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Introduction: sP-selectin is a glycoprotein located in o granules of platelet and endothelial’s Weibel Palade body, as expression to
platelet activation and endothelial cell stimulation by SARS-CoV-2 binding with ACE2 receptor. Consumptive thrombocytopenia is
also related to platelet activation. Elevation of sP-selectin and thrombocytopenia are related to COVID-19 complication and often
correlated with severity of COVID-19.

Purpose: Assess the correlation between sP-selectin and platelet in COVID-19 patients at intensive care and non-intensive care.
Patients and Methods: The study population was hospitalized COVID-19 patients confirmed by Real-Time PCR that underwent
platelet examination within 48 hours upon admission, divided into intensive care and non-intensive care group. sP-selectin examina-
tion using ELISA methods. Platelet cell count and sP-selectin divided based on normal reference range.

Results: The subjects consist of 24 were in intensive care, 25 were in non-intensive care group. A 66.7% of subject in intensive care
group has an elevation in sP-selection (>44.0 ng/mL). Thrombocytopenia was significantly correlated with intensive group (r =—0.32,
p<0.05). The combination of platelet count <150.000/mm?> and sP-selectin >44.0ng/mL was not correlated with the intensive and non-
intensive group. Platelet and sP-selectin were not correlated with each other.

Conclusion: Thrombocytopenia is able to induce the expression of sP-selectin.
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Introduction

Coronavirus Disease 2019 (COVID-19) is a new infectious disease caused by Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) which was first identified in the city of Wuhan in December 2019. SARS-CoV-2 belongs
to the Coronaviridae family and the genus Betacoronavirus. This virus is a positive single-stranded RNA virus that is
encapsulated, non-segmented, and spherical in shape with a diameter of 60—140 nanometers. Transmission of this virus
can be transmitted from human to human through respiratory droplets and aerosols. In addition, the RNA of this virus has
also been found in the feces of people with COVID-19.'?

SARS-Cov-2 consists of four main structures, namely spike glycoprotein (S), matrix (M), nucleocapsid (N), and
capsule (E). Protein S will bind to Angiotensin-converting enzyme 2 (ACE2) as a receptor to enter the host cell after
being activated by transmembrane protease serine 2 (TMPRSS2).?

Angiotensin-converting enzyme 2 (ACE2) is a type 1 transmembrane protein with 805 amino acids attached to the
outer surface of cells." ACE2 is found mostly on the surface of alveolar epithelial cells and enterocyte cells in the small
intestine. The expression of the ACE2 receptor on the surface of the alveoli that causes the clinical symptoms of COVID-
19 is generally related to damage to the lung parenchyma.> ACE2 receptor is also present in the endothelial cells of
arteries and veins, as well as in arterial smooth muscle cells, therefore patients with COVID-19 may also experience
complications of coagulopathy.”
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The mechanism of coagulopathy in COVID-19 is not fully understood, but it is thought to be related to the binding of
SARS-Cov-2 to ACE2 receptors on endothelial cells. SARS-Cov-2 can directly cause endothelial disease, leading to
endothelial dysfunction, endothelial cell lysis and death. Furthermore, activation of neutrophils, formation of pro-
inflammatory cytokines and vasoactive molecules due to inflammation can also increase vascular permeability, leading to
endothelial cell damage. Endothelial cell damage will expose a thrombogenic basement membrane that activates the
coagulation cascade and activates platelets. Pro-inflammatory cytokines (IL-1B and TNF) exposure in endothelial cell
will result in expression of P-selectin, von Willebrand factor and fibrinogen and will lead to further thrombosis and
coagulopathy. Furthermore, platelet activation can also increase the expression of P-selectin on the surface of platelets.” "2
Therefore, elevated plasma levels of P-selectin in patients with COVID-19 can be used as a marker of endothelial
dysfunction and platelet activation and is associated with coagulopathy and disease severity."?

Platelet activation in COVID-19 coagulopathy may lead to thrombocytopenia in COVID-19 patients as the severity of
COVID-19 patients increases. Thrombocytopenia in patients with COVID-19 was found in several studies, one of them
was the study by Liu et al, which found a correlation between platelets and mortality in patients with COVID-19."

