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Editorial on the Research Topic
 Editorial: Platelet Function in COVID-19



More than 2 years into the SARS-CoV-2 pandemic, it is clear that platelets have a role in COVID-19 pathogenesis and likely increase the risk of thrombosis, even though findings are partly contradictory and exact mechanisms remain obscure. The present Research Topic was launched to clarify aspects of platelet function in COVID-19 and to identify future research areas. We are happy to present five papers: a meta-analysis of the association between COVID-19 severity and platelet count respectively routine coagulation tests (Len et al.), a review of molecular and cellular thrombotic mechanisms in COVID-19 (Mizurini et al.) and three original papers from one clinical study reporting different aspects of platelet function and their temporal evolution in hospital-treated COVID-19 patients (Schrottmaier et al., Schrottmaier et al., Ercan et al.).

Low platelet counts are common in viral disease; generally mild to moderate reductions are seen in COVID-19. Early studies reported increased risk of severe or lethal COVID-19 for patients with thrombocytopenia (1, 2), similar to findings for other viral diseases (3). In one of the larger meta-analyses to date, Len et al. confirm a lower mean platelet count early in the course of COVID-19 for patients developing severe disease as compared to those with mild to moderate forms. In line with the concept of COVID-19 associated coagulopathy (CAC) (4), fibrinogen and D-dimer were higher and APT and PT longer in severe cases. A number of explanations for reduced platelet counts in COVID-19 have been proposed, including platelet trapping in microthrombi/thrombi (5). Len et al. discuss possible COVID-19-induced effects on thrombopoiesis including megakaryocyte infection by SARS-CoV-2 and the role of tissue megakaryocytes. Barrett et al. recently observed virions in bone-marrow megakaryocytes of one COVID-19 autopsy case, indicating that megakaryocytes can be infected by SARS-CoV-2 in vivo (6). It remains to be established if this a common phenomenon and how circulating platelets are affected. After hospital admission platelet counts often increase in COVID-19, peaking on day 8 in a large cohort (6). Interestingly, a recent study showed that increasing platelet counts over time (more than 10 x 109/l/day) was associated with reduced risk of death and thrombosis compared to stable or decreasing values (7). Len et al. note that autopsy studies show increased numbers of pulmonary megakaryocytes and presence of tissue megakaryocytes in hearts and brains of deceased COVID-19 patients (for references see Len et al.). Megakaryocyte migration to tissues and possible tissue-based platelet production may affect circulating platelet counts and platelet phenotype. Notably, animal models show immune-modulating functions in pulmonary megakaryocytes (8, 9). Factors determining platelet counts, megakaryocyte migration to tissues and possible tissue-based platelet production in COVID-19 are areas that warrant further research.

Immunothrombosis is considered a major factor in CAC and the thrombogenicity of COVID-19. It involves endothelial dysfunction, activation of innate immune cells, NETosis, platelet and complement activation as well as the coagulation system. Mizurini et al. provide a comprehensive review of cellular responses, cell-cell interactions and molecular pathways in COVID-19 immunothrombosis. Platelets have a role in many of these mechanisms, not least via their immunological functions and extensive interactions with other cell types. The review summarizes the evidence for elevated basal platelet activation, degranulation, response to agonists and interactions with leukocytes in COVID-19. It has been debated if platelets express the main SARS-CoV-2 receptor angiotensin-converting enzyme 2 (ACE2) and/or take up SARS-CoV-2 (10). A recent study verified the presence of fragmented, likely digested SARS-CoV-2 RNA in platelets from COVID-19 patients (11). RNA sequencing and Western blot showed increased expression of pathways for programmed cell death. In vitro, several mechanisms for platelet uptake of SARS-CoV-2 were observed. These were partly ACE2 dependent but virus could also be taken up independent of ACE2, in particular when associated with microvesicles. Thus platelets contribute to virus elimination by mechanisms that appear partly SARS-CoV-2 specific and may alter platelet function.

The AVOVACT trial (NTC04351724) investigated several aspects of platelet function depending on disease severity in hospitalized COVID-19 patients in Vienna. In agreement with other studies, Schrottmaier et al. found elevated basal platelet activation at admission. However, platelets from patients with lethal COVID-19 in contrast to survivors displayed decreasing GPIIbIIIa activation over time and also decreasing response to agonist-induced activation. Levels of platelet GPIIb measured by proteomics also decreased over time in lethal COVID-19 (Ercan et al.). Based on other measured biomarkers, the authors question if platelet exhaustion fully explains the result.

The association of antiplatelet and anticoagulant treatment with outcome was investigated in a larger cohort of AVOVACT in Schrottmaier et al. Anticoagulant treatment was associated with improved survival while antiaggregant treatment had no effect. The study was observational but a recent large randomized trial on the effect of aspirin in COVID-19 gave a similar result (12). Complementary investigations in Schrottmaier et al. showed normal spreading of COVID-19 platelets on fibrinogen and in autopsies only limited platelet trapping in pulmonary thrombi of small or intermediate size. Together the results suggest that platelet activation in COVID-19 does not primarily result in enhanced platelet aggregation in vivo.

In summary, the papers of the Research Topic expand and nuance findings from previous studies on platelet function in COVID-19. At least fatal cases appear characterized by a gradual loss or suppression of platelet responsiveness. Larger studies are needed which should consider symptom duration at the time of testing, patient selection and methodological difficulties. Several aspects of platelet function in COVID-19 are still unresolved, e g the role of plasma-based platelet activating factors such as IgG subtypes, activation of ITAM-receptors, shifts in platelet phenotype (pro-coagulant vs. pro-aggregatory) and alternative antiplatelet treatments (13–15). Clarifying these issues may be valuable not only for COVID-19 but also for other infectious diseases and possibly thrombotic diseases in general.
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