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Abstract

Covid-19 is a viral infection have a high pathogencitity and contagiousness that primarily targets the human respiratory system and leading to a
global pandemic. Abnormal coagulation parameters are quite common in Covid-19 patients. In our study, we aimed to evaluate the relationship
between coagulation function with disease severity and survival status in Covid-19 patients and the prognostic, predictive value of these parameters.
Results of prothrombin time (PT), activated partial thromboplastin time (aPTT), Fibrinogen, and D-Dimer parameters at admission time of 76
Covid-19 negative healthy control with 188 confirmed Covid-19 patients, as well as death events were retrospectively analyzed. Compared with
the healthy control group, higher levels of D-Dimer, PT, aPTT, fibrinogen, and CRP (p <0.001 for each) were present during admission in Covid-
19 patients. The non-survivor group had higher levels of PT, D-Dimer, and CRP (p <0.001 for each) and aPTT (p =0.004), fibrinogen (p =0.019)
compared to the survivor group. 28 (14.89%) of 188 Covid-19 patients lost their lives. Analysis of the ROC curve revealed that D-Dimer,
Fibrinogen, PT, aPTT, and CRP had high diagnostic value in distinguishing Covid-19 patients from healthy control group, the critical group from
the severe group, and non-survivors from survivors. This study shows that coagulation function is significantly impaired in patients with Covid-19
infection compared to normal patients, and as particularly marked high levels of D-Dimer, PT, aPTT, fibrinogen, and CRP are common. This
condition is associated with disease severity and increased mortality. Coagulation parameters are an effective and useful marker for assessing

prognosis and for the management of Covid-19 patients.
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1. Introduction

Covid-19 is a viral infection have a high pathogencitity and
contagiousness that primarily targets the human respiratory
system and leading to a global pandemic (1). The World Health
Organization declared the epidemic as an International Public
Health Emergency of concern on January 30 th, 2020, and
recognized it as a pandemic on March 11 th, 2020 (2). While
the mild infection is observed 81% of symptomatic patients
infected with Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), occurs severe disease in 14%
and critical disease 5% of patients (3).

The SARS-CoV-2 virus has been shown to cause a high
expression of ACE2, which can cause alveolar damage by
migrating from nasopharyngeal mucosa cells to the alveolar
endothelium of the lungs. Virus taken from organs with ACE-
2 receptor causes local infections in various organs, leading to
multiple and fatal organ failure (4). In general, mortality occurs
as a result of bilateral pneumonia that can progress to acute
respiratory  distress  syndrome. Despite  pulmonary
pathophysiology is not yet fully known, severe COVID-19 is
associated with a pronounced alveolar inflammatory cell
infiltration, systemic cytokine storm response, and as a result
of elevated inflammatory cytokines (5). The microvascular
system is damaged by the occurrence of inflammatory
reactions. As a result of abnormal activation of the coagulation
system, generalized small vessel vasculitis and diffuse micro
thrombosis develop, leading to venous and arterial
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thromboembolic diseases (6,7). It has been stated that the
incidence of fatal pulmonary embolism (PE) in patients may be
much higher than reported (8). Therefore, repeated evaluations
and correct strategies are imperative to reduce the occurrence
of venous thromboembolism (VTE), prevent fatal PE, ensure
the safety of patients, and support early recovery. D-dimer
results from the formation and degradation of cross-linked
fibrin and reflects the activation of coagulation with
fibrinolysis (9). Available data show that Covid-19 is
associated with hemostatic abnormalities and that high D-
dimer levels are associated with mortality, as well as being a
common laboratory abnormality, and can be used as an
independent biomarker for poor prognosis (10). In studies,
patients with D-dimer levels above 3 pg/ml benefit from
heparin treatment, and a decrease in mortality in Covid-19 with
anticoagulant treatment also confirms these determinations

(11).

One of the most important problems during the epidemic is
the high volume of patients admitted to hospitals. Risk
classification will be extremely helpful in managing the
process, as available human support and mechanical capacities,
especially intensive care support, are limited. For this, early
and effective markers are needed, and coagulation parameters,
which may have prognostic and predictive value, are very
important in the course of the disease. Thus, the aim of this
study is to investigate coagulation parameters in patients with



Sener / J Exp Clin Med

Covid-19 and healthy control groups and to examine their role
in predicting disease progression and survival.

2. Methods

2.1. Patients
This study was included 101 severe, 87 critical, a total of 188

adult patients and 76 healthy controls, whose diagnosis was
confirmed, admitted to Basaksehir Cam and Sakura City
Hospital in Istanbul between 15-30 November 2020. All
patients were diagnosed according to the T.C. Ministry
Department of Health’s Covid-19 (SARS-CoV-2 infection)
guidelines (12). Patients were defined and classified according
to clinical, laboratory, and radiological parameters as those
requiring hospitalization.