According to that theory, coagulopathy leads to worsening of COVID-19 may be manifested by increased sP-selectin
and thrombocytopenia. SP-selectin was considered as a new and limited parameter in Indonesia, so there are not many
studies about the correlation between sP-selectin and platelet counts in COVID-19 patients in Indonesia. Therefore,
investigators are interested to study about a correlation between these two parameters in patients with COVID-19 treated
in ICU and non-ICU isolation wards.

Materials and Methods

This analytical cross-sectional study that included COVID-19 patients admitted into the in-patient ward (intensive and
non-intensive care) was conducted at RSUP Dr. Hasan Sadikin Bandung from August to September 2021. This study
used purposive sampling with minimal sample was determined using minimal sample equation for correlation study.
Subjects were taken from a population of COVID-19 patients who met the inclusion criteria: (1) adult patients (>18
years) diagnosed with COVID-19 based on real-time reverse transcription PCR (RT-PCR) in nasopharyngeal swabs, (2)
platelet and D-Dimer examinations are carried out at the initial admission to the isolation inpatient room, or at least
within 48 hours after admission to the COVID isolation inpatient care. The exclusion criteria of this study were the
patient died before entering the inpatient room, incomplete and inaccessible medical record data during the study period,
subjects with incomplete laboratory data.

The subjects were grouped based on the ward requirements, that is intensive and non-intensive wards. Data regarding
the treatment room for COVID-19 patients was obtained by tracing the patient’s medical record data. D-dimer level was
taken for characteristic data. The D-Dimer parameter was divided into two mortality risk groups based on Zhou’s
research, which were >1.0 pg/mL."

Data about platelet counts were taken from the laboratory information system based on the results of the examination
using the Sysmex XN-1000 hematology analyzer. Platelet results in the study subjects were then divided into two groups,
the first group as abnormal group with thrombocytopenia (platelet count <150.000/mm®) and the second group if the
platelet count was normal or above the reference value (>150.000/mm?).

Blood samples of COVID-19 patients were collected at the time of hospital admission. Citrate peripheral blood was
centrifuged at 1200 rpm for 10 minutes at room temperature to obtain plasma samples. After that, 500 ul of plasma
samples were stored at —80°C before analyzed to obtain the quantification of soluble P-selectin performed ELISA assay
(eLabscience; detection range: 1.56—-100 ng/mL). The reference value for sP-selectin is taken based on the reference
value on the insert kit, which is 2644 ng/mL. The results of the sP-selectin were divided into two groups: group one is
considered abnormal if the results of the p-selectin examination were >44 ng/mL and group two as normal results if sP-
selectin was <44 ng/mL.

Statistical Anaysis
All research data were processed using SPSS version 25.0 and tabulated against the subject’s treatment room (ICU/non-
ICU). Correlation between sP-selectin, platelet counts, and patient’s ward were calculated using Mann—Whitney
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U method. Correlation between sP-selectin level and Platelet Counts was performed using Goodman and Kruskal’s
gamma coefficient, if the results were near to 1 then the correlation is stronger. All analyses were two-sided and a p value
smaller than 0.05 was considered statistically significant. The results in this study will then be presented in the form of
tables and charts.

Results
There were 49 subjects those met the inclusion criteria. Of the 49 subjects, 24 subjects were treated in the ICU and 25
subjects in the non-ICU isolation room. Characteristics data of the subjects of this study can be seen in Table 1.

Based on Table 1, it was found that the age of subjects who were treated in the ICU was almost evenly distributed,
while in non-ICU isolation wards were mostly in the age group of 56-65 years (44.0%). The gender distribution of
research subjects was dominated by male (66.7% and 60.0%) in the ICU and non-ICU, respectively. Based on laboratory
results, it was found that most of the sP-selectin levels in patients who were treated in the ICU had increased levels of sP-
selectin (66.7%), while for the group of subjects treated in non-ICU isolation rooms, most of them had a normal levels of
sP-selectin (56.0%). The mean platelet counts in the ICU and non-ICU groups were normal (95.8% and 72.0%) in both
subjects group. Meanwhile, D-Dimer levels were elevated for both of subjects group (95.8% for ICU subjects and 80.0%
for subjects in non-ICU isolation).

From Table 2, we found that only platelet parameters had a significant relationship between ICU and non-ICU with
a weak effect (r =—0.32, p < 0.05). Meanwhile, for the parameters of sP-selectin and the combination of platelet and sP-
selectin parameters did not have a significant correlation.

