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marker of disease severity. Early COVID-19 autopsy 
reports have also identified a possible role for neutrophils 
as microvascular thrombi contained numerous neutrophils, 
which in some cases were partially degenerated, consistent 
with neutrophil extracellular traps (NETs).55,56 NETs are 
tangles of DNA released from neutrophils, and are deco-
rated with antimicrobial and nuclear proteins that propagate 
intravascular thrombosis.57,58 NETs initiate both the extrin-
sic and contact pathways by augmenting presentation of 
tissue factor, activation of factor XII (FXII), as well as trap-
ping and activating platelets.59–62 Consistent with these 
observations, patients with severe COVID-19 have elevated 
serum markers of neutrophil activation and NET forma-
tion.63 In one study, neutrophil activation measured in 
serum correlated with, and sometimes preceded, VTE in 
patients with COVID-19.64

Dysregulation of hemostasis and 
coagulopathy in acute respiratory 
distress syndrome (ARDS)
Thrombi in the pulmonary micro- and macrovasculature 
are observed in patients with ARDS with or without overt 

DIC, and changes consistent with a prothrombotic state 
have been found both in blood and in alveolar fluid studies 
of these patients.65,66 Higher levels of FDPs and D-dimer 
are seen in patients who developed ARDS as compared to 
patients with similar predisposing conditions that did not 
develop ARDS.67 Lower levels of protein C and higher lev-
els of soluble thrombomodulin and PAI-1 are also associ-
ated with multiple organ failure, disease severity, and 
mortality in ARDS in some studies.53,68–72 Finally, plasma 
and alveolar levels of tissue factor are higher in patients 
with ARDS than patients with pulmonary edema.73 
Mechanistically, there is increased thrombin generation by 
tissue factor coupled with an impaired fibrinolytic response 
due to elevations in PAI-1. Elevations in D-dimer, a break-
down product of crosslinked fibrin, may result from resid-
ual t-PA/plasmin activity, as well as from alternative 
fibrinolytic pathways such as human neutrophil elastase 
activity.74,75

As patients with COVID-19 frequently have isolated 
pulmonary findings, the initial hemostatic dysregulation 
may be localized to the lungs as a consequence of the bidi-
rectional relationship between the innate immune system 
and thrombosis. Activated platelets through degranulation 

Figure 1. Immune activation and mechanisms of coagulopathy in patients with coronavirus disease 2019 (COVID-19).
Multiple processes may contribute to COVID-19-associated coagulopathy including direct infection of type II pneumocytes and endothelial cells, 
leading to barrier dysfunction and increased permeability; inflammatory responses characterized by activation of T cells, neutrophils, monocytes, 
macrophages, and platelets resulting in exuberant inflammatory cytokine release (including IL-1, IL-6, IL-10, TNF-α), monocyte-derived TF and PAI-1 
expression; and culminating in the development of microvascular and macrovascular thrombi composed of fibrin, NETs, and platelets.
IL, interleukin; NETs, neutrophil extracellular traps; PAI-1, plasminogen activator inhibitor-1; TF, tissue factor; TNF-α, tumor necrosis factor-alpha.

with poor COVID-19 prognosis, including
hypertension, cardiovascular disease (CVD),
and chronic obstructive pulmonary disease
(COPD).7,9,13,18,22-24 Furthermore, a stratified
analysis by sex showed that even after adjust-
ment for age, the effect of co-morbidities on
COVID-19 mortality was greater for men
than women.16

Various biological pathways may
contribute to the differing responses to the
severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) virus by sex. The size
and independence of the effect of sex on
the association between biomarkers and
COVID-19 health outcomes, however, rarely
have been rarely reported or translated into
preventive and clinical care settings. This re-
view synthesizes the available evidence
regarding the proposed cellular and molecu-
lar markers of COVID-19 severity by sex,
including biomarkers of inflammation; coag-
ulation; liver, renal, and cardiac function;
and expressions of angiotensin-converting
enzyme 2 (ACE2) and transmembrane serine
protease 2 (TMPRSS2). The available
literature on such markers in the general
population will also be discussed. The litera-
ture regarding biomarkers and COVID-19
available on PubMed, Embase, and the Chi-
nese National Knowledge Infrastructure
published until June 7, 2020, was systemati-
cally searched and reviewed. Our review
synthesizes the current data and identifies

FIGURE. Cellular receptors of angiotensin II and severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) viral entry. Angiotensin-converting enzyme 2 (ACE2) removes C-terminal amino acids from
angiotensin II (Ang II), generating Ang 1-7 which activates MAS receptors. Ang 1-7 has a range of car-
diovascular protective effects, thus attenuating the effect of Ang II. SARS-CoV-2 spike protein is primed by
transmembrane serine protease 2 (not shown in figure) and interacts with the cell surface ACE2 receptor
facilitating endosomal entry. AT1R ¼ angiotensin type 1 receptor; AT2R ¼ angiotensin type 2 receptor.

ARTICLE HIGHLIGHTS

d Most biomarkers associated with severe Covid-19 disease differ
by sex when examined in experimental and epidemiological
studies in the non-COVID-19 population.

d Sex specific genetic and hormonal modulation of the immune
and renin angiotensin aldosterone system are complex, but
important COVID-19 disease mechanisms which may provide
insight into the observed sex disparity in case fatality rates.

d Future studies should address the relationship between bio-
markers and COVID-19 disease severity including mortality, as
current data are scarce.
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contributing factors when compared with
critically ill patients without COVID-19. In
the intensive care unit (ICU) setting, VTE
has often been described as occurring
despite heparin prophylaxis and, in some
cases, in the presence of therapeutic
anticoagulation.

Although our understanding of the hema-
tologic manifestations of COVID-19 remains
in its early stages, this systematic review
aims to provide a summary of current esti-
mates of VTE risk, review anticipated labora-
tory values and their association with poor
outcomes, discuss benefits and harms of anti-
coagulation, and provide suggestions for the
prevention and management of this infection
in patients who require hospitalization.

METHODS
The present review follows the recommenda-
tions by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) statement10 and was designed to
provide a description of coagulopathy and
the role of anticoagulants in patients with

COVID-19. The analytic framework is
described in Figure 1. The review was con-
ducted by the Mayo Clinic Evidence-based
Practice Center.

Based on the evidence summarized in the
systematic review, experts in thrombosis,
pulmonary and critical care medicine, hema-
tology, and cardiovascular medicine devel-
oped guidance for clinical practice. The
guidance was achieved via consensus of
this multidisciplinary group following crit-
ical review of the literature, available clinical
experience, and serial discussions. This guid-
ance is intended to help clinicians managing
patients with COVID-19 in a large multi-
state health system.

Eligibility
We included primary studiesdprospective
and retrospectivedin patients with
COVID-19 that reported on at least one of
the following: (1) frequency of coagulation
abnormalities, (2) laboratory values of coag-
ulation parameters, and (3) efficacy of phar-
macological anticoagulation. We excluded

Patients with
COVID-19 Coagulopathy Intermediate

outcomes

Final outcomes
(morbidity, mortality,

quality of life)

Question 1. What coagulation
abnormalities occur with
COVID-19?
• What laboratory abnormalities
   occur in patients with
   COVID-19?
• What is the frequency of these
   abnormalities?
• Are these abnormalities
   predictive of poor outcomes?