Nasal and/or pharyngeal swab samples of the patients were
confirmed using the rRT-PCR test. Inpatients were divided into
two groups: they were defined as admitted to the ward (Severe)
and admitted to the Intensive Care Unit (ICU) (Critical).
Inclusion criteria were those aged 18 years and older who had
a positive Covid-19 rRT-PCR test were hospitalized for
follow-up and treatment. Patients with hematological disease
or who had a blood transfusion while hospitalized, data were
incomplete, were excluded from the study. Again, 76 adult
patients who were admitted to the hospital on the same dates
whose clinical examination, CT and RT-PCR tests were found
to be negative, were taken as the control group. Inclusion
criteria for the control group were determined as rRT-PCR test
negativity, and those with the comorbid disease were excluded.
The routine parameters of all patients and the control group on
the day of admission to the hospital were analyzed. This study
was approved by the ethics committee of Basaksehir Cam and
Sakura City Hospital (N0.2021.04.65) and complies with the
principles of the Declaration of Helsinki. Due to the
retrospective and observational character of the study design,
the requirement for informed consent has been waived.

2.2. Data collection

Epidemiological, demographic, clinical, radiological data of
patients, laboratory results were obtained retrospectively from
electronic medical records. Laboratory evaluations of the
patients consisted of routine laboratory parameters such as
coagulation, blood count, and biochemistry tests at the time of
admission. The tests consisted of prothrombin time (PT),
activated partial thromboplastin time (aPTT), fibrinogen, D-
dimer, platelet (PLT), and CRP tests and were studied in the
Laboratory of Basaksehir Cam and Sakura City Hospital.
Blood samples of the patients were taken into a citrate tube for
coagulation, a gel tube for biochemical parameters, and an
EDTA tube for a complete blood count.

Coagulation analysis was performed on an automatic
coagulation analyzer (Roche Cobas t 711 America),
hematology analysis on (Sysmex XN-900, Japan) device,
biochemistry analysis on SF-8200 (Roche Cobas 8000
America) brand device using original reagents. All
measurements were made within 2 hours. Coagulation
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functions were compared between Covid-19 patients and the
healthy control group, between the severe and critical patient
group, as well as between survivor and non-survivor.

2.3. Statistical Analysis

A one-way ANOVA with Bonferroni multiple comparison
tests was used for the quantitative data analysis. Pearson or
Likelihood Ratio Chi-Square test was used to analyze the
nominal scale data. Receiver operating characteristic (ROC)
analysis was used to evaluate the diagnostic performance of
study variables in Covid-19 disease. Youden's index was used
as a criterion for choosing an optimal cut-off value. The level
of statistically significance was set at p <0.050. The statistical
analyses were performed using SPSS v26 (IBM Inc., Chicago,
IL, USA) statistical software.

3. Results
3.1. Basic characteristics, chronic diseases and coagulation
parameters of control group with severe and critical
Covid-19 patient groups
In this study, there were a total of 264 patients, 133 (50.40%)
females and 131 (49.6%) males. The critical group was made
up of 62.1% men, 37.9% women, and the severe group 47.5%
men and 52.5% women (p =0.008). The mean age of the critical
group was 62.86+16.25, the mean age of the severe group was
60.22+14.29 and the mean age of the control group was
58.76+13.42. Differences between groups in terms of study
variables were investigated with ANOVA (Table 1). Platelet
count did not change significantly compared to groups (p
=0.465).

The change of patients' chronic diseases according to the
groups was examined with the Chi-square test. It was
determined that the frequency distributions of all chronic
diseases showed significant changes according to the groups.
It was found that Hypertension in 41.4% of the critical group,
27.7% of the severe group; Diabetes Mellitus (DM) in 40.2%
of the critical group, 33.7% of the severe group; Chronic
Obstructive Pulmonary Disease (COPD) in 12.6% of the
critical group, 10.9% of the severe group; coronary artery
disease (CAD) in 23% of the critical group, 11.9% of the severe
group; chronic renal failure (CRF) in 9.2% of the critical group,
2% of the severe group; cancer in 3.4% of the critical group,
6.9% of the severe group.

