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COVID-19, the severe acute respiratory syndrome produced by the
coronavirus SARS-CoV-2, has resulted to date in more than 39 million
infected cases and 1 million deaths worldwide since the first reported
cases in December 2019 at the Chinese city of Wuhan (for updated
information readers can consult https://covid19.who.int/). The disease
can drastically evolve from fever, cough, breath shortness and altera-
tions in smell and taste to acute respiratory distress, septic shock, multi-
organ failure and blood clots [1] (Fig. 1). It is known that SARS-CoV
and MERS-CoV can remodel the lipidome of the infected cells. Thus,
this research letter aims to present and discuss the current information
about observed changes in lipid metabolites in COVID-19 patients.

Indeed, different research works have started to report the meta-
bolic hallmark of alterations associated to COVID-19. The characteristic
features are i) the decrease in the levels of low-density (LDL-c) and
high-density (HDL-c) cholesterol lipoproteins, this latter proportionally
to the severity of symptoms, with ii) moderate increment in the popu-
lation of T helpers cells (CD3+T, CD4+T) or lymphopenia of CD8+T
(suggesting possible infection of such cells or exhaustion of immune
system) and iii) hyperinflammation according to the levels of inter-
leukins (IL-6, IL-7, TNF) and chemokines [1–3]. Moreover, total counts
of white blood cells (WBC) were significantly higher in patients in
critical condition [1] and those with severe respiratory failure showed
macrophage activation syndrome [4], confirmed by the presence of
monocyte recruiting chemokines in bronchoalveolar fluid [2].

The capability to affect at the same time to lipoproteins, WBC and

trigger inflammation seems to suggest that the cardiovascular system is
a main target of this virus. In fact, to infect cells (in first instance those
in the respiratory system), SARS-Cov-2 uses its S spike glycoprotein to
bind to the angiotensin-converting enzyme 2 (ACE2) receptor (Fig. 1),
that is highly expressed in alveolar, epithelial, ileum, colon, myo-
cardial, kidney and bladder urothelial cells [5]. It is part of the renin-
angiotensin system that controls extracellular level, blood pressure and
sodium/potassium balance, therefore is not surprising being expressed
in many different cells types; this allows a systemic spread.

Such ACE2 receptor locates in lipid-rafts enriched in cholesterol and
sphingomyelin [7]. Recently, works conducted by Toelzer et al. [6]
https://doi.org/10.1101/2020.06.18.158584 found that the receptor
binding domain specifically binds to linoeic acid, a fatty acid known by
its pro-inflammatory activity. This is a feature shared by other SARS-
CoV and MERS-CoV. The biological significance of this need to be
further unravelled.

Interestingly, many research studies had reported that COVID-19
patients, previously presented comorbidities as type 2 diabetes mellitus,
hypertension, and cardiovascular diseases (CVD) [2,4]. Furthermore,
plasma lipidomic analyses have revealed a close relationship between
the severity of COVID-19 and circulating lipids: a combination of larger
levels of atherogenic diglycerides (DG 16:0/20:2/20:0) and triglycer-
ides (TG 14:0/22:1/22:3), alterations of the phosphatidylinositol (PI)
signalling system with decreased concentrations of phosphatidylcholine
(PC) [8] and sphingosine-1-phosphate (S1P) [9]. It must be noted that,
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before the SARS-CoV-2 pandemic, patients after heart failure showed
reduced concentrations of PI and PC in erythrocytes [10]. Besides, S1P
is transported in plasma by HDL and may be involved therefore in the
protective effects of this lipoprotein against CVD [11].

Moreover, antiphospholipid antibodies (aPL) are considered a car-
diovascular risk factor. After being released by WBC (i.e. plasma B
cells), aPL target platelet membrane phospholipids leading to abnormal
clots formation in veins and/or arteries (thrombosis) that can occur also
with inflammation (phlebitis). Thus, it was observed in SARS-CoV-2
positive subjects that anticardiolipin antibodies (aCL IgG) profile
(> 15 U/mL) was associated to disease severity (i.e.respiratory distress)
while those patients have not a previous record history of thrombosis
[12]. Authors concluded that aCL IgG may be a risk marker in COVID-
19 patients.

It is remarkable that from the study of metabolic diseases (i.e. CVD,
obesity, diabetes) we have understood how cholesterol has a close re-
lationship with the immune system and inflammation. In CVD, LDL-c
accumulates, aggregates and oxidizes (OX-LDL) in the artery walls,
producing lesions and further recruitment of macrophages, probably
from blood-borne monocytes [13]. Thus, in both macrophages and
endothelial cells, OX-LDL activates Toll-like receptors (i.e. TLR2 and 4)
and its inflammatory pathway: transcription factors promote inter-
leukins production, inflammasome is assembled and finally result in
pyroptosis, an inflammatory and lytic cell-death. Then, damage-asso-
ciated molecular patterns (DAMOs) are released, recognised by neigh-
bour cells that afterwards produce cytokines and chemokines to recruit
monocytes, macrophages, and lymphocytes T.