Question 2. What is the role
of anticoagulation in patients
with COVID-19?
• Are there any differences in
   outcomes in patients receiving
   thromboprophylaxis compared
   to not receiving it?
• Are there any differences in
   outcomes in patients receiving
   therapeutic anticoagulation
   compared to not receiving it?

Question 3. What can we
learn from patients already
receiving long-term
anticoagulation?
• Are there any differences in
   outcomes in patients receiving
   long-term anticoagulation?
• What do their laboratory
   profiles look like compared to
   patients not receiving
   anticoagulation?

Anticoagulation

FIGURE 1. Analytic framework for the study. COVID-19 ¼ coronavirus disease 2019.

MAYO CLINIC PROCEEDINGS

2468 Mayo Clin Proc. n November 2020;95(11):2467-2486 n https://doi.org/10.1016/j.mayocp.2020.08.030
www.mayoclinicproceedings.org

Anticoagulation in COVID-19: A Systematic
Review, Meta-analysis, and Rapid Guidance
From Mayo Clinic
Robert D. McBane, II, MD; Victor D. Torres Roldan, MD; Alexander S. Niven, MD;
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Mohammed Firwana, MBBS; Tabinda Jawaid, MBBS; Mustapha Amin, MD;
Larry J. Prokop, MLS; and M. Hassan Murad, MD

Abstract

A higher risk of thrombosis has been described as a prominent feature of coronavirus disease 2019
(COVID-19). This systematic review synthesizes current data on thrombosis risk, prognostic impli-
cations, and anticoagulation effects in COVID-19. We included 37 studies from 4070 unique citations.
Meta-analysis was performed when feasible. Coagulopathy and thrombotic events were frequent
among patients with COVID-19 and further increased in those with more severe forms of the disease.
We also present guidance on the prevention and management of thrombosis from a multidisciplinary
panel of specialists from Mayo Clinic. The current certainty of evidence is generally very low and
continues to evolve.

ª 2020 Mayo Foundation for Medical Education and Research n Mayo Clin Proc. 2020;95(11):2467-2486

S evere acute respiratory syndrome
coronavirus (SARS-CoV) 2 causing
coronavirus disease 2019 (COVID-

19) has infected more than 5.5 million indi-
viduals worldwide and caused more than
350,000 deaths.1 In the United States, there
have been nearly 1.7 million confirmed cases
and nearly 100,000 deaths.1,2 A prominently
described feature of this disease has been its
hematologic manifestations and high risk of
thrombosis. The COVID-19 laboratory
signature includes lymphopenia, neutro-
philia, and thrombocytopenia with elevated
fibrinogen and fibrin degradation products
(D-dimer). This signature is similar to that
of previous coronavirus outbreaks including
SARS-CoV-1 in China in 2002 and the

Middle East respiratory syndrome coronavi-
rus in 2012.3-7 The International Society on
Thrombosis and Haemostasis diagnostic
criteria for overt disseminated intravascular
coagulation (DIC)8 included a category of
coagulopathy associated with sepsis termed
sepsis-induced coagulopathy.9 Coagulopathy
in SARS-CoV-2 has distinctive features
including elevated fibrinogen levels with
only modest thrombocytopenia despite
marked elevations in fibrin D-dimer values,
prompting some investigators to prefer the
term COVID-19eassociated coagulopathy.
Thrombotic outcomes include an apparent
increase in the incidence of venous thrombo-
embolism (VTE). However, many questions
remain regarding a true difference and
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finding in SARS-CoV-1 and 2.33  The immune activation stimulates 

the expression of tissue factor  on monocytes/macrophages and  

vascular  endothelial  cells. The coagulation  cascades are initiated 

mainly by the tissue factor on the cellular surface. Different from 

little information evaluating fibrinolysis is available in COVID-19. 

Gralinski et al34  examined the urokinase pathway in SARS-CoV-1 

infection using knockout mice and reported that urokinase would 

regulate the lethality. They reported increased plasminogen peptides 

  Mechanisms of coagulation activation in Covid-19. Both pathogens (viruses) and damage-associated molecular patterns 

(DAMPs) from injured host tissue can activate monocytes. Activated monocytes release inflammatory cytokines and chemokines 

that stimulate neutrophils, lymphocytes, platelets, and vascular endothelial cells. Monocytes and other cells express tissue factor and 

phosphatidylserine on their surfaces and initiate coagulation. Healthy endothelial cells maintain their anti-thrombogenicity by expressing 
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its most severe clinical manifestations and fatal outcome 
[34–38]. These features include: older age, underlying co-
morbidities, higher Sequential Organ Failure Assessment 
(SOFA) scores (indicative of organ dysfunction), abnormal 
hemostasis parameters (i.e., increased levels of D-dimer and 
fibrin degradation products, and decreased platelet counts) 
and increased biomarkers of cardiac injury and dysfunction 
(i.e., N-terminal pro-brain natriuretic peptide and troponin) 
[34–38]. Thus, in a retrospective case series of 187 COVID-
19 patients, troponin T elevation was significantly associated 
with a greater probability of developing ARDS, arrythmias, 
and other complications as compared with troponin T within 
the normal range [33].

The search of possible therapeutic strategies against 
SARS-CoV-2 is rapidly proceeding. To date, a number 
of potential target therapies have been proposed, includ-
ing angiotensin-converting enzyme 2 (ACE2) inhibitors 
[39]. Indeed, ACE2 is a crucial molecule in SARS-CoV-2 
infection as viral particle entry into host cell is mediated 
by S protein interaction with ACE2 [39]. However, given 
the current lack of approved specific therapies, COVID-19 
treatment is currently based on supportive care, includ-
ing symptomatic therapies for mild clinical manifestations 
and respiratory support [40]. Several drugs approved for 
other indications as well as multiple investigational agents 
and potential therapies may provide new opportunities for 
treating patients infected with SARS-CoV-2. Therapeutic 
alternatives include specific (remdesivir seems the most 
promising compound) and non-specific antiviral agents, 
immune-modulatory agents, other anti-infective agents 
repurposed to treat COVID-19, and drugs acting on host 
cell receptors [39–42]. Future clinical studies are needed 
to highlight the possible pharmacological interactions of 
some investigational drugs used in the therapy of COVID-
19-positive cancer patients with antineoplastic drugs [43]. 
Moreover, the search for potential vaccines for COVID-19 
is also rapidly progressing.

3  Coronavirus Infections and Thrombosis

An increased thrombotic risk has been observed in both 
SARS-CoV-1 and MERS-CoV, as confirmed in in vitro, 
experimental, and clinical studies. Over-expression of a 
significant number of genes involved in the upregulation of 
the coagulation cascade (e.g., fibrinogen, factors II, III, VII, 
X, XI, XII, serine proteinase inhibitors [SERPINs]) [14, 44] 
and platelet aggregation (e.g., TBXAS, TLR9) [14] has been 
decribed in SARS-CoV-1-infected peripheral blood mono-
nuclear cells and human hepatoma cells. Also, an excess of 
micro-vascular thrombi in the lung tissue of MERS-CoV-
infected mice transgenic for human dipeptidyl peptidase 4 
(DPP4) has been observed [45]. Along with these changes, 

alterations of laboratory markers of increased thrombotic 
risk have been described in patients with SARS-CoV-1 and 
MERS-CoV. In this regard, thrombocytopenia, increased 
D-dimer, and prolonged PT and aPTT have been sparsely 
reported in SARS-CoV-1 and MERS-CoV infections [8]. 
Overall, based on some case reports, the above reported 
hematologic manifestations of both SARS-CoV-1 and 
MERS-CoV infections translated into an increased risk of 
vein and arterial thrombosis and DIC [46, 47].

