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Abstract

Aim: The aim of the research is to evidence the potential role of
lactoferrin (LF) and heparin in coronavirus disease 2019 (COVID-19).
Moreover, we discuss and underline the mechanisms involved in this possible
association. Methods: PubMed and Scopus databases were used to conduct the
literature search. Findings and Conclusion: Studies have widely proven the
principal activity of LF, in the inflammatory process, as an anti-inflammatory
and immunomodulatory glycoprotein. Evidence shows that LF has important
antibacterial and antiviral effects against human and animal pathogens.
Heparin and LF could reduce viral entry by preventing the attachment of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) as a result of
competitive binding to heparan sulfate proteoglycans (HSPGs). Clinical
studies are necessary to specify LF and heparin mechanisms of action and the
therapeutical dose in patient affected with COVID-19.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was
identified in December 19, while a cluster of patients with acute respiratory
iliness of unknown origin was reported in Wuhan, China (Huang et al., 2020).
The Coronavirus disease 2019 (COVID-19) outbreak, originated by the novel
betacoronavirus with a high capacity of rapidly human to human transmission,
has caused so far more than 2,000,000 deaths worldwide (Chan et al., 2020;
WHO, 2020). While the number of COVID-19 cases are rising and the tabloid
of the clinical signs is starting to be clearer, we still don’t have a specific
therapy nether a standardized analytic procedure for blood specific disease
biomarkers.

The infection common clinical manifestations consist in high fever,
chills, cough, shortness of breath, myalgia and rarely diarrhea (Guan et al.,
2020). In the elderly a major risk of developing acute respiratory distress
syndrome (ARDS), followed by a hyperactive immune reaction, is related to
a higher mortality as a result of a severe manifestation of the infection (Chen
et al., 2020). Studies demonstrated that the host cell entry of SARS-CoV-2
depends on the SARS-CoV receptor angiotensin-converting enzyme
2 (ACE2) and transmembrane protease serine 2 (TMPRSS2) suggesting
potential antiviral targets for therapy (Hoffmann et al., 2020). The prevalent
expression of ACE2 protein in the lung epithelia may help to understand the
pathogenesis of the virus infecting primary the pneumocytes and quickly
progressing to ARDS in certain cases (Hamming et al., 2004) but doesn’t
explain the multiorgan failure or the “cytokine storm”. Activated neutrophil
accumulation, especially in pneumocyte, may be associated with an
aggravation of lungs damage as a result of fibrin deposition thought releases
of procoagulant species (Kapoor et al., 2018). A subsequent alveolar fibrosis
may explain the development and progression of respiratory complication and
further cardiovascular failure. Moreover, lower limbs and deep vein
thrombosis were observed mediate compression ultrasonography in COVID-
19 patients suggesting also the presence of pulmonary embolies as a result of
an impaired endothelial function (Panigada et al., 2020). Studies showed also
that patients presenting cardiopathies were more susceptible to this
coagulation dysregulations (Shi et al., 2020).

Carefully observing the further laboratory blood analysis in different
studies (Chen et al., 2020; Wu et al., 2020; Chen et al., 2020; Wang et al.,
2020), we can detect the main anomalies such as a decreased lymphocyte
count, higher neutrophil count, elevated C-reactive protein (CRP) and elevated
lactate dehydrogenase in COVID-19 patients. Especially a pronounced
elevated D-dimer serum level (> 0.5 mg/L) was more noticeable among severe
cases (Guan et al., 2020). Indeed, the most important predictor of the severity
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of the disease are the increased expression of interleukin 2 (IL-2) and
interleukin 6 (IL-6) in these patients serum (Chen et al., 2020).

This pro-inflammation biomarkers pool, through time, lead to a
systemic inflammation compromising multiple cell types in several organs.
Hepatocyte damage, sensitively indicated by alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) elevated serum levels (Pelsers et al.,
2002), presents important abnormalities in the biochemical liver profile in
COVID-19 severe cases (Wu et al., 2020). Pronounced increased levels of
CRP, principally synthesized in these cells, promote excess thrombin response
and fibrin formation (Idell et al., 1991). Further, an excessive release of
essential pro-coagulation proteins such as factor VIII (FVIII) and von
Willebrand factor was observed (Panigada et al., 2020). Coagulation factor
FVIII levels increase with age (Luxembourg et al., 2009) and result as the
strongest risk factor for chronic thromboembolic and pulmonary arterial
hypertension inflammation (Shovlin et al., 2007; Kyrle et al., 2000).
Additionally, IL-6 in the liver contributes to an up-regulation of the hepcidin
synthesis as a principal iron homeostasis regulator (Ganz, 2011). Hight CRP
level is also a marker related to increased serum hepcidin concentrations (Igbal
et al., 2015). Consequently, iron export from macrophage, duodenal
enterocyte and hepatocytes decreases because of ferroportin internalization,
reducing therefore serum iron, resulting in a diminished free iron level
available and in an intracellular iron overload which can promote viral
replication and spread (Ganz, 2011). Low blood iron level has been linked to
a high FV 111 concentration (Begbie et al., 2000). Moreover, we cannot exclude
the possibility that an iron deficiency might elevate the risk of thrombosis as
a result of a further serum elevation of factor FV1I1. Clearly these biochemical
alterations indicate a deep impact in the hemostasis of hematopoietic system,
iron and cell life span.