3.2. Analysis of diagnostic effectiveness of routine
coagulation parameters in determination of Covid-19
severity

The ROC curve was created to analyze the effectiveness of

various coagulation parameters in the diagnosis of severe
Covid-19 patients during admission (Fig. 1). ROC curve
analysis revealed that CRP, fibrinogen, aPTT, PT and D-Dimer
had high diagnostic value in distinguishing severe Covid-19
patients from healthy subjects (p <0.001) (Table 2). ROC curve
analysis revealed that D-Dimer, CRP, PT, aPTT and fibrinogen
had high diagnostic value in distinguishing critical Covid-19
patients from severe Covid-19 patients (p <0.001) (Fig. 2)
(Table 3).
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Table 1. Comparison of the study variables

Parameters Critical group@=87) | F | p |
Age (mean = SD) 58.43 + 13.42 60.22 + 14.29 62.86 % 16.25 1.880  0.155
Male n (%) 29 (38.2%) 48 (47.5%) 54 (62.1%) 9.565%*  0.008
PT (sec) 8.93 +0.47° 9.53 £1.01° 11.0 8+ 3.61° 2976 0.000
INR 0.99 + 0.05 1.05 + 0.08 1.21 +0.36° 23.097  0.000
APTT (sec) 28.9243.19¢ 33.1145.36 3736+ 11° 26.627  0.000
D-Dimer (ugFEU/mL) 0.31+0.14b 0.83 + 1.02° 3.84 + 3.85° 58.589  0.000
Fibrinogen (mg/dL) 353.75 + 62.99¢ 528.77+ 139.54 587.02 + 154.14 70.886  0.000
Platelet (x10%L) 267.39+76.13 257.25 4 98.82 249.8 + 89.53 0.768  0.465
CRP (mg/L) 3.63 +2.63¢ 63.07 + 42.45b 132.4+97.12 85247  0.000
ALT (UL 27.01 + 12.86° 34.62 +23.38 43.83 + 45.98 5965  0.003
AST (UL) 27.05+ 11.9¢ 39.04 +22.88 54.17 + 55.29* 11.594  0.000
GGT (U/L) 23.85+17.30° 57.66 +42.20° 60.85 + 56.032 16459 0.000
ALP (U/L) 73.67+ 16.97° 75.39 + 27.43 91.46 + 54.66* 5311 0.000

F: One-way ANOVA, **Chi square test, PT = Prothrombin time; aPTT = Activated Prothrombin Time. Means that do not share a letter are significantly different
(p <0.05). ap <0.05, b p <0.01, ¢ p <0.001, (mean + SD)

Table 2. Diagnostic value of some variables for the distinction between control and severe groups

. Cut off . . Asymptotic 95% Confidence Interval
Test Result Variable(s) Sensitivity 1-spesifity p AUC
797 409 .000 730 .653 .807

PT (sec) 9.165

APTT (sec) 30.150 725 333 .000 740 665 815
D-Dimer (mgFEU/mL) 0.4945 884 473 .000 716 638 794
Fibrinogen (mg/dL) 446 971 247 .000 889 838 940
CRP (mg/L) 8.85 971 043 .000 990 979 1.000

Table 3. Diagnostic value of some variables for the distinction between severe and critical groups
Cut off

Asymptotic 95% Confidence Interval

Test Result Variable(s) Sensitivity 1-spesifity p AUC
PT (sec) 9.78 797 .607 .000 763 .692 .834
APTT (sec) 37.05 .806 733 .007 .619 .533 704
D-Dimer (mgFEU/mL) 1.15 .884 .587 .000 .862 .808 916
Fibrinogen (mg/dL) 843 971 .947 .034 .593 .508 .678
CRP (mg/L) 101.15 971 .660 .000 .740 .662 818

Table 4. Comparison of the study variables

Parameters Severe survivor group Critical group (n=87) -
(n=101)
Age 60.22+14.3 61+17.01 66.79 + 13.97 2.094 0.126
Male n (%) 48(47.5%) 35 (59.3%) 19 (67.9%) 8.596** 0.103
PT (sec) 9.53+£1.01b 11.19+4.2 ab 10.86+1.96 a 8.520 0.000
INR 1.05+0.08 b 1.22+0.41 ab 1.19£0.2 a 9.800 0.000
APTT (sec) 33.11+5.36b 37.36 +12.8a 37.38+5.77 a 5..816 0.004
D-Dimer (ngFEU/mL) 0.83+1.02b 3.67+3.76a 42+4.08a 28.710 0.000
Fibrinogen (mg/dL) 528.77+139.54 b 597.31+159.67b 564.08 + 141.27 ab 4.058 0.019
Platelet (x109/L) 257.25 £ 98.82 263.19 + 94.05 221.61 £72.92 2.006 0.137
CRP (mg/L) 63.07+42.45¢ 117.79 + 93.73b 162.67 £98.61a 25.101 0.000
ALT (U/L 34.62+23.38b 35.38+34.97b 61.26+60.42 a 6.583 0.002
AST (U/L) 39.04 +22.88b 41.39+32.66b 81.15+79.66 a 12.645 0.000
GGT (U/L) 57.66 + 42.20 55.45+52.74 72.14 £ 62.20 0.901 0.409
ALP (U/L) 75.39+27.43 b 89.62 +50.79 ab 9529+62.95a 3.036 0.051

Table 5. DIC in non-survivors with New Coronavirus Pneumonia (N = 28)

