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Abstract

Coronavirus disease 2019 (COVID-19), an infectious disease caused by the novel coronavirus SARS-CoV-2, represent an ongoing
global health emergency. Common symptoms are mild including fever, cough, myalgia and difficulty breathing. In patients
most severely affected, COVID-19 can be complicated by the acute respiratory distress syndrome (ARDS). The management of
ARDS mainly focuses on the provision of supportive care, e.g., oxygenation, ventilation, and fluid management. Polyethylene
glycol (PEG) is a water soluble non-toxic polymer approved by FDA and widely used in food, cosmetics and pharmaceutics.
PEG has interesting properties that makes it suitable for use as an adjuvant treatment in COVID-19 patient with ARDS:
(1) PEG could create a physical barrier that inhibits virus entry and invasion; (2) PEG reduces inactivation and enhances
the surface activity of pulmonary surfactant; (3) PEG decrease cytokine release and (4) PEG preserve lung endothelial cells

integrity.

Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the novel coronavirus SARS-CoV-2.
Common symptoms are mild including fever, cough, myalgia and difficulty breathing. Sputum production,
diarrhea, sore throat and headache are less common. While most cases report a mild illness, in some cases,
COVID-19 may affect the lungs causing pneumonia (Huang et al., 2020). In patients most severely affected,
COVID-19 can be complicated by the acute respiratory distress syndrome (ARDS) or sepsis with acute
organ dysfunction leading to significant morbidity, mortality and healthcare resource utilization (Huang et
al., 2020, Wu and McGoogan, 2020).

ARDS is a life-threatening condition characterized by severe lung inflammation and reduced pulmonary gas
exchange. Vascular endothelium and alveolar epithelium are damaged and alveolus is filled with protein-rich
inflammatory edematous fluid. ARDS impairs the lungs’ ability to exchange oxygen and carbon dioxide
resulting in hypoxia (Baudouin, 2004).

Coronavirus SARS-CoV-2 uses its surface glycosylated spike-protein (S-protein) to accesses type II alveolar
cells of the lungs, which are the cells responsible for lung surfactant synthesis (Wan et al., 2020). In addition
to the damage to type II alveolar cells, reductions in surfactant concentrations and functional alterations
in surfactant composition have been described in ARDS (Raghavendran et al., 2011, Lewis and Veldhuizen,
2006).

Viral replication in COVID-19 activates the innate immune system to secrete various signaling proteins such
as inflammatory cytokines, resulting in a cytokine storm and further lung damage (Mehta et al., 2020). This
acute inflammation could also lead to heart failure, sepsis, and sudden cardiac arrest.

Polyethylene glycol (PEG) compounds are non-toxic, water soluble polymer with different molecular weight
and numerous applications (Bejaoui et al., 2015). PEG has been used in vivo and in vitro in different model



of tissue injury and it has shown many interesting biological properties; it has cytoprotective, anti-oxydant,
immunosuppressive and anti-inflammatory effects (Lazar, 2015, Shi, 2013, Bejaoui et al., 2015, Bejaoui et
al., 2016, Malhotra et al., 2011).

Here, we hypothesize that PEG alone or in combination with other agents could be an adjuvant treatment of
COVID-19 patients with ARDS. Mechanisms may include immunocamouflage of cell membrane, enhancing
surfactant protective properties, decreasing lung inflammation and protecting vascular endothelium and
alveolar epithelium.

PEG immunocamouflage

PEG has been shown to protect cell membrane by creating a physical barrier that prevents antigen recognition
(Eugene, 2004). This effect has been commonly denoted as immunocamouflage or immunomaskage. In fact,
the high number of water molecules binding on PEG chain produces a physical and charge-neutralization
barrier making cell membrane less permeable to extracellular elements (Wicomb et al., 1990, Zheng et al.,
1991, Shi, 2013). Immunomasking effect of PEG has been used to reduce host immune reaction after organ
transplantation (Perrin et al., 2009) and to decrease the risk of transfusion reactions and alloimmunization
of donor red blood cells (Bradley and Scott, 2007). Also, PEG has been used to coat gene therapy vectors,
such as adenovirus, to protect them from inactivation by the immune system in vivo (Mok et al., 2005).

Taking this into account, PEG could create a neutralization barrier preventing coronavirus recognition of its
receptors and thus inhibiting virus entry and invasion.

