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Abstract

Low molecular weight heparin (LMWH) is a glycosaminoglycan long known for its anticoagulant properties. In recent
times, recent evidence has associated this drug with extra pleiotropic anticoagulant effects that have also proven useful in
the management of the treatment of COVID-19 infection indicating that heparin may play other roles in the management of
the disease in addition to the prevention of thrombosis. Clinical observations and in vitro studies support that heparin has a
potential multi-target effect. To date, the molecular mechanisms of these pleiotropic effects are not fully understood. This
brief review presents some of the evidence from clinical and animal studies and describes the potential molecular mechanisms

by which heparin may exert its anti-inflammatory/immunoregulatory and antiviral effects.
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Introduction

Low molecular weight heparins (LMWH) are glycosamino-
glycans obtained by fractionation of heparin. They are used
in the prophylaxis of venous thromboembolism in surgical
patients and in the prophylaxis of venous thromboembo-
lism in nonsurgical patients with an acute condition (such
as acute heart failure, respiratory failure, severe infection,
or rheumatic disease) and impaired mobility at increased
risk for venous thromboembolism, in the treatment of deep
vein thrombosis and pulmonary embolism, in the treat-
ment of unstable angina and myocardial infarction without
ST-segment elevation in combination with oral acetylsali-
cylic acid, and in the treatment of acute myocardial infarc-
tion with ST-segment elevation. [1] The pharmacological
mechanisms of the anticoagulant effects of heparin are well
known and described in numerous reviews of the literature.
Recent evidence also associates the use of heparin with
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various non-anticoagulant effects. These include antiviral,
anti-inflammatory/immunomodulatory properties, modula-
tion of growth factors, and an antitumor effect. The anti-
inflammatory/immunomodulatory and antiviral effects [2]
suggest a potential role also in the treatment of COVID-19
infection. [3-5].

Antiviral

The anticoagulant effects of heparin are well known. Recent
evidence also associates the use of heparin with immu-
nomodulatory and antiviral effects, particularly against
SARS-CoV-2. In view of preclinical evidence, heparin has
demonstrated at a concentration of 7.5 pg/mL, antiviral
effect on human immunodeficiency virus (HIV) infection
by preventing virus cell adhesion. [6, 7] Another preclini-
cal study demonstrated that heparin has cell attachment
inhibitory properties of Zika virus and dengue virus. [8] In
addition, the inhibitory effect of heparin has been shown to
correlate with virus infectivity in cells. The results suggest
that heparin can effectively block the replication of dengue
virus.[9] In addition some in vitro trials have demonstrated
antiviral activity of heparin against rabies virus (RABV)
by blocking viral adhesion and infection, [10] and Ebola
virus in polarized Caco-2 cells. In addition, several experi-
mental trials have shown that heparin inhibits cellular entry
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of SARS-CoV. [11] Finally, recent evidence indicates that
heparin may be a promising candidate for COVID-19 anti-
viral therapy. [12-15] Indeed, in addition to the preclini-
cal evidence already described, studies suggest that heparin
could inhibit cell entry of SARS-CoV and SARS-CoV-2.
[16] Recent evidence indicates that heparin could be a prom-
ising candidate for antiviral therapy in COVID-19. SARS-
CoV-2 in addition to ACE-2 as a cell penetration receptor
also uses cellular GAGs, particularly HS, as a co-receptor
to affect cell surface attachment. [17] Studies have shown
that heparin can inhibit cell penetration of SARS-CoV-2 by
competing with HS. It has also been shown that heparanase
can promote viral infection and spread. LMWH can inhibit
the enzymatic activity of heparinase, inhibiting viral spread.
[18].

Antiflammatory

Some recent evidence associates the use of heparin with
anti-inflammatory effects. It has been shown that heparin
can bind certain complement factors. Heparin interferes
with both complement pathways, the classical and alterna-
tive pathways, by binding to and inhibiting the formation
of several complement factors (e.g., active C1 complex,
C3 convertase) as well as the membrane attachment com-
plex, interfering with terminal cell lysis. [19] In addition,
heparin can interact with pro-inflammatory cytokines and
chemokines, [20] preventing these pro-inflammatory mol-
ecules from interacting with their specific receptors. Some
evidence shows that heparin interferes with the adhesion
of leukocytes to the endothelium. The results support the
hypothesis that low molecular weight heparin inhibits neu-
trophil adhesion to activated endothelial cells by binding to
P-selectin. [20] At the molecular level, heparin and related
compounds may exert anti-inflammatory effects through the
transcription factor NF-kB.[21] Recent evidence associates
the use of heparin with anti-inflammatory effects mediated
by inhibition of the passage from the cytosolic compartment
to the cell nucleus of the nuclear inflammatory transcription
factor NF-xB.[22] Blockade of this transcription factor can
potentially reduce the activation of inflammatory molecules
and regulate the expression and production of pro-inflam-
matory cytokines, chemokines, and adhesion molecules.
Heparin may inhibit neutrophil chemotaxis and leukocyte
migration during inflammation. [23] In addition, heparin can
bind P/L-selectin, which is involved in adhesion between
leukocytes and endothelial walls. Heparin also interacts
with integrin adhesion molecules, inhibiting the activation
and tight adhesion of leukocytes to the endothelium [24]
(Table 1).

The mechanisms by which heparin and its derivatives are
able to express their anti-inflammatory properties reflect
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Table 1 Antiflammatory properties of heparin, inhibition of NF-xB
transcription factor can potentially reduce the activation of inflam-
matory molecules and regulate the expression and production of pro-
inflammatory cytokines, chemokines, and adhesion molecules. Hepa-
rin may inhibit neutrophil chemotaxis and leukocyte migration during
inflammation

Antiflammatory effects of heparin

| NF-kB activation

| Chemokine

| Cytokine

1 Interaction with complement system
| P- and L-selectin activity

| Leukocyte migration

| Neutrophil chemotactic factors

their multiple effects in biological processes. A meta-anal-
ysis demonstrates that heparin appears to be an effective
anti-inflammatory agent; in reducing the level of inflamma-
tory biomarkers and improving the condition of patients,
however, data from larger and more rigorous studies are still
needed to support the use of heparin as an anti-inflammatory
agent in the clinical setting. [25].