Platelet count (x 10°/ L)

Prolongation of PT (sec)

<50 (2 point); 50-100 (1 point)
D-Dimer (pg/mL)
1.0-3.0 (2 point); > 3.0 (3 point)
Fibrinojen (g/L)

<1.0 (1 point)

3-6 (1 point); > 6 (2 point)
Meeting the ISTH criteria of DIC (Total points >5)

Number of patients (%)

0;1(3.57)

13 (46.43); 11 (39.29)

24 (85.71)

1(7.14); 2 (3.57)

5(17.86)
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Test Result Variable(s) C\:,};lltll(l)ff‘t Sents;twl 1-spesifity
PT (sec) 9.665 710 115
APTT (sec) 37.05 .806 .346
D-Dimer (mgFEU/mL) 1.11 817 154
Fibrinogen (mg/dL) 548.5 .624 423
CRP (mg/L) 94.54 .828 192

Table 6. Diagnostic value of some variables for the distinction between severe and non-survivor groups

Asymptotic 95% Confidence Interval

P AUC

.000 793 .695 .890
.001 713 .599 .828
.000 .879 .800 958
252 574 448 .699
.000 .849 757 .940

Table 7. Diagnostic value of some variables for the distinction between survivor and non-survivor groups

Asymptotic 95% Confidence Interval

Test Result Variable(s) Cut off
PT (sec) 9.67 .345 115
APTT (sec) 32.050 455 154
D-Dimer (mgFEU/mL) 1.55 455 .308
Fibrinogen (mg/dL) 546.5 491 423
CRP (mg/L) 73.00 .345 .077

3.3. Basic characteristics, chronic diseases and coagulation
parameters of survivor and non-survivor Covid-19
patient groups

111 (59.04%) patients were discharged, 28 (14.89%) patients

died, and the remaining 49 (26.06%) patients remained in

hospital in stable condition on December 9th, 2020. The non-
survivor group was made up of 67.9% men, 32.1% women, and
the survivor group 59.3% men and 40.7% women (p =0.103).

The mean age of the non-survivor group was 66.79+13.97, the

mean age of the survivor group was 61+17.01, and the mean

age of the severe group was 60.22+14.3. Differences between
groups in terms of study variables were investigated with

ANOVA (Table 4). Platelet count did not change significantly

compared to groups (p =0.137).
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Fig. 1. ROC curve of CRP and coagulation parameters for comparing
control and severe groups

It was found that Hypertension in 50% of the non-survivor
group, 37.3% of the survivor group; DM in 50% of the non-
survivor group, 35.6% of the survivor group; COPD in 7.1%
of the non-survivor group, 15.3% of the survivor group; CAD
in 14.3% of the non-survivor group, 27.1% of the survivor
group; CRF in 3.6% of the non-survivor group, 11.9% of the
survivor group; cancer in 5.1% of the survivor group.
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In five of the patients who died from Covid-19 on
admission, significant DIC was present according to the
International Society for Thrombosis and Hemostasis (ISTH)
criteria for disseminated intravascular coagulation (DIC)
(Table 5) (10).

ROC Curve
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Fig. 2. ROC curve of CRP and coagulation parameters for comparing
severe and critical groups
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Fig. 3. ROC curve of CRP and coagulation parameters for comparing
severe and non-survivor groups
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ROC Curve
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Fig. 4. ROC curve of CRP and coagulation parameters for comparing
survivor and non-survivor groups

3.4. Analysis of diagnostic effectiveness of routine
coagulation parameters in survival of Covid-19 patients
The ROC curve was created to analyze the effectiveness of

coagulation parameters in comparing severe patients with non-
survivor patients (Fig. 3). ROC curve analysis revealed that D-
Dimer, CRP, PT, aPTT had high diagnostic value in
distinguishing severe Covid-19 patients from non-survivor
patients (p <0.001) (Table 6). ROC curve analysis showed that
parameters other than aPTT and CRP were not effective in
determining the survival of critical Covid-19 patients (p <0.05)
(Fig. 4) (Table 7).

4. Discussion

Covid-19 is infection with highly complex
pathophysiology, leading to a pandemic starting from Wuhan,
China in December 2019 (1). While mild infection is observed
in the majority of symptomatic patients infected with SARS-
CoV-2, severe and critical illness occurs in 19% of patients (3).
Risk classification will be extremely helpful in managing the
process due to the limitation of human support and mechanical
capacities, support as well as tendency of SARS-CoV-2 to
cause venous and arterial thrombosis, and the lack of an
effective treatment. Early and effective markers are needed for

a viral

diagnosis and follow-up, and coagulation parameters, which
may have prognostic and predictive value in the course of the
disease, are very important.