All the above exposed about macrophages recruitment in CVD is
related to mechanisms intended to respond in situations of tissue da-
mage. The fact that oxidized phospholipids have been also detected in
COVID-19 patients and that concentration of type I interferon (INF-I)
remains low, even in the most severe situations [2], suggest that during
COVID-19, macrophages activation is performed through the in-
flammasome pathway. Moreover, the decrease in LDL-c levels may in-
dicate clearance of pathogenic lipids by the expression of PCSK9 in liver
as response to septic shock [14]. However, it has been reported that
reactive oxygen species are present in COVID-19 patients [9], therefore,

formation of OX-LDL cannot be excluded as a way for the activation of
macrophage during progression of the disease. On the other hand,
circulating acylcarnitines as palmitoylcarnitine, stearoylcarnitine or
oleoylcarnitine, were negatively affected in COVID-19 plasma samples,
suggesting impairment of β-oxidation as fatty acids are not entering
into the mitochondria [9]. As metabolites from tricarboxylic acid cycle
are also reduced, SARS-CoV-2 hijacks the energy metabolism of the host
not only by limiting blood oxygen through declining of lung functions
but also by interfering in the oxidation pathways.

At this point, it can be hypothesized that metabolic state of the
subject, before infection by SARS-CoV-2, plays a crucial role in the
development of COVID-19 and the survival of the individual. According
to the current available data, subjects with high cholesterol levels could
be more prone to be infected when exposed to this virus. Usually, those
individuals are under medical supervision and treatment to block in-
testinal cholesterol absorption (i.e. ezetimibe) or inhibiting its synthesis
(i.e. statins). Although these latter can increase ACE2 expression, a
recent cohort study evaluating 13,981 cases concluded that COVID19
patients treated with statins showed lower risk of death and lower in-
flammatory response [15]. On the other hand, since 2008 it is known
that ezetimibe combined with simvastatin may increase upper re-
spiratory infections [16]. Therefore, how these drugs are used to fight
against SARS-CoV-2 need to be carefully addressed.

Nevertheless, if the key-feature of the disease is the macrophage
activation involving TLR2 and/or 4, it is worthy to note that G protein-
coupling receptors (GPR), namely GPR120, are expressed in such cells,
and counter-balance TLR-inflammation but more importantly: GPR120
can be activated by omega 3 fatty acids (ω3-FA) [17]. These FA have
been proven to be effective against CVD and they are included in the list
of functional ingredients approved by EFSA about health claims for
nutrient, substance, food, or food category. Aligned to this, it has been
recently suggested, as a complementary treatment, to provide fish oil
lipid emulsions to hospitalized COVID-19 patients, as eicosapentaenoic
(EPA) and docosahexaenoic (DHA) acids attenuate cytokine storm by
peroxisome proliferator activated receptor, they are precursors of
maresins, resolvins and protectins (i.e. inflammatory resolution med-
iators) and can disrupt lipid rafts [18]. Therefore, diet may also

Fig. 1. SARS-CoV-2 infection pathway in humans and COVID-19 progression.
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integrate the set of strategies to fight back against COVID-19.
According to the above-discussed information, SARS-CoV-2 first

target cells of the respiratory system of the host. In the following stages
the biomarkers associated to the alteration of the lipidome point out
that inflammatory and immune response are resulting from extensive
damage of tissues of the cardiovascular system as well as sepsis. This
may suggest that in a strategy to avoid being neutralized, the disease
engage the immune system aiming to induce an impaired and sustained
response that finally lead to exhaustion of lymphocytes (i.e. CD8+T)
and, unfortunately for some patients, in dead.

However, all these above-commented research results bring new
questions and opportunities to deepen our understanding about disease
and biochemistry: are alterations of cholesterol or other lipid bio-
markers actually a feature solely of this condition or it is shared by
other diseases?; does it provide us with information relatively to bio-
chemical/metabolic unbalance or about the activation of mechanisms
to restore body homeostasis?. The number of spotted lipid biomarkers
associated to disease are incredibly low when compared with the
number of total compounds belonging to this family. Moreover, the fact
that human genome encodes TLR, GPR, transcription factors (i.e.
SREBP) and other proteins that can interact with specific lipids suggest
that the role of this family of compounds is far more important and
complex than what we already know. Further investigations, where
differences between normal condition and disease can be observed,
measured and studied to i) identify involved lipid biomarkers (i.e. li-
pobonomics) and ii) afterwards understand their interaction with dif-
ferent cell/metabolic pathways, are therefore needed. In this context
the sentence from Hypocrates, “let be thy food be your medicine and
thy medicine be your food”, seems to be more accurate than ever.
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