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A B S T R A C T   

Abnormal coagulation dynamics, including disseminated intravascular coagulopathy, pulmonary embolism, 
venous thromboembolism and risk of thrombosis are often associated with the severity of COVID-19. However, 
very little is known about the contribution of platelets in above pathogenesis. In order to decipher the patho
physiology of thrombophilia in COVID-19, we recruited severely ill patients from ICU, based on the above 
symptoms and higher D-dimer levels, and compared these parameters with their asymptomatic counterparts. 
Elevated levels of platelet-derived microparticles and platelet-leukocyte aggregates suggested the hyper
activation of platelets in ICU patients. Strikingly, platelet transcriptome analysis showed a greater association of 
IL-6 and TNF signalling pathways in ICU patients along with higher plasma levels of IL-6 and TNFα. In addition, 
upregulation of pathways like blood coagulation and hemostasis, as well as inflammation coexisted in platelets of 
these patients. Further, the increment of necrotic pathway and ROS-metabolic processes in platelets was sug
gestive of its procoagulant phenotype in ICU patients. This study suggests that higher plasma IL-6 and TNFα may 
trigger platelet activation and coagulation, and in turn aggravate thrombosis and hypercoagulation in severe 
COVID-19 patients. Therefore, the elevated IL-6 and TNFα, may serve as potential risk factors for platelet acti
vation and thrombophilia in these patients.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a 
newly emerged member of the β-coronaviruses, a positive sense single- 
stranded RNA virus and is responsible for causing an acute respiratory 
disorder symptom (ARDS) in patients with Coronavirus Disease 2019 
(COVID-19). In ARDS, accumulation of fluid prevents alveoli from filling 
with enough air, leading to a condition where less oxygen reaches 
bloodstream, or hypoxemia. Inflammation and intravascular clot for
mation in the lung are associated with pathogenesis of ARDS in COVID- 
19 [1–3]. These patients often develop multiorgan failure and throm
botic complications, including myocardial infarction and ischemic 
stroke [3–7]. 

Although contribution of platelets in the development of COVID-19 
pathophysiology is not yet clear, but several studies have described its 

link with other viral diseases. Platelets express a broad range of re
ceptors, including Toll-like receptors (TLRs), C-type lectin receptors, 
and nucleotide-binding and oligomerization domain-like receptors, that 
are known to help the cells recognize viral pathogens such as dengue, 
HIV-1, and influenza [8–10]. However, it is yet unclear whether SARS- 
CoV-2 binds to platelets and regulates their functions. A recent study 
describes no detectable levels of SARS-CoV-2 in platelets from patients 
with COVID-19 [11]. Although the study did report elevated platelet 
activation alongside platelet-leukocyte aggregates in these patients. 
Platelet activation often occurs when these cells respond to invading 
viruses and mediate immune responses directly through interaction with 
leukocytes [12–14]. On the other hand, cytokines including IL-6 and 
TNFα are also known to trigger platelet activation [15,16]. The in
flammatory and infectious illnesses are frequently associated with pro
thrombotic responses during viral infections. However, very little is 
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known about the contribution of platelets in SARS-CoV-2 pathogenesis. 
One recent study described that the hyperactivation of platelets [17] 

is associated with elevated thromboxane generation in COVID-19 pa
tients [11]. In addition to abnormal coagulation dynamics, higher levels 
of D-dimers along with elevated fibrinogen, and von Willebrand factor 
(VWF) were observed in a large pool of COVID-19 patients [18–20]. 
Studies have reported D-dimer as a biomarker for thrombotic compli
cations in disease severity and mortality in these patients [21]. 

The mechanism of platelet activation and development of throm
botic complications, including thrombophilia, in COVID-19 is largely 
unknown. While analysing whole platelet transcriptome a recent study 
has reported the elevation of certain gene transcripts in COVID-19 pa
tients compared with healthy controls, but the global transcriptome 
changes were mostly similar in both ICU and non-ICU patients with 
COVID-19 [11]. Using the whole platelet transcriptome analysis, we 
here describe a large number of differentially expressed transcripts 
along with the elevated pathways like hemostasis, thrombosis, IL-6 and 
TNF signalling in severely ill ICU patients, as compared to non-ICU 
asymptomatic patients with COVID-19, from a local hospital in Delhi 
NCR, India. Our data also report that the high plasma levels of IL-6 and 
TNFα may trigger platelet activation and coagulation in severely ill 
COVID-19 patients. 

