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Abstract: The risks for complications of severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)
infection are higher in obese individuals. Obesity is a state of chronic low-grade inflammation, with high
leptin levels due to leptin resistance, high basal levels of other pro-inflammatory cytokines such as TNF-alpha,
MCP-I and IL-6, and low adiponectin levels, thus contributing to a state of defective innate immunity as well
as impaired B and T cell responses. Obesity is a risk factor for metabolic syndrome, diabetes, cardiovascular
disease and hypertension. It has been observed that pre-existence of these diseases confers a higher risk of
severe SARS CoV2 infection as well as the need for intensive care; even below the age of 60 years if their body
mass index (BMI) is greater than 30 kg/m?2, and even more so if it is > 35 kg/m2. The metabolic factors
contributing to the changes in altering the immune mechanisms in obese individuals and how this
enhances the susceptibility to infection and development of serious SARS-CoV2 infection have been
the subject of many debates. Future development of targeted therapy and guidelines will be
benefited by greater understanding into these metabolic pathways.
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1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), initially reported in
November 2019 in Wuhan, China, has now claimed over 300,000 lives worldwide [1] and devastated
the global economy.

Historically, there is evidence that previous epidemics of influenza (H1N1)[2] and influenza like
illnesses have been linked to obesity as one of the risk factors.

Obesity and its related co morbid illnesses such as diabetes, cardiovascular disease and
hypertension[3] and pre-existence of diseases of the lungs and kidneys; have emerged as one of the
strongest risk factors for poor outcomes, especially in those individuals less than 55-60 years of age.
With the World Health Organization estimating that more than 1.9 billion adults worldwide have
overweight or obesity[4] any causal relationship or association between obesity and severe disease
from SARS-CoV-2 has the potential to claim even more lives globally.

A meta-analysis by Ni Y et al. reported the protective factor of obesity in acute respiratory
distress syndrome (ARDS) patients[5] which suggests counterintuitively that people with overweight
and obesity may have a better prognosis than those with BMI values in the normal range. Since ARDS
is one of the devastating clinical manifestations of COVID-19[5], this “obesity paradox” raises doubts
on the impact of obesity in the disease severity and prognosis of COVID-19.

Hence it is vital to understand the immune mechanisms in an obese individual and its
relationship to manifestations of COVID-19.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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2.1. COVID 19 and Obesity

A recent systematic review concluded that obesity is an independent risk factor for SARS-CoV-
2[6]. One of the studies included in this review by Simonnet A et al.,, reported that the need for
invasive mechanical ventilation increased with increasing BMI categories, being greatest with
BMI>35 kg/m? with more serious disease outcomes|[7].

Seidu et al conducted a meta-analysis including 8 retrospective and one prospective study and
found that excess adiposity is a risk factor for severe disease and mortality in people with SARS-CoV-
2 infection. BMI > 25 kg/m? was associated with an increased risk of severe illness in older age groups
(=260 years), whereas the association was weaker in younger age groups (<60 years)[8] even in Asian
populations after accounting for confounders such as diabetes and hypertension[9,10].

Petrilli CM et al. studied 5279 people with COVID-19 in New York City in a prospective cohort
study to determine factors associated with hospital admission and critical illness. For both variables,
BMI>40 kg/m? considerably increased the odds, besides older age and other co-morbidities[11].

Thus, in most of the studies when the two variables of age and BMI are studied with respect to
severity of COVID-19 infection, there is evidence that the risk of severity and of needing intensive
care is significantly increased in patients below the age of 60 years if their BMI is greater than 30
kg/m?, and even more so if it is > 35 kg/m2

However, in a retrospective study conducted at a New York City hospital in a cohort of 3615
patients who had tested positive for the corona virus; 37% patients had a BMI>30 kg/m?. At a BMI>35
kg/m?, patients under the age of 60 years had 3.6 times higher risk of needing ICU admission[12].
Similarly, in a recent analysis of 265 patients with COVID-19, Kass et al. described a significant
inverse correlation between age and BMI, in which younger individuals admitted to hospital were
more likely to be obese[13]. Is it then possible that the presence of obesity seems to mitigate the
protection conferred by younger age? And how can we explain these findings.

When compared to China, obesity is more prevalent in Italy and the United States, which might
contribute to the significantly higher fatality rates in these two countries[14,15].  Visceral adiposity
may prove to be the game changer and may have a significant impact on outcomes.