Laboratory findings in patients with SARS-CoV-2 infec-
tion are not dissimilar from those in SARS-CoV-1 and 
MERS-CoV infections, with relevant changes in blood 
coagulation parameters indicating an increased thrombotic 
risk [9, 48, 49] (Fig. 1). Importantly, thrombocytopenia and 
elevation of plasma D-dimer levels have been found to be 
much more evident in patients with the most severe forms 
of COVID-19 [4]. In addition, poor prognosis was observed 
among COVID-19 patients with higher D-dimer and pro-
longed PT [50]. From a clinical perspective, increased preva-
lence of DIC [51] and other vein and arterial thrombotic 
(e.g., small pulmonary arterioles) complications have been 
recorded in COVID-19 patients, with the highest prevalence 
among critically ill patients [7, 52, 53]. In addition, the pres-
ence of antiphospholipid antibodies (e.g., anticardiolipin 
IgA, anti-β2-glycoprotein I IgA and IgG) [54], which may 
contribute to an increased risk of both venous and arterial 
thrombosis, has been described in the serum of COVID-19 
patients [55, 56]. Noteworthy, evidence of cardiac injury has 
been observed in a retrospective case series of 187 patients 
with COVID-19 [33], the latter being a significant nega-
tive prognostic factor in this population [31]. Direct viral 
myocardial injury, systemic overactivation of the inflamma-
tion cascade, as well as virus-induced atherosclerotic plaque 
destabilization and micro- and macro-vascular thrombosis 
have been proposed as possible mechanisms leading to 
cardiovascular manifestations of COVID-19 [57]. In addi-
tion, several viral infections may start a hyper-inflammatory 

Fig. 1  Proposed mechanisms for the increased thrombotic risk related 
to SARS-CoV-2 infection. SARS-CoV-2 Severe Acute Respiratory 
Syndrome-Coronavirus-2
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macrophages [22]. In addition, the direct infection of
endothelial cells by the virus (a mechanism that is rather
specific for coronaviruses via their cell entry through
ACE2 (angiotensin-converting enzyme 2, the receptor
for SARS-CoV-2), abundantly expressed on endothe-
lium) leads to a massive release of plasminogen activa-
tors [23].
With an increase in disease severity, there is a pro-

coagulant shift with the acceleration of fibrin formation
produced by increased fibrinogen levels and activated
platelets. The suppressed fibrinolysis by PAI-1 release
accelerates clot formation in the lung capillaries. While
ACE2 helps to mediate anticoagulant properties of the
vascular endothelium in the healthy state, binding of
SARS-CoV-2 to ACE2 aggravates cell damage, upregu-
lates tissue factor expression, and downregulates the
protein C system [24] (Fig. 2). In this situation, with or
without secondary complications such as tissue hypoxia

and concomitant infection, coagulopathy and thrombotic
events readily occur.

Hemophagocytic syndrome (HPS)/
hemophagocytic lymphohistiocytosis (HLH)
Hemophagocytic syndrome (HPS) or hemophagocytic
lymphohistiocytosis (HLH) is a hyperinflammatory syn-
drome characterized by the excessive activation of im-
mune cells such as macrophages, natural killer cells, and
cytotoxic T cells. Acquired HPS/HLH is due to large
amounts of proinflammatory cytokines (TNFα, interferon-
γ, IL-1, IL-2, and IL-6) released from activated macro-
phages and lymphocytes secondary to various triggers in-
cluding viral infection [25]. The diagnosis is based on five
criteria (fever, splenomegaly, decreased counts in two cell
lines, hypertriglyceridemia and/or hypofibrinogenemia, and
hemophagocytosis) [26]. Recently, three additional criteria
were introduced that include low/absent natural killer cell-

Fig. 1 Thrombus formation in disseminated intravascular coagulation, thrombotic thrombocytopenic purpura, and hemolytic uremic syndrome. In
bacterial sepsis, immune cells such as monocyte and macrophages are activated by pathogen-associated molecular patterns (PAMPs) and host-
derived damage-associated molecular patterns (DAMPs). The immune cells initiate coagulation cascades through expressing tissue factor (TF) and
releasing extracellular vesicles (EVs). The activated neutrophils and neutrophil extracellular traps (NETs) are also involved in coagulation.
Degradation of fibrin, the end product of coagulation activation, is suppressed by increased levels of plasminogen activator inhibitor-1 (PAI-1). In
thrombotic thrombocytopenic purpura (TTP), increased high multimers of von Willebrand factor (VWF) caused by ant-ADAMTS13 antibodies
stimulate platelet aggregation. In hemolytic uremic syndrome (HUS), dysregulated complement system and its terminal product, membrane
attack protein (MAC), damage vascular endothelial cells, and initiate clot formation
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The unique characteristics of COVID-19
coagulopathy
Toshiaki Iba1* , Jerrold H. Levy2, Jean Marie Connors3, Theodore E. Warkentin4, Jecko Thachil5 and Marcel Levi6

Abstract

Thrombotic complications and coagulopathy frequently occur in COVID-19. However, the characteristics of COVID-
19-associated coagulopathy (CAC) are distinct from those seen with bacterial sepsis-induced coagulopathy (SIC) and
disseminated intravascular coagulation (DIC), with CAC usually showing increased D-dimer and fibrinogen levels but
initially minimal abnormalities in prothrombin time and platelet count. Venous thromboembolism and arterial
thrombosis are more frequent in CAC compared to SIC/DIC. Clinical and laboratory features of CAC overlap
somewhat with a hemophagocytic syndrome, antiphospholipid syndrome, and thrombotic microangiopathy. We
summarize the key characteristics of representative coagulopathies, discussing similarities and differences so as to
define the unique character of CAC.

