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Abstract. – OBJECTIVE: The purpose of the 
present study is to see if the presence of angio-
tensin-converting enzyme 2 (ACE-2), transmem-
brane serine protease 2 (TMPRSS), and P-selec-
tin in platelets increases the risk of thrombosis 
in COVID-19 patients. 

PATIENTS AND METHODS: This was a 
cross-sectional study conducted in the COVID-19 
isolation center between January and Septem-
ber 2021 and comprised 61 COVID-19-infected 
patients, 21 of whom were in the intensive care 
unit (ICU) and 40 of whom were non-ICU patients 
(non-ICUP) in the isolation center. The coagula-
tion profile, as well as the ACE-2, TMPRES, and 
P-selectin receptors, were all assessed in addi-
tion to the complete blood count (CBC). A ques-
tionnaire was also utilized to collect social and 
demographic data.

RESULTS: All platelet indices and coagulation 
profiles were significantly altered in COVID-19 
ICUP and non-ICUP in this research; additional-
ly, there is a significant association between the 
presence of ACE-2, P-selectin, and TMPRRS2 in 
COVID-19 patients with coagulation profile and 
platelet indices leading to hypercoagulable state. 

CONCLUSIONS: In summary, the interac-
tion of ACE-2, TMPRSS, and P-selectin in plate-
lets appears to be a key element contributing to 
COVID-19 severity via their impact on thrombus 
development. Further investigation into these 
pathways may provide possible treatment tar-
gets for reducing the severe consequences of 
the COVID-19 infection.
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Introduction 

In hospitalized COVID-19 patients, thrombot-
ic consequences have been identified, including 
high levels of D-dimer as well as macrothrombi 
and small vessel thrombosis in several tissues. The 
pathophysiologic cellular causes of these throm-
botic problems, however, remain unknown1-4. 
COVID-19 enters host cells via its spike protein, 
which binds to angiotensin-converting enzyme 2 
(ACE-2) on the host cell membrane5-8. Furthermore, 
transmembrane serine protease 2 (TMPRSS) pro-
teolytically breaks down and stimulates the spike 
protein to allow COVID-19 virus-cell membrane 
fusions. Although the COVID-19 spike protein 
was shown to attach to ACE-2 and alter numerous 
cellular activities, it is unknown if platelets exhibit 
ACE-2 and TMPRSS2. Platelets from COVID-19 
patients are hyperactive, exhibiting TMPRSS2 and 
ACE-2. COVID-19 and its spike protein bind to 
platelet ACE-2 directly and stimulate platelets in 
vitro. The spike protein induces the development 
of thrombus in vivo. In addition, it has been shown 
that SARS-CoV-2 and its spike protein effectively 
excite platelets, resulting in the secretion of coag-
ulation factors, the generation of inflammation cy-
tokines, and the development of leukocyte-platelet 
aggregates (LPAs). Lastly, it has been demonstrat-
ed that treating COVID-19 spike protein-induced 
platelet activation with recombinant human ACE-
2 protein and an anti-spike monoclonal antibody 
may reverse it9-13.
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P-selectin is involved in platelet and leukocyte 
adherence and movement to inflammatory and 
damaged sites. P-Selectin Glycoprotein Ligand 
1 signaling in white blood cells (WBCs) and 
thrombocytes, as well as glycoprotein Ib (GPIb) 
signaling in thrombocytes, are critical in hemo-
stasis and thrombosis. The von Willebrand factor 
(VWF) receptor, glycoprotein Iba (GPIba), was 
also shown to be a P-selectin counter-receptor, 
implying that platelet rolling on P-selectin may 
be promoted14. Platelet and leukocyte activity 
are quite similar in this circumstance; both cell 
types have to settle down before sticking secure-
ly to the area of damage. It is known that the 
binding proteins play a role in primary attach-
ment in both WBCs and thrombocytes because 
they are kept in the identical organelle and are 
therefore constantly liberated, which indicates 
how strongly hemostatic and inflammation re-
actions are linked15. P-selectin levels are also 
increased in thrombotic consumptive diseases 
such as disseminated intravascular coagulation 
(DIC), thrombotic thrombocytopenic purpura 
(TTP), and heparin-induced thrombocytopenia 
(HIT)16-18. The goal of the research is to exam-
ine if ACE-2, TMPRSS, and P-selectin levels in 
platelets enhance the risk of thrombosis in pa-
tients with COVID-19.