2.2. Immune Function in Obesity

There are growing pieces of evidence that support a strong relationship between adipose tissue
and the immune system. For instance, white adipocytes and immune cells share the same embryonic
origin, and a large number of macrophages and lymphocytes can be found in adipose tissus[16,17].
Furthermore, another study suggested that adipose tissue could be a site for the formation and
maturation of immune cell precursors[18]. In general, individuals with obesity are observed with
significantly high proliferation and activation of both innate and adaptive immune cells[17]. This
phenomenon results from the disruption of adipocyte secreted signalling molecules called
adipokines. These adipokines are classified into two groups, pro-inflammatory and anti-
inflammatory. The pro-inflammatory adipokines consist of leptin, resistin, and ANGPTL2 and are
primarily secreted by adipocytes in obese state[19].Conversely, the anti-inflammatory adipokines are
adiponectin and adipsin, which are primarily secreted by adipocytes in the lean state[19]. Among the
pro-inflammatory adipokines, leptin is extensively studied and mostly correlated to immune
dysfunction involving both innate and adaptive immune cells in obesity.

Brotfain et al. found a persistent and significant elevation in chemotactic, random migration, and
basal superoxide production of neutrophils in people with obesity. Intriguingly, these chronically
activated neutrophils did not provide a superior phagocytosis and adherence ability comparing to
that of lean individuals[20]. Furthermore, neutrophil survival is significantly enhanced in the
presence of leptin due to its interference with various apoptotic mechanisms. Leptin delays the Bid
and Bax’s cleavage, mitochondrial release of cytochrome C, the second mitochondria-derived
activator of caspase, and inhibits the activation of caspase-3 and caspase-8[21] and enhances other
anti-apoptotic pathways such as PI3K, NF-«xB, and MAPK]21].
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Surmi et al. had found a large number of monocytes and differentiated macrophages in adipose
tissues owing to a high number of macrophage attractant adipocyte-secreted cytokines, particularly
leukotriene B3 (LTB3), macrophage inflammatory proteins (MIP), macrophage migration inhibitory
factor (MIF), and monocyte chemotactic protein-3 (MCP30[22]. Once residing inside adipose tissues,
these macrophages undergo M1-phenotype transformation, resulting in inflammatory mediators’
production, specifically nitric oxide, TNF-a, and IL-15[23]. Oddly, some others have found that leptin
induces macrophages to undergo M2-phenotype transformation but secrete M1-typical cytokines
such as TNF-a, IL-6, IL-13, IL-1Ra, IL-10, MCP-1, and MIP1-a[24,25] to favour an inflammatory
response.

Mattioli et al. found that leptin promotes the survival of dendritic cells (DCs)by modulating anti-
apoptotic pathways, namely NF-kB and PI3K-Akt, combined with the enhancement of Bcl-2 and Bcl-
xL gene expression[26]. It also serves as an activator of DCs by upregulation of IL-1f, IL-6, IL-12,
TNF-a, and MIP-1 production[27,28] and the converse is seen in the leptin-deficient mouse[29]
resulting in a marked increase in the number of inflammatory DCs in adipose tissues culminating in
a persistent inflammatory environment[30].

Leptin receptors are expressed on the cell surface of eosinophils and basophils, which speculates
the leptin’s inflammatory roles on these two cell lines[31.32]. Wong et al. observed that leptin could
improve eosinophil survival by activating anti-apoptotic pathways JAK, NF-kB, and p38 MAPK3and
promoting the release of eosinophil pro-inflammatory cytokines, primarily IL-18 and IL-6, and
chemokines IL-8, MCP-1, and growth-related oncogene-a. Further, it induced expression of
adhesion molecules such as ICAM-1 and CD18. As a result, chronic hyperleptinemia over-intensified
eosinophils functions and allergic responses[33]. Furthermore, Suzukawa et al. had noted
significantly prolonged survivability of basophil in the presence of leptin, which was thought to
involve similar anti-apoptotic pathways, as described in neutrophil and eosinophils[32]. Similarly,
leptin promotes basophil production and secretion of type 2 cytokines such as IL-4 and IL-13,
primarily involving IgE production and activation and allergic responses[32].