Keywords: COVID-19, Coagulopathy, Disseminated intravascular coagulation, Hemophagocytic syndrome,
Antiphospholipid syndrome, Thrombotic microangiopathy

Background
The high mortality and its relationship with thrombo-
embolic diseases in COVID-19 have increasingly attracted
attention [1, 2]. D-dimer has been repeatedly reported to be
a useful biomarker associated with the severity of disease
[3] and is a predictor of adverse outcomes [4]. The high in-
cidence of venous thromboembolism (VTE) and the im-
portance of giving anticoagulant thromboprophylaxis is
stated in guidance documents [5] and supported by con-
secutive autopsy findings noting frequent deep vein throm-
bosis in 7 of 12 COVID-19 patients (58%) with
complicating pulmonary embolism in 4 patients (33%) [6].
An increased incidence of arterial thromboses such as
stroke and acute coronary syndromes has also been re-
ported in COVID-19 [7]. The effectiveness of prophylactic
and therapeutic anticoagulant use in this context is contro-
versial. The initial Wuhan description reported a lower
mortality heparin-treated patients with D-dimer levels over

3.0 μg/mL (32.8% vs 52.4% not treated, P = 0.017) or sepsis-
induced coagulopathy (SIC) (40.0% vs 64.2% not treated,
P = 0.029) [8]. In another study, Paranjpe et al. [9] analyzed
2773 COVID-19 patients of whom only 28% received anti-
coagulant therapy; in patients requiring mechanical ventila-
tion (n = 395), in-hospital mortality was lower in patients
who received systemic anticoagulation at 29.1% with a me-
dian survival of 21 days compared to 62.7% mortality and
median survival of 9 days in patients not treated with antic-
oagulation. Despite the retrospective data, the report em-
phasizes the role of hypercoagulability in COVID-19 and
the role of anticoagulation. However, the pathophysiology
of COVID-19-associated coagulopathy (CAC) is complex
and likely to differ in important ways from the standard
mechanisms of thrombosis reported in critically ill patients.
This review will compare and contrast various well-
characterized types of coagulopathy with CAC (Table 1).

Sepsis-induced coagulopathy (SIC) and
disseminated intravascular coagulation (DIC)
The pathophysiology of bacterial SIC and disseminated
intravascular coagulation (DIC) has been extensively
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CZUŁOŚĆ KLASYCZNYCH BADAŃ 

SZACOWANY POZIOM 
 

PTb       aPTTb 
CZYNNIK 
Fibrinogen (Factor I)    100 mg/dL  60 mg/dL 
Prothrombin (Factor II)    50%   15% 
Factor V      50%   40% 
Factor VII      50%    
Factor VIII       35% 
Factor IX       20% 
Factor X     60%   25% 
Factor XI       30% 
Factor XII       20% 

 

 
• Data from the Hematology Science, Clinical Pathology Department, Warren G, Magnusson Clinical Center, derived using 
 the STA (Diagnostica Stago, Asnieres, France) and provided by Ms. Khanh Nghiem and Dr. Margaret Rick. 
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a) Age <21 years with: 

� Fever: ≥ 38.0°C for ≥24 hours, or report of subjective fever lasting ≥24 hours 
� Laboratory evidence of inflammation: 1 or more of the following: 24 

 
 
 
 

 
 

� Evidence of clinically severe illness requiring hospitalization with multisystem (>2) organ involvement [cardiac, renal, 
respiratory, hematologic, gastrointestinal, dermatologic or neurologic] 

b) No alternative plausible diagnoses 
c) Positive for current or recent COVID-19 infection or COVID-19 exposure within the 4 weeks prior to the onset of symptoms 
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diagnostic criteria of DIC, is usually used in order to 
diagnose or exclude thrombotic events such as deep 
venous thrombosis or pulmonary embolism15. Venous 
thromboembolism (VTE) is a frequent complication 
of critical illnesses, particularly in patients treated in 
intensive care units (ICU). The frequency of VTE has 
been reported to be 13% in patients of a respiratory 
intensive care unit26. On the other hand, the inci-
dence of VTE has been 25% in patients with severe 
Covid-19 in the ICU, which also represents a hyperco-
agulable process in Covid-19 patients15. The D-dimer 
levels are also higher in patients with DVT compared 
to non-DVT. (5.2 vs. 0.8 µg/mL, p< 0.001) D-dimer 
within normal limits has been already known to have 
a higher sensitivity but lower specificity for acute 
thrombosis. Since we experience higher D-dimer lev-
els in most Covid-19 patients, it is also important to 
determine a specific level to predict thrombosis. Cui 
et al.15 have proposed 3.0 µg/mL as the cut off value to 
predict VTE with a sensitivity of 76.9%, a specificity 
of 94.9%, and a negative predictive value of 92.5%. 

The serum level of D-dimer has been also reported to 
be higher if the severity of the disease increases16-19. 
Despite expectancy of higher D-dimer levels in severe 
Covid-19 patients, it is important to observe statisti-
cally significant D-dimer levels in moderate Covid-
19 pediatric patients compared to milder ones (0.36 
vs. 0.21µg/mL, p< 0.028)17. However, in a different 
cohort with fewer patients, there has been no differ-
ence in terms of D-dimer level in Covid-19 patients 
without or with aggravation (0.29 vs. 0.28 mg/dL, p= 
0.922) 20. Nevertheless, if we consider D-dimer as a 
prognostic marker, it has been significantly higher 
in patients with ARDS and independently associated 
with a higher risk of ARDS development (1.16 vs. 
0.52 µg/mL, p< 0.001; OR= 1.03, 95%: 1.01 – 1.04; p< 
0.001)21. Noteworthy, D-dimer has been proved to be 
higher in non-surviving patients when compared to 
survivors in all retrospective investigations2,14,21-24. 
Several of these investigations have emphasized D-di-
mer exceeding 3.0 µg/mL (six-fold the upper limit of 
normal) as a cut-off value for diagnosing 85.7% of the 



Figure 2. Phases and severity grading of COVID-19 — after Siddiqi and Mehra [47], modified. During early infection 
virus replication and shedding is rapidly accelerating within the first 4–10 days (Phase I). Together with the cytopathic 
effect of the virus replication clinical symptoms occur and the first immunological mechanisms are triggered (Phase II).  
With an occurrence of the first non-neutralizing antibodies, antibody-dependent augmentation of inflammation oc-
curs, which together with local thrombosis and sepsis leads to multiple organ failure (MODS), acute respiratory 
distress syndrome (ARDS), acute kidney injury (AKI) and deep venous thrombosis (DVT) and pulmonary embolism 
(PE). COVID-19 may present with four stages of severity, either as a mild respiratory tract infection, viral pneumo-
nia, severe pneumonia, or ARDS; ALT — alanine aminotransferase; AST — aspartate aminotransferase; CRP —  
C-reactive protein; hs-cTnI — high-sensitivity cardiac troponin I; Ig — immunoglobulin; IL — interleukin; LDH — lac-
tate dehydrogenase; LMWH — low-molecular-weight heparin; NOAC — non-vitamin K antagonist oral anticoagulant;  
PCT — procalcitonin; SARS-CoV-2 — severe acute respiratory syndrome coronavirus-2; SIRS — systemic inflamma-
tory response syndrome.
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the basic knowledge, its natural history can be di-
vided into four stages — early infection, pulmonary 
phase, hyperinflammation, and recovery (Fig. 2) 
[47]. Before a definite solution for COVID-19 treat-

ment is found, the efforts of the scientific community 
are dual. The first path is directed against the SARS-
-CoV-2 virus itself. There is a need to determine 
which of the antiviral agents that have already been 
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synthesized and tested through the first and second 
phase of approval, which prove sufficiently effective 
to block the virus entry and/or stop or slow down its 
multiplication to gain time for the innate and adapted 
reaction of the whole immune system. Within this 
approach, a list of agents have already been tested, 
including the combination of chloroquine or hy-
droxychloroquine with azithromycin, oseltamivir, 
lopinavir/ritonavir, darunavir, favipiravir, remdesivir, 
and ivermectin [15, 121–124]. With different, either 
unspecific or targeted mechanisms of action, each 
of them had been successfully used against other 
viruses or parasites. However, up to the date of 
completion of this manuscript, only chloroquine in 
Poland and remdesivir in the United States, have 
gained recommendation as the first-line treatment 
against COVID-19 [15, 125].