Patients and Methods

This cross-sectional research was conducted in 
the COVID-19 isolation center in the period be-
tween January and September 2021 and included 
a total of 61 patients infected with COVID-19, of 
whom 21 were ICUP and 40 were non-ICUP in the 
isolation center. The complete blood count (CBC) 
was measured in addition to the coagulation pro-
file, as well as the ACE-2, TMPRES, and P-se-
lectin receptors. A questionnaire was also used to 
collect social and demographic information. 

Blood samples are collected from the patient 
in EDTA and citrate anticoagulant using a ve-
nipuncture method for all tests: complete blood 
count (CBC), ACE-2, TMPRES, P-selectin recep-
tors, and coagulation profile, respectively.

Blood Cell Auto-Analyzer
The blood sample is then prepared for analysis 

by being placed in a test tube or cartridge, and 
any necessary reagents are added. The blood cell 
auto-analyzer uses various methods, such as im-
pedance, light scatter, and fluorescence, to ana-

lyze the different types of blood cells present in 
the sample. The analyzer generates data on the 
counts and characteristics of different blood cell 
types, including erythrocytes, leucocytes, and 
thrombocytes (Beckman Coulter, Riyadh, Saudi 
Arabia).

Flow Cytometer
Blood samples are collected and prepared for 

analysis by labeling the cells with fluorescent 
dyes or antibodies specific to ACE-2, TMPRES, 
and P-selectin receptors. The prepared sample 
is then passed through a flow cytometer, where 
laser beams are used to detect the fluorescent 
signals emitted by the labeled cells. The labeled 
cells are then passed through a flow cytometer, 
which uses lasers to excite the fluorescent labels 
on the cells. The emitted fluorescence is then de-
tected and measured by the flow cytometer. This 
allows for the quantification of the expression 
levels of ACE-2, TMPRES, or P-selectin recep-
tors on the cell surface. The data obtained from 
flow cytometry can provide information about 
the expression levels of these receptors on plate-
lets (Thermo Fisher Scientific, Waltham, MA, 
USA).

Fully Automated Coagulation Analyzer
The blood sample is then prepared for analysis 

by being mixed with reagents that initiate the co-
agulation process. The CS-5100 system includes 
an optical cable that emits light at five different 
wavelengths and a detector that can identify light 
at multiple wavelengths. With its multi-wave-
length capabilities, the system handles not only 
analytical results but also pre-analytical issues. A 
fully automated coagulation analyzer measures 
the coagulation profile, including PT, PTT, fibrin-
ogen levels, and D dimer (Sysmex CS-5100, Sys-
mex India Pvt. Ltd., Mumbai, India).

Statistical Analysis
The information was gathered from the 

COVID-19 patients. SPSS version 24 (IBM Corp., 
Armonk, NY, USA) was used to analyze the report-
ed data. To ensure accuracy, the data was entered 
by two different people. For continuous data, de-
scriptive statistics were used to calculate the mean, 
while proportions were utilized to assess categorical 
variables. To investigate the link, inferential statis-
tics, specifically the Chi-square test and the Fisher’s 
exact test, were used. In this setting, a p lower than 
0.05 was deemed statistically significant.
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Results 

A total of 61 COVID-19 patients were admitted 
to the ICU, with 16.4% being males and 18.0% 
being females. While the majority of male and fe-
male patients were not admitted to the ICU, with-
in the sample, 21.3% of the elder patients admit-
ted to the ICU fell within the age range of more 
than 50 years. Among the 61 COVID-19 patients 
admitted to the hospital for more than 3 days, 
14.8% were admitted to the ICU, and 27.9% of the 
patients were not admitted to the ICU. In terms 
of hemoglobin (HB) g/dl, 16.4% of female pa-
tients admitted to the ICU had less than 120 g/L, 
while 14.8% of male patients had less than 130 
g/L. Concerning red blood cells (RBCs) and total 
white blood cells (TWBC) count cells, 26.2% of 
the COVID-19 patients admitted to the ICU have 
<3.93 cells/1012/L, while 42.6% of patients not 
admitted to the ICU have an RBC count greater 
than 3.93 cells/1012/L. 21.3% of patients admit-
ted to the ICU have TWBC counts less than 3.3 
cells/109/L. In contrast, 42.6% of patients non-ad-
mitted to the ICU have TWBC counts greater 
than 3.3 cells/109/L. Regarding hematocrit (HCT) 