Adipocytes in individuals with obesity also regulate the proliferation of natural killer (NK) cells
and the production of IFN-y by upregulating ligands from NK-cell activating receptor 1[34] as
causing the aforementioned M1-phenotype transformation of macrophages and inflammation within
adipose tissues[34]. Additionally, a study had found that continuously fed high-fat diet mice had a
significant elevation of numbers of NK cells and pro-inflammatory cytokines[35]. Congruently, Lo et
al. had found that leptin markedly promotes the survival of immature NK cells from wild-type mice
by induction of anti-apoptotic genes, Bcl2, while curtailing the pro-apoptotic genes, Bax[36].
Moreover, it enhances NK cell cytotoxicity through STAT3 activation and consequently upregulates
the transcription of genes encoding IL-2 and perforin[37]. Intriguingly, leptin serves a differential
function with the augmentation of NK cells in short-term stimulation and suppression of NK cell
proliferation in chronic stimulation[38—40]. Therefore, chronic hyperleptinemia blunts the effects of
NK cells in host cell immunity.

Obesity also negatively impacts the normal functions of multiple subsets of T cells despite the
presence of leptin as positive effector. There is growing evidence supporting leptin’s function in
improving T cells proliferation and survival in culture[41,42]. Surprisingly, Xia et al. and Martin-
Romero et al. found a significant reduction in naive CD4+ T cells with a shift of T helper cells toward
pro-inflammatory CD4+ T cell subsets, particularly Th17, Th22, and Th1[43,44]. Also, the number of
memory T cells in white adipose tissue of mice fed with a high-fat diet was significantly elevated[45].
Nevertheless, these memory T cells are aberrant and widely different in terms of RNA and protein
expression than healthy memory T cells in the spleen[45]. Consequently, they do not confer equal
immunity against foreign pathogens, but rather become harmful when activated due to massive
release of lipids[45]. Another type of T-cell that is adversely impacted by the presence of chronic
hyperleptinemia is the regulatory T cell, Treg[46]. Treg is accountable for anti-inflammatory response
and self-tolerance; thus, it tightly regulates inflammatory response[47]. Compared to lean
individuals, individuals with obesity have a depleted number of Treg. As a result, the pro-
inflammatory response is favored in the obese state[48]. This finding is also valid in a murine model
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study, in which obese mice had higher numbers of cytotoxic CD8+ T cells with fewer suppressive
Treg; hence, more significant lung inflammation and damage were observed after influenza virus
exposure[49,50].

B-lymphocytes survival is greatly enhanced in the presence of chronic hyperleptinemia through
inhibition of apoptotic pathways and induction of cell cycle entry via Bcl2 and cyclin D2
activation[51]. Furthermore, leptin is thought to activate peripheral B cells in a dose-dependent
manner resulting in the secretion of pro-inflammatory cytokines such as TNF-a and IL-6 and the
anti-inflammatory cytokine IL-10 via activation of JAK-STAT and p38MAPK-ERK/12 signaling
pathway[52]. Correspondingly, DeFuria et al. had found that B cells from obese mice secrete
cytokines that promote the pro-inflammatory state by significantly increasing the secretion of IL-6
and INF-y and impeding the secretion of anti-inflammatory IL-10. However, this inflammatory
cytokine profile does not confer appropriate immunity[53]. Collectively, chronic hyperleptinemia
disrupts B lymphocyte function by persistently inducing its secretion of pro-inflammatory cytokines
without any additional benefit.

2.3. Covid19- the virus and how it affects immunity:

COVID19, also known as SARS-CoV-2, belongs to the family of Coronaviridae and subfamily of
betacoronaviruses[54]. Like other viruses within the subfamily, COVID19 is a large-enveloped virus
that comprises a single-stranded, non-segmented, positive-sense RNA genome[55]. COVID19
membrane consists of four essential structural elements, namely the spike (S), envelope (E),
membrane (M), and nucleocapsid (N) protein[55]. Among the structural elements, the S glycoprotein
is the single one that has the highest mutation rate[56].

Since both COVID19 and SARS-CoV are in the same subfamily, have the same origin in bats,
and share 79.5% of their genetic sequencing, COVID19 likely behaves similarly to that of SARS-CoV
in terms of transmission route, pathogenesis, and clinical symptoms[57]. They utilize their S
glycoprotein to bind to host cell angiotensin-converting enzyme-2 (ACE2) to gain entry into host
cells[58]. ACE2 protein is abundantly expressed on the surface of type 2 pneumocytes, which are
responsible for producing surfactant and capable of differentiation into type 1 pneumocytes[59].
Furthermore, ACE2 is found on the surface of intestinal epithelial cells[60], upper respiratory tract,
nasal mucosa, vascular endothelium, heart, and kidney[58,61]. Noteworthily, the S protein of
COVID19 has a higher affinity for ACE2 than that of SARS-CoV, which accounts for its greater
infectivity[62—-64]. Additionally, COVID19 is thought to utilize CD147 to facilitate host cell
invasion[65]. However, its detailed mechanism is yet to be elucidated.