It is obvious that the success of direct antiviral 
treatment relies upon its application during the 
phase of viral entry and replication. The main fault 
of many clinical trials of antiviral agents lies in the 
fact that the treatment, for a variety of reasons, 
begins too late. First symptoms and/or signs of 
pneumonia, which often trigger the inclusion of 
the patient into a clinical trial can appear as late 
as 15 to 20 days after infection [47]. It should not 
be overlooked that such an approach, although 
safer from an insurance point of view, can leave 
us without appropriate and targeted treatment 
for many years on. For example, chloroquine has 
already been proven to reduce the viral load in 
vitro and early observations on its usefulness in 
vivo have been enthusiastic [124]. Later on, con-
trary results appeared in France [122]. Moreover, 
the arrhythmogenic properties have resulted in 
numerous interactions which make its safety ques-
tionable [122]. Currently, results of clinical trials 
of chloroquine are eagerly awaited, 23 of which are 
registered in China. Also, when it comes to WHO 
recommendations of chloroquine, ethical, and po-
litical considerations come into view. As it is the 
basic antimalarial drug, worldwide shortages could 
easily occur, rendering the huge and vulnerable 
population devoid of a cheap and easy cure [124]. 
Among direct antiviral agents, remdesivir seems to 
be the most promising one at the moment. Other 
options are still emerging, as screening for their 
possible targets and drug compositions is currently 
enhanced by high output computational analysis, 
modeling, and artificial intelligence tools [126].

Unfortunately, in the meantime too many vic-
tims of the viral attack get too seriously ill. So, in 
parallel, alternative paths of effective supportive 
treatment for all those patients must be created, 

and in whom the virus has successfully evaded the 
forces of their immunity. It would be an inappropri-
ate waste of time if we did not take advantage of 
the accumulated knowledge on the pathogenesis of 
a variety of viral diseases, observe, make analogies, 
and draw conclusions. COVID-19 is not an entirely 
new disease. The closest relatives are SARS and 
MERS, and the stages of the disease resemble 
already known syndromes [27, 47]. Nonetheless, 
a timely prediction of the subsequent events and 
appropriate choices and timing of the intervention 
still pose the main challenges of supportive treat-
ment. Curbing or modifying the inflammation phase 
requires a detailed understanding of the processes 
that take place down to the molecular signal levels. 
Antiviral therapies often prove ineffective in late 
phases of viral diseases, as they are more loosely 
linked to the viral presence. The phenomena which 
are observed in the advanced stages of COVID-19 
are rather due to the insufficient, over-induced, 
or dysregulated response of the immune system 
and its counterparts in the human body, the most 
important of them being the coagulation system. 
If the damage of the infected cells, caused by the 
pathogen, is profound enough, even elimination of 
the virus may not protect people against the con-
sequences of the primary infection. At this point, 
it is worth remembering that in COVID-19, as well 
as with other viral diseases, the response of the 
body depends on the viral load [127].

The supportive treatment can be initiated as 
early as the appearance of the first symptoms of the 
disease and perhaps even earlier, once the infected 
person tests positive. Hospital physicians may 
easily neglect the prehospital, but in the natural 
course of viral diseases, it may play an important 
role. Which interventions can be based on the 
pathophysiology of viral infections and receive at-
tention and recommendations from primary care 
physicians? Can early, prehospital prone position-
ing prevent respiratory deterioration? Vitamins  
(C, D3) and microelements (zinc, selenium) are key 
coenzymes and active centers of multiple enzymes 
within the immune system. Their anti-inflammatory 
and antioxidant properties play an important role in 
overall health. Is there enough evidence supporting 
additional supplementation? Which of the medicines 
available over the counter can be recommended and 
are there any that should be avoided?

Overwhelming dyspnea and rapid deteriora-
tion have become the most threatening symptoms 
of COVID-19, often promoting early hospitalization 
in fear of being overlooked. In the descriptions 
of the clinical picture of pulmonary involvement, 
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COVID-19 COAGULOPATHY

A positive
POCUS for DVT 
is highly
specifi c
and does not
require
confi rmation

plying these fi ndings, given the serious limita-
tions of the report, ie, its observational nature 
and lack of information on illness severity and 
indications for anticoagulation.
 Taken together, this limited evidence con-
fi rms that prophylaxis against venous thrombo-
embolism in critically ill COVID-19 patients is 
associated with improved outcomes, and there 
may be a role for full anticoagulation.
 Given the limitations of the studies thus 
far, it remains unclear if higher prophylactic 
doses or full anticoagulation offer a benefi t be-
yond standard prophylactic dosing, and which 
patients may benefi t without suffering more 
bleeding complications. 
 Thrombolysis has also been suggested for 
patients whose condition deteriorates despite 
anticoagulation. Three patients with persistent 
severe hypoxia and markedly elevated D-dimer 
showed improvement in oxygenation after be-
ing given low-dose tissue plasminogen activator. 
But despite initial improvement and no reported 
adverse effects, the ultimate outcome was poor: 
the improvement was long-lasting in 1 patient 
but transient in the other 2, and 1 patient died.40

Recommendations
Given this lack of evidence, the National Insti-
tutes of Health, American Society of Hematol-
ogy, and International Society on Thrombosis 
and Haemostasis currently do not recommend 
treatment beyond standard prophylaxis except 
for an established indication. The two societies 

strongly recommend prophylaxis against deep 
vein thrombosis in all patients on admission, 
using low-molecular-weight heparin (or un-
fractionated heparin in those with renal failure, 
or fondaparinux in those with heparin-induced 
thrombocytopenia). They stress that prophy-
laxis should be continued even in the setting of 
thrombocytopenia so long as the platelet count 
is higher than 25 × 109/L.31,41

 Our current approach is based on POCUS 
screening for venous thromboembolism and 
intensifi ed prophylaxis in high-risk patients 
(Figure 4, Table 1). We divide patients into 3 
categories: 
• Category 1: D-dimer less than 3.0 μg/mL 

FEU and no evidence of venous thrombo-
embolism. Patients receive standard pro-
phylaxis and are monitored using serial 
D-dimer testing.

• Category 2: D-dimer 3.0 μg/mL FEU or 
higher, POCUS-negative. Patients receive 
intensifi ed deep vein thrombosis prophylaxis.

• Category 3: Confi rmed thrombosis. Pa-
tients receive full anticoagulation.

 If the clinical suspicion of venous throm-
boembolism is high and the patient has no 
contraindication to anticoagulation, full anti-
coagulation should be initiated empirically if 
POCUS or confi rmatory tests are not immedi-
ately available. 

