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ARTICLE INFO ABSTRACT

Keywords: Purpose: The aim of the study was to assess the coagulation and inflammatory markers connected with severe
COvID-19 course of COVID-19 and no clinical improvement.

?]i?tmphﬂ Material and methods: The study population included 2590 adult patients, diagnosed with COVID-19, selected

from the SARSTer national database - an ongoing project led by the Polish Association of Epidemiologists and
Infectiologists and supported by the Medical Research Agency. Clinical and laboratory parameters, such as C-
reactive protein (CRP), white blood cells (WBCs), neutrophil and lymphocyte count, procalcitonin, ferritin,
interleukin-6 (IL-6), D-dimer concentration and platelet (PLT) count were analyzed before and after treatment
(remdesivir, tocilizumab, dexamethasone, anticoagulants).

Results: Significant differences between patients with mild and severe course of the disease were observed in all
examined parameters before treatment (p < 0.05). After treatment only ferritin concentration did not differ
significantly. In patients with pulmonary embolism, CRP concentration, neutrophil count, D-dimer and IL-6
concentration were significantly higher than in patients without embolism (p < 0.05). The significant differ-
ences between the groups with and without fatal outcome were observed within all analyzed parameters.
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Significant differences in all examined parameters before treatment were observed between patients with and
without clinical improvement (p < 0.05).

Multivariate logistic regression showed that no clinical improvement was associated with: IL-6>100 pg/ml (OR-
2.14), D-dimer concentration over 1000 ng/ml (OR-1.62) and PLT count below 150,000/p1 (OR-1.57).
Conclusions: Severe course of the disease is associated with lower PLT and lymphocyte count, higher D-dimer,
CRP, neutrophil count and IL-6 concentration. The best predictors of no clinical improvement in COVID-19 are: IL-
6>100 pg/ml, D-dimer>1000 ng/ml and PLT<150,000/pl.

1. Introduction

According to current knowledge, inflammation, coagulation and
thrombosis play an important role in the pathogenesis of 2019 coronavirus
disease (COVID-19). At first, SARS coronavirus 2 (SARS-CoV-2) infection is
usually accompanied by an aggressive pro-inflammatory response and
insufficient control of an anti-inflammatory response. Systemic inflamma-
tion with elevated levels of C-reactive protein (CRP), fibrinogen and cy-
tokines such as interleukin-6 (IL-6) is commonly observed [1]. The
on-going inflammation may induce the endothelial cell dysfunction,
resulting in excess thrombin production, which enhances fibrin formation
and promotes platelet activation and aggregation, thus leading to increased
coagulation state. Products of fibrinolysis, such as D-dimer and platelet
(PLT) count are laboratory markers of coagulation disorders [2]. Secondly,
the hypoxia found in severe COVID-19 course can stimulate thrombosis,
not only by increasing blood viscosity, but also through a
hypoxia-inducible transcription factor-dependent signaling pathway [3].
Additionally, interactions between various kinds of blood cells, macro-
phages, endothelial cells, platelets could play a crucial role in procoagulant
effect of viral infection. The immune dysregulation characteristic for severe
COVID-19 infection may be initiated by “pyroptosis”, a form of apoptosis
initially described in macrophages, with rapid viral replication leading to
massive release of inflammatory mediators [4]. Furthermore, neutrophil
extracellular traps (NETs) have also been observed in vessels in autopsy
specimens of patients with COVID-19. These are associated with high
circulating levels of cell-free DNA and histones, which in turn can activate
pro-thrombotic pathways leading to increased thrombin production [5].

The immune response may participate in the formation of thrombi
within blood vessels, particularly in microvessels in COVID-19. Immu-
nothrombosis, accurately describes the intricate network between the
coagulation system and the innate immune system [6,7]. In clinical
practice it is usually associated with poor prognosis and complicated
course of the disease. Elevated D-dimer concentration is always associ-
ated with unfavorable events.

The aim of the study was to assess the coagulation and inflammatory
markers associated with severe course of COVID-19 and no clinical
improvement.