2. Materials and methods 

2.1. Study subjects 

The Institutional Ethics Committee (IEC) of Regional Centre of 
Biotechnology (RCB), Faridabad and ESIC Medical College and Hospital, 
Faridabad approved the human study, reference numbers RCB-IEC-H- 
27. All study volunteers were recruited during the year 2020. Methods 
were performed in accordance with the relevant guidelines and regu
lations of the IEC. We collected limited volume (total 3 ml) of whole 
blood in ACD anticoagulant vials from asymptomatic [inclusion criteria: 
COVID-19 positive (PCR detection), without symptoms like sore throat, 
fever and tiredness, and released from hospital after primary treatment; 
exclusion criteria: any other major infections or problem such as kidney 
or lung], and severely symptomatic [inclusion criteria: COVID-19 posi
tive, admitted in ICU, on ventilator support for >3 days, oxygen satu
ration level 90–75%; exclusion criteria: oxygen saturation < 75% or not 
stable, Hb <8–10, acute kidney failure or under dialysis, haven't un
dergone convalescent plasma therapy] COVID-19 patients (age between 
18 and 75 yrs.). All the ICU patients received anti-inflammatory drug 
like Dexamethasone (6 mg/day for 7–10 days) according to WHO 
guideline. Due to exploratory nature of the study, we recruited n = 20 in 
each group. A written informed consent was received from all partici
pants. Few healthy control individuals (n = 10, COVID-19 negative and 
no recent history of this disease) were recruited at RCB. Platelets, PBMCs 
and plasma were isolated. Platelet pellet was used for transcriptome 
analysis and plasma was analysed to estimate levels of cytokines and 
thrombotic factors. The protocol was approved from the Institutional 
Biosafety Committee (IBSC) of RCB, Faridabad, and the assays were 
performed according to safety guidelines. 

2.2. Materials 

Human PF4 ELISA kit (R&D Systems, USA), Human IL-6 and TNFα 
CBA Flex Set (BD Biosciences, USA), Human Coagulation factor II (F2) 
ELISA kit, (Cloud Clone Corp. Wuhan China), Kaolin-APTT kit (Diag
nostica Stago Inc., USA), Anti-human CD41a PE conjugated antibody 
(BD Pharmingen, USA). 

2.3. Platelet transcriptome analysis 

RNA purification, library preparation: Total RNA extracted using Trizol 
was purified using Qiagen RNeasy mini kit (Qiagen, USA) and the mRNA 

was enriched using NEBNext Poly (A) mRNA magnetic isolation module 
(NEB, USA) according to the manufacturer's protocol. The purified 
mRNAs were used for preparation of sequencing library using NEB
Next® UltraTM II RNA Library Prep Kit for Illumina (NEB, USA). In 
brief, the enriched mRNAs were primed with random oligos and 
chemically fragmented to inserts of ~200 nucleotides, which were then 
reverse-transcribed and converted to double-stranded DNA (dsDNA). 
The dsDNA was ligated to loop adapters and ligation products amplified 
by PCR. The quality of the final DNA library was assessed using Agilent 
High Sensitivity D1000 ScreenTape System in a 4150 TapeStation Sys
tem (Agilent). The prepared library was sequenced in Illumina HiSeq. 
The mean number of sequencing reads (mean ± standard deviation 
[SD]) from asymptomatic and ICU patients (n = 9 for each) were 34.3 ±
4.2 million and 37.0 ± 8.5 million respectively. The RNASeq was per
formed by the Clevergene Biocorp Pvt. Ltd., Bangaluru, India. Data 
analysis: The RNASeq data was analysed by count based analysis pro
tocol. The quality of raw data was verified using FastQC and MultiQC 
software. The processed reads were mapped to Human reference 
genome (GRCh38.p7) using Spliced Transcripts Alignment to a Refer
ence (STAR)-v2 aligner. An average of 92.6% of the reads aligning to the 
reference genome. Normalization of the read count was performed using 
DESeq2 which takes sequence depth and RNA composition differences 
among samples into account, followed by computational differential 
gene expression analysis. Pathway analysis: The differentially expressed 
genes were shortlisted at P-value <0.05. We performed pathways 
analysis of upregulated and downregulated genes using Metascape 
(https://metascape.org/gp/index.html#/main/step1), a gene annota
tion and analysis software. We have used R software (version 3.6.3) for 
analysis. We have also performed STRING, (Search Tool for Recurring 
Instances of Neighboring Genes; v11.0; https://string-db.org/) analysis 
to predict functional associations between proteins. 