Consistent with previous studies in our study, hospitalized
Covid-19 patients had abnormal coagulation parameters on
admission compared to the healthy control group (10,13). Tang
et al. reported that when coagulation parameters are abnormal,
Covid-19 patients have a worse prognosis (10). The
overactivation of immune cells and overproduction of
proinflammatory cytokines during Covid-19 is called cytokine
storms (14). It has been stated that the mechanism of
inflammatory damage can develop as a result of T cell
activation, increased granulocyte-macrophage colony-
stimulating factor, and IL-6 production (15). As a result of the
developing hyperinflammatory condition affecting the immune
system, the microvascular system is damaged. The link
between inflammation and hemostasis, defined as

immunothrombosis, leads to abnormal activation of the
coagulation system, thrombin formation, and inhibition of
fibrinolytic reaction. These events that increase the likelihood
of thrombosis are associated with increased production of
proinflammatory cytokines (16).

Critical cases were older and had more underlying diseases
compared to severe cases. similar to other studies (15,17).
Covid-19 patients with major underlying conditions are at high
risk of coagulation dysfunction. Our study showed that the
incidence of abnormalities in parameters of coagulation
function on admission was significantly higher in critical cases
than in severe cases, that is, it was associated with disease
severity (15,17). D-dimer elevation has been reported to be one
of the most common laboratory findings recorded in Covid-19
patients requiring hospitalization (18). In our study, especially
D-dimer levels were significantly higher in critical patients. D-
dimer is a fibrin degradation product that is a reliable indicator
of the activation of the hemostatic system and the activity of
the fibrinolysis system. An analysis showed that D-dimer
values were three times higher in severe Covid-19 patients than
in those with milder forms (19). In a study of 138 patients, D-
dimer levels were found to be significantly higher in patients
who need ICU than in patients who do not (20). Huang et al.
stated that patients with high D-dimer levels on admission need
more ICU support (21). Since a marked increase in D-dimer is
thought to be associated with the formation of multiple
microthrombi, it has been stated that hospitalization of these
patients should be considered even in the absence of other
serious symptoms (22). In some studies, critical or non-
survivor patients have been reported to have statistically
significantly higher levels of D-dimer than non-critical or
survivor patients (23).

Advanced age and chronic diseases in severe Covid-19
patients; hypercytokinemia, endothelial dysfunction, and
inflammation are known risk factors for sepsis characterized
by excessive, resulting in hipercoagulability (23,24). The
cytopathic effect caused by the virus may lead to platelet
activation and excessive thrombin formation as a result of
widespread endotheliitis and inflammatory cell death (18).
Hypoxia caused by respiratory failure in severe Covid-19 can
not only increase blood viscosity, but also stimulate thrombosis
through signaling (25). Refractory hypoxemia can lead to
vasoconstriction, which reduces blood flow and increases
vascular obstruction (23,24). Another risk factor is the
aggressive proinflammatory response and insufficient control
of the anti-inflammatory response. Stasis due to prolonged
immobilization and invasive treatment, especially in severe
Covid-19 patients, are risk factors for hypercoagulability or
thrombosis (18). Some patients may develop sepsis-induced
DIC (10,18). In the epidemiological analysis of 72,314 Covid-
19 cases, most of the deaths were seen in people over 60 years
of age with comorbidities (26,27). In our study, high levels of
D-dimer and other coagulation parameters are associated with
mortality in elderly and comorbidity patients. Individuals with
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older, comorbidities and hypercytokinemia are known to be
more likely to die from Covid-19 infection are known to be
more likely to die from Covid-19 infection (7,26). The
association between an increase in D-dimer levels and the
deaths of patients infected with Covid-19 was also observed by
Zhou and colleagues in a multicenter cohort study in China. It
has also proven that high D-Dimer is an independent risk factor
for mortality in Covid-19 patients (16,28).

