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Abstract
COVID-19 is a pandemic disease caused by a coronavirus, designed as SARS CoV-2, whose clinical presentation is widely
variable, with most patients having mild or no symptoms, but others developing a malign disease with multi-organ failure
and even death. Accumulating data from different populations have shown that obesity is a risk factor for a severe evolution
of the disease, however, the mechanisms that explain this association are not clearly understood. An ominous evolution of
COVID-19 has been attributed to an exacerbated inflammatory response, designed as “cytokine storm” with augmented
production of cytokines/chemokines through the activation of toll-like receptors (TLR) by pathogen-associated molecular
patterns, that triggers an inflammatory downstream response, mediated in part by the adaptor molecule, myeloid
differentiation factor 88 (MyD88). Previous studies have reported an increased expression of MyD88 and TLRs in people
with obesity, mainly in those with metabolic complications. Therefore, we hypothesize, that an underlying increased Myd88/
TLR signaling may predispose to patients with obesity to develop an exaggerated and dangerous inflammatory reaction
against SARS CoV-2 infection, explaining at least in part, the higher severity of COVID-19. In addition, MyD88/TLR
signaling in people with obesity could have a role in the development of several chronic diseases.

Starting in early 2020, a devastating pandemic, caused by a
coronavirus designated as SARS CoV-2, began to affect
most of the countries in the world. The clinical manifesta-
tions of the COVID-19 disease are variable, with most of
the affected people having mild or even no symptoms, but
~10–15% of the patients developing the more severe disease
with acute respiratory distress syndrome (ARDS), hypoxia,
multi-organ failure, and even death [1, 2].

Accumulating data indicate obesity is a risk factor for
poor prognosis with infection, along with older age, male
sex, and presence of chronic diseases, hematological
malignancies, or immunological disorders. Notably, results
from different populations have confirmed a significant
and independent association between obesity and severe
COVID-19 disease. A large cohort study from primary care
electronic health records in England (with a total population

of 17,425,445 people and 5683 deaths) linked to COVID-
19, reported an increased risk of death which increased with
BMI (HR 1.27 for BMI 30–34.9 kg/m2, increasing to 2.27
for BMI ≥ 40 kg/m2) [3].

Other data show that an ominous evolution of the COVID-
19 disease is related to an excessive inflammatory response,
considered as a “cytokine storm”, characterized by elevated
levels of different cytokines and chemokines including tumor
necrosis factor-α (TNF), interleukin 1β (ILβ), granulocyte-
colony stimulating factor, interferon γ-induced protein 10,
monocyte chemoattractant protein-1, macrophage inflamma-
tory proteins 1-α, Interleukin-6 (IL-6), and the chemokines
CXCL10 and CCL2 which are associated with pulmonary
inflammation and are also increased in other viral infections
[4]. This over-inflammatory response induced by the virus is
not restricted to the lung and has been implicated in the
multi-organ failure in patients with more severe disease.
Thus, although the immune response is vital for the control
and resolution of SARS CoV-2 and other infections, in some
cases it could lead to a pathogenic condition characterized by
an exacerbated inflammatory and altered immune reaction.
Therefore, it is important to elucidate which host factors
could induce an exaggerated and harmful response. Another
article supports the concept that virus-independent
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immunopathology is a primary mechanism underlying fatal
Covid-19 suggesting that targeting of the dysregulated
immune response warrants further investigation [5].

In COVID-19 disease, SARS CoV-2 binds to the host cells
by the angiotensin-converting enzyme 2, fusing to the
membrane and releasing viral RNA [6]. The immune system
recognizes pathogen-associated molecular patterns of the
virus via pattern recognition receptors including a group of
transmembrane proteins, named TLR, located on the cell
surface (TLR 1,2,4,5,6) or in specialized endosomal com-
partments (TLR 3, 7, 8, and 9) [7]. It has been hypothesized
that SARS CoV-2 is recognized by TLRs which sense viral
RNA in the endosomes, triggering an inflammatory down-
stream response, mediated in part by the adaptor molecule,
MyD88. Activation of MyD88, would lead to the activation
of nuclear transcription factors, such as nuclear factor-kB,
cyclic AMP response element-binding protein, and activator
protein-1 ensuring the production of pro-inflammatory cyto-
kines, such as TNF and IL-1, chemokines, and other soluble
mediators with subsequent inflammation and leukocyte
accumulation [8]. A recent study suggested that a boosted
pro-inflammatory response via TLR7/8 recognition could
mediate the lung injury caused by the virus SARS CoV-2 [9].
Besides, recent studies have suggested that also TLR4 could
be involved in the pathological inflammatory response
induced by SARS CoV-2 [10, 11]. Although SARS CoV-2 is
unlikely to activate TLR4 directly, as TLR4 respond to bac-
teria, some damage-associated molecular pattern, such as
oxidized phospholipids could be responsible for the activation
of TLR4 by SARS CoV-2.