The dysfunction of these complex fundamental mechanisms,
persisting in time, can profoundly damage the balance of the coagulation
pathway in the microvascular bed of the organs leading to increased blood
viscosity and prothrombotic endothelial events. These could influence the
COVID-19 condition resulting in an additional multi-organ oxygen
deprivation as a result of an impaired homeostatic mechanisms of the
organism to solve it, especially in elderly patients with multiple underlying
pathologies. Therefore, this impairment could explain the increased mortality
and morbidity as a result of respiratory, heart, and liver failure among patients
with comorbidities.

Lactoferrin (LF) is a versatile glycoprotein, with an important role on
iron homeostasis (Levay and Viljoen, 1995), which secretion occurs in various
mucosal fluids presented in higher concentration in breast milk (Trend et al.,
2016). LF has a significant activity in the innate immune system and enhance

www.eujournal.org 16



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print) ¢ - ISSN 1857-7431
April 2021 edition Vol.17, No.14

human and animal immunity against bacterial and viral infections (Teraguchi
et al., 2004; Redwan et al., 2014). The ability to inhibit the entry and
replication into the host cell involve multi-mechanisms. LF improve host’s
antiinflammatory response in particular by directly binding to the pathogen
particles, blocking their cellular receptors or stabilizing immune factors
(Elass-Rochard et al., 1998; Baveye et al., 1999). LF prevents the entry of both
DNA and RNA viruses (Ng et al., 2015; Wakabayashi et al., 2014) which
commonly utilize heparan sulfate proteoglycans (HSPGs) on cell membrane
host to accelerate their internalization (Andersen et al., 2004; Belting, 2003).
Recently, was suggested that SARS-CoV-2 could require a second interaction
through binding to HSPGs to facilitate cell entry (Clausen et al., 2020; Zhang
et al., 2020). Therefore, LF could achieve an important role against COVID-
19 infection blocking SARS-CoV-2 internalization by competitively binding
to HSPGs (Lang et al., 2011) (Figure 1). Also, the antiinflammation potential
of LF restrict tissue damage by directly restoring iron homeostasis and
immunomodulating pro-inflammation molecules during the cytokine “storm”
(Legrand, 2016). LF implement an immunomodulation activity controlling the
release of proinflammatory cytokines like IL-6 and TNFa. (Valenti et al.,
2017). Also, this glycoprotein can increase phagocytosis and directly bind iron
to prevent oxidative stress induced by reactive oxygen species (ROS) that
forms during excess inflammatory response (Frioni et al., 2014; Kell and
Pretorius, 2018). Hence, LF could also implement a preventive role in
hypercoagulation events and low thrombocyte levels in COVID-19 infection.
Actually, in order to limit the related coagulation dysregulation, a prophylactic
antithrombotic therapy with low molecular weight heparins or unfractionated
heparin has been utilized as shown in some studies (Tang et al., 2020; Hunt et
al., 2020). Due to probable drug interactions, heparin has been proposed over
direct oral anticoagulants (Thachil et al., 2020). Additionally, it was observed
that glycosaminoglycans such as heparin could explicate an important
antiviral role in COVID-19 infection potentially based on the ability to
interfere with some receptors used by coronaviruses such as HSPGs (Clausen
et al., 2020). Data support that heparin can reduce viral entry as a result of a
competitive inhibition of spike-mediated SARS-CoV and CoV-2 entry
reducing therefore the virus load (Zhang et al., 2020). Further studies are
needed to better characterize the new potential therapeutic mechanism of
action, the type and dose of heparin for creating a standardize protocol of
prevention.
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Figure 1. Overview of LF and heparin possible mechanisms involved in COVID-19: 1) LF
directly binding to the pathogen, 2a) LF could block SARS-CoV-2 internalization by
competitively binding to HSPGs, 2b) probable heparin competitive inhibition of spike-
mediated SARS-CoV-2 entry, 3) LF antiinflammation potential and immunomodulation
activity to restrict tissue damage, 4) LF directly bind iron to prevent oxidative stress. (Figure
created with Biorender)

Consequently, a possible iron homeostasis surveillance with an
accurate clinical diagnosis for a probable iron serum deficiency or cells
overload condition may be necessary especially in anemic cases, hereditary
hemochromatosis, thalassemic patients and viral hepatitis patients
(Drakesmith and Prentice, 2008). Regarding the biomarker predictors to
quickly diagnose a potential iron deficiency might be the examination of
serum hepcidin levels (Theurl et al., 2009; Motta et al., 2020). Instead,
elevated presence of serum ferritin in COVID-19 patients might potentially
reflect inflammation rather than iron stores, not excluding an iron deficiency
(Witte, 1991).

Conclusion

In summary, a new approach for an accurate clinical evaluation of
specific biomarkers on time and an adequate therapeutical intervention could
represent an important factor to limit the complications and improve the
pathogenesis of COVID-19 especially in patients with comorbidities. LF could
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represent a safe approach that may be applied to prevent or treat COVID-19.
Nevertheless, large clinical trials are needed to ensure the supposed
mechanisms of action and to evaluate the safe and effective treatment dose for
COVID-19 patients.
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