PEG enhance performance of lung surfactant

ARDS is characterized by surfactant dysfunction (Baudouin, 2004). Enhancing surfactant performance
could reduce COVID-19-ARDS-induced injury. PEG, while not surface active itself, enhances the surface
activity of pulmonary surfactant (Yu et al., 2004). Yu, et al. suggest that high molecular weight PEG
(8000 to 35,000) bind to phospholipid vesicles and enhance the rate of surface film formation (Yu et al.,
2004). PEG reduces inactivation of surfactant and enhances rates of surfactant transfer from bulk lipid to
air liquid surfaces (Yu et al., 2004, Taeusch et al., 2008). Research findings by Taeusch, et al. demonstrated
that PEG can reverse inactivation of surfactant by meconium and other substances (William Taeusch et
al., 1999). Moreover, it has been shown that PEG promotes surfactant aggregation, separates surfactant
from surfactant inhibitors, and enhances access of surfactant to the gas—liquid interface (Lu et al., 2001).
Taking together, we hypothesize that PEG administration could protect the lung through enhancing the
performance of endogenous surfactant.

PEG reduces cytokine release

Accumulating evidence suggests that a subgroup of patients with severe COVID-19 might have a cytokine
storm syndrome which is considered one of the major causes of ARDS and multiple-organ failure (Ye et
al., 2020). The serum levels of interleukin 2R (IL-2R) and IL-6 in patients with COVID-19 are positively
correlated with the severity of the disease (i.e., critically ill patients > severely ill patients > ordinary
patients). PEG has been shown to reduce cytokine release in-vivo and in-vitro . Ackland et al. have
shown that low molecular weight PEG reduced IL-6, IL-10 and tumor necrosis factor o (TNFa) release form
isolated human peripheral blood mononuclear cells incubated with lipopolysaccharide (LPS) (Ackland et
al., 2010). PEG also reduced human neutrophil activation after incubation with LPS or zymosan (Ackland
et al., 2010). Recently, it has been shown that intravenous administration of PEG35 in rats protected
against acute necrotizing pancreatitis (ANP) associated inflammatory process (Ferrero-Andres et al., 2020).
PEG35 was able to downregulate IL-6, IL1-8, TNFa and chemokine ligand 2 (CXCL2) in both pancreas and
lung. Histologic findings show that PEG35 treatment normalized alveolar septal thickening and neutrophils
infiltration (Ferrero-Andres et al., 2020).

PEG protects lung endothelial cells

The release of pro-inflammatory cytokines and extravasation of blood neutrophils into the bronchi may lead



to tissue injury, particularly to airway epithelial cells and vascular endothelial cells. This causes an increase
in the permeability of the microvascular membrane and the development of interstitial and alveolar protein-
rich edema that hinders gas exchange and results in respiratory failure. Thus, therapeutic strategies that
target vascular membrane integrity would have obvious clinical impact utility.

PEG has great potential in maintaining the integrity, or repairing lung endothelial cell (EC). Indeed, PEG
induced rapid, dose-dependent augmentation in transendothelial electrical resistance (TER) in human pul-
monary endothelium, reflecting increased paracellular integrity (Chiang et al., 2009). PEG also effectively
reversed both thrombin and LPS-induced EC barrier dysfunction. PEG induced significant cytoskeletal re-
arrangement with the formation of well-defined cortical actin (Chiang et al., 2009). Consistent with this,
Bejaoui et al have shown that PEG35 contributes to the regulation of endothelial cell barrier by rearranging
the actin cytoskeleton (Bejaoui et al., 2016). Moreover, it has been shown that PEG induced membrane sta-
bilization through the preservation of sarcolemmal lipid-raft architecture (Malhotra et al., 2011). Also, PEG
repairs neuronal membrane injury and enhances functional recovery by at least two different mechanisms:
resealing of the disrupted membrane and direct protection of mitochondria (Shi, 2013).

Discussion

COVID-19 is an ongoing pandemic with no vaccine or treatment. PEG potentially exhibits clinically bene-
ficial properties. Here, we hypothesize that PEG could be a promising adjuvant treatment for COVID-19-
induced ARDS by multifactorial mechanism: PEG could inhibit viral invasion, enhance performance of lung
surfactant, prevent cytokine storm syndrome and preserve endothelial integrity.

PEG could inhibit virus adhesion by immunocamouflage. The mechanism of this protection is biophysical
and depends on charge maskage and steric hindrance induced by the polymer. Immunocamouflage depends
on molecular weight: high molecular weights PEG of 10 kDa to 35 kDa are better absorbed and consequently
they are more effective (Giraud et al., 2014, Kyluik et al., 2011). It depends also on cell surface type: small
molecular weight PEG of 2 kDa were effective to bind to respiratory Syncytial Virus (RSV) but they were
completely ineffective in the host cell (Kyluik et al., 2011). The efficacy of the immunocamouflage is also
concentration dependent (Eugene, 2004, Yu et al., 2004, Taeusch et al., 2008).