level, 34.4% of patients admitted to the ICU had 
an HCT level of less than 38%. Meanwhile, the 
mean cell volume (MCV)/fL results showed that 
62.3% of patients non-admitted to the ICU have 
>80 fL (Table I).

Table II illustrates that platelet indices such 
as platelet counts, mean platelet volume (MPV), 
platelet distribution width (PDW), and plate-
let large cell ratio (P-CLR) among patients with 
COVID-19 are statistically associated with ad-
mission status with a p lower than 0.05. This indi-
cates that all 21 (34.4%) patients admitted to the 
ICU have platelet counts less than 150 cells/109/L, 
an MPV level greater than 13 fL, a PDW level 
greater than 16.8 fL, and a P-LCR greater than or 
equal to 12 fL.

Figure 1 illustrates that the coagulation profile 
of PT, PTT, fibrinogen, and D. dimer in COVID-19 
is statistically associated with admission status 
with a p lower than 0.05. This indicates that in 
the majority (31.1%) of patients admitted to the 
ICU, PT is longer than 13 seconds, PTT is longer 
than 35 seconds, and D dimer is longer than one. 
Moreover, all of the patients admitted to the ICU 
had a fibrinogen level greater than 4 g/L.

Table I. Characteristics of the research subjects.

		                                                                        COVID-19 Wards

Variables	 Response		  ICUP (n/%)	 Non-ICUP (n/%)
		  		
Age in year	 20-29 years		  2 (3.3)	 12 (19.7)
	 30-39 years		  4 (6.6)	 3 (4.9)
	 40-49 years		  2 (3.3)	 12 (19.7)
	 50-59 years		  6 (9.8)	 9 (14.8)
	 >60 years		  7 (11.5)	 4 (6.6)
Gender	 Male		  10 (16.4)	 30 (49.2)
	 Female		  11 (18.0)	 10 (16.4)
Duration	 One day		  4 (6.6)	 8 (13.1)
	 2 days		  4 (6.6)	 7 (11.7)
	 3 days		  4 (6.6)	 8 (13.1)
	 >3 days		  9 (14.8)	 17 (27.9)
HB g/L	 Female	 ≥120 	 1 (1.6)	 3 (4.9)
	 Female	 ≤120  	 10 (16.4)	 7 (11.5)
	 Male	 ≤130  	 9 (14.8)	 12 (19.7)
	 Male	 ≥130 	 1 (1.6)	 18 (29.5)
Platelet counts (cell/109/L)	 <150 		  21 (34.4)	 25 (41.0)
	 >150 		  0	 15 (24.6)
RBCs count (cell/1012/L)	 <3.93 		  16 (26.2)	 14 (23.0)
	 >3.93 		  5 (8.2)	 26 (42.6)
TWBCs count (cell/109/L)	 < 3.3 		  13 (21.3)	 14 (23.0)
	 >3.3 		  8 (13.1)	 26 (42.6)
HCT%	 <38%		  21 (34.4)	 20 (32.8)
	 >38%		  0	 20 (32.8)
MCV fL	 <80 		  5 (8.2	 2 (3.3)
	 >80 		  16 (26.2)	 38 (62.3)

HEV, hepatitis E virus; HBV, hepatitis B virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl-
transferase; TBIL total bilirubin; ALB, albumin; TBA, total bile acid; PTA, prothrombin activity; PT, prothrombin time.
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Figure 2 illuminates that the existence of ACE-
2, TMPRRS2, and P-selectin among patients with 
COVID-19 was associated with admission status 
with a p<0.05. Also, the results showed that the 
patients admitted to the non-ICU were highly 
positive for ACE-2, TMPRRS2, and P-selectin in 
comparison with ICU patients.