2. Material and methods

This study is based on the SARSTer national database. This ongoing
project, supported by the Polish Association of Epidemiologists and
Infectiologists, is a national real-world experience, observational study
assessing treatment in patients with COVID-19. Patients whose data are
collected in the SARSTer database were hospitalized in 18 Polish centers,
between 1 March 2020 and 31 January 2021. The decision about the
treatment regimen was made entirely by the treating physician with
respect to the state-of-the-art knowledge and recommendations of the
Polish Association of Epidemiologists and Infectiologists [8,9].

Data of 2590 adult patients (1208 females and 1382 males, mean age
60 £ 16.9 years) diagnosed with COVID-19 from the SARSTer database
were analyzed. Analysis included the whole database of patients enrolled
in the study hospitalized between 1st March 2020 and 31st January 2021
in the infectious diseases wards located in 18 medical centers in Poland.

The most common concomitant chronic diseases reported within this
group were: hypertension in n = 1194 (46.1%) patients, diabetes n = 456

(17.6%), ischemic coronary disease n = 266 (10.3%), neoplasms n = 167
(6.4%), chronic kidney disease n = 87 (3.4%), chronic obstructive pul-
monary disease n = 86 (3.3%), hyperuricemia n = 47 (1.8%), rheuma-
toid arthritis n = 26 (1%), and AIDS/HIV infection n = 5 (1.9%).

Patients included in the study met the following criteria: cough, dys-
pnea, or fever (>38 °C); positive result of a polymerase chain reaction (PCR)
test for SARS-CoV-2 from a nasopharyngeal swab; typical lesions visible in
the chest computed tomography (CT; ground glass; thickened interlobular
and interlobular lines in combination with a ground glass pattern - crazy
paving; consolidation, widening of the vessels); need for continuous oxygen
therapy; oxygen saturation <94% at any time during hospitalization.

The patients were treated with the following: n = 273 (9.23%) -
convalescent plasma, n = 566 (19.1%) - remdesivir, n = 341 (11.5%) -
tocilizumab, n = 730 (24.7%) - dexamethasone, n = 1628 (55%) - pro-
phylactic dose of low-molecular-weight heparin, and n = 210 (7.1%) -
therapeutic dose of low-molecular-weight heparin.

Analysis included juxtaposition of clinical and laboratory parameters.
Laboratory parameters, such as D-dimer concentration, PLT count and
CRP were analyzed on admission and on the 28th day.

Depending on the severity of the disease the patients were divided
into 8 categories on an ordinal scale:

1 - not hospitalized, normal activity,

2 - not hospitalized, with impaired activity and/or requiring oxygen
support,

3 - hospitalized, requiring neither oxygen support nor medical care
(hospitalized because of epidemiological reasons),

4 - hospitalized, not requiring oxygen support but requiring medical
care (related or not related to COVID-19),

5 - hospitalized, requiring oxygen support,

6 - hospitalized, requiring noninvasive high flow oxygen support (high-
flow nasal cannula),

7 - hospitalized, requiring mechanical ventilation or extracorporeal
membrane oxygenation (ECMO),

8 - death

All patients were assessed before and after treatment (remdesivir,
tocilizumab, dexamethasone, anticoagulants).

On admission the median score on the ordinal scale in this group was
5 (range 3-7).

The analysis was focused on risk factors/predictors of the following:

- death,

- pulmonary embolism, based on the results of a computed tomography
(CT) angiography of the chest,

- severe course of the disease (defined as score 5 or higher on the
ordinal scale on admission),

- no clinical improvement defined as a drop by 2 points on the ordinal
scale during the 28-day follow up period (only symptomatic, hospi-
talized patients who scored 4 or higher on admission, were included
in the analysis).

2.1. Statistical analysis

Data were presented as mean and standard deviation (SD) or median
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and interquartile ranges (IQR), as appropriate. Normal distribution of
variables was examined using Shapiro-Wilk test. Depending on the data
distribution, either ANOVA (normal distribution) or Mann Whitney U/
Kruskal-Wallis test (non-normal distribution depending on the number
of groups compared), were applied. Statistically significant results were
subjected to post hoc comparisons. Paired Wilcoxon singed-rank test was
used to compare the frequency of variables before and after treatment.

