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COVID-19 is a new pandemic, caused by Severe Acute Respiratory Syndrome-CoronaVirus-2 (SARS-Cov2)
infection and characterized by a broad spectrum of clinical manifestations.

Inflammation and the innate immune system have been recently recognized as pivotal players in the most
severe forms, characterized by significantly elevated levels of pro-inflammatory cytokines. In this setting, several
studies have also reported the presence of abnormalities in coagulation parameters and platelets count, possibly

identifying a subgroup of patients with poor prognosis. Some reports of full-blown thromboembolic events are

emerging.

Among the possible mechanisms underlying coagulation dysfunction, the so-called "cytokine storm" seems to
play a pivotal role. Other candidate factors include virus-specific mechanisms, related to the virus interaction
with renin angiotensin system (RAS) and the fibrinolytic pathway, but also comorbidities affecting these patients.

Coagulation dysfunction is therefore a candidate risk factor for adverse outcomes in COVID-19 and should be
carefully addressed in clinical practice.

1. Introduction

Severe Acute Respiratory Syndrome-CoronaVirus-2 (SARS-CoV2)
infection disease (COVID-19) is a novel pandemic, initially identified in
a cluster of pneumonia in the Wuhan province in China.

According to the report of the World Health Organization (WHO),
published on 6th July 2020, 11,327,790 COVID-19 cases were
confirmed worldwide, with 532,340 deaths. Currently, Europe is the
second most involved region, with Italy representing the fourth affected
country with 241,611 cases, which are clustered in the Northern region
Lombardy (94,580 cases), according to the Italian Ministry of Health
daily report. During the pandemic peak, the mean percentage of patients
in an Intensive Care Unit (ICU) reported in Italy between March 1st and
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March 11st, 2020, has been reported between 9% and 11% of patients
actively infected [1].

A wide range of clinical outcomes has been observed in patients with
COVID-19, from mild and moderate disease to severe and rapidly pro-
gressive pneumonia evolving in acute respiratory distress syndrome
(ARDS) and multi-organ failure [2]. Several evidences suggest that pa-
tients with the worst prognosis might have a condition characterized by
a cytokine storm, hyperinflammation and possibly a secondary viral-
induced hemophagocytic lymphohistiocytosis [3].The correlation be-
tween the immune system, especially the innate immune system, the
inflammation, and the coagulations system is well-known and has been
addressed in different contexts [4].

Here we reviewed the main findings regarding coagulation
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dysfunction during COVID-19.

2. Laboratory abnormalities in coagulation parameters and
platelet levels in COVID-19 infection

In patients with COVID-19 abnormalities of mechanisms of primary
haemostasis, coagulation and fibrinolytic parameters have been re-
ported and related with severe illness, ARDS development and death
[5-8].

In one of the first studies reporting the complete coagulation pa-
rameters of 183 consecutive patients with COVID-19 pneumonia [6], the
non-survivors as compared to survivors, revealed significantly higher
levels of fibrin-related markers (D-dimer and fibrinogen degradation
product (FDP)) and longer prothrombin time (PT) at admission, while
lower fibrinogen levels and antithrombin (AT) activity at the end of the
hospitalization. Moreover, 71.4% of the non-survivors as compared to
0.6% of the survivors matched the criteria for disseminated intravas-
cular coagulation (DIC) in the later stages of pneumonia, according to
the International Society on Thrombosis and Haemostasis (ISTH).
Increasing clinical evidences have underlined the importance of coag-
ulation markers monitoring in all COVID-19 cases, leading to ISTH
release of guidelines for the management of coagulopathy in COVID-19
[9].

Thrombocytopenia (platelet count<150 x 10°/L) is quite infrequent
in COVID-19 [10], with a lower frequency than that reported in SARS-
infection (45% in one of the largest cohorts [11]) and seems to repre-
sent a marker of disease severity. In fact, a meta-analysis of 9 studies
with 1779 COVID-19 patients [12], including 22.4% with severe dis-
ease, revealed that the platelet count was significantly lower in those
with more severe infection, with even lower count in non-survivors as
compared to survivors. In particular, the Weighted Mean Difference
(WMD) of platelets count was -31 x 10%/L (95% CI -35 to —29 x 109/L)
for more severe COVID-19 cases. The non-survivors, as compared to
survivors, had the lowest platelets counts with WMD -48 x 10°/L (95%
CI -57 to —39 x 109/L). The prevalence of thrombocytopenia was re-
ported in 4 of the 9 studies (1427 patients) and widely ranged from 7%
to 41.7%.