Once the S protein binds to ACE2, the viral particle will be taken up into the cells via
endocytosis[66]. Subsequently, the host lysosomal enzymes will degrade viral lipid bilayer and
release viral RNA into the cytosol[66,67]. Then, the virus hijacks host RNA-dependent RNA
polymerase to replicate, ribosomes to translate viral mRNA into viral polyproteins, and proteinases
to cleave viral polyproteins into individual functional proteins[67,68]. The functional proteins will be
assembled and packed in the ER-Golgi intermediate compartment[69]. Finally, the newly made viral
particles will lyse the infected cells and be released into the alveolus[70](Figure 1).
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Figure 1. SAR-CoV-2 invasion mechanism of the host cell.

The S protein of SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2), a
transmembrane protein found in the host cell. Subsequently, it results in endocytosis of SARS-CoV-
2 into the host cell. Once located inside the host, SARS-CoV-2 uses host lysosomal enzymes to
degrade its lipid bilayer, thereby releasing its viral RNA into the cytosol. Afterward, the viral RNA
is replicated and translated using host RNA-dependent RNA polymerase and ribosomes,
respectively. The newly produced viral polyproteins are cleaved into functional proteins. The
functional proteins are assembled and packed in the ER-Golgi intermediate compartment. Finally,
the newly formed viral particles lyse the cell and are releasing into the extracellular space.

3. The Cytokine Storm

There are several defence mechanisms the host implicates to clear a viral infection. During the
acute phase of infection, innate cells will be activated using Pattern Recognition Receptors (PRRs),
which are responsible for recognizing highly conserved molecular structures known as Pathogen-
associated molecular patterns (PAMPS) present on microbes[71]. PRRs consists of many receptor
families, namely toll-like receptors (TLRs), nucleotide-binding oligomerization (NOD)-like receptors
(NLRs), the retinoic acid-inducible gene I(RIG-I), RIG-I-like receptors, the V-type lectin receptors, the
absent in melanoma 2(AIM2)-like receptors, and the OAS-like receptors[71]. However, among the
PRRs, only cytoplasmic RNA sensors, which are endosomal TLR-3 and -7, RIG-I, and melanoma
differentiation-associated protein 5 (MDADS), can recognize RNAs viruse[72,73]. Once activated, the
aforementioned cytoplasmic RNA sensors will recruit their respective adaptor proteins culminating
in activation and translocation of nuclear transcription factors NF-xB and IRF3[74-77]. Eventually,
NF-«B will upregulate Type 1 IFNs, namely IFN-a and IFN-g, while IRF3 stimulates the generation
of other pro-inflammatory cytokines, like IL-1, IL-6, and TNF-a[72,78].
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COVID19 can overstimulate innate immune cells yielding remarkably high levels of pro-
inflammatory cytokines including IL-2, IL-6, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1, and TNF-«,
resulting in “cytokine storm”7°. This “cytokine storm” accelerates disease progression to severe form
with acute respiratory distress syndrome (ARDS) and multi-organ failure[79,80]. During a later stage,
the activated innate cells and their inflammatory cytokines stimulate adaptive immune cells,
particularly CD4+ T cells, CD8+ T cells, and B cells with their antibody production to participate in
anti-viral response[73].

Due to the similarity with SARS-CoV, it was speculated that COVID19 had evolved similar
strategies to circumvent host cell immune response[81]'. It was found that SARS-CoV alters its RNA
components to reduce its viral RNA affinity to host MDA5[82,83]. Additionally, SARS-CoV utilizes
papain-like proteases to degrade proteins associate with IFN-production pathways; thereby,
significantly diminishing type 1 IFNs production[84,85]. SARS-CoV also interferes with IFN signaling
cascade through inhibiting STAT1 and preventing its translocation into the nucleus[86].
Nonetheless, how COVID19 evades type I IFN response remains unknown. Interestingly, one study
had found that COVID19 has a greater sensitivity to type I IFN than SARS-CoV in vitro, and
COVID19 does not inhibit STAT1 protein as other studies speculated[87] High type I IFN response
correlates with mild-to-moderate disease and low type I IFN response correspond to severe
disease[88].