Multivariate logistic regression model was built. Receiver operating
characteristic (ROC) curves were calculated for measurable variables that
differed significantly between the groups.

Correlations were measured with Spearman rank test.

A p-value < 0.05 was considered statistically significant.

2.2. Ethical issues

The SARSTer study was approved by the Ethics Committee of the
Medical University of Bialystok, Poland (approval 29 October 2020,
APK.002.303.2020). In each site participating in the study, the local
Bioethics Committees approved the treatment and written informed
consent was obtained from each patient if necessary. The study was
conducted according to the guidelines of 1964 Declaration of Helsinki
with its later amendments.

3. Results
3.1. General results

Demographic characteristics and laboratory findings on admission
and after treatment are presented in Table 1. The significant differences
were found in CRP concentration, white blood cells (WBC) count, pro-
calcitonin (PCT) concentration, IL-6 concentration, PLT count, and
ferritin concentration (p < 0.05).

CRP concentration correlated with IL-6 concentration (R = 0.7, p <
0.05), neutrophil count (R = 0.45, p < 0.05), D-dimer concentration (R
= 0.43, p < 0.05), and ferritin concentration (R = 0.54, p < 0.05).

IL-6 concentration correlated with PLT count (R = 0.17, p < 0.05),
neutrophil count (R = 0.34, p < 0.05), D-dimer concentration (R = 0.36,
p < 0.05), and ferritin concentration (R = 0.47, p < 0.05).

PLT count correlated with neutrophil count (R = 0.35, p < 0.05), D-
dimer concentration (R = 0.07, p < 0.05), and ferritin concentration (R
=-0.1, p < 0.05).

Neutrophil count correlated with d-dimer concentration (R = 0.25, p
< 0.05), and ferritin concentration (R = 0.24, p < 0.05).

D-dimer concentration correlated with ferritin concentration (R =
0.3, p < 0.05).

There was no statistically significant differences among analyzed
parameters concerning treatment (remdesivir, tocilizumab, dexametha-
sone, anticoagulants), yet it should be emphasized that the treatment
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depended on initial parameters and clinical status of the patients ac-
cording to the ordinal scale.

3.2. Results in adults before treatment depending on the score on the
ordinal scale

In Table 2, we present laboratory parameters on admission before and
after treatment depending on the score on the ordinal scale. Statistically
significant differences were observed between patients with 3-4 points
and patients with 5-7 points on the ordinal scale considering all exam-
ined parameters before treatment (p < 0.05). After treatment, only
concentration of ferritin was not statistically significantly different.

3.3. Results of analyzed parameters in patients with pulmonary embolism

Pulmonary embolism was diagnosed in 42 patients (1.6%). Analysis
of the parameters of patients with and without pulmonary embolism is
presented in Table 3. Statistically significant difference was observed in
CRP concentration, neutrophil count, D-dimer and IL-6 concentration (p
< 0.05).

3.4. Analysis of selected parameters in patients with fatal outcome

Of the 2590 patients, 223 (8.61%) died. The juxtaposition of labo-
ratory parameters of patients who died and survived is presented in
Table 3. Statistically significant differences between the groups were
observed in all analyzed parameters.

3.5. Analysis of selected parameters in patients with clinical improvement

In Table 3, we present results of laboratory parameters before treat-
ment depending on the clinical improvement after 1 month. Statistically
significant difference between patients with clinical improvement versus
patients without clinical improvement in all examined parameters before
treatment was observed (p < 0.05). After treatment, only concentration
of ferritin was not statistically significantly different.

Multivariate logistic regression showed that D-dimer concentration
over 1000 ng/ml increases the odds ratio (OR) of no clinical improve-
ment 1.62 times compared to patients with D-dimer below 1000 ng/ml.
PLT count below 150,000/pl decreases the OR for clinical improvement
1.57 times in comparison to patients with PLT count over 150,000/pl. IL-
6 over 100 pg/ml decreases the OR for clinical improvement 2.14 times
in comparison to IL-6 concentration below 100 pg/ml (Table 4).

ROC curves in Fig. 1 present differences between the groups ac-
cording to the examined parameters. The proposed cut-off (criterion) is
marked in the graph.