2.4. D-dimer assay 

D-dimer levels were measured in plasma samples using kit Diazyme 
Laboratories, Poway, CA, USA, according to manufacturer's protocol. 

2.5. Platelet isolation and microparticles measurement 

Platelet rich plasma (PRP) was separated from whole blood by 
centrifugation at 44g for 15 min. Platelet-free plasma was obtained by 2 
sequential centrifugations: PRP at 1500g for 7 min followed by platelet- 
poor plasma (PPP) at 1500g for 15 min. Platelet-derived MPs were 
measured using flow cytometry after labelling with anti-CD41 PE anti
body as mentioned [22]. Platelet pellet was used for whole tran
scriptome analysis. Gating strategy is described in supplementary 
Fig. S1. 

2.6. Platelet - leukocyte aggregate 

PBMCs, isolated from healthy individuals and COVID-19 patients 
were labelled with anti-CD41 PE and anti-CD45 V500 (BD Biosciences, 
San Jose, CA, USA) and measured using flow cytometry. Data was 
analysed using FlowJo software (Tree star, Ashland, USA). Gating 
strategy is described in supplementary Fig. S2. 

2.7. CBA for quantifying cytokines 

Cytokines, such as IL-6 and TNFα, were measured in plasma using 
cytometric bead array (CBA) and analysed by FCAP array software (BD 
Biosciences, San Jose, CA, USA). According to manufacturer's protocol, 
25 μl of the plasma sample was added to 25 μl of reaction mixture to 
measure the levels of cytokines as mentioned in our work [23]. Gating 
strategy is described in supplementary Fig. S3. 
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2.8. Thrombin assay 

Plasma thrombin was measured using ELISA kit (Cloud Clone Corp, 
USA). According to manufacturer's protocol, plasma was mixed with PBS 

(1:1vol). 100 μl of sample was incubated for 1 h at 37 ◦C with plate 
sealer. Supernatant was removed and reagent A was added to wells and 
incubated for 1 h at 37 ◦C. After wash, 100 μl of working solution of 
detection reagent B was added and incubated for 30 min at 37 ◦C. After 

Fig. 1. D-dimer and thrombin levels and aPTT in plasma of COVID-19 patients. (A) D-dimer level (B) activated partial thromboplastin time (aPTT) and (C) thrombin 
levels were measured in plasma of patients (severe or ICU and asymptomatic) with COVID-19 and healthy individuals (as reference). (D) Platelet microparticles and 
(E) platelet-leukocyte aggregates were measured from peripheral blood using flow cytometry. Gating strategy is described in Figs. S1 and S2. Each dot represents 
individual mean from triplicate reading. Data are the mean ± SEM. One-way ANOVA was used to compare between the groups, *P < 0.05, ** < 0.01, ****P < 0.0001 
and ns = non-significant. The red dots (in case of ICU patients) and dark green dots (asymptomatic) represents the individuals (n = 9 each) used for platelet 
transcriptome analysis. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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wash, 90 μl substrate solution was added to each well and incubated for 
20 min. As reaction time was over, 50 μl stop solution was added O.D. 
was taken at 450 nm using Elisa plate reader (Spectra Max i3x molecular 
device, California, USA). 

2.9. Activated partial thromboplastin time (aPTT) 

aPTT was measured using Kaolin-aPTT kit (Diagnostica Stago Inc., 
USA). 100 μl plasma and equal volume of reagent 1 were incubated for 3 
min at 37 ◦C. 100 μl of 0.025 M calcium chloride solution was added and 
clot time was measured using Coagulometer. 

2.10. PF4 Immunoassay 

Plasma PF4 was measured using kit from (R&D Systems Minneapolis, 
USA). Plasma diluted in PBS (1:10 vol) was incubated with 100 μl of 
assay diluent RD-1-15 in each well for 2 h at room temperature. Su
pernatant was removed and wells were washed. Human PF4 conjugate 
was incubated for 2 h. After wash, substrate solution was added to each 
well and incubated for 30 min. 50 μl stop solution was added and O.D. 
was measured at 450 nm using Elisa plate reader. 

2.11. Western blotting 

Platelet lysates from patients and healthy individuals were processed 
for western blotting of P-ERK (T202/Y204), ERK1, P-p38 (T180/Y182), 
p38 and β-Actin (Cell Signalling, USA) as described in our work [22]. 