At the same time, thrombocytosis was also recorded in the moder-
ately severe cases with prolonged hospitalization [13].

It was reported that in 94 patients with COVID-19 the levels of D-
dimer and FDP were significantly higher than in 40 healthy controls
during the same period and were also higher in severe forms as
compared to milder forms [7]. Elevated levels of D-dimer at the time of
admission were also identified as risk factor for mortality in a retro-
spective cohort of 191 Chinese patients [14]. Higher levels of D-dimer
also emerged as one of the risk factors for ARDS and death in a series of
201 patients with COVID-19 pneumonia in China [8]. At the time of
admission, 23.3% of them had D-dimer above the reference, while
activated partial thromboplastin time (APTT) and PT were increased in
9.7% and 2.1% respectively, and platelets levels were reduced in 18.8%.

Noteworthy, elevated D-dimer levels have also been described and
related to worst outcomes in patients with other acute lung diseases,
such as community acquired pneumonia [15], acute lung injury [16]
and ARDS [17].

Altogether, these findings indicate that elevated levels of D-dimer
and FDP, prolonged PT and APTT could mark severe forms and possibly
later stages of COVID-19 infection, characterized by poor prognosis.

On the contrary, the majority of patients, possibly those with milder
forms or in earlier stages of the disease, seems to have normal platelet
levels and coagulation parameters; a minority can also show reactive
thrombocytosis, possibly related to the acute inflammatory status, and
reduced PT and APTT [18].

Therefore, coagulation dysfunction not only could reflect the
severity of the disease among different patients, but in the same patient
could vary according to the stage of the disease, suggesting a careful
monitoring of these parameters during hospitalization [19].
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The prognostic role of coagulation parameters was also assessed in a
clinical series with 449 COVID-19 patients, by demonstrating the role of
heparin use >7 days during hospitalization in reducing the 28-days
mortality [20]. This outcome was positively associated with D-dimer,
PT and age, and negatively correlated with platelet count in the multi-
variate analysis.

The greatest benefit in terms of highest 28-days survival among the
99 heparin users was demonstrated for those with D-dimer levels >6 fold
of upper limit of normal and “sepsis induced coagulopathy” (SIC) score
> 4. SIC is a novel definition provided by ISTH to define patients in
earlier phases of sepsis associated DIC, who could experience the highest
benefit from anticoagulant treatment.

To date, no experimental investigations on the coagulation cascade
are available apart from data coming from clinical practice. Considering
the similarities between this new pandemic and SARS infection, an
upregulation of genes associated with the coagulation pathway could be
hypothesized. In fact, the overexpression of procoagulant genes such as
those of factors II, III and X, has been demonstrated in an in vitro model
containing SARS-infected peripheral blood mononuclear cells [21].

An impairment in fibrinolysis also seems to play a central role in
COVID-19. A “fibrinolytic shutdown’ was demonstrated to be associated
with thrombotic events in a clinical series of 44 patients, as revealed by
thromboelastography measurements [22]. Moreover, another study
taking advantage of thromboelastometry and considering 40 patients
admitted to ICU was not able to find any sign of secondary hyper-
fibrinolysis [23].

3. Clinical aspects: increased rate of thromboembolic events in
COVID-19

As early as coagulation abnormalities were reported in many Chinese
cohorts from Wuhan, clinical reports of thromboembolic events became
increasingly reported.

Initially, some Chinese Authors have suggested an increased rate of
thrombotic and thromboembolic events in these patients [19], sup-
ported by their clinical practice and by similarities with the SARS
infection, in which the rate of thrombotic events was estimated to be
20.5% for deep venous thrombosis (DVT) and 11.4% for pulmonary
embolism (PE) in a report from Singapore [24]. One study also reported
5 SARS patients who developed large artery ischaemic strokes, but 3 of
them were treated with high-doses Intravenous Immunoglobulins
(IVIg), that could have enhanced the pro-coagulant status [25].