Table 1
Demographic characteristics and laboratory parameters at admission and after treatment (n = 2590).
Before treatment After treatment p value
Mean SD Median Min Max Mean SD Median Min Max
CRP (mg/1) 69.5 74.9 44.5 0.010 439 30.3 52.1 10.9 0.090 535 <0.05
WBC (1/pD) 6843.1 6509.9 5865.0 200.000 224000 8129.9 5647.2 6740.0 1730.000 73000 <0.05
Neutrophils (1/ul) 4693.97 3176.99 3900 0 40000 5238.0 4569.9 4000.0 500.000 62300 NS
PCT (ng/ml) 0.4 2.5 0.1 0.000 48 0.3 1.1 0.1 0.010 13 <0.05
1L-6 (pg/ml) 66.3 162.8 27.9 0.030 3636 172.8 648.8 9.2 0.040 8855 <0.05
PLT (1/pD) 219164.0 94497.2 201000.0 2000.000 905000 315384.3 131858.4 297000.0 6000.000 1035000 <0.05
D-dimer (ng/ml) 1789.4 5332.3 740.0 24.000 93239 1769.6 3442.4 828.0 28.000 40055 NS
Ferritin (pg/1) 930.4 1272.2 568.0 5.000 19257 1097.9 2726.2 672.0 29.500 33511 <0.05
Age (years) 60.0 16.9 62.0 18.000 98 60.0 16.9 62.0 18.000 98 -
BMI 28.1 5.2 27.7 12.440 56 28.1 5.2 27.7 12.440 56 -

Abbreviations: SD — standard deviation; NS — non-significant; CRP — C reactive protein; WBC — white blood cells; PCT - procalcitonin; IL-6 — interleukin 6; PLT — platelet

count; BMI — body mass index.
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Table 2
Results of laboratory parameters before and after treatment depending on the score on the ordinal scale at admission.
Clinical scale score at admission - 3-4 (n = 1350) Clinical scale score at admission - 5-7 (n = 1240) p
. R R . value
Mean SD Median Min Max Mean SD Median Min Max

Before CRP (mg/1) 41.2 55.5 19.0 0.01 422 100.0 81.0 79.2 0.42 439 <0.05
treatment WBC (1/puD) 6201.0 4195.4 5470.0 200.00 111570 7536.4 8260.9 6340.0 660.00 224000 <0.05
Neutrophils (1/ 3970.14 2583.84 3350 0 25840 5483.44 3554.32 4670 100 40000 <0.05

)
PCT (ng/ml) 0.2 1.8 0.1 0.00 38 0.6 3.0 0.1 0.00 48 <0.05
IL-6 (pg/ml) 39.2 105.9 139 0.03 1679 93.2 200.7 46.2 0.63 3636 <0.05
PLT (1/pl) 221309.1 91773.7 206000.0 2000.00 691000 216840.1 97346.1 196000.0 10000.00 905000 <0.05
D-dimer (ng/ 1273.8 3551.7 597.0 24.00 63564 2329.6 6668.2 879.5 74.00 93239 <0.05

ml)
Ferritin (pg/1) 596.7 1091.6 404.0 5.00 19257 1223.3 1346.4 786.5 8.80 13468 <0.05
After CRP (mg/1) 19.7 38.6 5.5 0.09 371 38.2 58.9 16.0 0.25 535 <0.05
treatment WBC (1/puD) 6867.3 4538.0 6175.0 1920.00 73000 9095.8 6198.2 7500.0 1730.00 64570 <0.05
Neutrophils (1/ 4001.2 3211.4 3410.0 500.00 48100 6189.9 5192.3 4880.0 550.00 62300 <0.05

)
PCT (ng/ml) 0.2 0.7 0.1 0.01 5 0.4 1.3 0.1 0.01 13 <0.05
IL-6 (pg/ml) 98.0 449.6 5.0 0.04 4164 226.8 756.9 24.4 0.20 8855 <0.05
PLT (1/pD) 305069.1 126292.9 281000.0 12000.00 1025000 323319.2 135538.5 308000.0 6000.00 1035000 <0.05
D-dimer (ng/ 1289.5 2326.1 660.0 34.00 26172 2090.6 3989.3 989.0 28.00 40055 <0.05

ml)