For optimal immunocamouflage, PEG should be covalently grafted. This could be challenging to realize in-
vivo . In fact, intravenous activated PEG will be covalently adsorbed to the vein wall and will not reach the
lung. Although less effective, PEG could also spontaneously bind to cell and tissues surfaces and sterically
stabilize the underlying surface from interactions with other components. In a clinical trials, PEG based
gel applied to the lips (not covalently bound) has shown an impressive reduction in herpes labialis relapses
(Senti et al., 2013).

Lung surfactant play a major role against pathogens including virus (Glasser and Mallampalli, 2012). It pre-
vents viral adhesion and destroy free virus (Donovan et al., 2000, Glasser and Mallampalli, 2012). Structural
damage and destruction of endogenous surfactant is well known features of ARDS. Surfactant replacement
therapy substantially contributes to lung compliance, minimizes fluid accumulation within the alveoli, helps
to maintain a uniform alveolar size during ventilation and decrease pulmonary inflammation. This contributes
to decrease morbidity (need for mechanical ventilation and time on ventilator) and mortality (Baudouin,
2004, Raghavendran et al., 2011). Unfortunately, although surfactant replacement therapy is considered a
life-saving treatment for neonatal respiratory distress syndrome, the evidence of therapeutic efficacy in adult
ARDS is more limited (Baudouin, 2004). Inadequate dosage, difficulty of effectively delivering surfactants to
injured lungs and inactivation of surfactant have been postulated for its limited success. Here, the strategy
proposed is enhancing endogenous surfactant performance by PEG rather than surfactant replacement. This
could be achieved by PEG aerosolization or intravenous administration which is much easier and less invasive
than surfactant replacement.

SARS-CoV-2 infection induced exaggerated oxidative stress, severe immune system overreaction and ex-
cessive pro-inflammatory cytokine production characterized as cytokine storm which lead to subsequent
progression to ARDS and multiorgan failure (Ye et al., 2020). Interestingly, high molecular weight PEGs



have been shown to reduce cytokine production and neutrophil activation in vitro and in vivo (Ferrero-
Andres et al., 2020, Ackland et al., 2010). The mechanism by which PEG reduces inflammation is not
elucidated. The decrease of leukocyte adhesion by immunocamouflage could be implicated. Indeed, in a
model of rat peritoneal inflammation, the number of leukocytes decreased by 43% in PEG treatment group
(Nagelschmidt et al., 1998). Also, PEG probably reduces inflammation by decreasing oxidative stress. In
fact, although PEG is not a radical scavenger, it likely prevents oxidative stress by preserving membrane
integrity. Here, membrane stabilization effect of PEG has also been proposed as a mechanism of protecting
against COVID-19-induced ARDS.

In addition to the main mechanisms described above, PEG could protect against COVID-19 by several
other ways. In fact, ARDS impairs the lungs’ ability to exchange oxygen and carbon dioxide resulting in
hypoxia. Severe hypoxemia (PaO2/FiO2 < 100 mmHg) can be found in 20-30 % of COVID-19 patients
and is associated with the highest mortality rate (Chiumello and Brioni, 2016, Gattinoni et al., 2020).
Interestingly, PEG has been shown to decrease hypoxic injury and cell death in cardiac myocytes (Malhotra
et al., 2011). Moreover, Bejaoui et al. have demonstrated that intravenous administration of PEG35 protect
rat liver against ischemia reperfusion injury in-vivo (Bejaoui et al., 2016). The protective effects of PEG
are associated with the decreased formation of reactive oxygen species (ROS), prevention of endothelial cell
injury, decreased vascular permeability and mitochondrial preservation (Lazar, 2015).

PEG could also protect against sepsis-induced-COVID-19. In fact, low molecular weight PEG has been
shown to decrease the mortality in both lipopolysaccharide (LPS) and zymosan models of sepsis by greater
than 50% (Ackland et al., 2010). Also, high molecular weight PEG prevented lethal sepsis in a murine model
of lethal sepsis induced by intestinal Pseudomonas aeruginosa (Wu et al., 2004). Moreover, recent study has
demonstrated that administration of PEG20 protected myocardial and neurological functions, ameliorates
microcirculation, and improves survival in a rat model of cardiopulmonary resuscitation (Yang et al., 2018).

Last but not least, PEG could prevent acute platelet deposition on damaged arteries (Deible et al., 1998),
strongly reduced platelet induced clot retraction (Bakaltcheva et al., 2000) and reduced leucocyte adhesion
(Bertuglia et al., 2006) which could reduce coagulopathy in COVID-19 patients (Xiong et al., 2020).

Conclusion

PEG is a non-toxic, non-immunogenic polymer with multifunctional unappreciated biologic properties. It
can target several pathologic processes associated with COVID-19-induced ARDS such as virus adhesion
and invasion, surfactant dysfunction, inflammation and endothelial injuries. These features are particularly
relevant in the clinical setting where new therapeutic strategies are urgently required.
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