Table III shows the association between ACE-
2, TMPRRS2, and P-selectin in COVID-19 pa-
tients with a coagulation profile. The results in-
dicate there is a significant association between 
the existence of ACE-2 and the coagulation 
profile (p<0.05). Specifically, 47.5% of those 

with negative ACE-2 had the PT within 10 to 
13 seconds; 32.8% of those with negative ACE-
2 had the partial thromboplastin time of 25 to 
35 seconds; 39.3% of them had platelet counts 
<150 cells/109/L; and 39.3% of them had D-di-
mer mg/L.

47.5% of those with negative TMPRRS2 have 
their PT within 10 to 13 seconds, and 32% of those 
with negative ACE-2 have their PTT between 
25 and 35 seconds. 49.2% of them have platelet 
counts <150 cells/109/L. 45.9% of them have a 
fibrinogen concentration >4 g/L, and 39.3% of 
them have a D dimer of less than one.

Table II. Platelet indices among patients with COVID-19. Platelet count, MPV, PDW, P-LCR in COVID-19 patients admitted 
ICU, and non-ICU.

 		                               COVID-19 Wards

Platelet indices	 Measurement	 ICU (n/%)	 Non-ICU (n/%)
		  		
Platelet counts (cell/109/L)	 <150	 21 (34.4)	 25 (41.0)*
	 >150	 0	 15 (24.6)
MPV (fL)	 7-12 	 0	 14 (23.0)*
	 >13 	 21 (34.4)	 26 (42.6)
PDW (%)	 ≤16.8 	 0	 8 (13.1)*
	 >16.8 	 21(34.4)	 32 (52.5)
P-LCR (fL) 	 <12 	 0	 15 (24.6)*
	 >12 	 21 (34.4)	 25 (41.0)

*Statistically significant p<0.05; MPV: mean platelet volume, PDW: platelet distribution width, P-LCR: platelet-large cell ratio.

Figure 1. Coagulation profile PT, PTT, Platelet count, Fibrinogen, D-dimer in COVID-19 patients admitted ICU, and Non-
ICU. **Statistically highly significant p<0.05.
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Related to the association of P-selectin with 
the coagulation profile. The results showed it is 
associated with the coagulation profile: 45.9% of 
those with positive P-selectin blood clots within 
10 to 13 seconds. 49.2% of their blood clots with-
in more than 35 seconds, 73.8% of their platelet 
counts less than 150 cells/109/L, 72.1% of their fi-
brinogen level more than 4 g/L, and 55.7% of their 
D dimer level more than one mg/L.

Table IV demonstrates that ACE-2 is signifi-
cantly associated with platelet count, MPV, PDW, 
and P-LCR (p<0.05). 39.3% of COVID-19 pa-
tients with negative ACE-2 have a platelet count 
less than 150 cell/109/L, 41.0% of them have an 
MPV count >13 fL; 50.8% of them have a PDW 
concentration greater than 16.8 fL; and 39.3% 
have a P-LCR greater than 12 fL.

TMPRRS2 has a significant association with 
platelet indices (platelet count, MPV, PDW, and 
P-LCR) (p<0.05). This is reflected in the fact that 
49.2% of patients with negative TMPRRS2 had a 
platelet count less than 150 cell/109/L, 50.8% had 
a MPV concentration >13 fL, 60.7% had a PDW 
concentration >16.8 fL, and 49.2% of them had a 
P-LCR concentration greater than 12 fL.

Concerning the patients with positive P-selec-
tin, it was reported that 73.8% of patients had a 
platelet count <150 cell/109/L, 75.4% of them had 
a MPV concentration >13 fL, 82.0% of them had 
a PDW concentration >16.8 fL, and 73.8% of them 
had a P-LCR concentration >12 fL. 

Discussion 

The most common symptoms of COVID-19 
are ARDS and hypoxemic respiratory failure. 
Substantial coagulation cascade abnormalities, 
including higher D-dimers, fibrinogen, and von 
Willebrand factor levels, have been seen in crit-
ically ill COVID-19 patients19. Thrombosis, in-
cluding pulmonary embolism (PE), deep venous 
thrombosis (DVT), and ischemic stroke, is very 
common in critically ill patients20. Platelets were 
indicated to have a crucial role in the expansion of 
various thrombotic problems. Furthermore, plate-
lets serve as a vital link between the hemostatic 
system and immunological defense, especially in 
viral diseases. 