Ferritin (pg/1) 938.2 2006.3 568.0 29.50 15278 1161.5 2968.8 691.0 59.16 33511 NS

Abbreviations: SD — standard deviation; NS — non significant; CRP - C reactive protein; WBC — white blood cells; PCT - procalcitonin; IL-6 — interleukin 6; PLT — platelet

count.
Table 3
Parameters of patients with and without pulmonary embolism, patients who died and who survived, and depending on the clinical improvement in 1 month.
With embolism (n = 42) Without embolism (n = 2548) p value
Mean SD Median Min Max Mean SD Median Min Max
CRP (mg/1) 112.9 93.98 90.5 2.1 3284 68.8 74.4 44.0 0.010 439 <0.05
WBC (1/pD) 7000.1 3571.65 6265.0 1006.0 15160.0 6840.5 6548.2 5850.0 200.000 224000 NS
Neutrophils (1/ul) 5578.75 3200.34 4935 600 14020 4679.52 3175.22 3900 0 40000 <0.05
PCT (ng/ml) 0.4 1.05 0.1 0.0 4.6 0.4 2.5 0.1 0.000 48 NS
1L-6 (pg/ml) 96.6 136.34 44.0 1.5 618.7 65.7 163.2 27.7 0.030 3636 <0.05
PLT (1/pD) 210869.0 95237.47 200500.0 27300.0 427000.0 219302.9 94497.7 202000.0 2000.000 905000 NS
D-dimer (ng/ml) 4533.5 7694.22 950.0 203.0 33433.0 1742.5 5272.9 737.0 24.000 93239 <0.05
Ferritin (pg/1) 1144.9 952.19 885.5 153.0 4135.0 924.7 1279.5 566.2 5.000 19257 NS
Fatal outcome (n=223) Recovery (n=2367)
CRP (mg/1) 125.4 90.0 107.9 1.00 438.6 64.3 71.2 40.6 0.010 430 <0.05
WBC (1/pD) 10978.8 17989.5 7900.0 200.00 224000.0 6457.5 3812.9 5730.0 660.000 111570 <0.05
Neutrophils (1//pl) 7293.17 5243.83 5820 0 40000 4464.49 2814 3800 100 25840 <0.05
PCT (ng/ml) 2.0 6.2 0.3 0.01 48.4 0.3 1.6 0.1 0.000 38 <0.05
1L-6 (pg/ml) 193.4 418.8 88.0 1.50 3636.0 56.8 119.2 25.7 0.030 1679 <0.05
PLT (1/pD) 207713.8 107894.1 188000.0 22000.00 572000.0 220229.0 93107.9 202000.0 2000.000 905000 <0.05
D-dimer (ng/ml) 4770.1 10059.1 1500.0 162.00 69575.0 1521.1 4589.1 699.5 24.000 93239 <0.05
Ferritin (pg/1) 1377.7 1014.1 1043.0 8.80 4498.0 896.2 1283.9 541.0 5.000 19257 <0.05
With clinical improvement in 1 month (n=1698) Without clinical improvement in 1 month (n=892)
CRP (mg/1) 67.1 70.6 44.3 0.01 430 97.3 90.2 70.1 0.36 438.6 <0.05
WBC (1/pD) 6506.3 3977.4 5790.0 660.00 111570 8517.4 12305.5 6380.0 200.00 224000.0 <0.05
Neutrophils (1/ul) 4550.4 2732.0 3900.0 100.00 25660 5761.8 4518.5 4450.0 0.00 40000.0 <0.05
PCT (ng/ml) 0.3 1.8 0.1 0.00 38 1.1 4.1 0.2 0.00 48.4 <0.05
IL-6 (pg/ml) 52.7 110.9 25.3 0.03 1679 130.5 294.2 52.5 0.64 3636.0 <0.05
PLT (1/pD) 221503.0 92759.7 202000.0 10000.00 905000 207769.4 101598.4 191000.0 7000.00 649000.0 <0.05
D-dimer (ng/ml) 1465.4 4642.9 694.5 24.00 93239 2992.2 7156.7 1114.0 128.20 69575.0 <0.05
Ferritin (pg/1) 904.0 1134.6 564.0 14.00 13468 1111.6 1102.7 721.0 8.80 8302.0 <0.05

Abbreviations: SD — standard deviation; NS — non significant; CRP — C reactive protein; WBC — white blood cells; PCT - procalcitonin; IL-6 — interleukin 6; PLT — platelet

count.

