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KEY POINTS 35 

Platelets are a source of inflammatory cytokines and degranulate in COVID-19 36 
Platelets contain SARS-CoV-2 RNA molecules and are prone to activation in 37 

COVID-19   38 
 39 
ABSTRACT 40 
Rationale: In addition to the overwhelming lung inflammation that prevails in COVID-41 
19, hypercoagulation and thrombosis contribute to the lethality of subjects infected 42 

with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Platelets are 43 
chiefly implicated in thrombosis. Moreover, they can interact with viruses and are an 44 
important source of inflammatory mediators. While a lower platelet count is 45 
associated with severity and mortality, little is known about platelet function during 46 
COVID-19. 47 

Objective: To evaluate the contribution of platelets to inflammation and thrombosis 48 
in COVID-19 patients. 49 
Methods and Results: We document the presence of SARS-CoV-2 RNA in 50 

platelets of COVID-19 patients. Exhaustive assessment of cytokines in plasma and 51 
in platelets revealed the modulation of platelet-associated cytokine levels in COVID-52 
19, pointing to a direct contribution of platelets to the plasmatic cytokine load. 53 
Moreover, we demonstrate that platelets release their alpha- and dense-granule 54 

contents and phosphatidylserine-exposing extracellular vesicles. Functionally, 55 
platelets were hyperactivated in COVID-19 subjects, with aggregation occurring at 56 

suboptimal thrombin concentrations. Furthermore, platelets adhered more efficiently 57 
onto collagen-coated surfaces under flow conditions. 58 
Conclusions: These data suggest that platelets could participate in the 59 

dissemination of SARS-CoV-2 and in the overwhelming thrombo-inflammation 60 

observed in COVID-19. Thus, blockade of platelet activation pathways may improve 61 
outcomes in this disease. 62 
 63 

Key words (3 to 5): SARS-CoV-2; COVID-19; platelets; inflammation; cytokines 64 

Non-standard Abbreviations and Acronyms 65 

ACE2 Angiotensin Converting Enzyme 2 
ALT Aminotransferase 
AST Aspartate Aminotransferase 
COVID-19 Coronaviruse Disease 2019 
FDP Fibrin Degradation Product 
IL Interleukin 
LDH Lactate Dehydrogenase 
NET Neutrophil-extracellular trap 
PF4 Platelet Factor 4 
PKC Protein kinase C 
PLR Platelet-Lymphocyte Ratio 
SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2 
TLR Toll-like receptor 
TNF Tumor Necrosis Factor 
TxB2 Thromboxane B2 
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Introduction 67 

The outbreak of coronavirus disease 2019 (COVID-19), caused by severe acute 68 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, emerged in Wuhan of 69 

Hubei province in China in December 2019 and rapidly spread to more than 196 70 
countries worldwide.1,2 The World Health Organization (WHO) declared the outbreak 71 
a serious public health emergency of international concern and by June 2020, the 72 
virus had infected over 7 million and killed more than 400 000 individuals 73 
worldwide.2,3 74 

 75 
SARS-CoV-2 is a positive-sense single stranded RNA virus.4,5 The main SARS-CoV-76 
2 counter-receptor on human cells is the angiotensin converting enzyme 2 (ACE2), 77 
highly expressed by nasopharyngeal airway epithelial cells as well as alveolar 78 
epithelial cells, vascular endothelial cells and lung macrophages. The virus tropism 79 

likely explains the notorious respiratory symptoms observed during infection.6,7 An 80 
uncontrolled systemic inflammatory response, known as the cytokine storm, results 81 
from immune effector cell release of substantial amounts of pro-inflammatory 82 

cytokines, such as tumor necrosis factor (TNF), interleukin (IL)-1, IL6, IL7 and 83 
granulocyte-colony stimulating factor (G-CSF),8,9 which are suggested to contribute 84 
to SARS-CoV-2 lethality.1,10,11 While outstanding research aimed at understanding 85 
SARS-CoV-2 pathogenesis initially focused on lung inflammation, COVID-19 also 86 

implicates multi-organ damage, leading to multiple organ failure, notably of the 87 
respiratory, cardiac, renal and hepatic systems.1,12  88 

 89 
Thrombotic complications that manifest as microvascular thrombosis, venous or 90 
arterial thrombosis are features detected in most patients with multi- organ failure.13-91 
17 Disseminated intravascular coagulation (DIC) is a condition in which blood clots 92 

form throughout the body, blocking small blood vessels. Although DIC appeared 93 
rarely and was associated with bleeding manifestations in a multicenter retrospective 94 
study involving 400 COVID-19 patients (144 critically ill),17 DIC occurred in the 95 

majority (71%) of patients who died of COVID-19 according to a study of 183 96 
consecutive patients.18 What drives DIC during COVID-19 is currently unknown. It is 97 

important to note that accumulating evidence shows that the blood of COVID-19 98 
patients is hypercoagulable.14,17-20 Higher D-dimer and fibrin degradation product 99 