In this study, all platelet parameters, such as 
platelet counts, PDW, P-CLR, and MPV, among 
patients with COVID-19 have significantly 
changed statistically associated with COVID-19 
disease. Platelet indices have been found to be al-
tered in patients with COVID-19. It was shown 
that patients with COVID-19 often present with 
decreased platelet counts, increased MPV, and in-
creased PDW. Additionally, the P-CLR has been 
found to be elevated in patients with COVID-19. 
The decreased platelet count in patients with 
COVID-19 may be indicative of thrombocyto-
penia, which is a common finding in severe cas-
es of the disease. Thrombocytopenia can lead 
to an increased risk of bleeding and could be 

Figure 2. Existence of ACE-2, TMPRRS2, and P-selectin in COVID-19 patients admitted in ICU, and Non-ICU. **Statisti-
cally highly significant p<0.05; NS, non-significant.
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Parameters Measurement 
ACE-2  (No.) %

χ² p
TMPRRS2 (No.) %

χ² p
P-selectin (No.) %

χ² p-ve +ve -ve +ve -ve +ve

PT 
(second)

<10  0 (0.0) 3 (4.9)
32.6  

  0.001*

0 (0.0) 3 (4.9)
23.9 0.001*

0 (0.0) 3 (4.9)
1.4  0.51010 to 13 29 (47.5) 0 (0.0) 29 (47.5) 0 (0.0) 3 (4.9) 26 (42.6)

>13 10 (16.4) 19 (31.1) 16 (26.2) 13 (21.3) 1 (1.6) 28 (45.9)
PTT 
(second)

<25  8 (13.1) 3 (4.9)
21.3 0.001*

8 (13.1) 3 (4.9)
11.7  0.003*

0 (0.0) 11 (18.0)
8.8  0.012*25 to 35 20 (32.8) 0 (0.0) 20 (32.6) 0 (0.0) 4 (6.6) 16 (26.2)

>35 11 (18.0) 19 (31.1) 17 (27.9) 13 (21.3) 0 (0.0) 30 (49.2)
Platelet 
counts 
(cell/109/L)

<150 24 (39.3) 22 (36.1)
11.2 0.001*

30 (49.2) 16 (26.2) 7.1
 

 0.005*
 

1 (1.6) 45 (73.8)
5.9  0.043*>150 15 (24.6) 0 (0.0) 15 (24.6) 0 (0.0) 3 (4.9) 12 (19.7)

Fibrinogen 
(g/L)

2-4 17 (27.9) 0 (0.0)
13.3  0.001*

17 (27.9) 0 (0.0) 8.4  0.002*
 

4 (6.6) 13 (21.30
11.1  0.005*

>4 22 (36.1) 22 (36.1) 28 (45.9) 16 (26.2) 0 (0.0) 44 (72.1)
D dimer
(mg/L)

<1 24 (39.3) 2 (3.3)
15.8 0.000*

24 (39.3) 2 (3.30) 8.0 0.004* 3 (4.9) 23 (37.7)
1.8 0.203

>1 15 (24.6) 20 (32.8) 21 (34.4) 14 (23.0) 1 (1.6) 34 (55.7)

Table III. Displays the association between ACE-2, TMPRRS2, and P-selectin in COVID-19 (ICUP, Non-ICUP) and coagulation profile (PT, PTT, Platelet count, Fibrinogen 
and D-dimer).

Some cells have expected count less than 5 Fisher exact test was performed, *statistically significant p<0.05; NS: non-significant, ACE-2: angiotensin-converting enzyme, 
TMPRRS2: transmembrane protease serine, PT: prothrombin time, PTT: partial thromboplastin time.