Table 4

Multivariate logistic regression parameters presenting the odds ratios for no

clinical improvement.

Parameter OR P 95% CI

D-dimer >1000 ng/ml 1.62 0.0001 1.24 2.12
PLT <150,000/pl 1.57 0.003 1.17 2.10
IL-6 > 100 pg/ml 2.14 0.0001 1.54 2.98

4. Discussion

The inflammatory cytokine storm seems to be one of the most
important pathomechanisms leading to death of COVID-19 patients. It is
defined by the excessive and uncontrolled release of pro-inflammatory
cytokines, including cytokines released by macrophages (IL-6, IL-10,
and TNF-a), resulting in the damage to the lungs and other organs [10,
11]. Our study, conducted on the large group of patients, confirms the
crucial role of inflammation and coagulopathy in the pathomechanism of



P. Czupryna et al.

IL-6 (pg/ml)

Advances in Medical Sciences 67 (2022) 291-297

PLT (1/ul)

100

80

60

Sensitivity: 55,3
Specificity: 82,7
Criterion : >120

Sensitivity

40

20

PRI TS R TS T NS T |

100

80

60

Sensitivity

40

20 Sensitivity: 23,6
Specificity: 88,2

Criterion : <=134000

e b )

0 20 40 60 80

100-Specificity

C

100

0 20 40 60 80 100

100-Specificity

D-dimer (ng/ml)

100

80

@
=]

Sensitivity

'S
oS

20

LI S B B B S R B B B B S S R |

Mo s e idesasl ol owiss ol

Sensitivity: 59,1
Specificity: 65,6
Criterion : >928

0 20

40 60
100-Specificity

80 100

Fig. 1. ROC curves of IL-6, PLT, D-dimer, when considering clinical improvement (IL-6 AUC - 0.702; PLT AUC - 0.555; D-dimer AUC - 0.650).

COVID-19. Markers associated with these processes seem to be good
predictors of the COVID-19 outcomes. Hariyanto et al. [12] performed a
meta-analysis of 4848 patients from 23 studies and suggested that CRP
and D-dimer can be used for predicting severe outcomes in COVID-19,
which was also observed in our study. Our present study is the first
study based on the Polish population concerning this topic. However, the
results are comparable to the reports in other countries. During
COVID-19 the increase of neutrophils is observed in the bloodstream and
the lungs. Although the neutrophils can play a protective role, extensive
and prolonged activation of these leukocytes can lead to harmful effects
in the lungs and result in pneumonia and/or acute respiratory distress
syndrome (ARDS) [13].

Neutrophilia has been described as an indicator of severe respiratory
symptoms and poor outcome in patients with COVID-19. Wang et al. [14]
also demonstrated that neutrophilia coexists with lung injury in severe
COVID-19 patients. In our study, neutrophil count was significantly
higher in patients with more severe presentation of COVID-19, patients
with embolisms and those who did not improve after treatment. How-
ever, in multivariate logistic regression, neutrophil count did not have a
significant influence on clinical recovery.

IL-6 is one of the most important cytokines released during the
cytokine storm phase in COVID-19. It might be secreted from various
types of cells, such as T cells, macrophages, endothelial cells, fibroblasts
and monocytes [15]. Zhang et al. [16] reported that IL-6 concentration
higher than 37.65 pg/ml was predictive of in-hospital death and ac-
cording to Herold et al. [17] IL-6 concentration >80 pg/ml was highly
predictive of respiratory failure. The results of our study show that IL-6
concentration >100 pg/ml is associated with more severe course of

COVID-19, fatal outcome, and reduced chances for clinical improvement.
In multivariate logistic regression, IL-6 over 100 pg/ml decreases the OR
for clinical improvement 2.14 times in comparison to IL-6 concentration
below 100 pg/ml.