(FDP) levels, a longer prothrombin time and activated partial thromboplastin time are 100 
observed in SARS-CoV-2-infected patients with hospitalization complications or in 101 
those who died, relative to survivors.17,18,20  102 

 103 
Hematological manifestation in symptomatic COVID-19 patients include severe 104 

leukopenia and lymphopenia.14,18,21 Lower platelet counts are associated with 105 

increased risk of in-hospital mortality in COVID-19 patients, although the platelet 106 

levels are generally not considered as clinically-relevant as patients typically do not 107 
require platelet transfusions.17,22-26 It is suggested that SARS-CoV-2 may reduce 108 
platelet production, increase platelet destruction, or more likely that platelet 109 
activation and thrombosis in patients may increase platelet consumption.25 As 110 
thrombosis and blood coagulation are chiefly controlled by platelets, it is critical to 111 

define whether platelets are activated in COVID-19. 112 
 113 
Platelets are small (2–4 µm in diameter) anucleated cells derived from 114 
megakaryocytes in bone marrow and lungs.27,28 Nearly one trillion platelets patrol the 115 
blood vessels to maintain the integrity of the vasculature. Damage to blood vessels 116 
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triggers the formation of a thrombus to stop subsequent bleeding.29 Thrombus 117 

formation mediated by platelets can also implicate extracellular vesicles 118 
(microparticles or microvesicles), which provide anionic phospholipids that can 119 

support the coagulation cascade.30  120 
 121 
In addition to their role in hemostasis and thrombosis, platelets also contribute to 122 
immunity and inflammation.31-33 The extravasation of neutrophils and their invasion 123 
of inflamed tissues require their interaction with activated platelets.34,35 Moreover, the 124 

liberation of neutrophil-extracellular trap (NETosis), a process by which neutrophils 125 
release extracellular DNA, is observed in COVID-19.36,37 NETosis requires platelets 126 
and may thus contribute to thrombosis.38,39 Platelets express immune and 127 
inflammatory molecules such as interleukin-1 (IL1),40 and a set of immune receptors 128 

including CD40L, Toll-like receptors (TLR),31 and the Fc receptor for IgG FcRIIA41.  129 

 130 
Viruses such as dengue and influenza can infect megakaryocytes, which leads to the 131 
upregulation of type-I interferon genes.42 While dengue virus can replicate in 132 
platelets,43 influenza virus can be internalized by platelets and is transported through 133 
the circulatory system in humans.44 Influenza virus-induced lung injury in mice can 134 

be prevented by targeting of platelet αIIbβ3 by an antagonist or other anti-platelet 135 

compounds such as clopidogrel, an antagonist of ADP receptors, or blockers of 136 
protease-activated receptor-4, thus pointing to an active role by platelets in influenza 137 
pathogenesis.45 Influenza and herpes simplex virus-1 also activate platelet 138 

aggregation and thrombosis due to the presence of prevalent opsonizing antibodies 139 

and their interaction with FcRIIA.46,47 Thus, activated platelets may contribute to  140 

both the overwhelming inflammation and thrombosis that prevail in COVID-19. 141 
 142 

While thrombosis and coagulation abnormalities predict worse outcomes in COVID-143 
19, the role of platelet function has yet to be investigated. Here, we examined 144 

platelet activation, secretion, adhesion and aggregation in patients with severe and 145 
non-severe COVID-19 infection. 146 

 147 
Methods 148 

Supplement contains the detailed description of methods. 149 
 150 
Results  151 

Patient screening and characterization 152 
A total of 1,544 patients with suspected SARS-CoV-2 infection (travelers, proximity 153 

to infected patients and presence of symptoms) were screened according to the flow 154 
chart presented in Online Figure I. The clinical symptoms included fever, cough, 155 

dyspnea, fatigue, headache, chest pain and pharyngalgia. Initial screening in 156 
addition to laboratory blood testing and high-resolution chest computed tomography 157 
imaging (CT scans) (Online Figure II) led to the selection of 186 patients, who were 158 
then screened for the presence of 2019-nCoV RdRp and E genes using RT-PCR 159 
(Online Figure III) (see Table 1 and Online Figure IV for clinical data). The degree 160 

of COVID-19 severity (severe vs non-severe) was defined at the time of patient 161 
admission using the American Thoracic Society guidelines for community-acquired 162 
pneumonia 48. There were 71 cases in the non-severe COVID-19 (COVID-Non-163 
Severe) group and 34 cases in the severe COVID-19 group (COVID-Severe), while 164 
81 individuals were declared negative by both throat swab RT-PCR amplification of 165 
2019-nCoV RdRp and E genes and chest CT scans. Among all COVID-19 positive 166 
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patients, the mean ages were 48.96 ± 17.96 and 57.15 ± 23.10 years for non-severe 167 

cases and severe cases, respectively. The hospitalization duration was significantly 168 
higher for severe patients (29.63 ± 2.74 days) compared with non-severe patients 169 