One of the first studies from Wuhan, in which 1008 patients with
COVID-19 were hospitalized between January and February 2020,
retrospectively identified 25 patients who also underwent to computed
tomography pulmonary angiography (CTPA) on the basis of clinical
suspicion [26]. Among them, 10 had acute pulmonary embolism (APE),
that was dominantly located in small branches of the pulmonary artery.
Interestingly, all 25 patients had increased D-dimer levels, but the 10
with APE had significantly higher levels as compared to the 15 without
APE.

Subsequently, a large multicentre retrospective study showed an
incidence of thrombotic complications in ICU patients around 30%,
reinforcing the recommendations to consider an appropriate thrombotic
prophylaxis in all COVID-19 ICU patients [27]. At the same time, in a
single-centre retrospective study, the incidence of venous thromboem-
bolism of 25% was reported by the same group of patients [28].

Importantly, different studies reported the necessity of changing the
usual schedule of thrombo-prophylaxis (including dose and duration),
because of the excess of risk in COVID-19 cohort as compared to other
patients with acute lung injury [29,30].

Moreover, from a clinical point of view, different studies have
underlined the importance to consider demographic characteristics and
comorbidities of each patient to correctly estimate the thrombotic risk of
COVID-19 patients. The role of concomitant risk factors should also be
considered.
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Elderly (70 years) patients are prone to develop the most compli-
cated infections as confirmed in a recent meta-analysis collecting the
results of 147 studies on 20,662 Chinese patients in which the mean
patient age was 49 years and 53% of patients were male [31]. A sig-
nificant prevalence of cardiovascular comorbidities was also described
in this large Chinese cohort, including systemic hypertension (21%),
diabetes mellitus (12%), cardiovascular (9%) and cerebrovascular dis-
eases (6%) [31]. In another large report of 1099 patients with confirmed
COVID-19, systemic arterial hypertension and diabetes mellitus were
recorded in 23.7% and 16.2% respectively [32]. In a report from the
Italian Institute of Health, 68% of 3032 patients who died for COVID-19
had hypertension, 30% diabetes, 28% ischemic heart disease and 11%
obesity [33]. Interestingly, acute cardiac injury determined by elevated
high-sensitivity troponin levels is frequently reported in critically ill
patients and is strongly associated with mortality. Different potential
mechanisms for acute effects on the cardiovascular system during the
infection have been proposed, including a direct infection of myocardial
cells causing myocarditis, but also side effects of anti-viral treatments
[34,35]. Cardiovascular diseases, such as hypertension, diabetes and
obesity are often associated with Angiotensin/Angiotensin I-converting
enzyme 2 (ACE2) dysregulation, which aggravates the imbalance caused
by the infection, suggesting a role of these comorbidities as risk factors
for a poor prognosis in COVID-19 [36]. Additionally, in the setting of
ICU admission that concern critically ill patients, respiratory failure and
prolonged mechanical ventilation further increase the risk of thrombotic
events [37]. It is important to consider that patients with comorbidities
take a concomitant variety of drugs. Alarm has emerged for ACE in-
hibitors and angiotensin-receptor blockers (ARBs), which are commonly
used for hypertension. In some reports it was reported an increase of risk
for SARS-CoV-2 infection because of the potential increasing of
expression of the entry receptor of the virus (ACE2) [38]. On the con-
trary, other studies demonstrated that ARBs’ treatment might reduce
lung injury modulating the angiotensin type 1 receptors [39]. Globally,
the latest data support the continued use of these drugs during the
pandemic.

Table 1 summarizes the principal studies recently published on the
occurrence of thromboembolic events during COVID-19.

4. Mechanisms of coagulation dysfunction in COVID-19
Different mechanisms are possibly implicated in the pathogenesis of
coagulation dysfunction in patients with SARS-CoV2 infection. They

could be summarized in 2 main pathways:

¢ Inflammation and cytokines storm;
e Specific-virus mechanisms.