CRP concentration can also be used in predicting the outcome of
COVID-19. In many studies, CRP concentration strongly correlated with
the severity of the COVID-19 course [17-20], which was also presented
in our study. Significantly higher CRP concentration was observed in
patients with more severe course of the disease, death and no clinical
improvement. In multivariate logistic regression, CRP concentration did
not have a significant influence on clinical recovery.

Ferritin is another marker of inflammation that seems to be strongly
associated with COVID-19 outcome prognosis. According to Ahmed et al.
[21], ferritin is a good marker of mortality in COVID-19. Extensive
ferritin secretion in the course of COVID 19 might be caused by macro-
phages and cytokines such as IL-6 [22,23]. In our study, higher ferritin
concentration was observed in patients with more severe disease course
and fatal outcome, and it decreased the probability of clinical improve-
ment. In multivariate logistic regression, ferritin concentration did not
influence the clinical improvement significantly.

The presence of coagulopathy, as part of the systemic inflammatory
response syndrome, is a common feature of severe COVID-19. Approxi-
mately 20%-50% of hospitalized patients with COVID-19 present he-
matologic abnormalities in coagulation tests. The most common
hemostatic alterations in COVID-19 are thrombocytopenia and elevation
of D-dimer [24]. Although these coagulation abnormalities mimic the
pattern observed in disseminated intravascular coagulation (DIC), most
of COVID-19 patients do not fulfill the criteria of typical forms of DIC. It
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seems that coagulation abnormalities observed in COVID-19 may
represent a completely distinct intravascular coagulation syndrome [25].

Ozen et al. [26] observed increased concentration of D-dimer in
63.3% of patients and reported that the severity of COVID-19 pneumonia
was closely associated with D-dimer levels, which tended to increase as
the clinical or radiological condition of patients with COVID-19
deteriorated.

Also, Yao et al. [27] reported that D-dimer is significantly increased in
COVID-19 patients and may be a good prognostic factor for in-hospital
mortality (D-dimer > 2.0 mg/L was associated with increased OR of
mortality - 10.17). Zhang et al. [28] observed that at the same cut off
value of D-dimer concentration (>2.0 mg/L), the increase in mortality
was even higher (hazard ratio 51.5).

In our present study, we observed that D-dimer was higher in patients
with more severe course of the disease, unfavorable outcome of COVID-
19, and it decreased the likelihood of clinical improvement. In multi-
variate logistic regression, D-dimer of over 1000 ng/ml significantly
increased the probability of no clinical improvement (OR — 1.62).

The other important marker of coagulopathy is PLT count. In our
study, PLT count was significantly lower in patients with no clinical
improvement and fatal outcome. In multivariate logistic regression, PLT
<150,000/pl significantly increased the OR for no clinical improvement
(OR - 1.57). This result is in accordance with a meta-analysis performed
by Jiang et al. [29] who reported that in patients with severe COVID-19
PLT count is significantly lower than in patients with mild course of the
disease.

4.1. Strengths and limitations of the study

The most important advantage of our study was a relatively large
number of symptomatic patients included in the study, which allowed us
do draw helpful and practical conclusions, concerning the usefulness of
inflammatory and coagulation parameters in predicting the course of
COVID-19. The multicenter nature of our study allows for screening of a
larger population than in a regional study, yet, on the contrary, it is also
one of the limitations of our report due to laboratory test differences
depending on each laboratory (although standardized form was used
and, if necessary, the data were unified and re-calculated).

In every case of suspected pulmonary embolism, CT angiography was
performed. However, it seems probable that some of the pulmonary
embolism cases were not diagnosed or were diagnosed after the follow
up. Although these patients were included in overall statistics, they were
not considered as pulmonary embolism group. The SARSTer study is
continued, so future analyses will verify the conclusions from the current
study.

5. Conclusions

Severe course of the disease is associated with lower PLT and
lymphocyte count, higher D-dimer, CRP, neutrophil count and IL-6
concentrations. In COVID-19, the best predictors of no -clinical
improvement are: IL-6 over 100 pg/ml, D-dimer >1000 ng/ml and PLT
<150,000/p1.
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