Platelet indices Measurement 
ACE-2 (No.) %

χ² p 
TMPRRS2 (No.) %

χ² p
P-selectin (No.) %

χ²   p
-ve +ve -ve +ve -ve +ve

Platelet counts 
(cell/109/L)

<150 24 (39.3) 22 (36.1)
11.2 0.000*

30 (49.2) 16 (26.2)
7.1 0.005*

1 (1.6) 45 (73.8) 5.9 0.015*

>150 15 (24.6) 0 (0.0) 15 (24.6) 0 (0.0) 3 (4.9) 12 (19.7)

MPV (fL) 7-12 14 (23.0) 0 (0.0)
10.3 0.001*

14 (23.0) 0 (0.0) 6.5
0.007*

3 (4.9) 11 (18.0) 6.6 0.035*

>13 25 (41.0) 22 (36.1) 31 (50.8) 16 (26.2) 1 (1.6) 46 (75.4)

PDW (%) ≤16.8 8 (13.1) 0 (0.0)
5.2 0.021*

8 (13.1) 0 (0.0)
3.3 0.070

1 (1.6) 7 (11.5) 0.53 0.439

>16.8 31 (50.8) 22 (36.1) 37 (60.7) 16 (26.2) 3 (4.9) 50 (82.0)
P-LCR (fL) <12 fL 15 (24.6) 0 (0.0)

11.2 0.000*
15 (24.6) 0 (0.0)

7.08 0.008*
3 (4.9) 12 (19.7) 5.8 0.043

>12 fL 24 (39.3) 22 (36.1) 30 (49.2) 16 (26.2) 1 (1.6) 45 (73.8)

Table IV. the association between ACE-2, TMPRRS2, and P-selectin in COVID-19 (ICUP, Non-ICUP) and Platelet indices (Platelet count, MPV, PDW, P-LCR).

Some cells have expected count less than 5 Fisher exact test was performed, *statistically significant p<0.05; NS non-significant, ACE-2: angiotensin-converting enzyme, 
TMPRRS2: transmembrane protease serine, MPV: mean platelet volume, PDW: platelet distribution width, P-LCR: platelet-large cell ratio.
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linked to poor results in patients with COVID-19. 
The increased MPV and PDW in patients with 
COVID-19 suggest that there is increased plate-
let activation and turnover. This may be related to 
the inflammatory response and coagulopathy that 
are commonly seen in severe cases of COVID-19. 
The elevated P-CLR in patients with COVID-19 
may also indicate increased platelet activation 
and consumption, as well as potential endotheli-
al damage and microthrombosis. Overall, these 
platelet indices can serve as important indicators 
of the severity of COVID-19 and may help guide 
clinical management and treatment decisions for 
affected patients.

Previous research21 has shown that viral infec-
tions such as dengue, influenza, and sepsis are re-
lated to dynamic alterations in platelet function. 
Platelets in COVID-19 patients were considerably 
altered, as in other infectious disorders, as com-
pared to healthy donors. Interestingly, gene expres-
sion alterations in non-ICUP and ICUP COVID-19 
individuals were similar. Although thrombocy-
topenia has been found in certain patients with 
COVID-19 and is associated with mortality22, pa-
tients recruited with COVID-19 (ICUP and non-
ICU) had normal platelet numbers and sizes, which 
is consistent with at least one prior study23.

The current study shows a significant alteration 
in PT, PTT, fibrinogen, and D-dimer in patients 
with COVID-19. There have been reports of ab-
normalities in the coagulation profile in patients 
with COVID-19, including prolonged PT and 
PTT, increased fibrinogen levels, and elevated 
D-dimer levels. Prolonged PT and PTT indicate 
impairment in the extrinsic and intrinsic coagu-
lation pathways, respectively. This can lead to an 
increased risk of bleeding in COVID-19 patients. 
Increased fibrinogen levels can also contribute to 
a higher risk of thrombosis formation, as fibrino-
gen is essential for blood clot formation. Elevated 
D-dimer levels are indicative of increased fibri-
nolysis and can be a marker of hypercoagulability 
and potential thrombotic events in patients with 
COVID-19. These abnormalities in the coagu-
lation profile suggest that COVID-19 can lead 
to both bleeding and thrombotic complications, 
highlighting the importance of monitoring and 
managing coagulation abnormalities in these pa-
tients.