There is growing evidence to support that COVID19 infection can suppress the adaptive
immune response by directly and indirectly destroying all subsets of T cell and B cells; hence,
resulting in a lymphopenia state[88-92]. Of note, higher non-functional CD4+T cells and lower
functional CD8+T cells were found in patients with severe form[93]. Wang et al. had found that
COVID19 could directly destroy T cells by infecting them[94] which results in termination of the
COVID19 cycle and induction of cell death[95,96]. Furthermore, the aforementioned “cytokine
storm” state can negatively impact T cells. For instance, TNF-alpha can induce T cell apoptosis[97],
and IL-10 is known to prevent T cell proliferation[98]. Therefore, more future studies need to be
directed on the detailed mechanism of how COVID19 evades host cell defence responses.

4. Discussion

Obesity is a state of chronic low-grade inflammation, with high leptin levels due to leptin
resistance, high basal levels of other pro-inflammatory cytokines such as TNF-alpha, MCP-I and IL-
6, and low adiponectin levels, thus contributing to a state of defective innate immunity as well as
impaired B and T cell responses.

Obesity leads to a chronic hyper-inflammatory response in both innate and adaptive immune
cells, as shown in Figure 2a and Figure 2b, respectively. However, there is no evidence supporting
any benefit in immune function in the chronic pro-inflammatory state. In fact, studies have found
that obesity adversely alters the architecture and integrity in lymphoid tissues[99] and hastens the
aging process of the immune system rendering host cells vulnerable to foreign pathogens
invasion[100]. Of note, recent studies found that obesity leads to inadequate vaccination responses
despite being in the pro-inflammatory state[101,102].

doi:10.20944/preprints202306.0112.v1
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Figure 2. a. The effects of chronic hyperleptinemia and SARS-CoV-2 in innate immune cells.
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Figure 2. b: The effects of chronic hyperleptinemia in adaptive immune cells.

High level of leptin can downregulate pro-apoptotic proteins namely, cytochrome ¢, caspase-3,
and caspase-8, and impair cleavage of pro-apoptotic Bid and Bax proteins. As a result, it enhances
neutrophils’ survivability and basal superoxide production. In addition, high hyperleptinemia
upregulates LTB3, MIP, MIF, and MCP3 molecules, thereby resulting in macrophage localization and
activation. In conjunction with cytokines secreted from activated macrophage, a high leptin level also
supports multiple anti-apoptotic pathways in dendritic cells (DCs). Together, it enhances DCs
activation and survivability. Furthermore, through the induction of JAK, NF-«B, and p36 MAPK
pathways, leptin induces activation of basophils and eosinophils. Finally, through the modulations
of the anti-apoptotic protein, Bax, and pro-apoptotic proteins Bcl2, leptin can stimulate NK cell
proliferation and survivability. Leptin also promotes NK cells activation and IFN-y production
through the upregulation of NK-cell activating receptor 1 (NK-aR1) and STAT3 pathway. SARS-CoV-
2, through NF-xB and IRF3, induce a “cytokine storm” state with significant number of IL-2, IL-6, IL-
7, G-CSF, IP-10, MCP-10, MCP-1, MIP-1, and TNF-a

Hyperleptinemia induces T-cell proliferation and differentiation. As a result, it leads to an
increase in numbers of aberrant pro-inflammatory T cells, particularly CD8+ T cells, Th17 cells, Th22
cells, Th1 cells, and memory T cells. Additionally, leptin suppresses the anti-inflammatory Tregs.
Chronic elevation of leptin also induces anti-apoptotic proteins, specifically Bcl2 and cyclin D2.
Furthermore, hyperleptinemia activates JAK-STAT and p38MAPK-ERK pathways. As a result, it
leads to B-cell proliferation and activation.

It has been demonstrated that manipulating various components of the innate and/or adaptive
immune system induces or ameliorates not only inflammation but also systemic insulin resistance
and/or glucose intolerance. Multiple cytokines secreted by activated immune cells have been shown
to impair insulin signaling via stimulation of stress kinases including IKKB and JNKI. In addition to
adipose tissue, recent evidence suggests that the intestine is also a key site that becomes altered in
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obesity-related insulin resistance. These alterations include changes in the gastrointestinal flora,
known as dysbiosis, which can impact body fat, systemic inflammation, and insulin resistance[103—
105].