Table 1
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4.1. Inflammation and cytokines storm

During SARS-CoV2 infection elevated levels of different pro-
inflammatory cytokines induced by the innate immunity activation
have been described and the so-called “cytokine release syndrome”
seems to be responsible of the most severe manifestations of the disease
[3]. Among these cytokines, a prominent role of interleukin-6 (IL-6) has
emerged and is currently addressed in clinical trials with anti-IL-6 agents
to treat severe forms [40].

Invitro, most pro-inflammatory cytokines have been demonstrated to
activate the coagulation system; in vivo, high levels of tumor necrosis
factor (TNF), IL-6 and IL-1 are detectable in patients with acute in-
flammatory conditions (such as sepsis) together with a hyper-coagulable
status, sometimes evolving in DIC [41]. Results from clinical trials in
sepsis with drugs targeting these pathways, showed that IL-6 rather than
TNF seems to be the most important mediator for cytokine-induced
coagulation activation. The role of IL-1 is uncertain, as its levels in
sepsis become detectable significantly after the appearance of coagula-
tion abnormalities [41].

IL-6 could also stimulate megakaryopoiesis [42] and has a prominent
role in the induction of tissue factor (TF) expression in inflamed tissues.
Therefore, TF expression could be enhanced in the lungs of patients
affected by COVID-19, both via direct exposure due to tissue damage and
inflammation, and via increased expression induced by IL-6 [43].

IL-6 promotes also the synthesis of other coagulation factors such as
fibrinogen and factor VIII [44,45] and, acting on endothelial cells, in-
duces vascular permeability by stimulating VEGF secretion [46]. It was
reported that soluble IL-6 receptor (IL-6R) is abnormally elevated in the
plasma of COVID-19 patients as consequence of enhanced cleavage from
the cells surface during the infection. Afterwards, the circulating com-
plexes of soluble IL-6 and IL-6R can activate directly most cells,
including endothelial cells [47]. It’s possible that the infection-related
continuous coagulopathy may contribute also to the thrombocyto-
penia and, at the same time, the cytokine storm could stimulate the
proliferation of megakaryocytes with consequent thrombocytosis [13].
The opposite platelets’ alterations could reflect different phases of this
disease, but their underlying specific mechanisms have to be elucidated

[9].

4.2. Virus-specific mechanisms

SARS-CoV-2 belongs to beta-coronavirus genus, enveloped and
positive-stranded RNA viruses. Spike surface glycoprotein of the virus
engages ACE2, which is an integral membrane receptor expressed in
many cells, including the lung, heart, kidney and intestine. The physi-
ological function of ACE2 is to counter-regulate ACE activity by
reducing angiotensin II availability [48]. The virus-mediated engage-
ment of ACE2 decreases its expression and activates the renin-

Features of patients with thromboembolic events in COVID-19 at the beginning of observation.

Study Enrolled Study population Age (mean of years); Comorbidities TE event Arterial thrombotic Prophylaxis for possible events
subject (n) Male sex (n) (n) event (n)
Tang et al. 449 Hospitalized 65; 268 177 hypertension  na na 94 patients received LMWH
[20] patients 93 diabetes (40-60 mg/day)
41 heart disease
Klok et al. 184 ICU patients 64; 139 5 cancer 25 APE; 3 ischemic strokes Standard dose
[27] 3DVT
Helms et al. 150 ICU patients 63 (median); 122 9 cancer 8 7 ischemic strokes 105 Standard dose,
[30] 72 CV disease 43 Therapeutic dose
30 diabetes
Cui et al. 81 ICU patients 60; 37 20 hypertension 20 DVT na None
[28] 8 diabetes
10 coronary
disease

n = number; TE = thromboembolic event; LMWH = low molecular weight heparin; DVT = deep venous thrombosis; APE = pulmonary embolism; ICU = intensive care

unit; CV = cardiovascular; na = not available.
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angiotensin system (RAS), promoting platelet adhesion and aggregation
[49] (Fig. 1). Moreover, RAS is known to exert substantial control over
the fibrinolytic system, with strong evidences that it represents a
mediator in the association between reduced fibrinolytic activity and
ischemic clinical events in patients with systemic hypertension [50]. In
fact, pharmacologic interventions that reduce the activity of angiotensin
I also have positive effects on fibrinolytic balance and frequency of
cardiovascular events.