Increased fibrin and conversion of and plasminogen to
plasmine at the site of inflammation leads to a division of fibrin
protofibrils and cumulative release of D-dimer, a known
marker of Covid-19-associated thrombosis (16). In a logistic
regression model, advanced age and D-dimer higher than 1
png/mL during hospitalization was associated with an increased
likelihood of death (19,29). When the increase in D-dimer
levels reaches above 3 pg/mL, the mortality rate was
determined to increases threefold (30). We found
significantly higher D-dimer levels on admission in non-
survivor. In a study Guan et al. analyzed with Covid-19
patients, they observed non-survivors had significantly higher
D-dimer than survivors (31). In 183 patients at Wuhan Tongji
Hospital, PT, fibrinogen, D-dimer, and fibrinogen degradation
products (FDP) were shown to be significantly increased in
Covid-19-related deaths. This condition suggested that
coagulopathy is associated with prognosis and therefore these
parameters may guide treatment (10). Since increased D-dimer
levels in critical patients may be associated with a higher
likelihood of developing DIC, these patients should be
evaluated for DIC (15). Tang in the study found that 71.4% of
non-survivors and 0.6% of survivors met criteria for DIC with
high D-Dimer during their hospital stay and had a worse
prognosis, increased risk of death (25). PT and APTT were
significantly prolonged in non-survivors (10). Zhou et al found
that 50% of non-survivors and only 7% of survivors met the
DIC criteria (28). Hemostasis disorder may develop in patients
with Covid-19, but excessive consumption of coagulation
factors leads to the development of DIC. Development of DIC
that adversely affects prognosis in Covid-19 is not uncommon
(13). In five cases of death in our study, DIC was detected
according to the ISTH SSC DIC score. DIC diagnostic scoring
system parameters included PT, PLT, fibrinogen, and D-dimer.
A score of >=5 is considered open DIC. DIC is a syndrome
characterized by intravascular coagulation and causes the
development of multiple organ failure (MOF) (26). Our data
show that development of DIC in Covid-19 patients is not rare
and caution should be exercised in critical patients due to its
negative effect on the course of the due to disease. As a result
of cytokine release syndrome affecting the immune system, the
microvascular system is damaged and leads to abnormal
activation of the coagulation system (15). This condition
manifests itself as generalized small vessel vasculitis and
diffuse microthrombosis (6). Cytokine storming interacts with
coagulopathies and leading to vicious cycle associated with
poor prognosis (32).
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When the level of coagulation factors falls below 50%,
coagulation tests are prolonged, and an abnormality may
develop until the decompensation period of DIC due to the
continuous activation and consumption of the exogenous
coagulation pathway during DIC progression (23). Parameters
PT and APTT that differences most in Covid-19 patients may
increase due to coagulation activation or decrease due to
consumptive coagulopathy (19). PT and APTT have been
found to be longer in severe Covid-19 patients than in non-
severe patients in some studies (10,21). We found that initial
PT and APTT values were significant for risk classification and
prognosis determination in Covid-19 patients. Prolonged PT
on admission to the hospital has been shown to increase the
risk of morbidity and mortality. The reason is that
coagulopathy in Covid-19 is mostly due to sepsis in which the
exogenous coagulation pathway is activated (23). One study
found higher levels of fibrinogen in severe patients than non-
severe patients (33). Fibrinogen, synthesized by the liver as an
acutely reactive protein, is a coagulation protein. Fibrinogen
promotes platelet aggregation and thrombosis, as well as
hyperfibrinogenemia is commonly seen in the early phase of
Covid-19 in both survivors and non-survivors. But in non-
survivors, levels of fibrinogen may gradually decrease and
hypofibrinogenemia may occur in the late stage of
consumptive coagulopathy (10). In some studies, elevated
fibrin levels have been detected in the lungs of patients with
Covid-19 and it has been stated that fibrin accumulation in the
alveoli causes acute bilateral pulmonary inflammation and
chronic pulmonary fibrosis. The cytokine storm associated
with Covid-19 also has a major effect on thrombin production
and fibrin deposition in the lung. These data support the
hypothesis that coagulopathy associated with Covid-19
contributes to the underlying pulmonary pathogenesis (34). In
our study, fibrinogen and CRP levels were high in Covid-19
patients requiring hospitalization. The simultaneous increase in
fibrinogen and CRP levels is probably due to an acute phase
response (15). Free thrombin not controlled by natural
anticoagulants can activate platelets (10). As in various viral
infections, thrombocytosis due to platelet activation is
common in the acute phase of Covid-19 and thrombocytopenia
is common in its late stages (19). Development of
thrombocytopenia may include direct or indirect factors such
as inappropriate platelet activation and consumption due to
DIC, immunological platelet destruction, and impaired
megakaryopoiesis. In studies, platelet counts were found to be
within the normal range in most COVID-19 patients at the time
of admission (20,35), but thrombocytopenia was found in
severe patients and non-survivors (10,31). Thrombocytopenia
seen in critical patients is considered an indicator of bleeding
and sepsis mortality as well as helping to detect the severity of
coagulopathy (23).

In our study, in which we analyzed coagulation factors in
Covid-19 patients, we found that age, comorbidity, elevated
CRP, D-Dimer, fibrinogen, PT, aPTT levels have high



Sener / J Exp Clin Med

diagnostic value. In addition, we determined that coagulation
factors increased more in critical patients than in severe
patients. In the non-survivor, we found abnormal coagulation
parameters that reflect coagulopathy on admission.

There are several limitations of this study. It was a
relatively small, retrospective study. Our findings should be
confirmed by a larger, powerful clinical trial. But in our study,
we analyzed changes in coagulation biomarkers in hospitalized
Covid-19 patients and those who lost their lives. We correlated
these parameters with disease severity and survival.