There is also data to suggest that obese subjects may be more contagious than lean subjects.
Firstly, they may shed the virus longer[106]. Secondly, obesity as elucidated above can modify innate
and adaptive immune responses, allowing the virus to replicate into a more virulent strain; thus,
making the immune system more vulnerable to severe infections and less responsive to vaccinations,
antivirals and antimicrobial drugs[107]. This has important implications for the past and any future
pandemic to guide treatment of “at risk” populations. This state of low-grade chronic inflammation
seen in obesity can also contribute to the onset of metabolic diseases (dyslipidemia, insulin resistance
and T2DM).

Obesity in addition to being the foremost risk factor for T2DM, cardiovascular disease, fatty
liver, and hypertension all of which have insulin resistance as the common underlying mechanism;
has also been linked to an increased oxidative stress [108]. Obesity is a syndrome of overnutrition
and substrate excess leading to glucotoxicity and lipotoxicity. When excess glucose and lipids are
presented to the cells; it leads to over production of reactive oxygen spices (ROS)which overwhelms
the antioxidant systems and leads to oxidative stress [109] (see figure 3).. This elevated production of
ROS in obesity is related to activation of the innate immune system in adipose tissue and
subsequent low-grade chronic systemic inflammation [109].

N
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Figure 3. Immune Metabolic Reprogramming due to Obesity.(ROS=Reactive oxygen species,

AQOS=Antioxidant system, T2DM =type2 diabetes mellitus, CVD=cardiovascular disease) Obesity
leads to lipotoxicity and glucotoxicity which leads to increased Reactive oxygen species (ROS) and
reduced anti-oxidant systems (AOS); also leads to increased leptin and reduced adiponectin which
adversely affects both innate and adaptive immunity which leads to metabolic reprogramming and
severe forms of covid-19.

Current therapeutic options that address COVID-19 illness are vaccination, monoclonal
antibodies, antivirals, directed immunomodulators and corticosteroids such as dexamethasone. The
goal is to decrease the viral load or address the pathophysiology of cytokine dysregulation (110).
Despite their successes, each has its limitations. Vaccines have demonstrated remarkable efficacy in
reducing deaths and hospitalizations; however, they are less effective in immunocompromised
individuals and against new SARSCoV-2 variants [111]. Furthermore, we may have reached the
limit of vaccinating the general populace given the resistance, reluctance, or contraindications to
receiving vaccinations of many individuals.
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Hence, nutritional interventions, caloric restriction, physical activity, and other newer emerging
therapies may emerge as a cornerstone for prevention of COVID or future viral infections especially
in obese/immunocompromised individuals; in addition to the strategies mentioned above. Recently
there has been interest in using glutathione (GSH) to manage COVID 19 especially to limit severity
of the disease [112]. As our master antioxidant, GSH plays an integral role in maintaining our health.
GSH deficiency is present in individuals with co-morbidities that are associated with greater severity
of COVID-19 illness such as advanced age, hypertension, diabetes, ischemic heart disease, and
obesity [113]. GSH seems to offer protection against the cytokine storm. This is achieved by its action
as a cellular reducing substrate to modulate the unchecked cytokine cascade that results in multi-
organ damage through direct tissue injury and a hypercoagulable state [114]. GSH both modulates
the inflammatory response and augments innate adaptive cellular immunity favorable to the host
[115]; and thus, should be used early in SARS-CoV2 infection to prevent the deadly complications
associated with it.

5. CONCLUSIONS

Obesity is tightly linked to insulin resistance and oxidative stress. This underlying metabolic
milieu leads to a reprogramming of the immune mechanisms predisposing the individual to an
increased susceptibility to infection and also increased severity of the same. The eventual control or
resolution of pandemics such as the current COVID-19 pandemic will require a greater
understanding of these metabolic perturbations that occur at the host level. In order to contain or
prevent future pandemics, we need to develop better treatments for reducing severity of the illness,
long term sequelae and the development of new variants. Reducing the severity is addressed with
vaccines, and antivirals. Early mitigation of a maladaptive immune response is where agents such as
glutathione may be promising. Additionally, management of obesity, diabetes and underlying
metabolic diseases more effectively will be the cornerstone of future therapies.
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