Based on the analysis using Goodman and Kruskal’s Gamma coefficient, it shows that the sP-selectin and platelet
counts has no correlation. To be clearer, the result of this correlation’s analysis is shown in Figure 1.

Table | Characteristics of the Research Subjects

Patient Characteristics COVID-19 Wards
ICU (n=24) Non ICU (n=25)
Frequency | Percentage | Frequency | Percentage
() (%) (n) (%)
Age (year)
18-25 2 84 | 4.0
26-35 5 20.8 | 4.0
3645 4 16.7 5 20.0
46-55 5 20.8 | 4.0
5665 5 20.8 I 44.0
>65 3 12.5 6 24.0
Sex
Male 16 66.7 15 60.0
Female 8 333 10 40.0
sP-selectin (ng/mL)
>44.0 16 66.7 I 44.0
<440 8 333 14 56.0
Platelet counts (/mm3)
<150.000 | 42 7 28.0
=150.000 23 95.8 18 720
D-dimer (pg/mL)
2| 23 95.8 20 80.0
<l | 42 5 20.0

Notes: Patients are divided into two groups according to their hospital ward (Intensive Care and Non-
intensive Care Ward). Data were presented in categorical variables as frequencies and percentages. All
reported laboratory data were measured maximal at 48 hours after admission.
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Table 2 The Correlation of sP-Selectin and Platelets with COVID-19 ICU Patients and Non-ICU

Woard
Laboratorium Results COVID-19 Wards p-value | r Coefficient
(95% CI)
ICU Non-ICU
N (%) N (%)
sP-selectin (ng/mL)
>44.0 16 (32.7%) | |1 (22.4%) 0.114 -0.23
<440 8 (16.3%) | 14 (28.6%)
Platelet counts (/mm?)
<150.000 I (2.1%) 7 (14.3%) 0.026 -0.32
=150.000 23 (46.9%) | 18 (36.7%)
sP-selectin and platelet counts
® sP selectin >44.0 and Platelet Count <150.000 I (4.5%) 3 (13.6%) 0.450 0.153*
® sP selectin <44.0 and Platelet Count 2150.000 | 8 (36.4%) | 10 (45.5%)

Notes: The laboratorium results were correlated to the patient’s hospital ward. Correlation between Soluble P-selectin and
hospital ward is analyzed with Mann—Whitney U. Correlation between Platelet Counts and hospital ward is analyzed with Mann—
Whitney U with r coefficient nearer to 1.00 were interpreted as stronger correlation. Letter “a” showed significance of
combination between abnormal level of sP-selectin and platelet counts to their hospital ward. It was tested using Pearson chi-
square test of independence and then followed by Cramer’s V test for testing their correlation. Significance of a: if 0-<0.10
negligible, 0.10-<0.30 small / weak correlation, 0.30-<0.50 medium correlation, 20.50 large/strong correlation. P value <0.05 were

considered significant.

Discussion
SARS-CoV-2 attacks by binding to ACE2 receptors on the surface of endothelial cells, not only in the lungs but also in
the blood vessels.® There is one theory that underlies COVID-19 can cause a spectrum of diseases involving the
hemostatic system, ie abnormal coagulopathy.m’17 Coagulopathy that occurs in COVID-19 patients consists of increased
D-dimer, followed by mild thrombocytopenia and finally disseminated intravascular coagulation (DIC)."®

In this study, thrombocytopenia occurred in both subjects treated in the ICU and non-ICU isolation inpatients.
Thrombocytopenia in this study had a weak but significant correlation between COVID-19 patients treated in the ICU

) 20000 w000 )

Platelet (x10°3/mm3)

Figure | The correlation of sP-selectin with platelet counts.

