduced in damaged type 2 alveolar cells,
induces the secretion of inflammatory cytokines and che-
mokines by binding to the TLR4 (Toll-Like Receptor 4) on
macrophages. This may be the cause of excessive cytokine
production in critically ill patients. In addition, it has been
hypothesized that the molecule that increases fibrosis by
triggering tumor necrosis factor-p1 (TNF-B1) is PAI-1 [35].
In our study, we found that the serum PAI-1 levels of
patients with worsening clinical symptoms and increased
need for oxygen were significantly increased with
parameters of inflammation, cytokine storm, and fibrin
degradation product.

There are some limitations of our study. First of all, the
relatively small sample size in our study and the unknown
baseline values of the patients can be considered as limi-
tations of our study. In addition, unknown final values of
patients with a worsening clinical course before exitus
can be considered as a deficiency in terms of follow-up.
Secondly, since the patients were included in the study in
accordance with the stated exclusion criteria, no remark-
able co-morbidity table was given.

Conclusions

In our study, we prospectively investigated PAI-1 levels,
which is an important parameter in the fibrinolytic step,
together with inflammation (ferritin, IL-6) and fibrin
degradation product (D-dimer) parameters in patients
diagnosed with COVID-19.

We found that the serum PAI-1 levels of the same
patients in the intensive care unit were significantly higher
than the PAI-1 levels in the service. All patients who were
transferred from the service to the intensive care unit died.

As a result, we found that PAI-1 levels increased
significantly with the increase in mortality in COVID-19
patients and decreased in patients whose clinics recovered;
also we found that these values correlated with ferritin,
IL-6, and D-dimer levels.
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We think that our study is one of the few studies in terms
of being a prospective study in which PAI-1 was evaluated
in the first and later stages of hospitalization of COVID-19
patients. There is no standardization yet in the follow-up
and treatment of the clinical symptoms of the disease. More
studies are needed to evaluate PAI-1 for follow-up and
fibrinolytic therapy options for treatment. Thus, the wors-
ening of the clinical course of the disease can be prevented
from the very beginning and mortality and the need for
mechanical ventilation can be significantly reduced.
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