18.27 ± 4.33 (days), with 8.5% of total patients critically ill and admitted to the 170 
Intensive Care Unit (ICU). Four COVID-Severe patient deaths occurred in the ICU, 171 
while all non-severe patients survived. 172 
 173 
Blood parameters and thrombocytopenia 174 

The severity of disease was established, and routine blood parameters were 175 
monitored at the time of admission for both the non-severe and severe cases of 176 
COVID-19 (Table 1 and Online Figure IV).2 Lymphocyte counts, alanine 177 
aminotransferase (ALT) and aspartate aminotransferase (AST) data were similar 178 
between the 2 groups of infected patients. However, the lactate dehydrogenase 179 

(LDH) inflammation marker, which was higher than the expected normal range in 180 
both groups, was significantly increased in severe COVID-19 patients in comparison 181 
with non-severe patients, pointing to a possible cytokine storm associated with 182 

disease severity (Table 1 and Online Figure IV). 183 
 184 
Thus, we evaluated platelet numbers and platelet-to-lymphocyte ratios (PLR) 185 
measured at the time of admission in the two groups. Platelet counts were in the 186 

lower range in both COVID-19 severe (148.5 ± 10.1) and non-severe patients (208.0 187 
± 99.4) in comparison to the expected count in healthy individuals (130 – 400 X 188 

106/mL). Moreover, we observed a modest, but statistically significant reduction in 189 
platelet counts between the 2 patient groups. The PLR was lower in severe patients 190 
compared with non-severe patients, arguing in favor of the thrombosis mainly 191 

reported in more severe cases (Table 1 and Online Figure IV).  192 

 193 
Platelets in COVID-19 patients can be associated with SARS-CoV-2 RNA  194 
SARS-CoV-2 RNA has been identified in urine and stool samples in addition to 195 

semen, consistent with expression of ACE2 outside the respiratory tract, such as in 196 
endothelial cells that line blood vessels, heart, kidney and spermatozoa.51-54 Whether 197 

platelets express ACE2 in COVID-19 and contain SARS-CoV-2 RNA have never 198 
been verified. Thus, platelets were isolated from recruited healthy individuals (n=17) 199 

and from COVID-19 patients (38 non-severe and 11 severe) at the time of 200 
admission, and we tested for the presence of RNA coding for SARS-CoV-2 RdRp 201 
and E, and for ACE2. While no RNA from SARS-CoV-2 was detected in healthy 202 

subjects (0%), we detected SARS-CoV-2 RNA in platelets from non-severe (23.7%) 203 
and severe (18.2%) COVID-19 patients. Both SARS-CoV-2 RdRp and E genes were 204 

amplified equally (Table 2 and Online Figure VA), which might suggest that 205 

platelets contain viral particles. Conversely, ACE2 mRNA molecules were identified 206 

in platelets of all individuals tested (10 individuals/group) (Table 2 and Online 207 
Figure VB). The data suggest that platelets may disseminate SARS-CoV-2 RNA 208 
molecules. 209 
 210 
Circulating cytokines 211 

Elevated inflammatory cytokine levels are reported in the blood of COVID-19 212 
patients8,9 and may contribute to the overwhelming inflammation and to coagulation 213 
through the activation of endothelial cells.55,56 We used a multiplex assay to monitor 214 
48 cytokines in plasma prepared from healthy individuals (n=10) and from COVID-19 215 
patients (10 non-severe and 9 severe) at the time of admission. With the exception 216 
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of 12 cytokines/chemokines that were unchanged (IL-1α, IL-4, IL-5, IL-8, IL-10, IL-217 