Notes: Correlation between sP-selectin with platelet counts was analyzed using Goodman and Kruskal’s gamma coefficient. If the result is near to 1.00, then the correlation
between the two parameters is very strong. X-axis showed the platelet counts result, y-axis for sP-selectin result, the midline showed an ideal correlation. P value <0.05 is
statistically significant.
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and non-ICU. These results are consistent with the study of Yang et al who found that thrombocytopenia was common in
COVID-19 patients with an increased risk of mortality in patients with lower platelets.'® The results of a meta-analysis
by Lippi et al also stated that there was a correlation between thrombocytopenia and the severity of COVID-19.?° The
incidence of thrombocytopenia in COVID-19 patients is associated with an increase in platelet consumption due to
thrombus formation; however, it usually tends to be mild because it is usually followed by an increase in platelet
production. Decreased platelets may indicate worsening of thrombosis and are associated with increased mortality.'®

Based on this study, we found that the levels of sP selectin in patients treated in the ICU mostly increased (66.67%),
meanwhile in the non-ICU group mostly had normal levels of sP selectin (56%). These results are following the study by
Manne et al which showed an increase in P-selectin levels on the surface of the platelet membrane in COVID-19
patients.”! Agrati et al also mentioned a higher plasma P-selectin level in COVID-19 patients compared to healthy
controls [median 65.2 (IQRs: 45.1-81.1) vs 40.3 (IQRs: 24.3-48.7), respectively, p:0.0023].3

This result was supported by the theory that the expression of P-selectin in COVID-19 is related to damage of
endothelial cells leading to coagulation cascade and platelet activation. At normal condition, P selectin is located on the a
granules of platelets as well as on the endothelium. Megakaryocytes and endothelial cells produce P-selectin and store it
in platelet a granules and Weibel Palade bodies from endothelial cells. In COVID-19, binding of SARS-CoV-2 to ACE2
receptors on the endothelium causes endothelial damage and activates the coagulation cascade and platelet activation.>®
The expression of P-selectin consists of two processes. The first process is when platelet and endothelial cells receive
a stimulus in the form of inflammatory mediators such as histamine, thrombin, or a state of hypoxia, they will translocate
P-selectin to the surface in the first two minutes and will reach a peak within 10 minutes. This expression will reach
normal after three hours. The second process happens when there is stimulation by cytokines that makes P-selectin rise
again within 12 hours.*'*?** Therefore, this study shows a higher sP-selectin levels in COVID-19 patients in ICU wards
compared to the normal level in non-ICU patients so the sP-selectin level can be considered as the screening of the
worsening COVID-19 condition.

When we performed an analytical correlation, this study found no correlation between sP-selectin in ICU-treated
COVID-19 patients and non-ICU. This is consistent with the study by Agrati et al, who find no differences in P-selectin
levels between ICU-treated COVID-19 patients and in the ICU setting.’

Based on the results of this study, sP-selectin does not correlate with platelet count. According to previous theory, the
expression and elevation of sP-selectin levels are associated with platelet activation. Although thrombocytopenia occurs
due to platelet activation in coagulation in COVID-19, it is also being balanced by increasing platelet production.'® In
addition, sP-selectin levels are also associated with endothelial stimulation. Therefore, changes in sP-selectin levels are
not directly related to changes in platelet count in this study.

This study has several limitations. This study had a small research sample because it was conducted at only one site
and was conducted at the end of the COVID Delta period, so the number of incoming patients had decreased. We used no
healthy control in this study and using the previous research as the validation of sP-selectin.” Lopez et al also found that
P selectin is less specific for thrombosis than other biomarkers such as von Willebrand Factor, lupus anticoagulant,
D-dimer.'" Because of the data limitations in our hospital, we cannot explore more about the platelet activity, either from
platelet index or platelet aggregation test and also the comorbidity characteristic is not well mentioned. We suggest to
include the platelet index data and platelet aggregation test to see the platelet activation process for further research.

Conclusion

In this study, an increase in sP-selectin levels was found in the group of subjects treated in the COVID-19 ICU, while in
the group treated in non-ICU isolation rooms, most of them had normal sP-selectin levels. There is no correlation
between sP-selectin levels in COVID-19 patients treated in ICU and non-ICU. Meanwhile, for thrombocytopenia,
a significant correlation was found with a weak effect between COVID-19 patients treated in the ICU and non-ICU
rooms. While progress has been made in elucidating the molecular mechanisms leading to platelet adhesion, aggregation,
shape change and secretion, clinically useful tests of platelet function have been developed. A number of dedicated
platelet function instruments have now become available. Some instruments have been incorporated into routine clinical
use and can be utilized not only as general screening tests of platelet function but as monitors of antiplatelet therapy and
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to potentially assess both risk of bleeding and/or thrombosis.”> The results of this study are expected to provide
information regarding sP-selectin and platelet counts in the development of COVID-19 disease especially in Indonesia
as one of the limited resource and developing country.
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