2.12. Statistical analysis 

Data from at least three experiments are presented as mean ± SEM. 
Statistical differences among experimental sets were analysed by one- 
way ANOVA. Graph Pad Prism version 8.0 software was used for data 
analysis and P-values <0.05 were considered statistically significant. 

3. Results 

3.1. High D-dimer level in severe ICU patients with COVID-19 

In line with previously published reports [21], we observed elevated 
plasma D-dimer in severe patients with COVID-19 who were in ICU on 
ventilator support for at least 3 days and had blood oxygen saturation 
levels between 75 and 90%. D-dimer is formed in a sequential reaction 
where thrombin first cleaves soluble fibrinogen to fibrin monomer, and 
the monomers then forms polymer. Fibrin polymer, together with 
platelets, forms clot at the site of injury to stop bleeding, in a physio
logical process called hemostasis. In diseased condition, circulating clots 
called emboli, are formed. The fibrin polymers of stable clots or circu
lating emboli are finally cleaved by plasmin and D-dimers are generated. 
An elevated D-dimer level in plasma is an indicator of clot disorders, 
including pulmonary embolism (PE), characterized by small emboli in 
the lung, which lead to breathing troubles and chest pain in these pa
tients. Our data show that asymptomatic patients positive for COVID-19 
(n = 20, 17 males and 3 females, average age 50) had normal D-dimer 
levels, unlike the COVID-19 positive ICU patients (n = 20, 13 males and 
7 females, average age 57), <250 ng/ml vs 7409 ng/ml (Fig. 1A). We 
tested the activated partial thromboplastin time (aPTT) that determines 
the ability to form clots. We observed similar aPTT in plasma from both 
ICU and asymptomatic patients (Fig. 1B), although the thrombin level in 
plasma showed slightly higher trend in ICU patients than asymptomatic 
counterparts (Fig. 1C). Thus, this observation raises further questions 
about how ICU patients are susceptible for thrombo-embolic and 
thrombo-coagulative complications compared to asymptomatic patients 
with COVID-19. We observed hyperactivation of platelets, measured by 
elevated trends in platelet microparticle generation (Fig. 1D) and 
increased platelet-leukocyte aggregates in peripheral blood (Fig. 1E) of 

ICU patients as compared to asymptomatic counterparts, thus indicating 
the need of a detailed investigation of platelets in such patients. We 
performed whole transcriptome analysis of platelets from ICU and 
asymptomatic COVID-19 patients. 

3.2. Altered platelet transcriptome reveals elevated procoagulant and 
prothrombotic properties of platelets in ICU patients 

A heatmap generated from the list of differentially expressed tran
scripts showed a clear distinction between the platelet transcriptome 
from severe and asymptomatic patients (n = 9 in each group, patients 
were selected arbitrarily from Fig. 1A (Fig. 2A). A total of 1274 gene 
transcripts were altered in ICU patients when compared to asymptom
atic at P-value <0.05. About 598 gene transcripts were upregulated and 
676 were downmodulated in ICU patients compared to asymptomatic 
(Table S1). Using gene annotation and analysis that generate enrichment 
clusters of biological pathways, we show that the upregulated tran
scripts are enriched in nearly 211 pathways, including hemostasis and 
blood coagulation, IL-6 and TNF signalling pathways, ROS metabolic 
processes and necrotic pathways (Fig. 2B, Table S2); while the down
regulated transcripts were enriched in around 131 pathways, including 
Notch signalling, in ICU patients as compared to asymptomatic coun
terparts (Table S3). Further, the above upregulated pathways (Fig. 2A) 
were analysed using STRING that revealed a unique interaction among 
the above proteins and factors, including IL6R, JUN, CREB1, SOCS3 and 
MAP3K (Fig. 2C) involved in IL-6 and TNF signalling mechanism. This 
suggests that plasma levels of these cytokines may influence the platelet 
activation in these patients. 

3.3. Elevated plasma IL-6 and TNFα relate to higher activation state of 
platelets in ICU patients 

Since the IL-6 and TNF pathways and related receptor and signalling 
molecules, including IL6R, JUN, CREB1, SOCS3 and MAP3K were 
increased in platelets of ICU patients, we therefore measured cytokines 
in plasma. Even though the ICU patients received anti-inflammatory 
drug like Dexamethasone, an elevated level of pro-inflammatory cyto
kines such as IL-6 and TNFα was measured in plasma of these individuals 
compared to asymptomatic counterparts (Fig. 3A–B). Since IL-6 and 
TNFα are known stimulators to platelets [15,16], we measured platelet 
activation in these patients. The severe patients displayed an elevated 
expression of phosphorylated p38 and ERK (Fig. 3C–E), indicating a 
higher activation of platelets in ICU patients than asymptomatic COVID- 
19 patients. 