12p70, IL-15, MIP1 α, MCP-1, CXCL9, IL-25, RANTES), and IL-3 the concentration 218 
of which was significantly reduced in COVID-19 (non-severe and severe), we 219 

identified 35 cytokines that were significantly elevated, including TNF, IL-1, IL-6, 220 
interferon (IFN) α and γ, and eotaxin (Figure 1 and Online Figure VI). Soluble 221 
CD40L, as well as growth factors such as granulocyte colony-stimulating factor (G-222 
CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), fibroblast-223 
growth factor 2 (FGF-2), platelet-derived growth factor (PDGF) and vascular 224 

endothelial growth factors (VEGF) were also significantly increased in COVID-19 225 
(Figure 1 and Online Figure VI).  226 
 227 
Platelets produce inflammatory cytokines in COVID-19 228 
We then determined the ability of COVID-19 patient platelets to produce 229 

inflammatory mediators. Platelets derived from healthy individuals and from severely 230 
and non-severely affected patients were stimulated with low doses of α-thrombin 231 
(0.025 and 0.05 U/mL). Platelets were then lysed, and the amounts of IL-1β, IL-18, 232 

sCD40L and the eicosanoid thromboxane B2 (TxB2) were determined. While IL-18 233 
secretion and thromboxane production were unaffected in the disease, we found that 234 
COVID-19 platelets were more potent at producing IL-1β and soluble CD40L upon 235 
exposure to 0.05 U/mL of thrombin in comparison with healthy subjects (Figure 2A). 236 

Platelets from all subjects were similarly efficient at releasing the inflammatory 237 
mediators when higher concentrations of thrombin were used, suggesting that 238 

platelets are a source of inflammatory mediators and may be primed to release 239 
certain inflammatory molecules during SARS-CoV-2 infection.  240 
 241 

Because they are anucleated, the platelet cytokine content can mirror that of 242 

megakaryocytes, or may be regulated by translation upon platelet activation.57 243 
However, nothing is known regarding the platelet cytokine content in COVID-19. 244 
Thus, we monitored cytokines in lysates prepared using platelets from COVID-19 245 

patients and included healthy subjects as controls. While a few cytokines were below 246 
the detection limit (G-CSF, IL-1α, IL-2, IL-4, IL-5, IL-6, IL-10, IL-22, TGF α and 247 

VEGF), we detected 36 cytokines in platelets from healthy individuals, including 248 
CD40L, IFN α and γ and IL-1β (Figure 2B and Online Figure VI), in agreement with 249 

their important cytokine content. Of note, we found significantly reduced levels for 17 250 
cytokines, including cytokines relevant to virus and inflammatory responses (e.g. 251 
sCD40L, eotaxin, IFN α and γ, IL1β, TNF α and β) (Figure 2B and Online Figure 252 

VI) in COVID-19. Together, the data show that platelets are primed to generate 253 
certain cytokines and release their cytokine cargo during SARS-CoV-2 infection. 254 

 255 

Platelets degranulate in COVID-19 256 

Platelet alpha- and dense-granule content, determined by the assessment of PF4 257 
and serotonin respectively, was examined in platelets. We found a reduction in both 258 
PF4 and serotonin in platelets from non-severe and severe COVID-19 patients in 259 
comparison with healthy individuals (Figure 3A). Moreover, robust increases in PF4 260 
and serotonin levels were measured in plasma from COVID-19 patients, 261 

independent of disease severity (Figure 3B), thereby suggesting that platelets 262 
degranulate during SARS-CoV-2 infection.  263 
 264 
  265 
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Platelets release extracellular vesicles in COVID-19 266 

Extracellular vesicles (EV) released by platelets can participate in both inflammation 267 
and the coagulation process due to the exposure of phosphatidylserine30,58,59. 268 

However, it is currently unknown whether EV are produced in COVID-19. EV smaller 269 
than 1 µm and of platelet origin identified by the surface expression of CD41 were 270 
detected by high sensitivity flow cytometry. To determine whether EV expressed 271 
surface phosphatidylserine, we included annexin V conjugated with a fluorescent 272 
probe in the analyses. EV were sensitive to detergent treatment, which confirmed 273 

their membrane moiety. Moreover, no annexin V+ EV were detected when Ca2+ ions 274 
were chelated by ethylenediaminetetraacetic acid (EDTA), which further ensured the 275 
specificity of the detection approach (Online Figure VII). We found a statistically 276 
significant increase in platelet-derived EV and in phosphatidylserine-exposing 277 
platelet EV in COVID-19 patients in comparison with healthy subjects (Figure 4). 278 

The levels of both types of EV were similar in non-severe and severe COVID-19 279 
patients. 280 
 281 