Coagulation disorder is common and negatively affects
prognosis in Covid-19. Our findings showed that coagulopathy
developed common and that coagulation markers were
associated with disease severity and survival in Covid-19,
largely determining patients ' clinical outcomes. We found that
the presence of DIC significantly increased deaths in critical
cases. Our data suggest that monitoring of early coagulation
tests can be used as independent, effective, easily accessible
markers to evaluate prognosis, prevent disease progression,
and guide treatment in the disease process, as well as helping
to identify early coagulation disorders.

Conflict of interest
None to declare.

Acknowledgments

I would like to thank Dr. Yeliz Kasko Arici from the
Department of Biostatistics of the Faculty of Medicine of Ordu
University for her support in the field of Statistics.

References

1. Rai P, Kumar BK, Deekshit VK, Karunasagar I, Karunasagar I.
Detection technologies and recent developments in the diagnosis
of COVID-19 infection. Appl Microbiol Biotechnol.
2021;105(2):441-455. doi:10.1007/s00253-020-11061-5

2. World Health Organization. Statement on the second meeting of
the International Health Regulations (2005) Emergency
Committee regarding the outbreak of novel coronavirus (2019-
nCoV). Jan 30, 2020. https://bit.ly/2zc56Vk (accessed May
2020).

3. WuZ, McGoogan JM. Characteristics of and Important Lessons
From the Coronavirus Disease 2019 (COVID-19) Outbreak in
China: Summary of a Report of 72314 Cases From the Chinese
Center for Disease Control and Prevention. JAMA. 2020;
323(13):1239-1242. doi: 10.1001/jama.2020.2648.

4. DuY, Tu L, Zhu P, Mu M, Wang R, Yang P, et al. Clinical
features of 85 fatal cases of COVID-19 from Wuhan: a
retrospective observational study. Am J Respir Crit Care Med.
2020; 201(11):1372-1379. doi: 10.1164/rccm.202003-05430C.

5. Xiong Y, Liu Y, Cao L, Wang D, Guo M, Jiang A, et al.
Transcriptomic characteristics of bronchoalveolar lavage fluid
and peripheral blood mononuclear cells in COVID-19 patients.
Emerg Microbes Infect. 2020; 9(1):761-770. doi:
10.1080/22221751.2020.1747363.

6. Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary
pathology of early phase 2019 novel coronavirus (COVID-19)
pneumonia in two patients with lung cancer. J Thorac Oncol.
2020; 15(5):700-704. doi: 10.1016/.jth0.2020.02.010.

7. Ding YQ, Bian XW. Analysis of coronavirus disease-19 (covid-

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

19) based on SARS autopsy. Chin J Pathol. 2020; 49(4):291-
293. doi: 10.3760/cma.j.cn112151-20200211-00114.

Barton LM, Duval EJ, Stroberg E, Ghosh S, Mukhopadhyay S.
COVID-19 Autopsies, Oklahoma, USA. Am J Clin Pathol.
2020; 5;153(6):725-733. doi: 10.1093/ajcp/aqaa062

Zhang L, Long Y, Xiao H, Yang J, Toulon P, Zhang Z. Use of
D-dimer in oral anticoagulation therapy. International journal of
laboratory hematology. 2018; 40: 503-7. 10.1111/ij1h.12864.

Tang N, Li D, Wang X, Sun Z. Abnormal Coagulation
parameters are associated with poor prognosis in patients with
novel coronavirus pneumonia. J Thromb Haemost. 2020;
18(4):844-847. doi: 10.1111/jth.14768.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al.
Epidemiological and clinical char-acteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a de-scriptive
study. Lancet.  2020;  15;395(10223):507-513.  doi:
10.1016/S0140-6736(20)30211-7.

https:// www.covid19.saglik.gov.tr/ 2020

Han H, Yang L, Liu R, Liu F, Wu KL, Li J, et al. Prominent
changes in blood coagulation of patients with SARS-CoV-
2 infection. Clin Chem Lab Med. 2020; 25;58(7):1116-1120.
doi: 10.1515/cclm-2020-0188.

Vaninov N. In the eye of the COVID-19 cytokine storm. Nat
Rev Immunol. 2020; 20(5):277. doi: 10.1038/s41577-020-0305-
6.

ZouY, Guo H, Zhang Y, Zhang Z, Liu Y, Wang J, et al. Analysis
of coagulation parameters in patients with COVID-19 in
Shanghai, China. Biosci Trends. 2020; 14(4):285-289. doi:
10.5582/bst.2020.03086.

Sathler PC. Hemostatic abnormalities in COVID-19: A guided
review. An Acad Bras Cienc. 2020; 92(4): €¢20200834. Doi:
10.1590/0001-3765202020200834.