Other research has found that patients with 
COVID-19 have coagulation issues such as in-
creased D-dimer, prolonged PT and PTT, and 
other coagulation profile abnormalities. Throm-
bosis is detected in severe cases with a high risk 

of death. Endothelial cells are vulnerable to the 
new COVID-19. The presence of the virus, for 
example, has been found to be an indication of 
inflammation and malfunction. Endothelial cell 
activation and dysfunction are important factors 
in COVID-19 patients’ hypercoagulation status. 
In addition to direct blood exposure of suben-
dothelial tissue, Weibel-Palade bodies harboring 
coagulants within the endothelium can be dis-
charged into the circulation. Endothelial nitric 
oxide synthase could be inhibited, allowing plate-
lets to adhere. Furthermore, anti-2-glycoprotein I 
antibodies could lead to COVID-19 coagulopathy 
by upregulating proinflammatory mediators and 
adhesion molecules24.

In this study, the significant presence of ACE-2 
in platelets has been linked to increased platelet 
activation and aggregation, which can contribute 
to thrombosis and inflammation, both of which are 
associated with severe COVID-19. As well, TM-
PRSS plays a key role in priming the spike protein 
of SARS-CoV-2, allowing it to bind to ACE-2 and 
enter host cells. TMPRSS is also involved in plate-
let activation and aggregation, and its expression 
has been linked to increased thrombotic events 
in COVID-19 patients. The correlation between 
ACE-2 and TMPRSS in platelets and the severi-
ty of COVID-19 lies in their combined effects on 
platelet activation, aggregation, and thrombosis. 
When these proteins are upregulated or dysregu-
lated, they can contribute to a prothrombotic state 
that exacerbates the severity of COVID-19 by in-
creasing the risk of clot formation in blood vessels 
throughout the body. This can lead to complica-
tions such as pulmonary embolism, stroke, heart 
attack, and multiorgan failure.

Several prior investigations produced con-
flicting results. The first demonstrated that pro-
teomic techniques based on mass spectrometry 
on isolated human platelets likewise failed to 
find ACE-2 or TMPRSS2 proteins25. RNA-seq 
investigations of mouse platelets and megakary-
ocytes show a paucity of ACE-2 and TMPRSS2 
expression26. In contrast, Zhang et al27 revealed 
that TMPRSS2 mRNA, ACE-2, and protein 
levels were shown to be high in platelets from 
normal humans and animals. These seemingly 
contradictory data about whether platelets and 
megakaryocytes express ACE-2 and TMPRSS2. 
Differences in ethnicity could explain the dis-
parities in ACE-2 and TMPRSS2 RNA expres-
sion28. Nevertheless, the genetic basis of ACE-2 
expression and functionality in association with 
SARS-CoV-2 in diverse populations remains 
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mainly unclear. A systematic comparison of 
ACE-2 coding-region variants and expression 
quantitative trait loci (eQTL) variants across dif-
ferent populations revealed that East Asian pop-
ulations had higher allele frequencies of eQTL 
variants correlated with higher ACE-2 tissue ex-
pression levels than European populations. This 
could imply that various populations are more 
susceptible to SARS-CoV-2 infection29.

This study revealed that P-selectin was found 
on the outermost layer of activated thrombocytes 
and endothelial cells. It is essential for regulating 
interactions between platelets and between plate-
lets and endothelial cells. P-selectin concentra-
tions have been found to be elevated in COVID-19 
patients, both ICUP and non-ICUP, and are linked 
to hypercoagulability and thrombotic events.

This finding contradicts a previous study30, 
which indicated that P-selectin and other platelet 
and endothelial markers were significantly high-
er in ICUP in comparison to controls, as well as 
considerably greater in ICUP compared to non-
ICUP. The elevation of such markers was found 
to be substantially associated with mortality. 
Another two investigations28,31 found no differ-
ence in P-selectin levels between ICUP and non-
ICUP.

Conclusions

Overall, the interaction of ACE-2, TMPRSS, 
and P-selectin in platelets appears to be a key 
element contributing to COVID-19 severity via 
their impact on thrombus development. Further 
investigation into these mechanisms may provide 
possible treatment targets for reducing the severe 
consequences of the COVID-19 infection.
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