Platelets are hyperactivated in COVID-19 282 
Platelet activation is a complex balance of positive and negative signaling pathways 283 
involving several protein kinase C (PKC) isoforms expressed in human platelets. 284 
Among these kinases, PKCδ is a key regulator of platelet granule secretion, 285 

activation and aggregation activity.60,61 To determine whether PKCδ is involved in 286 
platelet activation during this infection, platelets collected from severe and non-287 

severe patients were stimulated (or not) with a low dose of α-thrombin (0.05 U/mL), 288 
lysed and then analyzed for the presence of phosphorylated-PKCδ Tyr311. We found 289 
that PKCδ phosphorylation on Tyr311 residue was significantly increased in response 290 

to a low dose of α-thrombin in patients with severe (p < 0.01) and non-severe (p < 291 

0.05) COVID-19 infection, while phosphorylation was undetectable in controls. 292 
Phosphorylation of PKCδ was also significantly increased in severe patients in 293 
comparison with non-severe patients (Figure 5), thus suggesting that platelet 294 

activation signaling pathways may be upregulated in the disease.  295 
 296 

The relationship between platelet activation and the severity of COVID-19 was then 297 
investigated by functional assays. Platelets from severe and non-severe COVID-19 298 

patients were collected and analyzed by optical aggregometry under arterial flow 299 
conditions using various doses of α-thrombin. Platelets exposed to suboptimal 300 
concentrations of α-thrombin (0.05 U/mL) were highly activated (≥2.5-fold increase) 301 

in both severe and non-severe patients compared with controls (Figure 6A and 6B). 302 
When platelets from all groups were stimulated with a higher concentration of α-303 

thrombin (2 U/mL), no differences were observed, pointing to a lower platelet 304 

stimulation threshold in COVID-19 patients (Figure 6A and 6B). Moreover, the 305 

formation of platelet aggregates was visualized by rhodamine-based 306 
immunofluorescence on a collagen-coated surface under flow conditions, and the 307 
ratio of adherent platelets to total platelets (activated vs non-activated platelets) was 308 
calculated. The number of adherent platelets was significantly higher in severe 309 
patients compared with non-severe patients and controls, implying the involvement 310 

of the thrombotic events in the disease magnitude (Figure 6C).  311 
 312 
The results are visualized in a graphical summary in Figure 7. 313 
 314 
  315 
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Discussion 316 

Both inflammation and thrombosis are clinical manifestations observed during 317 
SARS-CoV-2 infection. They can be lethal, and the understanding of cellular and 318 

molecular effectors in COVID-19 may reveal novel therapeutic approaches, critical 319 
for the treatment of patients whilst vaccines are still lacking. Platelets can interact 320 
with viruses and can participate in both inflammation and thrombosis. Thus, for this 321 
study, we examined platelets in a cohort of non-severe and severe COVID-19 322 
patients with confirmed lower range (but not thrombocytopenic) platelet counts, in 323 

agreement with the current literature.22-26 Our findings identify SARS-CoV-2 RNA in 324 
patient platelets and reveal that platelets express pro-inflammatory molecules and 325 
are hyperactivated in COVID-19. 326 
 327 
Spike glycoprotein S mediates SARS-CoV-2 attachment to the cellular receptor 328 

ACE2 and entry by fusion of the viral envelope with cell membranes.62 We detected 329 
ACE2 mRNA in platelets, which may contribute to the potential entry of the virus in 330 
platelets if translated and expressed. Of interest, was the detection of SARS-CoV-2 331 

RNA in platelets from some COVID-19 patients. However, it remains to be 332 
established whether platelets represent target cells susceptible to infection or 333 
whether platelets might have captured circulating SARS-CoV-2 RNA molecules. 334 
Alternatively, megakaryocytes that produce platelets, may be susceptible to SARS-335 

CoV-2 infection and transfer viral RNA as pro-platelets are produced. The presence 336 
of viral RNA in platelet cytosol may activate platelet TLR-7, a process that occurs in 337 

cases of influenza and encephalomyocarditis virus infections.44,63  338 
 339 
Influenza virus and herpes simplex virus-1 (HSV-1) can trigger platelet degranulation 340 

when antibodies opsonize viral particles, and thereby activate platelet FcyRIIA.46,47 341 

While antibodies specifically directed at SARS-CoV-2 are not expected in most 342 
individuals at an early stage of the pathogenesis, they might be produced at a later 343 
stage of infection, or prevailing cross-reacting antibodies against other more 344 

common coronaviruses that generate minor cold symptoms in humans (229E, NL63, 345 
OC43 and HKU1) may suffice to form immune complexes and activate platelet 346 