In particular, high levels of Plasminogen Activator Inhibitor-1 (PAI-
1), the principal inhibitor of fibrinolysis interfering with tissue plas-
minogen activator (tPA) and urokinase, have been related with
increased risk of thromboembolic events [50].

Interestingly, ACE2 was recognized to play a crucial role as receptor
also for in vivo infection by SARS-CoV [51]. In a report including 16
patients with SARS-CoV infection, the blood levels of PAI-1 were
significantly higher as compared to 20 healthy controls, but also to 19
patients with infectious pneumonia of other etiology [52]. These find-
ings were consistent with another study, in which the PAI-1 mRNA and
protein levels in the human hepatoma cell line Huh7 infected with
SARS-coronavirus were much higher as compared to infection with
human Coronavirus 229E (associated with the common cold), as evi-
denced by transcriptome experiments, qRT-PCR and ELISA [53],
thereby explaining a possible direct effect of infection on the production
of anti-coagulant factors. Furthermore, by infecting Serpinel-knockout
mice, some Authors showed that the urokinase pathway had a signifi-
cant effect also on lung pathology in SARS-CoV [54]. Plasminogen also
contributes to inflammation caused by influenza virus through fibrino-
lysis [55], confirming the strictly connection between virus-induced

ACE2
proteases ‘

4
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lung injuries and abnormalities in the coagulation system.

During SARS-CoV pneumonia the expression of platelet derived
vitronectin (VN), a mediator of platelet adhesion, was also dramatically
increased but it was uncertain whether it originated from increased
expression by the liver or from lung damage [56].

It was demonstrated that SARS-CoV2 can infect primary endothelial
cells in vitro [57] and there is some evidence of the infection of endo-
thelial cells in severe cases of COVID-19 [58]. The replication within
endothelial cells induces cell death causing the activation of pro-
coagulant reactions [59].

Another possible virus-specific mechanism could be related to the
induction of autoimmunity, that was also described in SARS patients, as
a consequence of molecular mimicry mechanisms [60].

Moreover, antiphospholipid antibodies (aPL), recognized as risk
factors for arterial and venous thrombosis, have been associated with
different viral infections, such as parvovirus B19, several herpes viruses,
hepatitis viruses and human immunodeficiency virus. Whether these
autoantibodies contribute to clinically important thrombotic events
during infections remains controversial [60]. Some evidences that lupus
anticoagulant activity (LA) and anti-beta2 glycoprotein I antibodies
were induced after immunization with viral peptides were found [61].
On the other hand, in some reports aPL were transient and not predictive
of thrombotic complications [62]. Interestingly, post-infectious aPL
were reported to have distinct immunochemical characteristics; for
example, anti-cardiolipin antibodies after viral infections were
described to be non-beta2 glycoprotein I-dependent, differently from
those detectable in autoimmune diseases [63].

Furthermore, in some patients the presence of infection-related aPL

/\‘

. . Coagulation Fibrinolysis
| Angiotensin Il
ACE2 ‘ ‘ availability .
- activated
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a.
SARS-CoV-2 Plasm'in?gen Activator
\ Inhibitor (PAI) -1
Coagulation Fibrinolysis
‘ @ ‘ Angiotensin II
’ activated availability
ACE2
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Fig. 1. Simplified scheme of the potential virus-specific effects in the imbalance between coagulation and fibrinolysis.
a. Physiologically, ACE2 counterbalances the effects of renin-angiotensin system by degrading Ang II, with no effects on the balance between coagulation and

fibrinolysis.

b. During SARS-CoV-2 infection, the availability of ACE2 decreases because scavenged by the virus, enhancing Ang II availability. This favours the activation of a

systemic procoagulant environment, together with the virus-mediated enhancement of PAI-1 production.
ACE2: Angiotensin Converting Enzyme II; Ang II: Angiotensin II; PAI-1: Plasminogen Activator Inhibitor-1.
Created with BioRender (academic license).
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was also associated with the clinical manifestations of antiphospholipid
syndrome, especially when other risk factors for thrombosis (such as
inherited thrombophilia) were present [64].