It is well known that people living with obesity, mainly
with abdominal visceral fat accumulation, exhibit low-grade
chronic systemic inflammation, which plays a role in the
development of metabolic complications, including insulin
resistance, dyslipidemia, reduced fatty acid oxidation, and
oxidative stress. These are thought to be the common
underlying pathophysiologic mechanisms for the develop-
ment of diabetes, cardiovascular disease, some types of can-
cer, non-alcoholic steatohepatitis, neurological diseases, and
other co-morbidities associated with obesity [12]. Moreover,
researchers have elucidated an important role for immune
cells in the physiological dysfunction associated with obesity.
Metabolic disturbances lead to immune activation in tissues,
such as adipose tissue, liver, pancreas, endothelial cells, and
others and individuals often present with elevated plasma
markers of chronic low-grade inflammation.

In a previous study of patients with obesity who underwent
bariatric surgery, we detected significantly higher expression of
MyD88 in the subcutaneous adipose tissue among those with
at least three components of the metabolic syndrome (hyper-
tension, high glucose, high triglycerides, or low HDL choles-
terol plasma levels), in comparison with matched patients (by
sex, age, and BMI) without metabolic complications [13].

Moreover, the expression of MyD88 in the adipose tissue was
significantly correlated with the expression of TLR4, sug-
gesting an activated TLR/MyD88 signaling in the group of
patients exhibiting metabolic complications.

A previous study also found a significantly increased
expression of TLRs and MyD88 in the mononuclear cells and
adipose tissue of overweight and obese patients compared to
lean controls. Moreover, the expression of IL-6 and TNFα
was also significantly elevated in obese compared to controls
and significantly associated with TLR expression [14].

We hypothesize that people with obesity, especially excess
abdominal/visceral fat and associated metabolic complica-
tions, have overexpression of MyD88 in the adipose tissue
and perhaps in other cells and tissues (as immune cells), that
triggers an exaggerated inflammatory response of the immune
system when activated by Sars CoV-2, leading to a more
severe and sometimes lethal progression of COVID-19. Two
possible pathogenic pathways could be proposed: (1) An
increased SARS CoV-2 entry to the adipocytes, through the
ACE-2 receptors, (that are also over-expressed in the adipose
tissue of patients with obesity), activates TLRs, triggering the
TLR/ MyD88 signaling inflammatory cascade and/or (2) the
higher expression of MyD88 detected in abdominal fat of
patients with obesity could also be enhanced in other tissues,
including the lung and endothelial cells, mediating the
respiratory, and vascular damage produced by SARS CoV-2.

A recent study in an animal model of ARDS detected
that the inhibition of TLR4/MyD88 signaling pathway
might result in decreased edema and inflammation in the
lungs, by suppressing the inflammatory response, which
appears to be regulated by macrophage activation [15]. A
similar study demonstrated that the inhibition of the TLR4/
MyD88 signaling pathway reduced the expressions of pro-
inflammatory cytokines IL-1β and TNF-α, thereby ameli-
orating the pro-inflammatory phenotype [16].

Other authors have proposed that TLRs agonists,
including Imiquimod an immune-stimulator of TLR7, could
be an effective therapeutic approach during the early stages
of COVID-19 disease [17]. However, we hypothesized that
in patients with an advanced and severe presentation of the
disease (including obese patients), the use of TLR antago-
nists would have a beneficial effect by attenuating the
deleterious over-inflammatory response triggered by the
SARS CoV-2 infection.

Otherwise, other research done in murine primary liver
cells, evidenced that corticosteroids shift the TLR response
pattern from a pro-inflammatory to an anti-inflammatory state
in a cell type-specific fashion resulting in downregulation of
TLRs expression, suppression of pro-inflammatory and
upregulation of anti-inflammatory cytokines [18]. This line of
thinking is supported by a study of patients with tuberculous
meningitis, which revealed that dexamethasone treatment
significantly reduces the TLR4 and MyD88 expression in
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monocytes [19] and it has been evidenced a beneficial effect
of dexamethasone in patients with COVID-19 [20].

Similarly, statins in addition to their cholesterol-lowering
effects, are also known to reduce pro-inflammatory markers,
including TNFα, IL-1, IL-6, CRP, and chemokines. Moreover,
in a study using murine pro-B cells, it was shown that ator-
vastatin reduces pro-inflammatory markers through the
inhibition of the TLR/MyD88/NFκB pathway in a MyD88
dependent manner [21]. Taken all together these studies
indicate a key role of MyD88 in pro-inflammatory signaling
and that reduced TLR/MyD88/NF signaling may provide the
mechanism for the beneficial effects of steroids and statins in
COVID-19.

In summary, people with obesity are at high risk of severe
COVID-19 infection and complications, including death.
Existing evidence suggests that the TLR/Myd88 signaling,
which is upregulated in those with obesity, may contribute to
the excessive inflammatory response seen in severe infection
with SARS CoV-2 and other similar viral infections. Addi-
tional studies are needed to more firmly establish the role of
increased TLR/MyD88 signaling in cells and tissues other
than adipose in patients with obesity. Such exploration should
be helpful beyond COVID-19, since TLR/MyD88 signaling
in people with obesity could have a role in the development of
chronic diseases, including heart disease and some types of
cancer. Of course. while the TLR/MyD88 pathway is pro-
mising, it is also important to consider other potential targets
for treatment for severe COVID-19 disease, especially in
vulnerable individuals, such as those with obesity.
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