FcyRIIA.4,5 Thus, differences in antibody profiles, especially in neutralizing 347 
antibodies, among severe and non-severe COVID-19 patients may contribute to 348 

platelet interaction with the virus, and to the overwhelming inflammation. With the 349 
dissemination of the SARS-CoV-2 virus in the population, possible re-infections and 350 
vaccination, the activation of platelet FcyRIIA due to the presence of SARS-CoV-2 351 

antibodies may be even more relevant in subsequent years.  352 
 353 

SARS-CoV-2 entry into endothelial cells, which express ACE2, and the loss of 354 

endothelium integrity may favor recruitment of circulating platelets to sites of 355 

infection, their activation and degranulation, suggesting that the inhibition of 356 
endothelial cell activation may improve disease outcome.64 Megakaryocytes in lungs 357 
bear an immune profile distinct from the megakaryocytes found in bone marrow.28 358 
While it is unknown if lung megakaryocytes express ACE2 protein, lung 359 
megakaryocytes may be infected, thereby leading to generation of virus-containing 360 

platelets in lungs. Moreover, dengue and influenza viruses can infect 361 
megakaryocytes, which impacts the megakaryocyte transcriptome.42 Hence, 362 
platelets produced by infected megakaryocytes, and/or by megakaryocytes in the 363 
inflamed environment, may present a different transcriptome, which may explain 364 
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their potency at producing inflammatory cytokines, such as IL-1, when activated by 365 

α-thrombin. 366 
 367 

From platelet degranulation and cytokine release analyses, we concluded that 368 
platelets can contribute to the cytokine storm reported in COVID-19. Only a limited 369 
number of cytokines (Gro α, IL-7, IL-12p40, PDGF AA/BB) were found significantly 370 
increased in platelets in COVID-19, which may be due to their over-expression by 371 
platelets or megakaryocytes, or to their abundance in the environment and their 372 

capture by platelets. While molecules such as CD40L, PF4 and serotonin are 373 
abundant in platelet granules and are released upon degranulation, cytokines such 374 
as IL-1 may be produced de novo following platelet activation.57 Therefore, the 375 
presence of CD40L, PF4 and serotonin are clear indicators of platelet degranulation 376 
in vivo. The molecules secreted by platelets can have effects on numerous cell types 377 

as well as the vasculature. Serotonin for instance, which we found to be abundantly 378 
released in this disease, can directly impact blood vessel integrity and promote 379 
leukocyte recruitment and cytokine release. 46,65 Of potential relevance, soluble 380 

CD40L, which we found to be released by platelets in COVID-19, can contribute to 381 
both activation of CD40 bearing cells and thrombosis by stabilizing glycoprotein 382 
αIIbβ3.66 This may not be unique to SARS-CoV-2 as dengue virus also induces the 383 
release of CD40L from human platelets.67 384 

 385 
We made the original observation that platelets release extracellular vesicles (EV) in 386 

this disease. While EV, with their expression of phosphatidylserine can contribute to 387 
coagulation and thrombosis, they can also transport molecules from the mother 388 
platelets.58 EV could transport platelet-derived cytokines, as well as other pro-389 

inflammatory molecules such as damage associated molecular patterns (DAMPs) 390 

reportedly transported by EV from activated platelets.58,68,69 The fact that platelets 391 
are activated in both non-severe and severe patients may explain the lower platelet 392 
counts observed in both cohorts of COVID-19 patients. As platelet degranulation and 393 

the release of EV were similar in both non-severe and severe COVID-19 patients, 394 
the contribution of other players that lead to severe manifestations of the disease is 395 

expected. Thus, therapeutic approaches to treatment of COVID-19 may require a 396 
combination of drugs targeting platelet activities or platelet-derived molecules in 397 

addition to medications directed against other inflammatory sources. 398 
 399 
Using functional assays, we observed that platelets from COVID-19 patients are 400 

activated and hyperresponsive. Platelets were more efficiently at producing 401 
inflammatory cytokines, and they aggregated and adhered to a collagen surface 402 

more efficiently when originating from COVID-19 patients. As such, hyperactivation 403 

of platelets may contribute to the disease pathogenesis through both the release of 404 

inflammatory mediators and thrombosis. This could explain the lower platelet count 405 
and importantly, may contribute to the thrombo-inflammatory state associated with 406 
COVID-19 infection. In summary, our study has revealed that SARS-CoV-2 infection 407 
causes platelet activation resulting in increased systemic inflammatory mediator 408 
production and platelet aggregation, two main clinical symptoms associated with 409 

COVID-19. The blockade of platelet activation pathways may improve the outcomes 410 
in this disease.  411 
 412 
  413 
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Tables 617 

Table 1. Clinical Analysis and Blood Parameters. 618 
ALT = Alanine Transaminase; AST = Aspartate Transaminase; LDH = Lactate 619 