The Role in COVID-19

Since the onset of the COVID-19 pandemic, several phar-
macological agents have been used to avoid especially the
most severe complications of infection.[26-29] Good results
have been seen with some antivirals used off label, with
anticoagulants, with anti-inflammatory/immunomodula-
tory agents. [30-33] In the most severe stages of COVID-
19 infection, a massive and sudden storm of cytokines is a
major driver of pulmonary and extrapulmonary injury. [34,
35] Excess circulating cytokines may explain both the higher
risk of thrombosis in COVID-19 patients and multi-organ
failure. Clinical evidence demonstrates that IL-6 is the most
frequently reported elevated cytokine and serves as a major
contributor to acute inflammatory responses in COVID-19.
[36] Based on this, in the most severe stages of infection,
the use of pharmacologic agents that reduce the abnormal
inflammatory response and risk of thrombosis, with anti-
viral activity, may alleviate severe symptoms and decrease
COVID-19 mortality. Epidemiological data indicate among
the major causes of severe COVID-19 injury is endothelial
dysfunction of blood vessels. Heparinase is the endothelial
glycocalyx-degrading enzyme that contributes to vascular
leakage and inflammation. Low molecular weight heparins
(LMWH) may inhibit heparanase. To test this hypothesis,
a study of 58 individuals, 10 healthy and 48 COVID-19
positive, showed that plasma heparanase activity was sig-
nificantly elevated in COVID-19 patients, and in addition,
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heparanase activity was associated with disease severity.
The use of LMWH was associated with reduced heparanase
activity. [37, 38] These effects are obviously compounded
by the anticoagulant efficacy of heparin. The clinical appli-
cation of heparin for anticoagulant therapy in COVID-19
has shown promising results. A retrospective study includ-
ing 449 patients with severe COVID-19 and inpatients [39]
demonstrated that heparin therapy is associated with a better
prognosis in severe COVID-19 patients.

Discussions

L'eparina ¢ nota soprattutto per le sue proprieta anticoagu-
lanti, in commercio ¢ presente come l'eparina non frazio-
nata (UFH) e I'eparina a basso peso molecolare (LMWH).
L'esatto beneficio e la sicurezza dell'eparina e dei suoi deri-
vati come agenti antinfiammatori ed antivirale in ambito
clinico non sono stati ancora definitivamente dimostrati.
Le prove dimostrano che sia UFH che eparina a basso peso
molecolare LMWH hanno effetti pleiotropici antifiamma-
tori ed antivirali dimostrando di apportare benefici in patolo-
gie come asma e chirurgia della cataratta. [40] Epidemio-
logic data also indicate good results for use in prevention of
thrombotic risk in hospitalized patients with COVID-19 for
LMWH and UFH. [41] One topic being explored is the type
of patients, timing, dosing, and duration of LMWH treat-
ment in patients with COVID-19. The authors of an observa-
tional cohort in hospitalized COVID-19 patients investigated
various prophylactic doses of LMWH (enoxaparin) from
40 mg daily up to 1 mg/kg twice daily in patients admitted
to intensive care units (ICUs), 0.7 mg/kg twice daily in high-
intensity care units, and 1 mg/kg daily in low-intensity care
units. In the cohort of patients with COVID-19 treated with
high dosages of enoxaparin, a 60% reduction in mortality
and clinical deterioration and a 50% reduction in venous
thromboembolism were observed compared with standard-
dose prophylaxis. However, 3% of patients on high doses
of enoxaparin experienced nonfatal major bleeding. [42]
Coagulopathy represents one of the most important determi-
nants of morbidity and mortality in coronavirus-19 disease
(COVID-19). Another retrospective study was conducted in
a sample of 105 hospitalized patients treated with subcutane-
ous enoxaparin: 80 mg/day in patients with normal weight
and mild to moderate impairment or normal renal function;
40 mg/day in severe chronic renal failure or low body weight
(<45 kg); 100 mg/day if body weight was greater than
100 kg. The use of an intermediate dose of LWMH seems
to be the most effective and with a higher positive benefit/
risk ratio, [43] although further studies in this direction are
needed. Several protocols have been designed to evaluate the
risk—benefit profile of heparin (LWMH or UFH) in COVID-
19 hospitalized subjects. Probably in hospitalized patients

with markedly elevated D-dimers and in the absence of con-
traindications, prophylactic dose LMWH therapy should be
considered. [44] Probably in view of the drug-drug interac-
tion with direct oral anticoagulants and some antivirals used
in COVID-19 patients, LWMH heparins should be preferred
to UFH. However, the appropriate dosing regimen that can
improve disease outcome in COVID-19 patients have yet to
be defined in clinical trials. [45].

Conclusions

Several extra anticoagulation activities are associated with
heparin use, such as anti-inflammatory and antiviral effects.
In particular, these effects may potentially contribute to the
management of COVID-19 disease. Numerous clinical evi-
dences demonstrate therapeutic efficacy for heparin treat-
ment in SARS-CoV-2 infection. Because the safety aspects
of drug treatment must always be considered in addition to
the clinical benefits, efforts should be focused on maximiz-
ing therapeutic effects and minimizing the adverse effects
of heparin. To do this, more clinical studies are needed to
provide more clinical evidence and a better understanding of
the anti-inflammatory and antiviral effects of heparin.
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