Continuous renal replacement therapy
Given the high rate of clotting in dialysis cir-
cuits, all patients on continuous renal replace-
ment therapy receive unfractionated heparin at 
a rate of 500 U per hour. If ongoing clotting is 
observed, we increase systemic heparin to bring 
the activated partial thromboplastin time into 
the target range according to an acute coronary 
syndrome nomogram. The target activated par-
tial thromboplastin time is 49 to 67 seconds, 
and the goal anti-factor Xa level is 0.2 to 0.5 
IU/mL, but these may be adjusted if clotting 
continues despite systemic heparin.

Duration of anticoagulation
Anticoagulation should be continued for 6 
weeks for catheter-associated thrombosis and 
for at least 3 months for venous thromboembo-
lism. Convalescent patients with persistently 
elevated D-dimer (greater than twice the up-
per limit of normal) may benefi t from extended 
prophylaxis or treatment.42,43 J 

          D-dimer

< 3.0 μg/mL FEU ≥ 3.0 μg/mL FEU

Prophylaxis
  Enoxaparin
  Unfractionated heparin 
  if acute kidney injury

Point-of-care
ultrasonography

Measure D-dimer 
every 48 hours

Positive Negative or 
not available

Intravenous heparin or 
subcutaneous enoxaparin

High-intensity 
prophylaxis

Figure 4. Algorithm for preventing and treating COVID-19-
associated coagulopathy.
FEU = fi brinogen equivalent units
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TABLE 1

Cleveland Clinic approach to anticoagulation prophylaxis and management 
in COVID-19

Category 1
D-dimer < 3.0 μg/mL FEU
Standard prophylaxis

Category 2
D-dimer ≥ 3.0 μg/mL FEU
High-intensity prophylaxis

Category 3
Confi rmed VTE
Full anticoagulation

Standard Enoxaparin 40 mg 
subcutaneously every 24 hours

Enoxaparin 40 mg 
subcutaneously every 12 hours

IV heparin per DVT/PE nomogram 
or enoxaparin 1 mg/kg 
subcutaneously every 12 hours

Renal failure CrCl 10–30 mL/min:
Enoxaparin 30 mg 
subcutaneously every 24 hours

CrCl < 30 mL/min or AKI:
Enoxaparin 40 mg 
subcutaneously every 24 hours

IV heparin per DVT/VTE nomogram

CrCl < 10 mL/min or AKIa:
Unfractionated heparin 5,000 U 
subcutaneously every 12 hours

CrCl < 10 mL/min or AKIa:
Unfractionated heparin 7,500 U 
subcutaneously every 12 hours

CRRT: 
Unfractionated heparin
500 U/hour through circuit 

Circuit clotting:
IV heparin per ACS nomograma 

CRRT:
Unfractionated heparin 
500 U/hour through circuit

Circuit clotting:
IV heparin per ACS nomograma 

Obesity

Standard > 100 kg: 
Enoxaparin 40 mg 
subcutaneously every 12 hours

> 120 kg:
Enoxaparin 60 mg 
subcutaneously every 12 hours

> 100 kg:
Enoxaparin 60 mg 
subcutaneously every 12 hours

> 120 kg:
Enoxaparin 80 mg 
subcutaneously every 12 hours

IV heparin per DVT/PE nomogram

 or

Enoxaparin 1 mg/kg 
subcutaneously every 12 hours, 
up to 150 mg

Above 150 kg 
use unfractionated heparin

Renal failure

CrCl < 30 mL/
min or AKIb

≤ 120 kg: 7,500 U every 12 hours

> 120 kg: 10,000 U every 12 
hours

≤ 120 kg: 7,500 U every 8 hours

> 120 kg: 10,000 U every 8 
hours

IV heparin per DVT/PE nomogram

CRRT: 
500 U/h through circuit

Circuit clotting:
IV heparin per ACS nomograma

CRRT:
500 U/h through circuit

Circuit clotting:
IV heparin per ACS nomograma

aIV heparin ACS nomogram: initial dose 60-U/kg bolus, then 12 U/kg/hour; target aPTT 49–67 seconds; target heparin anti-Xa 0.2–0.5 units/mL. 
bAKI defi nition: doubling of creatinine in 48 hours or anuria.
ACS = acute coronary syndrome; AKI = acute kidney injury; aPTT = activated partial thromboplastin time; CrCl = creatinine clearance; CRRT = continuous renal 
replacement therapy; DVT = deep vein thrombosis; FEU = fi brinogen equivalent units; IV = intravenous; PE = pulmonary embolism;  VTE = venous thromboem-
bolism
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replication could be hypothesized as age-dependent
defects in T-cell and B-cell function have been
described.31

Potential mechanisms of impaired coagulation in
COVID-19 infection are summarized in Fig 1.

HISTOPATHOLOGIC FINDINGS
Fibrin accumulation in the lung is a hallmark of acute

lung injury and acute respiratory distress syndrome.
Fibrin clots in the alveoli have been described in SARS-
CoV infection in humans and mice. This coagulation
response is hypothesized to protect the host by sealing
the alveoli, preventing edema and alveolar hemorrhages
but limiting the exchange of oxygen.32 The first pub-
lished autopsy report of deaths due to severe COVID-19
infection revealed diffuse alveolar damage with fibrin
exudation in alveoli, modest infiltration of immune cells
in vessel walls, and hyaline thrombi in small vessels and
also in other organs and tissues.33 Similar findings have
recently been reported by American pathologists who
described a thrombotic microangiopathy in lung associ-
ated with foci of alveolar hemorrhage.34

Moreover, a generalized thrombotic microvascular
injury has been documented by Magro et al35 in a series
of lung and skin biopsies. Apart from the histologic
changes described by the other authors, they found de-
posits of terminal complement components in the
microvasculature, consistent with sustained, systemic
activation of complement pathways. Therefore, in a sub-
set of severe COVID-19 infections, a vasculitis-like syn-
drome with an associated procoagulant state can occur.

RATIONALE FOR THE USE OF HEPARINS IN
COVID-19 INFECTION
Heparins are anticoagulant drugs currently used for the

prophylaxis and therapy of venous thromboembolism
and are classified according to their molecular weight.36

Heparin reversibly binds antithrombin III and amplifies
its subsequent inhibitory effect on activated factor X
and thrombin (factor Xa).37,38 Only unfractionated hepa-
rin containing at least 18 saccharide sequences can influ-
ence the action of antithrombin on thrombin; however,
unfractionated heparin fragments of any length contain-
ing a unique pentasaccharide sequence can inhibit the
action of factor Xa.39,40 This feature has been exploited
by pharmacologic research for the development of low-
molecular-weight heparins (LMWHs).41

Fondaparinux, a synthetic analogue of the pentasac-
charide sequence, has a longer half-life than LMWH
and does not interact with platelets.42 Fondaparinux
binds reversibly to antithrombin to produce an irrevers-
ible conformational change that enhances its reactivity
with factor Xa. This results in inhibition and depletion
of factor Xa, which in turn inhibits thrombin generation
in the coagulating signal transduction pathway. Notably,
this molecule is characterized by therapeutic coverage
for 24 hours and noninterference with platelets.
Currently, fondaparinux is indicated for the prophylaxis
and treatment of venous thromboembolism.43

Heparin also exhibits anti-inflammatory properties.44

Although still to be fully clarified, some of the pro-
posed mechanisms include binding with inflamma-
tory cytokines, inhibition of neutrophil chemotaxis