Dehydrogenase 620 
 621 

Index 
Patients with COVID-19 P 

value Non-severe Severe 

Female/Male 32/39 12/22  

SARS-CoV-2 E gene (ct), detection (mean ± SD) 27.44  ± 5.118 28.74 ± 6.141 0.2573 

Age (mean ± SD), years 48.96  ± 17.96 57.15 ± 23.10 0.0325 

Duration of hospitalization (mean ±  SD), days 14.37 ± 4.691 22.53 ± 10.62 <0.0001 

Platelet value at admission (mean ±  SD), ×106/mL 208 ± 99.4 148.5 ± 101.1 0.0011 

Lymphocyte value at admission (mean ±  SD), 
×106/mL 

1.169 ± 0.8473 1.227 ± 0.8824 0.9443 

Platelet-Lymphocyte Ratio at admission (mean ±  
SD) 

420.2 ± 845.8 162.0 ± 111.1 0.0239 

ALT value at admission (mean ±  SD), U/L 33.85 ± 14.92 37.77 ± 13.33 0.1844 

AST value at admission (mean ±  SD), U/L 41.37 ± 17.81 42.65 ± 15.78 0.8983 

LDH value at admission (mean ±  SD), U/L 508.9 ± 236.9 695.4 ± 285.6 0.0015 

  622 

All rights reserved. No reuse allowed without permission. 
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. 

The copyright holder for this preprintthis version posted June 23, 2020. .https://doi.org/10.1101/2020.06.23.20137596doi: medRxiv preprint 

https://doi.org/10.1101/2020.06.23.20137596


16 
 

 623 

Table 2. Detection of SARS-CoV-2 and ACE2 (mRNA) in platelets. 624 
ACE2 = Angiotensin-converting enzyme 2; ct = threshold cycle 625 

 626 

Index 
 Patients with COVID-19 

Healthy Non-Severe Severe 

SARS-CoV-2 
E gene 

detection in platelets  
(positive/total donors) 

0/17 9/38 2/11 

ct values (mean ± SD) n.d. 28.89 ± 5.86 34 ± 2.82 

    

ACE2, mRNA 

detection in platelets  
(positive/total donors) 

10/10 10/10 10/10 

ct values (mean ± SD) 27.73 ± 1.41 26.43 ± 0.53 26.93 ± 0.34 

 627 
 628 

  629 
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Figures 630 

 631 

Figure 1. Cytokine and chemokine levels in plasma from COVID-19 patients. 632 

Heat map visualization of 48 cytokine/chemokine expression profiles in plasma of 633 
COVID-19 non-severe (mean of n=10) and severe (mean of n=9) patients relatively 634 
to the heathy controls (mean of n=10). Cytokine/chemokine expression is 635 
represented as a (log2) fold change relative to healthy controls. The numbers in 636 
each panel represent the mean change and the color codes refer to red for 637 

increased expression and blue for decreased expression.  Absolute 638 
cytokine/chemokine values (pg/mL) and statistical analysis are shown in Online 639 
Figure VI. 640 
  641 
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Figure 2. Platelets are prone to produce and release inflammatory molecules in 642 

COVID-19 patients. A) Platelets from healthy controls (n=9), COVID-19 non-severe 643 
(n=9) and COVID-19 severe (n=9) patients were stimulated with 0.025, 0.05 or 2 644 

U/mL of α-thrombin. Thromboxane B2 (TxB2), interleukin (IL)-18, IL-1β and soluble 645 
CD40 ligand (sCD40L) production was evaluated. Data are represented as mean ± 646 
SD. Statistical analysis: one-way ANOVA. ***P<0.001 and ****P<0.0001. B) Heat 647 

map visualization of 39 cytokine/chemokine expression profiles in platelet content of 648 
COVID-19 non-severe (mean of n=10) or severe (mean of n=9) patients compared to 649 
the heathy controls (mean of n=9). Cytokine/chemokine expression is represented as 650 
a (log2) fold change relative to healthy controls. The numbers in each panel 651 
represent the mean change and the color codes refer to red for increase expression 652 

and blue for decrease expression. Absolute cytokine/chemokine values (pg/mL) and 653 
statistical analysis are shown in Online Figure VI. 654 
  655 
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 656 