A first case-report of COVID-19 patient with aPL and arterial
ischemia was described at the end of April 2020 by Chinese Authors
[65]. Moreover, a high rate of Lupus Anticoagulant positivity, but not of
the other aPL tests (anti-cardiolipin and anti-Beta2 glycoprotein I) was
reported [66]. A larger multicentric cohort systematically assessed
classic aPL tests together with ‘non-criteria’ aPL tests demonstrated a
low rate of aPL positivity, as defined by classification criteria, and
supported the idea that aPL found in COVID-19 patients are different
from aPL found in antiphospholipid syndrome [67]. Further studies are
necessary to clarify this issue.

5. Anti-coagulant and anti-platelet agents in COVID-19: more
than thrombo-prophylaxis?

5.1. Heparin

Heparin and its derivatives are an under-exploited antiviral drug
class, despite possessing broad-spectrum activity against a multitude of
distinct viruses, including SARS-associated Coronaviridae [68].

Even though the ACE2 protein is required for SARS-CoV2 entry, it
was hypothesized that it was not the primary binding site on the target
cell surface [68]. In fact, binding of the virus with heparan sulphates is
probably required in the earlier phase of the interaction with human
cells, as demonstrated for other human Coronaviridae [68,69].

Heparin is a well-known anticoagulant drug and is extensively used
in clinical practice for its anticoagulant function in binding and acti-
vating antitrombin. Over the treatment of venous thromboembolism, it
is widely prescribed in a prophylactic setting in general medical in-
patients, as well as in COVID-19 patients, according to the current
guidelines for the clinical management [9].

Since both heparin and heparan sulphate are complex, linear and
acidic polysaccharides, belonging to the glycosaminoglycan (GAG)
family, a possible competition in coronavirus binding was supposed.

A recent study demonstrated that SARS-CoV-2 surface protein S1
receptor binding domain binds to heparin and afterward induce a sig-
nificant structural change [68]. Further proofs of the inhibitory poten-
tial of heparin against coronavirus infection come from in vitro studies,
in which the incubation of susceptible epithelial cells (Vero cells) with
heparin 30 min before SARS-CoV injection curtailed infection by 50%
[701.

An increasing number of cytokines and interleukins, such as IL-6, are
now known to bind to GAGs of the heparin and heparan sulphate family.
This binding allows the retaining of cytokines close to their site of
release by the tissues in a mechanism of local regulation, thus enhancing
their paracrine functions [71]. Therefore, this could be considered as
another potential mechanism by which heparin could interfere with the
systemic cytokine storm detected in COVID-19.

Currently, eleven clinical trials are ongoing (ClinicalTrials.gov) on
Enoxaparin in different subsets of COVID-19 patients with the aim to
establish the most effective dose in primary or secondary prophylaxis in
outpatient or hospitalized patients. Furthermore, a clinical trial is
ongoing in United States with the aim to determine if therapeutic dose of
anticoagulation improves mortality in comparison with intermediate
dose prophylaxis. The drugs in study are Enoxaparin and Unfractionated
Heparin, but also Fondaparinux and Argatroban.

5.2. Dypiridamole

Dypiridamole (DIP) is an anti-platelet agent and acts as a phospho-
diesterase (PDE) inhibitor that increases intracellular cAMP/cGMP
levels [72]. In the past, it was demonstrated that DIP was efficacious in
inhibiting the positive-stranded RNA viruses’ replication [73], in sup-
pressing inflammation [74] and in preventing acute injury and
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progressive fibrosis of the lung, heart, liver, and kidney [75]. A recent
study demonstrated an additional therapeutic benefit for COVID-19
patients [76]. In fact, DIP suppressed SARS-CoV-2 replication in vitro,
detected through the determination of viral titres in Vero cells. In the
same study, the Authors reported that 12 COVID-19 patients treated
with prophylactic anti-coagulation and DIP had significantly increased
platelet and lymphocyte counts and decreased D-dimer levels in com-
parison to control patients. Larger scale clinical trials of DIP are now
needed to validate these prophylactic effects.