Fogarty H, Townsend L, Cheallaigh CN, Bergin C, Martin-
Loeches I, Browne P, et al. COVIDI9 coagulopathy in
Caucasian patients. Br J Haematol. 2020; 189(6):1044-1049.
doi: 10.1111/bjh.16749

Zhang L, Yan X, Fan Q, Liu H, Liu X, Liu Z, et al. D-dimer
levels on admission to predict in-hospital mortality in patients
with Covid-19. J Thromb Haemost. 2020; 18(6):1324-1329. doi:
10.1111/jth.14859.

Harenberg J, Favaloro E. COVID-19: progression of disease and
intravascular coagulation - present status and future
perspectives. Clin Chem Lab Med. 2020; 25;58(7):1029-1036.
doi: 10.1515/cclm-2020-0502.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical
Characteristics of 138 Hospitalized Patients With 2019 Novel
Coronavirus-Infected Pneumonia in Wuhan, China. JAMA.
2020; 17;323(11):1061-1069. doi: 10.1001/jama.2020.1585.

21. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet. 2020; 10223:497-506. doi:
10.1016/S0140-6736(20)30183-5.

Thachil J, Tang N, Gando S, Falanga A, Cattaneo M, Levi M, et
al. ISTH interim guidance on recognition and management of
coagulopathy in Covid-19. J Thromb Haemost. 2020;
18(5):1023-1026. doi: 10.1111/jth.14810.

Luo L, Xu M, Du M, Kou H, Liao D, Cheng Z, et al. Early
coagulation tests predict risk stratification and prognosis of
COVID-19. Aging (Albany NY). 2020; 12(16): 15918-15937.
doi: 10.18632/aging.103581.

235



24.

25.

26.

27.

28.

29.

Sener / J Exp Clin Med

Bermejo-Martin JF, Martin-Fernandez M, Lopez-Mestanza C,
Duque P, Almansa R. Shared Features of Endothelial
Dysfunction between Sepsis and Its Preceding Risk Factors
(Aging and Chronic Disease). J Clin Med. 2018; 7(11): 400. doi:
10.3390/jcm7110400.

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(5):1094-1099. doi: 10.1111/jth.14817.

Song JC, Wang G, Zhang W, Zhang Y, Li WQ, Zhou Z. Chinese
expert consensus on diagnosis and treatment of coagulation
dysfunction in COVID-19. Mil Med Res. 2020; 1:19. doi:
10.1186/s40779-020-00247-7.

Novel Coronavirus Pneumonia Emergency Response
Epidemiology Team. The epidemiological characteristics of an
outbreak of 2019 novel coronavirus diseases (COVID-19) in
China. Chin J Epidemiol. 2020; 2:145-151. doi:
10.3760/cma.j.issn.0254-6450.2020.02.003.

Zhou F, Yu T, DuR, Fan G, Liu Y, Liu Z, et al. 2020. Clinical
course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort study.
Lancet. 2020; 28;395(10229):1054-1062. doi: 10.1016/S0140-
6736(20)30566-3.

Lippi G, Simundic AM, Plebani M. Potential preanalytical and
analytical vulnerabilities in the laboratory diagnosis of
coronavirus disease 2019 (COVID-19). Clin Chem Lab Med.
2020; 25;58(7):1070-1076. doi: 10.1515/cclm-2020-0285.

236

30.

31.

32.

33.

34.

35.

Lippi G, Favaloro EJ. D-dimer is associated with severity of
coronavirus disease 2019 [COVID-19]: a pooled analysis.
Thromb Haemost 2020; 120(5):876-878. doi: 10.1055/5-0040-
1709650.

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al.
Clinical Characteristics of Coronavirus Disease 2019 in China.

N Engl J Med 2020; (18)382::1708-1720. doi:
101056/NEJM0a2002032
Tanaka T, Narazaki M, Kishimoto T. Immunotherapeutic

implications of IL-6 blockade for cytokine storm.
Immunotherapy. 2016; 8(8):959-70. doi: 10.2217/imt-2016-
0020.

Gao Y, LiT,Han M, Li X, Wu D, Xu Y, et al. Diagnostic utility
of clinical laboratory data determinations for patients with the
severe COVID-19.J Med Virol. 2020; 92(7):791-796. doi:
10.1002/jmv.25770.

Gralinski LE, Bankhead A 3rd, Jeng S, Menachery VD, Proll S,
Belisle SE, et al. Mechanisms of severe acute respiratory
syndrome coronavirus-induced acute lung injury. MBio. 2013;
6;4(4): €00271-13. doi: 10.1128/mBi0.00271-13.

Chen R, Sang L, Jiang M, Yang Z, Jia N, Fu W, et al.
Longitudinal hematologic and immunologic variations
associated with the progression of COVID-19 patients in China.
J Allergy Clin Immunol. 2020; 146(1):89-100. doi:
10.1016/j.jaci.2020.05.003.