Fig 1. Mechanisms of coagulation impairment in COVID-19 infection. *Elevated levels of plasminogen/plasmin are
found in several medical conditions, including hypertension, diabetes, cardiovascular disease, cerebrovascular
disease, and chronic renal disease. IL6, Interleukin 6; IL8, interleukin 8; TNF-a, tumor necrosis factor a.
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and leukocyte migration, neutralization of comple-
ment factor C5a and sequestration of acute phase
proteins such as P-selectin and L-selectin, and induc-
tion of cell apoptosis through tumor necrosis factor a
and nuclear factor kB pathways.45,46 As described
before, histones released from damaged cells can
injure endothelial cells,47 and heparin has been
shown to antagonize histones and thus "protect" the
endothelium.48,49 Another mechanism of heparin’s ac-
tion is characterized by its effects on histone methyl-
ation and on the mitogen-activated protein kinase
and nuclear factor kB signal pathways.50 Therefore,
heparin can protect from microcirculatory dysfunction
and possibly reduce organ damage.
Experimental models put in light a potential antiviral

role of heparin; indeed, its polyanionic polysaccharide
strands can bind to different proteins, and therefore hep-
arin could act as an effective inhibitor of viral adhesion.51

Competition between heparin and herpes simplex virus
for host cell surface glycoproteins has been described,
and in zika virus infection, heparin prevented virus-
induced cell death of human neural progenitor cells.51,52

Furthermore, the addition of heparin to experimental

cultured cells halved the infection rate from sputum of
a patient with severe acute respiratory syndrome
pneumonia.53

Surface plasmon resonance and circular dichroism, two
spectroscopic techniques for molecular analysis, have
been used in a recent work and showed that the binding
domain of the Spike S1 SARS-CoV-2 protein receptor in-
teracts with heparin.54

Potential mechanisms of LMWH action in COVID-19 dis-
ease are described in Fig 2.
Finally, in the recent report by Tang et al,55 a favorable

outcome was highlighted with the use of LMWH in pa-
tients with severe COVID-19 disease meeting sepsis-
induced coagulopathy criteria (Table) or with markedly
high D-dimer levels. There were 99 patients who were
treated with heparin for at least 7 days; in almost all pa-
tients (n ¼ 94), enoxaparin was used subcutaneously (40-
60 mg enoxaparin/d); 5 patients received unfractionated
heparin (10,000-15,000 units/d).

CONSIDERATIONS AND POSSIBLE THERAPEUTIC
IMPLICATIONS
Growing evidence puts emphasis on involvement of the

coagulation system due to inflammation in COVID-19
pneumopathy. Previously, in H1N1 patients who devel-
oped acute respiratory distress syndrome, empirical sys-
temic anticoagulation significantly reduced venous
thromboembolism incidence without increased hemor-
rhagic complications.56 Therefore, although data are still
numerically insufficient to establish what the appro-
priate therapeutic regimen may be, the addition of hep-
arin can have a favorable impact on progression of
COVID-19 infection.
The reported data suggested that in many cases, the

infection may have an asymptomatic course.57 The
use of heparin is probably unnecessary in this popula-
tion. However, in case of the onset and persistence of
respiratory symptoms, even in patients in isolation at
home, it is considered useful to start prophylaxis with
LMWH or with fondaparinux if renal function is pre-
served (creatinine clearance >50 mL/min). Should the
patient develop a progressive worsening of respiratory
symptoms in association with an increase in coagula-
tion markers, therapeutic or subtherapeutic doses of

Fig 2. Potential effects of low-molecular-weight heparin
(LMWH) in COVID-19 disease.

Table. Sepsis-induced coagulopathy (SIC) score

Category Parameter 0 point 1 point 2 points

Prothrombin time PT-INR #1.2 >1.2 >1.4

Coagulation Platelet count ("109/L) $150 <150 <100

Total SOFA SOFA four itemsa 0 1 $2

Total score for SIC $4

PT-INR, Prothrombin time-international normalized ratio; SOFA, sequential organ failure assessment.
aTotal SOFA is the sum of the four items (respiratory SOFA, cardiovascular SOFA, hepatic SOFA, renal SOFA). The SOFA score was included to confirm
the presence of sepsis but does not reflect sepsis severity; therefore, the score for SOFA was limited to 2 points even if the SOFA score was more than 2.
(Adapted from Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is associated with decreasedmortality in severe coronavirus disease
2019 patients with coagulopathy. J Thromb Haemost 2020;18:1094-9.)

714 Costanzo et al Journal of Vascular Surgery: Venous and Lymphatic Disorders
September 2020

1388 V. Bianconi et al.

suggesting that ASA may serve as a potential preventive/
therapeutic strategy against infection-induced coagulopa-
thy and DIC. Indeed, it has been demonstrated that ASA 
can inhibit intravascular coagulation during Staphylococcus 
aureus-induced sepsis in mice by reducing platelet activa-
tion and intravascular thrombin activity [93]. In addition, 
in a retrospective study including 390 septic shock patients 
from intensive care units (ICUs) antiplatelet therapy prior 
to hospital admission was associated with a decreased risk 
of overt DIC [94].

6  Acetylsalicylic Acid as an Antiviral Drug

The antiviral effects of salicylic acid, the principal metabo-
lite of ASA, have already been described in plants. Sali-
cylic acid, either produced by plants or applied to them, can 
induce resistance to viral infections; through this and other 
immune-modulating functions, salicylic acid is currently 
considered a plant protector from viruses and other kind of 
biotic and abiotic stresses [95].

In humans, the antiviral action of ASA has been 
extensively documented against both DNA and RNA 
viruses (Fig. 2). ASA reduced cytomegalovirus-induced 
reactive oxygen species production and NF‐κ B activa-
tion, thus resulting in the inhibition of cytomegalovirus 
replication in smooth muscle cells [96]. Also, high doses 
of ASA have been shown to be able to reduce varicella-
zoster virus replication in a partially reversible manner 
[97, 98], with ASA concentration and duration of exposure 

of infected cells to ASA influencing reversibility [97]. In 
the setting of RNA viruses, ASA has been demonstrated 
to stimulate the over-expression of several proteins (e.g., 
ubiquitin-protein ligase E6A, adenylosuccinate lyase, and 
nibrin) that are responsible for the inhibition of hepatitis 
C virus (HCV) replication [99]. The inhibitory activity 
of ASA on HCV has been found to be mediated in part 
by COX-2 inhibition [100]. ASA has also been shown to 
enhance the proteasomal degradation of claudin-1, which 
serves as a HCV receptor, thereby reducing the entry of 
virus particles [101]. There is also evidence suggesting 
that ASA can down-regulate the promoter activity of iNOS 
in HCV-infected cells by reducing its affinity to CCAAT/
enhancer-binding protein-beta (C/EBP-β), thereby inhib-
iting iNOS expression and HCV-RNA replication [102]. 
Another study showed that ASA could reduce the patho-
genic effects of HCV through the down-regulation of cel-
lular oxidative stress and the enhancement of the expres-
sion and activity of Cu/Zn superoxide dismutase (SOD1) 
in infected cells [103]. Additionally, ASA showed a sig-
nificant and dose-dependent antiviral activity against sev-
eral other RNA viruses, including influenza A H1N1 virus, 
human rhinoviruses, and coxsackie virus subtype A9, this 
effect was observed with non-cytotoxic doses of ASA [19]. 
It is noteworthy that the beneficial effects of ASA against 
influenza virus infection have been in part attributed to 
ASA-mediated inhibition of PGE2 activity in macrophages 
and subsequent upregulation of interferon type I (IFN-1) 
production, leading to restricted viral replication and pro-
moting T-cell-mediated immune response [104].