4. Discussion 

Our study suggests a possible role of elevated plasma cytokines in 
activation of platelets and development of related complications, 
including thrombophilia, in critically ill COVID-19 patients, as depicted 
in schematic Fig. 4. The upregulation of IL-6 and TNF pathways along
side elevated levels of related receptor and signalling molecules 
including IL6R, JUN, CREB1, SOCS3 and MAP3K in platelets coexisted 
with high plasma levels of IL-6 and TNFα in these patients. Moreover, a 
predominant elevation of pathways relevant to hemostasis, thrombosis 
and inflammation coexisted with increased reactive oxygen species 
(ROS)-associated metabolic processes in platelets, strongly suggesting 
their hyperactivation in ICU patients. Further, the increased expression 
of signalling adaptor molecules like MAP kinases confirmed the hyper
activation of platelets in critically ill COVID-19 patients. Several studies 
have reported that severe COVID-19 infection leads to the elevation of 
coagulative and thrombotic factors like D-dimer, fibrinogen and VWF in 
the circulation [18–20]. In line with this, we observed higher levels of 
circulating D-dimer in severe (ICU) patients with COVID-19 than their 
asymptomatic counterparts. The higher plasma D-dimer correlates with 
pulmonary clots in COVID-19 patients. These could be the platelet 
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aggregates that developed into pulmonary clots. A recent study using 
autopsy lung specimens of COVID-19 victims demonstrated platelet 
aggregates in the interalveolar capillaries and smaller vessels [24]. 

Platelet aggregation and clot formation are associated with maladies 
like pulmonary embolism (PE), deep vein thrombosis (DVT), venous 
thromboembolism (VET), disseminated intravascular coagulation (DIC), 
and ischemic stroke as the causes of morbidity and mortality in severely 
ill COVID-19 patients [6,25–27]. As reported by others [28,29], we also 
observed shorter aPTT and higher thrombin in plasma of these COVID- 
19 patients compared to healthy individuals, confirming the crucial 
association of prothrombic complications with this disease. However, 
we observed comparable values of above parameters between ICU and 
asymptomatic patient groups, further indicating the plausibility of dif
ferential activation of platelets between these groups of COVID-19 
patients. 

In order to investigate platelet activation, we performed a thorough 

transcriptome analysis. Our data reveal upregulation of pathways 
associated with blood coagulation, hemostasis, and inflammation in 
platelets of ICU patients with severe forms of COVID-19, as compared to 
asymptomatic counterparts. The elevated transcripts of thrombin, tissue 
factor, collagen, thrombopoietin, complement factor H, VEGF and 
L1CAM suggest a state of hyperactivation in platelets of ICU patients. 
This was further supported by upregulated IL-6 and TNF pathways 
alongside elevated expressions of related receptor and signalling mole
cules including IL6R, JUN, CREB1, SOCS3 and MAP3K in these cells. 
High plasma levels of both IL-6 and TNFα also suggested possible 
involvement of these cytokines in platelet activation in severely ill 
COVID-19 patients. Several studies have described that elevated plasma 
levels of IL-6 lead to thrombotic complications in COVID-19 patients 
[30–32]. It has been postulated that IL-6 can mediate formation of stable 
clot by modulating platelet function and enhancing thrombin-induced 
platelet activation [15,31]. IL-6 can not only activate megakaryocytes 

Fig. 2. Platelet transcriptome of COVID-19 patients. Total RNA from platelets of ICU and asymptomatic COVID-19 patients (n = 9 for each) was sequenced in 
Illumina HiSeq. (A) A heatmap generated from the list of differentially expressed transcripts showing a clear distinction between the platelet transcriptome from two 
groups. (B) Table shows some of the relevant pathways from total 211 pathways analysed from 598 differentially upregulated transcripts in ICU patients compared to 
asymptomatic. Rest of the pathways are described in Table S2. A similar list of 131 pathways from 676 downmodulated transcripts is described in Table S3. (C) 
Schematic represents the interaction network among the all gene transcripts described in pathways described in above Fig. B. 
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[33] but also directly upregulate the expression of several factors 
including VWF [34], fibrinogen [35] and tissue factor [36], indicating a 
prothrombotic role of this cytokine in the development of hypercoagu
lability in severe COVID-19 patients. IL-6 - IL6R mediated activation 
pathway involves signalling molecules like MAP3K and SOCS3 [37,38]. 
Therefore, the elevated expression of IL6R, JUN, PIAS1 and SOCS3 
transcripts in platelets suggests a direct regulatory role of IL-6 in the 