Figure 3. Platelets are degranulated in COVID-19 patients. Markers of platelet 657 
degranulation (PF4 for alpha granules and serotonin for dense granules) were 658 

evaluated in plasma of COVID-19 patients. Concentrations of PF4 (upper panels) 659 

and serotonin (lower panels) were measured in platelets (A) and plasma (B) from 660 

healthy controls, COVID-19 non-severe and COVID-19 severe patients. For platelet 661 
content, values were expressed as ng per million platelets. Data are represented as 662 
mean ± SD. Statistical analysis: ROUT method identified two outliers for serotonin 663 
(platelet content), which were thus excluded from the analysis. one-way ANOVA. 664 
**P<0.01,***P<0.001 ****P<0.0001, ns (non-significant). PF4: healthy controls (n=12 665 

for plasma, n=10 for platelet content), COVID-19 non-severe (n=55 for plasma, n=10 666 
for platelet content), COVID-19 severe (plasma n=31, platelet content n=9). 667 
Serotonin: healthy controls (n=10 for plasma, n=10 for platelet content), COVID-19 668 
non-severe (n=18 for plasma, n=9 for platelet content), COVID-19 severe (plasma 669 
n=14, platelet content n=8).  670 
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Figure 4. Platelet extracellular vesicles are released in COVID-19 patients. 671 
Circulating platelet extracellular vesicles (CD41+ EV) expressing phosphatidylserine 672 
or not were analyzed in plasma from healthy controls (n=12), COVID-19 non-severe 673 
(n=51) and COVID-19 severe patients (n=30). A) Total CD41+ EV were quantified 674 
(left panel) and representative scatter plots of CD41+ EV relative size and inner 675 

complexity (FSC=forward scatter, SSC=sideward scatter) are illustrated (right 676 
panels). B) Annexin V+ CD41+ EV were quantified (left panel) and representative 677 
scatter plots of AnV+CD41+ EV relative size are illustrated (right panels). The gating 678 
strategy is illustrated in Online Figure VII. Data are represented as mean ± SD. 679 
Statistical analysis: Data were not normally distributed (Shapiro-Wilk test). Kruskal-680 
Wallis test *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001. 681 
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Figure 5. PKCδ phosphorylation is increased in platelets of COVID-19 patients. 682 

PKCδ phosphorylation on Tyr311 residue is increased in response to α-thrombin in 683 

patients with severe and non-severe COVID-19 infection. Platelets were stimulated 684 

(or not) with 0.05 U/mL of α-thrombin for 5 min. Platelet lysates were analyzed by 685 

SDS-PAGE for p-PKCδ Tyr311. Total PKCδ was evaluated in each condition. A) 686 

Immunoblot representative of 3 donors. B) Densitometric analysis of p-PKCδ Tyr311 687 

normalized to total PKCδ was performed, data were expressed as relative Optical 688 

Density (n=3). Data are represented as mean ± SD. Statistical analysis: one-way 689 

ANOVA. **P<0.01, ***P<0.001 and ****P<0.0001. 690 

  691 
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 692 
Figure 6. Platelets are prone to aggregation in COVID-19 patients. Platelet 693 

aggregation and adhesion were evaluated in healthy donors, COVID-19 non-severe 694 

and COVID-19 severe patients (n=9). A), B) Platelets were stimulated with 0.025, 695 

0.05 or 2 U/mL. A) Representation of light transmission curve of platelets 696 
aggregation from healthy controls and COVID-19 patients. B) Quantification (%) of 697 

platelet aggregation in healthy controls (n=9), COVID-19 non-severe (n=9) or 698 
COVID-19 severe (n=9) patients. C) Platelet adhesion on collagen was evaluated 699 
under flow condition after 5 min. Data are presented as percentage of surface 700 

covered by platelets. A representative image for each condition is illustrated. Data 701 
are represented as mean ± SD. Statistical analysis: one-way ANOVA. **P<0.001. 702 
 703 
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 705 

Figure 7. Graphical Summary.  706 

Novelty and Significance 707 

a. What is known? 708 

In addition to the overwhelming inflammation that prevails in COVID-19, 709 

hypercoagulation and thrombosis are now recognized hallmark of severe COVID-19 710 

and contribute to the lethality of severe acute respiratory syndrome coronavirus 2 711 

(SARS-CoV-2). Platelets are chiefly implicated in thrombosis and can interact with 712 

different microbes including viruses. Moreover, platelets are a major source of 713 

inflammatory mediators. 714 

b. What new information does this article contribute? 715 

This article documents that human platelets, in some patients (approximately 20%), 716 

contain SARS-CoV-2 RNA molecules. Moreover, platelets are hyperactivated in 717 

COVID-19: they have enhanced adhesion properties, degranulate (alpha and dense 718 

granule), and are a source of inflammatory cytokines and of extracellular vesicles. 719 

The data suggest that platelets could participate in the dissemination of SARS-CoV-720 

2 and in the overwhelming thrombo-inflammation observed in COVID-19. Thus, 721 

blockade of platelet activation pathways may improve outcomes in this disease.  722 
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