Importantly, ASA-induced overactivation of HO-1 may 
result in the degradation of heme, which plays a role as 
a pro-inflammatory mediator [67, 105]. This anti-inflam-
matory mechanism of action of ASA is important in the 
light of two main findings: (1) the reduced lung inflamma-
tion and mortality in mice over-expressing HO-1 that are 
subsequently infected with influenza virus [106], (2) the 
decreased HO-1 expression and/or activity due to human 
polymorphisms of the HO-1 gene have been associated 
with poor outcomes in different states of overactivation 
of the inflammation cascade [107]. Furthermore, non-
toxic concentrations of D,L-lysine acetylsalicylate, the 
water-soluble salt of ASA and lysine, reduced the titer, 
viral RNA synthesis, and protein accumulation, as well as 
the replication of human CoV-229E in vitro [20]. In the 
same experimental conditions, D,L-lysine acetylsalicylate 
reduced MERS-CoV titer in Huh7-infected cells [20].

The above-mentioned antiviral effects of ASA were 
related in most cases to the inhibition of the virus-induced 
NF‐κ B pathway [20, 108]. However, NF‐κ B‐independent 
pathways have also been reported to be modulated by ASA 
during inhibition of viral activity [109]. For instance, Liao 
et al. showed NF‐κ B‐ and COX-independent antiviral 

Fig. 2  Hypothetical mechanisms explaining the antiviral effects of 
ASA. In the grey circle are included: three main antiviral pathways 
modulated by ASA, including COX-2, NF-kB, and HO-1, and the 
proposed mechanisms mediating the antiviral effects of ASA. The 
external area includes the viruses whose replication is inhibithed by 
ASA: DNA viruses (CMV, V-Z) and RNA viruses (RNV, CXV, HCV, 
H1N1, CoV-229E, MERS-CoV). ASA acetylsalicylic acid, CoV-229E 
coronavirus-229E, COX-2 cyclo-oxygenase-2, CMV cytomegalovirus, 
CXV coxackie virus, HCV hepatitis C virus, HO-1 heme-oxygenase-1, 
H1N1 influenza virus, MERS-CoV Middle East Respiratory Syn-
drome–Coronavirus; NF-kB nuclear factor kappa beta, ROS reactive 
oxygen species, RNV rhinovirus, V-Z varicella-zoster virus
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and other risk factors, such as prolonged immobilization, 
active malignancy, obesity, previous history of VTE, and 
ethnicity. The efficacy, safety, and optimal dosage of an-
ticoagulation in non-critically ill COVID-19 patients 
need to be confirmed by prospective studies. A more re-
cent consensus statement recommended VTE risk assess-
ment for non-critically ill patients, and only to consider 
pharmacological thromboprophylaxis in patients with a 
moderate to high risk of VTE [107].

Impact of COVID-19 on Blood Product Supply

A significant reduction of blood donations has been 
reported after the outbreak [108]. Possible reasons in-
clude lockdown, stay-at-home order, anxiety for volun-
teer donors to attend blood donation centres, and addi-
tional deferral policy on travel history. The number of 
eligible donors may further decrease if the outbreak con-
tinues to evolve. Establishment of a crisis system to re-
duce usage (e.g., deferring elective surgery), coordination 
of blood products delivery to areas with a shortage, use of 
social media to promote blood donation, etc. might help 
to overcome the crisis of paucity in blood supply [109]. If 
the supply of blood product is limited, there may be a 
need to adopt a more restrictive blood transfusion ap-
proach. Transfusion alternatives such as use of iron sup-
plement in iron deficiency anaemia and erythropoiesis-
stimulating agents should be encouraged. Currently there 
is no reported case of transmission of the coronavirus 

from donor to recipient through blood product transfu-
sion or cellular therapies, but given that SARS-CoV-2 
RNA was detected in the serum of COVID-19 patients 
[30], the actual risk of transfusion transmission of SARS-
CoV-2 remains unknown [110]. There is no additional 
screening test for blood donors recommended by the 
American Association of Blood Banks (AABB) at the mo-
ment [111]. Use of riboflavin and ultraviolet light-based 
photochemical treatment to plasma and platelet products 
may be effective in reducing the theoretical risk of trans-
fusion-transmitted SARS-CoV-2 [112].

How Do We Manage Patients with Haematological 
Disorder during the Pandemic?

The COVID-19 pandemic poses a big challenge for the 
medical community, with a great impact on management 
of patients with haematological conditions. In a cohort 
study of 128 hospitalized subjects with haematological 
cancers at two centres in Wuhan, they have a similar rate 
of COVID-19 compared with normal health care provid-
ers but have more severe disease and a higher case fatal-
ity rate [113, 114]. Non-hospitalized patients with hae-
matological cancers may also have a higher chance of de-
veloping symptomatic COVID-19. In a study using a 
questionnaire to evaluate 530 subjects with chronic my-
eloid leukaemia in Hubei, prevalence of COVID-19 in 
chronic myeloid leukaemia patients was 9-fold higher 
than the 0.1% reported in normal [114, 115]. Chemother-
apy and transplant schedules have been affected during 
the outbreak when hospitals are overwhelmed by con-
firmed COVID-19 cases. The huge demand in isolation 
facilities compromises the care of patients who have re-
ceived myelosuppressive therapy complicated with pro-
found neutropenia requiring isolation rooms and pro-
longed hospitalization. Treatment may also be deferred 
due to lockdown, quarantine order, disrupted medical 
health care service, shortage of isolation bed and blood 
product, and phobia towards attending hospital.

Delay in treatment may have a negative impact on the 
clinical conditions and outcomes of patients, especially 
those with more aggressive diseases. Their need for time-
ly treatment should not be neglected. In general, less es-
sential service should be postponed [116] in order to re-
duce the number of patients requiring hospital care so as 
to minimise risk of nosocomial COVID-19 infection, to 
conserve personal protective equipment for high-risk 
clinical activities, and to maintain the capacity of the 
health care system.

Table 2. Recommendations by International Society of Thrombo-
sis and Haemostasis (ISTH) on management of coagulopathy in 
COVID-19 patients [101]

Scenario Recommendations

Monitoring of
coagulation
markers

Monitor D-dimers, PT, platelet count, and
fibrinogen can help to stratify patients who
may need admission and close monitoring

Thrombo-
prophylaxis

Prophylactic dose LMWH should be given to
all patients (including non-critically ill) who
require hospital admission unless contrain-
dicated (active bleeding and platelet count
<25 × 109/L)

Management
of bleeding

Transfuse and aim platelet count above 50
× 109/L; fibrinogen above 2.0 g/L; PT <1.5

LMWH, low-molecular-weight heparin; PT, prothrombin 
time.
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