activation of platelets of severely ill COVID-19 patients compared to 
asymptomatic counterparts. Furthermore, our data also showed that 
elevated levels of plasma TNFα coexisted with the increased expression 
of CREB1, JUN, MAP3K7, VEGFC and SOCS3, the molecules of TNF 
signalling pathway, in platelets of the severely ill COVID-19 patients, 
indicating the involvement of this cytokine in platelet activation. It has 
been suggested that interaction of TNFα and TNFR [39] plays an 

Fig. 3. Cytokines and platelet microparticles in plasma of COVID-19 patients. (A) IL-6 and (B) TNFα were measured in plasma of above patients using CBA Array. 
Gating strategy is described in Fig. S3. Each dot represents individual value. The red dots (in case of ICU patients) and dark green dots (asymptomatic) represents the 
individuals (n = 9 each) used for platelet transcriptome analysis. Data are the mean ± SEM. One-way ANOVA was used to compare between the groups, *P < 0.05, ** 
< 0.01, ****P < 0.0001 and ns = non-significant. (C) Western blotting of platelet lysates for phospho/non-phospho p38 and ERK from 4 representative images in 
each asymptomatic and ICU patient. Densitometry data of MAPKs were normalized with β-actin and presented as fold change of phospho/non-phospho (D) p38 and 
(E) ERK from asymptomatic (n = 6), ICU patients (n = 9 and 8 for p38 and ERK respectively). Unpaired t-test was used to compare between the groups, *P < 0.05. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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important role in platelet activation and aggregation [40] through 
arachidonic acid pathway [16]. TNF supplementation to mice caused 
platelet activation and thrombocytopenia [41]. Extensive studies have 
reported the TNFα mediated platelet activation. Our data also suggest 
that elevated TNFα can be another trigger for platelet activation in 
severely ill COVID-19 patients. 

Elevated levels of platelet-derived microvesicles and platelet- 
leukocyte aggregates in circulation alongside increased expression of 
MAP kinases in platelets confirm the hyperactivation of platelets in 
COVID-19 patients in ICU compared to asymptomatic counterparts. A 
recent study has also reported elevated platelet activation in correlation 
to a differentially expressed gene pool in ICU patients than non-ICU 
counterpart in COVID-19 infection [11]. Therefore, our findings on 
platelet-hyperactivation seem to be a common phenotype in severe 
COVID-19 illness [11,42]. A recent study also described similarities in 
the differentially expressed genes in platelets between COVID-19 and 
other viral infection like influenza A/H1N1, suggesting the presence of a 
convergent mechanism driving platelet activation in these diseases [11]. 

Although our study has several limitations as described below, the 
platelet transcriptome data provides new insights into the mechanism of 
hyperactivation of platelets in severely ill COVID-19 patients. 

Upregulated IL-6 and TNF pathways along with elevated prothrombotic 
and coagulation factors in platelet coexist with high plasma levels of IL-6 
and TNFα, suggesting cytokine-mediated platelet activation and related 
clinical complications like thrombophilia in severe COVID-19 patients. 

This study for the first time describes that upregulation of IL-6 and 
TNF signalling pathways in platelets along with the elevated levels of 
these cytokines in plasma of severely ill COVID-19 patients. The study 
also provides evidence that elevated levels of these cytokines may be the 
risk factor for platelet activation and related maladies, like thrombo
philia, in these individuals. 

5. Limitations of the study  

• Due to restrictions, the study could not recruit the predicted sample 
size. The small sample volume of 3 ml was obtained from both 
severely ill and asymptomatic COVID-19 patients. The small sample 
volume also limited our study to platelet gene analysis and a few 
assays.  

• Other relevant clinical information, apart from plasma D-dimer level 
and oxygen saturation level in blood, remained unavailable for all 
patients.  

• We were also limited to gene sequencing data as we dependent on 
vendor for this service. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bcmd.2022.102653. 
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