6. Summary and future directions

COVID-19 is a novel pandemic, caused by a new Coronavirus named
as SARS-CoV2. A wide spectrum of severity of pulmonary involvement
has been described, together with different kinds of systemic manifes-
tations. Coagulation abnormalities have been frequently reported in
patients with the most severe forms, especially markedly increased
levels of D-dimer, but also prolonged APTT and/or PT and different
degrees of thrombocytopenia in a smaller proportion of patients.
Concomitantly, reports of both arterial and venous thromboembolic
events are emerging.

This observation provides many insights into the pathogenetic
mechanisms of COVID-19, starting from hyper-inflammation, that can
represent the link between the infection and the hyper-coagulable state.
IL-6 seems to have a pivotal role in the cytokine storm which is char-
acteristic of the most severe forms and could induce a hyper-coagulable
status, both at systemic and local levels. This could be enhanced by
SARS-CoV2-specific mechanisms, by acting on the RAS and inhibiting
the fibrinolysis. Autoimmunity could be another potential player, for
example by inducing antiphospholipid (aPL) antibody production as
observed in other viral infections.

According to the current WHO indications for COVID-19 hospitalized
patients, heparin should be prescribed as primary prophylaxis for
thrombosis. In fact, besides hyper-inflammation, the most critical pa-
tients are elderly patients with reduced mobility and cardiovascular
comorbidities (systemic hypertension, diabetes). In addition to its anti-
coagulant effect, potential anti-inflammatory and anti-viral actions have
been described for heparin in vitro. Similar evidences have been pro-
vided for Dypiridamole, an anti-platelet agent with PDE-inhibition
activity.

From a clinical point of view, evaluation of coagulation parameters
seems to be crucial to identify the patients affected by the most severe
forms of COVID-19 and should also be monitored in patients during the
disease course. Prophylactic low molecular weight heparin should be
virtually prescribed to all COVID-19 hospitalized patients, except
otherwise contraindicated. Increased heparin dosage might be consid-
ered in critically ill patients, especially those with the highest levels of D-
dimer and pro-inflammatory markers or with other concomitant risk
factors. The analysis of the results of the ongoing clinical trials are ur-
gently needed to evaluate the most appropriate prophylactic strategy, to
prevent thromboembolic events that dramatically increase the
morbidity and the mortality of these patients, but also to assess its
ancillary anti-inflammatory and anti-viral effects.

Regarding research proposals, SARS-CoV2 potential of inducing
coagulation dysfunction could provide insights into the pathogenetic
mechanisms of the virus, potentially addressed by specifically targeted
treatment strategies.

Practice points

e Coagulation dysfunction is not infrequent in COVID-19 patients,
especially those with the most severe forms, yielding to lower sur-
vival rates.

e Increased levels of D-dimer is the most frequently reported coagu-
lation abnormality; a minority of patients also have APTT and/or PT
prolongation and variable degrees of thrombocytopenia.
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The increased rate of thrombotic and thromboembolic events is now
well recognized in COVID-19 series.

In the cytokine storm, that characterize the most severe forms of
COVID-19, IL-6 seems to play a pivotal role also in inducing a hyper-
coagulable status both at systemic and local levels.

SARS-CoV2 specific mechanisms seems to play an additional role by
inhibiting the fibrinolysis via the renin-angiotensin system (RAS).
Heparin prophylaxis should be virtually prescribed to all COVID-19
hospitalized patients, in the light of hyper-coagulation provided by
the inflammation and the virus, but also of the frequent concomitant
cardiovascular risk factors.

Research agenda

Coagulation dysfunction is a novel aspect which should be elucidated
in COVID-19, from both a pathogenetic and clinical points of view.
The role of different players, including inflammation, virus-specific
mechanisms and autoimmunity, should be clarified.

Results from clinical trials on anticoagulant and anti-platelet agents
in COVID-19 are needed to assess the optimal protocol to be adopted
in clinical practice and to explore in vivo anti-viral and anti-
inflammatory properties of these compounds.
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